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Abstract

Background—Delirium significantly affects postoperative outcomes, but the incidence, risk 

factors and the long-term impact of delirium in lung transplant recipients have not been well 

studied.

Methods—We analyzed 155 lung transplant recipients enrolled in the Lung Transplant Outcomes 

Group (LTOG) cohort at a single center. We determined delirium incidence by structured chart 

review, identified risk factors for delirium, determined if plasma concentrations of two cerebral 

injury markers (neuron specific enolase [NSE] and glial fibrillary acidic protein [GFAP]) were 

associated with delirium, and determined the association of postoperative delirium with 1-year 

survival.
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Results—Fifty-seven (36.8%) patients developed postoperative delirium. Independent risk 

factors for delirium included pre-transplant benzodiazepine prescription (relative risk [RR] 1.82; 

95% confidence interval [CI]: 1.08, 3.07; p = 0.025), total ischemic time (RR 1.10 per 30 minute 

increase; 95% CI: 1.01, 1.21; p = 0.027), duration of time with intraoperative mean arterial 

pressure <60 mmHg (RR 1.07 per 15 minute increase; 95% CI: 1.00, 1.14; p = 0.041) and grade 3 

primary graft dysfunction (RR 2.13; 95% CI: 1.27, 3.58; p = 0.004). Ninety-one (58.7%) patients 

had available plasma 24 hours. Plasma GFAP was inconsistently detected, whereas NSE was 

universally detectable, with higher NSE concentrations associated with delirium (risk difference 

15.1% comparing 75th and 25th percentiles; 95% CI: 2.5, 27.7; p = 0.026). One year mortality 

appeared higher among delirious patients, 12.3% compared to 7.1%, but was not significant (p = 

0.28).

Conclusions—Postoperative delirium is common in lung transplant recipients, and several 

potentially modifiable risk factors deserve further study to determine their associated mechanisms 

and predictive values.
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Introduction

Delirium, an acute disturbance in attention and cognition, is common in critically ill patients 

(1–5), and was reported in 37% of lung transplant recipients in a prior study (6). Delirious 

patients experience significant morbidities, including prolonged mechanical ventilation, 

longer intensive care unit (ICU) stays, and increased risk of long-term physical and cognitive 

dysfunction (3, 5–10). Given the impact of delirium on lung transplant recipient outcomes, a 

better understanding of its incidence and potentially modifiable risk factors is needed.

Numerous studies have investigated risk factors for delirium in critically ill medical and 

surgical patients (1, 2, 4, 11–17); however, lung transplant recipients represent a distinct 

population that likely has unique delirium risk factors. One recent study found that lower 

mean intraoperative cerebral perfusion pressure (CPP) and primary graft dysfunction (PGD) 

were associated with postoperative delirium in lung transplant recipients (18), but risk 

factors for delirium in this population have not been well studied.

In addition, prior studies have leveraged systemic markers of cerebral injury to implicate 

cerebral damage in the pathophysiology of delirium in critically ill septic and cardiac 

surgery patients (19–22). Two of the more extensively studied markers are neuron specific 

enolase (NSE), a cytosolic enzyme nearly exclusive to neurons, and glial fibrillary acidic 

protein (GFAP), the primary intermediate filament of glial cells that is upregulated in 

response to neuronal injury (23–25). However, no studies have investigated whether cerebral 

injury is involved in the pathophysiology of delirium after lung transplantation.

The goals of this study were to determine the incidence of postoperative delirium, identify 

risk factors for postoperative delirium, determine if plasma concentrations of NSE and 
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GFAP associated with postoperative delirium, and determine the long-term impact of 

postoperative delirium in lung transplant recipients.

Methods

Study design

We performed a retrospective cohort study of 157 patients enrolled in the Lung Transplant 

Outcomes Group (LTOG) study who underwent lung transplantation at the University of 

Pennsylvania between June 2013 and July 2016. Patients with significant pre-existing 

cognitive impairment were excluded. Two patients with postoperative strokes were excluded, 

leaving a study population of 155 patients. This study was approved by the Institutional 

Review Board of the University of Pennsylvania.

Outcome and risk factor definitions

We used a validated chart review method to identify delirium (26, 27). We defined delirium 

if a physicians’ note contained the terms “delirium”, “delirious” or “CAM positive”, or if the 

patient received antipsychotics. We evaluated age, gender, race, native lung disease, history 

of anxiety or depression based on pre-transplant psychosocial assessment (Stanford 

Integrated Psychosocial Assessment for Transplant, Modified Mini Screen) (28, 29), pre-

transplant medications (corticosteroids, immunosuppressants, opiates, antidepressants, 

benzodiazepines), lung allocation score at transplantation, body mass index, 

cardiopulmonary bypass, operation duration, total allograft ischemic time, intraoperative 

hemodynamics, PGD and postoperative benzodiazepine use as potential risk factors for 

delirium. PGD was defined as grade 3 PGD at any time within 72 hours using the 

International Society for Heart and Lung Transplantation criteria (30). We defined post-

operative benzodiazepine as any benzodiazepine received prior to the diagnosis of delirium. 

