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Abstract
Objective: Prolonged mechanical ventilation (PMV) provision is increasing markedly despite poor
patient outcomes. Misunderstanding prognosis in the PMV decision making process could provide
an explanation to this phenomenon. Therefore, we aimed to compare PMV decision makers'
expectations for long-term patient outcomes with prospectively observed outcomes.

Design, Setting, and Patients: 126 patients undergoing PMV, their surrogates, and their
intensive care unit physicians were enrolled consecutively (total n=378) at an academic medical
center between April 2006 and April 2007 and followed prospectively for one year.

Measurements: Participants were interviewed at the time of tracheostomy placement about their
expectations for one-year patient survival, functional status, and quality of life. These expectations
were then compared to observed one-year outcomes measured with validated questionnaires.

Results: One-year follow up was 100%, with the exception of patient death or cognitive inability
to complete interviews. At one year, only 11 (9%) patients were alive and independent of major
functional status limitations. Most surrogates reported high baseline expectations for one-year patient
survival (117 [93%]), functional status (90 [71%]), and quality of life (105 [83%]). In contrast, fewer
physicians described high expectations for survival (54 [43%]), functional status (7 [6%]), and quality
of life (5 [4%]). Surrogate-physician pair concordance in expectations was poor (all κ<0.08), as was
their accuracy in outcome prediction (range 23-44%). Just 33 (26%) surrogates reported that
physicians discussed what to expect for patients' likely future survival, general health, and caregiving
needs.

Conclusions: One-year patient outcomes for PMV patients were significantly worse than expected
by patients' surrogates and physicians. Lack of prognostication about outcomes, discordance between
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surrogates and physicians about potential outcomes, and surrogates' unreasonably optimistic
expectations appear to be potentially modifiable deficiencies in surrogate-physician interactions.
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INTRODUCTION
Among the millions of patients admitted to intensive care units (ICUs) annually, approximately
one in three will receive mechanical ventilation. (1) Of these, 5-10% will transition from acute
to chronic critical illness and receive prolonged mechanical ventilation (PMV), defined as
ventilation for four or more days with tracheostomy placement or for 21 or more days without
tracheotomy. (2-4) The majority of PMV patients die within six months while also accruing
total annual costs exceeding $20 billion. (3,5-8) Survivors often have poor quality of life,
pervasive functional and cognitive disability, and intense caregiving needs. (7,9,10) Despite
these poor outcomes, the incidence of PMV has been increasing out of proportion to that of
mechanical ventilation itself and is forecast to double during the coming decade. (8,11)

One explanation for the growth of PMV is that the decision to pursue this level of care may be
based on inadequate surrogate-physician interactions. (12) Surrogates often lack knowledge
of patients' wishes for life support and have poor comprehension of their medical problems.
(13,14) Additionally, others have reported potential contributing deficiencies in ICU-based
surrogate-physician communication. (12,13,15,16) However, the physician-surrogate
interaction has been infrequently described in the unique setting of PMV consideration, in
which a patient has survived an acute illness but yet failed to improve sufficiently to be
independent of life support.

In this prospective study, we hypothesized that surrogate-physician concordance in expected
long-term patient outcomes would be poor but that physicians' predictions would be
substantially better than those of surrogates. We also aimed to characterize important elements
of the surrogate-physician interaction surrounding PMV provision.

METHODS
Study design and study participants

This prospective study was conducted at Duke University Medical Center between April 2006
and April 2008. Study staff consecutively identified patients by screening all adult ICUs daily
between April 2006 and April 2007. Patients were eligible if they were ≥18, had an identifiable
surrogate, and had either (a) received mechanical ventilation for ≥21 days with <48 hours of
unassisted breathing or (b) had received ≥4 days of mechanical ventilation and undergone
tracheostomy placement within the previous 48 hours. (2) Exclusions were tracheostomy
performed either for an emergency or for an ear, nose, and throat-related diagnosis. “Surrogate”
was defined as the person most involved in the decision to place a tracheostomy and the most
likely to provide post-discharge caregiving. The Duke University Institutional Review Board
approved the protocol.

