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Abstract

Rationale: Understanding long-term outcomes of critically ill patients
may inform shared decision-making in the intensive care unit (ICU).

Objectives: To quantify 6-month functional outcomes of general
ICU patients, and develop a multivariable model comprising factors
present during the first ICU day to predict which patients will return
to their baseline function 6 months later.

Methods: We conducted a prospective cohort study in three medical
ICUs and two surgical ICUs in three hospitals. We enrolled patients who
spent at least 3 days in the ICU and received mechanical ventilation for
more than 48 hours and/or vasoactive infusions for more than 24 hours.

Results: We measured 6-month outcomes including survival, return
to original place of residence, and physical and cognitive function. Of
303 enrolled patients, 299 (98.7%) had complete follow-up at 6 months.
Among the 169 patients (56.5%) who survived to 6 months, 82.8%
returned home, 81.9% were able to toilet, 71.3% were able to ambulate
10 stairs, and 62.4% reported normal cognition. Overall, 31.1% of

patients returned to their baseline status on these measures. Factors
associated with not returning to baseline included higher APACHE III
score, being a medical patient, older age, nonwhite race, recent
hospitalization, prior transplantation, and a history of cancer or of
neurologic or liver disease. A model including only these Day 1 factors
had good discrimination (area under receiver operating characteristic
curve, 0.778; 95% confidence interval, 0.724-0.832) and calibration
(difference between observed and expected P value, 0.36).

Conclusions: Among patients spending at least 3 days in an ICU
and requiring even brief periods of life-sustaining therapy, nearly
one-half will be dead and less than one-third will have returned to
their baseline status at 6 months. Of those who survive, the majority
of patients will be back at home at 6 months. Future research is
needed to validate this multivariable model, including readily
available patient characteristics available on the first ICU day, that
seems to identify patients who will return to baseline at 6 months.
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Patients hospitalized for an acute illness are
at risk for worsening cognitive and physical
function after hospital discharge (1-3),
outcomes that are of utmost importance to
patients (4, 5). Those who require life-
sustaining therapy in an intensive care unit
(ICU) appear to be at even greater risk of
experiencing disability and death (6).
Indeed, studies of ICU patients who require
prolonged mechanical ventilation (7, 8) or
develop acute respiratory distress syndrome
(9) have found substantial impairments in
health-related quality of life and increased
health care use that commonly persist for
months to years after ICU discharge (10).
Many of the sequelae of critical illness
have been grouped under the term “post-
intensive care syndrome” (11). Post-
intensive care syndrome highlights three
major domains of dysfunction after critical
illness: physical, cognitive, and psychiatric.
Discussing these potential outcomes with
patients or surrogates in the ICU may help
set expectations and inform shared decision-
making, given that ICU-based conversations
about prognosis often focus on functional
outcomes rather than mortality (12). Indeed,
guidelines recommend meeting with patients’
families for such purposes early in an ICU
admission (13). However, despite
investigation of patients with prolonged
mechanical ventilation (7, 8) or acute
respiratory distress syndrome (9), evidence to
guide discussions of future disabilities and
other outcomes is largely unavailable for
general ICU patients early in their ICU
admission. The lack of information for
outcomes of a general ICU population serves
as a recognized barrier to facilitating
conversations about long-term prognosis (14).
We therefore performed a prospective
cohort study of patients spending at least
3 days in an ICU and receiving at least a brief
period of mechanical ventilation or
vasopressors. We sought to describe such
patients’ survival and functional outcomes
6 months after their ICU admission, and to
evaluate the possibility that readily
ascertained patient characteristics might
predict which patients would return to their
prior residence and baseline level of
function 6 months after ICU admission.

Methods

Patients
We conducted a prospective cohort study in
five ICUs (three medical, two surgical) in
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three hospitals within the University of
Pennsylvania Health System. These
hospitals vary in their levels of specialization
and incorporation of trainees into patient
care. ICU clinicians’ discriminative
accuracy in predicting outcomes for
patients in this prospective cohort study has
been reported previously (15). Patients
were enrolled from October 2013 to May
2014, and 6-month follow-up was
completed in December 2014. The
University of Pennsylvania Institutional
Review Board approved this study.

