
Postoperative Cognitive Dysfunction and Mortality following 
Lung Transplantation

PJ Smith1, JA Blumenthal1, BM Hoffman1, R. Duane Davis2, and SM Palmer3

1Duke University Medical Center, Department of Psychiatry and Behavioral Sciences

2Florida Hospital, Cardiovascular Institute

3Duke University Medical Center, Department of Medicine

Abstract

Preliminary evidence suggests that postoperative cognitive dysfunction (POCD) is common 

following lung transplantation. The impact of POCD on clinical outcomes has yet to be studied. 

The association between POCD and longer term survival was therefore examined in a pilot study 

of post-transplant survivors. Forty-nine participants from a prior randomized clinical trial 

underwent a neurocognitive assessment battery pre-transplant and 6-months following 

transplantation, including assessments of Executive Function (Trail Making Test, Stroop, Digit 

Span), Processing Speed (Ruff 2&7 Test, Digit Symbol Substitution Test), and Verbal Memory 

(Verbal Paired Associates, Logical Memory, Animal Naming, and Controlled Oral Word 

Association Test). Over a 13-year follow-up, 33 participants (67%) died. Greater neurocognition 

was associated with longer survival (HR = 0.49 [0.25, 0.96], P = .039), and this association was 

strongest on tests assessing Processing Speed (HR = 0.58 [0.36, 0.95], P = .03) and Executive 

Function (HR = 0.52 [0.28, 0.97], P = .040). In addition, unadjusted analyses suggested an 

association between greater Memory performance and lower risk of CLAD (HR = 0.54 [0.29, 

1.00], P = .050). Declines in Executive Function tended to be predictive of worse survival. These 

preliminary findings suggest that postoperative neurocognition is predictive of subsequent 

mortality among lung transplant recipients. Further research is needed to confirm these findings in 

a larger sample and to examine mechanisms responsible for this relationship.

Introduction

Lung transplantation continues to be the only remaining option for many individuals with 

advanced pulmonary disease.1 Following the implementation of the lung allocation score in 

2005, lung recipients have become increasingly older and sicker,2 with a median age of 

transplant approaching 60 years old.3 Despite changes in recipient characteristics and 

perioperative management strategies, post-transplant survival has remained constant at a 
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median of 6-years, more than 50% lower than other solid organ transplant groups,4 and few 

medical characteristics have proven prognostic of long-term risk.5

Emerging research suggests that postoperative cognitive dysfunction (POCD) is common 

following lung transplantation, occurring in more than half of recipients.6–8 POCD may have 

important clinical implications, as poorer neurocognitive function has been associated with 

worse quality of life, greater risk of medication non-adherence9,10 and poorer clinical 

outcomes in other patient populations.11–14 However, to our knowledge, no studies have 

examined the association between POCD and clinical outcomes among lung transplant 

recipients. We therefore examined the association between POCD and mortality among 

participants from previously published randomized trial of coping skills training.15

Methods

The present analyses were based on data collected as part of the Investigational Study of 

Psychological Intervention in Recipients of Lung Transplant (INSPIRE) trial.15 INSPIRE 

was a randomized, telephone-based coping skills intervention for lung transplant candidates 

intended to improve quality of life and potentially increase survival. Participants were 

enrolled from Duke University Medical Center (DUMC) and Washington University School 

of Medicine in St. Louis (WUSM). The study was approved by the DUMC (IRB #9150) and 

WUSM (IRB #00-0861) Institutional Review Boards. However, neurocognitive test data 

were obtained only at DUMC. As previously reported,15 individuals were enrolled in the 

INSPIRE trial between September 2000 and August 2004. Primary results showed that the 

coping skills intervention significantly improved quality of life relative to health education 

controls, but did not result in improved survival.

Clinical and Demographic Characteristics

Demographic data was self-reported by participants at the time of their neurocognitive 

testing battery. Data on forced expiratory volume (FEV1), number of rejection episodes, and 

other medical data were obtained from participants’ medical records.

