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to transplantation

Nicholas A. Kolaitis, MD?, Allison Soong, BS MPH1, Pavan Shrestha, BAl, Hanjing Zhuo,
MD MPH!, John Neuhaus, PhD?, Patti P. Katz, PhD3, John R. Greenland, MD PhD?, Jeffrey
Golden, MD?, Lorriana E. Leard, MD!, Rupal J. Shah, MD MSCE?, Steven R. Hays, MD?,
Jasleen Kukreja, MD2, Mary Ellen Kleinhenz, MD?, Paul D. Blanc, MD MSPH!, and Jonathan
P. Singer, MD MS!

IDivision of Pulmonary and Critical Care, Department of Medicine, University of California, San
Francisco, School of Medicine

?Department of Epidemiology and Biostatistics, University of California, San Francisco, School of
Medicine

3Division of Rheumatology, Department of Medicine, University of California, San Francisco,
School of Medicine

4Division of Thoracic Surgery, Department of Surgery, University of California, San Francisco,
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Abstract

Objective—Extracorporeal Membrane Oxygenation (ECMO) is increasingly used as a bridge to
lung transplantation. The impact of preoperative ECMO on health-related quality of life (HRQL)
and depressive symptoms after lung transplant, however, remains unknown.

Methods—In a single-center prospective cohort study, we assessed HRQL and depressive
symptoms before and at three, six, and twelve months after lung transplantation using the SF12-
Physical and Mental Component Scores (SF12-PCS, SF12-MCS), Airway Questionnaire 20-
Revised (AQ20R), EuroQol 5D (EQ5D), and the Geriatric Depression Scale (GDS). Changes in
HRQL were quantified by segmented linear mixed effects models, controlling for age, sex,
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diagnosis, preoperative FEV1, six-minute walk distance, and Lung Allocation Score. We compared
changes in HRQL between subjects bridged with ECMO, subjects hospitalized but not on ECMO,
and subjects called in for transplant as outpatients.

Results—Of 189 subjects, 17 were bridged to transplant with ECMO. In all groups,
improvements in HRQL following lung transplantation exceeded the minimally clinically
important difference using the SF12-PCS, AQ20R, EQ5D and GDS. HRQL defined by SF12-MCS
did not change after transplant. Improvements were generally similar between groups, except for
in EQ5D where there was a trend for outpatients to benefit less, possibly due to their better HRQL
before lung transplant.

Conclusions—Subijects ill enough to require ECMO as a bridge to lung transplantation appear
to achieve similar improvements in HRQL and depressive symptoms as those who do not. It is
reassuring to both providers and patients that lung transplant provides substantial improvements in
HRQL, even for those patients who are critically ill in the run up to transplant.

Central Picture

Metal sculpture made by a survivor of ECMO as a bridge to lung transplantation.
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Introduction

Methods

Lung transplantation aims to extend survival and to improve health-related quality of life
(HRQL) for patients suffering from end-stage lung diseasel=3. Historically, many lung
transplant programs have been reluctant to offer transplantation to critically ill patients not
only because of concern for poorer short-term survival but also compromised functional
status and quality of life in those who do survive*~’. With increasing experience in the use of
extracorporeal membrane oxygenation (ECMO) as a bridge to transplantation, critically ill
patients are more readily being offered a chance at lung transplantation8. Although the first
successful case of ECMO as a bridge to lung transplantation was reported in 1977, this
practice remained relatively uncommon with only 24 patients being treated in this manner in
the U.S. through 2000°. From 2000 to 2014, however, the number of cases rose to 414, a
remarkable 28-fold increase 10. Evidence supports that bridging patients to lung
transplantation with ECMO is not only feasible, but that survival after transplant may be
comparable to others who are transplanted while critically ill but not on ECMO 11-14,
Understanding the impact of lung transplant on HRQL in this rapidly growing population of
candidates is fundamental to defining transplant benefit.

