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Abstract

Objective: The aims of our study are: (1) to determine the incidence rate (IR), median
survival, life expectancies for different types or co-morbidities of patients undergoing
prolonged mechanical ventilation (PMV) ; (2) to explore how much difference on the
quality of life (QOL) assessments between patients under PMV and their proxies
(family caregivers and nurses); (3) to estimate the quality-adjusted life expectancy
(QALE) and the expected lifetime utility loss of different types of patients with PMV (4)
and to estimate the incremental cost-effectiveness ratios (ICER) for different types of
patients undergoing PMV.

Background: As we know, the core value of public health is health for all and the first
step would be to achieve the goal ofthealth care forall. In Taiwan, we are very fortunate
to have developed the National Health Ipsurance (NHI) ‘that implements a system of
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universal coverage (over 99% now) fof alf}%’bple of Taiwan. The NHI comprehensively
covers various health care services, eqpeci:i}y those of catastrophic illnesses, including
maintenance hemodialysis for endt stage renalv disease -and chronic ventilator use
consecutively for more than 21 days, etc., which results in a tremendous financial
burden and threatens the sustainability of the NHI. According to the reimbursement data
of NHI in 2010, the prolonged mechanical ventilation (PMV) consumes the second
highest in the average health expenditure with an annual total health expenditure of 17
billion NT (New Taiwan) dollars. In order to keep the sustainability of the NHI under
good quality, efficiency and equitable distribution of resources at the same time, we
began to think of different strategies. One of them is to explore the incidence rate,
quality of life, survival, and cost effectiveness of the patients undergone prolonged

mechanical ventilation. Although the increasing trend seems slowed down after the pilot

implementation of IDS (integrated delivery service), the controversial issues of
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distributive justice on bioethics and cost-effectiveness of such cares still persist and may
not be easily resolved without relevant information on the life expectancy and quality of
life of different types of patients. To our knowledge, there has been few study that
estimates the long term survival, quality of life, lifetime cost, and cost effectiveness
together for PMV patients with multiple co-morbidities, which are the major goals of
this dissertation.

Material and Methods: With the kind assistance from the National Health Research
Institutes, we have just established a representative national longitudinal data of 50,481
cases who were ventilator dependent between 1998 and 2007. The data were linked with
the reimbursement data of the NHI (National Health Insurance) and National Mortality
Registration database of Taiwan. We used these databases of PMV to estimate IR,
cumulative IR, and survival*function, and. quantitatively’ détermine the QOL of patients

e

using intensive care unit (ICU), RCC at?&%RCW with /sthe "Taiwan version of EQ-5D
[ | T
questionnaire. Moreover, we applie;d{laten:[- class lanalysis(LCA) to re-classify these

patients into several categoriés‘ and deterfinine tl;eir, individual survival functions and
extrapolated to 300 months in order-to provide policy suggestions for proactive
prevention. QOL measurements and lifetime survival functions were integrated together
to calculate the quality-adjusted life expectancies for different types of PMV patients.
Finally, we combined the data of lifetime health expenditures reimbursed by the NHI,
and estimate the cost-effectiveness or incremental costs per quality-adjusted life year
(QALY) according to different categories and/or clusters of diagnoses for these patients.
Results: The analysis of 50,481 PMV patients revealed that incidence rates increased as
patients grew older and that cumulative incidence rates (17-85 years old) increased from

0.103 in 1998 to 0.183 in 2004 before stabilising thereafter. The life expectancies of

PMV patients suffering from degenerative neurological diseases, stroke, or injuries
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tended to be longer than those with chronic renal failure or cancer. Patients with chronic
obstructive pulmonary disease survived longer than did those co-morbid with other
underlying diseases, especially septicaemia/shock (Chapter 1).

QOL assessments from family caregivers agreed more closely with patients than did
those from nurses using EQ-5D evaluations for patients with clear cognition, but either
proxy was acceptable for rating PMV patients with poor cognition (Chapter 2).

The average age of subjects was 76 years old. The life expectancy and loss of life
expectancy were 1.95 years and 8.48 years, respectively. The QALE of 55 patients with
partial cognitive ability and the ability to respond was 0.58 QALY, whereas the QALE
of 87 patients with poor consciousness were 0.28 and 0.29 QALY for the EQ-5D

measured by family caregivers and nurses, respectively. The loss of QALE for PMV

patients was 9.87-10.17 QALY; correspondingto.a health gab 0f 94-97% (Chapter 3).

The ICER for PMV waries greatly fdepé?lraihg on different underlying causes and
B f

‘ I
co-morbidities. Among these patienLtsE, ma‘i;ftenance treatments for PMV patients with
poor cognition or patients méré tha‘ln‘85 years of ége might be the least cost-effective
(Chapter 4).

Conclusion: Theses results of poor prognosis would provide stakeholders evidence for
communication to facilitate clinical decisions. Moreover, the results can also serve as a
starting point for a public dialogue on resource allocation of the NHI on critical care,
aging and palliative care.

Key Words: respiratory care, life expectancy, incidence rate, co-nobilities, quality of

life, quality-adjusted life expectancy, cost-effectiveness
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Overview

As we know, the core value of public health is health for all and the first step would
be to achieve the goal of health care for all. In Taiwan, we are very fortunate to have
developed the National Health Insurance (NHI) that implements a system of universal
coverage (over 99% now) for all people of Taiwan. The NHI comprehensively covers
various health care services, especially those of catastrophic illnesses, including
maintenance hemodialysis for end stage renal disease and chronic ventilator use
consecutively for more than 21 days, etc., which results in a tremendous financial
burden and threatens the sustainability of the NHI. According to the reimbursement data
of NHI in 2010, the prolonged mechanical ventilation (PMV) consumes the second
highest in the average health expenditure with an anrual total health expenditure of 17
billion NT (New Taiwan) dollars. In ordgr to keep the sustainability of the NHI under
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good quality, efficiency and equitablé di;&fbution of resources at the same time, we
began to think of different strategiés{. Onlof them is to explore the incidence rate,
quality of life, and survival of the pétient underg;)ne,prolonged mechanical ventilation,
and cost effectiveness of such a healthcare service.

In 1998, the Bureau of NHI drafted a prospective payment program to encourage
integrated care for mechanically ventilated patients, which was implemented in July
2000. After several revisions, this program ultimately covered four types of mechanical
ventilator care: ICU care (acute stage, <21 days), respiratory care center (RCC, a
sub-acute stage for weaning training of up to 42 days), respiratory care ward (RCW, a
chronic stage or long-term care), and home care service (stable stage, in which the
patient is cared for directly by family caregivers).

The number of patients who require PMV is rapidly increasing worldwide,

apparently due to aging, a greater number of co-morbidities, and the increasing
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availability and effectiveness of this new technology. The fact that many patients require
continued respiratory care after being transferred into a rehabilitation facility creates a
tremendous financial burden. Furthermore, there is often a gap between families’
unreasonably optimistic expectations and clinicians’ professional judgment. This gap
frequently results in difficulties arriving at consensus clinical decision-making. In many
cases, these challenges are not easily resolved. These issues are exacerbated by the lack
of evidence regarding expected survival times for different subgroups of patients,
especially for those suffering from multiple co-morbidities.

The financial impact is particularly heavy for countries with a national health
insurance system with universal coverage of'their citizens and is aggravated by the
innovation of new technologies and'an aging population. Most of these countries have
adopted economic analyses ‘to improve .overall cost-effeetiveness and contain costs.

| —

Evaluation of the cost pet QALY (quai??fédjusted life year) gained from different
-
healthcare services will ensure the m;'ojigt cosE—effective policy"decision for health care.
Similar to what is the case in westers counérfes, discrepancies frequently exist in
Taiwan between a family’s initial. expectations..and their physician’s professional
judgment. These discrepancies impair communication among patients, their families,
and health care workers for clinical decision-making before and throughout the course
of installing mechanical ventilation. Thus, there is a need to estimate the incidence rates
and life expectancies for PMV patients with various diagnoses. Accurate prognoses are
essential to propose and establish a sustainable national policy and to facilitate
communication among different stakeholders. To examine the above issues, we
collected a random sample from the national database and compared age-specific

incidence rates, cumulative incidence rates (CIRs), median survival, and life

expectancies of PMV patients stratified according to their underlying diseases.
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To our knowledge, there has been few study that estimates the long term survival,
quality of life, lifetime cost, and cost effectiveness together for PMV patients with
multiple co-morbidities, which are the major goals of this dissertation. The aims of our
study are: (1) to determine the incidence rate (IR), median survival, life expectancies for
different types or co-morbidities of patients undergoing prolonged mechanical
ventilation (PMV) ; (2) to explore how much difference on the quality of life (QOL)
assessments between patients under PMV and their proxies (family caregivers and
nurses); (3) to estimate the quality-adjusted life expectancy (QALE) and the expected
lifetime utility loss of different types of patients with PMV (4) and to estimate the
incremental cost-effectiveness.ratios (ICER) for:different types of patients undergoing
PMV.

To achieve these aims, ‘together we have already' performed the following four
studies: | | -- |

1l I’

1. Life expectancies and /incidence| rates=of patients urider prolonged mechanical

|
1

ventilation: A population—BaSed sﬁdy during 1998-2007 in Taiwan (Chapter 1)

2. Measurement of quality of life using EQ-5D in patients on prolonged mechanical
ventilation: comparison of patients, family caregivers and nurses (Chapter 2)

3. Estimation of quality-adjusted life expectancy in patients under prolonged
mechanical ventilation (Chapter 3)

4. Cost-effectiveness of applying prolonged mechanical ventilation in Taiwan (Chapter

4)



Life expectancies and incidence rates of patients under prolonged mechanical
ventilation: A population-based study during 1998-2007 in Taiwan
(Chapter 1)

Abstract

Introduction: This study examined the median survival, life expectancies, and
cumulative incidence rate (CIR) of patients undergoing prolonged mechanical
ventilation (PMV) stratified by different underlying diseases.

Methods: According to the National Health Insurance Research Database (NHIRD) of
Taiwan, there were 8,906,406 individuals who obtained respiratory care during the
period from 1997-2007. A random -sample -of this poepulation was performed, and
subjects who had continuously undetgone mechanical*ventilation for more than 21 days
were enrolled in the current’ study. Annl}al incidence ratés and CIR were calculated.

1 —

After stratifying the patients according td;?ﬁ'éir specific.diagnoses, latent class analysis
(LCA) was performed to categorizé PMVF i)atients with ‘multiple co-morbidities into
several groups. The life expéctanéi‘es of diffe;ent groups were estimated using a
semi-parametric method with a hazard function based on the vital statistics of Taiwan.
Results: The analysis of 50,481 PMYV patients revealed that incidence rates increased as
patients grew older and that cumulative incidence rates (17-85 years old) increased from
0.103 in 1998 to 0.183 in 2004 before stabilising thereafter. The life expectancies of
PMV patients suffering from degenerative neurological diseases, stroke, or injuries
tended to be longer than those with chronic renal failure or cancer. Patients with chronic
obstructive pulmonary disease survived longer than did those co-morbid with other
underlying diseases, especially septicaemia/shock.

Conclusions: PMV provides a direct means to treat respiratory tract diseases and to

sustain respiration in individuals suffering from degenerative neurological diseases, and
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individuals with either of these types of conditions respond better to PMV than do those
with other co-morbidities. Future research is required to determine the
cost-effectiveness of this treatment paradigm.

1.1 Introduction

The number of patients who require prolonged mechanical ventilation (PMV) is rapidly
increasing worldwide, apparently due to aging, a greater number of co-morbidities, and
the increasing availability and effectiveness of this new technology [1-3]. The fact that
many patients require continued respiratory care after being transferred into a
rehabilitation facility creates a tremendous financial burden [3-4]. Furthermore, there is
often a gap between families’ unreasonably optimistic expectations and clinicians’
professional judgment. This gap/frequently resultsuin-difficulties arriving at consensus
clinical decision-making [5]. In many cases, these challénges are not easily resolved.

p— ]

These issues are exacerbatéd by the lack gyf“'!c"vidence regarding expected survival times
[ | T
for different subgroups of patients, espeeially for those suffering from multiple

co-morbidities.

The National Health Insurance (NHI) of Taiwan has implemented a system of
comprehensive coverage for various health care services, including maintenance
hemodialysis and chronic respiratory care. The NHI was first established in 1995 and
has been extended to cover over 99% of the citizens of Taiwan [6-7]. In 1998, the
Bureau of the NHI drafted a prospective payment program to encourage integrated care
for mechanically ventilated patients, which was implemented in July, 2000 [8]. After
several revisions, this program ultimately covered mechanical ventilator care in the
following settings: intensive care units (ICU, acute stage, <21 days), respiratory care

centres (RCC, a sub-acute stage for weaning training, up to 42 days), respiratory care

wards (RCW, a chronic stage or long-term care), and home care services (a stable stage
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during which the patient is cared for directly by family caregivers). The rising number
of patient-days for mechanical ventilation usage during 1997-2004 increased the
financial burden of the NHI [9]. Similar to what is the case in Western countries [5],
discrepancies frequently exist in Taiwan between a family’s initial expectations and
their physician’s professional judgment. These discrepancies impair communication
among patients, their families, and health care workers for clinical decision-making
before and throughout the course of installing mechanical ventilation. Thus, there is a
need to estimate the incidence rates and life expectancies for PMV patients with various
diagnoses. Accurate prognoses are essential to propose and establish a sustainable
national policy and to facilitate communication among different stakeholders. To
examine the above issues, we colleeted a random sample from the national database and
compared age-specific. incidence rates, .cumulative incidence rates (CIRs), median

1 —

survival, and life expectanCies of PMV p;;ﬁhts stratified according to their underlying
diseases. 1 F
1.2 Materials and methods
Study population, datasets, and calculation of age-specific and cumulative incidence
rates

This study was approved by the Institutional Review Board of the National Taiwan
University Hospital, which also waived the requirement for obtaining informed consent
because the study was conducted on a secondary database with encrypted identification
numbers. The reimbursement data file obtained from the NHI of Taiwan was
transformed into a research database by the National Health Research Institutes (in
Chunan, Taiwan) [10]. The identification numbers of all individuals in the

reimbursement data file were encrypted to protect their privacy. These files contained

detailed demographic data (including birth date and sex) and information regarding the
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health care services provided for each patient, including all payments for outpatient
visits, hospitalizations, prescriptions, diagnoses and intervention procedures. The data
for each inpatient hospitalization included up to five diagnoses, which were coded
according to the International Classification of Diseases, Ninth Revision (ICD-9) and
the date of each prescription or procedure. In total, 8,906,406 individuals had undergone
invasive or non-invasive respiratory care at least once during the period from 1997-2007.
This number corresponds to approximately 29.4% of the entire insured population.
Because the government has established guidelines stating that no more than 10% of all
data can be drawn for research, we applied for a random sample of these patients with a
3.4:1 ratio and enrolled subjects who:had undergone mechanical ventilation for more
than 21 days.

According to the definition of PMV fin Ta.iwan [8]; we included patients over the age of
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17 who had undergone either.invasive=er nen-invasive mechanical ventilation, with
[l MW
negative or positive pressurc ventilators for-at least 21 consecutive days in the ICU or

the RCC. To ensure that all of tltle‘ patients vs;ere incident cases, we excluded all
prevalent cases found in 1997 and began the collection in 1998, as illustrated in Figure
1.1. The calendar year- and age-specific incidence rates (IRi) were determined by taking
the number of new cases of PMV patients in that stratum, multiplying by the sampling
factor of 3.4, and then dividing the resulting value by the number of individuals within
the specific stratum obtained from the census of the Ministry of the Interior in Taiwan

[11]. The CIR (cumulative incidence rate) formula was calculated as follows [12]:

CIR=1-exp [-Xi (IRi) (At )], where IRi represents the age-specific incidence rate and
/\t; indicates the range of each age stratum. We calculated the CIR;7.g5, which estimates

the likelihood that an average person in Taiwan would require PMV assuming that he or

she lives to the age of 85.



Categorization of patients for estimation of life expectancies

All recruited subjects were followed until the end of 2007 to determine whether they
were alive, deceased, or censored. Because patients who had undergone PMV usually
suffered from a combination of multiple co-morbidities and 5 major diagnoses can be
retrieved for each PMV patient prior to and closest to the 1% day, we developed a
strategy to identify different homogeneous groups to make more-accurate estimates of
life expectancy. First, we excluded specific categories with extremely low frequencies,
including HIV (human immunodeficiency virus) infection (n=27) and complications
during pregnancy/childbirth/perinatal period (n=240). Second, people with major
diagnoses that may cause premature mortality were stratified and analysed separately,
including cancer, end-stage renal disease, liver “cirrhosis, multiple sclerosis or
degenerative neurological diseases, Parkinson’s disease ‘and injury or poisoning , as

1 —

each group shares major common characteristics that predi¢t mortality. Third, because
[l MW
the vast majority of patients suffered {from a‘combination of multiple chronic diseases

that may cause premature mbrtalit};, such as die;betes mellitus, coronary and/or heart
failure, hypertension, respiratory system and/or urinary tract infections, acute renal
failure, and septicaemia with and without shock, etc., we conducted latent class analysis
for these cases to categorize them into clusters or specific homogeneous groups for
estimations of life expectancies. During this process, we grouped several closely related
diagnoses together and converted their original ICD-9 codes into Clinical
Classifications Software (CCS) codes [13] so that sufficient numbers could be obtained
for survival analysis. Following the above direction, the ICD-9 codes of septicaemia
included 0031, 0202, 0223, 0362, all subcategories of 038, and 7907 (bacteraemia);

those of shock included all subcategories under code 785.

Statistical analysis



Binary and categorical variables were summarized using frequency counts and
percentages. Continuous variables that were distributed normally are presented as
means.

Latent class analysis

To determine the underlying causes that were more likely to lead to PMV, we applied
latent class analysis (LCA) to group separate co-morbidity diagnoses into no more than
10 clusters of in-patients who had undergone PMV. Because pneumonia and respiratory
failure are the most common reasons for mechanical ventilation, these conditions were
not included in this model. This analysis resulted in an LCA model consisting of 32
broad diagnosis categories that included chronic diseases that had been previously
classified into 260 categories by CCS. LCA assumes.- that responses are conditionally
independent within classes after accountir}g for class membership [14]. In other words,

1 —

LCA allows for the groupihg of the PMV:ﬁtients into several relatively homogeneous
|
clusters of diagnosis patterns. In constructing the model,*each cluster or class was

|
1

named after the major disease (i.e.,!with the highésj; prevalence or likelihood) present
within each age strata. Akaike Information Criteria (AIC) was used to assess the
goodness of fit of the model [15]. Lower AIC statistics were considered to indicate a
better statistical fit of the model to the data. If any single category exhibited a
prevalence approaching 100% for a given condition across different age groups, then we
assumed that these conditions could be re-classified into groups with specific diseases,
and life expectancy estimations were conducted separately. Throughout this process, we
found that only stroke could be further separated from the groups of multiple
co-morbidities, and thus, the life expectancy estimation for stroke patients was
performed independently. SAS statistical software (version 9.1) and R statistical

software (version 2.10.1) were used for the data analyses.
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Estimation of life expectancy

Each new patient who fulfilled the definition of PMV was followed beginning on the 1*
day of PMV treatment and continuing until he/she was deceased or censored on
December 31% of 2007. The median survival, or the time at which only half of the
patients within a given category were still alive, was estimated by the Kaplan-Meier
method. In general, most patients did not survive longer than 1-3 years, although some
patients did exhibit a longer survival time. All patients survived the initial 21 days of
treatment by mechanical ventilation, and the survival times reported here exclusively
refer to survival duration thereafter. Thus, the lifetime survival of PMV patients (up to
300 months when excluding those older than 85 years) was obtained using a linear
extrapolation of a logit-transformeds€urve of the survival ratio between the PMV and an
age- and gender-matched reference popu}ation generated by the Monte Carlo method

e

from the life table of the" gemeral pbpu-‘l:a‘ﬁbn of Taiwan.” The detailed method and
[ | T
mathematical proof assuming @ constant excess hazard ‘have been described in our

previous reports [16-20]. To .fécilittate the comlgutation, we used ISQoL, a software
program that was built based on the*R statistical package for lifetime expectancy
estimation and 300-month extrapolation (excluding those older than 85 years) and can
be downloaded for free [21].

Validation of the extrapolation method for survival functions

Empirical PMV data from the National Health Research Institutes provided us with an
opportunity to validate the actual performance of our semi-parametric method of
estimation. Thus, we selected sub-cohorts of patients beginning on the 1* day that they
received PMV between 1998 and 2001. We assumed that these cohorts were only

followed until the end of 2001 and then extrapolated these results to the end of 2007.

We compared our predictions with the Kaplan-Meier estimates of the direct follow-ups
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from 1998-2007. Assuming that the Kaplan-Meier estimates are the gold standard, we
calculated the relative biases for sub-cohorts stratified by different underlying diseases
and co-morbidities [22]. The relative biases were computed to compare the differences
in values between the Kaplan-Meier estimates and the Monte Carlo extrapolation
method.

1.3 Results

Basic characteristics of the PMV Cohort

A total of 50,481 new patients with PMV were included during the study period (40%
female, mean age of 72+14.5 years, median survival 0.37 years, and overall life
expectancy of 2.68 years). If we counted’only the primary diagnosis (out of a maximum
of five diagnoses) for each patient, the top five primary. diagnoses were acute respiratory
failure (15%), pneumonia (12%), intra-cg:rebral haemotrhage (5%), septicaemia (3%)

p— ]

and chronic airways obstruction (2%). The ttacheotomy rate was 60.1%, which reflects
[l MW
the ethnic Chinese cultural fradition that typicallyl avoids additional traumatic wounds if

a patient is expected to pass aWéy soton.

Trends of age-specific incidence rates and CIR over time

After NHI began to reimburse long term usage of mechanical ventilation to relieve the
congested intensive care ward in 1998, the incidence rate started to rise and showed an
increased trend with older age (Table 1.1). In the groups aged 65-74, 75-84, and older
than 85 years, increased incidence rates of 76%, 88%, and 119%, respectively, were
observed from 1998 to 2004, followed by a slight drop after 2005. The CIR (17-85
years) increased from 0.103 in 1998 to 0.183 in 2004 and then decreased to 0.145 in
2007.

Life expectancies of PMV patients with specific underlying diseases

The median survival and life expectancies of PMV patients with different diseases are
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summarized in Table 1.2. Although median survival of most categories were less than
one year, many patients showed life expectancies longer than 2-3 years, indicating that
some patients survived relatively long periods of time. The median survival and life
expectancies of PMV patients with degenerative neurological disease, stroke, or injuries
were generally longer than those with chronic renal failure or cancer. When a patient
contracted both cancer and chronic renal failure, the median survival durations and life
expectancies were the shortest. Patients with stroke were initially included in the latent
class analysis because of the presence of multiple co-morbidities, but a distinctive
category of 100% prevalence of stroke consistently appeared across different age strata.
Thus, we separated this group and:estimated the associated life expectancies for
different age strata, as summarized.in Table 1.2.

Life expectancies of age-specific clusters in PMV patients with multiple co-morbidities

e

Among the 23,697 PMV patients with m“t;‘fiple co-morbidities, the latent class model
usually yielded 3-4 clusters, inclﬁding .I:léart diseases," ‘septicaemia/shock, chronic
obstructive pulmonary diseases atnd/or others | (c.g., urinary tract infections), as
summarized in Table 1.3. Diabetes mellitus seemed to be the most frequent co-morbid
disease among all different clusters because the prevalence rates were all above 14.5%.
The life expectancy and median survival of PMV patients with COPD (chronic
obstructive pulmonary disease) were generally longer than those of other clustered
groups, especially those with septicaemia/shock. This trend continued until the age of
85, after which PMV patients with different underlying co-morbidities seem to show
similar outcomes.

Validation results of the extrapolation method

The results obtained to validate our semi-parametric method show that the relative

biases were all below 20%. Among them, the relative biases of most PMV patients with
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a specific diagnosis ranged between 0.9% and 5.5%. Stroke patients were an exception
and usually suffered from other co-morbidities. Patients with a combination of different
diseases (or clusters) appeared less likely to fulfil the assumption of a constant excess
hazard completely and resulted in greater relative biases, perhaps because they represent
a relatively heterogeneous patient population. Nonetheless, the absolute differences
between our estimates and those obtained using the Kaplan-Meier method were all
below 0.25 life-years, except for the 65-74-year-old multiple co-morbidity categories,
which showed an absolute difference of 0.39 life-years.