Patients were screened daily (excluding
weekends and holidays), using the electronic
medical record to identify those who met the
inclusion criteria. We included adult
patients admitted to one of the participating
ICUs who spent at least three calendar days
in the ICU and used life-sustaining therapy.
We chose to include patients requiring 3
days of ICU care so as to make the results
generalizable to a substantial fraction of ICU
patients, while still capturing patients with
appreciable risks for short-term death (16).
For purposes of this study, we defined life-
sustaining therapy as mechanical
ventilation for more than 48 consecutive
hours, vasoactive infusions for more than
24 consecutive hours, or both, within the
first 6 days of being in the ICU. In a
secondary analysis, we restricted the cohort
to patients who were eligible and enrolled
on Days 3 or 4, given the possibility that
patient characteristics collected on Day 1
would apply less well to patients who only
began using life-sustaining therapy later in
the ICU stay. We excluded patients for
whom no family member was available for
consent, for whom the attending physician
reported that the patient’s goals of care
were transitioning to palliation/withdrawal
of life-sustaining therapy, or who met
other, less common criteria (see Table E1 in
the online supplement). We sought
patients’” or surrogates’ consent for the
patient to participate, and surrogates’
consent for researchers to contact them
directly during follow-up.

Baseline Data Collection

We collected patients’ clinical and
demographic data through interviews with
patients or surrogates at the time of
enrollment and via the electronic medical
record (including admission and consult
notes, discharge summaries, and ICU flow
sheets). When patients were enrolled, we
asked patients or surrogates to describe the

patient’s physical and cognitive function

1 month before ICU admission. The
measures used to describe such baseline
function included two physical outcomes
(i.e,, ambulating up 10 stairs [17] and
toileting independently [18]) and one
cognitive outcome (a composite assessment
of executive function, memory, and clarity of
thought that is part of the Health Utility
Index) (19). We also collected patients’ major
medical comorbidities (Table 1), functional
comorbidity index (20), employment status,
and Acute Physiology and Chronic Health
Evaluation (APACHE) III score (21).

Outcome Assessment

Hospitalization outcomes included survival,
discharge disposition, ICU and hospital
length of stay, exposure to selected
medications, and the use of mechanical
ventilation, vasopressors, and renal
replacement therapy. For patients who
survived the hospitalization, we assessed
additional outcomes 6 months after
enrollment by administering a standardized
interview to survivors or their surrogates via
telephone or e-mail. We first sought to
contact patients themselves. If initial
attempts to contact the patient were
unsuccessful, we then simultaneously
attempted to contact the patient and
surrogate twice per week for up to five
attempts, and completed the interview with
the first person we reached. If we failed to
contact either the patient or surrogate after a
total of 10 attempts, we considered the
patient lost to follow-up.

At 6 months we assessed the same
cognitive outcome (19), and two well-
described physical outcomes (ability to
ambulate up 10 stairs independently [17]
and toileting independently [18]) assessed
at baseline. Using these measures, as well as
whether or not patients returned to their
baseline place of residence at 6 months, we
also prospectively defined a composite
summary outcome of “return to baseline” at
6 months. We considered patients to have
returned to baseline if they were alive, living
in the pre-ICU place of residence, and
exhibiting the same or better function for
cognition, stair ambulation, and toileting
independence compared with 1 month
before their critical illness. We defined
patients as having “normal baseline
function” if they were living at home with
no self-reported deficits in cognition or
abilities to ambulate up 10 stairs and toilet
independently before ICU admission.
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Table 1. Baseline characteristics and outcomes of patients

