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Abstract
Background—Chronically critically ill patients often have high costs of care and poor outcomes
and thus might benefit from a disease management program.

Objectives—To evaluate how adding a disease management program to the usual care system
affects outcomes after discharge from the hospital (mortality, health-related quality of life, resource
use) in chronically critically ill patients.

Methods—In a prospective experimental design, 335 intensive care patients who received more
than 3 days of mechanical ventilation at a university medical center were recruited. For 8 weeks after
discharge, advanced practice nurses provided an intervention that focused on case management and
interdisciplinary communication to patients in the experimental group.

Results—A total of 74.0% of the patients survived and completed the study. Significant predictors
of death were age (P = .001), duration of mechanical ventilation (P = .001), and history of diabetes
(P = .04). The disease management program did not have a significant impact on health-related
quality of life; however, a greater percentage of patients in the experimental group than in the control
group had “improved” physical health-related quality of life at the end of the intervention period
(P = .02). The only significant effect of the intervention was a reduction in the number of days of
hospital readmission and thus a reduction in charges associated with readmission.

Conclusion—The intervention was not associated with significant changes in any outcomes other
than duration of readmission, but the supportive care coordination program could be provided without
increasing overall charges.

The continued increase in healthcare costs in the United States has been well documented1,
2; healthcare costs exceed $1 trillion.3 Reasons cited for the rise in costs include the increasing
number of elderly persons, increases in severity of illness, and the increasing number of patients
who require prolonged mechanical ventilation and expensive stays in intensive care units
(ICUs).1,4,5 Patients who require prolonged mechanical ventilation and expensive ICU stays
are generally more than 60 years old, have more than a single comorbid condition (eg, coronary
artery disease, chronic pulmonary disease), and have high in-hospital mortality rates
(35%-50%).6-8 These patients have a high cost of care as well as poor outcomes and have been
called “chronically critically ill.”8-10 Poor outcomes include poor quality of life, high
mortality, need for individualized rehabilitation, high readmission rates, and high cost of care.
8-10

Disease management programs (DMPs) improve patients’ outcomes while reducing the cost
of care for chronically ill patients11,12 and patients with congestive heart failure,13 yet only
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a few reports of large randomized trials of the effectiveness of such programs have been
published, and even fewer have had health-related quality of life (HRQOL) as a key outcome
measure.14-16 HRQOL is an important outcome to include in studies on the effect of DMPs
because patients often place a higher value on quality of life than on survival.17

Evaluating the effect of a disease management program on quality of life is important
because patients often place a higher value on quality of life than on survival.

Chronically critically ill patients present challenges for the healthcare teams who assume
responsibility for their care after discharge from the hospital and thus may benefit from a DMP.
Staff and primary care physicians at extended care facilities are faced with the challenge of
quickly gaining familiarity with a patient’s history and course of illness, coordinating the
continuing input from multiple healthcare providers, and assuming responsibility for managing
these complex cases.

To date, the effect of using a DMP intervention focused on chronically critically ill patients
after they leave the hospital has not been evaluated. The purpose of our study was to evaluate
how adding a DMP to the usual care system affected outcomes after discharge (mortality,
HRQOL, resource use) in chronically critically ill patients 2 months after discharge. The
theoretical basis of the study was an application of the “structure-process-outcomes” model of
Donabedian,18 which posits that organizations and their effectiveness can be understood
through an analysis of appropriate structure (model of care, DMP), which affects processes of
work (eg, discharge planning, coordination among providers, use of protocols) and leads to
measurable outcomes (resource use, patients’ outcomes, caregivers’ outcomes).

Methods
This study was a randomized trial of an 8-week DMP for chronically critically ill patients and
caregivers after hospitalization. An 8-week program was selected because chronically critically
ill patients are at highest risk for readmission and have their greatest need for transitional care
during the first 2 months after discharge from the hospital.8,19,20 The effects of the program
on caregivers are described elsewhere.21

Patients who require mechanical ventilation for more than 72 hours are at high risk for death
or prolonged hospitalization with multiorgan dysfunction and continuing care needs after
discharge from the hospital.6,20 Although debate continues about what constitutes
“prolonged” mechanical ventilation,6,19,20,22-25 we chose 72 hours to include those patients
whose clinical problems were likely to entail a high risk for continued mortality and morbidity.
Other inclusion criteria included understanding English, no ventilator dependency before the
index hospitalization, and discharge location within 80 miles of the study site. Although we
made telephone calls to subjects who lived more than 30 miles from the study hospital, we
limited subject availability to an 80-mile (128-km) radius to ensure that advanced practice
nurses could make in-person visits if needed. Hospice patients and patients who had received
organ transplants (any type) and case management from the transplant team were excluded
from the study.