Preoperative ECMO is associated with a lower likelihood of survival to lung transplantation,
increased cost of hospitalization, and, if transplant is performed, a longer post-surgical
length of stay 15-17. ECMO also confers added specific risks, including for hemorrhage,
hemolysis, neurological injury, limb ischemia, and sepsis 18. The complications related to
critical illness and ECMO are known to have a negative impact in non-transplant
populations. For example, survivors of general critical illness have poorer physical
functioning than healthy controls and have a high incidence of depressive symptoms 19:20,
Furthermore, those who survived critical illness with the assistance of ECMO report poor
subsequent HRQL and persistent physical and emotional health limitations 2123, Since
surviving to lung transplant through ECMO might be similar to surviving critical illness, it is
plausible that the impact of lung transplant on HRQL benefit could be attenuated in this

group.

Given the potential that bridging to lung transplant with ECMO may attenuate HRQL
improvements, we sought to evaluate whether the impact of lung transplantation on HRQL
within the first post-operative year was different in patients bridged to transplant with
ECMO compared to those who were not. To do so, we performed a single center prospective
cohort study utilizing multiple instruments to assess HRQL, including generic, respiratory-
specific, and health utility instruments. Given the high incidence of depression following
critical illness, we also measured depressive symptoms with a non-HRQL instrument.

Study design, participants, and setting

We performed this study amongst participants in the University of California, San Francisco
“Breathe Again” study. The details of the study design, including exclusion criteria, have
previously been described 3. In brief, Breathe Again is a prospective cohort study of subjects
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18 years of age or older, who underwent first-time lung transplantation between February
2010 and January 2017; follow-up reported here continued until May 2017.

Subjects were enrolled at the time of placement on the lung transplant waiting list. At
enrollment, subjects underwent a research visit that included functional assessments as well
as a battery of HRQL measures and a depression scale. While waitlisted, assessments were
repeated every three months or at the time of major changes in clinical status, including
terminal hospitalization requiring transplantation, need for invasive mechanical ventilation,
or implementation of ECMO. The same functional and HRQL assessments were
administered at three, six, and twelve months after transplantation. 189 subjects comprised
the cohort for this study (Figure 1).

At our center, ECMO is utilized in patients with worsening clinical status that leads to cor
pulmonale and/or profound hypoxemia, with oxygen needs exceeding what can be provided
by mechanical ventilation. ECMO is utilized in both patients already listed for lung
transplantation and patients who need extra support to complete their evaluation for
transplantation. Patients eligible for ECMO must be under the age of 65. ECMO is typically
deployed in an internal jugular dual lumen veno-venous cannula placement, unless the
patient has pulmonary hypertension with a pulmonary artery systolic pressure greater than
50 mmHg. When patients have pulmonary hypertension, peripheral or central veno-arterial
ECMO is utilized. Since we began our ECMO as a bridge to transplantation program in
2004, 61 patients have been placed on ECMO with the intent of facilitating survival to lung
transplantation. Of the 61 patients, 52 (85%) were successfully bridged to lung
transplantation. Seventeen of these patients were enrolled as subjects in the Breathe Again
Cohort

Since our center does not offer ECMO to patients older than 65 years of age, we restricted
our analysis to Breathe Again study participants aged 65 or younger. We defined three
groups: subjects bridged to lung transplantation with ECMO; subjects hospitalized but not
on ECMO at the time of transplantation; and subjects called in for transplantation as
outpatients. This study was approved by the Committee on Human Research at the
University of California, San Francisco, and written informed consent was obtained from all
study participants. Some of the data have been previously been presented in an abstract and,
in aggregate form, a manuscript 324,