Hemodynamic measurements were extracted from the electronic medical record (EMR); 

mean arterial pressure (MAP) and central venous pressure (CVP) were recorded in 1-minute 

intervals via an arterial and pulmonary arterial catheter, respectively. Values of MAP>120 

mmHg, MAP<50 mmHg and CVP>40 mmHg were reviewed using a priori selected criteria 

by two independent physicians (BJA and CFC) with adjudication by a third physician 

(JMD). CVP values ≤0 mmHg were excluded. Of 74,832 observations, MAP was 

consistently available with only 1,181 (1.6%) missing, but CVP was not available for 16,444 

(22%) observations. Cerebral perfusion pressure (CPP) was calculated as MAP–CVP as 

previously described (18).

Plasma biomarker measurement

Plasma was collected 24 hours after reperfusion and stored at −80° C until thawed for 

analysis. NSE and GFAP concentrations were measured in duplicate using enzyme linked 

immunosorbent assays (R&D Systems, Minneapolis MN). Samples with visible hemolysis 

were excluded from NSE measurement (31). Laboratory personnel were blinded to delirium 

status.
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Statistical analysis

Baseline comparisons were made using χ2 for categorical data and the rank-sum test for 

continuous data. We performed univariate logistic regression to test individual candidate risk 

factor associations with delirium. We assessed for nonlinear exposure-outcome relationships 

with inspection of locally weighted scatterplot smoothing curves, and tested whether 

transformations improved model fit using the likelihood ratio (LR) test (32). We calculated 

relative risks (RR) using regression risk analysis (33, 34). We defined confounders as any 

covariate that altered the beta coefficient of the risk factor-outcome association ≥ 10% (35). 

Risk factors with a p ≤0.20 univariate association and all confounders were included in an 

initial multivariable model. We a priori chose the duration of time with an intraoperative 

MAP<60 mmHg as our primary hemodynamic risk factor because it is the lower limit for 

effective cerebral autoregulation, is measured throughout the entire operation unlike CPP, 

and accounts for the duration of exposure (i.e. dose) and may more accurately reflect total 

cerebral hypoperfusion exposure. We performed a sensitivity analysis using the duration of 

time with an intraoperative MAP<50 mmHg, and in a secondary model used the duration of 

time with an intraoperative CPP<50 mmHg as our hemodynamic risk factor. We used 2×2 

tables, Spearman’s rank correlation, and variance inflation factors to assess collinearity. We 

performed backward selection to develop a parsimonious model using LR tests. Model fit 

was assessed using the Hosmer-Lemeshow statistic. Next, we tested the association of 

plasma NSE and GFAP concentrations with delirium in separate models, assessing for 

confounding as described above. Lastly, to assess the impact on longer-term outcomes, we 

tested the association of postoperative delirium with mortality using Kaplan-Meier curves 

and Cox regression. Analyses were performed using Stata version 12.1 (College Station, 

TX). A two-sided p <0.05 was considered statistically significant.

Results

Baseline characteristics of the 155 patients are summarized in Table 1. Delirium occurred in 

57 (36.8%) patients for a median of 4 days (interquartile range 2–7 days), and 67 (43.2%) 

patients developed grade 3 PGD at any time point. Delirious patients had higher rates of 

bilateral transplantation, cardiopulmonary bypass utilization and PGD, as well as longer 

total ischemic time, and longer durations of time with MAP<60 mmHg and CPP<50 mmHg 

(Table 1).

Unadjusted risk factor analyses are presented in Table 2. In our final multivariable model, 

age, pre-transplant benzodiazepine prescription, longer total ischemic time, longer duration 

of time with MAP<60 mmHg and PGD were associated with delirium (Table 3, Figure 1 

Panel A–C). The association of age with delirium was nonlinear and modeling age with 

splines improved model fit (p < 0.001). In patients ≤50 years old, increasing age was 

associated with higher risk of postoperative delirium, whereas in patients >50, there was a 

small decreased risk of delirium with increasing age. Patients prescribed benzodiazepines 

prior to transplantation had a 21.6% (95% CI: 1.4, 41.7; p = 0.036) absolute increased risk of 

postoperative delirium. Each 30-minute increase in total ischemic time was associated with a 