The study was done at University Hospitals of Cleveland, a 950-bed tertiary care facility
associated with Case Western Reserve University in Cleveland, Ohio. All patients who met
eligibility criteria during their hospitalization in any adult ICU were enrolled. Patients and their
family members were approached for written consent to participate when it was clear that
discharge from the hospital was expected within the next few days. Approval was obtained
from the institutional review board before data were collected.
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Between March 2001 and December 2003, research nurses screened all ICU patients for study
eligibility and cognitive status. For patients deemed cognitively impaired (Katzman score ≥6),
26 interview data were obtained from a proxy (caregiver). All study staff were trained in the
use of research instruments before data were collected, and interrater reliability was monitored
on a quarterly basis throughout the study. Retraining and refinement of data collection rules
(eg, clarification of coding rules, clarification of variable definitions) were done as needed if
correlations and percentages of agreement decreased to less than acceptable levels (r < 0.80,
κ < 0.70, and percentage of agreement <90%).

Intervention
A permuted block design was used, and patients were randomly assigned to usual care with
the DMP (experimental group) or usual care without the DMP (control group).27 For the first
18 months of the study, a 2:1 scheme (experimental:control) was used. To maintain a full
caseload for both of the advanced practice nurses, we changed to a 4:1 scheme for the final 14
months of the study. Subjects in the DMP group were assigned an advanced practice nurse
who had clinical expertise in the care and management of chronically critically ill patients. The
effectiveness of using advanced practice nurses to provide and manage posthospital care has
been substantiated by others.28,29 The major goals of the nurses were to coordinate follow-
up services for patients, facilitate communication between the patients’ families and healthcare
providers, and provide supportive services for the family members. Each advanced practice
nurse had access to a pulmonologist and a geriatrician for guidance and collaboration.

Several days before a patient’s discharge, an advanced practice nurse met with the patient and
the patient’s family to review the hospital course, assess both patient and caregiver, establish
a plan of care, and discuss discharge plans. The nurse consulted with the hospital care team
about the patient’s care needs and completed a discharge summary that included the plan of
care for the patient after discharge, the patient’s goals, the presence of advance directives, and
an assessment of the family’s coping skills. This summary was sent on the day of discharge to
all relevant out-of-hospital healthcare providers (eg, staff at the extended care facility, family
physician, consulting specialist, home care agency).

All DMP patients were visited by an advanced practice nurse within 48 hours of discharge and
a second time within the first week. Visits were made at least weekly for the next 3 weeks and
then at least every other week for the last 4 weeks, for a minimum total of 8 visits. A visit also
was made whenever the location of care changed (eg, discharge home, transfer from one level
of care to another, hospital readmission) to ensure continuity in care. Patients living more than
30 miles (48 km) from the study site were contacted by telephone.

One hallmark of the DMP was that the advanced practice nurses performed case management
activities regardless of a patient’s location. During the 8-week intervention, the case
management activities varied with the patient’s condition, location, and presence of family
support. Typical activities included attending team meetings at extended care facilities, helping
patients’ families prepare for the patients’ return home, providing emotional support for family
members, counseling family members about end-of-life options, coordinating services among
multiple providers, arranging for follow-up care from specialists, and monitoring patients’
condition and medications. Patients and their families had access, via pager, to an advanced
practice nurse 24 hours a day. In addition, the advanced practice nurses consulted the
geriatrician and pulmonologist as needed for advice regarding medication management and
strategies addressing a specific patient’s problems. This collaboration generally took place over
the telephone and occurred once or twice a month.
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The disease management program included case management by an advanced practice
nurse.

