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Abstract

Background—Pre implant heart failure severity may affect post implant health-related quality of
life (HRQOL). The purpose of our study was to examine differences in HRQOL from before
mechanical circulatory support (MCS) through 1 year after surgery, by INTERMACS patient
profiles.

Methods—Data from adult patients with advanced heart failure who received primary
continuous flow pumps between 6/23/06 — 3/31/10 and were enrolled in INTERMACS (n=1,559)
were analyzed. HRQOL data were collected using the EQ-5D-3L survey pre implant and at 3, 6
and 12 months after implant. Statistical analyses included chi square and t-tests, using all available
data for each time period. Paired ttests and sensitivity analyses were also conducted.

Results—Quality of life was poor before MCS implant among patients with INTERMACS
profiles 1-7 and significantly improved after MCS for all profiles. Stratified by INTERMACS
profile, problems within each of the five dimensions of HRQOL (i.e., mobility, self-care, usual
activities, pain, and anxiety / depression) generally decreased from before to after implant. By six
months after implant, patients with all INTERMACS profiles reported similar frequencies of
problems for all HRQOL dimensions. Paired ttests and sensitivity analyses supported the vast
majority of our findings.

Conclusions—HRQOL is poor among advanced heart failure patients with INTERMACS
profiles 1-7 before MCS implantation and improves to similar levels for patients who remained on
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MCS 1 year after surgery. Patients have problems in HRQOL dimensions before and after MCS;
the frequency of reporting problems decreases for all dimensions within most profiles across time.
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The severity of heart failure has traditionally been characterized using the New York Heart
Association (NYHA) functional classification system and gauges the severity of symptoms
for patients who have American Heart Association Stage C or D heart failure.! Patients with
advanced heart failure with NYHA Class I11 or IV symptoms have limitations in daily
activities despite optimal medical management. However, not all patients with advanced
heart failure have a similar prognosis. Investigators of the Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS, a prospective registry that
collects data on all patients who receive a durable, FDA approved mechanical circulatory
support [MCS] device in the United States) developed a classification system of patient
profiles to further characterize the severity of heart failure in this high risk population of
patients undergoing treatment with MCS.2 Seven patient profiles (1=critical cardiogenic
shock to 7=advanced NYHA Class Il symptoms) were defined based on clinical descriptors
at the time of MCS implant.2: 3

INTERMACS profiles have been used to characterize risk for poor outcomes after MCS
implantation. Stepanenko et al.,# in their study on outcomes of elective versus emergent
permanent (i.e., destination therapy) MCS in elderly patients with advanced heart failure,
reported that patients not requiring inotrope support (INTERMACS profiles 4-7) had lower
operative mortality than patients with cardiogenic shock on high dose inotropes
(INTERMACS profiles 1-3), cautiously concluding that permanent MCS may benefit highly
selected elderly patients. In another study, patients with INTERMACS profiles 4-7 had
better actuarial survival and a shorter hospital length of stay than patients with
INTERMACS profile 1.5 Kirklin et al. reported that INTERMACS profile 1 is a risk factor
for death early after MCS implantation as destination therapy.

Regarding patient-reported health related quality of life (HRQOL) outcomes, researchers
have demonstrated improved HRQOL through as long as 2 years after MCS implantation for
both bridge to transplant and destination therapy.’~10 However, improvement in HRQOL
from before to after MCS implantation across the spectrum of heart failure severity is
unknown. Given that pre-implant heart failure severity affects post implant clinical
outcomes, it may affect post implant HRQOL outcomes as well. Determining MCS HRQOL
benefits and risks, stratified by heart failure severity, may provide important information
with which to inform patients who are considering MCS implantation, and thereby help
patients make more informed health care decisions, given that severely ill patients make
decisions on treatment options (e.g., including surgical therapies or continued medical
therapy / palliative care / hospice), based on outcomes, including HRQOL, as well as
survival.1114 Sych information may also guide development of more targeted strategies to
enhance HRQOL after implant. Understanding HRQOL benefits of MCS is especially
important for patients who receive MCS as destination therapy. In the future, indications for
destination therapy MCS may expand to include patients with moderately advanced heart
failure, thus providing further impetus for understanding variation in post MCS HRQOL
outcomes by pre-implant advanced heart failure severity.1