Neurobehavioral Assessments

Participants completed a battery of neurocognitive tests approximately six months following 

transplantation (mean = 6 months [SD = 0.14 months]). Assessments included measures of 

Processing Speed, Executive Function, and Verbal Memory. including Trail Making Tests A 

and B,16 the Stroop test,17 the Ruff 2&7 Test,18 the Wechsler Adult Intelligence Scale 

(WAIS) Digit Symbol Substitution Test (DSST),19 the WAIS Digit Span Test (DST),19 the 

Wechsler Memory Scale (WMS) Verbal Paired Associates and Logical Memory subtests,20 

the Controlled Oral Word Association Test (COWA),21 and the Animal Naming Test.22 

These tests have been widely advocated for this psychometric properties23,24 and sensitivity 

to subtle deficits in medical populations, particularly for frontal-lobe mediated functioning.
25

The Stroop test17 consists of three timed sections: word, color, and color-word. In each 

section, participants are presented with a page consisting of five columns, each with 20 

items for a total of 100 items per page. The score within each section is the total number of 
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words read aloud in 45 seconds. The Digit Symbol Substitution Test from the Wechsler 

Adult Intelligence Scale-Revised19 is a measure of complex processing speed in which 

participants are asked to draw symbols that match one of 10 digits copied from a key. The 

Trail Making Test16 consists of two separate sections (A and B) in which participants 

connect circles in increasing order as quickly as possible. In section A, participants connect 

circles identified by the numbers 1 through 25, whereas section B requires participants to 

connect 25 circles identified by either a number or a letter, in alternating sequence (i.e. 1-

A-2-B-3-C, and so on). The Ruff 2 and 7 Selective Attention Test18 requires participants to 

visually search for and identify the digits 2 and 7 when randomly embedded within 20 

alternating sets of letter and digit distracters. The Digit Span subtest from the Wechsler 

Adult Intelligence Scale—Revised,19 requires participants to repeat progressively longer 

series of numbers immediately after they are read aloud by the examiner. In the forward 

subtest, participants repeat the numbers exactly as they are read. In the backward subtest, 

participants repeat numbers in reverse sequence.

The Animal Naming Test22 requires participants to generate the names of as many animals 

as possible in 60 seconds. The Controlled Oral Word Association (COWA) test 21 assesses 

phonemic fluency, requiring participants to generate as many different words as possible that 

begin with a particular letter, excluding proper nouns and suffix variations. Three letters are 

used in separate, 60-second sections. The Logical Memory subtest of the Wechsler Memory 

Scale-Revised20 requires participants to learn and recall two paragraph-length stories after 

they are read aloud by the examiner. In the Verbal Paired Associates subtest,20 participants 

are verbally presented with a set of eight word pairs, half of which are semantically related 

(e.g. baby-cries) and half of which are unrelated (e.g. pen-grocery). Participants are then 

cued with one word from each pair and asked to produce the other word.

Post-Transplant Survival and Chronic Lung Allograft Dysfunction (CLAD)

DUMC medical records were reviewed to confirm participant’s date of transplantation, 

survival status, and date of death. If no date of death was found in a patient’s medical record, 

a Social Security Death Index search was also conducted. Patients who did not die were 

censored at the time of last contact with medical staff based on DUMC electronic medical 

records as of June 1, 2016. Pulmonary function testing was performed on all patients using 

American Thoracic Society guidelines. Participants were considered to have CLAD if they 

experienced an FEV1 loss, defined by current FEV1/FEV1Best less than 0.8, where FEV1Best 

was the average of the two FEV1 measurements that paired with the two best post-transplant 

FEV1 in the absence of other clinical factors that could affect FEV1 decline, as per the 

ISHLT guidelines.

Statistical Analyses

Neurocognitive predictors of post-transplant survival were examined using separate Cox 

proportional hazards models (SAS 9.4 and R 3.4.1). In order to control for potential 

background and medical factors that would also influence mortality, we included native 

disease (cystic fibrosis [CF] vs. non-CF), FEV1, total numbers of rejection episodes during 

the first six months following transplant, and years of education. Because native disease and 

age are confounded, we chose to model native disease instead of age as a covariate. In 
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addition, because our model had limited power due to a small sample size, we chose to 

model native disease as CF vs. non-CF in order to account for both native disease 

differences and age differences in the most parsimonious manner. Results were unchanged if 

both age and native disease were included as independent predictors.

Neurocognitive function subtests were combined in order to minimize the number of 

statistical tests in the present analysis. Principal axis factor analysis was used to combine the 

information from the 13 individual neurocognitive tests into three domains: Processing 

Speed, Executive Function, and Verbal Memory. A scree test was used to determine the total 

number of factors retained for analysis. A minimum loading of 0.50 was required and a 

Promax rotation was used. Based on the observed factor structure, unit-weighted composite 

scores were created by standardizing individual test scores and then summing all subtests 

within a given domain. Consistent with our prior work, unit-weighting was accomplished by 

creating a within-study z-score for each subtest, which were then averaged within domains. 