1.4 Discussion

To our knowledge, this is thedfirst study to analyze a mationally representative PMV
dataset to estimate the incidence'rates, CIR, and life expectancies stratified by age and
different clusters of diagnoses. Our ﬁndipgs showed that'hew cases of PMV increased

| —

significantly from 9,296 to"21,818 betwe;ryl’l'998 and 2004. The age-specific incidence
rates increased as people grow oldér,{ a rcﬁizﬁlt that is/consistent with previous reports
from scholars in the U.S. and Caneid‘a [1-2, 4, 2“3].,H0wever, the highest age-specific
incidence rate of PMV was observed.in patients oldet than 85 years in Taiwan, and this
rate was approximately 4 to 5 times higher than those reported in the U.S. [24]. We
attempted to quantify the lifetime risk of PMV by calculating the CIR;7.45 which
increased from 0.103 to 0.145 between 1998 and 2007 (Table 1.1). This finding implies
that an adult person in Taiwan who lives until the age of 85 has 10-15% chance of
requiring PMV. Given the resource-intensiveness of PMV, this issue requires special
attention. When the Bureau of National Health Insurance of Taiwan began to audit the
quality of the integrated respiratory care system in 2003, including the rates of

successful weaning, readmission and nosocomial infection, the incidence of PMV

appeared to stabilize and decreased slightly, as summarized in Table 1.1.
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In the past, there has been a general lack of data regarding the life expectancies
associated with different diagnoses for patients undergoing PMV. This has made it
difficult for stakeholders to reach consensus clinical decisions regarding optimal
treatment strategies. The issue becomes even more complicated when payment is
provided via NHI or a third party. It is understandable that the patient and his/her family
always expect successful weaning and good recovery, even after more than 21 days of
continuous mechanical ventilation or PMV. However, according to our previous study,
most patients undergoing PMV survive only approximately 1.5 to 2 years, and
approximately 62% of them suffer from cognitive impairments and poor quality of life.
Accounting for these factors results in‘an overall quality-adjusted life expectancy of
only 0.3-0.4 to 0.6-0.7 quality-adjusted life yearsi(QALY's) [25-26]. Thus, this study
further provided crucial estimates Of the median survival and life expectancies of

1 —

patients undergoing PMV Wwith different d}jﬁhoses or co-morbidities, as summarized in
[ | T
Tables 1.2 and 1.3. Table I'2 shows that the life expectancies were shortest for PMV

patients with chronic renal failure atln‘d cancer 0£ any-.condition co-morbid with them,
followed by Parkinson’s disease and “stroke. In.contrast, the life expectancies for
degenerative neurological diseases, liver cirrhosis, injuries and poisonings were greater
than 3.6 years. When stratified by age categories, the median survival and life
expectancies for PMV patients older than 85 years were below 4.6 months and 21.8
months, respectively, which were also observed for all of the different types of
co-morbidities (Tables 1.2 and 1.3). The above figures call into question the
cost-effectiveness of current policies and should be considered by policy makers and the
public in discussions regarding the bioethics of PMV care, especially given the limited

resources of the NHI in Taiwan. Although more and more countries have tried to

implement the principle of universal coverage in their national health insurance plans
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[27], our results provide data highlighting the needed evidence for developing strategies
of sustainable management.

Although previous studies have shown similar characteristics of multiple co-morbidities
in PMV patients, these reports did not stratify patients into special clusters [1, 9, 24, 28].
The LCA showed that the underlying co-morbidities associated with PMV could be
largely classified into the major categories of heart diseases, septicaemia/shock, and
chronic obstructive pulmonary disease based on the high prevalence of each cluster.
Overall, LCA indicates that the life expectancies generally decreased with older age. In
particular, we found that approximately 50% of the PMV patients with a combination
diagnosis of septicaemia and shock usually survived for less than 4 months, and their
life expectancies were usually shorter than those determined for the other clusters within
the same age stratum. The génerally long;r survival time'of PMV patients with COPD

p— ]

corroborated the hypothesis that the ésta{bﬂ's'hment of mechanical ventilation provides
'l ;B
more direct access for clinicians to solvespreblems coming: from the respiratory tract,

|
1

while patients with other undéﬂyiné diseases may hot be improved significantly unless
their underlying disorders were also resolved. This.advantage disappeared in individuals
over 85 years of age because a high proportion of these COPD patients also suffered
from other major diseases, including urinary tract infection (29%) and other respiratory
diseases (26%), as shown in Table 1.3.

Our study has several limitations. First, the database did not contain any information
regarding the severity and/or actual clinical data of the PMV patients. Thus, we were
unable to further stratify these patients. However, because they were all under PMV
care for more than 21 days, all of the patients were associated with extremely severe
conditions, which resulted in a very short life expectancy and suggested that 10 years of

follow-up time would be usually sufficient. Second, because the recorded diagnoses
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must fulfil all of the reimbursement regulations of the NHI, it is possible that some
diagnoses are over-represented because they were more easily reimbursed. However, the
National Health Insurance of Taiwan has offered a list of 30 major categories of
catastrophic illnesses that are exempt from partial co-payments, and each has its specific
diagnostic criteria to prevent any abuse [29]. For example, all types of malignant
neoplasm do not require co-payments, and evidence of histopathology and/or cytology
is generally required for diagnoses of cancer. A diagnosis of end stage renal disease
requires documentation of chronic kidney disease with an irreversible creatinine level of
more than 8 mg/dL, or creatinine level more than 6 mg/dL with diabetes mellitus as a
co-morbid condition [30]. Thus, we- have strict criteria for almost all the major
diagnoses listed in Table 1.2. The petential selection:bias for the common diseases listed
in Table 1.3 is probably minimal because. the 43 broad categories were collapsed from

| |

the 260 categories of CCS codes [13],7,::3“(1- latent class analysis ensured that each
category was as homogeneous as poési.ble. F

1.5 Conclusions

The number of PMV patients in Taiwan has increased during the last decade. Patients
with different underlying diseases showed different median survival and life
expectancies. The establishment of mechanical ventilation directly targets to solve
problems of respiratory tract and provides sustainable ventilation, which may improve
the survival of patients with COPD or degenerative neurological diseases more than
those with other underlying causes such as septicaemia/shock, heart failure, cancer, or
end stage renal disease. However, the advantages of PMV seem to decrease for the
elderly, especially those over age 85. The results also call for further evaluation of the

cost-effectiveness and bioethics of such care in Taiwan and highlight the need for early

planning of resource allocation in any system of health insurance with universal
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coverage.
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Patients with one or more order codes
of respiratory care between 1997-2007
(n=8.906.406)

!

Inclusion criteria:

Simple random sampling with a fixed
ratio of 3.4:1 from the above patients
(n=2.,619,534)

(1) Adults who were more
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(2) Who had also

undergone mechanical

ventilation for more than

A

A

21 days, using an mvasive

New cases of prolonged mechanical
ventilation after 1998 (n=50.481)

ventilator, a  negative

pressure ventilator,

noninvasive or a positive

:

pressure ventilator

Calculation of the incidence

rate

:

Cases with more specific disease
diagnosis, including cancer, chronic renal
failure, liver curhoses, neurological
diseases, stroke and mjury: (n=26,784)
Cases with single disease, n=21.316
Cases with two or more than two

specific diseases, n=5,468

:

!

Cases with multiple chromnic
disease comorbidities

analyzed by latent class
analysis for categorization into

different clusters (n=23.697)

:

Estimation of life expectancies for different categories

Figure 1 Flow chart of the selection process used for the study cohort.
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Table 1.1 Age-specific incidence rates (per 100,000 person-years), and CIR* of patients under prolonged mechanical ventilation

Age group, years 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
No. of new cases 9,296 12,651 12913 15,660 17,731 19,737 21,818 21,692 20,414 19,723
17-34 5.1 6.1 55 5.8 6.1 8.4 9.9 9.2 9.4 9.9

35-44 10.1 10.8 11.8 14.5 14.4 15.4 19.2 17.4 19.8 18.1
45-54 21.8 33.3 29.3 32.4 37.2 42.0 40.5 43.5 39.5 39.7
55-64 78.2 101.1 92.2 102.5 1116 118.9 129.6 119.8 101.7 93.0
65-74 224.0 296.5 284.5 3292 36119 379:8 393.9 369.2 331.8 306.4
75-84 622.0 817.2 814.6 9672 1,045.5 1,072.3% 41,1664 1,036.0  1,0046  909.2
=85 1,182.0 15360 1,702.6  2,064.1 22530 .2563.9 2,584.0 2,5540  2,161.0  2,046.0
CIR (17-85yrs)  0.103 0.133 0.132 0.153 0.165 v 0.173 0.183 0.170 0.159 0.145

*CIR: cumulative incidence rates (aged 17-85 years old)
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Table 1.2 Demographic characteristics and survival of patients undergoing prolonged mechanical ventilation stratified by different underlying

diseases
Number of cases  Mean age Female Median survival Life expectancy
(SD)* (%) (yrs) (yrs) (SE)*
Cases with single specific disease 21,316 69 (15) 38 0.35 3.40 (0.09)
Cancer 5,367 70 (14) 33 0.17 1.51(0.13)
Chronic renal failure 2,032 3 73;(_12) 51 0.78 1.36 (0.16)
Liver cirrhosis 1,478 65 TR 35 0.19 3.59 (0.33)
Multiple sclerosis or degenerative nervous system 378.7% = W6 (1) e 0.89 4.05 (0.64)
conditions | a_j_ \ )
Parkinson's disease 341 || =57 36 0.85 2.06 (0.30)
Stroke 6,765 -l l1’70 (1?) 42 0.72 3.38 (0.15)
<64 yrs 1596 5.5+ ); 1 53 (9} @ > 39 1.65 5.21(0.39)
65-74 yrs 1,818 £ =Gy @ (s 0.77 2,98 (0.17)
75-84 yrs 2,176 "9 (3‘) 44 0.56 2.09 (0.13)
>85 yrs 816 88 (3) 54 0.39 1.68 (0.13)
Intracranial and/or spinal cord injury or poisoning 4,955 65 (19) 34 1.06 6.27 (0.24)
<64 yrs 1,949 45 (14) 26 6.20 10.20 (0.49)
65-74 yrs 1,116 70 (3) 39 0.82 3.77 (0.22)
75-84 yrs 13,66 79 (3) 35 0.47 2.67 (0.19)
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>85 yrs 524 88 (3) 48 0.33 1.82 (0.13)
Cases with more than two specific diseases 4,772 68 (15) 39 0.32 2.96 (0.13)
Cancer and Chronic renal failure 165 71 (11) 44 0.14 1.21 (0.45)
Cancer and others 1,609 70 (14) 35 0.19 1.88 (0.22)
Chronic renal failure and others 743 70 (13) 50 0.21 1.71 (0.28)
* SD: standard deviation; SE: standard error of the mean w@ml@m
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Table 1.3 Clusters of different co-morbidities categorized by latent class analysis in patients with prolonged mechanical ventilation

<64 yrs (n= 3,520) 65-74 yrs (n=5,397) 75-84 yrs (n=9,747) >85 yrs (n=5,033)
Class1 Class2 Class3 Class4 Class1 Class2 Class3 Class1  Class2 Class3  Class 4 Class 1  Class 2 Class 3
Heart SP/ UTI/ COPD/ Heart SP/ COPD/ Heart SP/ COPD/ Respiratory Heart SP/ COPD/
diseases shock  SP others diseases  shock others diseases  shock others diseases diseases  shock others
Number of cases 616 919 197 1,788 1,074 1,824 2,499 1,404 2,856 4,142 1,345 870 1,359 2,804
Prevalence of
co-morbidity (%) ;
Septicaemia 11.3 62.9 72.2 6.7 10.6 66.1 5 " 11.8 72.8 11.0 7.2 10.2 79.1 11.7
Diabetes mellitus 35.5 26.8 26.1 19.7 30.7 267 265 271" 20.5 22.6 17.2 18.6 14.5 14.6
Hypertension 17.9 4.9 9.8 8.3 20.8 68: 139 ‘” 16.1 4.8 17.3 12.5 15.4 33 15.2
AMI/Coronary 39.9 3.9 23 2.4 43.9 4. "ft—’S'f2* “; 42.8 5.5 6.6 4.0 42.8 5.6 4.0
atherosclerosis )v :"l “J
COPD 6.5 3.2 0.5 17.9 1.0 11.0 33.% 4 18:2 12.4 39.6 29.6 249 12.7 33.0
Other respiratory 21.8 23.7 13.8 30.1 2 L 18.1 26,7‘ 12009 17.2 0 100 24.6 19.4 25.9
diseases “ .
Acute renal failure 12.2 20.6 9.5 4.8 12.7 16.4 4.5 12.1 16.7 4.2 53 8.7 15.2 5.6
UTI 53 0 100 14.8 5.7 25.1 21.1 11.7 28.0 243 21.1 16.1 30.6 29.0
Shock 11.2 39.6 33.1 2.7 10.3 39.1 2.7 8.9 38.5 4.9 3.7 7.3 41.6 5.0
Heart failure 42.2 32 2.6 2.4 37.0 5.8 4.8 50.1 7.2 7.7 7.4 50.5 8.3 7.7
Median survival 0.80 0.34 0.88 1.64 0.39 0.23 0.55 0.29 0.21 0.95 0.38 0.32 0.20 0.35
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(yrs)
Life expectancy (yrs) 5.09 4.51 4.82 5.25 2.55 2.14 2.56 1.86 1.66 2.12 2.18 1.48 1.12 1.52

(SE) (0.60)  (0.49) (1.49) (0.37) (0.21)  (0.13)  (0.13) (0.23)  (0.10)  (0.07)  (0.17) (0.12)  (0.07)  (0.05)

COPD: chronic obstructive pulmonary disease; UTI: urinary tract infections; AMI: acute myocardial infarction; SP: septicaemia; SE: standard error of the

mean
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Measurement of quality of life using EQ-5D in patients on prolonged mechanical
ventilation: comparison of patients, family caregivers and nurses
(Chapter 2)

Abstract

Purpose: This study reports how QOL (quality of life) assessments differ between
patients on prolonged mechanical ventilation (PMV) and their proxies (family
caregivers and nurses).

Methods: We enrolled consecutive subjects on PMV for more than 21 days from five
institutions. We conducted QOL assessments using the Taiwanese version of the EQ-5D
in face-to-face interviews. Direct caregivers : (family. members and nurses) also
completed the EQ-5D from the patient’s point of view:

Results: For 55 of the 142"¢nrolled pati;nts who were, able to assess their QOL, we

p— ]

recruited 44 patient-family caregiver p;ﬁ, 53 patient-nurse pairs, and 42 family
[l MW
caregiver-nurse pairs. There'were 81/ family ‘caregiver-nurse pairs out of 87 patients with

poor cognition. The agreemehf between patient:family caregiver pairs was generally
higher than that of patient-nurse pairs. As the propettions of exact agreement between
family caregivers and nurses for patients with poor cognition were 98-99% for
observable dimensions of mobility, self-care, and usual activities, they lead to a minimal
difference in the final values.

Conclusions: QOL assessments from family caregivers agreed more closely with
patients than did those from nurses using EQ-5D evaluations for patients with clear
cognition, but either proxy was acceptable for rating PMV patients with poor cognition.

2.1 Introduction

Patients who require prolonged mechanical ventilation (PMV) are rapidly

increasing in number, as the improved quality of care in ICUs (intensive care units) has
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resulted in long-term survival for many patients [1-2]. However, these patients often
require continued respiratory care after transfer to a rehabilitation facility, skilled
nursing facility or home care, creating financial burdens for the insurance system and/or
the patients’ families [1, 3]. Several studies have reported [1, 4-6], however, that
survivors often feel their quality of life (QOL) to be acceptable.

The National Health Insurance (NHI) of Taiwan uses a system of comprehensive
coverage for various health care services, including maintenance hemodialysis and
chronic respiratory care. The NHI was first established in 1995 and has been extended
to cover over 99% of Taiwanese citizens [7-8]. In 1998, the Burcau of NHI drafted a
prospective payment program 0 encourage intégrated care for mechanically ventilated
patients, which was implemented indJuly 2000 [9]. ‘After several revisions, this program
ultimately covered four types of mechanigal véntilator caré: ICU care (acute stage, <21

1 —

days), respiratory care center (RCC, @ sug:i"éhte stage for weaning training of up to 42
days), respiratory care ward (RCW,Ca{ chr(;:;lic stage or long-term care), and home care
service (stable stage, in which the patti‘ent is cared Vfor‘ directly by family caregivers).
Unlike patients on PMV in other countries [10-14], many patients in Taiwan suffer
from concomitant cognitive impairments that preclude direct assessment of their
subjective QOL, making evaluation by proxy unavoidable in many cases. The objective
of this study was to evaluate the utility assessment of QOL in patients on PMV and to
compare patients’ own QOL assessments with those made on their behalf by proxies
(family caregivers and professional nurses).
2.2 Material and methods
Subjects and Methods

We recruited subjects from five institutions in northern and southern Taiwan and

consecutively enrolled current PMV subjects who had already been on mechanical
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ventilation for at least for 21 days at various levels of care (ICU, RCC and RCW): 1
medical center, 1 regional hospital, and 3 small local hospitals were included. The study
began after approval was obtained from the Institutional Review Boards (IRBs) of the
National Taiwan University Hospital and the Chia-Yi Christian Hospital. The three
local hospitals also approved the study after reviewing the approval documents of the
two major IRBs above. For subjects with basic cognition who were able to
communicate (including through clear body language) and who scored at least 15 on the
mini-mental status examination (MMSE) [15], we conducted QOL measurements using
the EQ-5D in direct, face-to-face interviews. The primary caregivers (family members
and nurses) were also asked tolindependently: complete:the EQ-5D questionnaire from
the patient’s point of view, i.e., each proxy ratedshow he or she thought the patient
would rate his or her own QOL on the day of the ‘interview: All the interviews with the

p— ]

patient and his/her proxy Were. required-te berfinished within three days, and we also
[l MW
made sure that the individual patient’s clinical condition ‘Was stable by verifying with

the medical records. The proxfs reséu‘lts were diréctly compared with the patient’s own
rating, which was considered to be the gold standard.
Quality of life measured by EQ-5D

The utility value of the QOL for patients on PMV was estimated using the EuroQol
five-dimensional (EQ-5D) questionnaire, a generic preference-based instrument. The
five dimensions assessed by the EQ-5D are mobility, self-care, usual activities,
pain/discomfort and anxiety/depression, with three levels of severity (no problems,
some/moderate problems and severe/extreme problems). This provides a utility value
that ranges from O to 1 based upon the five-dimensional health state classification, in

which 0 represents the worst health status and 1 represents perfect health [16-17]. The

EQ-5D instrument is a valid and reliable tool for measuring health status that has been
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extensively used in many countries as an outcome measure, including for critically ill
patients [18-20]. It was also recently applied in Taiwan with good validity and moderate
reliability [21]. We applied the value systems of the U.S. and the U.K. as a comparison
[17, 22]. There is general agreement that patients are the best raters of their QOL;
however, when a patient’s mental status is too poor, family caregivers and nurses may
be considered as proxies [11-13]. QOL assessment by EQ-5D was conducted by three
research assistants who were first trained in the standard operating procedure. For each
patient and his/her proxy, the researcher recorded characteristics including age, gender,
education, marital status, relationship to the patient, whether or not the proxy lived with
the patient, frequency of caring forithe patient, location (ICU or RCC or RCW),
Glasgow Coma Scale (GCS),' presence/absencenof tracheotomy and duration of
mechanical ventilation, and’ history of \ deptession. The~ duration-to-date for each

p— ]

measurement was defined ‘as beginning t;-x“l‘f’fhe first day after PMV and ending on the
| | i
date of interview by our researcher. | | -
Statistical Analysis
Binary and categorical variables were summarized using frequency counts and
percentages. Continuous variables are presented as means if normally distributed. The
agreement between QOL scores from patients, family caregivers and nurses for each
dimension was determined for each pair by calculating weighted kappa scores [23]. To
evaluate any systematic tendency for proxy respondents to overestimate or
underestimate QOL, we computed the patient-proxy and proxy-proxy mean differences
in the final utility value of the EQ-5D. The mean difference between pair-scores and
values were tested with the rank sum and paired-t tests to detect any significant

difference when the sample size is small. We calculated the effect size by dividing the

mean patient-proxy difference by the standard deviation of the patient responses. The
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magnitude of the standardized difference can be interpreted as follows: |d[=0.2, a small
difference; |d[=0.5, a moderate difference; and |d}=0.8, a large difference [24]. The
agreement between patients and proxies of the EQ-5D’s summary index was assessed
with one- way intra-class correlation coefficients (ICC) [25-26]. An ICC or weighted
kappa less than 0.4 was considered to indicate poor agreement, 0.40-0.75 indicated
moderate to good agreement, and values >0.75 indicated excellent agreement [23,
27-29]. Because the group was homogeneous in disease status and marginal distribution,
the statistical ICC and weighted kappa underrate agreement [30]. Thus, we calculated
the proportion of exact agreement, defined as the number of same response categories

chosen between the index subject and:the proxy divided by the total number of rating

pairs [31].

2.3 Results

Basic characteristics of respondents | T’
| | uﬁ'

A total of 177 patients were inviltei[d for this study; 142 patients accepted interviews

|
1

producing a response rate of 80%, as summatized 1n Figure 2.1. For the 55 patients able
to assess their own QOL we collected 44 patient-family caregiver pairs, 53 patient-nurse
pairs and 42 family caregiver-nurse pairs. We successfully collected 81 family
caregiver-nurse pairs for 87 patients who were unable to assess their own QOL. We
were unable to recruit any proxy for six patients with poor cognition.

The first proxy group (family caregivers) consisted of 129 persons; 57% were the
patients’ children, 58% lived with the patients, and 67% contacted the patients every day.
The second proxy group (nurses) consisted of 135 persons, 27% of whom were directly
responsible for the patients’ everyday care (Table 2.1).

Agreement in each dimension

Although the weighted kappa scores indicated poor to moderate agreement (0.21-0.58)
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in the observable dimensions (mobility, self-care and usual activities) and poor
agreement (0.00-0.35) in the subjective dimensions (pain/discomfort and
anxiety/depression); the proportions of exact agreement were more than 75% and 28%
for observable and subjective dimensions, respectively, indicating high agreement on
the former dimension for both family caregivers and nurses (Table 2.2). Family
caregivers in particular displayed better agreement with the patients compared to nurses
on subjective feelings of pain/discomfort and anxiety/depression. In patients with poor
cognition, the proportions of exact agreement of family caregiver-nurse pairs were all
above 98% in the observable dimensions but only 37%-38% in the subjective
dimensions (Table 2.3).

Agreement of EQ-5D Index

The mean EQ-5D Index among the 55 pa‘;ients was 0.23+0:20. The mean differences in

e

the EQ-5D Index were -0.03 £0.14 and OQ;&'@.D for patient-family caregiver pairs and
[ | T
patient- nurse pairs, respectively; thisidiffefence was not statistically significant (Table

2.4). In PMV patients with pobf cogrtlition, the avérage EQ-5D Index assigned by family
caregivers and nurses were 0.12+0.10.(0-0.44) and 0.14+0.11 (0-0.63), respectively. The
effect size of the mean differences for these measurements was 0.13, which is small [24].
The ICC of the EQ-5D Index for patient-family caregiver pairs was excellent (0.76),
which seems much higher than that of the patient-nurse pairs (0.36) (Table 2.4).
2.4 Discussion

To our knowledge, this study is the first that validates agreement on QOL between
PMV patients and their proxies (family caregivers and nurses) as measured by the
EQ-5D preference instrument; in addition, these conclusions were validated in both

PMV patients with good and poor cognition. Our findings demonstrate that family

caregivers tended to rate all dimensions as being more severe than did patients
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themselves and that family caregivers’ assessments were in closer agreement with
patients’ assessments than were those of their nurses, using either observable
dimensions or subjective feelings. Moreover, agreement on the observable dimensions
between family caregivers and nurses was higher (proportions of exact
agreement=98-99%) in PMV patients with poor cognition.

Our study corroborates previous investigations finding better agreement between
patients and their proxies for directly observable dimensions (mobility, self-care and
usual activities) than for assessments of subjective feelings and mental health
(pain/discomfort and anxiety/depression) [32-34]. However, family caregivers tended to
rate all dimensions at a slightly higher severity than did patients themselves, while
nurses gave less severe ratings compared to patientsy(Table 2.2). Family caregivers were
generally allowed to stay with'patients after their, hospitalization in RCW institutions,

1 —

which may partially explaifi why they Wef: fﬁ'ﬁparently able to perceive so accurately the
feelings of PMV patients, with all prpporil?ons of 'the exact-agreement above 86% for
observable dimensions and 52% f01; subjective (iimensions. In addition, no significant
differences were identified between the final EQ-5D utility values from the
patient-family caregiver pairs (Table 2.4). In contrast, only 27% of the interviewed
nurses had daily contact with the patients, as they generally rotated and took days off
each week (Table 2.1). We applied multiple regression analysis to estimate the potential
effect of this determinant on the mean difference between patient-nurse pairs, but it did
not show any statistical significance. Overall, the agreement within patient-family
caregiver pairs is consistently closer than that of patient-nurse pairs, indicating that
family caregivers may be a more suitable proxy for PMV patients in the Taiwanese

culture.