3.2% (95% CI: 0.3, 6.0; p=0.026) absolute increased risk of postoperative delirium, such 

that a total ischemic time of 365 minutes (75th percentile) was associated with an 13.3% 
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(95% CI: 1.7, 24.9; p=0.025) absolute increased risk of postoperative delirium compared to 

an ischemic time of 239 minutes (25th percentile). Each 15-minute increase in the duration 

of time with an intraoperative MAP<60 mmHg was associated with a 2.1% (95% CI: 0.3, 

3.9, p=0.021) absolute increased risk of postoperative delirium, such that a duration of 98.5 

minutes (75th percentile) was associated with a 13.3% (95% CI: 1.6, 25.1; p= 0.027) 

absolute increased risk of postoperative delirium compared to a total duration of 8.5 minutes 

(25th percentile). In a sensitivity analysis using a more strict threshold of MAP<50 mmHg, 

the risk difference was larger but not statistically significant, with a duration of 21 minutes 

(75th percentile) associated with a 5.8% (95% CI: −1.4, 12.9; p = 0.11) absolute increased 

risk of postoperative delirium compared to a duration of 1 minute (25th percentile). Delirium 

and PGD were strongly associated, with patients developing PGD having a 25.2% (95% CI: 

8.3, 42.0; p = 0.003) absolute increased risk of postoperative delirium. Overall, 36 patients 

(23%) developed both delirium and PGD, 33 (21%) developed PGD only, and 21 (14%) 

developed delirium only.

In our secondary model using the total time with an intraoperative CPP<50 mmHg as the 

primary hemodynamic risk variable, duration of time with a CPP<50 mmHg was not 

significantly associated with delirium (relative risk 1.04 per 15 minute increase; 95% CI: 

0.99, 1.09; p=0.16). The associations of age, pre-transplant benzodiazepine prescription, 

total ischemic time and PGD with postoperative delirium were similar in this secondary 

model (Table S1).

Ninety-one (58.7%) patients had available plasma 24 hours after allograft reperfusion; no 

significant differences were noted between patients with and without plasma (Table S2). 

Only 38 (41.8%) patients had detectable plasma GFAP concentrations 24 hours after 

reperfusion, with no association of plasma GFAP level with postoperative delirium. All 

patients had detectable NSE plasma levels 24 hours after reperfusion, with a median 

concentration of 11.3 ug/L (interquartile range [IQR]: 8.1–14.7). Higher plasma NSE 

concentrations were significantly associated with postoperative delirium (Figure 2). Patients 

with a plasma NSE concentration at the 75th percentile (14.7 ug/L) had a 15.1% (95%CI: 

2.5, 27.7; p = 0.019) absolute increased risk of postoperative delirium compared to patients 

with a plasma NSE concentration at the 25th percentile (8.1 ug/L). Given our sample size we 

were unable to adjust for our identified delirium risk factors due to overfitting; however, 

adjustment for the individual risk factors did not significantly alter the association and none 

met our criteria for confounding (Table S3).

In terms of long-term outcomes, patients were followed for a median of 793 (IQR: 587–

1053) days after transplantation, with all patients completing at least 1-year of follow-up. 

Fourteen patients died within one year and we were unable to detect a significant difference 

in 1-year mortality between patients with and without postoperative delirium (12.3% versus 

7.1%, p = 0.28). When including all follow-up data in a Cox regression analysis, we likewise 

could not detect a statistical significance of a higher risk point estimate (unadjusted hazard 

ratio 1.46; 95% CI: 0.74, 2.91; p = 0.28; Figure S1).
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Discussion

Our study demonstrates that postoperative delirium is common in lung transplant recipients, 

occurring in approximately 37% of patients. We identified age, pre-transplant 

benzodiazepines, ischemic time, duration with an intraoperative MAP<60 mmHg, and PGD 

as independent risk factors for delirium in lung transplant recipients. Furthermore, higher 

plasma levels of NSE were associated with delirium, suggesting cerebral injury may be in 

the causal pathway of delirium in these patients.

Age is a consistent risk factor for delirium across diverse populations (2, 11–14). In our 

study, the association of age with delirium was non-linear. Increasing age was associated 

with higher delirium risk in patients aged ≤50, and lower delirium risk in patients aged >50. 

The selection process for older candidates may select patients who are neurologically robust 

and less likely to develop delirium, but our findings require validation in future studies.