Outcome variables: HRQL and Depressive symptoms

HRQL is, by definition, multidimensional 2526, Existing HRQL instruments emphasize
different conceptual health domains relevant to the population for which they were
developed. Because various instruments provide complementary information, in order to
more comprehensively measure conceptual HRQL domains relevant in lung transplantation,
we utilized multiple measures (Supplemental Table 1). Specifically, we measured HRQL and
depressive symptoms at pre-transplant baseline and at three, six, and twelve months after
transplantation. To evaluate generic HRQL, we utilized the Medical Outcomes Survey Short
Form-12 version 2 (SF12) Physical and Mental Component Summary scores (SF12-PCS and
-MCS; range 0-100; higher scores denote better HRQL) 27. A change of five points in either
of these measures is generally considered to meet the minimally clinically important
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difference (MCID) 28, To evaluate respiratory specific HRQL, we utilized the Airways
Questionnaire 20-Revised (AQ20-R; range 0-20; lower scores denote better HRQL ; %
standard deviation used as distribution-based MCID: 1.75) 2930, To evaluate health utility,
we utilized the EuroQoL 5D (EQ5D; range —0.11 — 1.0; higher scores denote better HRQL
and a score less than zero reflects a state “worse than death”; MCID: 0.06) 31.

It is estimated that as many as 63% of organ transplant recipients experience symptoms of
depression or anxiety within the first few years after transplantation 32. Depressive
symptoms following transplantation are also strongly associated with subsequent mortality
32,33 similarly, survivors of critical illness experience high rates of depression 34. Thus, we
were interested in whether subjects bridged with ECMO would report more depressive
symptoms than other transplant recipients. Since HRQL instruments include only a limited
number of items addressing depressive symptoms, we were not able to use a validated
HRQL instrument to assess subjects for depressive symptoms. Thus, we employed the
Geriatric Depression Scale Short Form (GDS; range 0-15; lower scores denote fewer
depressive symptoms; ¥ standard deviation used as distribution-based MCID: 1.65) 30.35,

Other variables

Baseline demographic and clinical variables were abstracted from our lung transplant center
medical records. Variables collected included age, sex, diagnostic indication for transplant as
categorized by groupings in the Lung Allocation Score 38, preoperative forced expiratory
volume in 1 second (FEV4, liters), six minute walk distance (6MWD, meters), and the Lung
Allocation Score. For this analysis, we considered data most proximal to the date of
transplant.

Analytic approach

Baseline continuous and categorical variables were compared between our three groups
using ANOVA and chi-squared test, as appropriate. For the SF12-PCS, SF12-MCS, and
EQS5D, higher scores denote better HRQL. Lower scores denote better HRQL for the
AQ20R and less depressive symptoms for the GDS. To facilitate interpretation, we reverse
coded the AQ20R and GDS so that higher scores would represent better HRQL by AQ20R
and less depressive symptoms by GDS. Changes in HRQL scores were plotted over time
(Figure 2). Since our primary outcome was to quantify the magnitude of change in HRQL
from before to after transplant between groups, we did not compare the individual absolute
scores between groups at the three, six, and twelve-month time points. Visual inspection of
the change in HRQL over time demonstrated two distinct periods with a different slope of
change in HRQL,; the early period of change from pre-transplant baseline to six months
post-transplant (which accounted for most of the change in HRQL), and the late period of
change from six to twelve months post-transplant (which had a relatively flat slope for all
instruments). Because the change in HRQL over time was not linear, change in HRQL and
depressive symptoms over time were estimated using segmented linear mixed effects models
with a joint point set at six months after transplant. Subject and time were included as
random effects, allowing for different slopes in the HRQL outcomes in the early and later
time periods within each subject. Parameter estimates and the 95% confidence intervals for
the other groups were derived by post-estimation commands (lincom). For each outcome, we
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performed unadjusted analyses as well as analyses adjusted for age, sex, diagnostic category,
most recent preoperative FEV1, most recent preoperative 6MWD, and Lung Allocation
Score. Since depressive symptoms are strongly associated with general HRQL, we also
performed a secondary analysis in which we controlled for pre-operative GDS.

For all models, we tested whether HRQL or GDS changed from baseline to after transplant
within each group and whether the magnitude of the change was different across groups.
Since our primary aim was to estimate the within-subject change in HRQL across all time
points (including baseline), we did not control for baseline HRQL.

