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Abstract

Rationale: Cognitive and psychiatric impairments are threats to
functional independence, general health, and quality of life. Evidence
regarding these outcomes after lung transplantation is limited.

Objectives:Determine the frequency of cognitive and psychiatric
impairment after lung transplantation and identify potential
factors associated with cognitive impairment after lung
transplantation.

Methods: In a retrospective cohort study, we assessed cognitive
function, mental health, and health-related quality of life using
a validated battery of standardized tests in 42 subjects post-
transplantation. The battery assessed cognition, depression, anxiety,
resilience, and post-traumatic stress disorder (PTSD). Cognitive
function was assessed using the Montreal Cognitive Assessment,
a validated screening test with a range of 0 to 30. We hypothesized
that cognitive function post-transplantation would be associated
with type of transplant, cardiopulmonary bypass, primary graft
dysfunction, allograft ischemic time, and physical therapy post-
transplantation. We used multivariable linear regression to examine
the relationship between candidate risk factors and cognitive
function post-transplantation.

Measurements and Main Results:Mild cognitive impairment
(score, 18–25) was observed in 67% of post-transplant subjects (95%

confidence interval [CI]: 50–80%) and moderate cognitive
impairment (score, 10–17) was observed in 5% (95% CI, 1–16%) of
post-transplant subjects. Symptoms of moderate to severe anxiety
and depression were observed in 21 and 3% of post-transplant
subjects, respectively. No transplant recipients reported symptoms
of PTSD. Higher resilience correlated with less psychological distress
in the domains of depression (P, 0.001) and PTSD (P = 0.02).
Prolonged graft ischemic time was independently associated with
worse cognitive performance after lung transplantation (P = 0.001).
The functional gain in 6-minute-walk distance achieved at the
end of post-transplant physical rehabilitation (P = 0.04) was
independently associated with improved cognitive performance
post-transplantation.

Conclusions:Mild cognitive impairment was present in the
majority of patients after lung transplantation. Prolonged allograft
ischemic time may be associated with cognitive impairment. Poor
physical performance and cognitive impairment are linked, and
physical rehabilitation post-transplant and psychological resilience
may be protective against the development of long-term impairment.
Further study is warranted to confirm these potential associations
and to examine the trajectory of cognitive function after lung
transplantation.
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Lung transplantation is an established
therapy for advanced lung disease that
improves quality of life and mortality (1, 2).
It is estimated that 40,000 lung transplants
have been performed, with increasing
numbers of transplants being performed
annually (3). Complications post-
transplantation are common and frequently
undermine the reasons for undergoing
transplantation: prolonging and improving
quality of life.

Cognitive and psychiatric impairments
aremajor threats to functional independence,
quality of life, and long-term health and
survival (4–10). Care that results in cognitive
impairment may be less acceptable to
patients than death (11). Cognitive and
psychiatric impairments are common in
patients with advanced lung disease before
transplantation (12–18). Recent evidence
suggests that cognition may further decline
after lung transplantation (19), yet the
frequency and determinants of cognitive
impairment after lung transplantation
remain largely unknown.

In this cohort study, we examined
cognitive function, mental health and the
psychological trait of resilience (20), and
health-related quality of life in relationship
to lung transplantation. Our goals were
to determine the frequency of cognitive
and psychiatric impairment, to identify
potential clinical risk factors associated with
impaired cognitive function after lung
transplantation, and to examine the
relationship between cognitive function,
mental health, resilience, and quality of life
after lung transplantation.

Methods

Study Design
The Cognitive Outcomes after Lung
Transplantation (COLT) study was
a retrospective cohort study designed to
examine cognitive function, mental health,
and health-related quality of life after
lung transplantation. The study was
conducted at the Hospital of the University
of Pennsylvania. The study was approved
by the institutional review board of the
University of Pennsylvania, and informed
consent was obtained from all study
participants.

Study Population
Patients were eligible for enrollment if they
were 18 years of age or older and listed for

lung transplantation or had received single
or bilateral lung transplantation. Eligible
subjects were recruited between July 2012
and April 2013. We focused our assessment
on patients who had received lung
transplantation (post-transplant). To
determine feasibility and to examine
cognition at different times after transplant,
we enrolled 42 patients from hospital
discharge to 64 months post-transplant.
Using the same standardized test battery, we
assessed 14 separate patients on the lung
transplant waiting list (pretransplant
control subjects) to contextualize the results
of the post-transplant group.