Our Processing Speed composite included the DSST, TMT-A, Stroop Word, Stroop Color, 

the Ruff 2&7 test. Our Executive Function composite included the DST forwards and 

backwards, TMT-A, TMT-B, and the Stroop Color-Word subtest. Our Verbal Memory 

composite included the VPA, Logical Memory test, COWA, and the Animal Naming Test. 

These composites were then used as the predictors of interest in separate proportional 

hazards regression analyses due to their co-linearity. In addition, in order to minimize the 

potential impact of our factor groupings on our mortality analyses, we also examined the 

association between an overall composite of neurocognitive functioning comprised of all 

subtests. All continuous predictors, including our neurocognitive predictors, were scaled 

using the interquartile range, which allows for the comparison of individuals at the 75th and 

25th percentile of a given predictor variable. In a final set of exploratory analyses, we 

examined differences in survival between individuals whose neurocognition remained stable 

or improved from pre-transplant assessments (demographically corrected t-score mean 

change ≥ 0) compared to those whose performance declined (demographically corrected t-

score mean change < 0). Because there is no standardized definition for neurocognitive 

decline,26–28 these analyses are presented only to characterize the magnitude of association 

between worsening neurocognition and subsequent mortality.

Results

Sample Characteristics

Eighty-seven participants from Duke were alive six months following transplantation, 

among whom 49 completed cognitive testing (Table 1). Participants who completed testing 

did not appear to differ appreciably from the remainder of the cohort on any relevant 

demographic or medical characteristics, including native disease (P = .506), age (P = .912), 

gender (P = .686), years of education (P = .869), type of transplant (P = .164), number of 

rejection episodes (P = .661), duration of transplant hospitalization (P = .426), pre-transplant 

functional capacity (P = .178), or 6-month FEV1 (P = .900).
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Neurocognitive Test Performance

As shown in Table 2, demographically-corrected levels of neurocognitive test performance 

revealed that 10 individuals (20%) exhibited at least one impairment on the test battery at 

their six-month assesment, although performance across the cohort was generally in the 

Average range (i.e. T-scores between 43 and 57). Principal axis factor analysis revealed three 

underlying factors within our test battery: Processing Speed, Executive Function, and Verbal 

Memory (Table 3). Unit-weighted composite measures were subsequently created for each 

cognitive factor, which were used as the predictors of interest in our survival models 

described below.

Neurocognition and Mortality

Over a 13-year follow-up, 33 participants (67%) died (median survival 6.9 years [IQR = 

6.6]). Of the patients who died, the primary cause of death was graft failure (n = 25 [76%]), 

although 3 patients also died from malignancies, 2 died from cardiovascular events and 3 

died from unknown causes. In addition, 20 individuals (41%) developed CLAD.

Examination of neurocognitive predictors revealed that greater performance across all 

subtests was associated with longer survival (HR = 0.49 [0.25, 0.96], P = .039) (Figure 1). 

Examination of specific domains revealed that greater Processing Speed (HR = 0.58 [0.36, 

0.95], P = .030) and Executive Function (HR = 0.52 [0.28, 0.97], P = .040) were associated 

with longer survival (Table 4; Figure 1), with a similar, non-significant trend observed for 

greater memory performance (HR = 0.65 [0.38, 1.11], P = .115). Explanatory, ancillary 

analyses of individual subtests revealed that the strongest associations between 

neurocognitive performance and subsequent survival were observed on the Digit Span 

Backwards (HR = 0.48 [0.28, 0.82]), Stroop Color (HR = 0.49 [0.28, 0.87]) and Word (HR = 

0.57 [0.34, 0.95]) tests, and the COWA (HR = 0.65 [0.40, 1.04]) (Table 5). In order to 

characterize the magnitude of mortality risk based on clinically informative cognitive 

performance levels, we also compared individuals based on their demographically-corrected 

performance levels (e.g. compared to age, education, and gender-matched normative data). 

Results revealed that performance differences of one IQR on the Digit Span (16th [Low 

Average] vs. 62nd [Average] percentile) were associated with 23% lower 6-year survival 

levels (32% vs. 55%). Similarly, one IQR difference on the COWA (10th [Low Average] vs. 

34th [Average] percentile) were associated with 17% lower 6-year survival levels (31% vs. 

48%).