Not all subjects completed all study visits. Overall, the number of missing surveys was small
(104 of 742 potential timepoints, 14%). We did not impute these missing data because the
maximum likelihood methods used to fit mixed effects models provide valid estimates for
missing values 37. Nevertheless, it is possible that informative missingness could have
impacted our effect estimates. As a result, we performed a sensitivity analysis in which we
imputed missing values. Missing data were considered missing at random if subjects did not
complete surveys for reasons other than their health (e.g., they missed their clinic
appointment because of inclement weather or left clinic prior to completing their survey
because of traffic). If data was believed to be missing at random, the clinical chart was
reviewed to ensure that the subject had stable allograft function and was not dealing with an
acute medical issue. Surveys were categorized as missing not at random if subjects were too
ill to complete the survey. For data missing at random, we used 10-fold multiple imputation
with chained equations 38. For data missing not at random, we imputed scores using the
median of the lowest quartile of HRQL scores for all other participants at that time point, as
we have done previously 3.

Analyses were conducted using Stata 15 (StataCorp, College Station, TX).

Of the 259 subjects who completed pre-transplant assessments and underwent
transplantation during the study period, the 189 subjects under the age of 65 comprised the
cohort for this analysis (Figure 1). Of this cohort, 17 subjects (9%) were on ECMO support
at the time of transplantation, 48 (25%) were inpatients but not on ECMO and 124 (66%)
were outpatients. Of the patients placed on ECMO as a bridge to transplantation, eight were
placed on veno-arterial ECMO and nine were placed on veno-venous ECMO. Ten of the
patients were listed at the time of being placed on ECMO and seven of the patients were
placed on ECMO to facilitate completion of lung transplant evaluation. Additionally, three
of the patients bridged to transplant on ECMO required prolonged ECMO support after
transplantation. In the whole cohort, 183 subjects underwent bilateral lung transplantation
(including all those who were placed on ECMO as a bridge to transplantation), three
underwent single lung transplantation, and three underwent combined heart and lung
transplantation. The three groups were similar in age, gender, race, BMI, pre-transplant
disease category, FEV and forced vital capacity (FVC) (Table 1). The groups were different
in 6MWND and lung allocation score (p < 0.001).

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2019 July 01.
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Overall survival at one year after transplant was 97%, and was similar between groups (p =
0.44). One subject in the ECMO group (1/17; 6%), two subjects in the inpatient but not on
ECMO group (2/48; 4%), and two subjects in the outpatient group (2/124; 2%) died within
the first year.

Before transplant, HRQL was similar amongst the three groups by SF12-PCS and AQ20R.
Depressive symptoms by GDS were also similar amongst the three groups (Table 2).
Outpatients reported better baseline HRQL by SF12-MCS and EQ5D. After transplant,
HRQL and depressive symptoms generally improved across all three groups (Figure 2).
Overall, peak improvement in HRQL and depressive symptoms was seen in the early period,
within six months post-transplant, and remained stable in the late period, through twelve
months post-transplant. The magnitude of these early improvements, however, varied by
instrument (Table 3). For example, in generic physical HRQL (SF12-PCS), early
improvements exceeded three-fold the MCID for all groups (p-value for change < 0.001; p-
value for difference among groups = 0.27).

All groups reported early improvement in respiratory-specific HRQL exceeding five-fold the
MCID (p-value for change < 0.001; p value for difference among groups 0.59). In health
utility (EQ5D), the ECMO and inpatient groups both had early improvements of four-fold
the MCID, while the outpatient group improved by nearly three-fold the MCID (p-value for
change < 0.001; p value for difference among groups=0.001). Of note, the baseline EQ5D
scores were higher in the outpatient group, whereas after transplant, the absolute EQ5D
scores were similar across groups. Depressive symptoms had early improvements which
were greater than the MCID in all groups (p-value for change < 0.001; p value for difference
among groups=0.09). An exception to improvement in HRQL after transplant was the SF12-
MCS, in which there was statistically significant early improvement that did not meet the
MCID threshold in the outpatient group (p-value for change = 0.001). However, early
improvements in HRQL by SF12-MCS did exceed the MCID in the inpatient and ECMO
groups (p-value for change < 0.002; p value for difference among groups = 0.01). The effect
estimates for change in HRQL when controlled for baseline GDS or in unadjusted analysis
were not substantially different than the primary analysis (Supplemental Table 2 and
Supplemental Table 3). The effect estimate for change was also not substantially different
when imputation methods were used for missing data (Supplemental Table 4).