Hospital outcomes
Study staff abstracted medical charts to determine patient sociodemographics, length of stay,
duration of ventilation, admitting diagnoses, APACHE II-derived acute physiology score
(APS), respiratory and laboratory values, and discharge disposition. (17)
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Interviews and follow up
The timeline of data collection is shown in Figure 1. Baseline (in-hospital) interviews were
conducted in person with surrogates, the primary ICU physician involved in the decision to
proceed with tracheostomy, and patients (if possible) within 48 hours of tracheostomy
placement. Follow-up interviews were performed either by telephone or in person with
surrogates and patients at both 3 and 12 months after enrollment, though we report only 12-
month surrogate responses here. A total of 100% of interviews were completed for physicians
at baseline, as well as surrogates at baseline and 12 months.

During baseline interviews, surrogates completed a questionnaire developed and piloted in a
similar population by our group that assessed specific communication, content, and decision-
making qualities including: whether physicians addressed major risks and implications of PMV
provision, who was the primary information source regarding PMV provision, how well
surrogates thought physicians explained what to expect for patient outcomes, degree of
surrogate-physician conflict regarding PMV decision, overall satisfaction with
communication, and overall perceived quality of communication. Surrogates and physicians
also answered questions regarding expectations for one year patient survival, functional status,
and quality of life. Possible responses to these items were “strongly disagree,” “disagree,”
“agree,” and “strongly agree.”

Vital status at each follow up was determined by chart review or surrogate interview. Patient
functional status was measured in follow up by surrogate report using a six-item instrument
addressing limitations in basic daily activities of living (ADL) (bathing, dressing, feeding,
transferring from bed to chair, bladder and bowel control, and use of the toilet). (18) To assess
patient quality of life, surrogates completed the EuroQOL-5D (EQ-5D), a five-domain,
preference-based measure used validated among critical illness survivors and their surrogates.
(19,20) An EQ-5D index score calculated from domain scores can range from 0 (death) to 1
(excellent quality of life). We report surrogate EQ-5D reports because only 49 (39%) patients
were able to complete 12-month interviews. However, Pearson's correlations for surrogate and
patient EQ-5D scores were high (r=0.94, p<0.0001) while the within-pair mean difference was
only 0.09 (0.11), similar to past studies. (21)

Statistical analyses
The primary aims were to determine both the concordance of surrogate and physician
expectations for one-year patient outcomes (survival, functional status, and quality of life) as
well as the accuracy of these expectations. We defined “high expectations” as a response of
either “strongly agree” or “agree” to questions regarding whether or not patients were expected
(a) to survive one year, (b) to be independent of any major functional limitations, or (c) to have
a good quality of life one-year after tracheostomy placement. “Low expectations” reflected
responses of “disagree” or “strongly disagree.” We defined “good functional status” as the
absence of any dependency in ADLs. (18) “Good quality of life” was defined as an EQ-5D
index score >0.44, a cutoff two standard deviations below the population average for persons
aged 55-65. (22)

We performed descriptive analyses using means and medians for continuous variables and
frequencies for categorical variables. McNemar's tests and weighted κ coefficients were used
to describe differences in surrogate-physician pairs' expectations for patients' one-year
survival, functional status, and quality of life. κ coefficients <0.20 represent poor agreement.
(23) State software (version 10, College Station, TX) was used for statistical analyses.
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RESULTS
Characteristics of participants

Patients were generally middle-aged, married, insured, and functionally independent before
hospitalization (see Table 1). They received care in neurological (43 [34%]), general surgical/
trauma (33 [26%]), cardiothoracic (23 [18%]), medical (19 [15%]) cardiac (8 [5%]), and ICUs.
Surrogates were predominantly female (70%); half were patients' spouses. We interviewed 54
physicians, 47 (87%) attendings and 7 (13%) fellows, who cared for two study patients each
an average (range 1-10).

Hospital course and observed one-year outcomes
A total of 70 (56%) patients survived one year after tracheostomy placement, although only
11 (9%) of these survivors had good functional status and 37 (33%) had a good quality of life
as assessed by surrogates (Table 2). Forty-three (61%) of the 70 one-year survivors still
required daily informal caregiver assistance. Of these caregivers, 21 (49%) reported “a lot” or
“severe” stress associated with caregiving and 36 (84%) had either quit their job or had
significantly altered their work schedule to accommodate their caregiving.

