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ABSTRACT
Prediction of Cognitive Sequelae and Ecological Validity
in Critical Illness
Fu Lye Woon
Department of Psychology

Doctor of Philosophy

Survivors of critical illness have a high prevalence of long-term cognitive and psychiatric
morbidity and poor quality of life years after hospital discharge. Data are lacking regarding
whether cognitive screening tests predict which critically ill patients may be at risk to develop
long-term cognitive sequelae and whether cognitive sequelae predict the patients everyday
functioning. This study sought to determine whether cognitive screening tests, including the
Mini-Mental State Examination (MMSE) and Mini-Cog, predict long-term cognitive sequelae
and everyday functioning in survivors of critical illness 6-month post-hospital discharge. A
second purpose was to investigate whether cognitive sequelae are associated with poor everyday
functioning in critically ill survivors. Finally, the relationship between cognitive sequelae and
quality of life was assessed. Survivors of critical illness had a high rate of cognitive impairments
at hospital discharge, as well as long-term cognitive and psychiatric sequelae, deficits in
everyday functioning, and reduced quality of life at 6-month follow-up. The MMSE and Mini-
Cog did not predict long-term cognitive sequelae or everyday functioning at 6-months.

Cognitive sequelae were not associated with poor everyday functioning; however,
impaired attention, memory, and mental processing speed predicted problems with managing
home/transportation, and impaired attention predicted problems in health and safety, social
adjustment, and memory/orientation. Cognitive sequelae were associated with reduced quality of
life in the role physical domain. Altogether, these findings lend additional knowledge to the
literature regarding cognitive and psychiatric sequelae, everyday functioning, and reduced
quality of life in critically ill patients, and may have clinical implications for the critical care
providers, patients, and caregivers. Given the large population of survivors of critical illness each
year, strategies aimed at recognizing, preventing and treating these morbidities are important
research and public health concerns. Investigations into the clinical and economic burden of
these morbidities and methods to mitigate them, including patient screening and referral to
appropriate mental health and rehabilitation services, are warranted.

Keywords: Cognitive sequelae, depression, everyday functioning, critical illness, psychiatric

disorders, quality of life.
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Prediction of Cognitive Sequelae and Ecological Validity
in Critical Illness

Patients admitted to the Intensive Care Unit (ICU) present with a variety of diagnoses,
many of whom require invasive and life sustaining treatments. Recent development and
advances in critical care have led to improved treatment and increased survival of large numbers
of critically ill patients (Numa, 2001). Each day in the United States, approximately 55,000
patients are treated in ICU (Schmitz, Lantin, & White, 1998). ICU treatment is associated with
high costs of approximately $11,000 (United States dollars) per patient-day (Dasta, McLaughlin,
Mody, & Piech, 2005). Although investigations of the effects of critical illness on the central
nervous system are limited, there is an increasing research on long-term neurological outcomes
in critically ill patients. Current data suggest a high prevalence of neurological dysfunction in
critically ill patients admitted to medical/surgical (e.g., non-neurological) ICUs, which appear to
be associated with mortality and long-term morbidity. Neurological dysfunction during and
following critical illness includes delirium, encephalopathy, sensory processing deficits,
neuromuscular dysfunction, and cognitive and psychiatric sequelae that range in severity and
persist for years following the illness. Survivors of critical illness are at increased risk to develop
cognitive impairments, psychiatric disorders, impaired everyday function, and reduced quality of
life (Herridge et al., 2003; Hopkins, Weaver et al., 2005; Hopkins et al., 1999; Jackson et al.,
2003; Orme et al., 2003; Rothenhausler, Ehrentraut, Stoll, Schelling, & Kapthammer, 2001;
Weinert, Gross, Kangas, Bury, & Marinelli, 1997).
Prevalence of Cognitive Sequelae in ICU Survivors

Cognitive impairments may develop de novo from critical illness and/or its treatment. As

many as 40% of critically ill adult patients require mechanical ventilation, representing
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approximately 33% of all patients admitted to ICUs (Esteban et al., 2002; Young, 1995). To date,
15 cohorts (Adhikari et al., 2009; Christie et al., 2006; Duning et al., 2010; Hopkins, Jackson, &
Wallace, 2005; Hopkins, Weaver, Chan, & Orme, 2004; Hopkins et al., 1999; Jackson et al., in
press; Jackson et al., 2003; C. Jones, Griffiths, Slater, Benjamin, & Wilson, 2006; Marquis et al.,
2000; Mikkelsen et al., 2009; Rothenhausler et al., 2001; Suchyta, Hopkins, White, Jephson, &
Morris, 2004; Sukantarat, Burgess, Williamson, & Brett, 2005; van der Schaaf et al., 2008)
comprising more than 950 patients have examined cognitive outcomes following critical illness.
The populations include nine studies (Adhikari et al., 2009; Christie et al., 2006; Hopkins et al.,
2004; Hopkins, Weaver et al., 2005; Hopkins et al., 1999; Jackson et al., in press; Mikkelsen et
al., 2009; Rothenhausler et al., 2001; Suchyta et al., 2004) in patients with ARDS, one study
(Hopkins, Weaver et al., 2005) in patients with respiratory failure, four studies (Duning et al.,
2010; Jackson et al., 2003; C. Jones et al., 2006; van der Schaaf et al., 2008) in medical ICU
patients, and one study (Sukantarat et al., 2005) in general ICU patients. Potential mechanisms or
risk factors for the development of cognitive impairments include hypoxia (Hopkins, Gale, &
Weaver, 2006; Hopkins et al., 1999), sedatives or analgesics (Starr & Whalley, 1994),
hypotension (Hopkins et al., 2004), delirium (Griffiths & Jones, 2007; Jackson, Gordon, Hart,
Hopkins, & Ely, 2004), hypoglycemia (Duning et al., 2010), and hyperglycemia (Marquis et al.,
2000).
Cognitive Sequelae in Patients with Acute Respiratory Distress Syndrome

Acute respiratory distress syndrome (ARDS) is characterized by inflammation of the lung
parenchyma that leads to impaired gas exchange and resultant hypoxia along with systemic
release of inflammatory mediators. The inflammatory mediators result in inflammation and

hypoxemia and can lead to multiple organ failure. A less severe form of ARDS is acute lung
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injury (ALI) which may be a precursor to ARDS (Bernard et al., 1994). There are approximately
200,000 cases of ARDS/ALI per year in the United States, with an ICU mortality rate of 39%
(Rubenfeld et al., 2005). Patients with ARDS frequently develop neurological injury (i.e.,
neuropathy), lesions, generalized brain atrophy, and hippocampal atrophy, as well as significant
cognitive impairments including impaired memory, attention, mental processing speed, and
executive function (Hopkins et al., 2006; Jackson et al., 2009). Among specific ICU populations
such as ARDS, cognitive impairments occur in 78% of patients at hospital discharge and 45% at
one and two years (Hopkins, Weaver et al., 2005), and 25% at 6 years (Rothenhausler et al.,
2001). The most common cognitive domains affected are impaired memory and executive
dysfunction (Hopkins & Jackson, 2009). For example, a retrospective, self-referred group of 79
ARDS patients were administered cognitive tests over the telephone, of whom 24% had impaired
memory and 29% impaired executive function (Christie et al., 2004).

Cognitive impairments have been demonstrated years after discharge from the ICU. A
retrospective study in 46 ARDS survivors found 24% of patients had cognitive impairments 6
years and 46% were not able to return to full-time employment, all of whom had cognitive
impairments (Rothenhausler et al., 2001). A second study found ARDS patients had impairments
in memory, attention, executive, and motor function 6.5 years after leaving the hospital (Suchyta
et al., 2004). A prospective study using a memory questionnaire a median of 22 months after
ICU discharge found 8% patients had moderate to severe and 20% had mild memory
impairments (Adhikari et al., 2009). The prevalence of memory impairments in ARDS survivors
declined over time with 13% of patients reporting impaired memory 5 years after ICU discharge

(Herridge et al., 2006).
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Cognitive Sequelae in other Critically Il Populations

Several studies provide information regarding cognitive outcomes in medical critically ill
populations. In mechanically ventilated patients, 32% had impairments in psychomotor speed,
visual and working memory, verbal fluency, and visuo-construction at 6-month follow-up
(Jackson et al., 2003). A prospective cohort of respiratory-failure patients found 91% of patients
had cognitive impairments at hospital discharge and 41% had cognitive impairments at 6 months
(Hopkins, Jackson et al., 2005). Similarly, 35% of medical critically ill patients had impaired
executive function, including psychomotor problems and impulsivity and global decline in
intellectual function (Sukantarat et al., 2005). A study of 30 non-delirious medical critically ill
patients assessed in the ICU, 100% had significant deficits in executive function (i.e., strategic
thinking and problem solving) and 67% in memory (C. Jones et al., 2006). At one-week post-
ICU discharge, 87% of these patients continued to exhibit deficits in problem-solving skills, of
whom 20% could not solve any of the problems, and 50% had memory deficits. At the 2-month
follow-up, 50% had deficits in problem-solving skills, while 31% had memory deficits (C. Jones
et al., 2006).

Cognitive impairments observed in ICU survivors are not only prevalent, but are often
quite severe. For example, ARDS patients with cognitive sequelae (global measure of cognitive
function) fell below the 6™ percentile of the normal distribution of cognitive functioning,
displaying marked deficits in various domains, including memory, executive functioning, and
mental processing speed (Hopkins, Weaver et al., 2005). The observed impairments do not
impact all domains equally, and deficits in some areas may recover more completely than others.

Despite differences in methods making across-study comparisons difficult, current data

indicate that cognitive impairments are prevalent and pervasive in survivors of critical illness at
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hospital discharge (e.g., Adhikari et al., 2009; Christie et al., 2004; Duning et al., 2010; Ernest et
al., 2006; Herridge et al., 2006; Hopkins, Jackson et al., 2005; Hopkins et al., 2004; Hopkins,
Weaver et al., 2005; Hopkins et al., 1999; Jackson et al., 2003; Marquis et al., 2000; Mikkelsen
et al., 2009; Rothenhausler et al., 2001; Selnes et al., 2001; Suchyta et al., 2004; Sukantarat et al.,
2005). Further, a recent longitudinal cohort study in older adults without premorbid cognitive
impairments or dementia found that individuals who underwent acute care or critical illness
hospitalization had a greater decline in cognitive function and incident dementia compared to
individuals who were not hospitalized (Ehlenbach et al., 2010). This finding suggests that that
acute or critical illness may cause an abrupt decline in cognitive function that is not due to
premorbid cognitive problems. Thus, factors associated with acute or critical illness may be
causally related to cognitive decline in older critically ill patients (Ehlenbach et al., 2010). The
cognitive impairments following critical illness occur in a variety of cognitive domains and
appear to improve during the first 6 to 12 months post-hospital discharge. However, many
patients continue to experience significant chronic cognitive impairments, years after ICU
discharge (Rothenhausler et al., 2001).
Lack of Early Identification of Cognitive Sequelae

Data are lacking regarding the use of cognitive screening tests to identify which critically
ill patients may be at risk to develop long-term cognitive sequelae. In addition, fatigue and low
tolerance for activities that require sustained attention may make the use of comprehensive
neuropsychological test batteries problematic, especially in the period immediately following
ICU discharge, as they require several hours to administer. Therefore, comprehensive
neuropsychological test batteries may not be practical in the evaluation of cognitive function

immediately following acute critical illness. However, early detection and identification of
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cognitive impairments may 1) increase physician awareness of the potential for cognitive
impairments after ICU hospitalization; 2) direct research at the contributing risk factors and
mechanisms of cognitive impairments; 3) expedite neuropsychological evaluation; 4) guide the
development of rehabilitation strategies; and 5) facilitate referral for cognitive rehabilitation
(Borson, Scanlan, Brush, Vitaliano, & Dokmak, 2000), which are shown to improve cognitive
function in patients with acquired brain injury (Ho & Bennett, 1997; Sohlberg, Ehlhardt, &
Kennedy, 2005) and stroke (Michel & Mateer, 20006).

Despite a consensus among neurologists, psychiatrists, and other specialists regarding the
importance of early identification of cognitive impairment (O' Connor et al., 1988; Petersen et
al., 2001), there is limited recognition of cognitive impairments in ICU populations. Limited
recognition of cognitive impairments is due in part to ICU clinicians lack of knowledge
regarding effects of critical illness on cognitive function, time constraints, lack of
neuropsychologists in critical care settings, perception of limited treatment options, and length of
comprehensive neuropsychological test batteries (Boise, Camicioli, Morgan, Rose, & Congleton,
1999). Failure to identify cognitive impairments can have severe implications for patients
everyday outcomes (Hopkins, Weaver et al., 2005). Given these concerns, brief cognitive
screening tests that could be used to identify critically ill patients at risk to develop cognitive
impairments are important.

Cognitive screening tests have been used in other populations to predict which patients
are at risk for developing cognitive impairments. Data from traumatic brain injury (Drake,
McDonald, Magnus, Gray, & Gottshall, 2006; Oh, Seo, Lee, & Song, 2006) and Alzheimer’s
disease (Heun, Papassotiropoulos, & Jennssen, 1998; McDowell, Kristjansson, Hill, & Hebert,

1997; Perneczky et al., 2006) suggest that cognitive screening tests are reliable and valid tools
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that can be used to predict patients at risk for cognitive impairments. However, these tests have
not been applied in critically ill patients, raising questions as to whether cognitive screening tests
are reliable and valid ways to predict cognitive impairments in this population.

What are Cognitive Screening Tests?

While comprehensive neuropsychological tests are the gold standard for assessing
cognitive function, many populations who are too ill or cognitive impaired often are not able to
maintain attention for a brief period of time, especially during or immediately following ICU
hospitalization. A comprehensive neuropsychological test battery often requires several hours to
administer. Further, comprehensive neuropsychological testing is expensive and requires trained
neuropsychologists who are often not available in acute medical settings. Therefore, brief
cognitive screening tests are needed to assess cognitive function in critically ill populations.

Cognitive screening tests are quantitative instruments that assess global cognitive
functioning and are used to detect cognitive impairments. Cognitive screening tests appropriate
for use in the critical care setting must be brief, easy to administer, applicable to a large age
range, and minimally affected by demographic variables (e.g., education, sex, and age), with a
high sensitivity and specificity (Lorentz, Scanlan, & Borson, 2002). Despite some variability in
the sensitivity and specificity of cognitive screening tests, they are generally adequate for
screening cognitive function. Cognitive screening tests with good reliability and validity may be
used to stratify patients with regard to severity of cognitive impairments (Brummel-Smith,
2000).

There is a growing consensus regarding the importance of using cognitive screening tests
as part of routine primary care of the elderly (Brodaty, Howarth, Mant, & Kurrle, 1994;

Doraiswamy, 1996; Gambert, 1997; Knopman, 1998). The Mini-Mental Status Examination
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(MMSE) is widely considered the gold standard (King, DiLuna, Cicchetti, Tsevat, & Roberts,
2006), which assesses a range of cognitive abilities including orientation, memory, and attention
(M. F. Folstein, Folstein, & McHugh, 1975). The MMSE has been used for over 30 years (M. F.
Folstein et al., 1975) and is recommended by the National Institute of Neurologic and
Communicative Disorders and Stroke and the Alzheimer’s disease and Related Disorders
Association for diagnosis of Alzheimer’s disease (McKhann et al., 1984). The Committee on
Research of the American Neuropsychiatric Association states that brief cognitive screening
tests, including the MMSE, can detect dementia with “reasonable accuracy” (Boustani, Peterson,
Hanson, Harris, & Lohr, 2003; Malloy et al., 1997). Other commonly used cognitive screening
tests include the Mini-Cog (Borson et al., 2000), Short-Portable Mental Status Questionnaire
(SPMSQ; Denny, Kuchibhatla, & Cohen, 2006), and Six-item Screener (SIS; Boustani et al.,
2006). Data suggest that the overall diagnostic accuracy may be improved by combining data
from several cognitive screening tests (Fischer, Hannay, Loring, & Lezak, 2004; Tuokko &
Hadjistavropoulos, 1998).
Comparison of Cognitive Screening Tests

The sensitivity and specificity of the MMSE have been compared to other cognitive
screening tests in elderly and dementia populations. Perneczky and colleagues (2006) compared
the MMSE to the Clinical Dementia Rating (CDR) and found the MMSE was a good surrogate
measure for the CDR for the staging of dementia in Alzheimer’s disease. A study that compared
the MMSE, Syndrom-Kurztest, and clock drawing test in elderly patients found strong positive
correlations between these measures and the diagnosis of dementia (Koch, Gurtler, & Szecsey,
2005). One investigation found the SIS had a better sensitivity and specificity than the Mini-Cog

in detecting cognitive impairments in patients 65 years and older (Wilber, Lofgren, Mager,
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Blanda, & Gerson, 2005). Alternatively, the Mini-Cog is reported to be one of the best screening
tests for the detection of dementia (Brodaty, Low, Gibson, & Burns, 2006). The Mini-Cog is
simple, brief, has good sensitivity, costs minimally, requires minimal testing and training time,
and performs as well as or better than the MMSE in identifying cognitive impairments (Borson
et al., 2000; Borson, Scanlan, Watanabe, Tu, & Lessig, 2005; Scanlan & Borson, 2001).