Characteristic

Age (yr),” medlan (IQR)
Male sex,* n (%)
Race/ethnicity,’ n (%)
White
African American
Other
Level of education,” n (%)
Elementary or middle school
High school
Some college
Bachelor’s degree
Masters or terminal degree
Marital status,™ n (%)
Married or living with partner
Unmarried
Separated or divorced
Widowed
Employment status,™ n (%)
Employed
Unemployed
Retired
Disabled
Student
Place of residence before hospital admission,’ n (%)
Home
Long-term acute care hospital
Nursing home
Retirement home
Insurance status,” n (%)
Private
Medicaid
Medicare
Uninsured
Other
Normal baseline function,’ n (%)
Able to ambulate up 10 stairs before hospitalization,’ n (%)
Toilet before hospitalization,™ n (%)
Normal cognition before hospitalization,’ n (%)
Functional comorbidity index,™ n (%)

arwWN-=2O

6 or more

Medical comorbidities before ICU admission,* n (%)
Neurologic condition
Congestive heart failure
Coronary artery disease
Peripheral vascular disease
COPD
Renal failure requiring dialysis
Liver disease
Obesity
Rheumatologic condition
Psychiatric condition
Malignancy (treated for cure)
Malignancy (metastatic or palliative)
Transplantatlon history$

ICU type,” n (%)
MICU
SICU

ICU admitting diagnosis,* n (%)
Respiratory failure
Sepsis

Value

62 (53-71)
173 (57.1%)

191 (63.0%)
98 (32.3%)
14 (4.7%)

5 (5.1%)
133 (45.1%)
1 (20.7%)
6 (19.0%)
0 (10.2%)

150 (50.1%)
101 (34.0%)

9 (6.4%)
27 9.1%)

5 (28.4%)

4 (11.4%)
11 (38.1%)
21.4%)
©

7%)
28

— 0O w l\)-b-lk

80.7%)
88.3%)
83.0%)

14.9%)

37.6%)

190 (62.7%)
113 (37.3%)

83 (27.4%)
66 (21.8%)
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(Continued)

Statistical Analysis

All outcomes were summarized using
medians (interquartile ranges) and
proportions. We used x> or Mann-Whitney
U tests as appropriate to compare outcomes
between groups defined a priori: medical
versus surgical ICU patients, patients with
and without normal baseline function, and
patients who did versus did not return to
baseline function at 6 months. These
analyses were conducted with Stata version
13.0 (StataCorp, College Station, TX).

We also constructed a multivariable
model to determine which patient
demographic and clinical variables were
most predictive of patients’ abilities to
return to baseline at 6 months. We selected
variables eligible for inclusion based on
prior literature, clinical judgment, and
reliability of measurement (Table E2). We
limited consideration to those variables that
are readily available early in an ICU
patient’s course so as to optimally inform
prognostic guidance and decision-making.

The model was derived using the
stepAIC algorithm available in R (version
3.1.2; R Foundation for Statistical
Computing, Vienna, Austria), which applies
a stepwise procedure guided by the Akaike
information criterion (AIC) of each
potential combination of variables. The AIC
value permits comparison of the relative fit
between a range of regression models
against each other (22). Lower AIC values
indicate better model fit, accounting for a
penalty that is applied for each additional
variable required to achieve that fit. As
such, the AIC value supports the selection
of a parsimonious model by ranking
different models with different numbers of
variables and selecting the one that
maximizes the balance between parsimony
and goodness of fit. The model was run
forward and backward to determine whether
different variables were included based on
the variable selection procedure. To assess
the predictive performance of our
parsimonious model in the absence of an
external validation cohort we conducted
leave-one-out cross-validation and fivefold
cross-validation (23, 24). Discrimination of
this model was evaluated using the area
under the receiver operating characteristic
(ROQ) curve. Calibration of the model
was evaluated using the Hosmer-Lemeshow
test.