Examination of CLAD outcomes revealed that, in unadjusted analyses, greater memory 

performance was associated with lower CLAD risk (HR = 0.54 [0.29, 1.00], P = .050), with 

a weaker, non-significant relationship for executive functioning (HR = 0.61 [0.34, 1.11], P 

= .103). However, both the association between memory performance (HR = 0.61 [0.30, 

1.21], P = .156) and executive functioning (HR = 0.67 [0.31, 1.47], P = .321) following 

adjustment for covariates. Processing Speed was unrelated to CLAD outcomes in either 

unadjusted (HR = 0.71 [0.38, 1.33], P = .285) or adjusted (HR = 0.82 [0.42, 1.62], P = .568) 

analyses.
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Neurocognitive Decline and Mortality

In order to examine the relationship between changes in neurocognition following 

transplantation and subsequent mortality, we conducted an additional set of analyses in 

which individuals were grouped into those whose cognitive performance either improved or 

remained stable compared with those individuals whose cognitive performance declined 

from baseline. Examination of cognitive changes demonstrated that 28 (57%) of individuals 

experienced a decline in Executive Function, 23 (47%) in Processing Speed, and 15 (31%) 

in Memory performance. Participants who exhibited a decline in Executive Functioning 

showed a trend towards greater mortality (HR = 2.14 [0.97, 4.73], P = .060) and risk of 

CLAD (HR = 2.22 [0.79, 6.20], P = .128). However, declines in other domains were not 

predictive of subsequent mortality or CLAD (Ps ≥ 0.15).

Discussion

Results from the present analyses suggest that poorer neurocognitive performance following 

lung transplantation is predictive of subsequent survival, after accounting for other medical 

and background characteristics. These findings extend previous findings suggesting that 

POCD is common among lung transplant recipients and may be associated with worse short-

term outcomes by demonstrating that POCD may predict long-term risk following 

transplantation, similar to associations observed in other medical populations.29

Previous studies have suggested that POCD is common following lung transplantation, 

occurring in an estimated 50–67% of recipients, depending, in part, on the timing and 

modality of assessment.6–8 For example, we previously demonstrated that impairments are 

common within the first month following transplantation and may persist in some patients 

when assessed again approximately three months postoperatively.7 Impairments appear to 

occur most commonly on tests of executive function,6,7 which is thought to reflect the 

integrity of brain regions in the prefrontal cortex and subcortical connections.30 

Interestingly, impairments in tests associated with frontal lobe functioning, including the 

Stroop, Digit Span, and COWA, were most predictive of subsequent mortality, consistent 

with prior studies.11–14 Although we previously reported that neurocognitive performance 

associated prior to transplant was associated with increased mortality,31 to our knowledge no 

studies have examined this association following transplantation, after which many 

individuals experience neurocognitive decline.

There are several plausible mechanisms by which neurocognition may be associated with 

clinical outcomes. Among solid organ transplant recipients, adherence to 

immunosuppression medications is critical to survival and has been strongly associated with 

mortality.32,33 Although no studies have examined the association between neurocognition 

and adherence in lung transplant recipients, numerous epidemiological studies in other 

health populations suggest that impairments in executive function and working memory are 

predictive of greater non-adherence.9,10 In addition, preliminary studies among patients 

undergoing cardiac surgery suggest that brain structures critical for intact executive 

functioning and working memory are often impacted following surgery,34,35 with 

inefficiencies in areas associated with default mode network functioning associating highly 

with behavioral performance.36 We have previously demonstrated that POCD likely results 
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both from individual vulnerabilities37 as well as operative characteristics,38 suggesting that 

there may be multiple avenues from which interventions can be designed to protect 

neurocognition in an increasingly older patient population. Neuroimaging data could 

therefore provide important insights into both the nature (e.g. ischemic, metabolic, etc.) and 

functional significance of postoperative brain changes, given that both processes may be 

impacting post-transplant cognitive function.

Limitations

These preliminary findings must be viewed with caution. First, the study cohort was 

relatively small and larger prospective studies are needed in order to verify the observed 

associations. Second, neurocognitive performance was only collected at one time point 

following transplant. Nevertheless, our neurocognitive test battery was comprehensive and 

assessed multiple domains of functioning, which we consider a strength despite only one 

assessment time point. Third, future studies utilizing neuroimaging methods are needed to 

better characterize the mechanisms underlying POCD following transplant, as noted above. 

In addition, future studies more comprehensively assessing potential behavioral mechanisms 

are also important, as behavioral compliance characteristics (e.g. medication adherence and 

lifestyle practices) or additional physiological processes may also explain the observed 

associations.