A study using cognitive screening tests to determine cognitive status at hospital discharge
and follow-up in critically ill patients found the mean MMSE scores among patients who did not
complete follow-up were below the impairment cutoff score of 24, and significantly lower than
the mean scores of the patients who completed follow-up (Jackson et al., 2003). However, the
MMSE was not used to predict patient cognitive impairments in this study. No study to date has
used cognitive screening tests to predict long-term cognitive sequelae in critically ill populations.
The primary purpose of the current study was to determine whether cognitive screening tests
predict long-term cognitive sequelae or impairments in specific cognitive domains 6 months after
hospital discharge in survivors of critical illness.

Cognitive Sequelae and Ecological Validity

Critically ill patients frequently experience new functional limitations, reflecting a
decline in their everyday functioning and development of a new baseline level of functioning
(Karlawish & Clark, 2003). Ecological validity is the extent to which inferences can be drawn
regarding the patients’ behaviors or ability to function in a variety of real-world settings on
everyday tasks and their relationship with cognitive impairments as measured by
neuropsychological tests (J. E. Franzen & Wilhelm, 1996). Thus, ecological validity addresses

the question “does cognitive functioning predict the patient’s ability to carry out everyday
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tasks?” Tests that predict real world functioning or everyday functioning are described as
ecologically valid (Brewer, 2000).

In addition to predicting long-term cognitive sequelae in critically ill patients (primary
study purpose), another important question is whether cognitive impairments are related to the
patients’ everyday functioning post-hospital discharge. That is, can survivors of critical illness
resume their previous level of everyday functioning and perform tasks such as self-care, making
a grocery list, shopping, looking up telephone numbers, managing medications, managing
money, and returning to work? Research in a variety of patient populations suggests there is an
association between cognitive test performance and everyday functioning. For example, deficits
in working memory are associated with difficulties managing finances in older patients (Earnst et
al., 2001) and global neuropsychological performance is associated with difficulties managing
finances following traumatic brain injury (Hoskin, Jackson, & Crowe, 2005). Measures of
everyday functioning extend knowledge of patient outcomes beyond that of cognitive function
by adding assessment of everyday skills and abilities, which may be adversely affected by
cognitive impairments.

Everyday functioning is assessed from two different perspectives: basic activities of daily
living (ADLs) and instrumental activities of daily living (IADLs). Basic ADLs include self-care
such as bathing dressing, feeding, toileting, grooming, and self-transfer (Kane & Kane, 1981).
IADLSs involve more complex tasks such as shopping, managing medications, cooking,
household chores, communication, and managing money, finances, and transportation (Kane &
Kane, 1981; Lawton & Brody, 1969). While ADLs are fundamental to independence, the IADL
scales assess the higher functional abilities that are required for independent living at home and

in the community (Gallo & Paveza, 2005). Everyday functioning assessed on the IADLs is
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central to the patients’ return to independent living and to cope with the demands of everyday
life (McColl et al., 1999).

Self-report or informant-based measures of IADLs are the most commonly used methods
for assessing everyday functioning. These measures are easy and practical to administer and
provide insight regarding the patient’s everyday functioning. Self-report or informant-based
measures of [ADLs such as the Lawton Instrumental Activities of Daily Living (Lawton IADL;
Lawton, 1988; Lawton & Brody, 1969; Lawton, Moss, Fulcomer, & Kleban, 1982) and
Functional Activities Questionnaire (FAQ; Pfeffer, Kurosaki, Harrah, Chance, & Filos, 1982)
have been used to assess everyday outcomes in patients with Alzheimer’s disease (Farias,
Harrell, Neumann, & Houtz, 2003; Porter et al., 2003) and rheumatoid arthritis (Kauppi,
Hartikainen, Kautiainen, Laiho, & Sulkava, 2005). The FAQ has been used to assess everyday
functioning in a trauma ICU population (Jackson et al., 2007). Several studies have compared the
FAQ and Lawton IADL. Elderly community dwelling individuals FAQ score correlated .72 with
their Lawton IADL score and .83 with a neurologist’s global rating on a Scale of Functional
Capacity (Pfeffer et al., 1982). The FAQ predicts mental status better than the Lawton IADL; the
FAQ correlated .76 with the Mental Function Index (Pfeffer et al., 1982) and -.60 with the
Cognitive Capacity Screening Examination (Senanarong et al., 2004).

In addition to assessing everyday functioning with self-report or informant-based
questionnaires (Blessed, Tomlinson, & Roth, 1968; Fillenbaum, 1985; Lawton & Brody, 1969;
Pfeffer et al., 1982), everyday functioning can be measured using direct assessment or
performance-based assessment (Karagiozis, Gray, Sacco, Shapiro, & Kawas, 1998; Loeb, 1996;
Loewenstein et al., 1989). Performance-based assessment provides an objective assessment of

everyday skills, such as using the telephone, preparing a meal, managing medication, writing a
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check, and managing money. The Independent Living Scales (ILS) is a performance-based
measure of everyday functioning and requires individuals to perform various tasks, creating a
“direct, more objective assessment of functioning in daily life” (Loeb, 1996, p. 1). The ILS has
been used to assess everyday functioning in a variety of populations, including schizophrenia
(Revheim & Medalia, 2004; Revheim et al., 2006) and dementia (Davis, Martin-Cook, Hynan, &
Weiner, 2006; Martin-Cook, Davis, Hynan, & Weiner, 2005). There are no studies that compare
questionnaire-based assessment of everyday functioning (i.e., Lawton IADL and FAQ) with
objective measures such as the ILS.

Recent investigations have examined the impact of critical illness on everyday
functioning. Everyday functioning of 817 adult ICU patients with prolonged mechanical
ventilation were significantly below than that of the normal healthy general population and
declined from premorbid levels, with 78% of patients requiring caregiver support at two-month
after hospital discharge (Quality of Life After Mechanical Ventilation in the Elderly Study
Investigators, 2002). Chelluri and colleagues (2004) found 57% of survivors of critical illness
required caregiver assistance one year later. The odds of being dependent upon a caregiver at
one-year were higher in older patients and in those who were dependent in IADLS prior to
hospitalization. Among middle-aged trauma ICU survivors, 22% had impairments in everyday
functioning, including managing financial or business affairs, and traveling or making travel
arrangements (Jackson et al., 2007). The rate of return to work in ARDS survivors ranges from
33% (Hopkins, Jackson et al., 2005) to 51% (Herridge et al., 2003; Rothenhausler et al., 2001)
with a high of 58% (Jackson et al., 2007), suggesting poor everyday functioning in this

population. Reasons for inability to return to work include persistent fatigue and weakness, poor
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everyday functioning, work-related stress, voluntary retirement, need for job retraining (Herridge
et al., 2003), depression (Adhikari et al., 2009), and cognitive impairments (Jackson et al., 2007).

While functional morbidity in critically ill survivors is increasingly recognized, the extent
to which everyday functioning is associated with cognitive impairments needs to be elucidated in
order to understand the full impact of cognitive impairments in ICU survivors. Data are lacking
regarding the relationships between the specific domains of everyday functioning (e.g., financial
management) and specific cognitive domains (e.g., executive function) in survivors of critical
illness. The second purpose of the current study was to assess whether cognitive impairments
predict everyday functioning, as measured by the Lawton IADL, FAQ, and the ILS, in survivors
of critical illness.
Psychiatric Sequelae and Quality of Life

Psychiatric sequelae following critical illness and ICU treatment are increasingly
recognized. The prevalence of depression and anxiety in ICU survivors ranges from 10% to 58%
(Adhikari et al., 2009; Angus et al., 2001; Herridge et al., 2003; Hopkins, Weaver et al., 2005;
Hopkins et al., 1999; Kapfhammer, Rothenhausler, Krauseneck, Stoll, & Schelling, 2004;
McCartney & Boland, 1994; Mikkelsen et al., 2009; Milisen et al., 2001; Orme et al., 2003;
Skodol, 1999; Szokol & Vender, 2001; Weinert et al., 1997). Further, depression and anxiety are
associated with cognitive impairments in ARDS patients (Rothenhausler et al., 2001). A review
of 14 studies found that the median point prevalence of clinically significant depression among
ICU survivors was 28% (range 17% to 43%) and premorbid depression was a risk factor for
post-ICU depression (Davydow, Gifford, Desai, Bienvenu, & Needham, 2009). Predictors of
depression at 1 year were alcohol dependence, female gender and younger age; where as

predictors of anxiety at 1 year were ratio of arterial oxygen tension to inspired oxygen fraction
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and duration of mechanical ventilation (Hopkins, Key, Suchyta, Weaver, & Orme Jr., 2010).
Predictors of depression at 2 years were depression and cognitive sequelae at 1 year; whereas
predictors of anxiety at 2 years was anxiety at 1 year (Hopkins et al., 2010).

A number of studies have examined relationships between life-threatening critical
illnesses and the development posttraumatic stress disorder (PTSD). Kapfhammer and colleagues
(2004) found that 44% of critically ill patients developed PTSD at hospital discharge with 24%
had PTSD symptoms 8 or more years later. Further, 14% of medical ICU patients with
mechanical ventilation developed symptoms of PTSD (Girard et al., 2007). A recent review of
15 studies found the median point prevalence of clinically significant PTSD symptoms among
general ICU survivors was 22% (Davydow, Gifford, Desai, Needham, & Bienvenu, 2008).

Quality of life is an evaluation of health status associated with biological/physiological,
mental, cognitive, physical, and social functions, and health perceptions (Weinert et al., 1997).
The Medical Outcome Study 36-Item Short Form Health Survey (SF-36; Stewart, Hays, & Ware,
1988; Ware, 1993; Ware, Kosinski, & Keller, 1994) has been used extensively in assessing
quality of life of critically ill patients (e.g., Dowdy et al., 2005; Hopkins et al., 2004; Mikkelsen
et al., 2009). A meta-analysis found ARDS survivors had lower quality of life compared with
matched, normal controls 66 months after ICU discharge (Dowdy et al., 2005). Psychiatric
morbidity is associated with decreased quality of life (Davydow, Desai, Needham, & Bienvenu,
2008; Davydow et al., 2009; Davydow, Gifford et al., 2008; Hopkins et al., 2004; Kapthammer
et al., 2004; Schelling et al., 1998).

Conflicting findings exist regarding the relationships between cognitive impairment and
quality of life. For example, decreased quality of life was not associated with cognitive

impairments in ARDS survivors (Hopkins, Weaver et al., 2005) or with executive dysfunction in
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medical ICU patients (Sukantarat et al., 2005). Conversely, ARDS survivors with cognitive
impairment had lower quality of life compared to ARDS survivors without cognitive impairment
(Christie et al., 2006). Likewise, survivors of ALI (Rothenhausler et al., 2001) and ARDS
(Mikkelsen et al., 2009) with cognitive impairments have lower quality of life compared to
individuals without cognitive impairment; however, both groups’ quality of life was substantially
lower than healthy controls (Mikkelsen et al., 2009; Rothenhausler et al., 2001). Relatively little
is known regarding the specific impact of cognitive impairments secondary to critical illness on
the specific quality of life domains (e.g., mental, physical, and social function). The third
purpose of the current study was to better characterize the relationship between cognitive
sequelae and quality of life in survivors of critical illness.
Study Purposes

The purposes of this study were threefold. The primary purpose of the study was to
determine whether cognitive screening tests (MMSE and Mini-Cog) predict cognitive sequelae
and everyday functioning in survivors of critical illness 6-month post-hospital discharge. Further,
we sought to determine whether the MMSE predict long-term cognitive sequelae better than the
Mini-Cog. The second purpose of this study was to determine whether long-term cognitive
sequelae are associated with problems in everyday functioning (Lawton IADL, FAQ, and ILS) in
critically ill survivors. Additionally, we assessed whether impairments in a specific cognitive
domains (e.g., memory, executive dysfunction, etc.) predict everyday functioning in a related
functional domain (e.g., financial management). The third purpose of the current study was to
assess the relationship between cognitive sequelae and quality of life in survivors of critical

illness.
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Study Hypotheses

Hypothesis 1a. Low scores on cognitive screening tests (MMSE and Mini-Cog)
will predict long-term cognitive sequelae at 6-month follow-up. Further, the Mini-Cog
will better predict long-term cognitive sequelae compared to the MMSE, due to its higher
sensitivity and specificity.

Hypothesis 1b. Low scores on the MMSE and Mini-Cog will predict impairments in
specific cognitive domains (e.g., memory and executive function).

Hypothesis 2a. Low scores on cognitive screening tests (MMSE and Mini-Cog) will
predict everyday functioning (e.g., Lawton IADL, FAQ, and ILS Full Scale Score) at 6-month
follow-up.

Hypothesis 2b. Long-term cognitive sequelae at 6 months will predict everyday
functioning as measured by the Lawton IADL, FAQ, and ILS Full-Scale scores at 6-month
follow-up.

Hypothesis 2c. Impairments in specific cognitive domains (e.g., memory and executive
function) at 6-month follow-up will predict everyday functioning on the ILS subscale scores (i.e.,
Memory/Orientation, Managing Money, Managing Home and Transportation, Health and Safety,
and Social Adjustment).

Hypothesis 3. Long-term cognitive sequelae will predict poor quality of life.

Method
Participants

Consecutive critically ill patients were recruited from the Shock Trauma Intensive Care

Unit and Respiratory ICU at LDS Hospital and Intermountain Medical Center in Salt Lake City

for this prospective outcome study to assess cognitive functioning, psychiatric functioning,
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quality of life, and everyday functioning. Mechanical ventilator management, including the use
of sedatives, narcotics, and paralytic medications, was carried out using clinical protocols as part
of the patient’s routine clinical care (Morris et al., 1994; Thompson et al., 1994).

Study inclusion criteria were mechanical ventilation > 48 hours and participant age 18 to
85 years. Study exclusion criteria were (a) disease states that were irreversible (e.g., liver failure,
malignancy, AIDS) and in which six-month survival is unlikely, (b) central nervous system
damage (CNS) due to injury or CNS disease (e.g., traumatic brain injury or cognitive
impairment), (¢) comorbid disorders with known cognitive effects including chronic obstructive
pulmonary disease, chronic heart failure, cervical spinal cord injury, disease malignancy, and
chronic renal failure, (d) a psychotic disorder (e.g., schizophrenia and bipolar disorder), (¢)
preexisting cognitive impairment, (f) non-English-speaking, (g) primary residence greater than
200 miles from the study site, and (h) informed consent could not be obtained. Approval of this
study was obtained from the institutional review boards at Intermountain Medical Center and
Brigham Young University. Written informed consent was obtained prior to hospital discharge.

An unavoidable reality of studying patients with unanticipated acute critical illnesses is
that evaluation of pre-ICU cognitive, psychiatric, everyday functioning, and quality of life is not
possible as it is not possible to determine who will become critically ill. Patients with a history of
dementia or other cognitive impairments based on medical records review were excluded from
the study. In order to determine if unknown pre-existing cognitive impairments were present,
patients were administered the Modified Blessed Dementia Rating Scale (MBDRS; Blessed et
al., 1968). Patients were considered to have preexisting cognitive impairments if their MBDRS
score was > 3 (Blessed et al., 1968; Inouye, Viscoli, Horwitz, Hurst, & Tinetti, 1993). The

preexisting cognitive impairments were presumably of mild to moderate severity as we excluded
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patients with dementia or known premorbid cognitive impairments. Patients were not excluded
from the study on the basis of their MBDRS scores.

From August 2007 to December 2008, consecutive critically ill patients were evaluated
for eligibility in our prospective outcome study. Figure 1 shows the study flow diagram. Of 319
patients screened for the study, 226 patients met exclusion criteria including pre-existing CNS
disease (n = 136), disease states that were irreversible (n = 43), comorbid disease with known
cognitive effects (N = 14), residence > 200 miles from study site (N = 13), non-English speaking
(n=10), pre-existing psychiatric disorder with psychosis (n = 6), and pre-existing cognitive
impairments (N = 4). Eleven patients declined the study and 12 patients were transferred to
another long-term care facility without obtaining consent, resulting in 70 ICU survivors who
were enrolled in the study. Of the 70 patients, 10 patients died between hospital discharge and
six month follow-up. The cause of death was respiratory failure (n = 5), cardiac arrest (n = 2),
gastrointestinal complications (n = 1), multiple organ failure (n = 1), and withdrawn support after
ICU readmission (n = 1). Three patients declined the follow-up (e.g., too busy or not interested)
and four patients could not be contacted, despite efforts to contact the patient, patient’s identified
family member(s) or significant other by telephone and letter, resulting in 7 patients lost to

follow-up. A total of 53 patients completed 6-month follow-up assessments.
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1895 Patients Screened

W V.