We performed two secondary analyses.
First, we restricted the model to patients
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Table 1. (Continued)

Characteristic

Nonemergency surgery
Emergency surgery
Cardiac (honsurgical)
Hemorrhagic shock
Neurologic
lllicit drug/alcohol related
Liver failure
Other

APACHE Il score,* median (IQR)

Goals of care made palliative in the ICU,* n (%)

Hospital discharge disposition,” n (%)
Dead
Home
Rehabilitation
Long-term acute care hospital
Inpatient hospice
Other acute care hospital
Skilled nursing facility
Other

6-Month disposition,’ n (%)
Dead
Original residence
Different residence
Rehabilitation Facility
Nursing home
Long-term facility
Other
Unknown

45.5%)

Definition of abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation; COPD =
chronic obstructive puimonary disease; ICU = intensive care unit; IQR = interquartile range; MICU =

medical ICU; SICU = surgical ICU.
Adapted by permission from Reference 15.
*Abstracted from chart.

"Data acquired from patient or surrogate.

*The functional comorbidity index assesses 18 possible diagnoses, and assigns one point for the

presence of each (20).

§Trans|olantation includes lung, liver, kidney, and bone marrow.

enrolled on Days 3 and 4. Second, we
constructed a model using only variables
that would be available before ICU
admission, thereby excluding APACHE III
and ICU type. The goal was to determine
whether this latter model could predict return
to baseline 6 months before ICU admission,
such that it might be useful in guiding triage.

Results

Baseline Patient Data

Of the 303 enrolled patients (Figure 1), the
median age was 62 years (interquartile range,
53-71 yr), 57.1% were male, and 32.3% were
African American (Table 1). The majority of
patients (94.0%) lived at home before their
critical illness, and 28.4% were employed.
Most patients had normal baseline function
before their ICU admission (68.0%), with
88.3% toileting independently, 80.7%
ambulating up 10 stairs independently, and
83.0% reporting normal cognition (Table 1).

Detsky, Harhay, Bayard, et al.: Six-Month Morbidity and Mortality among ICU Patients

Patients’ most common primary admitting
diagnoses were respiratory failure (27.4%),
sepsis (21.8%), and nonemergency surgery
(17.8%). The median APACHE III score was
96 (75-120) with 91.1% patients receiving
mechanical ventilation, 81.5% of patients
receiving vasoactive infusions, and 72.6% of
patients receiving both (Table 1; and see
Tables E3 and E4).

Survival and Functional Outcomes
Of the 303 enrolled patients, 72 (23.8%) died
in the hospital, and 21 (6.9%) were
discharged to inpatient hospice (Table 1).
Between hospital discharge and 6-month
follow-up, 58 patients (19.1%) died, leaving
173 of the original 303 (57.1%) alive and
eligible for 6-month assessment. Survival to
6 months was higher for SICU patients
(74%) than for MICU patients (46%) (P <
0.001) (Figure 2).

Of the 173 patients who were alive at
6 months, we completed follow-up

assessments for 166 patients (96.0%) and at
least partial follow-up for 169 patients
(97.8%). Of these, 85 (50.3%) were
completed by patients and 84 (49.7%) by
surrogates. Of the surviving patients, 138
(82.6%) returned to their original place of
residence by 6 months. The 29 patients who
did not return to their original residence
reported living in another person’s home
(n=9), an acute care hospital (n=7), a
rehabilitation facility (n=6), a nursing
home (n = 3), or a long-term care facility
(n=4). Reasons given for why ICU
survivors were unable to return home
included ongoing requirements for medical
or nursing care (n=11), being unable to
look after oneself physically (n=15) or
cognitively (n=1), and living in an
inpatient substance abuse treatment

facility (n=2).

Among survivors, 71.3% were able to
ambulate 10 stairs independently and 81.9%
were able to toilet independently. Normal
cognition was reported for 62.4% of
survivors (Figure 2). Among the 85 patients
who were employed before their critical
illness, 57 (67.1%) were alive at 6 months.
Of these, 21 (36.8%) had returned to work
at the same capacity as before their critical
illness, and 7 (12.3%) had returned to work
in a limited capacity.

All measured morbidity and
mortality outcomes were better for
surgical patients than for medical patients
(Figure 2). Patients who had normal
baseline function tended to have better
risk-adjusted outcomes (Table E5).
Physical and cognitive outcomes reported
by patients were significantly better
than those reported by surrogates
(Table E6).