Patients in the usual care (control) group had no contact with the advanced practice nurses
before or during the study period. These patients were interviewed by research nurses within
2 weeks of discharge for completion of study instruments, then at 2 months after discharge for
data collection. If patients or family members in the usual care group asked for advice or
information from the interviewers, they were referred back to their primary care provider, staff
at the extended care facility, or the home care agency.

Instruments
Demographic data were collected on both patients and caregivers, and descriptive clinical data
were abstracted from patients’ medical records. The Acute Physiology and Chronic Health
Evaluation (APACHE) III is a severity-of-illness tool used to measure mortality risk on the
basis of physiological and chronic health data obtained during the first 24 hours of ICU
admission. Scores range from 0 to 299; higher scores indicate a higher risk of death.30 The
reliability of the tool has been reported.30

The Medical Outcomes Short Form 8 (SF-8) is designed to measure HRQOL.31 It consists of
8 items and yields 2 subscale scores. Scores on the physical subscale range from 14.1 to 64.0;
scores on the mental subscale range from 6.8 to 70.4. For both subscales, higher scores indicate
better functioning for that domain. At the time of discharge from the hospital, patients (or their
proxies) were asked to complete the SF-8 in reference to the patients’ health status for the week
before hospitalization. Reliability and validity of the SF-8 have been reported.31

After patients who died, dropped out, or were lost to follow up were accounted for, a
significantly greater percentage of patients in the experimental group than in the control
group showed improvement in physical quality of life.

The Outcomes and Assessment Information Set (OASIS) was used to assess activities of daily
living and instrumental activities of daily living. The OASIS is a 79-item tool used by home
care agencies. The range of scores is 0 to 66; higher scores indicate increased dependency in
performing specific activities. Interrater reliability and construct validity have been reported.
32

Resource use was assessed by using standardized charges, a metric for resource use that is both
interpretable and standardized across settings and time.33 We used billing data from patients
during the year 2001 to determine a “standardized mean charge” for resources used.
Standardized mean charges were calculated for 1 day of care for rehospitalization, a long-term
acute care facility, a rehabilitation facility, and a skilled nursing home facility. We also used
a resource use diary to obtain data on use of home health resources from patients who were
residing at home. Medicare reimbursement was assigned to each home resource used (eg,
skilled nursing visit, home physical therapy) to derive a total charge for home resource use for
all patients who used any resources at home during the study period after discharge.
Standardized charges then were summed for each category of resource use (hospital
readmission, home care, rehabilitation facility, long-term acute care, nursing home) for the
study period, and all categories of resource use were summed to compute a total charge for all
resources used.23,34

To examine cost-effectiveness related to the intervention, we computed the cost of
administering the intervention: the cost of the advanced practice nurses was added to the total
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postdischarge charges for the patients who received the intervention. The salary plus benefit
costs (fiscal year 2001) for 2 full-time advanced practice nurses for 35 months (intervention
duration) plus 25% of the salary/benefit costs for a project manager were $486 441. The 25%
salary/benefit cost for the project manager was added to account for the administrative duties
necessary to coordinate care and oversee communication between the advanced practice nurses
and the healthcare providers associated with the study. We divided the total costs of delivering
the intervention by the number of subjects who received the intervention (n = 231) and applied
that amount ($2106) to the total charges for the study period for all experimental subjects. This
new “total” reflected the charges for services used during the study period as well as a charge
for the service of an advanced practice nurse.

Statistical Analysis
Experimental and control groups were compared by using analysis of variance for nonskewed
continuous variables, the Mann-Whitney test for skewed continuous variables, and χ2 tests for
categorical variables. Comparisons between experimental and control groups for variables over
time were made by using repeated measures analysis of variance; unequal sample sizes had no
effect on the analyses. Time to death was compared by using survival analytic techniques, and
logistic regression was used to determine variables predictive of death. With the following
assumptions, power analysis was used to calculate the sample size needed35,36(p255): α = .05,
directional hypotheses, small effect size, and desired power of 90%. On the basis of these
assumptions, we determined that a total sample size of 300 was needed. No oversampling was
required to obtain the sample size.