The purpose of our study was to examine differences in HRQOL outcomes from before
MCS implantation through 1 year after surgery among patients receiving continuous flow
pumps, stratified by INTERMACS patient profiles. We defined HRQOL as “the functional
effect of an illness and its consequent therapy upon a patient, as perceived by the patient.”16
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The source of data for this study was INTERMACS. Study inclusion criteria were: (1) adult
patients (age =19 at time of implant), (2) who received a primary implant between June 23,
2006 and March 31, 2010, and (3) whose left ventricular assist device (LVAD) was a
continuous flow pump. Exclusion criteria were patients (n=9) from four hospitals that did
not collect post-implant HRQOL data. The follow-up date for this study was March 31,
2011, allowing the opportunity for each patient to have 1 year of post-implant follow-up.
These criteria resulted in a sample of 1,559 patients from 101 hospitals. Patients were
categorized according to INTERMACS profiles (Table 1).

HRQOL was measured using the EQ-5D-3L survey, a generic, self-report HRQOL
instrument including five questions measuring the following dimensions of HRQOL.:
mobility, self-care, usual activities, pain / discomfort, and anxiety / depression.1”- 18 For
each dimension, patients choose among three levels of Likert scaled responses: no problems;
some or moderate problems; and extreme problems. The EQ-5D also has a newer 5 level
response version for the 5 dimensions (EQ-5D-5L) that is more precise, which has been
available since April, 2011. Since we have 5 years of INTERMACS data using the 3 level
response version and determined that it is not appropriate to map from a 3 level response
format to a 5 level response format, we chose to continue to use the EQ-5D-3L. The
EQ-5D-3L also includes an overall health status rating, using a vertical visual analog scale
(VAS), with 0 = worst imaginable health state and 100 = best imaginable health state.
Psychometric support for this instrument has been reported.1® Data from medical records,
including demographic and behavioral characteristics and pre-implant clinical
characteristics, were also collected.

All sites participating in INTERMACS received Institutional Review Board approval.
Patients provided consent and were subsequently enrolled in the registry. For this report,
EQ-5D-3L data and medical records data were collected by research coordinators pre-
implant and at 3, 6, and 12 months post-implant until device removal, transplant, or death
during this 12 month follow-up period. Patients completed the EQ-5D as close to the
implant date as possible, up to 30 days prior. Reasons for missing data were recorded when
the EQ-5D-3L was not completed. Data were entered electronically into the INTERMACS
database and analyzed by the data coordinating center, located at the University of Alabama,
Birmingham, AL.

Statistical Analyses

Patients with INTERMACS profiles 5, 6, and 7 were combined into one group due to small
sample sizes in each group and sufficient similarity in severity of illness (i.e., being exertion
intolerant, exertion limited, or advanced NYHA class I11). Data were analyzed using SAS,
version 9.1 (Carey, NC). The EQ-5D-3L VAS score was reported as a mean + standard
deviation, and dimension scores were reported as frequencies. Analyses for dimensions were
dichotomized (no problems vs. moderate or extreme problems), and frequencies of moderate
and extreme problems were displayed graphically in figures. Statistical analyses included
chi square to compare proportions and t-tests to compare means, using all available data for
each time period. Paired t-tests were used to test the robustness of our analyses for a subset
of patients with complete pre and 12 month post implant HRQOL data. Level of significance
was p < 0.05 for longitudinal comparisons between pre implant and 12 month post implant
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time periods, as well as for cross-sectional comparisons for all profiles within a given time
period.

Data from the five dimensions were clustered into two groups: (group 1) physical function /
activities of daily living (mobility, self-care, and usual activities) and (group 2) pain /
emotions (pain / discomfort and anxiety / depression). This grouping was used because a
response level of “Extreme problems” was assigned to patients who were too sick to respond
(as reported by the patient or research coordinator) for the physical function / activities of
daily living group. This response level was assigned post hoc to reduce the potential for
overestimation of HRQOL in patients who were most severely ill. No assignment of
responses was made for too sick patients for the pain / emotions group, as being too sick
does not necessarily indicate extreme problems regarding pain or negative emotions. A VAS
rating of O was assigned to patients who also were too sick to respond. We performed
sensitivity analyses to assess the influence of assignment of scores for patients too sick to
respond.