Return to Baseline Function

To be included in the multivariable logistic
regression model, patients needed complete
6-month physical and cognitive outcome
data as well as baseline characteristics. These
variables were available for 293 of 303
enrolled patients (96.7%), who were
ultimately included in the analysis designed
to identify important predictors of return to
baseline function. At 6 months, 91 patients
(31.1%) had returned to baseline. More
SICU patients (46%) than MICU patients
(23%) returned to baseline (P < 0.0001)
(Figure 2). Patients with normal function
before ICU admission appeared to be
slightly more likely to return to baseline at
6 months than patients with abnormal
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2,155 patients

were assessed for
eligibility

Y

1,682 patients did not meet inclusion criteria (i.e., did
not have 3 days of ICU stay OR 48 hours of mechanical
ventilation OR 24 hours of vasoactive infusions)

-

473 patients met inclusion criteria
(>48 hours of mechanical ventilation

or >24 hours

on vasoactive

medication; between ICU days 3 — 6)

Y

133 patients were excluded:
47 imminent plan to withdraw life support
43 discharged from ICU prior to approach for consent
15 unable to contact surrogate
14 physicians deferred approaching their patient for consent
7 non-English speaking
7 died prior to approach for consent

340 patients eligible to
participate

Y

—>[ 37 patients declined consent ]

participate

‘ 303 patients

consented to ’

Y

—>[ 72 patients died in hospital ]

231 patients su

hospitalization

rvived the index

—>[4 patients were lost to follow up]

4

169 patients were alive at 6
months

v

58 patients died between
hospital discharge and 6
months

Figure 1. Flow diagram for study cohort. ICU = intensive care unit.

function at baseline (35 vs. 25%), but this

forward and backward models were

comparison was not statistically significant
(P=0.079) (Figure E1). Unadjusted
analyses highlight several differences
between patients who returned to baseline
and those who did not (Table E7). The
multivariable model identified the following
independent predictors of not returning to
baseline function: older age, being a
medical patient (compared with a surgical

1566

patient), nonwhite race, higher APACHE
III score, hospitalization in the prior year,
and a past history of cancer, liver disease, a
neurologic condition, or any type of
transplantation (Table 2). This model had
an area under the ROC curve of 0.778 (95%
CI, 0.724-0.832). The areas under the ROC
curves for the leave-one-out cross-
validation and fivefold cross-validation
were 0.734 and 0.721, respectively. The

identical in their results. In secondary
analyses, the “restricted” model including
only the 212 patients enrolled through the
fourth ICU day showed similar results to
the primary analysis (area under the ROC
curve, 0.800; 95% CI, 0.739-0.860) (Table
E8). The analysis restricted to variables
available only before ICU admission had
comparable results (area under the ROC

AnnalsATS Volume 14 Number 10| October 2017
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100 -
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Ambulating 10 stairs Toileting independently Normal cognition
independently

Figure 2. Outcomes of the total population, medical and surgical populations. (A) Mortality, return to original place of residence, and return to baseline. (B)
Functional outcomes among survivors. Error bars represent approximate 95% confidence intervals of the proportions. P < 0.001 (difference between
MICU and SICU) for hospital survival, 6-month survival, return to original place of residence, return to baseline, and toileting independently. P =0.003
(difference between MICU and SICU) for ambulating 10 stairs and cognition. MICU = medical intensive care unit; SICU = surgical intensive care unit.

curve, 0.725; 95% CI, 0.664-0.787) (Table = Discussion less than one-third had returned to their
E9). The Hosmer-Lemeshow test illustrated baseline level of function 6 months later.
good calibration of the primary model Among patients spending at least 3 days in These degrees of morbidity and mortality
(P=0.36) (Figure 3), secondary “restricted” an ICU and requiring at least 48 hours of ~ were greater among medical than surgical
model (P=0.20) (Figure E2), and the mechanical ventilation or 24 hours of ICU patients. Overall, these data among
model of variables available before ICU vasoactive infusions we found that almost ~ general ICU patients complement and
admission (P =0.96) (Figure E3). one-half had died within 6 months, and that  extend the results of prior studies that have