1576 Patients Not Eligible
* 1474 Mechanical ventilation <48 hrs
* 32 Age < 18 years
* 70 died prior to ICU discharge

319 Eligible Patients

70 Enrolled
* 53 Completed 6 month testing
>« 10 Died post-hospital discharge
* 4 Could not be contacted
* 3 Declined 6 month follow-up

23 Eligible Not Enrolled
> * 12 Transferred to long-term acute care
* 11 Declined the study

226 Excluded

* 136 Prior CNS injury or disease

* 43 Disecase states that were irreversible with 6 month survival
unlikely (liver failure, malignancy, AIDS)

* 14 Comorbid disease with known cognitive effects (COPD,
cardiac surgery, chronic heart failure, chronic renal failure)

* 13 Resided >200 miles from study site

* 10 Non-English speaking

* 6 Pre-existing psychiatric disorder with psychosis

* 4 Pre-existing cognitive impairments

A4

Figure 1. Study flow diagram
AIDS = Acquired Immune Deficiency Syndrome

CNS = Central Nervous System
COPD = Chronic Obstructive Pulmonary Disease

www.manharaa.com




20

The 6-month follow-up rate was 76% (n = 53). Excluding patients who died during the
first 6 months following hospital discharge, the follow-up rate was 88% (n = 53). The 6-month
follow-up evaluation consisted of measures of cognitive functioning, psychiatric functioning,
everyday functioning, and quality of life was completed in a single 3- to 4-hour period. Patients
who completed the 6-month follow-up evaluation were reimbursed $50 for their time and travel
expenses.

Demographic and medical data were collected prospectively as part of routine clinical
care, including length of stay, ventilator data, and the Acute Physiologic and Chronic Health
Evaluation IT (APACHE II) score (Knaus, Draper, Wagner, & Zimmerman, 1985). The
APACHE Il is a severity of disease classification system which scores a patient’s age, previous
health status, initial routine physiological measurements, admission type (medical or surgical)
and the diagnosis. The score range from 0 to 71, with high scores indicating increased illness
severity and risk of death (Knaus et al., 1985).

Hospital Discharge Assessment

Cognitive screening tests were administered just prior to hospital discharge if patients
were oriented to person, place and time. The following measures were administered: history or
current alcohol dependence (Rapid Alcohol Problems; Cherpitel, 1995), history or current
substance abuse (DAST-20; Gavin, Ross, & Skinner, 1989; Staley & el-Guebaly, 1990), and the
MMSE and the Mini-Cog. The MMSE and Mini-Cog were counterbalanced to control for order
effects. Detailed test descriptions are provided in Appendix.

Cognitive Tests
Standardized cognitive tests administered at 6-month post-hospital discharge assessed

attention/concentration, motor, language, memory and learning, mental processing speed,
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executive function. The reading subtest of the Wide Range Achievement Test-3 (Wilkinson,
1993) was used to estimate the patients’ premorbid intellectual abilities, while the Wechsler
Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) was used to assess the patients’
current intellectual abilities. The cognitive tests included the Trail Making Test Parts A and B
(Reitan & Wolfson, 1993), Hayling Sentence Completion Test (Burgess & Shallice, 1997), Hand
Dynamometer Test (Reitan & Davison, 1974), Grooved Pegboard Test (Matthew & Klove,
1964), Finger Tapping Test (Halstead, 1947), Logical Memory subtest (Wechsler, 1997),
California Verbal Learning Test-1I (CVLT-II; delay recall trial; Delis, Kramer, Kaplan, & Ober,
2000), Rey-Osterrieth Complex Figure Test (ROCFT; 30-minute delayed recall trials; Rey,
1941), Stroop Test-Golden Version (Interference trial; Golden, 1978), and Digit Symbol subtest
(Wechsler, 1981). Detailed test descriptions are provided in Appendix.

Raw scores were transformed to demographically corrected T-scores (i.e., age, gender,
education, and ethnicity) which have a mean of 50 and standard deviation of 10 for the Trail
Making Test Parts A and B, Hand Dynamometer Test (each hand), Grooved Pegboard Test (each
hand), Finger Tapping Test (each hand), and Digit Symbol subtest (Heaton, Miller, Taylor, &
Grant, 2004). T scores were also calculated using normative data for the Parts A and B from the
Hayling Sentence Completion Test (Burgess & Shallice, 1997), long-delay free-recall trial from
the CVLT-II (Delis et al., 2000), 30-minute delay trials from the Logical Memory subtest
(Wechsler, 1997), 30-minute delayed trials from the ROCFT (Meyers & Meyers, 1995), and
Interference trial from the Stroop Test-Golden Version (Golden, 1978).

A priori the presence of cognitive sequelae was defined as scores on 2 or more
neuropsychological tests that were greater than 1.5 standard deviations (SD) or one test score that

was greater than 2 SD below the normative population mean. This definition of cognitive
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sequelae was similar to those used in previous studies following critical illness (Hopkins,
Weaver et al., 2005; Jackson et al., 2003).

A priori the presence of cognitive impairments was defined as scores on one or more
neuropsychological tests in each cognitive domain (i.e., memory, mental processing speed,
attention, motor speed, language, and executive function) that are greater than 1.5 standard
deviations (SD) below the normative population mean. This definition of cognitive impairment
was similar to those used in standard neuropsychological evaluations (Heaton et al., 2004).
Everyday Functioning

Everyday functioning was assessed at 6 months using the Lawton IADL (Lawton &
Brody, 1969), FAQ (Pfeffer et al., 1982), and the performance-based ILS (Loeb, 1996). The
Lawton IADL is a widely used self-report or informant-report questionnaire that assesses
shopping, managing transportation, climbing stairs, managing finances, doing housework, using
the telephone, doing the laundry, managing medications, walking outdoors, driving, holding
down a paying job, and preparing meals (Lawton & Brody, 1969). The Lawton items are scored
as 0 (completely dependent), 1 (need some assistance), and 2 points (independent), and then
summed to form a total score that ranges from 0 (cannot perform any of the functions
independently) to 16 (able to perform all the functions independently). A total score < 15
indicates impairments in one or more areas of everyday functioning with lower scores indicate
worse performance (Lawton, 1988).

The FAQ is self-report or informant-report instrument assessing the ability to perform 10
high-level skills used in everyday functioning, including shopping, preparing meals, handling
finances, and understanding current events (Pfeffer et al., 1982). Each item is scored on a 3-point

Likert scale (0 = independent; 3 = dependent) of increasing caregiver dependence. The scores
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range from 0 to 30, with a higher scores indicating worse everyday functioning. A score of 9 or
greater indicates impaired functioning or dependence in everyday activities (Pfeffer et al., 1982).

The ILS is used to assess competency in Memory / Orientation, Managing Money,
Managing Home and Transportation, Health and Safety, and Social Adjustment, as well as two
overall subscales of Problem Solving and Performance / Information (Loeb, 1996). The
Performance / Information subscale reflects actual knowledge or skills used to perform tasks; for
example, using a telephone book or making change. The Problem Solving subscale evaluates
abstract reasoning and judgment required for living (e.g., “What would you do if your lights and
television went out simultaneously?”” and “What would you do if you unintentionally lost ten
pounds in a month?”’) Lower scores indicate worse everyday functioning. Scores of 20 to 39
suggest maximum (full-time) supervision for daily living (i.e., inpatient hospitalization or
nursing home setting), scores of 40 to 49 suggest moderate supervision, and scores of 50 to 63
suggest minimal supervision or independent living (Loeb, 1996). Detailed test descriptions are
provided in Appendix.
Psychiatric Functioning

Psychiatric functioning was assessed at six months using the Beck Depression Inventory-
IT (BDI-II; Beck, Steer, & Brown, 1996) and the Beck Anxiety Inventory (BAI; Beck & Steer,
1993). Beck Depression Inventory-II scores of 0-13 indicate minimal, 14-19 mild, 20-28
moderate, and 29-63 severe depression. Beck Anxiety Inventory scores of 0-9 indicate minimal,
10-16 mild, 17-29 moderate, and 30-63 severe anxiety.

The Posttraumatic Diagnostic Scale (PDS) is a self-report 49-item scale that is used to
assist with the diagnosis of PTSD and provide a means of quantifying the severity of PTSD

symptoms (Foa, 1995). The PDS has six subscales: exposure to a traumatic event, re-
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experiencing symptoms, avoidance symptoms, symptom duration, and the level of impairment of
functioning. The PDS assessment parallels DSM-IV diagnostic criteria for a PTSD diagnosis
(Foa, 1995). The PDS has been used with combat veterans, survivors of sexual assault, accident
victims (Hunsley & Mash, 2008), and medically ill patients (R. C. Jones, Harding, Chung, &
Campbell, 2009).

The Outcome Questionnaire (0OQ-45.2), a measure of general distress, was used to assess
the patients’ global psychological functioning, including how they feel, how they get along with
others, and how they are doing in important life tasks (Lambert et al., 2004). The items on the
0Q-45.2 assess commonly occurring problems across a wide variety of psychological disorders,
as well as personally and socially relevant characteristics that may affect quality of life. The OQ-
45.2 consists of three domains: Symptoms Distress (subjective distress), Interpersonal Relations
(satisfaction and problems in interpersonal relations), and Social Role (level of dissatisfaction,
conflict, distress and inadequacy in tasks related to employment, family roles, and leisure life)
(Lambert et al., 2004). The OQ-45.2 provides a total score and three domain scores; the Total
Score ranges from 0 to 180, the Symptom Distress subscale scores 0 to 100, the Interpersonal
Relations subscale scores 0 to 44, and the Social Role subscale scores 0 to 36, with higher scores
indicating greater distress.

The OQ-45.2 is used to: 1) measure current level of distress; 2) measure outcome or
ongoing treatment response (administered before and after treatment); and 3) improve quality of
patient care (Lambert et al., 2004). For the purposes of our study, the OQ-45.2 was used to assess
the patients’ current level of distress at 6-month follow-up. The OQ-45.2 Total Scores of > 63
indicates the presence of significant symptom distress, interpersonal difficulties, and difficulties

in social roles. The OQ-45.2 Symptom Distress subscale score of > 36 indicates presence of
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significant intrapsychic distress (subjective discomfort); the Interpersonal Relationship subscale
score of > 15 indicates presence of significant interpersonal problems; and the Social Role
subscale score of > 12 indicates significant difficulties fulfilling workplace, student, or home
duties. Only one study has used the OQ-45.2 in a medical population (James et al., 2010). In this
study, the OQ-45.2 was used to measure overall changes in psychological function at two time
points (at admission and discharge) in an inpatient physical rehabilitation population (James et
al., 2010). The inpatients had psychological improvement over the course of physical
rehabilitation compared to their initial OQ-45.2 scores. Detailed descriptions of the BDI-II, BAI,
PDS, and OQ45.2 are provided in Appendix.
Quality of Life

The Medical Outcome Study 36-Item Short Form Health Survey (SF-36; Stewart et al.,
1988; Ware, 1993; Ware et al., 1994) was administered at 6-month follow-up to assess health-
related quality of life. The eight domains of the SF-36 (physical functioning, role-physical,
bodily pain, general health, vitality, social functioning, role-emotional, and mental health) are
clustered to form two higher order domains, the physical and mental health scores. Each domain
is scored from 0 to 100, with higher scores indicating better quality of life (Ware, 1993).
Detailed descriptions of the SF-36 are provided in Appendix.
Statistical Analyses

All statistically analyses were carried out using SPSS 17.0 for Windows. Descriptive
statistics were carried out for demographic (i.e., age, sex, education, MBDRS scores, RAPS
scores, DAST-20 scores) and medical, cognitive screening, IQ, neuropsychological, psychiatric,
everyday functioning, and quality-of-life data. Impairments on cognitive screening tests at

hospital discharge were reported as the percent of patients who scored below each test’s cutoff
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score. Cognitive and psychiatric sequelae were reported as percent of patients with sequelae at 6-
month follow-up. Sensitivity, specificity, and predictive values of the MMSE and Mini-Cog
were calculated.

Independent t-tests were conducted to determine if there were significant differences for
demographic and medical data comparing: 1) critically ill survivors and patients who died after
hospital discharge; 2) patients who completed follow-up and those who lost to follow-up; and 3)
patients with cognitive sequelae compared to patients without cognitive sequelae. Independent t-
tests were also conducted to compare the cognitive screening test scores for patients who
completed 6-month follow-up compared to those who died after hospital discharge (prior to 6
month follow-up). The patient’s premorbid intelligence (WRAT-3 Reading subtest scores) was
compared to the WASI Full-Scale IQ scores using paired-sample t-tests. One-sample t tests were
used to compare the 0Q.45.2 and SF-36 scores with respective data from normal, community
dwelling adults for patients who completed 6-month follow-up.

Hypothesis 1a. Low scores on cognitive screening tests (MMSE and Mini-Cog) will
predict long-term cognitive sequelae at 6-month follow-up. Further, the Mini-Cog will better
predict long-term cognitive sequelae compared to the MMSE, due to its higher sensitivity and
specificity.

Bivariate stepwise logistic regression analyses were carried out to predict cognitive
sequelae using MMSE cutoff scores < 24 (scores below cutoff) and Mini-Cog cutoff scores
(scores below cutoff). Covariates included in the analyses were age, gender, education, estimated
premorbid 1Q, ICU length of stay, APACHE II scores, duration of mechanical ventilation,
depression scores, and anxiety scores. The analysis was repeated using the MMSE < 27 scores

(scores below cutoff) in one analysis, and the MMSE scores in another analysis. Because the
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distribution of data was positively skewed, a logarithmic transformation was used for MMSE
scores. Odds ratios were obtained. A two-tailed .05 alpha level of significance level was used.

Bivariate stepwise logistic regression analyses were carried out to predict cognitive
sequelae using continuous MMSE scores and Mini-Cog scores. Covariates included in the
analyses were age, gender, education, estimated premorbid 1Q, ICU length of stay, APACHE II
scores, duration of mechanical ventilation, depression scores, and anxiety scores. Because the
distribution of data was positively skewed, a logarithmic transformation was used for MMSE
scores. Odds ratios were obtained. A two-tailed .05 alpha level of significance level was used.

Hypothesis 1b. Low scores on the MMSE and Mini-Cog will predict impairments in
specific cognitive domains (e.g., memory and executive function).

Five separate stepwise logistic regression analyses were carried out using the MMSE <
24 cutoff score (scores below cutoff) and Mini-Cog cutoff score (scores below cutoff) to predict
impairments in specific cognitive domains (impaired or not impaired). Each cognitive domain
was analyzed in separate analyses (i.e., memory, executive function, mental processing speed,
language, and attention). Covariates included in the analysis were age, gender, education,
estimated premorbid 1Q, ICU length of stay, APACHE II scores, duration of mechanical
ventilation, depression scores, and anxiety scores. The analyses were repeated using the predictor
variable MMSE < 27 cutoff score (scores below cutoff). Preliminary assumption testing was
conducted to check for normality, linearity, outliers, homoscedasticity, and multicollinearity,
with no violations noted. Odds ratios were obtained. A two-tailed .05 alpha level of significance
level was used.

Eight separate stepwise multiple regression analyses were carried out using the MMSE

continuous scores and Mini-Cog continuous scores to predict cognitive test scores (e.g., CVLT-
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II Long-Delay Free Recall, WMS-III Logical Memory II, ROCFT Long Delay, HSCT Box C,
Trail-Making Test Part B, WAIS-R Digit Symbol, COWA, and SCWT Interference scores).
Because the distribution of data was positively skewed, a logarithmic transformation was used
for MMSE scores. Covariates included in the regression analysis were age, gender, education,
estimated premorbid intelligence, ICU length of stay, APACHE II scores, duration of mechanical
ventilation, depression scores, and anxiety scores. Preliminary assumption testing was conducted
to check for normality, linearity, outliers, homoscedasticity, and multicollinearity, with no
violations noted. A two-tailed .05 alpha level of significance level was used.

Hypothesis 2a. Low scores on cognitive screening tests (MMSE and Mini-Cog) will
predict everyday functioning (e.g., Lawton IADL, FAQ, and ILS Full Scale Score) at 6-month
follow-up.