Surrogate-physician interactions
Only 33 (26%) surrogates reported that physicians discussed their loved one's prognosis for
survival, functional limitations, quality of life, or expected caregiving needs. Also, just 26
(21%) surrogates reported that physicians had discussed potential consequences of
tracheostomy placement including procedural risks, impact on discharge disposition, need for
long term ventilator support, and feeding route. Forty-four (35%) surrogates felt that attending
physicians were not the primary source of information about tracheostomy and prolonged
mechanical ventilation. In other cases, nurses (19%), respiratory therapists (8%), residents
(8%), and social workers (5%) were the primary informants. A total of 39 (31%) respondents
believed that physicians, not themselves, made the decision to provide PMV. Surrogates opted
for tracheostomy placement to expedite weaning or improve comfort (45%), because they felt
that the physician wanted them to do it (28%), to keep the patient alive (23%), because they
were unaware of an alternative (5%), or to cure the patient (3%). Serious conflicts with
physicians over the tracheostomy decision were reported by 13 (12%) surrogates. Overall, 91
(72%) of surrogates felt satisfied with physician communication and 84 (67%) described the
quality of surrogate-physician communication as either “extremely good” or “good.”

Concordance and accuracy of surrogate and physician expectations
Expectations—Surrogates had higher expectations than physicians for patient survival,
functional status, and quality of life (all p<0.0001 by McNemar's tests). Most surrogates
expected patients to survive (117 [93%]) as well as to have no major functional limitations (90
[71%]) and a good quality of life (105 [83%]) at one year. In contrast, 55 (44%) physicians
had high expectations for patient survival, while only 7 (6%) expected patients to be free of
major limitations in functional status and 5 (4%) believed they would have a good quality of
life.

Concordance and accuracy of surrogates and physicians' expectations—Both
surrogate-physician concordance in expectations (all κ <0.08) and accuracy of outcome
prediction was low (see Tables 3, 4, and 5). Although 79 (63%) surrogates and 91 (72%)
physicians accurately predicted patients' one-year survival, only 56 (44%) pairs were both
concordant and accurate (Table 3). Among the surrogates of the 56 patients who died within
one year, most expected these same patients to have no major functional limitations (40 [71%])
and a good quality of life (46 [82%]).
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The expectations of 52 (41%) surrogates and 93 (74%) physicians were accurately aligned with
patients' actual one year limitations in functional ability (Table 4). A total of 39 (31%) of
surrogate-physician pairs agreed on expected functional status, while just 29 (23%) surrogate-
physician pairs' expectations matched actual clinical outcomes.

Similarly, 37 (53%) patients who survived one year were perceived to have poor quality of life
at one year (Table 5). A total of 78 (62%) surrogates and 45 (36%) physicians accurately
predicted patients' one year quality of life. As pairs, 69 (55%) surrogate-physician dyads agreed
about expected quality of life, while just 33 (26%) dyads' expectations were both concordant
and accurate compared to observed quality of life.

DISCUSSION
Decision making in the setting of chronic critical illness is difficult for all involved. One year
after the decision to pursue prolonged mechanical ventilation, only 11 (9%) were alive and
functionally independent. These outcomes stand in sharp contrast to surrogate-physician pairs'
unreasonably high expectations, their low dyadic concordance, and their nearly equal
inaccuracy in predicting these observed outcomes.