Detsky, Harhay, Bayard, et al.: Six-Month Morbidity and Mortality among ICU Patients 1567



ORIGINAL RESEARCH

Table 2. Predictors of 6-month return to baseline: n =293 patients

Variable* Odds Ratio
APACHE I 0.85
History of cancer 0.47
Race (nonwhite) 0.49
History of transplantation® 0.15
Age 0.98
Medical patient 0.53
Hospitalized in prior year 0.58
Neurological disease 0.54
Liver disease 0.44

95% CI AIC increase
0.77-0.93 11.1
0.24-0.90 3.2
0.26-0.91 3.2
0.01-0.81 3.1
0.96-1.00 25
0.24-1.16 2.2
0.32-1.09 1.2
0.24-0.97 0.5
0.13-1.02 0.4

Definition of abbreviations: AIC = Akaike information criterion; APACHE = Acute Physiology and

Chronic Health Evaluation; Cl = confidence interval.

*The stepAlC procedure in R selects the best model based on the combination of variables that
achieves the lowest Akaike information criterion (AIC). The AIC for the best fitting model was 327.2.
The AIC shown in the last column indicates the absolute increase in AIC (from 327.2 in the best
model) if that single variable was removed from the full model shown in the table. They are ordered by
the biggest change, indicating the relative predictive improvement related to that predictor.

TFor APACHE Il score, this is represented as each 10-point increase.

tTransplantation includes lung, liver, kidney, and bone marrow.

been restricted to participants in
randomized clinical trials (25, 26) or to
patients with more prolonged courses of
ICU stays or mechanical ventilation (7, 8).
They suggest substantial degrees of near-
term morbidity and mortality even among
patients exposed to lower “doses” of critical
care than evaluated in prior studies.

Indeed, our observed 6-month
mortality rate of 43% actually underestimates
overall mortality because we excluded
patients who died or had their goals of care
transitioned to full comfort within a few days
of ICU admission, before enrollment. In a
study of patients spending at least 3 days in a
single medical ICU in Chicago, 69% of
patients had died by 6 months when early
deaths and transitions to palliation were
included (27). Importantly, because 94% of
patients in our sample were residing at home
before ICU admission and 69% reported
normal baseline function, the observed rates
of adverse outcomes are unlikely to be
attributable to our enrollment of a
particularly high-risk sample.

A second important finding of this
study is that among the 57% of patients who
survived to 6 months, a great majority had
resumed living in their original place of
residence (83%). This rate is more favorable
than observed among patients receiving
prolonged mechanical ventilation (7),
further suggesting that data from studies on
such unique populations cannot be generalized
to broader cohorts of ICU patients.

Third, we found that among patients
who survived to 6 months, cognitive

1568

impairments were more common than
physical impairments. The similarity of
these rates of long-term cognitive and
physical dysfunction to those observed in
other cohorts of ICU patients (28, 29),
despite differences in methods of assessment,
supports the robustness of these findings.
Further, such reaffirmation of long-term
outcome rates is important for reducing
uncertainty among ICU physicians when they
guide patients and families in establishing
expectations for future disabilities.

Fourth, this study identified a set of
easily ascertainable clinical factors that
together may help identify which patients
will not return to their baseline function 6
months after ICU admission. The inclusion
of only readily available factors during the
first ICU day, and implementation of a
variable selection process that prioritized
parsimony, both augment the potential
clinical usefulness of this model. Indeed, this
easily replicated nine-variable model
showed properties of good discrimination
that were reproducible using two cross-
validation techniques, and excellent
calibration in determining who will and will
not return to baseline 6 months later.
However, further research is required to
determine the model’s external validity in
other cohorts.

Finally, the finding that blacks were less
likely to return to baseline is concerning.
Future research is needed to determine
whether this may be attributable to racial
differences in social supports and access to
post-ICU care, differences in physical and

occupation therapy use in the ICU or
afterward, or other potential explanations.