Discussion

In a contemporary cohort of adults undergoing lung transplantation, we found that patients
requiring ECMO as a bridge to transplant experience substantial early improvements in
HRQL and depressive symptoms that are comparable to those undergoing transplant without
bridging by ECMO. The improvements in generic-physical, respiratory-specific, and health
utility metrics of HRQL, as well as depressive symptoms, exceeded one-to five-fold what is
considered to be the minimally clinically important difference (MCID). The greatest
improvement was seen in respiratory-specific HRQL, whereas the smallest improvement
was in generic-mental HRQL (SF12-MCS). Our findings are consistent with prior studies
demonstrating either no or minimal improvement in HRQL after lung transplantation when
using a generic-mental HRQL instrument 22, It remains unclear whether the reason for this
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kolaitis et al.

Page 8

improvement is attributable to high baseline scores, the emergence of new problems after
transplant that negatively impact mental health-related quality of life, or if the instrument
itself is not sensitive enough to detect changes in our population.

It is surprising that patients bridged to lung transplantation with ECMO reported similar
improvements in HRQL and depressive symptoms as other groups. Since surviving ECMO
with resultant lung transplant might be similar to surviving critical illness more generally,
we hypothesized that HRQL and depressive symptoms would be worse in this group relative
to others. Indeed, survivors of critical illness across medical and surgical populations report
marked impairments in HRQL 192023 \while speculative, differences between surviving
general critical illness and the illness preceding lung transplantation might account for our
findings. Generally, acute critical illness is an unexpected event, whereas most lung
transplant recipients have suffered from advanced lung disease for some time. Thus, these
patients may anticipate gradual, if not sudden, worsening. As a result, they may be more
familiar with poor physical functioning, severe dyspnea, and the psychologic challenges of
potential loss of life. Also, lung transplantation offers a potential reversal of chronic and
progressive illness. This potential may help patients mitigate the stresses of critical illness in
a way that other critically ill patients cannot. Another possibility is that lung transplant
recipients represent a group highly enriched to have strong social support. This support
network can help mitigate the influence of illness on HRQL. Finally, lung transplant
candidates are also not likely to have significant co-morbidities because of the rigorous
selection process which may facilitate their recovery from critical illness.

To date, most studies evaluating success of ECMO as a bridge to lung transplantation have
defined efficacy by survival alone 344, In our clinical experience, patients — even those on
ECMO - are keenly interested in their potential quality of life after lung transplantation.
Given the substantial potential for morbidity inflicted by ECMO and its increasing use as a
bridge to transplant, definitions of transplant efficacy should reflect the metrics most
important to patients. Our study directly addresses this clinical need and complements the
one other study of HRQL in recipients bridged to lung transplantation by ECMO 42, In that
study, HRQL was assessed in seven subjects bridged to transplant with ECMO and 77
subjects transplanted without the use of ECMO bridging who survived the first post-
operative year. HRQL in the non-ECMO group was assessed by the Visual Analog Scale
and, in the ECMO group, both the Visual Analog Scale and EQ5D. The investigators found
no difference in HRQL between the two groups by the Visual Analog Scale.

It should be noted that our study has limitations. Although our cohort represents the largest
evaluation of the impact of lung transplantation on HRQL in patients bridged to transplant
with ECMO, our sample size is, nonetheless, small. The impact of this sample size is
reflected in the wide confidence intervals surrounding the effect estimates of change in
HRQL and depressive symptoms in the ECMO group. For example, in the SF12-PCS the
lower bound of the 95% confidence interval in the ECMO group falls nearly one-fold the
MCID lower than for the inpatient and outpatient groups. Therefore, it is possible that lung
transplant for patients bridged on ECMO may not lead to as large improvements as are seen
in the other groups. Despite this possible difference, patients bridged on ECMO still derive
substantial benefit in addition to a clear survival benefit. Also, although the types of patients
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undergoing transplantation at our center are similar to many others, our findings may not be
generalizable. Further, HRQL outcomes and depressive symptoms beyond the first post-
operative year were not addressed. Finally, although we chose a variety of HRQL
instruments to perform a more comprehensive evaluation of HRQL, it is possible that some
of the health domains impacted by ECMO, such as cognitive functioning, were not
adequately queried 4344,