Cognitive Function, Mental Health,
and Quality of Life
We used a battery of validated and
standardized tests to assess cognition
(21–23), anxiety, depression, post-traumatic
stress disorder (PTSD) (24–28), and health-
related quality of life (30). In addition,
given the inverse relationship between
psychological distress and the psychological
trait of resilience, we also assessed resilience
(29). The battery was administered in
person by one of two trained investigators
to consenting subjects. The complete
battery required approximately 30 minutes
to complete. The instruments used in
the battery are presented in the online
supplement (Table E1). To reduce the
burden on subjects tested before hospital
discharge post-transplant (n = 4), we
limited testing to the cognitive assessment in
these instances.

Our primary outcome was cognitive
function. We assessed cognition using the
Montreal Cognitive Assessment (MoCA),
a valid and sensitive screening tool with
precedent in patients with advanced lung
disease (21–23). The MoCA required
approximately 10 minutes to complete.
The MoCA yields an overall cognitive
assessment and valid subscores for the
individual cognitive domains of visuospatial
and executive function, naming, attention,
language, abstraction (abstract reasoning),
delayed recall (memory), and orientation. We
examined cognition function as a continuous
variable in our primary analysis and
categorized cognitive impairment as mild
(score of 18–25), moderate (10–17), and
severe (,10) in secondary analyses, with
prior evidence suggesting that moderate to
severe scores are similar to scores of patients
with dementia (21–23; Z. Nasreddine,
personal communication, July 2011). Mild

cognitive impairment, as categorized based
on the MoCA, is distinct from the diagnostic
entity “Mild Cognitive Impairment” (9).

We assessed symptoms of depression
and anxiety using the Zung Self-rating
Depression Scale and the Beck Anxiety
Inventory, respectively, and categorized
symptoms as mild, moderate, or severe
(24–26). We categorized results of the Post-
Traumatic Stress Syndrome 10-Questions
Inventory (PTSS-10) as normal or impaired
(27, 28). Beginning in October 2012, we
used the Connor-Davidson resilience scale
to measure the modifiable psychological
trait of resilience and categorized results as
abnormal (,68), normal (68–92), or highly
resilient (.92) based on population norms
(29). The EuroQol (EQ-5D-3L), used to
assess quality of life, yields a descriptive
score for each of the five dimensions
assessed (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression)
and a visual analog score (30).

Data Collection
Clinical parameters were collected
prospectively using methods that we have
previously described as part of the Lung
Transplant Outcomes Group observational
cohort study to examine primary graft
dysfunction after lung transplantation (31).
In addition, we reviewed subjects’ medical
records to identify coexisting conditions at
the time of testing, including clinically
significant anxiety or depression requiring
prescription of an antidepressant or
anxiolytic. Last, we abstracted details
retrospectively from post-transplantation
physical therapy sessions.

Candidate Risk Factors for
Cognitive Impairment
We hypothesized a priori that the type of
transplant (single vs. double), use of
cardiopulmonary bypass (32, 33), primary
graft dysfunction (PGD) (31), and allograft
ischemic time (34, 35) would be associated
with worse cognitive function after
lung transplantation. In addition, we
hypothesized that physical therapy, as
measured by gain of function after physical
therapy and maximal function achieved
in those having completed post-
transplantation acute rehabilitation at the
time of testing, would protect against
cognitive decline (36). The post-transplant
rehabilitation program is compulsory for
transplant recipients at our center. It is held
three times per week for 6 to 8 weeks and
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includes 1 hour of pulmonary conditioning
(aerobic exercise) and 1 hour of physical
therapy (strength and flexibility training).
We considered cognitive reserve (age, level
of education) (37), sex, etiology of advanced
lung disease, coexisting conditions (as
distinct conditions and summarized as
Charlson Comorbidity Index score [38]),
presence of pulmonary hypertension
at transplantation, and time from
transplantation to testing as potential
confounders.