In PMV patients with poor cognition, it is not surprising that both the weighted
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kappa (Table 2.3) and ICC (Table 2.4) were very low, because these patients were
generally bed-ridden in RCC/RCW units and there is almost zero variation in the
observable dimensions of mobility, self-care, and usual activities. Thus, such extremely
limited distributions hamper the values of weighted kappa and ICC, and we must also
provide the results of proportions of exact agreement, which were as high as 37-99%
(Table 2.3) to avoid misinterpretation.

Nonetheless, there was no statistically significant difference between the final utility
values of EQ-5D from patient-family caregiver and patient-nurse pairs in PMV patients
with partial cognition. Because the EQ-5D value system of Taiwan has not yet been
published, we applied the values obtained from the U.S. and U.K. for sensitivity
analysis [17, 22]. Although the values based on the'l'S. system seem smaller than those
from the U.K., they yielded ‘'similar resullts, apparently ‘due to the limited variation of

p— ]

health states in these patierits (Table 2:.4).‘7,:{"“51'15, the nurse’s rating appears as acceptable
as that of a family caregiver for use;“a$.‘ a p;E)xy to rate/the utility value of the EQ-5D in
PMYV patients with poor cogniﬁbn, even though tﬂe ICC of these pairs was only 0.00.

A possible limitation of this study was its cross-sectional design. Although we
conducted a multiple regression analysis using the utility value of EQ-5D as the
dependent variable and the duration of mechanical ventilation as an independent
variable in the model, there was no significant difference. Thus, we were unable to
answer whether the agreement of QOL measurements between patients and proxies may
change longitudinally over different time points. Another possible limitation was the
80% response rate and the degree to which our sample was representative of the
population as a whole. There was no statistically significant difference in patient

characteristics between respondents and non-respondents. However, because family

members of 22 of the 35 non-respondents did not come to visit the patients during our 3
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to 4week study period, those patients might have a poorer QOL compared to that of the
others. Ten family caregivers refused to be interviewed at the time of our request, as
they were coping with their relative’s deteriorating condition. Thus, our results might
have over-estimated the QOL of PMV patients. Finally, the extremely skewed responses
in the objective dimensions of the EQ-5D in patients with poor cognition result in a
generally low weighted kappa (Table 2.3), reflecting the inappropriateness of using such
indicators. Thus, we have calculated the proportion of agreement to allow us to make a
suitable inference.
2.5 Conclusions

Although the sensitivity analysis‘did not show any significant differences in overall
utility value of QOL measurements‘using EQ-5D between patients on PMV and their
proxies, family caregivers exhibited closgr agreement with-the patients than did nurses

1 —

on QOL evaluation, especially on rétingﬁibjective feelings of pain/discomfort and

| | i
anxiety/depression. However, there was notdifferénce between the two proxies in the

|
1

final utility values for PMV. patientls‘with poor cégnition. Further research into these

issues is still needed in subjects from different cultures to corroborate our findings.
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142 patients enrolled

55 patients with slightly clear

cognition

87 patients with poor

cognition

44 patient-family caregiver pairs
53 patient-nurse pairs

42 family caregiver-nurse pairs
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Table 2.1 Characteristics of study subjects and proxies (family caregivers and nurses).

Values are expressed as means (standard deviations) or percentages.

Characteristics Patients Family caregivers Nurses
Total number of subjects 55 129 135
Mean age in (years) (S.D.) 70.9 (13.2) 51.5(11.7) 27.7
(3.6)
% Females 49 46 95
% Above junior high school education 31 56 98
% Married 96 - -
Relationship with the patient
% Spouse - 26 -
% Child - 57 -
% Others - 17 -
% Living together - 58 -
% Frequency of contact with patient
Daily s 67 27
>once a week -d w 25 54
< once a week - 8 19
Glasgow Coma Scale (S.D.) 9.9 (2.5) - -
% Tracheotomy 71 - -
Duration of mechanical ventilation  19.1(26.0) - -

(months)
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Table 2.2 Frequency distribution of agreement among patients with fair to good

cognition (mini-mental status examination score >15) for each dimension of the EQ-5D.

Dimension Patient ~ Family Nurse Patient-Family Patient -Nurse
n=55 caregiver n=53 caregiver n=53
(%) n=44 (%) n=44 weighted Kappa
(%) weighted Kappa (confidence
(confidence intervals) intervals) and
and [proportion [proportion of exact
exact agreement] agreement|
Mobility
No problems 0 0 2(4)
Problems 11 (20) 8 (18) 10 (19) 0.58 (0.28-0.88) 0.28 (0.01-0.55)
Confined to bed 44 (80) 36 (82) 41.(77) [86%] [75%]
Self-Care
No problems 0 0 0 ‘
Some problems 8 (15) 3(7) Iy (21) 0.56 (0.19-0.93) 0.21 (-0.11-0.52)
Unable to 47 (85) + 41(93) 42 (;3) [91%] [77%]
wash/dress | A
Usual Activities |
No problems 0 0 1.(2)
Some problems 11(20) 7(16) LI (21) 0.44 (0.09-0.79) 0.26 (-0.03-0.56)
Unable to 44 (80)  37(84) 41 (77) [91%] [75%]
perform
Pain/Discomfort
None 20(36) 10(23) 8 (15)
Moderate 17(31) 19(43) 38 (72) 0.35(0.13-0.57) 0.00 (-0.17-0.16)
Extreme 18(33) 15(34) 7 (13) [52%] [28%]
Anxiety/Depression
None 27 (50) 13 (30) 7 (13)
Moderate 14 (25) 13 (30) 36 (68) 0.35 (0.13-0.57) 0.18 (0.01-0.34)
Extreme 14 (25) 18 (40) 10 (19) [52%] [38%]
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Table 2.3 Frequency distribution of agreement among patients with poor cognition and

their proxies for each dimension in the EQ-5D.

Dimension Family Nurse Family caregiver-Nurse
caregiver n=81 (%) n=81 weighted Kappa
n=81 (%) (confidence intervals)

and [proportion of exact
agreement|

Mobility

No problems 0 0
Problems 1(1) 1(1) -0.01 (-0.03-0.00)
Confined to bed 80 (99) 80 (99) [98%]
Self-Care
No problems 0 0
Some problems 0 1 (1) 0.00 (-0.00-0.00)
Unable to wash/dress 81,(100) 80 (99) [99%]
Usual Activities =
No problems 0 %5
Some problems 0 (1) 0:00/(:0.00-0.00)
Unable to perform 8 1.(100) | | 80 (99) [99%]
Pain/Discomfort
None 16 (20) 9 (11)
Moderate 27 (33) 45 (56) 0.05 (-0.13-0.23)
Extreme 38 (47) 27 (33) [37%]
Anxiety/Depression
None 19 (23) 10 (12)
Moderate 30 (37) 48 (59) 0.08 (-0.08-0.24)
Extreme 32 (40) 23 (28) [38%]
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Table 2.4 Differences and reliabilities of EQ-5D index measured in patients on PMV

(prolonged mechanical ventilation) and their proxies, according to value systems

established in the United Kingdom (U.K.) and United States (U.S.).

Mean difference ab *SD

(minimum-maximum)

Effect size

1cc ¢

(confidence intervals)

U.S. U.K. U.S. U.K.

Patients with partial cognition

capable of  responding

(Mini-Mental Status Exam,

MMSE = 15)
Patient-family caregiver -0.0310.14 -0.04£0.17 0.21 0.24 0.76 (0.60-0.86)
(n=44) (-0.52-0.22) . (-0.39-0.37)
Patient-nurse 0.03%0.22 0:00+0,23 0.14 0.00 0.36 (0.11-0.58)
(n=53) (-0.60-0.50) " (-0.51-0.46)
Family caregiver-nurse 0.07+0.18* (‘).‘(.)_7i0.22* 039 0.32 0.49 (0.22-0.69)
(n=42) (-0:38:0.40)| | (-0:44-0.50)

Patients with poor cognition | l

and unable to respond

(MMSE<I15)
Family caregiver-nurse 0.021+0.15 0.0210.20 0.13 0.10 0.00 (-0.22-0.20)
(n=81) (-0.38-0.52)°  (-0.37-0.44)°

% Proxy minus patient score: A negative sign indicates that proxies underestimated the score.

® Nurse minus family caregiver: A negative sign indicates that the nurses consistently scored

lower than did family caregivers.
ICC: intra-class correlation coefficients

9 US. value system only

* p<0.05
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Estimation of quality-adjusted life expectancy in patients under prolonged
mechanical ventilation
(Chapter 3)

Abstract

Objectives: The purpose of this study was to estimate the quality-adjusted life
expectancy (QALE) and the expected lifetime utility loss of patients with prolonged
mechanical ventilation (PMV).

Methods: PMV was defined as more than 21 days of mechanical ventilation. A total of
633 patients fulfilled this definition and were followed for nine years (1998-2007) to
obtain their survival status. Quality of"life of 142 patients was measured with the
EQ-5D questionnaire during 2008-2009. The survival.probabilities for each time point
were adjusted with a utility measurement .of quality of lifé‘and then extrapolated to 300

p— ]

months to obtain the QALE. Further, we ‘-g‘qﬁipared the age-, gender-matched reference
[ | T
populations to calculate the expected ljfetimé utility loss.

Results: The average age of sﬁbject; was 76 yearvs old. The life expectancy and loss of
life expectancy were 1.95 years and 8.48 years, tespectively. The QALE of 55 patients
with partial cognitive ability and the ability to respond was 0.58 quality-adjusted life
years (QALY), whereas the QALEs of 87 patients with poor consciousness were 0.28
and 0.29 QALY for the EQ-5D measured by family caregivers and nurses, respectively.
The loss of QALE for PMV patients was 9.87-10.17 QALY, corresponding to a health
gap of 94-97%.

Conclusions: Theses results of poor prognosis would provide stakeholders evidence for
communication to facilitate clinical decisions. The estimation may be used in future

studies to facilitate the cost-effectiveness and reduction of the health gap.

3.1 Introduction
44



The number of patients requiring prolonged mechanical ventilation (PMV) is rapidly
increasing, as the improved quality of care in ICUs (intensive care units) has resulted in
the long term survival of many patients [1-3]. However, these patients often continually
require respiratory care after transfer into a rehabilitation facility, skilled nursing facility
or home care, which creates tremendous financial burdens to the insurance system
and/or their families [2-3]. The financial impact is particularly heavy for countries with
a national health insurance system with universal coverage of their citizens and is
aggravated by the innovation of new technologies and an aging population [4]. Most of
these countries have adopted economic analyses to improve overall cost-effectiveness
and contain costs [5-7]. Evaluation of the cost per QALY (quality-adjusted life year)
gained from different healthcare sérvices will ‘ensutre the most cost-effective policy
decision for health care. \

The National Health Insufance (NHD o%—yf'éiwan adopts a system of comprehensive
coverage for various health care sevaice:i'- including maintenance hemodialysis and
chronic respiratory care. It was first testablished 1n 1995 and has been extended to cover
over 99% of the citizens of Taiwan [8-9]. The NHI has established a Pilot Program of
Ventilator Dependent Managed Care in 2002 to provide subsequent and long term care
for patients using PMV who are overcrowding the ICU. The program intended to cover
medical services in the acute stage in the ICU, during weaning trials in the RCC
(respiratory care center), dispatch to the RCW (respiratory care ward) if weaning trials
failed, and respiratory therapy in home care. As the expense of chronic care for patients
under PMV at home is generally too profound for most families, many try to keep their
loved ones at the RCW for as long as possible. Thus, the reimbursement has resulted in

a large financial burden to the NHI. During 2005, the total number of PMV patients that

require respiratory care in the NHI of Taiwan has reached 30,000 and has accounted for
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7.5% of the total NHI health care expenditures, which has become one of the major
threats to the sustainability of the NHI [10-11].

To our knowledge, no study has considered both long term survival and quality of life
together for PMV patients. Such a lack of prognostic data plus the families’
unreasonably optimistic expectations often complicates the family-physician interaction
[12], and makes it difficult to communicate among patients, their families, and health
care workers for clinical decision making before and throughout the course of installing
mechanical ventilation. Therefore, the purpose of this study was to estimate the QOL
utility, lifetime survival, quality-adjusted life expectancy (QALE), and expected utility
loss for patients using PMV.

3.2 Material and methods

The cohort and survival of PMV patients

p— ]

We recruited all patiénts who Were‘:;a‘rhitted to the intensive care unit and later
received care at an RCC and RCW m a tc;;ching hospital“in southern Taiwan between
1998 and 2007. The recruitment critc;rion for PM\Vf patients was the need for mechanical
ventilation support for more than 6 hours per day for 21 days [13]. Each patient was
followed from the 22" day that he/she received PMV until he/she was deceased or
censored on December 31, 2007. The Kaplan-Meier method was applied to estimate the
survival function.

In general, when the patients are unable to have a normal respiration function,
mechanical ventilation is installed for the support of life. It is commonly established in
the intensive or critical care unit, and usually need to be performed tracheotomy to
provide a consistently patent airway. Even under the ventilator support, such patients

did not survive for more than 1-3 years, but occasionally there were patients with a

longer survival. Thus, lifetime survival of PMV patients (up to 300 months) was
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obtained using a linear extrapolation of a logit-transformed curve of the survival ratio
between the PMV and an age-, gender- matched reference population generated by the
Monte Carlo method from the life table of the general population of Taiwan. The
detailed method and the mathematical proof under the assumption of constant excess
hazard can be found in our previous reports [14-18] and are briefly summarized below.
Because the collection period of PMV patients ranged from 1998-2007, we chose the
life table of the middle year (2002) for the Monte Carlo simulation.

Survival function of the age-, gender- matched hypothetical reference population

The life tables for the general population were obtained from the vital statistics, as
published by the Department . of Statistics, Ministry of the Interior, Executive Yuan,
Taiwan [19]. Because the individual survival time of the subjects in a hypothetical
cohort cannot be directly derived from th§ lif¢ table of the-general population, we used

1 —

the Monte Carlo method to gener‘ate‘-,‘-}t‘iﬁ'é‘- simulated survival time of age- and
[ | T
sex-matched hypothetical reference ;SI@bject‘s- for each patierit in the PMV cohorts. The

total collection of hypotheticai Subjécts was used Vas the reference population. Then, the
survival curve of the reference population was obtained by applying the Kaplan—Meier
method to the simulated survival times.
Cross-sectional sample of PMV patients for utility measurements of QOL

To estimate the QOL utility function for these patients, we recruited a cross
sectional sample of PMV subjects [18] who, after 21 days, continued to receive care
from five institutions in Taiwan. Informed consent was obtained from every patient
and/or his/her family caregiver, and the study commenced after the approval of the
Institutional Review Boards (IRBs) of Chia-Yi Christian Hospital and National Taiwan

University Hospital. The three local hospitals also approved the study after reviewing

the approval documents of the above two major IRBs.
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The utility value of the QOL for PMV patients was measured using the EuroQol
five-dimensional (EQ-5D) questionnaire, which is a preference-based, generic
instrument [20-21], and has been extensively used in many critically ill patients based
on multi-attribute utility theory [22-24]. The five dimensions assessed by the EQ-5D are
mobility, self-care, usual activities, pain/discomfort and anxiety/depression, each with
three levels of severity (no problems, some/moderate problems and severe/extreme
problems). This provides a utility value that ranges from 0 to 1 based upon the
five-dimensional health state classification, in which 0O represents the worst health status
and 1 represents perfect health. For subjects with basic cognition who communicated
their responses and achieved a score of more than 15 on a mini-mental state
examination (MMSE) [25-26], we.¢onducted QOLumneasurements with the EQ-5D via
direct face-to-face interview. Each indivjdual patient was~cross-sectionally measured

1 —

one time on EQ-5D. Whet the patierjlt’s‘-,‘cy‘gffisciousness was to0 poor to communicate
with the interviewer, family caregi\;}e:rs anizl; nurses were used as proxies [27-30]. We
have summarized the detailed ‘metltlo‘ds of vali(iéting measurements in another study
[31]. Briefly, we invited both family caregivers and nurses who directly took care of the
patient to also evaluate the five dimensions of EQ-5D on the patient’s behalf based on
his/her understanding. The results were directly compared with the patient’s own rating,
which is considered the gold standard. The duration-to-date for each measurement is
defined from the 22™ day after PMV to the date of the interview by the researcher; a
cross sectional sample of patients with PMV was obtained, of which the kernel-type
smoothing method (moving average of the nearby 10%) was performed to calculate the
mean QOL throughout the follow-up time period of 9 years [17, 18]. The QOL value

after 9 years was assumed to be the same as the end of follow-up time. We compared

our results with the value systems of the U.S. and the U.K. [21, 32].
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Statistical Analysis
Integration of survival and QOL functions, QALE, lifetime utility loss, and health gap
The lifetime survival probabilities along the duration-to-dates (or time after
beginning PMV) were multiplied (or adjusted) with the QOL values measured from
EQ-5D to obtain a quality-adjusted survival curve, of which the sum of the total area
under this curve was the QALE (quality-adjusted life expectancy) with QALY as the
common unit [18]. The expected lifetime utility loss for PMV patients was calculated by
assuming a uniform utility of one for the age- and gender- matched reference subjects
and subtracting the QALE of PMYV patients [14, 16, and 18]. In other words, based on
the hazard function or vital statistics of Taiwan,:we simulated survival functions of 10
reference people of the same age and gender for every PMV patient, and assumed that
the utility of their QOL is one, which quld have'been thé QALE of each PMV patient

p— ]

had they not developed the“condition. Thé?-}%élth gap, usually considered as an indicator
[ | T
of health inequality, was defined and| calculated as the proportion of expected loss of

lifetime utility of patients with Pl\;IV in compe;rison with age- and gender-matched
hypothetical referents simulated from vital statisties' of Taiwan [33]. To facilitate the
computation, we used a software program, MC-QAS, which was built on the R
statistical package for quality adjusted survival estimation and 300-month extrapolation
and can be  freely  downloaded from the  following  website:
http://www.stat.sinica.edu.tw/jshwang.
3.3 Results

The medical records of 633 patients who fulfilled the definition of PMV were
abstracted and linked to the National Mortality Registry of Taiwan in 2007 to obtain

their survival status. Many suffered from multiple co-morbidities, including

hypertension (about half), diabetes mellitus (about two-fifths), stroke, and chronic
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obstructive pulmonary disease (COPD), among others, as summarized in Table 3.1.
More than half required mechanical ventilation because of ventilation failure resulting
from the above multiple co-morbidities or from cardiopulmonary resuscitation, whereas
about one-seventh needed such services because of chronic lung conditions, including
COPD. The overall one-year survival rate was 33%.

We also screened 177 patients from 5 institutions and enrolled 142 patients with
PMYV during 2008-2009 with a response rate of 80%, of which 55 provided their EQ-5D
ratings directly and 87 were assessed through either family caregivers and/or nurses
only. The demographic and clinical characteristics of the above two groups of PMV
subjects were summarized in Table 3.1x

The life expectancy was 1.954years, which was- depicted as the area under the
survival curve of PMV patients in Figure 3.1, and'the average loss of life expectancy of

p— ]

these patients was 8.48 years, which :\zvas-,‘-ytuﬁ'“e"-difference between the survival curve of
age- and gender matched referents amd thz:é of PMYV patients, or the shadowed area in
Figure 3.1. After adjustment for Qt0L utility Vaiues directly measured on 55 patients
who were able to respond, the QALE-was 0.58 quality-adjusted life years (QALY),
whereas QALE of patients with poor consciousness were 0.28 and 0.29 QALY for
EQ-5D measured by family caregivers and nurses, respectively. Assuming that the
utility value of each referent was one throughout life time, the loss of QALE for PMV
patients was 9.87 QALY (upper panel of Fig.3.2), and those of 87 patients with poor
cognition and inability to respond (MMSE<15) were 10.17 and 10.16 QALY for utility
values measured by family caregivers and nurses, respectively. The sensitivity analysis
of substituting the utility values of the U.S. with those from the U.K. did not show a

significant difference in QALE between patients and their proxies, as summarized in

Table 3.2. The health gap was 94% and 97% for patients with a partial cognition and
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poor cognition, respectively.
3.4 Discussion

This study may be the first to simultaneously estimate lifetime survival function
and quality of life in PMV patients and to obtain the quality-adjusted life expectancy
and the expected lifetime utility loss, which provide empirical evidence to facilitate
discussion on health policy decision among patients, their families, health-care workers,
and the policy makers. We found that the life expectancy of patients using PMV was
1.95 life years, which is less than the 2.65 life years estimated by Cox et al. [34] through
Markov model simulation. Moreover, the QALE estimated by this study was only
0.28-0.58 QALY, which is also much ‘less than the 1.77 QALY that these authors
reported. Although investigators weuld usually likeésto-compare the results from ex ante
prediction with those of ex post outcome .evaluation, the, two studies cannot be directly

1 —

compared because of majof difference$ iﬁ?ﬂ’c"‘recruited subjects and measurements. Our
study has a much higher proportion of pati::nts with poor consciousness (62% vs. 30%),
and our subjects are all over 21 dayst of PMV an(i on ayerage 10 years older than theirs
(mean ages 76 vs. 66 years) [34-35]..Thus, our subjects had a poorer quality of life and
lower one-year survival rate (33% vs. 42%) than others [23, 34-36]. Moreover, different
types of utility measurements of QOL were applied in different studies, EQ-5D versus
SF-36 or QWB (Quality of Well-being index). Hence, the estimated QALE in our
patients under PMV were lower than those reported from previous studies. We therefore
recommend that future research on patients with normal or better consciousness be
conducted to determine the QALE more accurately for such patients with different age
and gender strata.

Given the limited resources in health care, it is inevitable that most countries with a

national health insurance system must consider the comparative cost-effectiveness of
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their decisions on resource allocation, and the common unit of QALY that
simultaneously considers both mortality and morbidity (or, survival and quality of life)
has become more widely used. The National Institute for Health and Clinical Excellence
(NICE) in the UK [37-38] is known worldwide for such practices. However, there are
still controversial issues of distributive justice in bioethics concerning potential
discrimination against the aged and disabled [39-40]. As Daniels proposes in the
principle of distributive justice, everyone is entitled to obtain health care up to their
“normal life span” if possible [39], which is adopted in the calculation of a health gap
proposed in the summarization of the population health [33]. The health gap was 94%
and 97% for patients with .a partial “cognition and-poor cognition, respectively,
indicating that these patients are mete disadvantaged and deserve more resources based
on the principle of justice. Therefore, we .recommend that'more efforts be implemented

| |

to improve the long-term stirvival and, QO-,‘f’for BMYV patients with different underlying
| | i
causes or co-morbidities to/improve the efﬁc‘:acy‘of such a‘treatment if the cost is paid
by the patients themselves or their pfiVate health {hsurances. If, however, the expense of
PMV is paid by national health insurance, the results of this study can facilitate a more
reasonable decision among all stakeholders according to the principles of equity and
efficiency. For example, are we willing to spend more resources on PMV or child health,
vaccinations, and preventive care, among others? Without the above data, the task of
health decision is generally difficult. In Asian countries (including Taiwan), where
patients and their families are not accustomed to preparing their wills early in life or
signing “Do not resuscitate” documents when they are critically ill, the estimates of
QALE for patients with PMV are relevant for dialogue between all stakeholders and the

public. Namely, the results provide the first evidence to sound the wake-up call for the

public to contemplate and openly discuss the principles of health resources distribution
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for the national health insurance on PMV care.

Our study has following limitations. First, the validity of the QOL measurement for
critically ill patients with an impairment of cognition or even unconsciousness must be
addressed. To resolve this difficulty, we conducted a survey of the patient’s proxies,
including both family caregivers and nurses who directly took care of them, as did other
studies [27-29, 34]. The results are summarized in a separate report, which directly
compares the EQ-5D values of 55 patients with those rated by their family caregivers
and nurses [31]. Because EQ-5D contains only two dimensions that require subjective
rating, namely, pain/discomfort and anxiety/depression, we found minor differences of
the final EQ-5D values between the:patient-caregiver pairs and patient-nurse pairs,
-0.03%0.14, and 0.03+0.22, respectively. The resultsicnabled us to stratify these patients
according to the severity “of' their cogpitive ability "deéficits and to calculate the

p— ]

quality-adjusted life expeCtancy as :a gﬁitivity analysis, which showed that the
difference between patients with go%)q andiﬁ\poor consciousness is less than 0.30 QALY
(Table 3.2). Although our sanipie si;e‘ was too sxl;all,for us to further stratify into more
categories according to age and gender, it scemed that the difference might not be large
for patients with poor consciousness. Second, we assumed a uniform utility of one for
the age and gender matched reference subjects, which over-estimated the lifetime utility
of the general population and also the expected lifetime utility loss of PMV patients.
However, because such an assumption is uniformly applied when we calculate the
health gaps for different health conditions, the bias was minimized. Third, during the
lifetime extrapolation of QOL function, it was assumed that the patients remained at the
same level of QOL near the end of follow-up. Such an assumption could have resulted

in an overestimation because the actual QOL might gradually decline along with aging.