Despite these limitations, our study features several strengths. This study represents the first
prospective longitudinal cohort study to evaluate the impact of lung transplantation on
HRQL and depressive symptoms in patients who were bridged to transplant with ECMO.
Querying the same subjects before and repeatedly after transplant gives the ability to
evaluate changes in HRQL on an individual subject level. Furthermore, our efforts to update
preoperative assessments at the time of changes in clinical status and to address missing data
through imputation approaches strengthen the validity of our effect estimates. By utilizing
four instruments to assess HRQL as well as one depression scale, and employing two
comparison groups, we were able to provide a more comprehensive picture of HRQL after
transplant in those on ECMO in the run-up to transplant. Finally, that our study required
seven years to amass 17 subjects bridged to transplant with ECMO with post-transplant
follow-up suggests that larger sample sizes are likely to only result from multicenter studies
or efforts from high ECMO volume centers.

In conclusion, we found that the impact of lung transplantation on HRQL and depressive
symptoms for patients requiring preoperative ECMO is large and appears to be similar to
non-critically ill transplant candidates. This knowledge may provide clinicians more tools to
counsel critically ill patients and their families when considering ECMO as a bridge to
transplant. Future work should focus on a multicenter approach to measure HRQL and
investigate if our findings apply to the international transplant community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary of Abbreviations

6MWD six-minute walk distance

AQ20R Airway Questionnaire 20-Revised
ECMO Extra Corporeal Membrane Oxygenation
EQ5D EuroQol 5D

FEV; Forced Expiratory Volume in 1 second

GDS Geriatric Depression Scale
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The impact of lung transplantation on HRQL and depressive symptoms for patients
requiring preoperative ECMO is large and similar to the impact seen in non-critically ill

transplant candidates.

Central Message
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Perspective Statement

Lung transplantation improves Health-Related Quality of Life (HRQL) and depressive
symptoms for patients with end-stage lung disease. Patients requiring ECMO prior to
transplantation achieve the same magnitude of improvements as non-critically ill
transplant candidates. This knowledge provides clinicians more tools to counsel critically
ill patients when considering ECMO as a bridge to transplant.
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Subjects Enrolled in Study and Underwent
Transplant During Study Period
n=254

Subjects who underwent transplant <age 65

Page 15

Reasons for missing survey

13 too ill to complete

(not eligible for ECMO if >65 years old)
n=189; 167 surveys completed

'

3 months post transplant

» 9 non-health reasons

2 died
6 too ill to complete
9 non-health reasons

(stopped collecting 3 month survery July 2016)
n=189; 144 surveys completed

> 1 dropped out
3 study ended
24 three month survey discontinued

2 died
7 too ill to complete

6 months post transplant
n=186; 145 surveys completed

12 months post transplant

> 23 non-health reasons
2 dropped out
7 study ended

5 died
6 too ill to complete
> 24 non-health reasons

n=178; 124 surveys completed

Figure 1. Flow chart of subjects throughout the study

3 dropped out
16 study ended

Left-sided column represents number of subjects providing data for analysis at each time
point. The number of subjects at the three-month post-transplant time point was less than six
month time point because we stopped administering surveys at 3 months post-transplant
after July 2016. Right-sided column explains reasons for missing surveys at each time point.
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Figure 2. Unadjusted plots of average health-related quality of life from before to one-year after
lung transplantation

Unadjusted plots of average health-related quality of life (HRQL) from before to one-year
after lung transplantation. (a) SF-12PCS (Generic-Physical HRQL); (b) SF-12MCS
(Generic-Mental HRQL) (c); AQ20R (Respiratory Specific HRQL) (d); EQ5D (Health
Utility HRQL); (e) GDS (Depression Scale). Red lines represent subjects who required
ECMO as a bridge to transplant, blue lines represent subjects who were hospitalized but not
on ECMO at the time of transplant and black lines represent subjects called in for transplant
from the outpatient setting. Whiskers represent one standard deviation above and below the
mean HRQL values for each time point. On the Y axis, the first horizontal black line denotes
pre-transplant mean scores; the dashed and solid horizontal lines above denote a change in
score equal to one- and two-times the minimally clinically important difference (MCID),
respectively.