Importantly, this model was designed
to predict a novel outcome—whether or not
patients will return to their baseline
function within 6 months—that has several
appealing features for assessing the
outcomes of critical care. In contrast to
commonly used outcome measures such as
short-term survival or ICU length of stay
(30), return to baseline provides a more
complete picture of the survivorship
experience. In addition, whereas measuring
longitudinal outcomes such as quality of
life poses numerous statistical and
interpretive challenges due to informative
censoring (31), this dichotomous measure
incorporates survival and function without
making any problematic assumptions.
Finally, this outcome accords with patients’
and family members” perspectives on what
outcomes are important (32), and with the
types of prognostic guidance that clinicians
commonly provide to families (12). Thus, if
the model is validated, it may improve the
accuracy of the type of prognostic guidance
that clinicians are giving anyway.

A potential limitation of this study is
that because we conducted 6-month follow-
up interviews by phone, we could not
complete objective measurements of
function, such as 6-minute walk distance.
However, the functional outcomes we
assessed were clearly defined and easily
understood and completed by patients and
surrogates, thereby minimizing missing or
erroneous data. This pragmatic approach to
participant follow-up knowingly sacrifices
objectivity and measurement precision to
augment real-world applicability, and has
been used previously (27). Future studies
are warranted to determine whether the
quality of patient or surrogate decision-
making can be optimized by providing
prognostic information based on these less
quantitative but more generalizable
measures, versus more objective and
comprehensive measures obtained from
more selected samples.

A second limitation is that surrogates
reported outcomes for one-half of the
surviving patients. The outcomes reported
by patients were generally more favorable
than those reported by surrogates. This does
not indicate that surrogates’ ratings were
biased because such differences would be
expected by virtue of the fact that patients
who were in worse states of health were
likely less able to complete their own
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Decile Number of patients Observed (%) Expected (%) Hosmer-Lemeshow
1 49 2(4.1) 2.8 (5.7) 0.23
2 57 8(14.0) 8.8 (15.5) 0.09
3 44 10 (22.7) 11.0 (25.0) 0.12
4 44 18 (40.9) 15.2 (34.4) 0.82
5 36 18 (50.0) 15.9 (44.3) 0.48
6 24 13 (54.2) 13.2 (65.1) 0.01
7 22 16 (72.7) 14.3 (65.1) 0.56
8 16 9 (56.2) 11.9 (74.6) 2.83
9 1 0 (0.0) 0.8 (82.4) 4.69

Total 293 94 (32.1) 94 (32.1) 9.84

Figure 3. Hosmer-Lemeshow plot and table comparing observed rates of returning to baseline with predicted rates of this outcome.

assessments. However, because we lack data
on how patients and surrogates rated
outcomes for the same patients, we cannot
rule out the possibility that surrogates’
ratings were systematically more
pessimistic than patients’ ratings. This
limitation also applies to assessment of
baseline function, which was reported by
surrogates on behalf of patients who were
intubated or delirious, although premorbid
assessments by patients and proxies appear
to be highly correlated (33).

These limitations should also be
considered in the context of this study’s
strengths. In particular, the cohort included
a much broader range of medical and
surgical critical illness than has been

represented in prior studies of long-term
outcomes of ICU patients. And because we
confirmed mortal and functional outcomes
for 98.7% of enrolled patients, these results
are not susceptible to the biases associated
with loss to follow-up that may have been
present in prior longitudinal cohorts. These
strengths provide confidence in the core
findings that patients undergoing even brief
periods of life-sustaining therapy are at risk
for high rates of mortality and functional
decline out to 6 months later, and that
several easily collected patient factors
during the first ICU day may help predict
which patients will return to their baseline
function at this time point. If future work
externally validates this predictive model

and confirms that the outcome of return to
baseline is important to all stakeholders,
these insights may guide physicians in
providing desirable prognostic guidance to
patients and family members, and may
provide a patient-centered, feasibly measured
and analyzed survivorship outcome. Ml
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