Results
Figure 1 shows the distribution of the total sample. Of the 1041 patients enrolled in the study,
393 (37.8%) died in the hospital. The distribution yielded a final sample of 334 patients who
were randomized to experimental or control groups. The 28.5% refusal rate (185/648) is similar
to previously reported rates with this population and was most often related to a patient’s or
family member’s report of feeling “overwhelmed.”6

Demographic and Clinical Characteristics
Most subjects included in the sample were older, female, and white (Table 1). Most patients
in the sample had several chronic conditions before this hospitalization, but the majority were
living at home independently before admission. The study groups were statistically similar
across all demographic and clinical measures except for a significant difference between groups
in APACHE III scores. Although the mean APACHE III score at admission differed between
the groups, no significant differences in key hospital discharge variables such as disposition
or scores for activities of daily living or instrumental activities of daily living were detected.

Survival
Figure 2 displays survival curves (Kaplan-Meier) over time, from discharge from the hospital
to the end of the observation period (death, drop out, or 2 months after discharge from the
hospital) for all randomized patients. The survival rates did not differ between the 2 groups
(P = .79); mortality after discharge was 18.7% for patients in the experimental group and 19.4%
for patients in the control group.

Predictors of Death
Using logistic regression, we examined the influence of variables shown to relate to risk for
death for chronically critically ill patients.10,37-39 Independent variables included as
covariates were age, duration of mechanical ventilation, HRQOL-physical status before
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hospital admission, APACHE III score, and presence of diabetes. Examination of variables
indicated no concerns regarding multicollinearity. The model with all of the variables in the
equation was statistically significant for predicting death (P = .001), and the correct
classification for death and no death (from enrollment to end of study period) occurred 82.2%
of the time (R2 = 0.156 [Nagelkerke test]). Of the 5 independent variables, 3 made significant
contributions to the prediction of death: age (odds ratio, 0.96; 95% confidence interval [CI],
0.941-0.983; P = .001), duration of mechanical ventilation (odds ratio, 0.95; 95% CI,
0.931-0.980; P = .001), and history of diabetes (odds ratio, 2.0; 95% CI, 1.04-3.87; P = .04).

The disease management program significantly reduced hospital charges for patients who
were readmitted.

Discharge Outcomes
As shown in Table 2, most patients were discharged from the hospital to an extended care
facility. Only 22.8% of the patients in the sample were able to return directly home; 79.9% of
the patients in the experimental group and 72.8% of patients in the control group were
discharged to an extended care facility. By the end of the study period, 41.8% of patients in
the experimental group and 41.2% in the control group were still residing in an extended care
facility (long-term acute care facility, rehabilitation center, or nursing home). Patients who
could be discharged directly home were younger (mean, 50.8 years vs 64.2 years; P = .001),
had fewer days of mechanical ventilation (mean, 5.8 days vs 12.1 days; P = .001), and had
fewer total number of comorbid conditions before admission than did patients who were
discharged to an extended care facility (mean, 4.92 vs 5.63; P = .02). Approximately half of
the patients were receiving oxygen when they were discharged from the hospital, and 17.2%
required mechanical ventilation. More than one-third of the patients in each group had cognitive
impairment at the time of discharge. Discharge HRQOL for the physical domain differed
significantly between groups; the mean physical score at discharge was higher for the control
group than for the experimental group (Table 2). No other variables differed significantly
between groups.

Effects of Intervention on HRQOL and Functional Status
HRQOL (physical and mental) and functional status (activities of daily living and instrumental
activities of daily living) were evaluated at the beginning and end of the study period. Patients
with no cognitive impairment were interviewed for the SF-8. At discharge, the control group
had higher HRQOL (physical) scores than did the experimental group, and that difference
continued during the intervention period. Using analysis of covariance, we assessed whether
the intervention had an effect on HRQOL (physical) after we controlled for baseline (discharge)
HRQOL (physical) and APACHE III scores (the APACHE III score was significantly different
between groups during hospitalization). We found no significant difference (P = .40) in
physical scores at 2 months after discharge once baseline scores and APACHE III scores were
controlled for.