To predict everyday functioning, three separate stepwise multiple regression analyses
were carried out for the following dependent variables: Lawton IADL, FAQ, and ILS Full Scale
scores. The predictor variables were MMSE < 24 cutoff score (scores below cutoff or normal)
and Mini-Cog cutoff score (scores below cutoff or normal). Covariates included in the analyses
were age, gender, education, estimated premorbid 1Q, ICU length of stay, APACHE II scores,
duration of mechanical ventilation, depression scores, and anxiety scores. The analyses were
repeated using the predictor variable MMSE < 27 cutoff scores (scores below cutoff or normal).
Preliminary assumption testing was conducted to check for normality, linearity, outliers,
homoscedasticity, and multicollinearity, with no violations noted. A two-tailed .05 alpha level of

significance level was used.
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Hypothesis 2b. Long-term cognitive sequelae at 6 months will predict everyday
functioning as measured by the Lawton IADL, FAQ, and ILS Full-Scale scores at 6-month
follow-up.

To predict everyday functioning, three separate stepwise multiple regression analyses
were carried out for the following dependent variables: Lawton IADL, FAQ, and ILS Full Scale
scores. The predictor variable was presence or absence of cognitive sequelae at 6 months.
Covariates used in the analyses were age, gender, education, estimated premorbid IQ, ICU length
of stay, APACHE II scores, duration of mechanical ventilation, depression scores, and anxiety
scores. Preliminary assumption testing was conducted to check for normality, linearity, outliers,
homoscedasticity, and multicollinearity, with no violations noted. A two-tailed .05 alpha level of
significance level was used.

Hypothesis 2c. Impairments in specific cognitive domains (e.g., memory and executive
function) at 6-month follow-up will predict everyday functioning on the ILS subscale scores (i.e.,
Memory/Orientation, Managing Money, Managing Home and Transportation, Health and Safety,
and Social Adjustment).

Five stepwise multiple regression analyses were conducted for the following dependent
variables: Memory/Orientation, Managing Money, Managing Home and Transportation, Health
and Safety, and Social Adjustment. The predictor variables were impaired cognitive domains
(normal or impaired), including memory, mental processing speed, attention, language, and
executive function. Covariates used in the regression analyses were age, gender, education,
estimated premorbid 1Q, ICU length of stay, APACHE II scores, duration of mechanical

ventilation, depression scores, and anxiety scores. Preliminary assumption testing was conducted
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to check for normality, linearity, outliers, homoscedasticity, and multicollinearity, with no
violations noted. A two-tailed .05 alpha level of significance level was used.

Eight stepwise multiple regression analyses were conducted for the following dependent
variables: Memory/Orientation, Managing Money, Managing Home and Transportation, Health
and Safety, and Social Adjustment scores. The predictor variables were each of the cognitive test
continuous scores, including the CVLT-II Long-Delay Free Recall, WMS-III Logical Memory
I, ROCFT Long Delay, HSCT Box C, Trail-Making Test Part B, COWA, WAIS-R Digit
Symbol, and Stroop Inteference scores. Covariates used in the regression analyses were age,
gender, education, estimated premorbid IQ, ICU length of stay, APACHE II scores, duration of
mechanical ventilation, depression scores, and anxiety scores. Preliminary assumption testing
was conducted to check for normality, linearity, outliers, homoscedasticity, and multicollinearity,
with no violations noted. A two-tailed .05 alpha level of significance level was used.

Hypothesis 3. Long-term cognitive sequelae will predict poor quality of life.

Eight separate stepwise multiple regression analyses were carried out in which the SF-36
domain scores (Physical Functioning, Role-Physical, Bodily Pain, General Health, Vitality,
Social Functioning, Role-Emotional, and Mental Health) were entered as separate dependent
variables in each analysis. The predictor variable was presence or absence of cognitive sequelae
at six months. Covariates used in the analyses were age, gender, education, estimated premorbid
1Q, ICU length of stay, APACHE II scores, duration of mechanical ventilation, depression
scores, and anxiety scores. Preliminary assumption testing was conducted to check for normality,
linearity, outliers, homoscedasticity, and multicollinearity, with no violations noted. A two-tailed

.05 alpha level of significance level was used.
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Results

Descriptive Statistics

Descriptive statistics for demographic and medical data for the 70 critically ill patients
are shown in Table 1. There were 35 females and 35 males with a mean age of 54.4 £ 17.3 years
(range 21 to 85) and a mean education level of 13.3 £ 2.2 years (range 10 to 20). Primary
etiologies for ICU admission were sepsis (N = 27), trauma (N = 14), pneumonia (N = 9), post-
operative complications (n = 5), respiratory disease (N = 4), cardiovascular disease (n = 3),
gastrointestinal disease (N = 3), renal disease/failure (n = 3), liver failure (n = 1), and cancer (n =
1). Only one patient had preexisting cognitive impairments identified by the MBDRS, 2 patients
had a history of drug abuse, and 8 patients had a history of alcohol dependence (Table 1).

There was no difference in the MMSE scores for patients who completed 6-month
follow-up (24.4 + 3.8) compared to patients who died post-hospital discharge (24 £3.6:t=.32,p
=.75). Similarly, there was no difference in the Mini-Cog scores for patients who completed
follow-up (1.98 + 1.1) compared to patients who died post-hospital discharge (1.9 + 1.1; t = .21,
p=.83).

The survivors were younger and had lower mean FiO; levels (i.e., less ill) compared to
patients who died post-hospital discharge (Table 2). No other demographic or medical variables

differed between the groups.
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Patient demographic and medical data
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Demographic and Medical Variables (N = 70) Mean + SD or n (%) Range
Sex — male, N (%) 35 (50)
Age — years 544+17.3 21 to 85
Education level - years 13.3+£2.2 10 to 20
MBDRS > 3, n (%) 1(1) 1to4
RAPS 4> 1, n (%) 8 (11) 0to4
DAST-20> 5, n (%) 2(3) 0to 12
ICU Length of Stay (days) 154+9.8 4t052
Hospital Length of Stay (days) 25.0+16.2 5to 103
Duration of Mechanical Ventilation (days) 8.8+6.4 2t031.62
Maximum FiO, (%) 94.6 + 13.7 50 to 100
Minimum PaO, mmHg 60.3+16.5 35 to 130
APACHE II Score 254+6.5 14 to 45
ICU Admission Diagnosis, n (%)

Sepsis 27 (39)

Trauma 14 (20)

Pneumonia 9 (13)

Post-operative Complications 5()

Respiratory Disease 4(5)

Cardiovascular Disease 34

Gastrointestinal Disease 3(4)

Renal Disease/Failure 34

Liver Failure 12)

Cancer 1(2)
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Demographic and Medical Variables (N = 70) Mean + SD or n (%) Range
Died after hospital discharge n (%) 10 (14.3)

Declined Follow-up n (%) 3(4)

Lost to Follow-up n (%) 4 (6)

APACHE II = Acute Physiology and Chronic Health Evaluation II
DAST-20 = Drug Abuse Screening Test-20

ICU = Intensive care unit

MBDRS = Modified Blessed Dementia Rating Scale

RAPS 4 = Rapid Alcohol Problems Screen 4

Table 2
Demographic and medical data for patients who survived compared to patients who died after

hospital discharge

Characteristics Survivors Died before Follow-up Survivors vs. Died
(n=160) (n=10) before Follow-up
M£SD Range M+SD Range t p
Duration MV (days) 9+£6.6 1.8t031.6 7.8+44 2.1t017.5 -54 .59
Hospital LOS (days) 2531169 5to 104 21.6£9.5 7 to 35 -.68 .50
ICU LOS (days) 154+99 4.6t051.6 15.5+£9.6 43to 1.1 .03 .98
Maximum FiO, (%) 93.7+14.6 50to 100 1000 100 to 100 3.36 .01
Minimum PaO, mmHg 61.1+17.5 35to 130 55.7+£6.9 43.4 t0 66.2 -.94 .35
APACHE II 249+£6.6 14 to 45 283+£5.8 21to 41 1.55 13
Age (years) 524+173 21to85 65.4+10.2 47 to 79 23 .03
Education (years) 13.4+2.1 10 to 18 13.1£2.6 12 to 20 -.36 72
n n o p
Sex (Male/Female) 3030 55 300 99

APACHE II = Acute Physiology and Chronic Health Evaluation II Score
FiO, = Fractional inspired concentration of oxygen

ICU = Intensive care unit.

LOS = Length of stay

MYV = Mechanical ventilation

PaO, = Arterial oxygen tension
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Patients who completed follow-up had higher education levels than patients who were
lost to follow-up (Table 3). No other demographic or medical variable differed between patients
who completed follow-up compared and those who were lost to follow-up. There was no
difference on any demographic or medical variables comparing patients with and without

cognitive sequelae (Table 4).

Table 3

Demographic and medical data comparing patients who completed follow-up with patients who

were lost to follow-up

Characteristics Completed Follow-up Lost to Follow-up Completed vs. Lost
(n=153) (n=7) to Follow-up
M£SD Range M+SD Range t p

Duration MV (days) 9.1+£6.7 1.8t0 31.6 8.6+ 6.7 241t021.6 .16 .88
Hospital LOS (days) 26.2+17.7 5to 104 19+7 10 to 28 1.06 29
ICU LOS (days) 1584102 4.6t051.6 11.7+£6.7 5.3t024.5 1.04 30
Maximum FiO, (%) 93.6+14.7  50to 100 943+ 15.1 60 to 100 -12 91
Minimum PaO, 60+ 16.9 35to 130 69+21.6 43.5t0 109 -1.28 21
mmHg

APACHE II 254+6.7 16 to 45 21.1£45 14 to 28 1.61 A1
Age (years) 52.6£16.2 21to 84 50.4 £26.1 23 to 85 22 .83
Education (years) 13.6 +2.1 10to 18 11.7+.5 11to12 5.45 01

n n x p

Sex (Male/Female) 25/28 5/2 140.5 23

APACHE II = Acute Physiology and Chronic Health Evaluation II Score
FiO, = Fractional inspired concentration of oxygen

ICU = Intensive care unit.

LOS = Length of stay

MYV = mechanical ventilation

PaO, = Arterial oxygen tension
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Table 4

Demographic and medical data for patients with long-term cognitive sequelae compared to patients without cognitive
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sequelae
Characteristics Total Patients who Completed Cognitive Sequelae No Cognitive Sequelae Cognitive Sequelae vs.
Follow-up (n=53) (n=30) (n=23) No Cognitive Sequelae
M£SD Range M£SD Range M£SD Range t p
Duration MV (days) 9.1t£6.7 1.8t031.6 87+74 1.8t031.6 9.6+£5.7 2.7t0 24 49 .63
Hospital LOS (days) 262+ 17.7 5to 104 29.8 £22.1 5to 104 21.6+£7.6 10 to 40 -1.89 .06
ICU LOS (days) 15.8£10.2 4.6t051.6 16.5+12.2 4.6t051.6 15.1£7.0 5t030.2 -52 .60
Maximum FiO, (%) 93.6+14.7 50 to 100 93.7+15.0 50to 100 93.5+14.7 60to 100 -.05 .96
Minimum PaO, mmHg 60+ 16.9 35 to 130 62.7+20.0 35to 130 564+11.2 36t077.5 -1.36 18
APACHE 11 254+6.7 16 to 45 247+6.1 16 to 36 262+7.5 17 to 45 .82 42
Age (years) 52.6£16.2 21 to 84 55.3+16.1 24 to 82 492+16.0 21to84 -1.38 A7
Education (years) 13.6 £2.1 10 to 18 134+£19 11to 18 13.8+24 10to 18 73 47
n n n ¥’ p
Sex (Male/Female) 25/28 13/17 12/11 314.5 .53

APACHE II = Acute Physiology and Chronic Health Evaluation II Score
FiO, = Fractional inspired concentration of oxygen
ICU = Intensive care unit.

LOS = Length of stay

MYV = mechanical ventilation
PaO, = Arterial oxygen tension

www.manaraa.com



36

Cognitive screening tests. At hospital discharge, 45 (64%) patients had cognitive
impairments on the MMSE (score < 27) with a mean score of 24.4 + 3.65. Thirty-two (45%)
patients had cognitive impairments on the Mini-Cog (word recall score = 0 word, or, recall 1 to 2
words with a clock drawing test score > 1) with a mean score of 1.96 + 1.10 (Figure 2). Twenty-
seven (39%) patients were impaired on both the MMSE and Mini-Cog, while only 20 (28%)
patients had scores in the normal range on both measures (Figure 2). MMSE scores did not differ
between patients who completed 6-month follow-up (24.4 + 3.8) and patients who died post-
hospital discharge (24 + 3.6; t = .32, p=.75). Similarly, Mini-Cog scores did not differ between
patients who completed follow-up (1.98 = 1.1) and patients who died post-hospital discharge (1.9

+1.10;t= 21, p=.83).

100

80

Percent

MMSE Mini-Cog Impaired on Both  Not Impaired on Both
Tests Tests

Figure 2. Percent of patients impaired on cognitive screening tests at hospital discharge.
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The sensitivity, specificity, and predictive values for the MMSE and Mini-Cog are shown
in Figure 3. The MMSE sensitivity was 60% and specificity was 35%, while the Mini-Cog
sensitivity was 47% and specificity was 65%. The sensitivity (55%) and specificity (50%) did
not improve when both tests were combined. The positive predictive values (the proportion of
correctly identified true positives) for the MMSE and Mini-Cog were 55% and 64%,
respectively. The negative predictive values (the proportion of correctly identified true negatives)

for the MMSE and Mini-Cog were 40% and 48%, respectively.

100
m MMSE
MiniCog
80
O Both Tests

Percent

7 7

Sensitivity Specificity Postive Predictive Negative Predictive
Value Value

Figure 3. Sensitivity, specificity, and predictive values for the MMSE and Mini-Cog screening

tests.

Sensitivity = the proportion of actual positives which were correctly identified as such.

Specificity = the proportion of actual negatives which were correctly identified as such.

Positive Predictive Value = the proportion of patients with cognitive sequelac who were
correctly identified.

Negative Predictive Value = the proportion of patients without cognitive sequelac who were
correctly identified.
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Long-term cognitive outcome. Survivors’ estimated 1Q scores (100.28 + 13.56) on the
WRAT-3 Reading subtest did not differ from their measured FSIQ (102 + 12.41) of the WASI (t
=-.95, df =49, p = .35) at 6 month follow-up, indicating that general intellectual function did not
decline from their estimated premorbid levels in our critically ill patients. Cognitive sequelae
occurred in 57% (30 of 53) of our patients at 6-month follow-up. Table 5 shows the patient’s
intellectual and neuropsychological test scores at 6-months. Twenty patients (38%) had impaired
memory, 19 (36%) executive functioning, 14 (26%) motor speed, 9 (17%) language, 4 (8%)
attention, and 1 (2%) mental processing speed.