Surrogates in our study had an especially poor understanding of likely outcomes. However,
surrogates' unreasonably high expectations are not surprising given that physicians appeared
to infrequently provide them with the basic information necessary for decision making about
prolonged life support. In fact, only one quarter of surrogates reported that physicians discussed
prognosis while another third obtained the majority of their information from non-physicians.
This observation may reflect physicians' general discomfort both with discussing prognosis
and in withholding or withdrawing life support in the face of prognostic uncertainty. (24,25)
It could also represent surrogates' overwhelming stress or poor comprehension of a loved one's
medical condition. (13,26) Physicians' predictions for survival were slightly more accurate,
though they were poor at predicting future quality of life. The best known ICU-based predictive
models for survival have poor accuracy for those who have received prolonged life support,
however. (27) Further, physicians may simply be unaware of the poor outcomes of prolonged
mechanical ventilation recipients. (6,12)

Although previous studies have demonstrated that severely ill patients and their surrogates are
more optimistic than physicians, the dramatic difference in expectations we observed between
these groups suggests that the overall effective transfer of information and comprehension of
the patient's condition was problematic as well. (28) Nearly a third of surrogates reported that
physicians, not themselves, made the decision to place a tracheostomy—a finding that conflicts
with most surrogates' preferred role as direct participants in decision making. (29) It also
appears that physicians commonly failed to optimize shared decision-making by omitting
discussion of alternatives, potential complications, and likely outcomes. However, physicians'
avoidance of discussing prognosis conflicts with surrogates' wishes for disclosure of these
estimates, even when the outcome is indefinite. (30) Other factors also could have represented
barriers to surrogate-physician alignment of expectations including surrogates' numeracy,
education level, language and cultural differences; the high prevalence of surrogate
psychological and financial distress suffered during the ICU care of their loved one; and the
multiple provider ICU environment. (26)

Overall, these summed deficiencies in the surrogate-physician interaction likely heightened
the general sense of uncertainty in the decision making process surrounding the provision of
prolonged mechanical ventilation. With substantial uncertainty in prognosis and patient
preferences for life support, more frequent provision of prolonged mechanical ventilation
would be expected. (12,28,31,32) However, this default strategy was associated with
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unanticipated high mortality, profound and chronic disability, as well as significant financial
stress and caregiving demands for families—the same poor outcomes that most adults with
serious illness report that they would choose to avoid were they to understand the risk. (33)

What can be done to help decision makers set reasonable goals for patient care as well as to
plan for the unique needs of patients who subsequently transition from acute to chronic critical
illness? Physicians should openly discuss with surrogates both short- and long-term patient
prognosis as well as the caregiving burden associated with course of prolonged mechanical
ventilation. They should also attempt to understand not only surrogates' expectations and
comprehension of prognosis, but why surrogates' perceptions may be misaligned with their
own. (13) Family members value information about diagnosis, prognosis, and treatment
alternatives even when outcomes are unclear. (12,30,34) Communication interventions in the
setting of critical care such as informational leaflets and a protocol-based family conference
can improve comprehension and reduce psychological distress. (35,36) Clinicians also can be
trained effectively in communication skills. (37) Skilled communication may ensure a patient's
wishes are followed appropriately, can result in reduction in time spent in the ICU prior to
death, and has been associated with increased family satisfaction. (38-42) A recently published
mortality prediction model for prolonged mechanical ventilation may inform the discussion
between surrogates and clinicians and improve prognostic accuracy. (43) Decision aids could
assist surrogates to navigate the complexities of intensive care. (44) Enhancing communication
between physicians and decision makers, particularly when considering treatments for those
receiving mechanical ventilation, represents an unmet need as recently emphasized by both
the National Institutes of Health and the Joint Commission on the Accreditation of Hospitals.
(45,46)

Our study has limitations worth noting. Although our cohort was enrolled consecutively from
a diverse group of ICUs, the findings of a single center study may not reflect the experience
of other medical centers. We used proxy measures of health status and quality of life in our
analyses that could have underestimated patients' perceptions of these outcomes. However,
surrogates' and patients' measures were highly correlated and the absolute difference between
groups' scores was low. Further, a large number of patients were unable to complete interviews
because of disability during follow up, though this observation itself is testament to the
profound disability patients experienced. Finally, because we did not audiotape family
meetings, we can rely only on surrogates' potentially inaccurate descriptions of these
interactions.