We defined PGD as grade 3 PGD
within the first 72 hours post-transplant
(39). Subjects met criteria for the diagnosis
of grade 3 PGD if chest radiographs showed
pulmonary infiltrates in the allograft(s)
during the first 72 hours post-transplant
and if the PaO2

/FIO2
ratio was less than 200

(39). Two physicians, blinded to the
assessment, independently reviewed chest
radiographs, with adjudication by a third
physician when required as part of the
prospective Lung Transplant Outcomes
Group cohort study (31, 39). Total allograft
ischemic time was defined as the time
interval (minutes) between aortic cross-
clamp time during donor harvest and
reperfusion in organ recipient; in bilateral
lung transplantation, the longer of the two
recorded times was defined as the total
allograft ischemic time (34).

Statistical Analysis
We used the Student t test or the Wilcoxon
rank-sum test to compare continuous
variables and Pearson Chi-square test or
Fisher exact test to compare categorical
variables. We used the Spearman
correlation coefficient to examine the
relationship between cognitive function,
psychiatric symptoms, resilience, and
quality of life, given the ordinal nature of
scores.

We used multivariable linear regression
to examine the independent relationship
between candidate risk factors and cognitive
function after lung transplantation. We
adjusted for each candidate risk factor and
potential confounding variable with an a
level of significance of less than 0.20 in
bivariate analyses (40). We adjusted one
covariate at a time, given the limited sample
size. Multicollinearity was assessed using
variance inflation factors; graft ischemic
time was found to be collinear with
cardiopulmonary bypass use and bypass
time and cardiopulmonary bypass was used
in each of the 28 bilateral lung transplant

cases. We prespecified that our primary
analysis would be limited to the 38 patients
assessed within 24 months of lung
transplantation to assess peritransplant risk
factors. We performed sensitivity analyses,
wherein we included the four long-term
transplant survivors previously excluded to
determine if the observed relationships
persisted. We also categorized graft
ischemic time based on the observed
distribution and used a fractional
polynomial regression model to assess for
possible threshold effects in the relationship
between graft ischemic time and cognition.
We used Stata 12 to perform statistical
analyses and we used two-sided tests with
a type I error (a) set to 0.05 (StataCorp LP,
College Station, TX).

Results

Enrollment
We approached 60 patients to participate;
4 deferred due to logistical reasons, and
56 consented and were tested (Figure 1). We
tested 14 unique, pretransplant control
subjects and 42 subjects post-transplant at
a median of 8 months post-transplant
(interquartile range, 2–16 mo). Baseline
characteristics of the study cohort are
reported in Table 1. In general, participants
were middle-aged, female, well-educated,
non-Hispanic whites. Compared with
pretransplant subjects, post-transplant

subjects were more likely to have chronic
kidney disease (P = 0.02) and diabetes
mellitus (P = 0.003), reflecting the effects
of immunosuppressant medications
post-transplant.

Cognitive Function, Mental Health,
Resilience, and Quality of
Life Post-Transplantation
The test results are presented in Table 2.
Mild cognitive impairment was observed in
67% (28 of 42) of post-transplant subjects
(95% confidence interval [CI], 50–80%).
Moderate cognitive impairment was rare,
occurring in 5% (2 of 42) of post-transplant
subjects (95% CI, 1–16%), and severe
cognitive impairment was not observed.
Compared with the pretransplant group,
there were no statistically significant
differences in cognitive scores or in the
frequency of cognitive impairment;
MoCA scores were, on average, 1 point
higher (P = 0.24), and impairment was
limited to the mild category in the
pretransplant group.

Symptoms of moderate to severe
anxiety and depression were observed in
21 and 3% of post-transplant subjects,
respectively. None of the post-transplant
subjects reported symptoms consistent with
PTSD. Compared with the pretransplant
group, there were no clinically or statistically
significant differences in the frequency of
anxiety, depression, or PTSD in the post-
transplant group, although overall

Figure 1. Enrollment for Cognitive Outcomes after Lung Transplantation (COLT) study.
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depression scores were significantly higher
(P = 0.05) in the pretransplant group.

Health-related quality of life was low
pretransplant and was significantly higher
in the post-transplant group (Table 2).
The higher quality of life after lung
transplantation appeared to be driven by
better scores in the dimension of usual

activities (P = 0.005) and a trend toward
better scores in the dimension of mobility
(P = 0.06).