Table 5

Sx-month neuropsychological data

Domain Assessed Test T-scores Range
Mean £ 3D
Intelligence Wechsler Abbreviated Scale of Intelligence
Verbal 1Q 49.7+10.0 32 to 68
‘Performance 1Q 52.1+£8.7 35t0 79
Full-Scale 1Q 51.3%+83 34to 72
Executive Trail Making Test
functioning Part A 43.0 £ 10.6 21to 75
Part B 445+9.4 26 to 66
Hayling Sentence Completion Test
Response Suppression Score 48.7+£14.2 20 to 63
Overall Scaled Score 451+ 11.8 20 to 63
Motor Hand Dynamometer Test
Dominant Hand 37.1+9.5 10 to 55
Non-dominant Hand 37.8+£8.3 16 to 51
Grooved Pegboard Test
Dominant Hand 373+£13.2 7 to 67
Non-dominant Hand 35.8+10.3 13 to 62
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Domain Assessed Test T-scores Range
Mean + D
Finger Tapping Test
Dominant Hand 448+ 11.0 18 to 68
Non-dominant Hand 443 £11.1 18 to 70
Memory Wechsler Memory Scale-II1
Logical Memory | 57.5+10.9 37t0 73
Logical Memory 11 52.8+143 30to 73
California Verbal Learning Test-1I
Long-delay Free Recall 489+13.6 10to 75
ROCFT
30-min Delay Recall 41.2+149 20 to 80
Language Controlled Oral Word Association Test (FAS) 41.6 £8.9 13 to 67
Wide-Range Assessment Test-3 Reading Score 502+9.0 13 to 61
Attention Golden Stroop Test
Color-Word Trial 46.0+9.0 23to 71
Interference 49.0x£7.6 30to 62
Processing Weschler Adult Intelligence Scale-Revised
speed Digit Symbol 55.8+11.1 33 to 80

Psychiatric functioning. Table 6 shows the patients psychiatric functioning at six-month
follow-up. Ten (19%) patients had moderate to severe symptoms of depression and 16 (31%) had
moderate to severe symptoms of anxiety. On the PDS, the mean number of PTSD symptoms (re-
experiencing, avoidance, and hyperarousal) our 53 patients endorsed was 6 (£ 4.8, range 0 to
17). Twenty five (47%) patients met partial-PTSD criteria (i.e., reached cut-off scores in one or
two of the three basic PTSD symptoms: re-experiencing, avoidance, and hyperarousal). Thirty-
seven (70%) of our 53 patients identified life-threatening illness (i.c., critical illness) as their
significant primary traumatic event, and 9 (17%) of these patients met full PTSD criteria. Of 53

patients, 3 (6%) identified other primary traumatic events (e.g., combat, HIV positive, and
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accident) with critical illness as their secondary traumatic event, but these 3 patients did not meet

full criteria for PTSD. In addition, several patients reported experiencing other traumatic events,

including motor-vehicle accidents (n = 8), death of a family member (n = 1), nonsexual assault

(n=1), combat (n= 1), and imprisonment (N = 1); however, none of these patients met full

PTSD criteria. Therefore, of 53 patients, 9 (17%) met full PTSD criteria, all of whom identified

critical illness as their significant primary traumatic events.
Table 6

Psychiatric functioning at 6-month follow-up

Psychological Questionnaire Mean #SD Range % Impaired or Severity
Domain or n (%) (n)
Depression Beck Depression Inventory 11.74£9.0 O0to36  Mild: 13(7)
Moderate: 11 (6)
Severe: 8 (4)
Anxiety Beck Anxiety Inventory 11.2+9.5 O0to40  Mild: 25 (13)
Moderate: 21 (11)
Severe: 6 (3)
General Distress Outcome Questionnaire-45.2
Total Score 458+244 9t099 21(11)
Symptom Distress 284+16.0 3to69  34(18)
Interpersonal Relations 84+5.5 0to 21 11 (6)
Social Role 9.0+44 1to18 21 (11)
Posttraumatic Posttraumatic Stress Diagnostic
Stress Disorder Scale
Symptom Severity Score 9.8+93 0to4l  Mild: 47 (25)

Met PTSD Criteria (%) 9(17)

Moderate: 25 (13)
Moderate to Severe: 6 (3)
Severe: 4 (2)

PTSD = Posttraumatic stress disorder
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The results of the OQ-45.2 are shown in Table 6. Of the 53 patients, 18 (34%) had

elevated scores on Symptom Distress, 6 (11%) on Interpersonal Relationship difficulties, 11

(21%) on Social Role Performance difficulties, and 11 (21%) on Total Score, indicating general

psychological distress (Table 6). However, the mean OQ-45.2 scores at 6-months were not

significantly different from data from normal community dwelling adults for the Total Score (t =

.06, p=.95), Symptom Distress (t =1.33, p=.19), and Social Role (t=-1.18, p=.25) (Figure

4). The Interpersonal Relations scores in survivors of critical illness at 6-months were

significantly lower than those in normal population (t = -2.40, p = .02), indicating that patients

had positive interpersonal relations (Figure 4).

60

50

——Normative Data

—&— 6-months

40
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20
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Figure4. OQ-45.2 scores at 6-month follow-up.

IR = Interpersonal Relations
SD = Symptom Distress

SR = Social Role
TOT = Total Score

www.manaraa.com



42

Everyday functioning. Table 7 shows the patient scores on measures of everyday
functioning at 6-month follow-up. The mean Lawton IADL score for our patients was 13.7 2.8
which is below the impairment cut-off score of < 15. Notably, 32 (60%) patients reported
difficulty on tasks of everyday functioning. The mean FAQ score was 5.8 + 6.5 with 10 (19%) of
scores fell below the impairment cut-point of > 8. The areas of greatest difficulty in everyday
functioning on both the Lawton IADL and FAQ were medication management, mobility, home
management, shopping, and financial management.

Table 7

Everyday functioning at 6-months in survivors of critical illness

Measures Mean # SD Range
Lawton IADL raw scores 13.7+2.8 5to 16
Functional Activities Questionnaires raw scores 5.8+6.5 0to 28

Independent Living Scale

Full-Scale Standard Score 102.5+12° 55t0 117
Problem Solving 52.2+£9.0* 20 to 64
Performance/Information 50.7 £ 8.2% 27 to 61
Memory/Orientation 545+£7.1* 31to 60
Managing Money 499 +8.7* 24 t0 61
Managing Home and Transportation 51.7+6.1* 29 to 59
Health and Safety 52.3+£8.9* 26 to 63
Social Adjustment 46.9 £ 11.4% 22 t0 59

" = Standard score with a mean of 100 and SD of 15.
* = T-scores with a mean of 50 and SD of 10.

Critically 1ll patients had moderate to severe deficits in everyday functioning on the ILS,
indicating poor everyday functioning (Figure 5). Of the 53 patients, 10 (20%) had significant

difficulty with Memory/Orientation, 20 (40%) Managing Money, 9 (18%) Managing Home and
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Transportation, 15 (29%) Health and Safety, 27 (52%) Social Adjustment, 17 (34%) Problem

Solving, and 18 (36%) had impairments in Performance/Information (Figure 5).

60

Percent

Figure 5. Percent critically ill patients who had moderate to severe deficits in everyday
functioning on the ILS.

Subscales:

H/T: Managing Home and Transportation
M/OR: Memory/Orientation

H/S: Health and Safety

M: Managing Money

SA: Social Adjustment

Summary scales:

P/I: Performance/Information

PS: Problem Solving

Quiality of life. The SF-36 scores were significantly lower than normal population data at
6-months for Physical Functioning (t=-9.01, p <.001), Social Functioning (t =-6.24, p <.001),

Role Physical (t=-8.37, p<.001), Role Emotion (t =-2.99, p=.004), Bodily Pain (t=-4.35, p<
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.001), Vitality (t =-4.96, p<.001), and General Health (t =-6.96, p <.001) (Figure 6). However,
there was no difference in Mental Health scores for survivors of critical illness compared to

normal population data (t = .20, p = .84) (Figure 6).
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Figure 6. SF-36 scores at 6-month follow-up.

Data are presented as mean + standard error and compared to normative data (Ware, 1993).
BP = Bodily Pain

GH = General Health

MH = Mental Health

PF = Physical Functioning

RE = Role Emotional

RP = Role Physical

SF = Social Functioning

VT = Vitality

www.manaraa.com



45

Hypothesis 1la

Neither the MMSE scores < 24 (OR = 1.41, Wald xz =2.90, p=.24) nor Mini-Cog cutoff
scores (OR = .84, Wald x* = .45, p = .36) predicted cognitive sequelae at six-months. The
analyses were repeated using the MMSE cutoff scores of <27 (OR = 1.19, Wald y* = 1.03, p=
.13) and the results did not change. Further, neither the MMSE continuous scores (OR = 1.19,
Wald X2 =2.35, p=.13) nor the Mini-Cog continuous scores (OR = .50, Wald X2 =2.30,p=.13)
predicted cognitive sequelae at six-months.
Hypothesis 1b

The MMSE scores < 24 and Mini-Cog cutoff scores did not predict impairments in
executive functioning (MMSE: OR = 1.41, Wald x> = .133, p=.72; Mini-Cog: OR = .59, Wald
v = .37, p=.54), memory (MMSE: OR = 1.27, Wald 5* = .06, p=.81; Mini-Cog: OR = .20,
Wald x> = 2.36, p=.13), mental processing speed (MMSE: OR = .01, Wald y* = 1.40, p= .24;
Mini-Cog: OR = .29, Wald 5> = 1.10, p=29), language (MMSE: OR =7.13, Wald * = 1.91, p
=.17; Mini-Cog: OR = .12, Wald xz =2.55,p=.11), or attention (MMSE: OR = .01, Wald xz =
.01, p=.99; Mini-Cog: OR = .01, Wald y* = .01, p=.99). The analyses were repeated using the
MMSE cutoff score of < 27 and the results did not change.

The MMSE and Mini-Cog scores did not predict any cognitive test scores: CVLT-II
Long-Delay Free Recall, WMS-III Logical Memory II, ROCFT Long Delay, HSCT Box C,
Trail-Making Test Part B, WAIS-R Digit Symbol, COWA, and SCWT Interference scores

(Table 8).
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Prediction of individual cognitive test scores using the MMSE and Mini-Cog continuous scores

Predictors B B t p Bivariate r Partial r
CVLT-II Long-Delay Free Recall
MMSE continuous scores -.46 -.14 -.83 41 .02 -.12
Mini-Cog continuous scores 2.10 .19 1.11 27 12 15
Model summary: R = .13, Ry = .08, F(3, 49) =2.31, p=.53
WMS-III Logical Memory II
MMSE continuous scores -.24 -.09 -.55 .58 .09 -.08
Mini-Cog continuous scores 2.04 22 1.34 .19 24 .19
Model summary: R = .18, Ry = .13, F(3, 49) = 3.39, p= .40
ROCFT Long Delay
MMSE continuous scores -.18 -.05 -.28 78 .16 -.04
Mini-Cog continuous scores 2.15 24 1.49 .14 22 22
Model summary: R = .19, Ry = .14, F(3, 49) = 3.52, p= .27
HSCT Box C
MMSE continuous scores -.30 -.09 -.54 .59 .05 -.08
Mini-Cog continuous scores -.02 0 -.01 .99 A1 -.01
Model summary: R = .22, Rzadj =.17,F(3,49)=4.36,p= .81
Trail-Making Test Part B
MMSE continuous scores .30 A2 73 47 .20 A1
Mini-Cog continuous scores 7 .09 .54 .59 18 .08
Model summary: R = .12, Ry = .06, F(3, 49) = 1.99, p= .40
WAIS-R Digit Symbol
MMSE continuous scores =11 -.04 -25 .81 -.14 -.04
Mini-Cog continuous scores .56 .06 35 73 -13 .05
Model summary: R = .23, Ry = .18, F(3, 49) = 4.49, p= .94
COWA
MMSE continuous scores 16 .08 44 .66 .06 .07
Mini-Cog continuous scores -.28 -.04 =22 .83 .01 -.03

Model summary: RF = .01, Ry = -.04, F(3, 49) = .10, p= .91
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Predictors B yis t p Bivariate r Partial r
SCWT Interference
MMSE continuous scores 42 22 1.29 .20 .29 .19
Mini-Cog continuous scores -75 -11 -.66 51 .16 -.10

Model summary: R = .26, Ry = .21, F(3, 49) = 5.05, p= .44

CVLT-II = California Verbal Learning Test-1I
WMS-III = Wechsler Memory Scale-III,

ROCFT = Rey Osterrieth Complex Figure Test

HSCT = Hayling Sentence Completion Test

COWA = Controlled Oral Word Association

WAIS-R = Wechsler Adult Intelligence Scale-Revised
SCWT = Stroop Color-Word Test

Hypothesis 2a

The MMSE cutoff scores < 24 (scores below cutoff) and Mini-Cog cutoff scores (Scores

below cutoff) did not predict the Lawton IADL, FAQ, and ILS Full Scale scores (Table 9). The

analyses were repeated using the MMSE cutoff scores of < 27 and the results did not change.

Table 9

Prediction of everyday functioning (the Lawton IADL, Functional Activities Questionnaire, and

Independent Living Scale Full Scale scores) using MMSE cutoff scores < 24 and Mini-Cog

scores (below cutoff)

Predictors B B t p Bivariate r ~ Partial r
Lawton IADL
MMSE <24 1.02 18 1.07 .29 -.03 .16
Mini-Cog (below cutoff) -1.81 -32 -1.93 .06 -26 =27
Model summary: R = .17, Ry = .12, F(3, 49) = 3.20, p=.17
Functional Activities Questionnaire
MMSE < 24 -1.25 -.09 =57 57 .05 -.08
Mini-Cog (bel ow cutoff) 1.94 15 91 37 12 13
Model summary: RF = 21, Ry = .16, F(3, 49) = 4.07, p= .66
Independent Living Scale (Full Scale)
MMSE < 24 -7.15 =21 -1.95 .06 -42 -.28
Mini-Cog (bel ow cutoff) -2.30 -.09 -.63 .53 -33 -.10

Model summary: R = .37, Ry = .32, F(3, 49) = 4.36, p=.06
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Hypothesis 2b
Long-term cognitive sequelae did not predict the Lawton IADL, FAQ, or ILS Full Scale
scores (Table 10).
Table 10
Prediction of everyday functioning (the Lawton IADL, Functional Activities Questionnaire, and

Independent Living Scale Full Scale scores) with cognitive sequelae (presence or absence)

Predictors B Yij t p Bivariate r Partial r

Lawton IADL 66 -12  -86 40  -16 -12
Model summary: R = .12, RPag = .08, F(2, 49) =3.18, p= .40

Functional Activities Questionnaire 2.74 21 1.63 .11 27 23
Model summary: RZ = .24, RPqg = .21, F(2,49) =734, p=.11

Independent Living Scale (Full Scale) -3.58  -.15 -1.13 .27 -.28 -.17
Model summary: R = .28, RPag = .23, F(2, 49) = 5.88, p= .27

Hypothesis 2¢

ILS Memory/Orientation. Impaired attention significantly predicted poor
Memory/Orientation scores (Table 11). This model accounted for 52% of the variability in
Memory/Orientation. Memory, mental processing speed, language, and executive function did
not predict Memory/Orientation scores.

ILS Managing Home/Transportation. Impaired attention, mental processing speed, and
memory significantly predicted poor Managing Home/Transportation scores (Table 11). This
model accounted for 41% of the variability in Managing Home/Transportation. Language and

executive function did not predict Managing Home/Transportation scores.
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ILS Health and Safety. Impaired attention significantly predicted poor Health and
Safety scores (Table 11). This model accounted for 35% of the variability in Health and Safety.
Memory, mental processing speed, language, and executive function did not predict Health and
Safety scores.

ILS Social Adjustment. Impaired attention significantly predicted poor Social
Adjustment scores (Table 11). This model accounted for 50% of the variability in Social
Adjustment. Memory, mental processing speed, language, and executive function did not predict
Social Adjustment scores.

ILS Managing Money. Memory, mental processing speed, attention, language, and
executive function did not predict Managing Money scores.

Table 11

Prediction of ILS subscale scores by cognitive domain (normal or impaired)

Predictors B yis t p Bivariate r  Partial r
Memory/Orientation
Attention -14.01  -57 -3.93 .001 -.68 -.53

Model summary: R = .52, Ry = .43, F(7, 46) = 5.96, p=.001

Managing Home/Transportation

Attention -6.27 -29 -1.99 .04 -35 -.30
Mental Processing Speed -5.66 -28 -2.22 .03 =27 -33
Memory -3.93 -31 -2.22 .03 -47 -33

Model summary: R = .41, Ry = .32, F(6, 56) = 4.58, p=.001

Health and Safety
Attention -16.39  -54 -3.68 .001 -.56 -.50

Model summary: R = .35, Ry = .27, F(5, 47) = 4.36, p=.003

Social Adjustment
Attention -14.86  -.38 -2.88 .006 -45 -41

Model summary: R = .50, Ry = .43, F(6, 47) = 6.69, p=.001
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Impairments in any cognitive test scores (CVLT-II Long-Delay Free Recall, WMS-III

Logical Memory II, ROCFT Long Delay, HSCT Box C, Trail-Making Test Part B, COWA,

WAIS-R Digit Symbol, and Stroop Interference scores) did not predict ILS Memory/Orientation,

Managing Money, Managing Home and Transportation, Health and Safety, and Social

Adjustment (Table 12).