Description of cohort

There were 1,559 advanced HF patients enrolled in INTERMACS pre implant between 2006
and 2010 who received a primary continuous flow pump. All patients included in this report
had pre implant EQ-5D-3L data (or a value assigned if too sick to respond) and post implant
EQ-5D data at one or more time periods. Pre implant, group 1 (i.e., the physical function /
activities of daily living group) included 1190/1559 (76.3%) patients. The majority of group
1 patients were white, middle-aged men who were married and well educated (Table 2).
Before implant, the vast majority of these patients were in INTERMACS profiles 1-3
(84%), and only 5% of patients were in INTERMACS profiles 5-7. Group 2 patients (i.e.,
the pain / emotions group) (n=822 pre implant) had similar demographic and clinical
characteristics as group 1 (data not displayed); however, included fewer INTERMACS
profile 1 patients.

Differences in pre implant clinical characteristics were detected for group 1 patients with
EQ-5D-3L data (n=1190) versus patients without EQ=5D-3L data who were not included in
our study (n=369) (Table 2). Pre implant, more group 1 patients were NYHA class IV and
on inotrope therapy and a ventilator than patients without EQ-5D-3L data. There were no
differences between groups regarding demographic characteristics, behavioral variables, and
co-morbidities.

EQ-5D-3L survey completion rates overall and by INTERMACS patient profile

Rates of survey completion were also examined for group 1 and group 2 patients by
INTERMACS patient profiles. Data are displayed for group 1 patients in table 3; data are
not displayed for group 2 patients. Differences in rates of survey completion were detected
for both group 1 and group 2 patients across time for all INTERMACS profiles, except for
INTERMACS profiles 5-7. There were also differences in rates of survey completion by
INTERMACS profiles within the pre implant and 6 month post implant time periods for
group 1 and 2 patients. Common reasons for lack of survey completion were administrative
(e.g., patient not consented, no contact with the patient during the window of time that a
survey was due) and patient refusal to participate.

Differences in HRQOL among INTERMACS profiles before and after MCS implantation

Differences in HRQOL were examined by INTERMACS profile from baseline through 12
months after implantation. Prior to MCS, mean VAS scores revealed poor health status
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among patients with all INTERMACS profiles, although scores differed significantly by
profile (Figure 1). Patients with all INTERMACS profiles experienced significantly
improved health status from before to 12 months post implant. Health status differed
significantly among profiles at 3 months after implant but was similar for all profiles at 6
and 12 months after implant.

Physical Function /Activities of Daily Living Dimensions (group 1)—Stratified by
INTERMACS profile, patient problems within dimensions of HRQOL generally decreased
from before to after implantation. Before implantation, the majority of patients with all
INTERMACS profiles had problems with mobility (= 70%), and usual activities (= 80%),
while significantly fewer patients with all profiles had problems 12 months after implant
(Figure 2A-B). Although the frequency of problems with self care before implant varied
significantly among profiles, significantly fewer patients with all profiles had problems by
12 months after implant, except profiles 5-7 (figure 2C).

Differences in frequency of reporting problems by INTERMACS profile were also
examined cross-sectionally for group 1 patients within each time period. Before
implantation, significant differences in problems with mobility, usual activities, and self-
care were detected among the profiles (figure 2A-C). At 3, 6, and 12 months after
implantation, frequency of problems were generally similar for all profiles.

The presence of extreme versus some / moderate problems for the HRQOL dimensions is
displayed graphically in figure 2A-C. Although no formal analyses were conducted,
empirically, more patients with INTERMACS profile 1 had extreme problems versus some
problems regarding mobility, usual activities, and self-care than patients with other profiles
before implantation.