Overall, lung transplant candidates and
recipients were found to be resilient, with
a median score of 87 (IQR, 76–95) on the
Connor-Davidson Resilience Scale-25. High
resilience (.1 SD above normal population

mean scores) was observed in 37% of
subjects tested. Post-transplant, higher
resilience values correlated with fewer
symptoms of depression (n = 25, rho =
20.79, P, 0.001) and PTSD (n = 25, rho =
20.45, P = 0.02), but not anxiety (n = 25,
rho = 20.34, P = 0.10), cognition (n = 25,
rho = 0.19, P = 0.36), or quality of life
(n = 25, rho = 0.32, P = 0.12).

Risk Factors for Cognitive
Impairment Post-Transplantation
Prolonged total graft ischemia time
was associated with worse cognitive
performance after lung transplantation
(P = 0.001), as were type of lung transplant
(bilateral, P = 0.01) and use of
cardiopulmonary bypass (P = 0.01)
(Table 3). After adjustment for potential
covariates, graft ischemic time was
associated independently with cognition
after lung transplantation, and the
association remained after we included the
long-term transplant survivors. When
categorized by the observed distribution,
the relationship between cognition and
graft ischemic time appeared to suggest
a threshold effect in the subjects in the
highest quartile of graft ischemic time,
which was consistent with the fitted
relationship (Table 3, Figures 2 and E1).
Prolonged graft ischemia was associated
with worse performance in the domains
of visuospatial and executive function
(P = 0.04) and language (P = 0.01).

The functional gain in 6-minute-walk
distance achieved at the end of post-
transplant physical rehabilitation (P = 0.04),
but not the maximal distance attained
(P = 0.68), was associated with
improved cognitive performance post-
transplantation. The relationship between
functional gain achieved through
rehabilitation and cognitive performance
remained after adjusting for potential
covariates, although the association in the
sensitivity analysis was attenuated to the
null after we included the long-term
transplant survivors (P = 0.10). These
analyses suggest that a relationship may
exist between physical rehabilitation and
cognition after lung transplantation.

Discussion

In this observational cohort study, we
examined long-term cognitive function,
mental health, and health-related quality of

Table 1. Characteristics of the study population, categorized as pre– and post–lung
transplantation

Variable Pretransplant
(N = 14)

Post-Transplant
(N = 42)

P
Value

Age, yr 60 (56–65) 60 (57–64) 0.86
Male sex, no. (%) 4 (29) 20 (48) 0.21
Level of education, yr 13.5 (12–16) 13 (12–16) 0.50
Race or ethnic group, no. (%) 0.70
White non-Hispanic 12 (86) 33 (78)
Black non-Hispanic 0 (0) 1 (2)
Hispanic 2 (14) 4 (10)
Other 0 (0) 4 (10)

Pulmonary diagnosis, no. (%) 0.18
COPD 6 (43) 17 (40)
Idiopathic pulmonary fibrosis 3 (21) 19 (45)
Cystic fibrosis 1 (7) 2 (5)
Other 4 (29) 4 (10)

Coexisting conditions, no. (%)
Anxiety 3 (21) 12 (29) 0.74
Depression 5 (36) 17 (40) 0.75
Chronic kidney disease 1 (7) 17 (40) 0.02
Coronary artery disease 4 (29) 10 (24) 0.73
Congestive heart failure 1 (7) 1 (2) 0.44
Diabetes mellitus 3 (21) 28 (67) 0.003
Hypertension 5 (36) 22 (52) 0.28
Hyperlipidemia 5 (36) 20 (48) 0.44
Dementia 0 (0) 0 (0) —
Cerebrovascular disease 0 (0) 0 (0) —

Charlson Comorbidity Index score 3 (3–4) 5 (3–5) 0.02
Pulmonary hypertension 0.19
Normal 9 (64) 28 (67)
Mild, mPAP 25–40 2 (14) 12 (29)
Moderate, mPAP 41–55 2 (14) 1 (2)
Severe, mPAP . 55 1 (7) 1 (2)

6-min-walk test pretransplant, m 964 (800–1,200) 996 (865–996) 0.97
Operative (transplantation) variables
Transplant type, single, no. (%)* 14 (33)
Cardiopulmonary bypass, no. (%) 29 (69)
Cardiopulmonary bypass time, min 249 (238–286)
Primary graft dysfunction, no. (%) 10 (24)
Graft ischemia time, min 243 (217–272)

Postoperative variables*
Physical function

Initial 6-min-walk test
post-transplant, m

879 (634–1,054)