Table 12

Prediction of ILS subscale scores by individual cognitive test scores

Predictors B B t p Bivariate r  Partial r

Memory/Orientation
CVLT-II Long-Delay Free Recall -.03 -.05 -27 79 A1 -.05
WMS-III Logical Memory II 13 T 21 1.06 .29 22 18
ROCFT Long Delay .06 A2 1 49 22 A2
HSCT Box C .02 .03 20 .85 .30 .03
Trail-Making Test Part B -.06 -.07 -48 .63 12 -.08
COWA -.19 =22 -1.44 .16 -.08 -24
WAIS-R Digit Symbol .08 13 71 A48 -.03 A2
SCWT Interference 18 20 1.19 24 42 20

Model summary: RF= 38, R = .20, F(10, 42) =2.13, p= .54

Managing Money
CVLT-II Long-Delay Free Recall -.19 -.28 -1.6 12 12 -.26
WMS-III Logical Memory II 32 40 2.07 .06 37 33
ROCFT Long Delay 13 22 1.26 22 .36 21
HSCT Box C .01 .01 .07 95 15 .01
Trail-Making Test Part B 20 .20 1.40 A7 18 23
COWA -11 -.10 -.66 51 .03 -11
WAIS-R Digit Symbol -12 -.15 -.89 38 .06 -.15
SCWT Interference .19 17 1.08 .29 25 18

Model summary: R = .35, Ry = .19, F(10, 42) = 2.16, p= .12

www.manaraa.com



51

Predictors B B t p Bivariate r  Partial r

Managing Home/Transportation -.12 -.24 -1.50 .14 .08 -.19
CVLT-II Long-Delay Free Recall .19 32 1.71 .10 24 211
WMS-III Logical Memory II .07 .16 .89 .38 28 11
ROCFT Long Delay .09 .19 1.32 .19 .16 .16
HSCT Box C .07 .16 .89 38 28 A1
Trail-Making Test Part B -.02 -.02 -.15 .88 .03 -.02
COWA -.08 -.14 -.87 .39 12 -11
WAIS-R Digit Symbol -.19 23 -1.57 13 -.01 -.19
SCWT Interference

Model summary: Ré= .44, R, = .31, F(10, 42) = 2.26, p= .06

Health and Safety
CVLT-II Long-Delay Free Recall A1 17 .96 .34 31 .16
WMS-III Logical Memory II 17 21 1.09 .29 28 18
ROCFT Long Delay .60 .10 .56 .58 27 .09
HSCT Box C A .16 1.02 32 32 17
Trail-Making Test Part B .19 21 1.42 .16 25 23
COWA -.08 -.07 -46 .65 -.01 -.08
WAIS-R Digit Symbol -.16 -20 -1.19 24 -.08 -.19
SCWT Interference 18 .16 .99 33 29 .16

Model summary: R = .31, Ry = .16, F(8, 44) = 2.04, p= .07

Social Adjustment
CVLT-II Long-Delay Free Recall .10 12 .83 41 37 .14
WMSH-III Logical Memory I .19 .20 1.15 .26 31 .19
ROCFT Long Delay -.01 -.01 -.04 97 34 -.01
HSCT Box C 21 15 1.13 27 45 34
Trail-Making Test Part B -.01 -.01 -.06 .95 A5 -.01
COWA .50 .04 .29 78 17 .05
WAIS-R Digit Symbol -.01 -.01 -.02 .99 .06 -.01
SCWT Interference 21 A5 1.13 27 .29 .19

Model summary: R = .53, Ry = .41, F(9, 43) =2.14, p= .08

CVLT-II = California Verbal Learning Test-II
WMS-III = Wechsler Memory Scale-III,

ROCFT = Rey Osterrieth Complex Figure Test

HSCT = Hayling Sentence Completion Test

COWA = Controlled Oral Word Association

WAIS-R = Wechsler Adult Intelligence Scale-Revised
SCWT = Stroop Color-Word Test
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Hypothesis 3

Long-term cognitive sequelae significantly predicted Role-Physical scores (Table 13).
This model accounted for 20% variability in Role-Physical scores. Long-term cognitive sequelae
did not predict Physical Functioning, Bodily Pain, General Health, Vitality, Social Functioning,
Role-Emotional, or Mental Health scores (Table 13).
Table 13

Prediction of quality of life with cognitive sequelae (presence or absence)

SF-36 B Y t p Bivariate r ~ Partial r

General Health -1.47 -.03 =27 .79 -.15 -.04
Model summary: RF =36, Ry = .31, F(3, 50) = 3.18, p=.79

Physical Functioning -8.72 -.15 -1.04 .30 -15 -15
Model summary: R = .02, Ry = .01, F(1, 52) = 1.09, p= .30

Role-Physical 2355 -29 219 .03 -32 -30
Model summary: R = .20, Ry = .16, F(2, 51) = 5.75, p=.03

Role-Emotional -4.41 -.06 -47 .64 -.16 -.07
Model summary: R = .33, Req = .29, F(3, 50) = 7.70, p= .64

Social Functioning -3.78 -.08 -.62 .54 -1 -.09
Model summary: RF= 31, Ry = .26, F(3, 50) = 6.78, p= .54

Bodily Pain 345 -06  -48 63 -18 -07
Model summary: R = .33, Ry = .29, F(3, 53) = 7.50, p= .63

Vitality 610  -13  -99 33 -18 -14
Model summary: R = .23, Ry = .20, F(2, 51) = 7.12, p= .33

Mental Health -4.46 -.13 -1.31 .20 -.24 -.19
Model summary: RF= .59, R, = .56, F(3, 50) = 21.83, p= .20

SF-36 = Medical Outcome Study 36-Item Short Form Health Survey
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Discussion

Our critically patients had a high rate of cognitive impairments on the MMSE (64%) and
on the Mini-Cog (45%) at hospital discharge. Our patients’ mean MMSE score of 24.4 at
hospital discharge is similar to the mean MMSE score in mechanically ventilated medical ICU
patients who completed follow-up (24.4), but higher than the patients who did not complete
follow-up (20.4) (Jackson et al., 2003). The rate of impairments on the MMSE of 67% (64%)???
in our patients is higher than in similar critically ill patients (27%) who were assessed 3 to 7 days
post-ICU discharge (van der Schaaf et al., 2008). The between-study difference are likely due to
the fact that the patients in the van der Schaaf and colleagues’ study were less ill than our
patients (APACHE II score 16 vs. 26) and the MMSE was administered several days later than in
our patients, which may have allowed for additional time for cognitive performance to improve
(van der Schaaf et al., 2008). The mean MMSE score for our patients was lower than that of an
ARDS patient whose MMSE score at hospital discharge was 30, notwithstanding this patient had
significant cognitive impairments one and 3.5 years after ICU discharge (Jackson et al., 2009).
The rate of cognitive impairments at hospital discharge in ARDS patients was significantly
higher (73%) (Hopkins, Weaver et al., 2005) than in our patients assessed using cognitive
screening tests (64% on the MMSE and 45% on the Mini-Cog). The reason for the higher rate of
cognitive impairments at hospital discharge in the Hopkins and colleagues’ (2005) study is likely
due to the differences in how cognitive function was assessed, that is, a comprehensive
neuropsychological test battery instead of cognitive screening tests.

Our critically ill patients had a high rate (57%) of long-term cognitive sequelae (6
months). These findings are striking because the survivors’ premorbid IQ was within normal

limits (mean WRAT Reading subtest score 100), they were middle aged (mean age 54 years),
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well educated (mean education 13.3 years). Further, only 1 patient had undetected pre-existing
cognitive impairments on the MBDRS, suggesting the preexisting cognitive impairments do not
explain long-term cognitive impairments in our patients. Among mechanically ventilated general
medical ICU survivors, approximately a third or more demonstrate moderate to severe cognitive
impairment 6 months after discharge (Jackson et al., 2003). Among medical and surgical ICU
cohorts, including those with specific conditions such as sepsis and ARDS, rates of impairment
(25% to 78%) are extremely variable in part due to methods used to assess cognitive function
and timing of the assessments after ICU discharge (Hopkins & Brett, 2005; Hopkins & Jackson,
2006). In specific populations, notably very ill patients with ARDS, the prevalence of cognitive
sequelae is particularly high and persistent, with 46% of patients at 1 year (Hopkins et al., 1999)
and 25% of patients at 6 years having cognitive impairments (Rothenhausler et al., 2001).
Cognitive impairments in our critically ill patients occur in multiple cognitive domains
with impaired memory being the most frequently observed deficit (38%), followed by executive
function (36%), motor speed (26%), language (17%,), attention (8%), and mental processing
speed (2%). The impaired cognitive domains in our critically ill patients are similar to those
reported in other ICU survivors (Hopkins & Jackson, 2009) and following carbon monoxide
poisoning (Hopkins & Woon, 2006; Weaver et al., 2002). Although the cognitive domains that
are impaired include many aspects of cognition, the predominant deficits occur in memory and
executive functioning which is mediated by the frontal and temporal lobes. The frontal and
temporal lobes have known susceptibility to hypoxemia, which is implicated in the
pathophysiology of ICU-related cognitive impairments (Hopkins et al., 1999). A recent study

reported that a critically ill patient with severe hypoxemia had generalized brain atrophy,
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including frontal and temporal lobe atrophy on quantitative brain MRI along with concomitant
impairments in memory and executive functioning (Jackson et al., 2009).
Prediction of Long-term Cognitive Sequelae

To our knowledge, this is the first study that examined whether the two well-known
cognitive screening tools, the MMSE or Mini-Cog, predict long-term cognitive sequelae in
survivors of critical illness. Neither the MMSE (cutoff scores < 24, cutoff scores < 27, and
continuous scores) nor the Mini-Cog (continuous scores and scores below cutoff) predicted
cognitive sequelae at 6 months. In other words, the MMSE and Mini-Cog did not differentiate
critically ill patients with cognitive sequelae from patients without cognitive sequelae.
Furthermore, the MMSE and Mini-Cog did not predict impairments in any cognitive domain
(e.g., memory, executive function, etc.) In spite of the usefulness of the MMSE and Mini-Cog in
diagnostic screening in other populations (Boustani et al., 2003; Brodaty et al., 2006), the
cognitive screening tests did not discriminate between patients with and without cognitive
sequelae or impairments in any cognitive domain in our patients. Our findings generally agree
with Burker and colleagues’ (1995) study in which the MMSE cutoff score of 23 at hospital
discharge did not predict overall cognitive impairment in patients 6-week post-cardiopulmonary
surgery. By contrast, Burker and colleagues found the education-corrected MMSE cutoff scores
(19, 23, 27, and 29) predicted cognitive impairments at 6-week post-cardiopulmonary surgery,
despite they accounted for only a small variance. Although we did not use the education-
corrected MMSE cutoff scores for each patient, it should be noted that we used the MMSE cutoff
scores of <24 and < 27, as well as continuous scores, which did not predict cognitive sequelae in

critically ill patients. Further, we controlled for education level, which did not reach significance
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in our regression models. Thus, using education-corrected MMSE scores is unlikely to change
our null findings.

Reasons why the MMSE and Mini-Cog did not predict cognitive sequelae are unclear,
but may be due to several factors. First, cognitive impairments are highly prevalent in our
patients as almost 65% of critically ill survivors’ had cognitive impairments on the MMSE or
Mini-Cog at hospital discharge and 57% had cognitive sequelae at 6 months, resulting in limited
variability of the data. Further, we did not have a normal control group in our study, which likely
would increase the range of scores. Second, only 8% of critically ill survivors’ cognitive
functioning improved to their pre-ICU baseline levels (i.e., normal range of cognitive
functioning) by 6 month follow-up (Hopkins, Jackson et al., 2005). The rate of improvement in
cognitive functioning over time in our patients is lower than the rate observed in previous studies
(57% impaired in the current study and 45% in the Hopkins and colleagues’ study (2005), which
may be due to the earlier time post-hospital discharge during which cognitive function was
assessed (6 months vs. 1 and 2 years). Since cognitive sequelae may continue to improve up to
12 or more months post-ICU discharge, the lower rate of cognitive sequelae in the Hopkins and
colleagues’ (2005) study may be due to additional recovery in cognitive function from 6 to 12
months.

A third possible reason that the MMSE and Mini-Cog did not predict long-term cognitive
sequelae is that the MMSE and Mini-Cog were not designed for use in critically ill population,
but rather to identify dementia in elderly populations. The diagnostic accuracy in identifying
cases of cognitive sequelae in our patients was poor with a 35% specificity for the MMSE, which
is substantially below the generally accepted cutoff of 80% or higher in other populations (Elena

& Rebecca, 1994). Although the Mini-Cog has greater sensitivity and specificity compared with

www.manaraa.com



57

the MMSE in studies of dementia (Borson et al., 2000; Borson et al., 2005), this finding was not
observed in our critically ill patients. Further, the combined use of both screening tests did not
improve overall diagnostic accuracy (sensitivity 55%; specificity 50%). This finding is
somewhat surprising because studies in elderly or dementia populations (Bottino et al., 2009;
Bustamante et al., 2003; Xu, Meyer, Thornby, Chowdhury, & Quach, 2002) have found the use
of multiple screening tests improves overall diagnostic accuracy. The lack of sensitivity and
specificity of the MMSE and Mini-Cog in our critically ill patients is likely due to the fact that
these tests have poor psychometric properties (M. Folstein, 1998; Ihl, Frolich, Dierks, Martin, &
Maurer, 1992; Nieuwenhuis-Mark, in press; Ravaglia et al., 2005) , were developed to detect
dementia in elderly populations (Borson et al., 2000; M. F. Folstein et al., 1975), and not for use
in younger medical populations. Therefore, the MMSE and Mini-Cog may not be suitable for
predicting long-term cognitive impairments following critical illness and ICU treatments;
however our findings need to be replicated.
Everyday Functioning

The patients” mean Lawton IADL score was 13.7 with 60% of patients reporting
significant difficulty in everyday functioning at 6-months, including deficits in mobility and
managing home, medication, and finances. In comparison, the patients’ mean FAQ score was 5.8
with 19% patients scores indicate problems in everyday functioning, including shopping and
managing transportation and finances. The prevalence of poor everyday functioning in our
critically ill patients is similar to trauma ICU survivors in which 22% had difficulty managing
financial or business affairs, as well as traveling or making travel arrangements (mean FAQ
score of 4.9) (Jackson et al., 2007). The FAQ identified fewer patients with deficits in everyday

functioning compared to the Lawton IADL (19% vs. 60%). This is likely due to the fact that the
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FAQ is more reliable and valid than the Lawton IADL (Pfeffer et al., 1982; Senanarong et al.,
2004). Further, the FAQ assessed IADLs primarily in terms of social function, whereas the
Lawton IADL assesses IADLs primarily in terms of physical capacities (McDowell, 2006)
suggesting that the deficits in everyday functioning reported by our patients reflect difficulty in
tasks that impact social functioning.

On the ILS, a performance-based measure of everyday functioning, 10 (20%) had
moderate to severe functional deficits in Memory/Orientation, 20 (40%) Managing Money, 9
(18%) Managing Home and Transportation, 15 (29%) Health and Safety, 27 (52%) Social
Adjustment, 17 (34%) Problem Solving, and 18 (36%) had deficits on Performance/Information
(Figure 5). The impairments in everyday functioning in our critically ill patients are similar to
those reported in studies of older adults with memory complaints (Baird, 2006; Brooks, 2006),
schizophrenia (Revheim & Medalia, 2004; Revheim et al., 2006), older adult general medicine
patients (Henderson-Laribee, 2000), and patients following bone marrow transplantation
(Hoffman, 2004). Further, impairments in everyday functioning following critical illness are
consistent with previous studies of critically ill survivors (Herridge et al., 2003; Hopkins,
Jackson et al., 2005; Jackson et al., 2003; Quality of Life After Mechanical Ventilation in the
Elderly Study Investigators, 2002; Rothenhausler et al., 2001). For example, one year after
critical illness 54 % of patients had mild to severe restrictions in everyday function including
walking, participating in social activities (van der Schaaf, Beelen, Dongelmans, Vroom, &
Nollet, 2009), managing finances, traveling, and making travel arrangements (Jackson et al.,
2007).

Neither the MMSE nor Mini-Cog predicted everyday functioning at 6 months in our

critically ill survivors. The reasons cognitive screening tests did not predict everyday functioning
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are unclear, but may be due to two factors. First, impairments in everyday functioning among the
critically ill survivors are common (up to 60% of patients) at 6 months in interpersonal
relationships, money management, medication management, shopping, everyday memory, and
home/transportation management. Second, our patients had a high rate of cognitive impairments
(up to 65%) on cognitive screening tests at hospital discharge and similarly high rate of poor
everyday functioning (60%), resulting in limited scores variability. As noted previously, we did
not have a normal control group which likely would increase the variability. Thus, administration
of cognitive screening tests at hospital discharge may not be the optimal time point. Cognitive
screening tests administered later in the recovery process may improve predictability of long-
term everyday functioning. Further, previous data suggests that cognitive functioning continues
to improve one year or more after ICU discharge; therefore, assessment of long-term outcomes
more distal from hospital discharge may improve predictive abilities (Hopkins, Weaver et al.,
2005).