Fourth, the accuracy of the estimation of QALE would have improved if we had

53



obtained quality of life measurements during the follow-up of every patient in the PMV
cohort. Unfortunately, we were unable to conduct this study prospectively. Thus, we
simply took another consecutive, cross sectional sample of 142 PMV patients with
different duration-to-dates and applied a smoothing method for the estimation of
lifelong QOL function. We have demonstrated through simulation that a random sample
of more than 50 subjects would be adequate for the above estimation, or, the relative
bias would be less than 5% [18]. In fact, the PMV cohort to estimate survival function
and the cross sectional sample of subjects under PMV for QOL measurements seemed
comparable in age, gender and Glasgow Coma Scale (Table 3.1). Fifth, we used the age-,
sex- matched general population as the reference group-to estimate the loss of QALE
and health gap for PMV patients.' As'patients with PMV usually cannot survive for more
than one day without such é yentilation support, it is almost impossible or extremely

p— ]

difficult to collect anothef group of paf'r_e‘ﬁES' under the same condition but without
| | i
mechanical ventilation. However, future«studies are lindicated to collect more PMV

|
1

cases and stratify them by ‘different co-morbidities and/or underlined diseases to
determine if their survival “and . QOL  are’ different to further improve the
cost-effectiveness for such cares. Finally, because each country may have different
quality of care, and hence, different survival and QOL functions, the generalization of
the results from this study to other nations may be limited.

3.5 Conclusions

The life expectancy of an average 76-year-old patient under PMV was about 1.95 years
in Taiwan, which amounts to 0.58 QALY (partial consciousness) and 0.28 QALY (poor
consciousness) after an adjustment for quality of life measured by EQ-5D. The estimate
is useful to facilitate discussions among patients, their families, and healthcare workers

for clinical decision making early and throughout the course of installing mechanical
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ventilation. Moreover, the results can also serve as a starting point for a public dialogue

on resource allocation of the NHI on critical care, aging and palliative care. Future

studies should further integrate medical cost into the estimation of the cost per QALY

gained together with consideration of reduction of the health gap to preserve health

equality.
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Figure 3.1 The life expectancy' (namely, area.under thé dotted line) and loss of life
expectancy (namely, shadowed area bet%@_ the two curves) in years for 633 patients

under PMV (prolonged mechanical \}entilafiﬁpn) after extrapolation to 300 months.
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Figure 3.2 Quality adjusted survival for patients undergoing PMV (prolonged
mechanical ventilation) after adjustment of survival function (N=633) with the utility
values of quality of life measured with EQ-5D. The upper and lower panels depict the
results of patients’ preference values (N=55) and that of family caregivers’ on their
behalf (N=87), respectively, with the QALE (quality-adjusted life expectancy) of 0.58

and 0.28 QALY by summing the areas under the quality-adjusted survival curves.
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Table 3.1 Demographic and clinical characteristics of patients under prolonged
mechanical ventilation (PMV) in a cohort group to obtain the survival function and a

cross-sectional sample for measurements of quality of life.

Characteristics Cohort of Cross sectional sample of
PMV subjects under PMV

Calendar years of collection 1998-2007 2008-2009

Total number of patients 633 142

Mean age in year (S.D.) 76 (12) 75 (12)

% Female 45 43

Major underlying diseases and

comorbidities

% Hypertension 48 28
% Diabetes mellitus 40° 25
% Cerebrovascular diseases 31 18
% Chronic Obstructive’ Pulmonary 27 32
Disease \
% End stage renal disease | :F’B ‘ 11
% Asthma | [ %7 4
% Liver cirrhosis i ‘ L 3 * | 2
% Coronary artery disease | 13 8 6
Reasons for mechanical ventilation
% Apnea or required resuscitation 12 7
% Ventilatory failure 46 45
% Oxygenation failure 14 6
% Post-operation 10 7
% Airway protection 1 1
% Others 17 34

PMYV, prolonged mechanical ventilation; SD, standard deviation.
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Table 3.2 Quality-adjusted life expectancy (QALE, in years) and expected lifetime loss

of utility for patients under PMV (prolonged mechanical ventilation) based on different

value systems of EQ-5D and patient’s cognition for sensitivity analysis

Categories QALE (SE) Expected lifetime loss of
Country of value system for EQ-5D utility (SE)
U.K. U.S. U.K. U.S.
Patients with partial cognition and
ability to respond (Mini-Mental State
Exam, MMSE = 15, n=55)
QOL measured by patients (n=55)  0.74 (0.13) 0.58 (0.09) 9.73(0.13) 9.87(0.09)
QOL  measured by  family 0.67 (0.15) 0.61 (0.18) 9.80(0.16) 9.84 (0.19)
care-givers (n=44)
QOL measured by nurses (n=53) 0.70€0.16) 0.64 (0.15) 9.77(0.11) 9.81(0.15)
Referents (age- and sex- matched) 10.47 (0.02) * 10.45 (0.02) - -
Patients with poor cognition and
inability to respond (MMSE<IS, "=
n=87) | =
QOL  measured by family 0.44 (0.09) © 0.28(0.05) 9.98 (0.13) 10.17 (0.06)
care-givers (n=81) '
QOL measured by nurses (n=81) 0.43 ( 0.09)‘ 0.29 (0.05)  9.99 (0.09) 10.16 (0.05)
Referents (age- and sex- matched) +10.42(0.02)  10.45 (0.02) -

MMSE, mini-mental state exam; PMV, prolonged mechanical ventilation; QALE,

quality-adjusted life expectancy; QOL, quality of life; SE, standard error.
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Cost-effectiveness of applying prolonged mechanical ventilation in Taiwan
(Chapter 4)

Abstract
Objective: The conventional incremental cost-effectiveness ratio (ICER) and
cost-per-expected life in patients undergoing prolonged mechanical ventilation (PMV),
stratified by different underlying diseases, were determined.
Design and patients: A nationwide sample of 50,481 patients who had received
continual mechanical ventilation for more than 21 days was collected during 1997-2007.
After stratifying the patients according to specific diagnoses, a latent class analysis
(LCA) was performed to categorize 'PMV patients with multiple co-morbidities into
several homogeneous groups.
Measurements and Main Results: The suwival functions were estimated for individual

| |

groups using the Kaplan-Meier method=afid extrapolated to 300 months through a
semi-parametric method., The survivial fuizllctions were adjusted with a utility value
measured by EQ-5D from a .czdnveilient sample Vof 142 PMV patients to estimate the
quality-adjusted life expectancies (QALE). The lifetime expenditures paid by National
Health Insurance (NHI) were estimated by multiplying the average spending with the
survival probability for different duration-to-dates and summed up for different groups.
The results showed that PMV therapy costs over 58,000 USD (U.S.dollars) per QALY
for almost all patients with poor cognition. For patients with partial cognition, PMV
therapy costs less than 33,000 USD per QALY for those with cancer, liver cirrhosis,
intracranial or spinal cord injuries, or multiple co-morbidities who are less than 65 years
of age; it costs about 52,000-63,400 USD per QALY for those with end stage renal

disease, degenerative neurological diseases, or multiple co-morbidities over age 85. All

costs-per-expected life were below 38,000 USD except for those with a longer life
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expectancy or QALE.
Conclusions: The conventional ICER for PMV varies greatly depending on the different
underlying causes and co-morbidities. The maintenance treatment for PMV patients
with poor cognition may be the least cost-effective. The indicator of cost-per-expected
life could be considered to improve fairness in resource allocation.
4.1 Introduction

The number of patients who require prolonged mechanical ventilation (PMV) is
rapidly increasing worldwide, apparently due to an aging population with multiple
co-morbidities and to the increasing availability and effectiveness of this new
technology [1-3]. The fact that many:patients require eontinued respiratory care after
they have been transferred to a'rehabilitation facility creates a tremendous financial
burden [3-4]. The National ' Health Insqrance (NHI) of“Taiwan has implemented a
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system of comprehensivé Coverage ~for -vatious healthcare services, including
[l MW
maintenance hemodialysis /and“prolonged mechanical ventilation. The NHI was first

established in 1995, and has been extte‘nded to cox;er over 99% of the citizens of Taiwan.
In 1998, the Bureau of the NHI drafted a prospective payment program, which was
implemented in July 2000 [5],and encouraged integrated care for chronic, mechanically
ventilated patients to help relieve crowding in intensive care units after several revisions,
this program ultimately covered mechanical ventilator care in the following step-down
sequence: ICUs (acute stage, <21 days, fee-for-service), respiratory care centers (a
subacute stage for weaning training, up to 42 days, per diem), respiratory care wards (a
chronic stage or long-term care, per diem), and homecare services (a stable stage with
the care provided by family caregivers, per diem). In 2005, the total number of PMV

patients who required respiratory care by the NHI of Taiwan reached 30,000 and

accounted for 7.5% of the total NHI healthcare expenditures, which has become one of
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the major threats to the sustainability of the NHI [5-6].

Most countries with a national health insurance system have adopted economic
analyses to improve overall cost-effectiveness and control costs [7-9]. The conventional
incremental cost-effectiveness ratio (ICER), which quantifies how many dollars are
spent per QALY (quality-adjusted life year) gained, has been widely adopted in
European countries, and one of the major objectives in this study is to quantify the
conventional ICER for PMV with different illnesses in Taiwan. However, ICER has
been criticized as unfair to people with a short life expectancy and/or poor quality of life
[10], and was forbidden to be used in the newly promulgated ACA (The Patient
Protection and Affordable Care Act) [11]. By €xtending the Daniels’ position [12] that
every life is equally important and.i§ entitled to aceess healthcare services up to his/her
life expectancy, we proposean alternativ¢ indicator, or, lifetime cost-per-expected life,

| —

of which the denominator i§ replaced by th?’QALE (quality-adjusted life expectancy) of

the PMV patients. 1 F |

Based on the results of our pre\t/iOus study otL the life expectancy and quality of life
in PMV patients [13-15], we further linked the healthcare expenditures dataset with the
survival function in this study to estimate the conventional ICER and the cost of treatment
technology per expected life in patients undergoing PMYV, stratified by the different
underlying diseases. We hope that the values of both indicators can be used in the
deliberation on healthcare resource allocation for PMV patients.
4.2 Subjects and Methods
Study population and datasets

The present study was approved by the Institutional Review Board of the National

Taiwan University Hospital before initiation (IRB number: 200912072R). A nationwide

sample of 50,481 patients who were over the age of 17 and had received continual
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mechanical ventilation for more than 21 days during 1998-2007 was collected. The
reimbursement data file obtained from the NHI of Taiwan was transformed into a
research database by the National Health Research Institutes (in Chunan, Taiwan) [16].
The identification numbers of all individuals in the reimbursement data file were
encrypted to protect their privacy. These files contained detailed demographic data
(including birthdates and sex) and information regarding the healthcare services
provided for each patient, including all payments and dates for outpatient visits,
hospitalizations, prescriptions, diagnoses, and intervention procedures. The data for
each inpatient hospitalization included up to 5 diagnoses, which were coded according
to the International Classification of Diseases (Ninth Revision). After stratifying the
patients according to specific diagneses, a latent class analysis (LCA) was performed to
categorize PMV patients with’ multiple .co-morbidities by different age groups into

1 —

several homogeneous groups, summafizegll-y ﬂi"Figure 4.1. Details of this method can be
found in our previous study:[15]. “ i
Survival analysis and extrapo'lationtto 300 montr;s g

Each new patient who fulfilled. the criteria for PMV was followed beginning on
day 21 of PMV treatment and continuing until he/she was deceased or censored on 31
December 2007. In general, most patients did not survive for more than 1-3 years,
although some patients did have a longer survival time. The lifetime survival of PMV
patients (up to 300 months) was thus obtained using a linear extrapolation of a
logit-transformed curve of the survival ratio between the PMV and an age-matched and
gender-matched reference population generated by the Monte Carlo method from the
life table of the general population of Taiwan. The detailed method and mathematical

proof assuming a constant excess hazard have been described in our previous reports

[15, 17-21]. To facilitate the computation of the 300-month extrapolation, we used
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1SQoL, which is a software program that was built based on the R statistical package for
QALE estimation and can be downloaded for free [22].
Quiality of life data

To estimate the QOL utility function for these patients, we recruited a cross
sectional sample of 142 PMV subjects [13] during 2008-2009 who, after 21 days,
continued to receive care from five institutions in Taiwan. Informed consent was
obtained from every patient or his/her family caregiver. For subjects with basic
cognition who were able to communicate their responses and to achieve a score of more
than 15 on a mini-mental state examination (MMSE) [23-24], we conducted QOL
measurements with the EQ-5Divia direct face-to-face interviews. When patients’ level
of cognition was too poor for'thém to communicate with the interviewer, family
caregivers and nurses were used as proxi@s [25-28]. We have summarized the detailed

p— ]

methods for validating méasurements in‘;‘ﬁ"o'ther study; [13]. The duration-to-date for
[ | T
each measurement is defined counting fromrthe 21 day ‘after PMV to the date of the

interview by the researcher; a cross ste‘ctional saml;le of patients with PMV was obtained,
of which the kernel-type smoothing method (moving average of the nearby 10%) was
performed to calculate the mean QOL throughout the follow-up time period of 9 years
[20, 21]. The QOL value after 9 years was assumed to be the same as the end of
follow-up.
Quiality-adjusted life expectancies (QALE)

The lifetime survival probabilities along the duration-to-dates (or time after
beginning PMV) were multiplied (or adjusted) with the QOL values measured from
EQ-5D to obtain a quality-adjusted survival curve, of which the sum of the total area

under this curve was the QALE with QALY as the common unit [21]. Due to

uncertainties in the estimation of QALE after installation of PMV, we conducted a
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sensitivity analysis based on a patient’s level of cognition to see whether different
cognition levels had a significant effect on the incremental cost-effectiveness ratio.
Lifetime healthcare expenditures paid by the NHI

We calculated the lifetime healthcare expenditures (or, cost reimbursed by the NHI)
of 50,481 PMV patients from the 21* day of PMV treatment to the end of life, including
patients in inpatient and outpatient care. The calculation process was as follows. First,
for each specific diagnosis group, we summed up the average claimed expenditure for
each month and divided that cost by the corresponding number of PMV patients who
were still alive during that month to obtain the average monthly cost. The costs of
different years were adjusted to the Consumer. Price Indices (CPI) of 2010. Second, this
value was then multiplied by /thé monthly survival probability for each specific
diagnosis group throughout its lifetime and theh was summied to obtain the lifetime cost.

| —

We further categorized the healthcaré ex;gﬁditures into those directly related to PMV
treatment according to the IDS (inteér@ted ;;:elivery services)'3].
Conventional incremental coét?effeétiveness rati6 (ICER) and cost-per-expected life
The ICER of PMV treatment for each group was calculated by the following
formula:
Incremental cost per QALY gained= (Estimated total lifetime cost with PMV
treatment per patient - Estimated total lifetime cost without PMV treatment per patient)/

(Estimated QALE with PMV treatment per patient- Estimated QALE without PMV

treatment per patient) = /\cost//ANQALY. Because patients under PMV treatment usually

cannot survive for more than 1 day, we assumed that the cost and QALE without such a
treatment was zero.
By taking the position that every citizen is entitled to access healthcare services up

to his/her life expectancy, we replaced the denominator of the conventional ICER,
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/A\QALY, with the proportion gained for life expectancy under the treatment technology,
which is the AQALY gained divided by the QALE after the PMV treatment. The

modified cost-effectiveness ratio is renamed as “lifetime cost-per-expected life” and

was calculated by the following formula: Alifetime cost/ (/AAQALY gained/QALE after
treatment).  Since the patient’s life is totally sustained by the PMV, the Alifetime cost
is the same as the cost of treatment; the AQALY gained is the same as the QALE after

treatment, and the denominator of the new indicator becomes one. Hence, the new

indicator itself is the Alifetime cost or /\cost of treatment.

4.3 Results

A total of 50,481 new patientsateceiving PMV.-were included during the study
period, with an average lifetime costef 27,902, USD. "The QALE for patients with
partial cognition was 0.98,QALY (Figulr%""ﬂr.-g) ‘Fhe mean age was 72+14.5 years, and
32% of them were from the Southérj%l pal;ti of Taiwan. The claimed cost ranged from
46,710 USD to 99,650 per QALY, antd‘.27,902 Uprgr expected life.
QALE of PMV patients with speeific underlying:diseases

The QALE of PMV patients with different specific underlying diseases are
summarized in Table 4.1, which indicates that the QALE of PMV patients that had
partial cognition was usually two times greater than that of those with poor cognition.
The QALE of those with injuries or liver cirrhosis was generally better than those with
chronic renal failure or cancer. When a patient contracted both cancer and chronic renal
failure, the QALE was the lowest, with 0.16 and 0.36 QALY for patients with poor and
partial cognition, respectively.
QALE of PMV patients with multiple co-morbidities

Of the 23,697 PMV patients with multiple co-morbidities, the latent class model
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usually yielded 3-4 clusters, including heart diseases, septicemia/shock, chronic
obstructive pulmonary diseases and/or others (e.g., urinary tract infections), after
stratifying by age, as summarized in Table 4.2. The QALE of PMV patients with COPD
was generally better than those of other clustered groups, especially those with
septicemia/shock.
Lifetime healthcare expenditure of PMV patients

The curves of monthly healthcare expenditure multiplied by the corresponding
survival probability for each time t period are depicted in Figure 4.3. We only illustrated
such calculations for subjects with cancer, injuries, and patients younger than 64 years
old with chronic obstructive pulmonary disease (COPD)as examples. The total summed
area under the curve is the estimated lifetime cost. paid by the NHI for the specific
illness. Among them, lifetime cost of care for PMV patients with cancer was the lowest

1 —

of all specific underlying diseases:, a;“fs',hmmarized in” Table 4.1, and that of
septicemia/shock was the lowest afmﬁong .::oatients with multiple co-morbidities after
stratification by ages (Table .4.‘2). fn‘ general, tl;e expenditures directly spent for the
PMV technology occupied over mor¢ than two-thirds of the total, although different
health conditions might still vary.

Incremental cost per QALY versus lifetime cost (per expected life)

The results show that PMV therapy costs over 58,000 USD per QALY for all
patients with poor cognition, except for those with liver cirrhosis, intracranial or spinal
injuries, or septicemia/shock who are less than 65 years of age. For patients with partial
cognition, PMV therapy usually costs less than 33,000 USD per QALY for those with
cancer, liver cirrhosis, intracranial or spinal cord injuries, or multiple co-morbidities and

less than 65 years of age; it costs about 34,000-45,000 USD per QALY for patients with

stroke or multiple co-morbidities and less than 84 years of age; and about
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52,000-63,400 USD per QALY for those with end stage renal disease, degenerative
neurological diseases, or multiple co-morbidities who are over age 85. In general, the
lifetime costs of PMV patients would be larger, if the patients could survive longer.
All lifetime costs (per expected life) for PMV were below 38,000 USD except for
patients with a longer survival for more than 3-4 years, including degenerative
neurological diseases or multiple co-morbidities at an age of less than 65, as
summarized in Table 4.1 and Table 4.2. Figure 4.4 depicts the association of
cost-per-QALY and lifetime cost for PMV patients with partial cognition under different
categories.
4.4 Discussion

To our knowledge, this study#is the first to amalyze a national PMV dataset to
estimate the ICER stratified' by age and. different clusters of diagnoses. Because we

p— ]

extended the interpretation®of Professor Datiels’ position thit every citizen is entitled to
[l MW
access healthcare services vp to his/her life-expectancy, wé were able to provide the

estimates of one more indicator rtel‘ated to coét—e‘ffectiveness, or, lifetime cost per
expected life. Because all co-payments-were waived for PMV patients in Taiwan and
the healthcare expenditures paid by the NHI in different years were fully adjusted to the
monetary value of the year 2010, the estimation of lifetime expenditures for the NHI
would be relatively accurate. The sensitivity analysis with different annual discount
rates, for example, 5%, generally does not affect the lifetime expenditures and health
policy decisions because these patients usually survive for less than 2-3 years. To
control the potential confounding by different underlying diseases and levels of
cognition, we have stratified all patients into those with specific illnesses (Table 4.1)

and those with multiple co-morbidities and age ranges (Table 4.2), according to two

distinct cognition levels. Thus, we tentatively conclude that our estimation is the best
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available and could be useful to all of the stakeholders in deliberations about resource
allocation in Taiwan.

The gross domestic product (GDP) per capita in 2010 was 18,588 USD in Taiwan
[29]. If we adopt the criteria suggested by WHO-CHOICE (CHOosing Interventions
that are Cost Effective) of using 1-3 times the GDP as the threshold for
cost-effectiveness [30] , then providing PMV to all patients with poor cognition would
not be cost-effective except for those with liver cirrhosis, intracranial or spinal injuries,
or septicemia/shock and less than 65 years of age. For patients who were able to
communicate or were partially cognitive, we found that those who suffered from end
stage renal disease or degenerative® neurological »diseases, or from multiple
co-morbidities who were over 85 years of age also'edst more than 3 times the GDP per
QALY, while PMV therapy usually cost 1ess than 33,000"USD (or, less than 1.4 GDP)

p— ]

per QALY for those with Cancer, livér ci-fn}“ﬁ'()"sis, intracranial or spinal cord injuries, or
with multiple co-morbidities and lesé than 6155r yearts of age.

Alternatively, if we consider tliat every life Vis entitled to the lifesaving treatment,
such as the PMV, up to one’s life expectancy, then we should look at the results of
cost-per-expected life in Tables 4.1 and 4.2. Since the denominator is replaced by an
expected life that is equal for everyone, the indicator seems to correspond better to a fair
distribution for health needs of PMV for different conditions. All costs per expected life
were below 38,000 USD except for patients with degenerative neurological diseases or
with multiple co-morbidities at an age of less than 65. In other words, most of these
PMYV patients would spend less than 2 times of GDP for one life. Figure 4.4 depicts the
association of cost-per-QALY and cost-per-expected life for PMV patients with partial

cognition under different categories. From medical point of view, one would be willing

to invest more resources that are effective in saving the patient or able to wean the
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patients from ventilator. Simultaneously, one would also try to avoid spending too much
money on illnesses with short life expectancies or poor prognosis. Hence, the NHI
might set up a ceiling value for cost-per-expected life under the budget constraint. It
appears that a trade-off between cost-effectiveness and fairness in distribution would be
unavoidable. Therefore, we recommend that such a decision be made during the
deliberation process and involve all stakeholders [31]. Moreover, values of both
indicators must be quantified for health conditions other than those requiring PMV to
give a more extended comparison. For example, are we willing to spend more resources
on PMV or child health, vaccinations, and preventive care, among others services? This
decision will require difficult balancing ‘of what'is good for patients and their families,
incentives for providers of healthcare services, sustainability. of the NHI, and what is
good for society. Our results ‘could serve as sounding the wake-up call for the public to

1 —

contemplate and openly discuss the pfgﬁples of health resources distribution for
[ | T
national health insurance, including PMV care.

Our study has some limitéﬁonsE Ficst; becau;e there are no MMSE data in the NHI
database, we were unable to directly. quantify the QALE for each individual condition.
The estimation in this study is, in fact, a sensitivity analysis based on the assumption
that there are two largely different health states defined by cognitive conditions.
Because the utility value for patients with poor consciousness is generally low [13, 32]
and the usual life expectancy is less than 2-3 years [15, 33], the potential bias of
estimation would usually be minimal, should it happen. Second, during the lifetime
extrapolation of the QOL function, it was assumed that the patients continued to stay at
the same level of QOL as measured near the end of follow-up. Such an assumption

could result in an overestimation of the QALE, because the actual QOL might gradually

decline with aging and increased co-morbidities [34-35]. But because the QOL of PMV
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patients was very poor even when they had partial cognition, our estimates may only be
a slight overestimation and probably would not alter a policy decision.
4.5 Conclusions

The conventional ICER for PMV varies greatly depending on different underlying
causes and co-morbidities. Among these patients, maintenance treatments for PMV
patients with poor cognition or patients more than 85 years of age might be the least
cost-effective. Because the proposed indicator of cost-per-expected life seems to be
more equitable for those with health conditions and a short life expectancy and/or poor
quality of life than the conventional ICER, we recommend that it be also considered in
future deliberations about healtheare resources allocation:
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All new cases of prolonged mechanical ventilation (PMV) between 1998-2007 based on the National Health Insurance database in

Taiwan (n1=50.481)

/\

Cases with more specific disease diagnosis. including cancer, Cases with multiple chronic disease co-morbidities analyzed
chronic renal failure. liver cirthoses. neurological diseases. by latent class analysis for categorization into different
Parkinson's disease. stroke and injury: (n=26.784) clusters (n=23.697)

Cases with single disease, n=21,316

Cases with two or more than two specific diseases, n=5.468

Utility values of quality of life (QOL) measured from

142 PMV patients with different cognitions

A 4

1. Estimation of lifetime survival functions. which were then adjusted by utility values of QOL to obtain the quality-adjusted life

expectancies (QALE). or, a summation of survival probability multiplied by utility values.