Final 6-min-walk test
post-transplant, m

1,347 (1,247–1,525)

Distance gained, m† 423 (324–528)

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; mPAP = mean
pulmonary artery pressure.
Values expressed as a frequency (%) or median (interquartile range) unless otherwise specified.
*One subject was status post repeat lung transplantation and one subject was status post heart-lung
transplant.
†Thirty-two subjects were tested after having completed physical therapy post-transplantation.
Distance gained defined as final distance – initial distance (m).
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life after lung transplantation. We found
that the majority of lung transplant
recipients experience long-term, mild
cognitive impairment. In addition, we
confirmed that a significant minority of
recipients continues to experience
psychological distress and identified the
relationship between psychological distress
and psychological resilience in this patient
population. Last, we identified several novel
factors that may modify the risk of cognitive
decline after lung transplantation that
warrant confirmation through further direct
investigation.

Cognitive impairment is increasingly
recognized as an important and potentially
modifiable outcome after major cardiac
surgery (41) and critical illness (42) that
could undermine long-term health and
quality of life after lung transplantation. In
a recent study of patients with moderate to
severe chronic obstructive pulmonary
disease, 36% of these patients were found to
have mild cognitive impairment using the
MoCA compared with 12% of healthy
subjects tested (23). In the initial study to
examine the long-term cognitive effects
of lung transplantation, Hoffman and

colleagues found that mild cognitive
impairment was common, occurring in
82% of patients pretransplant and 86% of
patients 6 months post-transplant using
a formal neuropsychological test battery
(19). Although executive function appeared
to improve in younger transplant
recipients, 29% of subjects experienced
significant cognitive decline after lung
transplantation, and less cognitive reserve
(increased age and lower level of
education) was identified as a risk
factor for post-transplant cognitive
decline (19).

Using a brief, validated cognitive
screening instrument, we confirmed that
mild cognitive impairment appears to be
common in both lung transplant candidates
and recipients. In contrast to the study
by Hoffman and colleagues, in which
22% of subjects were moderately to
severely impaired based on a formal
neuropsychological test battery at 6 months,
we found that moderate to severe cognitive
impairment was rare using a cognitive
screening test. The most likely explanation
for this difference is that the cognitive
screening assessment used in the present

study, although more sensitive to detect
mild cognitive impairment than traditional
screening tests (e.g., Mini Mental State
Examination), is less sensitive than
a formal neuropsychological battery.
Future multicenter longitudinal studies
should pair practical, sensitive screening
tests with formal neuropsychological
test batteries to better characterize
the effects of transplant and related
treatments on cognitive function over
time.

We found that total allograft ischemic
time, previously found to be associated
with graft function and survival (34), may
be a risk factor for worse cognitive
performance after lung transplantation. We
had proposed that allograft ischemic time
may result in cognitive decline due to
systemic effects of ischemia-reperfusion
injury, mediated by oxidative stress and
inflammation, which could lead to
neuroinflammation (34, 35, 43, 44).
Additionally, prolonged allograft ischemic
time has been associated with impaired gas
exchange (i.e., PaO2

/FIO2
) immediately

postoperatively (34) and impaired long-
term survival. Confirmatory studies,
designed to examine markers of oxidative
stress (34, 35), inflammation (e.g.,
IL-18) (35, 43–45), and oxygenation
postoperatively as potential mediators of
the observed relationships between allograft
ischemic time, oxygenation, and cognitive
function, are required to validate our
observations. Related future studies are
required to examine whether the previously
identified relationship between prolonged
allograft ischemic time and long-term
survival (34) is mediated by cognitive
impairment and the potential adverse
events related to such impairment
(i.e., functional impairment, medication
nonadherence, infectious complications)
(46, 47). Importantly, given the collinearity
between graft ischemic time and
cardiopulmonary bypass time and the
standard use of cardiopulmonary bypass for
bilateral lung transplantation at this center,
the use and duration of cardiopulmonary
bypass remains a potentially modifiable
risk factor for cognitive decline after
lung transplantation (32, 33). Future
multicenter studies will need to be
designed and powered to examine both
of these potentially modifiable risk
factors.