Pain/Emotion Dimensions (group 2)—More than 50% of patients with all
INTERMACS profiles reported having problems with pain before implantation, and
significantly fewer patients reported pain at 12 months after implantation, except for patients
with INTERMACS profiles 1 and 4 (Figure 3A). The majority of patients with all
INTERMACS profiles reported anxiety / depression before implant, which decreased
significantly at 12 months post implantation, except for profile 3, wherein there was a strong
trend (Figure 3B).

Differences in frequency of reporting problems by INTERMACS profile were also
examined for group 2 patients cross-sectionally within each time period. There were almost
no differences in frequency of reporting of pain and anxiety / depression before implantation
and at 3, 6, and 12 months after implantation (Figure 3A-B).

Regarding empirically observed differences in levels of problems by INTERMACS profile
for group 2 patients, most patients reported moderate problems, rather than extreme
problems for pain and anxiety / depression before and after implant (figure 3A-B). Notably,
almost one half of patients with INTERMACS profiles 5-7 reported extreme problems with
anxiety / depression before implantation.

Comparisons for MCS patients with complete data—Comparisons using paired
data before and at 12 months post implant (n=348) supported the vast majority of our
findings. We found a similar pattern of significant increase in overall health status and
decrease in problems for all five dimensions for the vast majority of profiles across time
(figure 4A—F). These paired comparisons did not reveal significant decreases in problems
from pre to 12 months post implantation for INTERMACS profiles 4 and 5-7 regarding
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self-care (figure 4D), for INTERMACS profiles 3, 4, and 5-7 regarding pain (figure 4E),
and for INTERMACS profiles 3 and 4 regarding anxiety / depression (figure 4F).

Sensitivity analyses—Sensitivity analyses, without prospective assignment of missing
data for patients too sick to respond, resulted in similar findings for the VAS and all three
dimensions, mobility, usual activities, and self-care, thus supporting our findings.

DISCUSSION

Our findings provide important new information regarding advanced heart failure patients
with the highest levels of disease severity and worst prognoses among patients with
cardiovascular disease. Advanced heart failure patients with all INTERMACS profiles had
poor overall HRQOL at baseline, although HRQOL scores differed among profiles. One
year after surgery, HRQOL levels had improved, and patients with all profiles had similar
levels of HRQOL. Frequency of problems for all five dimensions of HRQOL decreased
significantly from before to 1 year after implantation for patients with all INTERMACS
profiles, with few exceptions. Similar to overall HRQOL, frequencies of problems did not
differ by INTERMACS profile for all five HRQOL dimensions at 12 months after
implantation.

The vast majority of our findings were supported by both paired t-tests and use of all
available data. Specifically, using both methods of analyses, we found significant
improvement in health status and decrease in problems with mobility and usual activities for
all profiles; decrease in problems with self-care for profiles 1, 2, and 3; decrease in problems
with pain for profile 2, and decrease in problems with anxiety/depression for profiles 1, 2,
and 5-7. Also, a lack of significance for decreases in problems were found using paired t-
tests as well as all available data for self-care (profiles 5-7), pain (profiles 1 and 4), and
anxiety/depression (profiles 3 and 4). Significant differences were detected when using all
available data, while no significant differences were detected using paired t-tests only for
decreases in problems for self-care (profile 4) and pain (profiles 3 and 5-7). Thus, paired t-
tests supported the robustness of our analyses using all available data.

To our knowledge, this is the first report that examines HRQOL by heart failure severity
from before to after MCS implantation. Prior reports have described overall improvement in
HRQOL from before to early and later after implantation, for first and second generation
devices.8: 9. 20-22 HRQOL outcomes by preoperative heart failure severity have also been
examined in patients after heart transplantation.23 We previously reported that patients,
regardless of pre transplant heart failure severity, were quite satisfied with their overall
HRQOL at 6 months after transplantation and reported similar and low levels of disability
regarding mobility, self-care, and / or emotional status. Our findings in an MCS cohort are
similar to these heart transplant patients.