!‘Q

Estimation of QALE for different categories stratified by patient’s cognitions (poor versus partial)

(5]

Estimation of lifetime cost for different categories (Multiplication of average cost at time 7 with survival probability at time ¢ and

then summation throughout lifetime)

:

1. Estimation of conventional ICERs (incremental cost-effectiveness ratios, or. cost-per-QALY) for different categories stratified by

patient’s cognition (/\cost divided by /. QALY)

!‘\J

Estimation of cost-per-expected life (i.e.. lifetime cost divided by the QALE) for different categories of PMV

Figure 4.1 Flow chart of the computation process for cost-per-QALY (quality-adjusted

life year) and cost-per-expected life
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Figure 4.2 Quality adjusted /survivals for patients ‘undergoing PMV (prolonged
mechanical ventilation) with partial cogﬁﬁ_@n after adjustment for survival function
(N=50,481) with the utility values of c;lualil';%of life measured with EQ-5D (N=55). The
result of QALE (quality-adjusted life expeétancy)|of an average patient was 0.98 QALY

by summing the areas under the'quality-adjusted éurvjval curve.
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Figure 4.4 Plot of association betheeri:_,:_'ih{-:.ﬁcpnventional ICER (or, incremental
cost-per- QALY [quality-adjusted liée lyearﬂgained) and the cost-per-expected life for
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Table 4.1 Cost-per-QALY (quality-adjusted life year) and cost-per-expected life for patients undergoing prolonged mechanical ventilation in Taiwan,

stratified by different underlying diseases, with sensitivity analysis of quality-adjusted life expectancy (QALE) under different states of cognition.

Number Mean age at  Lifetime cost ($US) QALE(QALY)(SE)b Cost-per-QALY Cost-per-
of cases diagnosis for treatment expected life
(Years) (SD)* Total PMV partial poor partial poor
related  cognition cognition cognition  cognition
Cases with single
specific disease 21,316 69 (15) 28,350 20,950 0.93(0.17)  0.47(0.09) 30,484 60,319 28,350
(overall) ==
Cancer 5,367 70 (14) 13,656 9,802~ 046 (0.08) " 0.20 (0.03) 29,687 68,280 13,656
Chronic renal failure 2,032 73 (12) 20,916 14,102  0.40(0.09) 0.18(0.04) 52,290 116,200 20,916
Liver cirrhosis 1,478 65 (17) 16,948 13,545 1,15 (0.22)7:.0.50 (0.13) 14,737 33,896 16,948
Multiple sclerosis or ‘ ‘
degenerative nervous 378 65 (17) 67,804 61,009::5__:1.‘28 (0.25)!  0.56 (0.14) 52,972 121,079 67,804
system conditions | === |
Parkinson's disease 341 79 (7) 38,556 33,763/11 0.59 (0.14) +-0.26 (0.07) 63,349 148,292 38,556
Stroke 6,765 70 (13) 36,611 29,226"°71.05 (0.20).  '0.46 (0.09) 34,868 79,589 36,611
<64 yrs 1,955 - 47,161 314487 . 1.60 (0:39)~" 0.72 (0.13) 29,476 65,501 47,161
65-74 yrs 1,818 - 37,385 31,5595 1914 (0:16) . 0.40 (0.09) 32,794 93,463 37,385
75-84 yrs 2,176 - 34,582 29,666 _ 0:61(0.08)  0.27 (0.04) 56,692 128,081 34,582
>85 yrs 816 - 25,920 23,235 0.49(0.06) 0.21 (0.03) 52,898 123,429 25,920
Intracranial ~ and/or
spinal cord injury or 4,955 65 (19) 37,161 25,019  2.04(0.39) 0.89(0.18) 18,216 41,754 37,161
poisoning
<64 yrs 1,949 - 49,046 28,034 3.40(0.68) 1.47(0.31) 14,425 33,365 49,046
65-74 yrs 1,116 - 33,002 23,836  1.18(0.18)  0.51(0.09) 27,968 64,710 33,002
75-84 yrs 1,366 - 28,808 26,173 0.82(0.12)  0.33(0.07) 35,132 87,297 28,808
>85 yrs 524 - 26,056 23,350  0.52(0.09) 0.22(0.03) 50,108 118,436 26,056
Cases with more than 4,772 45 (14) 27,715 20,677 093 (0.17)  0.40 (0.07) 29,801 69,288 27,715
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two specific diseases
Cancer and Chronic

IR 165 71 (11) 20,030 14331  036(0.15 0.16(0.06) 55664 125244 20,039
Cancer and others 1,609 70 (14) 17,053 15,589  0.58(0.13) 0.26(0.04) 29,402 65,588 17,053
Chronic renal failure 75 70 (13) 23,024 14333 052(0.14) 0.23(0.07) 44277 100,104 23,024
and others

a: SD, standard deviation; b: SE, standard error of the mean
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Table 4.2 Cost-per-QALY (quality-adjusted life year) and cost-per-expected life for patients undergoing prolonged mechanical ventilation in Taiwan,
stratified by different co-morbidities and categorized by latent class analysis stratified by age, with sensitivity analysis of quality-adjusted life

expectancy (QALE) under different states of cognition.

Number of Lifetime cost ($US) for QALE (QALY) (SE)* Cost-per-QALY Cost-per-
cases treatment expected life
Total PMV partial poor partial poor
related _ cegnmition, cognition cognition cognition
<65 yrs \
Heart diseases k.ol = 0.70
616 40,732 28,248 (0.41) (0.19) 25,299 58,189 40,732
Septicemia/ Shock 152D 0.64
919 23,972 18,358 ©23) /7~ (0.14)." 19,649 37,456 23,972
Urinary tract infections/ 1143 I 0.62
Shock 197 47,260 28,733 ' (035) - (0.18) 33,049 76,226 47,260
CoPD” || Toe || i
1,788 51,127 40,3147 | 028 || 04 30,799 71,010 51,127
65-74 yrs L *
Heart diseases g 1 028 0.34
1,074 26,690 22,028 (0.14) ©.07) 34,662 78,500 26,690
Septicemia/ Shock 0.65 0.28
b 1,824 21,427 18,573 (0.09) (0.04) 32,965 76,525 21,427
COPD 0.76 0.33
2,499 31,849 27,132 0.11) (0.06) 41,907 96,512 31,849
75-84 yrs
Heart diseases 0.54 0.24
1,404 22,320 18,283 0.11) (0.05) 41,333 93,000 22,320
Septicemia/ Shock 0.49 0.22
2,856 19,341 17,895 (0.03) (0.05) 39,471 87,914 19,341
COPD" 4,142 28,004 25,538 0.63 0.28 44,451 100,014 28,004
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(0.09) (0.05)
Respiratory diseases 0.66 0.29
1,345 27,517 26,046 (0.13) (0.05) 41,692 94,886 27,517
>85 yrs
Heart diseases 870 0.41 0.18
21,573 19,467 (0.05) (0.03) 52,617 119,850 21,573
Septicemia/ Shock 1,359 0 31 0.14
b 16,553 14,805 05 (0.02) 53,397 118,236 16,553
COPD 2.804 @:n ’ﬁ%@@ 0.19
’ 23,057 21,6 @ K 4 121 2
4&1_ Q, 06) (@. %) 54,898 ,353 3,057
a: SE, standard error of the mean; b: COPD, chronic obstru@’ﬁle lm6 a i i
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Conclusion

(Chapter 5)
The number of new patients undergoing treatment of PMV has increased rapidly
during the last decade in Taiwan. The life expectancies of PMV patients suffering
from degenerative neurological diseases, stroke, or injuries tended to be longer than
those with chronic renal failure or cancer. Patients with chronic obstructive
pulmonary disease survived longer than did those co-morbid with other underlying
diseases, especially septicaemia/shock. QOL assessments from family caregivers
agreed more closely with patients than did those from nurses using EQ-5D
evaluations for patients with partial ‘cognition, but either proxy was acceptable for
rating PMV patients; with poetr cognition.” The¢ life “expectancy of an average
76-year-old patient under PMV was about 1.95 years in Taiwan, which amounts to

| —

0.58 QALY (partial cognition) and O.i_é"QALY (poor cognition) after an adjustment

[ | T
for quality of life measured by EQ-5D. The ICER for PMV. varies greatly depending

on different underlying. causes .and co-t;iorbidities. Among these patients,
maintenance treatments for PMV.patients with. poor cognition or patients more than
85 years of age might be the least cost-effective. Theses results of poor prognosis
would provide stakeholders evidence for communication to facilitate clinical
decisions, and also to gradually develop the clinical guidelines for PMV in our
society. Moreover, the results can also serve as a starting point for a public dialogue
on resource allocation of the NHI on critical care, aging and palliative care. For
patients with poor consciousness, we recommend holistic care to prevent from
prolonged dying process. We also should promote the life education to sign DNR

(Do not resuscitate) in health or early stage of disease.
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Abstract

Purpose This study reports how QOL (quality -of life)
assessments differ between patients on prolonged mechani-
cal ventilation (PMV) and their proxies (family caregivers
and nurses).

Methods We enrolled consecutive subjects ondPMV for
more than 21 days from five institutions:'We condueted
QOL assessments using the Taiwanese version of the EQ%

caregiver pairs, 53 patient—nurse pairs, and 42 family care-
giver—nurse pairs. There were 81 family caregiver—nurse
paits-out of 87 patients with poor cognition. The agreement
between patient=family caregiver pairs was generally higher
thanithat-of patient—nurse pairs. As the proportions of exact
agreement between family caregivers and nurses for patients
withspoor cognition were 98—99% for observable dimensions
of mobility, self-care, and usual activities, they lead to a

5D in face-to-face interviews. Direct caregivers (famii;?:: minimal difference in the final values.

members and nurses) also completed the EQ-5D from tlief.‘f‘Cbnclusions QOL assessments from family caregivers
patient’s point of view. | | I agreed more closely with patients than did those from

Results  For 55 of the 142 enrolled patients who were able ,j-,nursgs using EQ-5D evaluations for patients with clear

to assess their QOL, we recruited 44 patient%fa'mily
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cognition, but-either proxy was acceptable for rating PMV
patients with ‘poor cognition.

Keywords | Prolonged mechanical ventilation -
Proxy - Quality of life - EQ-5D - Utility

Abbreviations

PMV Prolonged mechanical ventilation
QO Quality of life

ICU Intensive care unit

RCC Respiratory care center

RCW Respiratory care ward

IRB Institutional review board

MMSE Mini-mental status examination
EQ-5D EuroQol five-dimensional

ICC Intra-class correlation coefficient
Introduction

Patients who require prolonged mechanical ventilation
(PMYV) are rapidly increasing in number, as the improved
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quality of care in ICUs (intensive care units) has resulted in
long-term survival for many patients [1, 2]. However, these
patients often require continued respiratory care after
transfer to a rehabilitation facility, skilled nursing facility,
or home care, creating financial burdens for the insurance
system and/or the patients’ families [1, 3]. Several studies
have reported [1, 4-6], however, that survivors often feel
their quality of life (QOL) to be acceptable.

The National Health Insurance (NHI) of Taiwan uses a
system of comprehensive coverage for various health care
services, including maintenance hemodialysis and chronic
respiratory care. The NHI was first established in 1995 and
has been extended to cover over 99% of Taiwanese citizens
[7, 8]. In 1998, the Bureau of NHI drafted a prospective
payment program to encourage integrated care for
mechanically ventilated patients, which was implemented
in July 2000 [9]. After several revisions, this program
ultimately covered four types of mechanical ventilator care:
ICU care (acute stage, <21 days), respiratory care center
(RCC, a sub-acute stage for weaning training of;up to
42 days), respiratory care ward (RCW, a chronic stage or
long-term care), and home care service (stable. stage; in
which the patient is cared for directly by family'caregivers).

Unlike patients on PMV in other countriest [10-14],
many patients in Taiwan suffer from concomiitant cognitiye
impairments that preclude direct assessment of their su51

to-face interviews. The primary caregivers (family mem-
bers and nurses) were also asked to independently complete
the EQ-5D questionnaire from the patient’s point of view,
i.e., each proxy rated how he or she thought the patient
would rate his or her own QOL on the day of the interview.
All the interviews with the patient and his/her proxy were
required to be finished within 3 days, and we also made sure
that the individual patient’s clinical condition was stable by
verifying with the medical records. The proxy’s results were
directly compared with the patient’s own rating, which was
considered to be the gold standard.

Quality of life measured by EQ-5D

The utility value of the QOL for patients on PMV was
estimated using the EuroQol five-dimensional (EQ-5D)
questionnaire, a generic preference-based instrument. The
five dimensions assessed by the EQ-5D are mobility, self-
care, usual activities, pain/discomfort, and anxiety/depres-
sion, with three levels of severity (no problems, some/
moderate problems, and severe/extreme problems). This
provides a utility value that ranges from 0 to 1 based upon
the ﬁve—'dimensional health state classification, in which 0
represents. the worst health status and 1 represents perfect
health [16,%17].xThe EQ-5D instrument is a valid and
reliable tool 'for measuring health status that has been

jective QOL, making evaluation by proxy unavoidable i fe}gtensively used in many countries as an outcome measure,

many cases. The objective of this study was to.evaluate thet= .
utility assessment of QOL in patients on PMV and to [}
compare patients’ own QOL assessments/ with those made.s re

on their behalf by proxies (family caregivers. and 1pri)fes-

sional nurses). -4

Methods
Subjects and methods

We recruited subjects from five institutions in northern and
southern Taiwan and consecutively enrolled current PMV
subjects who had already been on mechanical ventilation
for at least for 21 days at various levels of care (ICU, RCC,
and RCW): 1 medical center, 1 regional hospital, and 3
small local hospitals were included. The study began after
approval was obtained from the Institutional Review Boards
(IRBs) of the National Taiwan University Hospital and the
Chia-Yi Christian Hospital. The three local hospitals also
approved the study after reviewing the approval documents
of the two major IRBs above. For subjects with basic cog-
nition who were able to communicate (including through
clear body language) and who scored at least 15 on the
mini-mental status examination (MMSE) [15], we con-
ducted QOL measurements using the EQ-5D in direct, face-

@ Springer

i’fl’éluding for critically ill patients [18-20]. It was also
recently applied;in Taiwan with good validity and moder-

‘ate teliability [21]. We applied the value systems of the

Unité:d_ Statesrand the United Kingdom as a comparison
[17, 221, There is general agreement that patients are the
best raters-of their QOL; however, when a patient’s mental
status is_too, poor, family caregivers and nurses may be
considered as proxies [11-13]. QOL assessment by EQ-5D
was conducted by three research assistants who were first
trained in the standard operating procedure. For each
patient and his/her proxy, the researcher recorded charac-
teristics including age, gender, education, marital status,
relationship to the patient, whether or not the proxy lived
with the patient, frequency of caring for the patient,
location (ICU or RCC or RCW), Glasgow Coma Scale
(GCS), presence/absence of tracheotomy and duration of
mechanical ventilation, and history of depression. The
duration-to-date for each measurement was defined as
beginning on the first day after PMV and ending on the
date of interview by our researcher.

Statistical analysis
Binary and categorical variables were summarized using

frequency counts and percentages. Continuous variables are
presented as means if normally distributed. The agreement
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between QOL scores from patients, family caregivers, and
nurses for each dimension was determined for each pair by
calculating weighted kappa scores [23]. To evaluate any
systematic tendency for proxy respondents to overestimate
or underestimate QOL, we computed the patient—proxy and
proxy—proxy mean differences in the final utility value of
the EQ-5D. The mean difference between pair-scores and
values were tested with the rank sum and paired 7-tests to
detect any significant difference when the sample size is
small. We calculated the effect size by dividing the mean
patient—proxy difference by the standard deviation of the
patient responses. The magnitude of the standardized dif-
ference can be interpreted as follows: ldl = 0.2, a small
difference; ldl = 0.5, a moderate difference; and ldl = 0.8,
a large difference [24]. The agreement between patients and
proxies of the summary index of EQ-5D was assessed with
one-way intra-class correlation coefficients (ICC) [25, 26].
An ICC or weighted kappa less than 0.4 was considered to
indicate poor agreement, 0.40-0.75 indicated moderate to
good agreement, and values >0.75 indicated excellent
agreement [23, 27-29]. Because the group was homoge-
neous in disease status and marginal distribution, the sta-
tistical ICC and weighted kappa underrate agréenmenti[30].
Thus, we calculated the proportion of exact agreéement,
defined as the number of same response categories chosen

between the index subject and the proxy divided by the total

177 patients screened

3 successfully weaned
10 refused

22 families unavailable

142 patients enrolled

55 patients with slightly clear 87 patients with poor

cognition cognition

44 patient-family caregiver pairs 81 family caregiver-nurse

53 patient-nurse pairs pairs

42 family caregiver-nurse pairs

Fig, 1 _Recruitment process for study participants

Table, 1 Characteristics of study subjects and proxies (family care-

givers fand nurses)

number of rating pairs [31]. | :"::‘.:C'har‘acrteristics Patients Family Nurses
l | - f‘-r! | } caregivers
Results | '_'!‘!:”l;Totali number of snbjects 55 129 135
E | ' 'Mean: age in'years (SD) 709 (13.2) 51.5(11.7) 27.7 (3.6)
Basic characteristics of respondents 4 % Fepdle€ £ 49 46 95
i % Above junior high 3] 56 98
A total of 177 patients were invited for this study; 142 b 4 Ol_ ctucgir
. . . . % Married 96 - -
patients accepted interviews producing a response rate;of o .
80%, as summarized in Fig. 1. For the 55 patients able to EECliship with the patient
assess their own QOL, we collected 44 patient—family % Spouse - 26 -
caregiver pairs, 53 patient-nurse pairs, and 42 family % Child - 37 -
caregiver—nurse pairs. We successfully collected 81 family % Others - 17 -
caregiver—nurse pairs for 87 patients who were unable to % Living together - o8 -
assess their own QOL. We were unable to recruit any proxy ¢ Frequency of contact with patient
for six patients with poor cognition. Daily - 67 27
The first proxy group (family caregivers) consisted of >Once a week - 25 54
129 persons; 57% were the patients’ children, 58% lived <Once a week - 8 19
with the patients, and 67% contacted the patients everyday. ~ Glasgow Coma Scale (SD) 9.9 (2.5 - -
The second proxy group (nurses) consisted of 135 persons, % Tracheotomy 71 - -
27% of whom were directly responsible for the patients’  Duration of mechanical 19.1 26.0) - -

everyday care (Table 1).
Agreement in each dimension

Although the weighted kappa scores indicated poor to
moderate agreement (0.21-0.58) in the observable

ventilation (months)

Values are expressed as means (standard deviations) or percentages
dimensions (mobility, self-care, and usual activities) and

poor agreement (0.00-0.35) in the subjective dimensions
(pain/discomfort and anxiety/depression), the proportions
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Table 2 Frequency distribution of agreement among patients with fair to good cognition (mini-mental status examination score >15) for each

dimension of the EQ-5D

Dimension Patient Family caregiver Nurse Patient—family caregiver n = 44 Patient—nurse n = 53 weighted
n=>55(%) n=44 (%) n = 53 (%) weighted kappa (confidence intervals) kappa (confidence intervals) and
and [proportion of exact agreement] [proportion of exact agreement]
Mobility
No problems 0 0 24
Problems 11 (20) 8 (18) 10 (19) 0.58 (0.28-0.88) 0.28 (0.01-0.55)
Confined to bed 44 (80) 36 (82) 41 (77) [86%] [75%]
Self-care
No problems 0 0 0
Some problems 8 (15) 3(7) 11 (21) 0.56 (0.19-0.93) 0.21 (—-0.11-0.52)
Unable to wash/dress 47 (85) 41 (93) 42 (79) [91%] [77%]
Usual activities
No problems 0 0 1)
Some problems 11 (20) 7 (16) 11 (21) 0.44 (0.09-0.79) 0.26 (—0.03-0.56)
Unable to perform 44 (80) 37 (84) 41 (77) [91%] [75%]
Pain/discomfort
None 20 (36) 10 (23) 8 (15)
Moderate 17 31) 19 (43) 38 (72) 0.35.(0.13-0.57) 0.00 (—=0.17-0.16)
Extreme 18 (33) 15 (34) 7 (13) [52%} « [28%]
Anxiety/depression :
None 27 (50) 13 (30) 7(13)
Moderate 14 (25) 13 (30) 36 (63)_  0.35 (0.13-0.57) 0.18 (0.01-0.34)
Extreme 14 (25) 18 (40) 10 (19) N [52%] [38%]
Tu—
of exact agreement were more than 75 ‘and 28% | for - .“E){céllgrnt (0476), which seems much higher than that of the
observable and subjective dimensions, ‘tespectively, t}ndi- 1 patient-nurse pairs (0:36) (Table 4).

cating high agreement on the former dimension for both
family caregivers and nurses (Table 2). Family caregivers
in particular displayed better agreement with the-patients
compared to nurses on subjective feelings of“pain/dis-
comfort and anxiety/depression. In patients with “poor
cognition, the proportions of exact agreement of ‘family
caregiver—nurse pairs were all above 98% in the observable
dimensions but only 37-38% in the subjective dimensions
(Table 3).

Agreement of EQ-5D index

The mean EQ-5D index among the 55 patients was
0.23 4 0.20. The mean differences in the EQ-5D index
were —0.03 £ 0.14 and 0.03 £ 0.22 for patient—family
caregiver pairs and patient-nurse pairs, respectively; this
difference was not statistically significant (Table 4). In
PMV patients with poor cognition, the average EQ-5D
index assigned by family caregivers and nurses were
0.12 = 0.10 (0-0.44) and 0.14 £ 0.11 (0-0.63), respec-
tively. The effect size of the mean differences for these
measurements was 0.13, which is small [24]. The ICC of
the EQ-5D index for patient—family caregiver pairs was

@ Springer

Discussion

To our knowledge, this study is the first that validates
agreement on QOL between PMV patients and their
proxies (family caregivers and nurses) as measured by the
EQ-5D preference instrument; in addition, these conclu-
sions were validated in both PMV patients with good and
poor cognition. Our findings demonstrate that family
caregivers tended to rate all dimensions as being more
severe than did patients themselves and that family care-
givers’ assessments were in closer agreement with patients’
assessments than were those of their nurses, using either
observable dimensions or subjective feelings. Moreover,
agreement on the observable dimensions between family
caregivers and nurses was higher (proportions of exact
agreement = 98-99%) in PMV patients with poor
cognition.