Conclusions

In conclusion, our results suggest that poorer neurocognition 6-months following transplant 

is a marker of long-term risk and should be examined when possible among transplant 

recipients. If the present findings are replicated, it may indicate a need to identify and more 

closely manage individuals exhibiting neurocognitive impairment following transplant. In 

addition, prospective studies examining neuroimaging mechanisms of POCD are needed in 

order to identify risk factors and possible treatment targets to mitigate POCD risk.
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Abbreviations

CF cystic fibrosis

COPD chronic obstructive pulmonary disease

DUMC Duke University Medical Center

FEV1 forced expiratory volume in one second

HR hazard ratio

INSPIRE Investigational Study of Psychological Intervention in Recipients of Lung 

Transplant

IPF idiopathic pulmonary fibrosis
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IQR interquartile range

Q quartile
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Figure 1. 
Neurocognitive test performance averaged across all subtests within all domains, including 

Processing Speed, Executive Function, and Verbal Memory. Data are presented in Tertiles, in 

which the composite z-score of neurocognitive test performance across all domains was 

partitioned into thirds based on performance within the sample.
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Table 1

Demographic and background characteristics of the study sample (n = 49).

Variable

Native Disease

 COPD 19 (39%)

 Cystic Fibrosis 12 (24%)

 Pulmonary Fibrosis 11 (22%)

 Other 7 (14%)

Age 49.6 (12.9)

Gender, % Male 21 (43%)

FEV1 at 6 Months 0.63 (0.91)

Rejection episodes during first 6 months, #

 0 28 (57%)

 1 14 (29%)

 ≥ 2 7 (14%)

Years of Education 13.6 (2.7)

INSPIRE Coping Skills Training Treatment Group 18 (37%)

Cognitive Test Performance

Stroop Word 94.8 (16.0)

Stroop Color 69.0 (12.7)

Stroop Color-Word 33.7 (10.1)

Trail Making Part A, secs 31.2 (13.6)

Trail Making Part B, secs 73.1 (31.3)

Digit Span Forwards 8.4 (2.2)

Digit Span Backwards 6.4 (1.8)

Digit Symbol Substitution Test 53.9 (11.8)

Ruff 2 & 7 Test 239.5 (45.5)

Logical Memory 27.3 (6.3)

Verbal Paired Associates 17.9 (3.9)

Animal Naming Test 18.7 (5.4)

Controlled Oral Word Association Test 33.9 (9.2)
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Variable

Post-Pre Δ

Stroop Word 3.2 (6.2)

Stroop Color 1.4 (6.2)

Stroop Color-Word −0.7 (8.0)

Trail Making Part A, secs 0.3 (11.6)

Trail Making Part B, secs 6.0 (37.2)

Digit Span Forwards −0.4 (2.1)

Digit Span Backwards 0 (2.3)

Digit Symbol Substitution Test 1.5 (7.8)

Ruff 2 & 7 Test 3.1 (33.8)

Logical Memory 5.2 (6.3)

Verbal Paired Associates 1.1 (4.1)

Animal Naming Test −0.1 (5.5)

Controlled Oral Word Association Test −0.2 (9.0)
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Table 4

Cox proportional hazards results from three separate models examining the association between 

neurocognition and graft survival. Continuous predictors are scaled using the interquartile range (IQR).

Predictor Hazard Ratio 95% CI P-value

Processing Speed model

FEV-1 at 6-months 0.87 0.59, 1.28 .428

Rejection Episodes 0.76 0.46, 1.25 .249

CF vs. Non-CF 0.46 0.14, 1.52 .169

Years of Education 1.00 0.87, 1.15 .976

INSPIRE Group 1.34 0.66, 2.72 .426

Processing Speed 0.58 0.36, 0.95 .030

Executive Function model

FEV-1 at 6-months 0.90 0.61, 1.32 .581

Rejection Episodes 0.68 0.40, 1.15 .152

CF vs. Non-CF 0.40 0.12, 1.31 .129

Years of Education 1.07 0.91, 1.25 .421

INSPIRE Group 1.44 0.69, 2.99 .332

Executive Function 0.52 0.28, 0.97 .040

Verbal Memory model

FEV-1 at 6-months 0.80 0.53, 1.20 .275

Rejection Episodes 0.74 0.45, 1.22 .237

CF vs. Non-CF 0.43 0.13, 1.39 .157

Years of Education 1.01 0.88, 1.17 .853

INSPIRE Group 1.17 0.57, 2.42 .666

Verbal Memory 0.65 0.38, 1.11 .115
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