However, MCS patients, no matter what profile, have worse overall HRQOL both before
and after implant as compared to a normative U.S. adult (= 18 years) general population
(U.S adult mean VAS score = 82).24 Furthermore, the vast majority of the U.S. adult
population frequently report no problems in the five EQ-5D dimensions (range=74-96%).2°
Our findings, when examined within the context of the U.S. adult population, reveal the
profound impact of advanced heart failure on HRQOL, and yet also demonstrate
improvement in HRQOL for all profiles after MCS.

Studies of HRQOL, using the EQ-5D, in other chronic illness populations provide additional
insight into our findings. Calvert et al.2 reported low EQ-5D VAS scores in primarily
NYHA class Il1 heart failure patients (range of mean VAS scores, stratified by age = 45-55).
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These mean VAS scores were not as low as mean scores in our cohort, even for patients at
higher INTERMACS profiles. Using the EQ-5D, Almenar-Pertejo et al., reported a pre heart
transplant mean VAS score = 37, and a mean VAS score range = 66 — 71 through 1 year
after surgery, similar to mean scores for patients in our study.2’ Patients from this study also
reported significant improvement in all HRQOL dimensions, except for pain, from before to
after heart transplantation.

Our findings demonstrate that regardless of disease severity, HRQOL improves from before
to 1 year after MCS implantation. Understanding specific problems reported by patients, no
matter what disease severity, provides guidance for clinicians to monitor potential areas of
concern and develop interventions to enhance HRQOL both before and after MCS. For
example, > 30% of all patients reported pain/discomfort and anxiety/depression from
baseline through 1 year after MCS. While fewer patients with some INTERMACS profiles
reported problems in these dimension after MCS, patients with other profiles reported
similar levels of problems both before and after MCS. These findings require further
exploration, with a more sensitive “problem-specific” instrument. Regarding pain, it would
be helpful to assess location of pain, extent of pain, degree of relief from pain with
treatment, and the interference of pain with activities of daily living, sleep, etc. Regarding
location of pain, given that post MCS EQ-5D surveys are completed no sooner than 3
months after implant, we would not anticipate reports of pain related to a sternotomy or
driveline tunneling, but perhaps related to an infection at the driveline exit site. Similarly,
anxiety and depression may be mild, moderate, or severe and further assessment with an
instrument specific to each diagnosis would be useful to guide treatment options. Also, it
would be important to understand an individual patient’s clinical trajectory (e.g., pre, early
or later post MCS) and implant strategy regarding psychological problems. For example,
patients may be anxious about learning self-care early after MCS, while other patients may
become depressed if they experience a major complication later after MCS. Furthermore,
bridge to transplant patients may experience anxiety and / or depression regarding
uncertainty about the timing of transplant, while destination therapy patients may experience
anxiety and / or depression about their length of life on MCS.

Our findings also provide insight into the HRQOL of patients with less severe heart failure.
Given that patients with INTERMACS profiles 5-7 have poor overall health status, and
problems with mobility, usual activities, and anxiety and / or depression pre implantation
which improve significantly 12 months after implantation, our findings support investigation
of HRQOL outcomes in patients with moderately advanced heart failure across time.1®

Our study has limitations. HRQOL data were collected using a brief generic health profile.
A heart failure-specific HRQOL instrument may have provided additional information.
However, it is also important to note that in a recent review article, Dyer et al.28 reported
adequate psychometric support (including validity, reliability and responsiveness) for use of
the EQ-5D as an outcome measure within the cardiovascular area, including heart failure.
There was significant attrition of patients by 12 months after surgery due to transplantation,
death, recovery, device exchange, and transfer of care, which may have also influenced our
findings. Also, the sample size was small for patients with INTERMACS profiles 5-7 at 12
months after implant. Additionally, there were missing data. We prospectively assigned
responses for the VAS and three of five dimensions for patients who were too sick to
respond to the EQ-5D, which may have reduced overestimation of HRQOL across time.
Sensitivity analyses, without prospective assignment of missing data for patients too sick to
respond, supported our findings. We plan to evaluate these analytic decisions in the future.
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CONCLUSION
HRQOL is poor among patients with advanced heart failure with INTERMACS profiles 1-7

be
su

fore MCS implantation and improves to similar levels for all patients by 1 year after
rgery. Monitoring HRQOL-related problems and developing interventions may enhance

HRQOL for all patients, regardless of disease severity.
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Figure 1.
EQ-5D: Visual Analog Scale
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A. EQ-5D: Pain / Discomfort Problems
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Comparisons for MCS patients with complete data
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Table 1
Description of INTERMACSPROFILES

Severity of advanced heart failure in patients being considered for mechanical circulatory support has been
characterized as per the INTERMACS" profiles.