Our study corroborates previous investigations finding
better agreement between patients and their proxies for
directly observable dimensions (mobility, self-care, and
usual activities) than for assessments of subjective feelings
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Table 3 Frequency distribution

. Dimension Family Nurse Family caregiver—nurse n = 81
Of. agreement among patients caregiver n =81 (%) weighted kappa (confidence intervals)
with poor cognition and their -
proxies for each dimension in n =81 (%) and [proportion of exact agreement]
the EQ-5D Mobility
No problems 0 0
Problems 1 (1) 1(1) —0.01 (—-0.03-0.00)
Confined to bed 80 (99) 80 (99) [98%]
Self-care
No problems 0 0
Some problems 0 1(1) 0.00 (—0.00-0.00)
Unable to wash/dress 81 (100) 80 (99) [99%]
Usual activities
No problems 0 0
Some problems 0 1(1) 0.00 (—0.00-0.00)
Unable to perform 81 (100) 80 (99) [99%]
Pain/discomfort
None 16 (20) 9 (1)
Moderate 27 (33) 45 (56) 0.05 (—0.13-0.23)
Extreme 38 (47) 27 (33) [37%]
Anxiety/depression ! =i
None 19 (23)550 10°(12)
Moderate 30 (37) +. 48 (59) 0.08 (—0.08-0.24)
Extrene 32 (40) 23 (28) [38%]

Table 4 Differences and reliabilities of EQ-5D index measured i

.:-.E 5k
tients on PMV (prolonged mechanical ventilation) and their proxies,

|

according to value systems established in;the United Kingdom |(UK)fand*United States (US)
| WS

Mean difference® j% SD (milﬁmgm—maximum)

Effect size ICC* (confidence

[N

. intervals)
UK | . [N} UK

Patients with partial cognition capable of respondihg (minifme:‘ntal status examinéti_@n, MMSE = 15)

—0.03 £ 014 (=0:52-0.22)
0.03 £ 0.22 (=0.60-0:50)
0.07 £ 0.18* (—0.38-0.40)
Patients with poor cognition and unable to respond (MMSE <15)
0.02 £ 0.15 (—0.38-0.52)

Patient—family caregiver (n = 44)
Patient-nurse (n = 53)

Family caregiver—nurse (n = 42)

Family caregiver—nurse (n = 81)

—0.04 £ 017 =0.39-0.37) 021 024  0.76 (0.60-0.86)
0.00% 0.23(20.51-046)  0.14  0.00  0.36 (0.11-0.58)
007 £ 0.22% (—0.44-050) 039 032 0.49 (0.22-0.69)
0.02 £ 0.20 (—=0.37-044)  0.13  0.10  0.00 (—0.22-0.20)

%p < 0.05

* Proxy minus patient score: a negative sign indicates that proxies underestimated the score

° Nurse minus family caregiver: a negative sign indicates that the nurses consistently scored lower than did family caregivers

¢ ICC: intra-class correlation coefficients
4 US value system only

and mental health (pain/discomfort and anxiety/depression)
[32-34]. However, family caregivers tended to rate all
dimensions at a slightly higher severity than did patients
themselves, while nurses gave less severe ratings compared
to patients (Table 2). Family caregivers were generally
allowed to stay with patients after their hospitalization in
RCW institutions, which may partially explain why they
were apparently able to perceive so accurately the feelings
of PMV patients, with all proportions of the exact

agreement above 86% for observable dimensions and 52%
for subjective dimensions. In addition, no significant dif-
ferences were identified between the final EQ-5D utility
values from the patient—family caregiver pairs (Table 4). In
contrast, only 27% of the interviewed nurses had daily
contact with the patients, as they generally rotated and took
days off each week (Table 1). We applied multiple
regression analysis to estimate the potential effect of this
determinant on the mean difference between patient—nurse
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pairs, but it did not show any statistical significance.
Overall, the agreement within patient—family caregiver
pairs is consistently closer than that of patient—nurse pairs,
indicating that family caregivers may be a more suitable
proxy for PMV patients in the Taiwanese culture.

In PMV patients with poor cognition, it is not surprising
that both the weighted kappa (Table 3) and ICC (Table 4)
were very low, because these patients were generally bed-
ridden in RCC/RCW units, and there is almost zero vari-
ation in the observable dimensions of mobility, self-care,
and usual activities. Thus, such extremely limited distri-
butions hamper the values of weighted kappa and ICC, and
we must also provide the results of proportions of exact
agreement, which were as high as 37-99% (Table 3) to
avoid misinterpretation.

Nonetheless, there was no statistically significant differ-
ence between the final utility values of EQ-5D from patient—
family caregiver and patient—nurse pairs in PMV patients
with partial cognition. Because the EQ-5D value system of
Taiwan has not yet been published, we applied the values
obtained from the United States and United Kingdom for
sensitivity analysis [17, 22]. Although the:values based on
the US system seem smaller than those from' the Wnited
Kingdom, they yielded similar results, apparently,due to the
limited variation of health states in these patients (Table-4).
Thus, the nurse’s rating appears as acceptable as that of a

family caregiver for use as a proxy torate the utility value of::

Thus, we have calculated the proportion of exact agree-
ment to allow us to make a suitable inference.

Conclusions

Although the sensitivity analysis did not show any signif-
icant differences in overall utility value of QOL measure-
ments using EQ-5D between patients on PMV and their
proxies, family caregivers exhibited closer agreement with
the patients than did nurses on QOL evaluation, especially
on rating subjective feelings of pain/discomfort and anxi-
ety/depression. However, there was no difference between
the two proxies in the final utility values for PMV patients
with poor cognition. Further research into these issues is
still needed in subjects from different cultures to corrobo-
rate our findings.
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the EQ-5D in PMV patients with. poor cognition, bverﬁ’fRefel‘enceS

though the ICC of these pairs was only 0.00. |

,i | b, . .
A possible limitation of this study was ifs cross- sectional.s ‘ 1. Catson, S. S. (2006). Outcomes of prolonged mechanical venti-

design. Although we conducted a multiple ‘tegression
analysis using the utility value of EQ-5D as'the deﬂendent
variable and the duration of mechanical ventilation as_an
independent variable in the model, there was no significant
difference. Thus, we were unable to answer whether the
agreement of QOL measurements between patients and
proxies may change longitudinally over different time
points. Another possible limitation was the 80% response
rate and the degree to which our sample was representative
of the population as a whole. There was no statistically
significant difference in patient characteristics between
respondents and non-respondents. However, because fam-
ily members of 22 of the 35 non-respondents did not come
to visit the patients during our 3—4 week study period,
those patients might have a poorer QOL compared to that
of the others. Ten family caregivers refused to be inter-
viewed at the time of our request, as they were coping with
their relative’s deteriorating condition. Thus, our results
might have overestimated the QOL of PMV patients.
Finally, the extremely skewed responses in the objective
dimensions of the EQ-5D in patients with poor cognition
result in a generally low weighted kappa (Table 3),
reflecting the inappropriateness of using such indicators.
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21 days of mechanical ventilation. A total of 633
e-followed for 9 years (1998-2007) to obtain their
tiéﬁ%w@s measured with the EuroQol five-dimen-

nal t’in h_ei.:}:)‘_s_eriog 2008 to 2009. The survival probabilities for
eagﬁufn oln Werﬁ' sted with a utility measurement of quality of life and then extrap-
gl‘éj:gd tmﬁ_@rp'mgln ain thé:'fﬂieLE..Wek'compared the age-, gender-matched reference
populations to Eg}ﬁ'ulal;.e thé%;ipecfgd'ufefime utility loss.
Results: The .‘avefage age of subljgéts was 76 years old. The life expectancy and loss of life
expectancy were'1.95 years and 8.48 years, respectively. The QALE of 55 patients with partial
cognitive ability and the ability to respond was 0.58 quality-adjusted life years (QALY),
whereas the QALEs of 87 patients with poor consciousness were 0.28 and 0.29 QALY for the
EQ-5D measured by family caregivers and nurses, respectively. The loss of QALE for PMV
patients was 9.87 to 10.17 QALY, corresponding to a health gap of 94% to 97%.
Conclusions: Theses results of poor prognosis would provide stakeholders evidence for
communication to facilitate clinical decisions. The estimation may be used in future studies

to facilitate the cost-effectiveness and reduction of the health gap.
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Introduction

The number of patients requiring prolonged mechanical ven-
tilation (PMV) is rapidly increasing, because the improved
quality of care in ICUs (intensive care units) has resulted in the
long-term survival of many patients [1-3]. However, these pa-
tients often continually require respiratory care after transfer
to a rehabilitation facility, skilled nursing facility, or home
care, and this creates a tremendous financial burden for the
insurance system and/or their families [2,3]. The financial im-
pact is particularly heavy for countries with a national health
insurance system with universal coverage of their citizens and
is aggravated by the innovation of new technologies and an
aging population [4]. Most of these countries have adopted
economic analyses to improve overall cost-effectiveness and
contain costs [5-7]. Evaluation of the cost per quality-adjusted
life year (QALY) gained from different healthcare services will
ensure the most cost-effective policy decision for health care.

The National Health Insurance (NHI) of Taiwan adopts a
system of comprehensive coverage for various health-care
services, including maintenance hemodialysis and chronicre-
spiratory care. It was first established in 1995 and. has been
extended to cover more than 99% of the citizens of Taiwan
[8,9]. The NHI established a Pilot Program/of Ventilator Depen-
dent Managed Care in 2002 to provide subsequent and long-
term care for patients using PMV who are overcrowding the

ICU. The program intended to cover medical services|inthew= -
acute stage in the ICU, during weaning trials in the resplr{%tory :r‘_"‘i[‘he

care center, dispatch to the respiratory care ward.if w ing
trials failed, and respiratory therapy in home care. Bec }‘
generally too profound for most families, many:. try to keep
their loved ones at the respiratory care ward-for as leng as
possible. Thus, the reimbursement has resulted in azlarge fi-
nancial burden for the NHI. During 2005, the total numbet: of
PMV patients who required respiratory care in the NHI of Tai-
wan reached 30,000 and accounted for 7.5% of the total NHI
health-care expenditures, and this has now become one of the
major threats to the sustainability of the NHI [10,11].

This study has considered both long-term survival and qual-
ity of life (QOL) together for PMV patients. Such a lack of prog-
nostic data plus the families’ unreasonably optimistic expecta-
tions often complicates the family-physician interaction [12],
and makes it difficult to communicate among patients, their
families, and health-care workers for clinical decision making
before and throughout the course of installing mechanical ven-
tilation. Therefore, the purpose of this study was to estimate the
QOL utility, lifetime survival, quality-adjusted life expectancy
(QALE), and expected utility loss for patients using PMV.

Methods
The cohort and survival of PMV patients
We recruited all patients who were admitted to the intensive

care unit and later received care at a respiratory care center and
respiratory care ward in a teaching hospital in southern Taiwan

between 1998 and 2007. The recruitment criterion for PMV pa-
tients was the need for mechanical ventilation support for more
than 6 hours per day for 21 days [13]. Each patient was followed
from the 22nd day that he or she received PMV until they died or
were censored on December 31, 2007. The Kaplan-Meier method
was applied to estimate the survival function.

In general, when the patients are unable to have a normal
respiration function, mechanical ventilation is installed for
the support of life. It is commonly established in the intensive
or critical care unit, and usually a tracheotomy is performed to
provide a consistently patent airway. Even under the ventila-
tor support, such patients did not survive for more than 1 to 3
years, but occasionally there were patients with a longer sur-
vival. Thus, lifetime survival of PMV patients (up to 300
months) was obtained using a linear extrapolation of a logit-
transformed curve of the survival ratio between the PMV and
an age-, gender-matched reference population generated by
the Monte Carlo method from the life table of the general pop-
ulation of Taiwan. The detailed method and the mathematical
proof under the assumption of constant excess hazard can be
found'in our previous reports [14-18] and are briefly summa-
rized below. Because the collection period of PMV patients
ranged from 1998 to 2007, we chose the life table of the middle
year (2002).for the Monte Carlo simulation.

Sutvival function'of the age-, gender-matched hypothetical
rgference population

life tables for the general population were obtained from

T the vital statistics published by the Department of Statistics,
use L&

the expense of chronic care for patients under PMV at }}o eis™

Mlmstry of the Interior, Executive Yuan, Taiwan [19]. Because
the individual survival time of the subjects in a hypothetical
coho'_rtfcannot be directly derived from the life table of the
general.population, we used the Monte Carlo method to gen-
eraté the simulated survival time of age- and gender-matched
hypothetical reference subjects for each patient in the PMV
cohorts. The total collection of hypothetical subjects was used
as the reference population. Then, the survival curve of the
reference population was obtained by applying the Kaplan-
Meier method to the simulated survival times.

Cross-sectional sample of PMV patients for utility
measurements of QOL

To estimate the QOL utility function for these patients, we re-
cruited a cross-sectional sample of PMV subjects [18] who, after
21 days, continued to receive care from five institutions in Tai-
wan. Informed consent was obtained from every patient and/or
his/her family caregiver, and the study commenced after the
approval of the Institutional Review Boards (IRBs) of Chia-Yi
Christian Hospital and National Taiwan University Hospital. The
three local hospitals also approved the study after reviewing the
approval documents of the above two major IRBs.

The utility value of the QOL for PMV patients was measured
using the EuroQol five-dimensional (EQ-5D) questionnaire. Itis a
preference-based, generic instrument [20,21] and has been ex-
tensively used in many critically ill patients based on multi-at-
tribute utility theory [22-24]. The five dimensions assessed by
the EQ-5D are mobility, self-care, usual activities, pain/discom-
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fort, and anxiety/depression, each with three levels of severity
(no problems, some/moderate problems, and severe/extreme
problems). This provides a utility value that ranges from 0 to 1
based on the five-dimensional health state classification; O rep-
resents the worst health status and 1 represents perfect health.
For subjects with basic cognition who communicated their re-
sponses and achieved a score of more than 15 on a mini-mental
state examination (MMSE) [25,26], we conducted QOL measure-
ments with the EQ-5D via direct face-to-face interview. Each
individual patient was cross-sectionally measured one time on
EQ-5D. When the patient’s consciousness was too poor to com-
municate with the interviewer, family caregivers and nurses
were used as proxies [27-30]. We have summarized the detailed
methods of validating measurements in another study [31].
Briefly, we invited both family caregivers and nurses who di-
rectly took care of the patient to also evaluate the five dimen-
sions of EQ-5D on the patient’s behalf based on his/her under-
standing. The results were directly compared with the patient’s
ownrating, which is considered the gold standard. The duration-
to-date for each measurement is defined from the 22nd day after;
PMV to the date of the interview by the researcher. Ajcross-sec-
tional sample of patients with PMV was obtained and the kernel-
type smoothing method (moving average of the nearby 10%) was
performed to calculate the mean QOL throughout the follow-up
time period of 9 years [17,18]. The QOL value-after 9'years was
assumed to be the same as the end of follow-up:time. Wescom-

Table 1 - Demographic and clinical characteristics of

Probability of Survival

250 300

0 50 100 150

200
Time in Months

Fig. 1 - The life expectancy (area under the dotted line) and
loss of life expectancy (shadowed area between the two
curves) in years for 633 patients under prolonged mechanical
ventilation (PMV) after extrapolation to 300 months.

pared our results with the value systems of the United States and
the United Kingdom. [21,32].

Statistical analysis

Integration of, survival and QOL functions, QALE, lifetime

L— ,flgl:?!.f.lh{tyr loss, and health gap

-

.. The lifetime survival probabilities along the duration-to-dates

patients under PMV in a cohort group to obtain the T ) e o 5 - ) ;
survival function and a cross-sectional sample for L84 (or time after beginning PMV) were multiplied (or adjusted) with

measurements of quality of life. S he QOL values measured from EQ-5D to obtain a quality-ad-

justed sumvival curve, of which the sum of the total area under

Characteristics Cohort Cross-sectional 1) . .
of PMV sample of this durvg was the QALE with QALY as the common unit [18]. The
patients under expected lifetime utility loss for PMV patients was calculated by
PMV assuming.a uniform utility of one for the age- and gender-
Calendar years of collection e AT matched reference subjects and subtracting the QALE of PMV
Total number of patients 633 142 patients [14,16,18]. In other words, based on the hazard function
Mean age in year (SD) 76 (12) 75 (12) or vital statistics of Taiwan, we simulated survival functions of
% Female 45 43 ten reference people of the same age and gender for every PMV
Major underlying diseases and patient and assumed that the utility of their QOL is one that
comorbidities would have been the QALE of each PMV patient had they not
e - - developed the condition. The health gap, usually considered an
% Diabetes mellitus 40 25 oo . .
% Cerebrovascular diseases - 1 indicator of health inequality, was defined and calculated as the
% Ehiiie chemetie 27 32 proportion of expected loss of lifetime utility of patients with
pulmonary disease PMV in comparison with age- and gender-matched hypothetical
% End-stage renal disease 13 11 referents simulated from vital statistics of Taiwan [33]. To facil-
% Asthma 7 4 itate the computation, we used the MC-QAS software program
% Liver cirrhosis 3 2 built on the R statistical package for quality adjusted survival
Re‘z’sizgogarrfnzz:gﬁizease 3 6 estimation and 300-month extrapolation, designed by Dr. Jing-
ventilation Shiang Hwang, Institute of Statistical Science, Academia Sinica,
% Apnea or required 12 7 Taipei, Taiwan which can be downloaded for free from the fol-
resuscitation lowing website: http://www.stat.sinica.edu.tw/jshwang.
% Ventilatory failure 46 45
% Oxygenation failure 14 6
% P9st operation ‘ 10 7 Results
% Airway protection 1
% Others 17 34

PMV, prolonged mechanical ventilation; SD, standard deviation.

The medical records of 633 patients who fulfilled the defi-
nition of PMV were abstracted and linked to the National
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Mortality Registry of Taiwan in 2007 to obtain their survival
status. Many suffered from multiple co-morbidities, includ-
ing hypertension (about half), diabetes mellitus (about two-
fifths), stroke, and chronic obstructive pulmonary disease
(COPD), among others, as summarized in Table 1. More than
half required mechanical ventilation because of ventilation
failure resulting from the above multiple co-morbidities or
from cardiopulmonary resuscitation, whereas about one-
seventh needed such services because of chronic lung con-
ditions, including COPD. The overall 1-year survival rate
was 33%.

From 2008 to 2009 we also screened 177 patients from
five institutions and enrolled 142 patients with PMV (re-
sponse rate of 80%); 55 patients provided their EQ-5D ratings
directly and 87 were assessed only through either family
caregivers and/or nurses. The demographic and clinical
characteristics of the above two groups of PMV subjects are
summarized in Table 1.

The life expectancy was 1.95 years and is depicted as the
area under the survival curve of PMV patients in Figure 1:
The average loss of life expectancy of these patients was
8.48 years, whereas the difference between the surVivé]
curve of age- and gender-matched referents and that of
PMV patients and is shown by the shadowed area iniFigure
1. After adjustment for QOL utility values directlyimeasured
on 55 patients who were able to respond, the'QALE was"0:58
QALY, whereas QALE of patients with poor consciousr}.e,§é,

101, 1.0
lI
1
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\
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5 :
7]
0.0 00
107, 1.0
'w
0.8 | 0.8
t ----—-Survival curve of PMV patients
0.6 Vo Utility based on patients’ preference 06
2 \ . . . T2
= \ Quality adjusted survival s
> 04 ' 04 @
\\\
027 . -\-\“" S~ S— 702
0.0 0.0
T T T T T T
0 20 40 60 80 100
Time in Months

I-'i'g: 2 - Quality adjusted survival for patients undergoing
prolonged-mechanical ventilation (PMV) after adjustment
of survival function (N=633) with the utility values of
quality of life measured with the EQ-5D. The upper and
lower panels 'depict the results of patients’ preference

were 0.28 and 0.29 QALY for EQ-5D measured by family ¢arez —alues (N=55) and that of family caregivers’ on their behalf
givers and nurses, respectively. Assuming that the utilitys® '_-{'N"=87), respectively, with the quality-adjusted life

value of each referent was one throughout their lifetime,
the loss of QALE for PMV patients was 9787 QALY |(upper
panel of Fig. 2), whereas the results for 87 patients with poor
cognition and inability to respond (MMSE<15) were 10.17
and 10.16 QALY for utility values measured by family care=
givers and nurses, respectively. The sensitivity arifalysis of
substituting the utility values of the United States ‘with
those from the United Kingdom did not show a significant
difference in QALE between patients and their proxies and
is summarized in Table 2. The health gap was 94% and 97%
for patients with a partial cognition and poor cognition, re-
spectively.

Discussion

This study estimates lifetime survival function and quality of
life in PMV patients while simultaneously obtaining the qual-
ity-adjusted life expectancy and the expected lifetime utility
loss, and providing empirical evidence to facilitate discussion
on health policy decision among patients, their families,
health-care workers, and the policy makers. We found that
the life expectancy of patients using PMV was 1.95 life years,
which is less than the 2.65 life years estimated by Cox et al. [34]
through Markov model simulation. Moreover, the QALE esti-
mated by this study was only 0.28 to 0.58 QALY, which is much
less than the 1.77 QALY reported previously [34]. Although
investigators would usually like to compare the results from
ex ante prediction with those of ex post outcome evaluation,
the two studies cannot be directly compared because of major

i'!J expectancy of 0.58 and 0.28 quality-adjusted life years by
- .r:;jsum ing the areas under the quality-adjusted survival

curviesnl (shaded.areas).

diffe_rencés in the recruited subjects and measurements. Our
study hasja much higher proportion of patients with poor con-
sciousness (62% vs. 30%), the patients were on PMV more than
21 days, and the patients were on average 10 years older than
theirs (mean ages 76 vs. 66 years) [34,35]. Thus, our subjects
had a poorer quality of life and lower 1-year survival rate (33%
vs. 42%) than others [23, 34-36]. Moreover, different types of
utility measurements of QOL were applied in different studies,
EQ-5D versus SF-36 or quality of well-being index. Hence, the
estimated QALE in our patients under PMV were lower than
those reported from previous studies. We therefore recom-
mend that future research on patients with normal or better
consciousness be conducted to determine the QALE more ac-
curately for such patients with different age and gender strata.

Given the limited resources in health care, it is inevitable
that most countries with a national health insurance system
must consider the comparative cost-effectiveness of their de-
cisions on resource allocation, and the common unit of QALY
that simultaneously considers both mortality and morbidity
(or, survival and quality of life) has become more widely used.
The National Institute for Health and Clinical Excellence in the
United Kingdom [37,38] is known worldwide for such prac-
tices. However, there are still controversial issues of distribu-
tive justice in bioethics concerning potential discrimination
against the aged and disabled [39,40]. Daniels proposes in the
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Table 2 - QALE (in years) and expected lifetime loss of utility for patients under PMV based on different value systems of

EQ-5D and patient’s cognition for sensitivity analysis.

Categories QALE (SE) Expected lifetime loss of
utility (SE)
Country of value system for EQ-5D UK us UK us
Patients with partial cognition and ability to respond
(MMSE=15, n=55)
QOL measured by patients (n=55) 0.74 (0.13) 0.58 (0.09) 9.73(0.13) 9.87 (0.09)
QOL measured by family caregivers (n=44) 0.67 (0.15) 0.61 (0.18) 9.80 (0.16) 9.84 (0.19)
QOL measured by nurses (n=53) 0.70 (0.16) 0.64 (0.15) 9.77 (0.11) 9.81 (0.15)
Referents (age- and gender-matched) 10.47 (0.02) 10.45 (0.02) — —
Patients with poor cognition and inability to respond
(MMSE<15, n=87)
QOL measured by family caregivers (n=_81) 0.44 (0.09) 0.28 (0.05) 9.98 (0.13) 10.17 (0.06)
QOL measured by nurses (n=81) 0.43 (0.09) 0.29 (0.05) 9.99 (0.09) 10.16 (0.05)
Referents (age- and gender-matched) 10.42 (0.02) 10.45 (0.02) —

MMSE, mini-mental state exam; PMV, prolonged mechanical ventilation; QALE, quality-adjusted life expectancy; QOL, quality of life; SE,

standard error.

principle of distributive justice that everyone is entitled to
obtain health care up to their “normal life span,” if possible
[39], and this is adopted in the calculation'of a, health' gap
proposed in the summarization of the population health [33].
The health gap was 94% and 97% for patients with a partial
cognition and poor cognition, respectively;‘indicating«that
these patients are more disadvantaged and deserve more ret

require subjective rating, namely, pain/discomfort and anxi-
ety/depression, we found minor differences of the final EQ-5D
values between the patient-caregiver pairs and patient-nurse
pairs; —0.03&0.14, and 0.03+0.22, respectively. The results en-
abled us to stratify these patients according to the severity of
theix, cognitive, ability deficits and to calculate the quality-ad-
justed life expecténcy as a sensitivity analysis, which showed

sources based on the principle of justice. Therefore, we reti:: fthat the difference between patients with good and poor con-
ommend that more efforts be implementéd to,improve thie " séiqusness isless than 0.30 QALY (Table 2). Although our sam-

long-term survival and QOL for PMV patients with. different -|

ple size was too small for us to further stratify into more cat-

underlying causes or co-morbidities to improve the effical y of £ egories according'to age and gender, it seemed that the

such a treatment if the cost is paid by the patientsithemselves -

or their private health insurances. If, however;the exp:ense of
PMV is paid by national health insurance, the results of-this
study can facilitate a more reasonable decision ‘amongyall
stakeholders according to the principles of equity and-effi-
ciency. For example, are we willing to spend more resources
on PMV or child health, vaccinations, and preventive care,
among others? Without the above data, the task of making
health decisions is generally difficult.

In Asian countries (including Taiwan), where patients and
their families are not accustomed to preparing their wills early in
life or signing “do not resuscitate” documents before they are
critically ill, the estimates of QALE for patients with PMV are
relevant and can be the opening to begin a dialogue between all
stakeholders and the public. The results provide the first evi-
dence to sound the wake-up call for the public to contemplate
and openly discuss the principles of health resources distribu-
tion for the national health insurance on PMV care.