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2019 July 01.

Pre-LT Average



Page 21

Kolaitis et al.

(s1souq14 Areuowingd oiyredoipy) 4d1 (s1sodqid a11sAD) 49 ‘(uoisuauiadAH [ellsuy Ateuow|nd) Hvd :(8sessig Areuownd aAnanisqo
21U0JYD) AdOD ‘(100 UoIRIO|Y BunT) ST {(SaURISIP MjeMm anulw XIS) AMINO ‘(Xapu] sseN Apog) 1ING ‘(Anoede) [elA padlod) DAL f(puodss T ‘awnjoA Aloresidx3 padlod) TATIH :SuolRINIqQY

24035 UO11RI0| | Bun ayy ur sbuidnoib Aq paziiobiaed se wuejdsuel) 104 uorrealpul onsoubelq (2103 JO 95) S103[QNS JO Jaquinu Se J0 UOIBIASP pJepuels—/+ Ueaw Se pajussaid ereq

Author Manuscript

T000> 6T F8¢S YITFSYr | v6TF269 | 992F829 | SV
T000> €7T ¥ 05 92T ¥€8Z | €ETF9LT | 66TF2Tz | (o18W) AMING
G0 Yy FEST vy¥Fvse | Tv¥ese | evFSve | (Qw/By) Ing
070 180 F£0°C 8,0F.0C | 680F¥8T | 207 62'C | sienl) DAL
IT0 ZLOFEVT 0L0FTYT | v20FSeT | 220F2T | (ssem) TA3A
vv'0 ©)s @z )z ()N Jeak T e pandx3
920 (69) O€T (€9) 82 (18) 6€ (92) et 4d1 :@ dnoio sv1
(21) ez (1) LT 8w (1n e 40 :0dno19 SV
(g) ot (9)8 @t ()N Hvd :g dnoio sy
(¥1) 92 (1) 12 ()7 @t Qado2:v dnoio SV
o mr 0o @t (0o JETTe)
Mt (0o @t (0o Japue|s| oed/uelremeH
(1) 22 (e1) 91 (02) 6 ((39)4 oluedsiH
W)zt (8) ot Q)¢ (0o uelsy
(6) LT (6) 1T (tns W\t UROLIBWY UBDLYMoR|g
(89) zztT (02) v8 (69) 92 (08) 21 3UUM
050 (g9) v0T (89) 2L (09) vz (Ly) 8 3leN
(sv) a8 (ev) 25 (09) vz (e9) 6 a[ew
170 9TTF9TS 9TTF8TS | 06F62S | 99T+ T9y | (sieak) aby
anfea-d 68T=U yZI=u 8y=u /T=uU
1oyoD sjoym | wwenedino | 1usnedu) Oowo3
S3|qeLIeA [edalul]d pue salydelbowaq 140yod
T 8lqel

Author Manuscript

Author Manuscript

Author Manuscript

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2019 July 01.



Page 22

Kolaitis et al.

sIsAJeue 10} papod aslanal — GT—0 :abuey (a[eas uoissaidaq JuIelIeD) SA9 :3[eds uoissaidaq T —
TT'T- abuey (@s 10004n3) @SOT :uawnasul AlN-yifesH ‘sisAjeue 1oy papod asianal — 0z—0 abuey (pasiney-0z aireuuonsand sAemiry) 4ozOV :uawniisu| o1319ads-Aloresidsay 00T—0 abuey (81005
Juauodwo) [BIUBIN — ZT W04 UOYS) SDIN-ZTHS :Juswiniisu| [eIusN d18us9 ‘00T—0 abuey (8109 uauodwo) [e2IsAyd — 2T W04 LoYS) SOd-2T4S :uawniisu] [edlsAud o1suas) sjuawnisul 1OYH