PROFILE Description

1 Critical cardiogenic shock
- life threatening hypotension and rapidly escalating inotropic pressor support
2 Progressive decline
- dependent on inotropic support, with signs of deterioration
3 Stable but inotrope dependent
- clinically stable on mild-moderate doses of intravenous inotropes
4 Resting symptoms
- at home on oral therapy, but frequently has symptoms of congestion
5 Exertion intolerant
- comfortable at rest but unable to engage in any activity
6 Exertion limited
- comfortable at rest without evidence of fluid overload, able to do mild activity
7 Advanced NYHA Class 3
- clinically stable with a reasonable level of comfortable activity

Sevenson et al., JHLT 10

INTERMACS = Interagency Registry for Mechanically Assisted Circulatory Support
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Table 2

Characteristics of pre implant MCS recipients with and without EQ-5D-3L data

Pre-Implant Characteristics Preimplant MCS | Preimplant MCS | p-value
recipientswho recipientswho did
completed not complete the
the EQ-5D EQ-5Dn=369
n=1190"
Demographic and behavioral characteristics
Age at implant (mean years) 53.48 54.11 0.39
Male (%) 77.2 80.5 0.19
Race (% white) 69.4 65.9 0.20
Married at time of implant (%) 62.3 62.3 1.00
> high school education (%) 52.6 53.5 0.79
Currently smoking (%) 13.2 12.0 0.59
Current alcohol abuse (%) 15.2 18.3 0.16
Current drug abuse (%) 25 3.0 0.66
Clinical characteristics
Primary cardiac diagnosis (%)
Ischemic cardiomyopathy 36.1 35.0 0.68
Dilated cardiomyopathy 49.7 56.8 0.04
Other 14.2 9.2 0.01
Co-morbidities (%)
Diabetes 379 40.1 0.46
CVA 8.1 53 0.08
Right heart failure (RVEF severe) 24.3 26.3 0.60
Pre COPD 12.6 14.8 0.30
NYHA class IV (%) 79.6 711 0.0014
Intra aortic balloon pump (%) 36.0 31.2 0.09
Ventilator (%) 9.7 41 0.0007
ECMO 24 14 0.21
Dialysis 21 2.7 0.49
INTERMACS profile at implant (%)
1 18.5 114 0.0014
2 459 40.4 0.06
3 19.8 255 0.02
4 10.7 13.0 0.21
5 24 4.6 0.03
6 1.7 3.0 0.12
7 1.0 2.2 0.0002
Device strategy (%)
Bridge to transplant —listed 46.8 48.0 0.70
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Pre-Implant Characteristics Preimplant MCS | Preimplant MCS | p-value
recipientswho recipientswho did
completed not completethe
the EQ-5D EQ-5Dn=369
n=1190"
Bridge to transplant —likely to be listed 30.5 33.1 0.35
Bridge to transplant —-moderately likely to be listed 9.9 9.2 0.69
Bridge to transplant —unlikely to be listed 3.4 2.2 0.25
Destination therapy 7.9 6.5 0.38
Inotrope therapy (%) 83.6 74.8 0.0002
Implantable cardioverter defibrillator (%) 78.7 83.0 0.07
Temporary circulatory support (%) 12.9 11.6 0.56

Page 16

MCS = mechanical circulatory support, CAD = coronary artery disease, CVA = cerebrovascular accident, COPD = chronic obstructive pulmonary

disease, ECMO = extracorporeal membrane oxygenation

*
Those patients who were ‘too sick” have been included in the ‘completed’ column and assigned VAS=0 and physical dimensions as ‘extreme

problems’ (i.e., group 1)
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