Our study has the following limitations. First, the validity
of the QOL measurement for critically ill patients with an im-
pairment of cognition or even unconsciousness must be ad-
dressed. To resolve this difficulty, we conducted a survey of
the patient’s proxies that included both family caregivers and
nurses who directly took care of the patient, which was re-
ported in other studies [27-29,34]. The results are summarized
in a separate report directly comparing the EQ-5D values of 55
patients with those rated by their family caregivers and
nurses [31]. Because EQ-5D contains only two dimensions that

‘diffexence might not be large for patients with poor conscious-

ness, Second,;"we assumed a uniform utility of one for the age-
and 'gelnder-matched reference subjects that over-estimated
the lifetime utility of the general population and also the ex-
pected lifetime utility loss of PMV patients. However, because
such an assumption is uniformly applied, the bias was mini-
mized when we calculated the health gaps for different health
conditions. Third, during the lifetime extrapolation of QOL
function it was assumed that the patients remained at the
same level of QOL near the end of follow-up. Such an assump-
tion could have resulted in an overestimation because the ac-
tual QOL might gradually decline as the patient ages. Fourth,
the accuracy of the estimation of QALE would have improved
if we had obtained quality-of-life measurements during the
follow-up of every patient in the PMV cohort. Unfortunately,
we were unable to conduct this study prospectively. Thus, we
simply took another consecutive, cross-sectional sample of
142 PMV patients with different duration-to-dates and applied
a smoothing method for the estimation of lifelong QOL func-
tion. We have demonstrated through simulation that a ran-
dom sample of more than 50 subjects would be adequate for
the above estimation, or, the relative bias would be less than
5% [18]. In fact, the PMV cohort to estimate survival function
and the cross-sectional sample of subjects under PMV for QOL
measurements seemed comparable in age, gender, and Glas-
gow Coma Scale (Table 1). Fifth, we used the age- and gender-
matched general population as the reference group to esti-
mate the loss of QALE and health gap for PMV patients.
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Because patients with PMV usually cannot survive for more
than 1 day without ventilation support, it is almost impossible
or extremely difficult to collect another group of patients un-
der the same condition but without mechanical ventilation.
However, future studies are planned that will collect more
PMV cases and stratify them by different co-morbidities
and/or underlined diseases to determine if their survival and
QOL are different to further improve the cost-effectiveness for
such care. Finally, because each country may have different
quality of care, and hence, different survival and QOL func-
tions, the generalization of the results from this study to other
nations may be limited.

Conclusions

The life expectancy of an average 76-year-old patient under
PMV was about 1.95 years in Taiwan, which amounts to 0.58
QALY (partial consciousness) and 0.28 QALY (poor conscious-
ness) after an adjustment for quality of life measured by EQ-
5D. The estimate is useful to facilitate discussions among pa-
tients, their families, and health-care workers for clinical
decision making early and throughout the course.of installing
mechanical ventilation. Moreover, the results car alsoierve
as a starting point for a public dialogue on resourcesallocation
of the NHI on critical care, aging, and palliative care. Future
studies should further integrate medical cost into the ei'stima'.
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Abstract

Introduction: The present study examined th|é-n!1_r
(CIR) of patients undergoing prolonged
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Conclusions: PMV provides a direct means to"'trgat I sprratory_,trarit diseases and to sustain respiration in

individuals suffering from degenerative neurological ‘diseases, and individuals with either of these types of
conditions respond better to PMV than do those with other co-morbidities. Future research is required to
determine the cost-effectiveness of this treatment paradigm.

Introduction

The number of patients who require prolonged mechan-
ical ventilation (PMV) is rapidly increasing worldwide,
apparently due to aging, a greater number of co-morbid-
ities, and the increasing availability and effectiveness of
this new technology [1-3]. The fact that many patients
require continued respiratory care after being trans-
ferred into a rehabilitation facility creates a tremendous
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financial burden [3,4]. Furthermore, there is often a gap
between families’ unreasonably optimistic expectations
and clinicians’ professional judgement. This gap fre-
quently results in difficulties arriving at consensus clini-
cal decision-making [5]. In many cases, these challenges
are not easily resolved. These issues are exacerbated by
the lack of evidence regarding expected survival times
for different subgroups of patients, especially for those
suffering from multiple co-morbidities.

The National Health Insurance (NHI) of Taiwan has
implemented a system of comprehensive coverage for
various healthcare services, including maintenance
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haemodialysis and chronic respiratory care. The NHI
was first established in 1995 and has been extended to
cover over 99% of the citizens of Taiwan [6,7]. In 1998,
the Bureau of the NHI drafted a prospective payment
programme to encourage integrated care for mechani-
cally ventilated patients, which was implemented in July
2000 [8]. After several revisions, this programme ulti-
mately covered mechanical ventilator care in the follow-
ing settings: ICUs (acute stage, <21 days), respiratory
care centres (a subacute stage for weaning training, up
to 42 days), respiratory care wards (a chronic stage or
long-term care), and homecare services (a stable stage
during which the patient is cared for directly by family
caregivers). The rising number of patient-days for
mechanical ventilation usage during 1997 to 2004
increased the financial burden of the NHI [9].

Similar to the case in western countries [5], discrepan-

cies frequently exist in Taiwan between a family’s initial

expectations and their physician’s professional judge-
ment. These discrepancies impair commumcatlon
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were coded according to the International Classification
of Diseases (Ninth Revision) and the date of each pre-
scription or procedure. In total, 8,906,406 individuals
had undergone invasive or non-invasive respiratory care
at least once during the period from 1997 to 2007. This
number corresponds to approximately 29.4% of the
entire insured population. Because the government has
established guidelines stating that no more than 10% of
all data can be drawn for research, we applied for a ran-
dom sample of these patients with a 3.4:1 ratio and
enrolled subjects who had undergone mechanical venti-
lation for longer than 21 days.

According to the definition of PMV in Taiwan [8], we
included patients over the age of 17 who had undergone
either invasive or non-invasive mechanical ventilation,
with negative or positive pressure ventilators for at least
21 consecutive days in the ICU or the respiratory care

jcentre. To ensure that all of the patients were incident

casés, we iexcluded all prevalent cases found in 1997 and
began the collectlon in 1998, as illustrated in Figure 1.

among patients, their families, and healthcare workers* ‘The calend;ar year-specific and age-specific incidence

for clinical decision-making before and throught t ‘the
course of installing mechanical Ventllatleﬁ Thiere'is thus
a need to estimate the incidence rates and life expéct
cies for PMV patients with various: diagnoses. Adcurat
prognoses are essential to propose and establish! a sus==
tainable national policy and to facilitate communic t10
among different stakeholders. To. examlne thel abov
issues, we collected a random sample from the
database and compared age-specific mC:l:denc 1ates,
cumulative incidence rates (CIRs), medlah supvival, andd!

onal:’

rat er“e determined by taking the number of new
cases" of-'PMV patlents in that stratum, multiplying by
sampling factor of 3.4, and then dividing the result-
ue by the number of individuals within the speci-
G.s r tum obtained from the census of the Ministry of
“the Interiordin Taiwan [11]. The CIR (cumulative inci-
denc ate formula was calculated as follows [12]:

C] -1+€Xp[ % (IR)) (At)]

life expectancies of PMV patients stratified acc-erdmg T *w‘heré 'ERA represents the age-specific incidence rate

their underlying diseases. 3

Materials and methods

Study population, datasets, and calculation of age-
specific and cumulative incidence rates

The present study was approved by the Institutional
Review Board of the National Taiwan University Hospi-
tal, which also waived the requirement for obtaining
informed consent because the study was conducted on a
secondary database with encrypted identification num-
bers. The reimbursement data file obtained from the
NHI of Taiwan was transformed into a research data-
base by the National Health Research Institutes (in Chu-
nan, Taiwan) [10]. The identification numbers of all
individuals in the reimbursement data file were
encrypted to protect their privacy. These files contained
detailed demographic data (including birth date and sex)
and information regarding the healthcare services pro-
vided for each patient, including all payments for outpa-
tient visits, hospitalisations, prescriptions, diagnoses, and
intervention procedures. The data for each inpatient
hospitalisation included up to five diagnoses, which

« and AL, 1nd1cates the range of each age stratum. We cal-

culated the CIR;7 ¢ g5, which estimates the likelihood
that an average person in Taiwan would require PMV
assuming that he or she lives to the age of 85.

Categorisation of patients for estimation of life
expectancies

All recruited subjects were followed until the end of
2007 to determine whether they were alive, deceased, or
censored. Because patients who had undergone PMV
usually suffered from a combination of multiple co-
morbidities and five major diagnoses can be retrieved
for each PMV patient prior to and closest to the first
day, we developed a strategy to identify different homo-
geneous groups to make more accurate estimates of life
expectancy.

First, we excluded specific categories with extremely
low frequencies, including HIV infection (n = 27) and
complications during pregnancy/childbirth/perinatal per-
iod (n = 240). Second, people with major diagnoses that
may cause premature mortality were stratified and ana-
lysed separately, including cancer, end-stage renal
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Patients with one or more order codes
of respiratory care between 1997-2007
(n=8,906,406)

A

Inclusion criteria:

(n=2,619,53

Simple random sampling with a fixed

ratio of 3.4:1 from the above patients

4)

(1) Adults who were more
than 17 years old
(2) Who had

undergone mechanical

also

ventilation for more than

a
K

4

A

21 days, using an invasive

New cases of prolonged mechanical
ventilation after 1998 (n=50,481)

ventilator, a  negative

pressure ventilator,

noninvasive or a positive

pressure ventilator

Calculation of the incidence rate

| |
1

A 4

Cases with more specific disease
diagnosis, including cancer, chronic renal
failure, liver cirrhoses, neurological
diseases, stroke and injury: (n=26,784)
Cases with single disease, n=21,316
Cases with two or more than two

specific diseases, n=5,468

A 4

Cases with multiple chronic
disease comorbidities

analyzed by latent class
analysis for categorization into

different clusters (n=23,697)

A

Estimation of life expectancies for different categories

Figure 1 Flow chart of the selection process used for the study cohort.

disease, liver cirrhosis, multiple sclerosis or degenerative
neurological diseases, Parkinson’s disease, and injury or
poisoning, as each group shares major common charac-
teristics that predict mortality. Third, because the vast
majority of patients suffered from a combination of
multiple chronic diseases that may cause premature

mortality, such as diabetes mellitus, coronary and/or
heart failure, hypertension, respiratory system and/or
urinary tract infections, acute renal failure, septicaemia
with and without shock, and so forth, we conducted
latent class analysis (LCA) for these cases to categorise
them into clusters or specific homogeneous groups for
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estimations of life expectancies. During this process, we
grouped several closely related diagnoses together and
converted their original International Classification of
Diseases (Ninth Revision) codes into Clinical Classifica-
tions Software codes [13] so that sufficient numbers
could be obtained for survival analysis. Following the
above direction, the International Classification of Dis-
eases (Ninth Revision) codes for septicaemia included
0031, 0202, 0223, 0362, all subcategories of 038, and
7907 (bacteraemia); those for shock included all subcate-
gories under code 785.

Statistical analysis

Binary and categorical variables were summarised using
frequency counts and percentages. Continuous variables
that were distributed normally are presented as means.

Latent class analysis T
To determine the underlying causes that were molfe
likely to lead to PMV, we applied LCA to group sepa-

rate co-morbidity diagnoses into no more than 10 clus—;

ters of in-patients who had underg,one PMV..
pneumonia and respiratory failure are the most
reasons for mechanical ventilation, thésé con
were not included in this model. The analysis res
in an LCA model consisting of 32 broad diagnosi
gories, which included chronic diseases that ha
previously classified into 260 categqnes by Cll.mc |
sifications Software. L
LCA assumes that responses are condmonall
pendent within classes after accounting for class
bership [14].

ause

mmon

Clas-

|:1de-

cate="_

L4
beé “Can
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Estimation of life expectancy

Each new patient who fulfilled the definition of PMV
was followed beginning on the first day of PMV treat-
ment and continuing until he/she was deceased or cen-
sored on 31 December 2007. The median survival, or
the time at which only one-half of the patients within a
given category were still alive, was estimated by the
Kaplan-Meier method. In general, most patients did not
survive longer than 1 to 3 years, although some patients
did exhibit a longer survival time. All patients survived
the initial 21 days of treatment by mechanical ventila-
tion, and the survival times reported here exclusively
refer to survival duration thereafter. The lifetime survi-
val of PMV patients (up to 300 months when excluding
those older than 85 years) was thus obtained using a lin-
ear extrapolation of a logit-transformed curve of the
survival ratio between the PMV and an age-matched
jand. gender-matched reference population generated by
the Monte Carlo method from the life table of the gen-
er?], populatlon of Taiwan. The detailed method and
‘mafhematical proof assuming a constant excess hazard
have erﬁdescrlbed in our previous reports [16-20]. To
facilitate the computation we used ISQoL, a software
progtam that was built based on the R statistical pack-
lifetime expectancy estimation and 300-month
lation /(excluding those older than 85 years) and
downloaded for free [21].

done P

w2 =Validation of the' éxtrapolatlon method for survival
funcl)‘
em~+" “Emp

In other words, LCA allowgffor t}re—*InstLtute-s provided us with an opportunity to validate

S P e
1l ,PMV data from the National Health Research

grouping of the PMV patients into several relatwely » the actual performance of our semiparametric method

homogeneous clusters of diagnosis patterns. In con-

structing the model, each cluster or class was named"

after the major disease (that is, with the highest preva-
lence or likelihood) present within each age strata.

Akaike Information Criteria were used to assess the
goodness of fit of the model [15]. Lower Akaike Infor-
mation Criteria statistics were considered to indicate a
better statistical fit of the model to the data. If any sin-
gle category exhibited a prevalence approaching 100%
for a given condition across different age groups, then
we assumed that these conditions could be reclassified
into groups with specific diseases, and life expectancy
estimations were conducted separately. Throughout this
process, we found that only stroke could be further
separated from the groups of multiple co-morbidities,
and thus the life expectancy estimation for stroke
patients was performed independently. SAS statistical
software (version 9.1; SAS Institute, Cary, NC, USA)
and R statistical software (version 2.10.1; R Foundation
for Statistical Computing, Vienna, Austria) were used
for the data analyses.

of estimation. We therefore selected subcohorts of
patients beginning on the first day that they received
PMYV between 1998 and 2001. We assumed that these
cohorts were only followed until the end of 2001 and
then extrapolated these results to the end of 2007. We
compared our predictions with the Kaplan-Meier esti-
mates of the direct follow-ups from 1998 to 2007.
Assuming that the Kaplan-Meier estimates are the gold
standard, we calculated the relative biases for subcohorts
stratified by different underlying diseases and co-mor-
bidities [22]. The relative biases were computed to com-
pare the differences in values between the Kaplan-Meier
estimates and the Monte Carlo extrapolation method.

Results

Basic characteristics of the prolonged mechanical
ventilation cohort

A total of 50,481 new patients with PMV were included
during the study period (40% female, mean age 72 +
14.5 years, median survival 0.37 years, and overall life
expectancy 2.68 years). If we counted only the primary
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diagnosis (out of a maximum of five diagnoses) for each
patient, the top five primary diagnoses were acute
respiratory failure (15%), pneumonia (12%), intracerebral
haemorrhage (5%), septicaemia (3%), and chronic air-
ways obstruction (2%). The tracheotomy rate was 60.1%,
which reflects the ethnic Chinese cultural tradition that
typically avoids additional traumatic wounds if a patient
is expected to pass away soon.

Trends of age-specific incidence rates and cumulative
incidence rates over time

After the NHI began to reimburse long-term usage of
mechanical ventilation to relieve the congested intensive
care ward in 1998, the incidence rate started to rise and
showed an increased trend with older age (Table 1). In
the groups aged 65 to 74 years, 75 to 84 years, and
older than 85 years, increased incidence rates of 76%,
88%, and 119%, respectively, were observed from 1998
to 2004, followed by a slight drop after 2005: The CIR
(17 to 85 years) increased from 0.103 in 1998 to '(51‘1'3_3
in 2004 and then decreased to 0.145 in_ 2(.)07..;'"3"} ; !,(;,r‘

1 o
Life expectancies of prolonged mechanlca+ venﬂﬁ’
patients with specific underlying dlseasés
The median survival and life expectancies of PMV ati
with different diseases are summagsed in T

many patients showed life expectancies lo 't 2 to

3 years, indicating that some patients survived relativelyt r“:‘suffe

long periods of time. The median survival dhd" life expec-

bina
tancies of PMV patients with degeneratl\?e neur 1 glcal, ¥ hkeli
h-aZard Cérrnpletely and resulted in greater relative biases,

disease, stroke, or injuries were generally longer- than those"

be?&%

Although median survival for mosteategoneg was 1}year, :."‘I'Ktl
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separated this group and estimated the associated life
expectancies for different age strata, as summarised in
Table 2.

Life expectancies of age-specific clusters in prolonged
mechanical ventilation patients with multiple co-
morbidities

Among the 23,697 PMV patients with multiple co-mor-
bidities, the latent class model usually yielded three or
four clusters, including heart diseases, septicaemia/shock,
chronic obstructive pulmonary diseases, and/or others (for
example, urinary tract infections), as summarised in
Table 3. Diabetes mellitus seemed to be the most frequent
co-morbid disease among all clusters because the preva-
lence rates were all above 14.5%. The life expectancy and
median survival of PMV patients with chronic obstructive
pulmonary disease (COPD) were generally longer than

jthose of other clustered groups, especially those with sep-

ticélem"ia/shock This trend continued until the age of 85,
aftle,r which'PMV patients with different underlying co-

merbldltlesteem to show similar outcomes.
Ny 4

Validaﬁrﬁ'ﬁrz_esglts- of the extrapolation method
THe results\obtained to validate our semiparametric
d show that the relative biases were all below
mong them, the relative biases of most PMV
s with a specific diagnosis ranged between 0.9
.5%. Stroke-patients were an exception and usually
from other co-morbidities. Patients with a com-
of'-different diseases (or clusters) appeared less
t6_fulfil the assumption of a constant excess

and

with chronic renal failure or cancer. When a- patlent con- « perhaps because they represent a relatively heteroge-

tracted both cancer and chronic renal failure, the miedian
survival durations and life expectancies were the shortest."
Patients with stroke were initially included in the LCA
because of the presence of multiple co-morbidities, but a
distinctive category of 100% prevalence of stroke consis-
tently appeared across different age strata. We therefore

neous patient population. Nonetheless, the absolute dif-

ferences between our estimates and those obtained

using the Kaplan-Meier method were all below 0.25 life-
years, except for the 65-year-old to 74-year-old multiple
co-morbidity categories, which showed an absolute dif-
ference of 0.39 life-years.

Table 1 Age-specific incidence rates (per 100,000 person-years), and CIR of patients under prolonged mechanical

ventilation

Age group (years) 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Number of new cases 9,296 12,651 12913 15,660 17,731 19,737 21,818 21,692 20414 19,723
17 to 34 5.1 6.1 55 58 6.1 84 9.9 9.2 94 99

35 to 44 10.1 10.8 11.8 14.5 144 154 19.2 174 19.8 18.1
45 to 54 218 333 293 324 37.2 420 40.5 435 39.5 39.7
55 to 64 782 1011 922 102.5 1116 1189 129.6 119.8 101.7 93.0
65 to 74 2240 296.5 2845 329.2 3619 379.8 3939 369.2 3318 3064
75 to 84 622.0 817.2 814.6 967.2 1,045.5 1,072.3 1,1664 1,036.0 1,004.6 909.2
>85 1,182.0 1,536.0 1,702.6 2,064.1 22530 2,563.9 2,584.0 2,554.0 2,161.0 2,046.0
CIR 0.103 0.133 0.132 0.153 0.165 0.173 0.183 0.170 0.159 0.145

CIR, cumulative incidence rate (aged 17 to 85 years).
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Table 2 Demographic characteristics and survival of patients undergoing prolonged mechanical ventilation stratified

by different underlying diseases

Number of Mean age Female Median survival Life expectancy (SE)
cases (SD) (%) (years) (years)
Cases with single specific disease 21,316 69 (15) 38 035 340 (0.09)
Cancer 5367 70 (14) 33 0.17 151 (0.13)
Chronic renal failure 2,032 73 (12) 51 0.78 1.36 (0.16)
Liver cirrhosis 1,478 65 (17) 35 0.19 3.59 (0.33)
Multiple sclerosis or degenerative nervous system 378 65 (17) 39 0.89 405 (0.64)
conditions
Parkinson’s disease 341 79 (7) 36 0.85 2.06 (0.30)
Stroke 6,765 70 (13) 42 0.72 3.38 (0.15)
Aged <64 years 1,955 53 (9) 35 1.65 521 (0.39)
Aged 65 to 74 years 1,818 70 (3) 43 0.77 2.98 (0.17)
Aged 75 to 84 years 2176 79 (3) 44 0.56 2.09 (0.13)
Aged >85 years 816 88 (3) 54 0.39 1.68 (0.13)
Intracranial and/or spinal cord injury or poisoning 4,955 65 (19) 34 1.06 6.27 (0.24)
Aged <64 years 3 14, . 6.20 10.20 (0.49)
Aged 65 to 74 years “B)=l 082 3.77 (0.22)
Aged 75 to 84 years ; i " 047 267 (0.19)
Aged >85 years A5 . 033 182 (0.13)
Cases with more than two specific diseases "" y "-‘%0._32 2.96 (0.13)
Cancer and chronic renal failure "" - - 0'14 1.21 (045)
Cancer and others T .,_1-11 W t‘:__O 19 1.88 (0.22)
Chronic renal failure and others b | X 021j 1.71 (0.28)
SD, standard deviation; SE, standard error of tffgh.-'hea_r;. . ]
| ]

Table 3 Clusters of different co- mo&bldu ties
ventilation L |

§_i_§ ~i_n Ipatients with prolonged mechanical

[ i -“i'
Age <64 years (n = 3,52_.0) - '"7-" (5}0 74 years ng..‘is ) 84 years Age >85 years
Lo T‘- - o i 5 39* L (n =9,747) (n = 5,033)
Class 1 Class Class Clas§ 2k Clas'sh Cl_a,s Elassqh‘*CIaﬁls 1Class Class Class Class Class
2 3 4 ’1 o 2t 3‘ % 3 4 1 2 3

Heart  SP/ UTI/ COPD/ Heaﬁ: SP/ COPD/_l He rt SP/ COPD/ Respiratory Heart SP/ COPD/

disease shock SP other disease sh{duoﬂtr ! disease shock other disease disease shock other
Number of cases 616 919 197 1,788 1,074 1,824 2499 1,404 2,856 4,142 1,345 870 1,359 2804
Prevalence of co-
morbidity (%)
Septicaemia 1.3 629 722 6.7 10.6 66.1 55 118 72.8 11.0 7.2 10.2 79.1 1.7
Diabetes mellitus 355 26.8 26.1 19.7 39.7 26.1 265 27.1 205 226 17.2 186 145 14.6
Hypertension 179 49 9.8 83 20.8 6.8 139 16.1 48 17.3 125 154 3.3 15.2
AMI/coronary 399 39 23 24 439 46 52 428 55 6.6 40 428 56 40
atherosclerosis
COPD 6.5 32 05 179 11.0 11.0 339 18.2 124 396 296 24.9 12.7 33.0
Other respiratory ~ 21.8 237 138 301 223 18.1 26.7 209 172 0 100 246 194 259
disease
Acute renal failure  12.2 206 9.5 48 12.7 164 45 121 16.7 4.2 53 87 15.2 56
utl 53 0 100 14.8 5.7 25.1 21.1 11.7 280 243 21.1 16.1 306 290
Shock 11.2 396 331 2.7 103 39.1 2.7 89 385 49 37 73 416 50
Heart failure 42.2 32 26 24 37.0 58 48 50.1 7.2 7.7 74 505 83 7.7
Median survival 0.80 0.34 0.88 1.64 0.39 023 0.55 0.29 0.21 095 0.38 032 0.20 035
(years)
Life expectancy 5.09 451 4.82 525 2.55 214 2.56 1.86 1.66 212 2.18 (0.17) 148 1.12 152
(years) (SE) (0.60) (049 (149 (0370 (021) (0.13) (0.13)  (0.23) (0.10)  (0.07) 0.12) (0.07)  (0.05)

AM|I, acute myocardial infarction; COPD, chronic obstructive pulmonary disease; SE, standard error of the mean; SP, septicaemia; UTI, urinary tract infections.
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Discussion

To our knowledge, this is the first study to analyse a
nationally representative PMV dataset to estimate the
incidence rates, CIR, and life expectancies stratified by
age and different clusters of diagnoses. Our findings
showed that new cases of PMV increased significantly
from 9,296 to 21,818 between 1998 and 2004. The age-
specific incidence rates increased as people grew older, a
result consistent with previous reports from scholars in
the United States and Canada [1,2,4,23]. The highest
age-specific incidence rate of PMV was observed in
patients older than 85 years in Taiwan, however, and
this rate was approximately four to five times higher
than those reported in the United States [24]. We
attempted to quantify the lifetime risk of PMV by calcu-
lating the CIR;7 (, g5, which increased from 0.103 to
0.145 between 1998 and 2007 (Table 1). This finding
implies that an adult person in Taiwan who lives until
the age of 85 has a 10 to 15% chance of requiting PMV
Given the resource-intensiveness of PMV, this 1ssu13
requires special attention. When the Bureau-pf the NHI™
of Taiwan began to audit the quality of the'intt rated
respiratory care system in 2003, including th&rates of
successful weaning, readmission, and fiosocomialfinfée-
tion, the incidence of PMV appeared to stabilise
decreased slightly, as summarised in Table 1.