“UOITRIABP PJBpUEBIS F 8100S Ueaw paisnipeun se pajuasaid ereq

€€°0 €EF06 €EFT6 £EF68 ee*6L | (S91=a10W) Sao
100°0> T20F290 | LT0¥890 | 6T0F€50 | 620F 150 | (90°0=AIOW) ASO3
660 vEF T VEFTO L'€FT9 eeF1T9 | (L T=aIoN) Yozdv
100 €0TF0'8Y 66FG6y | 00TFEGH | TTTF6Er | (S=AIDN) SON-ZT4S
Ge'0 8'LF0€Z 6LF€€z | 08FLTe | 89F ¥z | (G=AION) SOd-2T4S
anjea-d 68T=U yeT=u 8y=u LT=U

HoyoD 3joyM | Iuenedino | 1usiredul OWO3

uoneiuejdsuel) BunT alojaq a4 Jo Aupend pare|ay-yljesH
¢ d|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2019 July 01.



Page 23

Kolaitis et al.

sIsA[eue 10} papod asIanal — GT—0 :abury (s1eds uoissaldaq d1elIRD) SAD :9[e3s uoissaidaq ‘T —
TT'T- abuey (@s 710004n3) SO :uawnisul AlN-yifesH ‘sisAjeue 1oy papod asianal — 0z—0 abuey (pasiney-0z aireuuonsand sAemily) 4ozOV :uawniisu| o1y19ads-Aloreaidsay ‘00T—0 abuey (81005
Jusuodwo) [BIUSIA — ZT W04 LOYS) SOIN-ZTAS :JUsWNIIsu| [IUSIN 118U (00T—0 abuey (8109S Juauodwo) [edisAyd — ZT Wiod LoyS) SOd-2T4S :uswniisu] [edlsAyd o1suas :sjuswnisul 1OHH

"9102S UONEIO|[e Bun| pue ‘B3UEISIP ¥[EM SINUIW-XIS ‘PUOISS T Ul SWNJOA Alojelidxa padioy anlresadoaid
‘sisoubelp ‘xas ‘abe 10y paisnipe alam s|apoA “syluow xis e juiod julol e Yyum sjapoul S10a))a paxiw Jeaul] pajuswbas Aq paisiuenb se sjeAlsjul 80USPILIUOD 9%G6 UM SaTewIISa 109448 Ueaw se pajuasald eleq

600 Ty 'v62) ¥SE (677 ‘'8e°2) EV°E (8v'9'sTE) 187 3[eds uorssaidaq (S9'T=aI0W) Sa9
1000 (tz’0'eT’0) LT°0 (9e'0'22'0) 62°0 (zv'0'0z'0) TEO Annn yesH (90'0=alo) asod3
650 (95°0T '96'8) 92°6 (ez'TT'5Y'8) ¥8'6 (96'2T '26'8) 92°0T | outoads Aiojendsay | (G2 T=AION) H0ZOV
700 (679 ‘Lv'2) 8v'Y (66°0T ‘26°€) 8Y'L (9zv1'1E€) 8L'8 [EJUBIN-OLIBURD (5=aI10N) SON-eT4S

120 | (Lo'ez'05'81) 8202 | (0S°€Z ‘29°ST) 95°6T | (T6'TZ ‘S9°0T) 8L°9T [ea1sAyd-o11suss (S=aIDN) SOd-2T4S

anfea yZT=u 8y=u /T=u adA] uswnasul JusWwINIsu|
-d juanedino jwiaizedu) oWo3

uonejuejdsues) Bunj Jaye syluow xis ybnoiyy a10jaq Wody awn Jano 1OHH ul abueyd 1oy serewnsy 1943

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2019 July 01.



	Abstract
	Central Picture
	Introduction
	Methods
	Study design, participants, and setting
	Outcome variables: HRQL and Depressive symptoms
	Other variables
	Analytic approach

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3