Conclusions
The substituted judgment of a surrogate is an integral but complicated component of the
decision to provide prolonged mechanical ventilation. (47) This decision has important
implications for patients, their families, healthcare providers, and the healthcare system. (6)
We found a dramatic degree of surrogate-physician discord and inaccuracy in expectations for
outcomes that appeared to be related to the content of ICU-based interactions. At the time
surrogates made the decision to proceed with the provision of prolonged mechanical ventilation
they expected neither the profound disability patients later experienced nor its associated
caregiver burden. Improving the content and quality of the surrogate-physician interaction
should be a target for future study in this challenging, expanding population of chronically
critically ill patients. (11,48-50)
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Figure 1. Enrollment and follow up of patients and surrogates
This figure depicts study participant enrollment and outcomes over one year of follow up.
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Table 1
Baseline characteristics of patients and surrogates

Patients Surrogates

Age 57 (45, 67) 55 (47, 61)
Female 50 (40%) 90 (71%)
Race & ethnicity
White 67 (53%) 72 (57%)
African-American 48 (38%) 48 (38%)
Native American 7 (5%) 5 (4%)
Asian 2 (2%) 0 (0%)
Hispanic 2 (2%) 1 (1%)
Place of residency before admission
Home 124 (98%) n/a
Nursing facility 2 (2%)
Employment status
Employed 41 (32%) 65 (51%)
Unemployed or student 18 (14%) 15 (12%)
Retired 41 (33%) 35 (28%)
Disabled 26 (21%) 11 (9%)
Marital status
Married or living w/ partner 73 (58%) 89 (71%)
Unmarried 24 (19%) 17 (13%)
Separated or divorced 20 (16%) 11 (9%)
Widowed 9 (7%) 9 (7%)
Surrogate relationship to patient
Spouse or partner 63 (50%)
Sibling 13 (10%)
Other family member 49 (39%)
Friend 1 (1%)
High school or greater education a
Less than high school 15 (14%) 9 (8%)
Completed high school or GED 63 (58%) 52 (48%)
Completed college 21 (20%) 28 (26%)
Graduate or professional school 9 (8%) 19 (18%)
Insured 80 (85%) n/a
Charlson comorbidity score b 2 (0, 4) n/a
Deeply religious c 16 (80%) 77 (71%)

n=126 patients and 126 surrogates. Results as number (%) or median (interquartile range).

GED=general education development, n/a=not applicable.

a
18 responses missing (14%) from patients and surrogates.

b
Per surrogate interview and chart review.

c
106 (84%) responses missing from patients and 18 (14%) from surrogates.
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Table 2
Clinical characteristics and outcomes of patients

n (%)

Primary ICU admission diagnosis a
Respiratory failure 30 (24%)
Neurological 29 (23%)
Trauma 26 (20.5%)
Post-operative 26 (20.5%)
Septic shock 10 (8%)
Cardiac 5 (4%)
APS, ICU day 1 b 19 (15, 24)
Days of ventilator use c 32 (19, 48); range 3-365
ICU length of stay 26 (21, 42)
Hospital length of stay 39 (28, 57)
Discharge disposition
Home independent 7 (6%)
Home with paid care 14 (11%)
Long-term acute care facility 37 (30%)
Skilled nursing facility 19 (15%)
Rehabilitation facility 23 (18%)
Other hospital 2 (2%)
Still in acute care hospital at one year 1 (1%)
Dead 23 (18%)
     Withdrawal of MV 20 (87%)
     Cardiac arrest 3 (13%)
One year outcomes
     Survival 70 (56%)
     Good functional status d 11 (9%)
     Good quality of life e 33 (26%)

n=126. Values displayed as n (%) or median (interquartile range). APS=acute physiology score, ICU=intensive care unit, MV=mechanical ventilation.

a
Respiratory includes pneumonia, aspiration, and pulmonary embolus; neurological includes ischemic stroke, subarachnoid hemorrhage, Guillain-Barre,

and status epilepticus; post-operative denotes failure to wean or reintubation within 48 hours from index surgery; cardiac includes myocardial infarction
and cardiac arrest.

b
From APACHE II classification.

c
Includes post-acute care facility-based ventilator days.

d
Surrogate-assessed functional status with good functional status defined as no major dependencies measured by Activities of Daily Living instrument

(see Methods).

e
Surrogate-assessed quality of life with good quality of life defined as EQ-5D score ≥ 0.44 (see Methods).
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