In the past, there has been a generallack
regarding the life expectancies associated Wlth diffi rent
diagnoses for patients undergoing PMV/' This has
difficult for stakeholders to reach consensuS‘climc lideci-

f da'ff_l n

de itZ=m
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years were <4.6 months and <21.8 months, respectively,
which were also observed for all of the different types of
co-morbidities (Tables 2 and 3). The above figures call
into question the cost-effectiveness of current policies
and should be considered by policy-makers and the pub-
lic in discussions regarding the bioethics of PMV care,
especially given the limited resources of the NHI in
Taiwan. Although more and more countries have tried to
implement the principle of universal coverage in their
national health insurance plans [27], our results provide
data highlighting the needed evidence for developing
strategies of sustainable management.

Although previous studies have shown similar charac-
teristics of multiple co-morbidities in PMV patients,
these reports did not stratify patients into special clus-
ters [1,9,24,28]. The LCA showed that the underlying
co-morbidities associated with PMV could be largely
jclassified into the major categories of heart diseases,
septica{emia/shock, and COPD based on the high preva-
lerlqe of each cluster. Overall, LCA indicates that the life
‘expectan(‘.les generally decreased with older age. In par-
ticularpwe. found that approximately 50% of the PMV
patiént&wuh,a'Combmatlon diagnosis of septicaemia
hock ‘tstally survived <4 months, and their life
c anc1es were usually shorter than those determined

other clusters within the same age stratum. The
rally longer survival time of PMV patients with

. corroborated the hypothesis that the establish-

ent of mechanical ventilation provides more direct
acce s or clifficians to solve problems coming from the

sions regarding optimal treatment strategles The lissue '- resp ra ory tract, while patients with other underlying
becomes even more complicated when payme-nt is prO“——*dIseases may not be improved significantly unless their
vided via NHI or a third party. It is understandable that « underlymg disorders were also resolved. This advantage

the patient and his/her family always expect successful

weaning and good recovery, even after longer than 21"

days of continuous mechanical ventilation or PMV.
According to our previous study, however, most patients
undergoing PMV survive only approximately 1.5 to 2
years, and approximately 62% of them suffer from cogni-
tive impairments and poor quality of life. Accounting for
these factors results in an overall quality-adjusted life
expectancy of only 0.3 to 0.4 and 0.6 to 0.7 quality-
adjusted life-years [25,26]. The present study therefore
further provided crucial estimates of the median survival
and life expectancies of patients undergoing PMV with
different diagnoses or co-morbidities, as summarised in
Tables 2 and 3. Table 2 shows that the life expectancies
were shortest for PMV patients with chronic renal failure
and cancer or any condition co-morbid with them, fol-
lowed by Parkinson’s disease and stroke. In contrast, the
life expectancies for degenerative neurological diseases,
liver cirrhosis, injuries, and poisonings were >3.6 years.
When stratified by age categories, the median survival
and life expectancies for PMV patients older than 85

disappeared in individuals over 85 years of age because
a high proportion of these COPD patients also suffered
from other major diseases, including urinary tract infec-
tion (29%) and other respiratory diseases (26%), as
shown in Table 3.

Our study has several limitations. First, the database did
not contain any information regarding the severity and/or
actual clinical data of the PMV patients. We were there-
fore unable to further stratify these patients. Because they
were all under PMV care for longer than 21 days, however,
all of the patients were associated with extremely severe
conditions, which resulted in a very short life expectancy
and suggested that 10 years of follow-up time would be
usually sufficient. Second, because the recorded diagnoses
must fulfil all of the reimbursement regulations of the
NH]I, it is possible that some diagnoses are over-repre-
sented because they were more easily reimbursed. How-
ever, the NHI of Taiwan has offered a list of 30 major
categories of catastrophic illnesses that are exempt from
partial co-payments, and each has its specific diagnostic
criteria to prevent any abuse [29]. For example, all types of
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malignant neoplasm do not require co-payments, and evi-
dence of histopathology and/or cytology is generally
required for diagnoses of cancer. A diagnosis of end-stage
renal disease requires documentation of chronic kidney
disease with an irreversible creatinine level >8 mg/dl, or
creatinine level >6 mg/dl with diabetes mellitus as a co-
morbid condition [30]. There are therefore strict criteria
for almost all of the major diagnoses listed in Table 2. The
potential selection bias for the common diseases listed in
Table 3 is probably minimal because the 43 broad cate-
gories were collapsed from the 260 categories of Clinical
Classifications Software codes [13], and LCA ensured that
each category was as homogeneous as possible.

Conclusions
The number of PMV patients in Taiwan has increased
during the past decade. Patients with different underly-
ing diseases showed different median survival and life
expectancies. The establishment of mechanieal Jentlla—
tion directly targets problems of the resp'lratory fract
and provides sustainable ventilation, Wth mgyFlm
the survival of patients with COPD or degenerati
rological diseases more than those mtfl'ether
causes such as septlcaemla/shock, hed’rt Tai ure,
or end-stage renal disease. The__advantéges o
seem to decrease for the older patient, howeve
cially those aged over 85. The results
further evaluation of the cost-effectiveness
of such care in Taiwan, and highlight the n
planning of resource allocation in any syste
insurance with universal coverage.

thics

for learly®
alth

Key messages . :
« The number of new patients undergomg tre,atm ont.

with PMV has increased rapidly during the past ec-

ade in Taiwan.

« The life expectancies of PMV patients with degen-
erative neurological diseases, stroke, or injuries/poi-
soning as their primary co-morbidity seemed to
survive longer than those with chronic renal failure
or cancer, or a co-morbidity with them.

+ Among PMYV patients with multiple co-morbidities,
those with COPD as the major underlying co-
morbidity seem to survive longer than patients with
other co-morbidities, perhaps because this treatment
specifically targets the respiratory tract, which is com-
promised in COPD. The benefits of PMV decrease for
the older patient, especially those aged over 85.

Abbreviations

CIR: cumulative incidence rate; COPD: chronic obstructive pulmonary disease;
ICU: intensive care unit; LCA: latent class analysis; NHI: National Health
Insurance; PMV: prolonged mechanical ventilation.
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Abstract

Background and Purpose: Few studies have estimated the dynamic changes and lifetime
scores of quality of life measures (QOL) among patients with different types of ischemic
stroke. The aim of this study was to quantify these changes to help understand and improve
the clinical courses for these patients.

Methods: The hospital-based cohort, which consisted of 10,102 patients who experienced
their first ischemic stroke during 1995-2007, was divided into four groups by stroke type:
large artery atherosclerosis (LAA), lacunar stroke, cardioembolism, and other determined or
undetermined etiologies. After linkage with the National Mortality Registry records of
1995-2007, our groups’ survival functions were determined and extrapolated over a
600-month period, based on the ratig between-the.patient’s survival rate and that of his/her
age- and sex- matched reference groups at time t. These were estimated semi-parametrically
through Monte Carlo simulationsiand hazard‘:_;fu&nrctions, with data taken from the vital
statistics of Taiwan. The WHOQOL=BREF q.';ﬂ_estionnaire was administered to a
cross-sectional sample of 748 patients to EStimz;l-te dynamic changes occurring at different
times post-stroke. The survival functions‘were then mulfiplied across the different domains of
QOL to obtain the lifetime scores for each-domain for each ischemic stroke group. Multiple
regression analyses were conducted to explore the effects of different risk factors on QOL,
including major comorbidities and functional disabilities (as measured by modified Rankin
scale).

Results: Patients with LAA seemed to be affected the most, in both terms of survival and
quality of life. Their lifetime scores of QOL were 39.5 (SE = 2.7), 41.1 (2.8), 44.5 (2.9), and
48.10 (3.4) score-months in the physical, psychological, social, and environmental domains,
respectively. Our multiple linear regression model found that lacunar stroke patients appeared
to be affected the least in three domains of the WHOQOL, when compared with other types.

When the models were adjusted for functional disabilities, the above differences in physical
2



and social domain scores disappeared.

Conclusion: The dynamic changes in and lifetime scores of QOL were worst in patients who
had incidence of LAA, indicating that demand for long-term care may be greater for patients
with this type of ischemic stroke. Different levels of functional disability may explain the

differences in physical domain scores.

Introduction

Each year approximately 5.7 million people worldwide die from stroke, making it
the second-leading cause of global mortality." Ischemic stroke is a highly heterogeneous
disorder with different subtypes, each presenting with'specific clinical aspects.® Quantifying
the resulting disability and financialimpactisnot.an easy-task, especially in light of the aging
population. Innovative technologies‘for preventing and treating strokes have significantly
improved survival outcomes, but the dynamic_;guctuations of quality of life at different times
post-stroke, or “durations-to-date®, seem Iess.'-vﬁ‘_/ell documented.. Financially, countries with
national health care systems are aften h:it‘hardeé-t, as the cost'of care increases with survival
time.? Many countries have adopted the Quality-Adjustéd Life Year (QALY) as a
measurement of cost-effectiveness.'** However, methods using QALYS to determine
utility-based economic policy cannot adequately address the detailed profile changes in
quality of life for patients afflicted with different types of stroke. Instead, such dynamic
changes must be evaluated using psychometric measurements to provide useful information
for clinical decision-making.

The purpose of our study was to quantify these changes along the clinical courses for
these stroke patients. Information concerning the specific prognosis of these ischemic stroke
subtypes, including life expectancy, quality of life (QOL), risk factors of QOL, and
score-time of QOL, could help improve clinical practice and rehabilitation treatments.?®

Based on the classifications of the Trial of Org 10172 in Acute Treatment (TOAST) system™,
3



we intend to explore health outcomes for different subtypes of stroke by associating survival
functions with psychometric scores to obtain lifetime scores.***®
Method
Establishing the ischemic stroke cohort

The study commenced after the approval of the Institutional Review Boards (IRBs) of
the National Taiwan University Hospital (NTUH), and informed consent was obtained from
every patient. We used data from the stroke registry at the NTUH>*, which was established
in 1995. At the time of this study, the registry contained information from 10,102 patients
who had experienced their first ischemic stroke between 1995 and 2007. Diagnoses were
made in accordance with key clinical features presenting.in the following four subtypes: large
artery atherosclerosis (LAA), lacunar stroke;-cardioembalism, and other determined or
undetermined etiologies.® Diagnostié criteria were adopted from the Trial of Org 10172 in
Acute Treatment (TOAST) classification syst_tgirirnr.13 Data collection was done during routine
examinations, which included the use of brai.r; imaging, echocardiography, ultrasonography
of extracranial and/or intracranial-arteries, and éngiography, as previously described.??
After comparison with stroke population records (registéred under “catastrophic illnesses”) in
the reimbursement data file of the National Health Insurance,? the study sample was
demonstrated to be representative of the general Taiwanese population in terms of its sex, age,
and stroke subtype distributions.
Survival analysis and extrapolation

Death certificates from the National Mortality Registry were also linked to patient
records. Each patient was followed from the first day that s/he was diagnosed with ischemic
stroke until either the date s/he became deceased or December 31, 2007, the study end date.
The duration-to-date (i.e., the length of survival from the stroke episode to the date observed)
is measured from time of diagnosis to either this study end date or patient death. We used the

Kaplan-Meier method to estimate survival functions for the different subtypes of ischemic
4



stroke. However, this method could only estimate the survival function up to the end of our
follow-up,** while many young stroke patients in our cohort may survive longer than 20-30
years. Thus, we employed an extrapolation method we developed™®™ that requires a simple
assumption of constant hazard'” and whose feasibility and accuracy have been demonstrated
repeatedly in 17 different cancer cohorts.”® Since stroke patients share the same likelihood of
dying from cancer, traffic injuries, and other non-stroke illnesses as the general population,
the cohort generally fulfills the constant excess hazard assumption, and we were thus able to
extend the survival function to 50 years (600 months) post-diagnosis to accommodate our
younger patients. In brief, the survival ratios between patients and age- and sex-matched
referents were used to generate a linearextrapolation of a logit-transformed curve using the
Monte Carlo method.™ Detailed methods and-mathematical proofs have been described in
15-20

previous reports.

Collection of quality of life data =

All patients who visited the stroke:clinié-at the NTUH from February 2008 to June 2010
were invited to participate in the study. But onls; those who:were able to independently
understand and answer the questions-on fhe WHOQOL-BREF via a direct face-to-face
interview completed the questionnaires. Information from seven-hundred and forty-eight
patients was collected and each gave informed consent. Each patient was interviewed once,
with their quality of life assigned to a “duration-to-date,” measured from the date of first
stroke diagnosis to the date of the interview.

We used a brief version of the World Health Organization’s Quality of Life survey
(WHOQOL-BREF) to measure changes in quality of life.”> The WHOQOL-BREF is an
internationally-validated instrument designed to assess physical, psychological, social, and
environmental domains that affect quality of life. This instrument was chosen because it is

internationally recognized, validated for use in Taiwan, and free-of-charge.?* Our survey

included 26 original items plus two Taiwanese culture-specific items. Individual items are
5



scored from 1 to 5 and summed up with similar items to obtain a domain score: e.g., physical
score. Each domain has the same range, from 4 to 20, and higher scores indicate a better
quality of life. To employ iSQOL software (see below), we further transformed each raw
domain score to a value between 0 and 1. Each raw domain score (DS) can be transformed
using the formula: Scoregomain = (DS - 4)/16, for a scaled score from 0 to 1, where 0 represents
death and 1 represents “perfect” health.
Estimation of dynamic changes and lifetime scores of QOL

Kernel-type smoothing using a moving average of the nearby 10% of values was
performed to calculate the mean scores of each individual domain of the WHOQOL
throughout the follow-up period: a maximum of 13 years.'* ?° The survival functions were
then multiplied with the QOL scores assessed by-the WHQQOL-BREF for each different
subtype of ischemic stroke in order to estimate their survival-adjusted health profile changes.
The sum of the total area under this profile-ch_g;nge curve is each subtype’s lifetime score, as
estimated by the following equation* %: F ‘ ~

Lifetime score of quality of life = LE[Qol(tr -/x)]:S(t /x)pdt +0 [1-S(t /x)] dt,
where Qol(t / x) denotes the QOL functién for condition x at time ¢ and S(t / x) represents the
survival function for condition x at time z. Because we did not come across any patient who
complained that his or her health condition was worse than being deceased, the second term
of the above equation, denoting a health state worse than deceased, was set to zero. We used
the software program iSQOL, built off of the R statistical software package, to calculate score
time estimations and the 600-month extrapolations (free download at
http://www.stat.sinica.edu.tw/jshwang).
Statistical analysis

The mean differences of QOL score among ischemic strokes were tested with a one-way

analysis of variance (ANOVA) and Scheffe post hoc comparisons to detect significance. A

Z-test was used to compare the life expectancies and lifetime scores of QOL of patients
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within subtypes. In addition to summarizing the data through descriptive statistical analysis,
we conducted a multiple linear regression analysis. Domain scores were considered as the
dependent variable with sex, age, education, duration-to-date, and comorbidities (including
diabetes mellitus, coronary artery disease, carotid disease and cancer) as the covariates to be
controlled. Patients classified in the lacunar stroke group were used as the reference
population to explore the QOL changes of different subtypes of stroke. The model was
further developed by adding the modified Rankin scale (mRS) to adjust for functional
disability.”®
Results

We recruited 748 patients who presented at the NTWH stroke clinic for observation after
their first stroke. Patients with large.artery.atheresclerosis-or lacunar stroke experienced the
lowest life expectancy post-stroke, at'76.9 and 112,2'months; respectively (Table 1).
Interestingly, patients classified in the cardioﬁe_[gbolism group scored lowest on average on
every QOL domain except environmental, even though they had the highest life expectancy
post-stroke among the four subtypes'(162.8 mdr-1ths). In contrast, patients classified in the
lacunar stroke group scored highest on-all:four domains,‘ even though patients of this subtype
had the second lowest life expectancy, only behind LAA. None of the domain scores
exceeded 14.5 on average, although patients seemed to enjoy the highest QOL in the
environmental domain.

After controlling for different predictors in the multiple linear regression analysis,
patients with LAA were found to score significantly worse than lacunar patients in the
physical, social, and environmental domains (See Model A in Table 2). Compared with
lacunar patients, those with other subtypes of stroke scored significantly lower in the physical
and environmental domains as well. However, all effects on physical domains disappeared
when the model was adjusted for functional disability: i.e., the mRS, which seems the most

significant predictor of all domain scores (Model B in Table 2). Females seemed to score
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significantly better in the social domain, of which the regression coefficient remained stable
even after adjusting for the mRS. Patients with higher education displayed higher QOL scaled
scores across physical, psychological, and environmental domains.

Figure 1 shows the dynamic changes for all four-domain scores. Scores for the
physical, psychological, and social domains in patients with cardioembolism began to go
downhill three to five years after stroke onset, whereas those of patients with LAA appeared
consistently low throughout all fourteen years of observation. After survival function
adjustment, patients with LAA showed the lowest average lifetime QOL scores in all four
domains over time, which were 39.5 (SE = 2.7), 41.1 (2.8), 44.5 (2.9), and 48.1 (3.4)
score-months in the physical, psychological, social'and environmental domains, respectively
(Table 1 and Figure 2).

Discussion

To the best of our knowledge, this is t[;ri first study to quantify the dynamic changes
and lifetime scores of QOL for patients with Aiﬁfferent subtypes-of ischemic stroke based on
TOAST criteria. The results showed that, after ;djusting for.confounding factors, the dynamic
changes in QOL scores were the most negative in patients with LAA,; the lifetime scores of
these patients were also the lowest, followed by lacunar stroke patients, indicating a poor
prognosis and probably a greater demand for long term care for patients with these subtypes.

Although the average life expectancy seemed to be highest for the cardioembolism
subtype, this group only showed the highest domain score for environmental (Table 1).
Furthermore, the scores of the other three domains appeared to deteriorate after three to five
years (Figure 1). After controlling for demographic factors and comorbidities, the physical
domain scores for LAA, cardioembolism, and “other” patients appeared the most affected
(Model A in Table 2). However, all the differences in domain scores between subtypes
disappear after the model is adjusted for functional disability: e.g., the modified Rankin scale

(Model B in Table 2), indicating co-linearity between the major subtypes of ischemic stroke
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and functional disability. In other words, all strokes might be associated with additional
neurological deficits, resulting from increased incidence of atherosclerosis, atrial fibrillation,
left ventricular hypertrophy, and ischemic heart disease. *

It is interesting that sex and education were significant determinants for WHOQOL
scores in this study: the higher the education, the higher the score on each domain (except for
social); this is corroborated by a previous study.?* Since female gender was associated with a
significantly higher score on social domain, future studies ought to explore methods for
achieving gender equality in QOL outcomes. Similarly, Tang et al ” reported that gender is an
important factor for prognosis of QOL outcomes, particularly with regard to social

functioning and role-emotional domains; In other studies®>*°

, age was determined to be a
predictor of unfavorable functional:@utcomes. However, our study did not replicate this
tendency, after controlling for functional disability (i.e., with-the mRS) and/or different stroke

subtypes. —
—

Our study has several limitations. Firét,ﬁ for the lifetime.extrapolation function of QOL,
it was assumed that the patients would maintaih-their QOL at-a similar level to that at the end
of the follow-up period. Such an-assumption could have‘resulted in an overestimation of
QOL, because the actual QOL might gradually decline along with aging and increased
comorbidities.?”*® Second, although the demographic characteristics of our registry appeared
to be similar to a random sample of the National Health Insurance, * our interviewed subjects
were recruited from a single medical center. Thus, selection bias cannot be totally ruled out
and generalization of our results must be conducted with caution. We recommend that future
studies utilize subjects collected from a community hospital to corroborate this study’s results.
Third, because the patients recruited for this study were only those able to independently
understand and answer the WHOQOL questions, we may have overestimated the overall

QOL scores by excluding patients with poor cognition or aphasia. But, actually these patients

accounted for only two to three people. Finally, since surgical intervention data was not
9



collected, this factor could be a potential confound. However, since surgery had not become a
major treatment for stroke until the last several years, it only occupies a small proportion of
patients; our adjustment for functional disabilities likely at least partially controls for such an
issue.
Summary and Conclusions

This study has demonstrated that the dynamic changes in and lifetime scores of QOL
can be quantified empirically to assist in clinical decision-making. After controlling for other
risk factors, we found that QOL scores were worst in patients with LAA, likely due to poorer
survival, implying a greater demand for long term care for patients in this ischemic stroke
sub-population. When the model was adjusted to take functional disability among individual
patients into account, differences inphysical-domain scores among different subtypes
disappear, indicating an association/between these two factors. Moreover, stroke patients with
cardioembolism usually survive longer than: tmﬂ)'s_e with other stroke subtypes, but their QOL
might be affected three to five years after str(;-léc_e‘ 6nset. Future studies should also include
subjects from a community hospital to :corroborr;ate this study’s results.
Acknowledgment: We are grateful to M‘r. Jonathan Suhg for his careful editorial help on the
English of this manuscript. This work was supported by grants from the National Science
Council (National Science Council of the Executive Yuan of Taiwan, Grant No. NSC
99-2314-B-006 -002 and NSC 99-2628-B-006-036-MY 3)
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Table 1 Demographic characteristics, quality of life and lifetime score for patients with
different subtypes of ischemic stroke hospitalized in the National Taiwan University Hospital

(n=10,102), while 748 of them were measured with WHOQOL-BREF.

Large artery

_ Lacunar Cardioembolism Others
atherosclerosis
Number of subject 1,596 3,397 2,956 2,153
Sex (% female) 47.9 41.9 40.7 38.6
Age (mean = SD) 68.5 (14.3) 67.4 (13.3) 67.0 (11.1) 65.5 (13.3)
Life expectancy (month)(SE) " 76.9 (4.8) 112.2 (3.6) 162.8 (9.2) 152.3 (6.7)
WHOQOL-BREF-interviewed cases 195 316 53 184
QOL of scores (mean+ SD) t
Physical 12.5 (25) 13.1(2:3) 12.3 (2.6) 12.5 (2.5)
Psychological 12.6'(2.4) 13:0(2.4) 12.3 (2.6) 12.6 (2.6)
Social 13.2(2.6), 13.7 (2.6} 13.0 (2.5) 13.6 (2.5)
Environmental 14.0(1.9)« == |14.5 (L7) 14.1 (1.7) 14.1 (2.1)
Lifetime scores (months) | |
Physical % 39.5:(2.7) 64.4 (1.8) 75.2 (8.1) 82.2 (5.0)
Psychological 41.1 (2:8) 63.2(1.9) 71.3(8.2) 84.3 (4.5)
Social § 445 (2.9) 69.3 (2.2) 87.9 (5.7) 95.9 (6.7)
Environmental § 48.1 (3.3) 73.5(2.1) 101.2 (7.2) 99.7 (6.7)

" Z-test: All pairs reached statistical significance (p<0.0084=0.05/6, a total of 6 paired
comparisons)

T One-way analysis of variance (ANOVA): there was a significant difference in four groups,
but Scheffe post hoc comparisons did not show any significant difference for all pairs.

t Z-test: there are significant differences (p<.0084) except for lacunar -cardioembolism pair,
and cardioembolism -others pair

§Z-test: there are significant differences (p<.0084) except for cardioembolism- others pair

14



Table 2. Regression coefficients and standard error (in parentheses) resulted from multiple linear regression analysis of scores of

WHOQOL-BREF and determinants in patients with different types of ischemic stroke

Physical Psychological Social Environmental
Model A" Model B+t Model A" Model Bt Model A” Model Bt Model A" Model B+
Ischemic stroke
Lacunar Ref Ref Ref Ref Ref Ref Ref Ref
Large artery atherosclerosis -0.49 (0.24)% ‘ -0.49 (0.23)% -0.59 (0.18) § -0.44 (0.17)
Cardioembolism -0.83 (0.35) % : ‘ -0.52 (0.26)
Others -0.59 (0.23)% r— -0.50(0.17) § -0.39(0.16)
Sex (female/male) ; 0.40 (0.17) ¥ 0.41(0.17)
Education (>12 years/=12 years)  0.65 (0.17)§ +0.64 (0.18) § 0139 (0.17)-+ 0.43(0.13) § 0.31(0.12)
Cancer : 0.81(0.35) #
MRS -1.18 (0.06)8§ -0.80 (0.07) -0.45 (0.07) § -0.38(0.05) §

“Model A was adjusted for age, duration-to-date, and comorbidities of diabetes mellitus, coronary artery disease, carotid disease and cancer

tModel B was adjusted for all the factors in model 1 plus mRS (modified Rankin scale)

$P<0.05, §P<0.005
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