Functional gain achieved post-
transplantation through physical therapy

Table 2. Cognitive outcomes, mental health, resilience, and health-related quality
of life

Variable Pretransplant
(N = 14)

Post-Transplant
(N = 42)

P
Value

Cognition, MoCA score 25 6 2 24 6 3 0.24
Cognitive impairment, no. (%)* 1.00
None 4 (29) 12 (29)
Mild 10 (71) 28 (67)
Moderate or severe 0 (0) 2 (5)

Anxiety score 8 (5–17) 7 (4–14) 0.59
Anxiety, no. (%) 0.92
Mild 3 (21) 9 (24)
Moderate or severe 4 (29) 8 (21)

Depression score 40 (36–45) 34 (29–40) 0.05
Depression, no. (%) 0.62
Mild 1 (7) 1 (3)
Moderate or severe 0 (0) 1 (3)

Posttraumatic stress score 14 (13–17) 16 (13–22) 0.30
Symptoms of PTSD, no. (%) 1 (7) 0 (0) 0.27
Resilience score† 93 (82–93) 87 (76–95) 0.68
Health-related quality of life, EuroQol
Descriptive score (5–15)‡ 8 (7–8) 6 (5–8) 0.04
Visual analog scale (0–100) 52 (30–60) 80 (60–90) 0.001

Definition of abbreviations: MoCA = Montreal Cognitive Assessment; PTSD = posttraumatic stress
disorder.
*Mild cognitive impairment was defined as a score of 18–25 and moderate or severe impairment
as ,18. One point was added for patients with 12 or fewer years of education.
†Resilience was assessed beginning in October 2012 (N = 30 subjects). Overall, 11 of 30 subjects
(37%) were found to be highly resilient (score. 92) and 6 of 30 subjects (17%) had low (.1 SD below
population mean scores) resilience.
‡Greater score represents more perceived problems in dimensions assessed.
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was associated with cognitive impairment.
Whether physical therapy may serve
to prevent cognitive decline after
transplantation or accelerate recovery
after an initial decline, and how allograft
function may impact this relationship,
are unknowns. The salutary effects of
physical rehabilitation are extensive, and
the neurobiological (e.g., release of
neurotrophic factors) and neuroanatomical
effects (e.g., increased brain volume) of
exercise appear to have beneficial effects on
brain health and cognition in general (36)
and in patients with advanced lung disease
(48). To explore this additional hypothesis-
generating observation, studies designed
to assess cognitive function and
neuroanatomical changes longitudinally

during the rehabilitation phase of recovery
after lung transplantation are required.

Consistent with prior studies, we
found that a significant minority of lung
transplant recipients continue to experience
symptoms of anxiety. We found that
depressive symptoms were uncommon
post-transplant and may improve after
transplant. Given the frequency of
antidepressant prescriptions, these findings
suggest that symptom recognition and
treatment can be used to effectively control
symptoms in this patient population. Last,
in contrast to prior studies of patients
undergoing coronary artery bypass graft
surgery or thoracic transplantation, which
reported a rate of PTSD in the 15 to 18%
range (49–51), none of the lung transplant

recipients screened positive for PTSD
symptoms. Related, we found that the
psychological trait of resilience appeared to
protect against psychological distress, an
important observation given that resilience
is a potentially modifiable trait and
evidence exists that vital components of
resilience (optimism and perceived social
support) can be delivered to the lung
transplant patient population through
telephone-based coping skills training (52).
Additional explanations to account for the
lack of PTSD symptoms in the lung
transplant recipients studied include:
patient screening and selection, psychological
preparation (including medical management
of psychiatric symptoms and extensive
psychosocial support), corticosteroid

Table 3. Association between risk factors and cognitive function in multivariable linear regression

Cognitive Function

Unadjusted Coefficient
(95% CI)

P Value Adjusted Coefficient (95% CI)*

Candidate Risk Factors
Transplant type, single 2.74 (0.70 to 4.78) 0.01
Cardiopulmonary bypass 22.69 (20.59 to 24.79) 0.01
Bypass time, min* 20.58 (20.19 to 20.97) 0.005
Primary graft dysfunction 21.15 (23.62 to 1.32) 0.35
Graft ischemic time, min† 21.50 (20.62 to 22.39) 0.001 21.20 (20.25 to 22.14) – 21.66 (20.72 to 22.60)
Ischemic time, categorized

,217 (1st quartile) Reference Reference
217–242 20.27 (22.66 to 2.13) 0.82
.242 (4th quartile) 23.1 (20.38 to 2 5.81) 0.03