We also had asked patients at the time of discharge from the hospital to estimate their HRQOL
during the 4 weeks before their ICU admission. Although the experimental and control groups
had similar scores for physical HRQOL before hospitalization, by 2 months after discharge the
control group was closer to returning to baseline than was the experimental group (Figure 3).
Using repeated measures analysis of variance, we found no significant difference between the
2 groups over time (P = .12). We used the same approach to examine the mental component
of HRQOL; the pattern was similar to that of the physical component (P = .22).
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Because 18.9% of the 334 patients in the study died during the study period, we were concerned
that patients with better health status would be overrepresented in our analyses. Because
patients were no longer included in the study after they died, we decided to use an analysis
approach that involved creating a category for death.40 Each patient was assigned to 1 of 3
categories on the basis of the direction and magnitude of change between base-line and 2-
month physical scores (improved, stayed the same, became worse). With patients who died,
dropped out, and were lost to follow-up included (Figure 4), 29.2% of patients in the control
group and 36.3% of patients in the experimental group were classified as having improved.
Using a χ2 goodness-of-fit test, we found that significantly more patients in the experimental
group than in the control group (what was expected) had an improved physical HRQOL (χ2 =
5.95; P = .02).

In contrast, when patients who died, dropped out, and were lost to follow-up were not accounted
for, 47.8% of patients in the experimental group and 42.2% of patients in the control group
were classified as having improved their physical HRQOL. Using the χ2 goodness-of-fit test,
we found that the increase in the percentage of subjects in the experimental group who had an
improved score for physical HRQOL (when death was not accounted for) was not significantly
greater than the increase in the control group (what was expected) (χ2 = 2.32; P = .53). The
same approach was taken when examining changes in mental/emotional HRQOL for the
experimental and control groups. We found no significant difference in mental HRQOL score
both when we included and did not include patients who died, dropped out, and were lost to
follow-up.

Cost-effectiveness
For patients who survived the study period, the mean charges for care after discharge were $53
499 (SD, $53 219; 95% CI, $47 110-$59 887), with no significant differences between
experimental and control groups. Mean charges for postdischarge care for nonsurvivors were
only slightly lower at $47 880 (SD, $49 637; 95% CI $35 274-$60 485), with no differences
between the 2 groups (P = .43). In addition, we found no significant differences between groups
for any areas of resource use except for readmission charges (Table 3). Charges for all other
categories of services (except rehabilitation and nursing home) were lower (yet not
significantly lower) for patients in the experimental group. For patients who survived the study
period and were readmitted, those in the experimental group (n = 68) had a mean of 5.77 fewer
days of hospitalization for readmission than did patients in the control group (n = 25).

A greater percentage of patients who participated in the disease management program than
control patients had improvement in physical quality-of-life scores.

With this reduction in hospital days at a mean hospital charge of $3415/day, the average savings
were $19 705 per patient. If similar savings were realized for each of the 93 patients in the
study who were readmitted, the total reduction in hospital charges would be $1 832 523. The
charges after discharge to produce a survivor for the sample were $65 955 (SD, $52 839; 95%
CI, $60 259-$71 650). With the cost of delivering the intervention accounted for, the charges
to produce a survivor did not differ significantly between groups.

Discussion
DMPs improve outcomes and decrease costs associated with such chronic conditions as
asthma, diabetes, and heart failure.13,41,42 This report is the first description of such an
intervention in patients with multiple comorbid conditions, such as chronically critically ill
patients.

Douglas et al. Page 7

Am J Crit Care. Author manuscript; available in PMC 2007 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Our results show several patterns. First, chronically critically ill patients with a history of
diabetes are at twice as much risk as patients without diabetes of dying either in the hospital
or up to 2 months after discharge from the hospital. This difference may be due to more
preexisting comorbid conditions (mean, 7.3 vs 5.1) and use of more medications (mean, 7.1
vs 4.4) in the patients with diabetes. Second, a greater percentage of patients in the experimental
group showed improvement in their physical HRQOL scores than did patients in the control
group. Possibly, patients in the experimental group would have shown greater improvement
had we examined their HRQOL at a later time after discharge, as others have done.15,16 Third,
our results, and those of others,8,9,20,23,25 suggest the need for attention to the management
of care after discharge from the hospital for chronically critically ill patients who remain at
high risk for death and readmission. Patients who are younger, have fewer days of mechanical
ventilation, and have fewer comorbid conditions before hospitalization are more likely to be
discharged home, without needing additional institutional care.