We did not find a relationship between long-term cognitive sequelae and everyday
functioning. Our findings differ from that of Jackson, Obremskey, and colleagues (2007) who
found a significant relationship (p = .05) between cognitive sequelae and the FAQ scores in
trauma ICU survivors. The differences in findings may be due to differences in
neuropsychological tests, statistical analysis used, and study populations. Specifically, we used
more comprehensive measures of memory (e.g., the WMS-III Logical Memory and CVLT-II),
rather than a single verbal memory test (Rey Auditory Verbal Learning Test). Additionally, we
used a regression model adjusting for medical and demographic variables to examine the
relationships between cognitive sequelae and everyday functioning rather than a simple analysis

of correlations.
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Alternatively when using cognitive domain test scores and not overall cognitive sequelae,
impaired attention was associated with the ILS Memory/Orientation subscale score, Health and
Safety subscale score, and Social Adjustment subscale score. Further, we found that impaired
attention, mental processing speed, and memory were associated with the ILS Managing
Home/Transportation subscale score, Impaired attention, mental processing speed, and memory
resulted in significant problems in the patients’ everyday memory (incorrect recall of current
date, a list of items, and a hypothetical doctor’s appointment), ability to manage their home and
transportation needs (e.g., use of telephone and public transportation), awareness of safety and
health problems (e.g., managing medical emergencies and hazards around the home), and
interpersonal relationships (“I’m often angry at others™), accounting for 30% and 53% of the
variances respectively. These findings are not surprising as attention is a frequent impairment
following brain injury (Mateer & Sira, 2006) and is a complex cognitive process that includes
focused, sustained, selective, alternating, and divided attention (Sohlberg & Mateer, 1989) that is
needed for higher order cognitive processes such as memory and executive function. Deficits in
attention may impede recovery of other cognitive and everyday functioning in that intact
attention is required so that an effective utilization of higher functions may take place (Ben-
Yishay, Piasetsky, & Rattock, 1987). Managing home and transportation, for example, requires a
high-level cognitive functioning due to the complex nature of the tasks that requires temporary
storage and manipulation of information (e.g., looking up a person’s telephone number on the
telephone book, picking up the telephone, and dialing the number; searching information on bus
fare or routes). Thus, managing health, safety, home, and transportation is a complex process that

places demands on attention and/or working memory. Our findings are in agreement with those
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of Rothenhausler and colleagues (2001) who found significant relationships between attention
and memory deficits and the ability to return to work, an important functional task.
Psychiatric Functioning

Psychiatric morbidity such as depression, anxiety, and PTSD are common morbidities of
critical illness (Angus et al., 2001; Kapthammer et al., 2004; McCartney & Boland, 1994;
Weinert, 2001). Our critically ill patients had significant symptoms of depression and anxiety at
6-month follow-up. The rate of depression in our patients was 13% with mild, 11% moderate,
and 8% severe symptoms of depression. The rate of anxiety in our patients was 25% with mild,
21% moderate and 6% severe symptoms of anxiety. The prevalence of depression and anxiety in
our study falls between the rates of 10% and 58% observed in other ICU populations (Adhikari
et al., 2009; Angus et al., 2001; Herridge et al., 2003; Hopkins, Weaver et al., 2005; Hopkins et
al., 1999; Kapthammer et al., 2004; McCartney & Boland, 1994; Mikkelsen et al., 2009; Milisen
etal., 2001; Orme et al., 2003; Skodol, 1999; Szokol & Vender, 2001; Weinert et al., 1997). The
median point prevalence of clinically significant depression among general ICU survivors is
approximately 28% based on a recent review of 14 studies (Davydow et al., 2009). Similarly, the
rate of depression is 22% to 33% in medical inpatients (Katon & Sullivan, 1990) and 25% to
28% in patients with cardiac and pulmonary disorders (Silverstone, 1996; Silverstone, Lemay,
Elliott, Hsu, & Starko, 1996)

Nearly 20% of our patients met DSM-IV PTSD criteria, all of whom endorsed critical
illness as the sole or primary traumatic event, compared to only 3 (6%) patients endorsing critical
illness as their secondary traumatic event they had experienced at the time of the assessment.
These findings not only highlight the high prevalence of PTSD symptoms following critical

illness and ICU treatments, but also that critical illness was identified as the unique traumatic
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experience in our patients, which has not been assessed in previous studies in ICU populations.
The rate of PTSD in our study is similar to a review that found the PTSD point prevalence of
22% (n=1104) and median point prevalence (based on clinician-administered measures) of 19%
(n=93) in general ICUs over the first 6 to 12 months post-ICU discharge (Davydow, Gifford et
al., 2008). Psychiatric disorders following critical illness may be due to sequelae of brain injury
sustained due to critical illness and its treatments, a psychological reaction to the emotional and
physiological stress of critical illness, or both. Medications, physiological changes, pain, altered
sensory inputs, and an unfamiliar environment are all potential contributors to the development
of psychiatric sequelae (McCartney & Boland, 1994; Skodol, 1999; Szokol & Vender, 2001).

The OQ-45.2 is a brief, robust screening and outcome assessment tool that can be useful
in assessing patient global and specific areas of psychological functioning post-hospital
discharge. On the OQ-45.2, our critically ill patients endorsed fewer interpersonal difficulties
(e.g., “I feel loved and wanted,” I feel my love relationships are full and complete’) compared to
normal community dwelling adults. One possible reason for the comparatively better
interpersonal functioning of our patients may be due to the observations that many patients who
had impairments in everyday functioning depended on their loved ones (spouse or family
members) for caregiver support. Previous studies show a high rate (between 57% and 78%) of
critically ill patients requires caregiver support (Chelluri et al., 2004; Quality of Life After
Mechanical Ventilation in the Elderly Study Investigators, 2002).

Our critically ill patients psychological dysfunction was high with 21% of patients
reporting global psychological distress, 34% symptom distress, 11% interpersonal relations
difficulties, and 21% social role difficulties (e.g., “I feel that I’'m not doing well at work.”).

However, our patients did not display global psychological distress, symptom distress, and social
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role performance difficulties compared to data from normal community dwelling adults.
Depression and anxiety are frequently assessed in studies of critical illness (Adhikari et al., 2009;
Angus et al., 2001; Davydow et al., 2009; Herridge et al., 2003; Hopkins, Weaver et al., 2005;
Hopkins et al., 1999; Kapfthammer et al., 2004; McCartney & Boland, 1994; Mikkelsen et al.,
2009; Milisen et al., 2001; Orme et al., 2003; Skodol, 1999; Szokol & Vender, 2001; Weinert et
al., 1997), but global psychological functioning, as well as symptom distress, interpersonal
relations, and social role, has not been assessed in this population. Psychological dysfunction
remains a concern in survivors of critical illness years after hospital discharge. General
psychological dysfunction negatively impacts quality of life and delays return to work in other
patient populations, such as traumatic brain injury (Zatzick et al., 2008). Health care
professionals should be aware of potential global and specific psychological dysfunction, in
addition to symptoms of depression, anxiety, and PTSD in critically ill patients. A referral for
psychiatric consultation and outpatient psychotherapy might be warranted to treat consequences
of psychiatric morbidity following critical illness.
Quiality of Life

Our critically ill patients had reduced quality of life for physical functioning, role-
physical, bodily pain, general health, vitality, social functioning, and role-emotional domains
compared to normal population data (Figure 6). The findings of decreased quality of life in our
patients are similar to previous studies of critically ill patients (Angus et al., 2001; Christie et al.,
2006; Davidson, Caldwell, Curtis, Hudson, & Steinberg, 1999; Dowdy et al., 2005; Herridge et
al., 2003; Hopkins et al., 2004; Hopkins et al., 1999; McHugh et al., 1994; Mikkelsen et al.,
2009; Rothenhausler et al., 2001; Schelling et al., 1998; van der Schaaf et al., 2008; Weinert et

al., 1997). Dowdy and colleagues (2005) in a recent meta-analysis of quality-of-life studies
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consistently found lower quality of life scores than matched, normative controls at all time points
(from hospital discharge to 66 months later) after ICU discharge in survivors of critical illness.
Further, they found larger decrements in the 4 physical domains (physical functioning, role-
physical, bodily pain, and general health perceptions) compared to the mental domains (vitality,
social functioning, role-emotional, and mental health). Improvements in quality of life are
uneven and time- and domain-specific (Hopkins, Weaver et al., 2005). The greatest gains occur
in physical functioning, social functioning, and role-physical in the first 6 months, with only
modest additional improvements thereafter (Dowdy et al., 2005).

Cognitive sequelae at 6 months predicted poor quality of life for Role-Physical,
accounting for 20% variability in role limitations due to physical causes (e.g., cut down the
amount of time spent on work or other activities). Our findings suggest that there may be a
relationship between cognitive function and poor physical function. Data in non-ICU populations
suggest that better physical health is associated with better learning and memory (Erickson et
al., 2009), prevents age-related cognitive decline (Heyn, Abreu, & Ottenbacher, 2004), and
improves recovery from brain injury and disease. Moderate to strong associations between
physical health and cognition, mood, and brain function are reported (Kramer, Colcombe,
McAuley, Scalf, & Erickson, 2005). Other studies show that decreased quality of life is
associated with psychiatric sequelae, including depression and PTSD (Davydow, Desai et al.,
2008; Davydow et al., 2009; Davydow, Gifford et al., 2008; Schelling et al., 1998; Weinert et al.,
1997). Thus, factors besides including cognitive functioning may contribute to decreased quality
of life following critical illness.

Our finding is consistent with that of Rothenhausler and colleagues in that ARDS

survivors with cognitive sequelae had worse quality of life than individuals without cognitive
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sequelae (Rothenhausler et al., 2001). Conversely, cognitive sequelae was not associated with
reduced quality of life or the physical role domain (Christie et al., 2006; Mikkelsen et al., 2009)
or any quality-of-life domains (Hopkins, Weaver et al., 2005; Sukantarat et al., 2005); however,
there was significant overlap between the critically ill survivors with and without cognitive
impairments on nearly all quality-of-life domains and both subgroups reported lower quality of
life than normal individuals (Christie et al., 2006; Hopkins, Weaver et al., 2005; Mikkelsen et al.,
2009; Rothenhausler et al., 2001; Sukantarat et al., 2005). Compared to the studies by Hopkins,
Sukantarat, Mikkelsen, and Christie and colleagues, the differences in findings may be due to
study differences in neuropsychological tests administered, length of follow-up testing, definition
of cognitive sequelae; specifically, Sukantarat and colleagues used only executive tests, Hopkins
and colleagues did a follow-up testing at 2 years, and Christie and colleagues and Mikkelsen and
colleagues defined cognitive sequelae defined as any 2 test scores 1 SD or more below the
population norm or a single test score 1.5 SDs below the population norm.
Mortality

Ten of our critically ill patients died during the 6-month follow-up period, reflecting a 6-
month mortality rate of 15% (10 patients). The mortality rate is substantially higher than the 5%
(3 patients) in ARDS patients (Hopkins et al., 2004; Hopkins et al., 1999) at 1-year follow-up,
and 8% (9 patients) reported by Herridge and colleagues (2003) at 6-month follow-up. While the
reason for the high death rate in the current study is unclear, the patients who died (mean age 65
years) were significantly older than patients who survived (mean age 52 years). In fact, our
overall sample was substantially older by a mean of almost 10 years than previous studies by
Hopkins, Weaver, and colleagues (2004; 1999) and Herridge and colleagues (2003) (mean age

45 years in all 3 studies). Older age in critically ill patients is associated with higher ICU
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mortality (Eachempati, Hydo, Shou, & Barie, 2007) and post-ICU mortality (Weycker, Akhras,
Edelsberg, Angus, & Oster, 2003) due to physiologic limitations in response to critical illness
(Gee et al., 1990; Sevransky & Haponik, 2003). The post-hospital mortality rate in healthy
elderly patients age > 65 years admitted to an ICU was 24% and occurred a mean of 522 days
post-hospital discharge (Sacanella et al., 2009). Post-hospital mortality in critically ill patients is
associated with a greater number of baseline chronic (e.g., cardiovascular and liver diseases) and
acute (e.g., hypotension and renal disease) comorbid diseases increase (Kasal et al., 2004),
increased number of organ system dysfunction during ICU treatments (Weycker et al., 2003), use
of vasopressors during ICU treatments (Perl, Dvorak, Hwang, & Wenzel, 1995), and poor pre-
ICU everyday functioning and quality of life (Sacanella et al., 2009).
Study Strengths and Limitations

The strengths of this study include the longitudinal prospective cohort study design,
consistent follow-up times, high follow-up rates, and comprehensive measures of cognitive,
psychiatric, and every functioning. One limitation of this study is the small sample size. A larger
study might find a relationship between cognitive screening tests and cognitive sequelae, as well
as everyday functioning. A second limitation of this study and most prior ICU outcome studies
was a lack of measures for premorbid cognitive, psychiatric, and everyday functioning, as well
as quality of life. Third, this study did not include a normal control group; however, it should be
noted that we used demographically (i.e., age, sex, and education) corrected neuropsychological
test scores for statistical analyses, which correct for variables known to effect test performance.
Conclusions

Our findings support emerging evidence that critically ill patients exhibit significant

cognitive impairments, psychiatric dysfunction, poor everyday functioning, and reduced quality
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of life. We found that the MMSE and Mini-Cog, despite their brevity and efficiency, did not
predict long-term cognitive sequelae, impairments in specific cognitive domains, or everyday
functioning. While the MMSE and Mini-Cog identified cognitive impairments at hospital
discharge in our patients, they were not effective in predicting long-term cognitive outcome and
everyday functioning. Cognitive sequelae were not associated with poor everyday functioning;
however, impaired attention, memory, and mental processing speed predicted problems with
managing home/transportation, and impaired attention predicted problems in health and safety,
social adjustment, and memory/orientation. Cognitive sequelae were associated with reduced
quality of life in the role physical domain. Altogether, these findings lend additional knowledge
to the literature regarding cognitive and psychiatric sequelae, everyday functioning, and reduced
quality of life in critically ill patients, and may have clinical implications for the critical care
providers, patients, and caregivers.

Given the large population of survivors of critical illness each year, strategies aimed at
recognizing, preventing and treating these morbidities are important research and public health
concerns. Investigations into the clinical and economic burden of these morbidities and methods
to mitigate them, including patient screening and referral to appropriate mental health and
rehabilitation services, are warranted. Future examinations within larger samples should be
conducted to determine the nature, risk factors, and nuances of the brain-related morbidity in
critical illness. A better understanding of the pathophysiology of cognitive dysfunction,
psychiatric morbidity, and poor everyday functioning is central to development of interventions
to improve outcomes. While findings have suggested early physical rehabilitation could improve
physical outcome (Bailey et al., 2007; Hopkins & Spuhler, 2009), it remains to be seen whether

cognitive rehabilitation, which is widely employed in patients with traumatic brain injury and
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stroke, is effective for the critically ill patients. In the meantime, psycho-education and support
interventions to meet the changing needs of patients and their families during recovery are

needed (Lee, Herridge, Matte, & Cameron, 2009).
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Cognitive Screening Tests

Sensitivity and Specificity

1. Mini-Mental State Examination
(M. F. Folstein et al., 1975)

2. Mini-Cog

(Borson et al., 2000)

Sensitivity = 88% and
Specificity = 66%

Sensitivity = 99% and
Specificity = 93%

Mini-Mental State Examination (MMSE). The MMSE is a brief cognitive screening

test that takes 5 to 10 minutes to administer. The MMSE consists of a series of questions and

tasks in 11 cognitive categories, with a maximum score of 30 points. To increase test sensitivity,

a cutoff score of <27 was used to indicate cognitive impairments (Fischer et al., 2004; Kukull et

al., 1994; O'Bryant et al., 2008). The MMSE with a cutoff score of < 27 has a test sensitivity of

88% and specificity of 66% in classifying patients with cognitive deficits (Kukull et al., 1994).

Mini-Cog. The Mini-Cog is a cognitive screening test that has been used to detect

presence of dementia in older adults (Borson et al., 2000). The Mini-Cog combines uncued recall

of three unrelated words with a clock drawing test. The Mini-Cog can be administered in three to

five minutes, with minimal training (Scanlan & Borson, 2001). The Mini-Cog has excellent

sensitivity (99%) and specificity (93%; Scanlan & Borson, 2001), and is relatively unaffected by

education level and cultural background (Lorentz et al., 2002). In the current study, patients were

classified as “impaired” if they recalled no word, or, recall 1 to 2 words with a clock drawing test

score > 1 (Scanlan & Borson, 2001).
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Domain Assessed

Test

Test-retest Reliability Coefficients

Intelligence

Executive function

Motor function

Memory

Attention

Mental processing

speed

1. Wide Range Achievement Test-3
(Wilkinson, 1993)

2. Wechsler Abbreviated Scale of
Intelligence (Wechsler, 1999)

1. Trail Making Test Part A
(Reitan & Wolfson, 1993)

2. Trail Making Test Part B
(Reitan & Wolfson, 1993)

3. Hayling Sentence Completion Test
(Burgess & Shallice, 1997)

1. Hand Dynamometer Test

(Reitan & Davison, 1974)

2. Grooved Pegboard Test
(Matthew & Klove, 1964)

3. Finger Tapping Test
(Halstead, 1947)

1. Logical Memory subtest
(Wechsler, 1997)

2. California Verbal Learning Test-I1

(long-delay free recall trial; Delis et al.,

2000)

3. Rey-Osterrieth Complex Figure
Test (30-minute delay trial; Osterrieth,
1944; Rey, 1941)

Stroop Test
(Interference trial; Golden, 1978)

Digit Symbol subtest
(Wechsler, 1981)

91 to .98

79 t0 .92

.79

.85

521t0.78

.52 t0 .96

.67 to .86

.58t0 .93

.70 to .79

.80 to .89

79

.67

.82 to .88
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Test of premorbid and current intelligence.