Post-transplant physical function gain, m‡ 0.62 (0.03 to 1.20) 0.04 0.61 (0.09 to 1.14) – 0.73 (0.14 to 1.32)
Potential covariates
Age, yrx 1.28 (0.22 to 2.33) 0.02
Male sex, % 21.19 (0.91 to 23.29) 0.26
Pulmonary diagnosis

COPD Reference Reference
IPF 0.33 (22.48 to 3.14) 0.81
Cystic fibrosis 21.77 (26.85 to 3.31) 0.48
Other 20.31 (22.93 to 2.32) 0.81

Coexisting conditions
Anxiety 20.84 (23.11 to 1.43) 0.46
Depression 20.27 (22.42 to 1.88) 0.80
Chronic kidney disease 0.99 (21.19 to 3.17) 0.36
Coronary artery disease 21.30 (23.88 to 1.26) 0.31
Congestive heart failure 6.51 (0.24 to 12.78) 0.04
Diabetes mellitus 0.41 (21.93 to 2.76) 0.72
Hypertension 20.72 (22.83 to 1.39) 0.49
Hyperlipidemia 0.62 (21.50 to 2.74) 0.56

Charlson Comorbidity Index score 0.65 (20.01 to 1.31) 0.05
Preexisting mild pulmonary hypertension 20.18 (22.42 to 2.06) 0.87
Level of education, yr 0.21 (20.25 to 0.68) 0.36
Time from transplant to testing, mo 20.002 (20.15 to 0.15) 0.98

Definition of abbreviations: CI = confidence interval; COPD = chronic obstructive pulmonary disease; IPF = idiopathic pulmonary fibrosis.
*After adjustment for each candidate risk factor and potential confounder associated with cognition at significance level , 0.20, graft ischemia time and
post-transplant physical function gain remained associated with cognitive function. Neither transplant type nor use of cardiopulmonary bypass remained
significant after adjustment for age.
†For each 50-unit decrease in ischemic time and cardiopulmonary bypass time.
‡For each 100-unit increase in 6-minute-walk distance (m) gained after physical therapy post-transplantation (final distance – initial distance)
xFor each 10-unit increase in age.
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administration at induction (53, 54), and the
benefits of protocolized post-transplant care
that mimics the demonstrated efficacy of the
intensive care unit diary to augment factual
memories (55, 56).

Finally, consistent with prior studies
(57–61), we found that health-related
quality of life was higher after lung
transplantation. The findings presented in
our study extend our understanding of how
lung transplantation improves quality of
life, given the finding that the ability to
resume one’s usual activities may explain
higher health-related quality of life after
lung transplantation.

There are several important potential
limitations to our study. First, although our
study is the first to examine risk factors at
the time of transplantation, our sample size
was small, and confirmatory studies are

required to validate our findings and further
characterize potentially modifiable risk
factors (e.g., cardiopulmonary bypass [62]).
Second, although we designed our study to
permit comparison to a separate group of
pretransplant (control) subjects using the
same test battery, our design did not
account for pretransplant cognitive
function at the subject level. Future
prospective longitudinal studies are
required to examine the trajectory of
cognitive function after lung transplant.
Third, the potential for residual
confounding exists, given our limited
sample size and the inability to account
for important, potential covariates (e.g.,
pretransplant cognitive function,
apolipoprotein E genotype, pulmonary
diagnosis leading to transplant), and
perioperative (e.g., duration of delirium)

and postoperative complications (e.g.,
severe sepsis episodes) (40, 41, 63). Future
prospective studies should be designed to
assess these and other important potential
confounders and to elucidate the
observed relationship between age and
cognitive function. Finally, our results are
potentially subject to survivor bias and
may therefore understate the prevalence
of cognitive and psychiatric impairment
after transplant and underestimate the
observed relationship between graft
ischemic time and cognitive function
post-transplant (34).

In conclusion, using a simple screening
tool administered in the clinical setting,
our findings provide evidence that mild
cognitive impairment is common after lung
transplantation. Prolonged graft ischemic
time was a potential risk factor for long-
term cognitive impairment after lung
transplantation. In addition, physical
rehabilitation post-transplant and
psychological resilience are potential
protective factors against the development
of long-term cognitive and psychiatric
impairment. These observations require
validation in a longitudinal, multicenter
study. n
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