A meta-analysis of DMP research indicated that DMPs are more effective economically with
severely ill patients than with patients who are not severely ill, with a mean effect size of 0.311
(95% CI, 0.272-0.350) reported.43 We expected to see positive results of a DMP program with
patients who had a long ICU stay, but our study did not yield such results; our effect size of
0.005 was much less than the 95% CI reported in other studies. One possible explanation is
that improvements in physical HRQOL scores may be more obvious at 6 months after discharge
from the hospital than at 2 months after discharge, the time we used in our study. Because of
the poor scores on physical HRQOL of many of the patients at the time of discharge from the
hospital and the need for most to use extended care facilities after discharge, it may be
unreasonable to think that this intervention could have resulted in sufficient improvements in
HRQOL in such a short period.

Our results also may be confounded by the current pattern of early discharge to extended care
facilities. This practice pattern may entail the need to measure outcomes for a longer period
after discharge. We recommend that our study be replicated with a more longitudinal time
frame for evaluation of outcomes.

Implications and Limitations
Our findings have several implications for practice. First, chronically critically ill patients are
at risk for death or readmission after discharge from the hospital. In addition, chronically
critically ill patients who have diabetes are at even higher risk for death after discharge. Such
information should be disseminated to patients’ families and to healthcare providers who care
for these patients after discharge. Second, discharge planning discussions must be realistic and
must attend to the risks for mortality and morbidity associated with chronic critical illnesses.
Such discussions can help patients and their families prepare for the risk for mortality and
morbidity as well as the likelihood for a long rehabilitation period that may not result in
regaining preadmission levels of HRQOL. Incorporating the values and goals of patients and
their families in light of potential poor outcomes can aid in developing realistic, patient-
centered plans of care.

Chronically critically ill patients are at risk for death and readmission after discharge from
the hospital.

Finally, healthcare clinicians and administrators should note that we showed that an intensive,
supportive care coordination program (DMP) could be provided by advanced practice nurses
without increasing overall charges. By reducing readmission-related charges by almost $2
million, the DMP more than paid for itself. Our results suggest that the charges associated with
institutional care after discharge from the hospital are significant, with a mean charge of $26
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749/month for patients who survive 2 months after discharge. Such findings are consistent with
those of others who have studied the effects of using advanced practice nurses to deliver
services after discharge from the hospital28,29 and indicates the monetary value of using
advanced practice nurses to provide non-hospital-based services to chronically critically ill
patients.

Our study had some limitations. First, because definitions of what constitutes long-term
mechanical ventilation vary, it is difficult to compare our results with those of other studies
because the samples have not been derived by using the same criterion of days of mechanical
ventilation. Second, although we did not detect any demographic or clinical differences
between the patients who consented to participate in the study and the patients who refused to
be included, our high refusal rate may have had an effect on external validity. Consent rates
of at least 70% are recommended to minimize threats to external validity.44 Although our
refusal rate is acceptable by these standards, a lower refusal rate would have resulted in a larger
sample size and enhanced generalizability of study results. Third, assessing the impact of the
intervention 2 months after discharge may have affected our findings. Replicating this study
with a longer intervention period may show an enhanced effect of the intervention.

Conclusion
Organizations that care for chronically critically ill patients in nonhospital settings (eg, long-
term acute care facilities, rehabilitation facilities, pulmonary practice groups) can benefit from
the use of this intervention. By using advanced practice nurses to coordinate care and provide
support to chronically critically ill patients and the patients’ caregivers, these organizations
can provide an intervention that reduces the cost of care after discharge from the hospital
without increasing an organization’s own costs of delivering care.
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Figure 1.
Distribution of the sample.
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Figure 2.
Survival over time after discharge from the hospital for patients in the experimental (Exp) and
control groups (n = 334).
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Figure 3.
Comparison of health-related quality of life (physical) over time for experimental (n = 141)
and control (n = 57) groups. Data are reported for those patients who had no cognitive
impairment at hospital discharge and had completed the Short Form 8.
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Figure 4.
Comparison of categories of change in patients’ health-related quality-of-life score during the
study period for patients in the experimental group (n = 179) and patients in the control group
(n = 65). Sample sizes represent patients who had no cognitive impairment at discharge
(experimental = 136 and control = 45) plus those who died during the study period
(experimental = 43 and control = 20).
aSolid black represents the percentage of patients who died, dropped out of the study, or were
lost to follow-up (did not provide data).
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