Wide Range Achievement Test-3 (WRAT-3). Premorbid intelligence was assessed with
the reading subtest of the WRAT-3, a 42-word reading test that yields a standard score using the
normative data in the manual (Wilkinson, 1993). The standards scores were converted into T-
scores in this study. The WRAT-3 Reading subtest reliably estimates premorbid intelligence in
the general population (Griffin, Mindt, Rankin, Ritchie, & Scott, 2002) and test-retest reliability
coefficients range from .91 to .98 (Wilkinson, 1993).

Wechsler Abbreviated Scale of Intelligence (WASI). Patients’ current intellectual
functioning was assessed with the WASI, an abbreviated test of intelligence for examinees ages
6 through 89 (Wechsler, 1999). The WASI yields a Full Scale, Verbal, and Performance 1Qs.
Data for test-retest reliability coefficients with a testing interval of 2 to 12 weeks for adults range
from .87 to .92 for 1Q scores (Wechsler, 1999). T-scores of the Full Scale, Verbal, and
Performance 1Qs are calculated using the normative data in the manual (Wechsler, 1999) and
describe the patient’s current intelligence level.

Test of Executive Function.

Trail Making Test Part A. As part of the Halstead-Reitan Neuropsychological Battery,
the Trail Marking Test Part A is a timed paper-and-pencil test that measures attention, visual
scanning, and motor speed (Halstead, 1947; Reitan & Wolfson, 1993). The test requires the
patient to draw a line in sequence between numbered circles scattered across the page. The score
of interest is the time to completion. Normative data were provided separately for men and
women and were stratified by age, education, and ethnicity (Heaton et al., 2004). A test-retest
reliability coefficient of .79 was in 384 neurologically stable adults assessed over an 11-month

period (Dikmen, Heaton, Grant, & Temkin, 1999).
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Trail Making Test Part B. As part of the Halstead-Reitan Neuropsychological Battery,
the Trail Making Test Part B measures executive function, visual scanning, motor speed, and
attention (Halstead, 1947; Reitan & Wolfson, 1993). This timed test requires the patient to draw
a line while alternating between numbers and letters in sequence. The score of interest is the time
to completion. Normative data were provided separately for men and women and were stratified
by age, education, and ethnicity (Heaton et al., 2004). A test-retest reliability coefficient of .85
was in 384 neurologically stable adults assessed over an 11-month period (Dikmen et al., 1999).

Hayling Sentence Completion Test (HSCT). The HSCT is a two-part test of executive
function (Burgess & Shallice, 1997). In Part A, the patient was read a series of 15 sentences in
which the last word is omitted, and must provide the word which completes the sentence. In each
case, this last word is cued by the sentence content. In Part B, the patient was required to produce
a word that does not fit in the sentence context, a measure of executive function (e.g., response
suppression and time to respond). The score of interest is the total time of response in each Part
A and Part B. Age-corrected standard score will be derived from normative data presented in the
HSCT manual. Test-retest reliability values are .62 and .78 for Part A and Part B, respectively
(Burgess & Shallice, 1997).

Test of Motor Function.

Hand Dynamometer Test. The Hand Dynamometer test or Grip Strength test, is used to
assess the integrity of motor function (Reitan & Davison, 1974; Reitan & Wolfson, 1993). This
test requires the patient to hold the dynamometer in the palm of the hand and squeeze the stirrup
with the fingers as hard as possible. Two measurements within 5 kg of each other were recorded
and the mean scores for each hand were calculated. Normative data are provided separately for

men and women and stratified by age, education, and ethnicity (Heaton et al., 2004). Test-retest
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reliability coefficients in normal individuals aged 15 years and older are .90 and .90 for dominant
and nondominant hands, respectively (Dikmen et al., 1999).

Grooved Pegboard Test. The Grooved Pegboard test measures motor function and eye-
hand coordination (Matthew & Klove, 1964). It consists of a metal board with a matrix of 25
holes with randomly positioned slots. Pegs have a ridge along one side and must be rotated to
match the hole to be inserted. The score of interest is the time to completion for each hand.
Normative data are provided separately for men and women and stratified by age, education, and
ethnicity (Heaton et al., 2004). With retest intervals of about 4 to 24 months, reliability
coefficients range from .67 to .86 in normal individuals aged 15 years and older (Dikmen et al.,
1999; Levine, Miller, Becker, Selnes, & Cohen, 2004; Ruff & Parker, 1993).

Finger Tapping Test. The Finger Tapping Test, originally called the Finger Oscillation
Test, measures motor function (Bigler & Tucker, 1981; Hom & Reitan, 1990). This test requires
the patient to tap as rapidly as possible for 10 seconds using the index finger of each hand. Mean
of five consecutive 10-second trials within a range of 5 taps were recorded for each hand in this
study. Normative data are provided separately for men and women, and stratified by age,
education, and ethnicity (Heaton et al., 2004). Reliability coefficients ranging from .58 to .93 are
reported in normal samples (Bornstein, Baker, & Douglass, 1987), epileptics (Dodrill & Troupin,
1975), and chronic pain patients (Sjogren, Thomsen, & Olsen, 2000).

Test of Memory.

Logical Memory Subtest. The Logical Memory subtest from the Wechsler Memory
Scale-IIT (WMS-III; Wechsler, 1997) is a measure of short-term and long-term verbal memory.
The patient was read two stories and was asked to recall the details of each story immediately

following presentation and following a 30-minute delay. The score of interest is the total number
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of story details recalled both immediately and following a delay for both stories. Age-corrected
standard score was derived from normative data presented in the WMS-III manual. Test-retest
reliability coefficients for the Logical Memory subtest range from .70 to .79 (Wechsler, 1997).

California Verbal Learning Test-11 (CVLT-II). The 20-minute delayed recall trial of the
CVLT-II measures memory (Delis et al., 2000). The patients were presented 16 words from List
A over 5 trials. A 16-word interference trail, List B was then presented immediately followed by
a short-delay free-recall trial and cued-recall trial of List A. After a 20-minute delay, the patients
were again asked to recall the words from List A (long-delay free-recall trial). The score of
interest is the total number correct in long-delay free-recall trial. Age- and education-corrected
standard scores are derived from normative data in the CVLT-II scoring system (Delis et al.,
2000). Test-retest reliability coefficients for the long-delay free-recall trial varied from .80 to .89
(Delis et al., 2000).

Rey-Osterrieth Complex Figure Test (ROCFT). The 30-minute delayed recall trial was
used to assess visual memory (Meyers & Meyers, 1995; Osterrieth, 1944; Rey, 1941; Waber &
Holmes, 1986). Using a paper and pencil, the patient was required to reproduce from memory a
complex figure that was previously presented during the copy trial. The score of interest is the
total number of items correctly drawn using the standardized scoring procedures (Meyers &
Meyers, 1995). Age-corrected standard score are derived from normative data presented in the
ROCFT manual. Test-retest reliability coefficients for the 30-min delayed trials is .79 (Levine et
al., 2004).

Test of Attention.

Stroop Test. The Stroop Test measures attention (Stroop, 1935). The Golden (1978)

Version consists of three trials; the patient quickly read color words printed in black ink (Word-
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Reading trial), named colors printed in letter “X”” (Color-Naming trial), and named colors in
which color words were printed (Color-Word trial). The score of interest is the Interference score
as determined by contrasting the actual score on the Color-Word trial with a predicted score
based on the patient’s performance on the Word-Reading and Color-Naming trials (Golden,
1978). Age-corrected standard score is derived from normative data presented in the manual
(Golden, 1978). Test-retest reliability coefficient is .67 for the Interference score (M. D. Franzen,
Tishelman, Sharp, & Friedman, 1987).

Test of Mental Processing Speed.

Digit Symbol Subtest. The Digit Symbol subset from the Wechsler Adult Intelligence
Scale-Revised (WAIS-R) was used to measure mental processing speed (Wechsler, 1981). It
consists of rows containing small blank squares, each paired with a randomly assigned number
from one to nine. The patient must quickly fill in the blank squares with the symbol that is paired
to the number above the blank space. The score of interest is the number of items completed in
90 seconds. Normative data are provided separately for men and women, and stratified by age,
education, and ethnicity (Heaton et al., 2004). Test-retest reliability are high, with correlation

coefficients in the .82 to .88 range (Matarazzo & Herman, 1984; Wechsler, 1981).
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Domains Assessed Measures Inter-rater Reliability
Coefficients

1. Shopping, transportation, climbing stairs, Lawton and Brody’s IADL .85

housework, telephone, laundry, recreation, (Lawton & Brody, 1969)

employment, driving, meals preparation, and

financial and medication management

2. Shopping, recreation, preparing meals, Functional Activities 97

understanding current events, appointments, Questionnaires

transportation, and managing finance and (Pfeffer et al., 1982)

medications.

3. Memory, problem solving, information, Independent Living Scale .95 to .99

social adjustment, health and safety, and (Loeb, 1996)

financial, home, and transportation

management

Lawton IADL. The Lawton IADL is one of the widely used self-report or informant-

report IADL instrument (Brummel-Smith, 2000). It is used to assess everyday functioning

including shopping, managing transportation, climbing stairs, managing finances, doing

housework, using the telephone, doing the laundry, managing medications, walking outdoors,

driving, holding down a paying job, and preparing meals (Lawton & Brody, 1969). Positive

scores on four items — telephone use, transportation, medication management, and handling

finances — correlate with diagnosis of dementia (Barberger-Gateau et al., 1992). The Lawton

IADL items are scored as 0 (completely dependent), 1 (need some assistance), and 2 points

(independent), and then summed for a total score ranging from 0 (cannot perform any of the

functions independently) to 16 (able to perform all the functions independently). An individual

score lower than 2 is considered impaired, as it indicates inability to perform the specific IADL
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independently. Total scores below 16 are indicative of impairment (Lawton, 1988). Inter-rater
reliability is .85 (Lawton & Brody, 1969).

Functional Activities Questionnaire (FAQ). The FAQ is a self-report or informant-
report IADL instrument assessing the ability to perform 10 high-level skills used in everyday
tasks, including shopping, preparing meals, handling finances, and understanding current events
(Pfeffer et al., 1982). Each test item is scored on a 3-point Likert scale (O=independent;
3=dependent) of increasing caregiver dependence. The total score ranges from 0 to 30, with a
higher score indicating poorer functional performance. A cutoff score of 9 or greater indicates
impaired function or dependence in functional activities. Inter-rated reliability was .97 (Pfeffer et
al., 1982).

Independent Living Scale (ILS). The ILS is used to assess competency in everyday
functioning (Loeb, 1996). There are five subscales (Memory/Orientation, Managing Money,
Managing Home and Transportation, Health and Safety, and Social Adjustment), as well as two
summary scales (Problem Solving and Performance/Information). The Memory/Orientation
subscale contains items including orientation to time and place, recall of a brief shopping list and
doctor’s appointment, and recognition of a missing object. The Managing Money subscale
includes concrete tasks designed to assess monetary calculations and budgetary precautions. The
Managing Home and Transportation subscale assesses abilities to use the telephone and public
transportation as well as home management skills. The Health and Safety subscale assesses
awareness of health problems, medical emergencies, and potential hazards around the home. The
Social Adjustment subscale reflects the patient’s concerns and attitudes about interpersonal
relationships. The Performance/Information summary scale reflects actual knowledge or skills

used to perform tasks — for example, using a telephone book or making change. The Problem
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Solving summary scale evaluates abstract reasoning and judgment required for daily living (e.g.,
“What would you do if your lights and television went out simultaneously?” and “What would
you do if you unintentionally lost ten pounds in a month?”’) Normative data are provided in the
ILS manual. Standardized scores ranging from 20 to 39 suggest maximum (full-time)
supervision for daily living (i.e., inpatient hospitalization or nursing home setting), scores from
40 to 49 suggest moderate supervision (i.e., structured community residence, adult home), and
scores from 50 to 63 suggest minimum supervision or independent living on the following
scales: Memory/Orientation, Managing Money, Managing Home and Transportation, Health and
Safety, Social Adjustment, Problem Solving, and Performance/Information. Inter-rater reliability
ranges from .95 to .99 for the subscales, factors, and full scale (Loeb, 1996).

Psychiatric Functioning

Domain Assessed Questionnaires Test-retest Reliability
Coefficients
Depression Beck Depression Inventory-2"" Edition (Beck 93
et al., 1996)
Anxiety Beck Anxiety Inventory (Beck & Steer, 1993) .62 to .75
Symptom Distress, Outcome Questionnaire-45.2 (Lambert et al., .84 (Total Score)

Interpersonal Relations, and 2004)

Social Role

Beck Depression Inventory-2"® Edition (BDI-11). The BDI-II was used to assess the
presence of depression (Beck et al., 1996). Scores of 0-13 indicate minimal, 14-19 mild, 20-28
moderate, and 29-63 severe depression. Test-retest reliability correlation was .93 based on 26

outpatient clients one week apart (Beck et al., 1996).
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Beck Anxiety Inventory (BAI). The BAI was used to assess presence the presence of
anxiety (Beck & Steer, 1993). Scores of 0-9 indicate minimal, 10-16 mild, 17-29 moderate, and
30-63 severeanxiety. A 1-week test-retest correlation of .75 and a 7-week correlation of .62 for
the BAI were reported (Beck & Steer, 1993).

Posttraumatic Diagnostic Scale (PDS). The PDS is a self-report 49-item scale that is
used to assist with the diagnosis of PTSD and to provide a means of quantifying the severity of
PTSD symptoms (Foa, 1995). The PDS has been validated on a clinical population aged 18 to 65
years, and has six subscales: exposure to a traumatic event, reexperiencing symptoms, avoidance
symptoms, symptom duration, and the level of impairment of functioning. The PDS yields a
total severity score (ranging from 0 to 51) that largely reflects the frequency of the 17 symptoms
of PTSD. Scores of 0 indicate no symptom, 1-10 mild, 11-20 moderate, 21-35 moderate to
severe, 36-51 severe symptoms of PTSD. A test-retest reliability coefficient of .73 was of .74 is
reported, with 87.3% inter-rater reliability (Foa, 1995).

Outcome Questionnaire-45.2 (OQ-45.2). The OQ-45.2 was used to measure the
patient’s subjective experience, as well as the way he or she functioned in the real world
(Lambert et al., 2004). The OQ-45.2 was designed for use in individuals from ages 17 through 80
years. There are three subscales (i.e., Symptom Distress, Interpersonal Relations, and Social
Role), as well as a Total Score that is the sum of the subscale scores. The Symptom Distress
subscale score > 36 indicates presence of significant emotional distress; Interpersonal Relations
score of > 15 suggests presence of significant interpersonal problems and dissatisfaction with the
quality of intimate relationships; and, Social Role subscale score > 12 indicates significant
difficulties fulfilling workplace, student, or home duties. A Total Score of > 63 indicates patients

are experiencing significant symptoms of distress, interpersonal difficulties, and difficulties in
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social roles, and quality of life. Test-retest reliability coefficients are .78, .90, .82, and .84 for
Symptom Distress, Interpersonal Relations, Social Role, and Total Score, respectively (Lambert
et al., 2004). The questionnaire has three primary uses; it 1) measures current level of
psychological distress; 2) measures outcome or ongoing treatment response; and 3) improves
quality of patient care assessed using accompanying computer decision support tools (Lambert et
al., 2004). This study assessed critically ill survivors current level of psychological distress at 6-
month follow-up.
Quality of Life

The Medical Outcome Study 36-Item Short Form Health Survey (SF-36; Stewart et al.,
1988; Ware, 1993; Ware et al., 1994) was administered at 6-month follow-up to assess health-
related quality of life. The eight domains of the SF-36 (physical functioning, role-physical,
bodily pain, general health, vitality, social functioning, role-emotional, and mental health) are
clustered to form two higher order domains, the physical and mental health scores. Each domain
is scored from 0 to 100, with higher scores indicating better quality of life (Ware, 1993). The SF-
36 has been used in a variety of patient populations and norms for age and gender are available
(Ware, 1993; Ware et al., 1994). The test-retest reliability coefficient for each domain was

presented below (Brazier et al., 1992):
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Domains Assessed

Test-retest Reliability Coefficients

Physical functioning

Social Functioning

Role Limitations (physical problems)
Role Limitations (emotional problems)
Pain

Mental Health

Vitality

General Health Perception

93
74
.88
.79
.84
91
.87
.80
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