We identified outpatient benzodiazepines as a novel and potentially modifiable risk factor 

for delirium. Benzodiazepines used during critical illness and preoperatively have been 

linked to delirium (1, 3, 4, 12, 16, 17, 36, 37), but the literature regarding outpatient 

benzodiazepines and delirium is inconclusive. Four studies report conflicting results, with 

the largest study reporting a doubling of delirium risk in unadjusted analyses that was not 

significant after adjustment (38–41). The discordant findings may be due to differences in 

patient populations, the type of surgery, or other factors. Future studies should seek to 

confirm our findings and investigate whether limiting pre-transplant benzodiazepine use 

reduces delirium.

We previously linked longer ischemic time with worse post-transplant cognitive function 

(42) and now demonstrate an association with delirium. Lung ischemia-reperfusion injury 

causes release of numerous cytokines (43), which may incite neuroinflammation, leading to 

delirium. This is consistent with studies reporting higher systemic cytokine levels in 

critically ill patients with delirium (44–46). Inflammatory lung injury may also incite 

neuroinflammation via the autonomic nervous system (47–49). Longer ischemic time has 

also been linked to impaired postoperative gas exchange (43), potentially contributing to 

delirium through hypoxemia (2). Future studies are needed to validate our findings and 

investigate the mechanistic underpinnings of this association.

PGD was strongly associated with delirium, consistent with the study by Smith et al. (18). 

Elucidating whether PGD is truly a risk factor for delirium is challenging, because PGD is 

defined within the first 72 hours when patients are frequently sedated and cannot be assessed 

for delirium, particularly patients with severe PGD. However, there are several mechanisms 

by which PGD may increase delirium risk. Inflammatory lung injury and hypoxia, hallmarks 

of PGD, may contribute to delirium as detailed above. PGD is associated with prolonged 

mechanical ventilation and may increase delirium risk through exposure to sedative 

medications or ventilator-induced brain injury (50, 51). Delirium and PGD may result from 

shared mechanisms, supported by our finding that ischemic time, an established PGD risk 

factor (52), is also a risk factor for delirium. Prospective studies are needed to further 
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investigate this relationship, and because of potential shared pathophysiology, clinical trials 

for PGD should consider delirium as a secondary outcome.

The duration of time with an intraoperative MAP<60 mmHg was independently associated 

with delirium. Although Smith et al. reported an association of lower CPP with delirium 

(18), the duration of time with CPP<50 mmHg was not independently associated with 

delirium in our study. This is likely due to differences in the analyses between the two 

studies, as we included additional covariates, including ischemic time which correlated with 

the duration of time with CPP<50 mmHg. It may also be due to different exposure variables 

or differences in measurement, as CPP was frequently missing in our study. In a sensitivity 

analysis, the duration of time with MAP<50 mmHg was not significantly associated with 

delirium. This may be due to individual variability in cerebral autoregulation as seen in prior 

studies (53), or inadequate power given the low exposure to this degree of hypotension. 

Overall, our findings are consistent with the Smith et al. study and implicate cerebral 

hypoperfusion as a risk factor for delirium in lung transplant recipients. Since maintenance 

of cerebral perfusion is part of standard intraoperative care, future studies should focus on 

advancing methods for personalizing cerebral perfusion (53), and identifying downstream 

pathways that could be pharmacologically targeted to limit the impact of cerebral 

hypoperfusion on post-transplant outcomes.

Similar to prior studies of critically ill septic and cardiac surgery patients (19–22), we found 

an association of higher plasma concentrations of NSE with delirium. Our findings require 

validation, but suggest that cerebral injury may contribute to delirium and that measurement 

of NSE may be useful for quantifying cerebral injury in mechanistic studies. NSE may also 

be useful to identify patients at high risk for delirium who could be targeted for enrollment 

in clinical trials. Given the heterogeneity of delirium, NSE may be useful for differentiating 

subgroups of delirium with and without cerebral injury, which may respond differently to 

different interventions. Future studies should seek to validate our findings and investigate 

whether NSE has utility for prediction, delirium subphenotype definition, or as a response-

indicator marker.

Delirium has been linked to long-term mortality in other critically ill patient populations 

(54), and the point estimate for 1-year mortality was higher in delirious patients in our study; 

however, we were unable to demonstrate statistical significance likely due to inadequate 

power. As the current study was not designed to study mortality, larger studies are needed to 

detect potentially relevant differences in mortality among patients who experience delirium 

after lung transplantation.

Our study has several limitations. Although we designed our study within the prospective 

LTOG cohort at our center, delirium was retrospectively determined by chart review 

potentially leading to under diagnosis. However, daily assessment for delirium is standard 

practice for our lung transplant group. In addition, our delirium incidence is strikingly 

similar to the prior study by Smith and colleagues that employed prospective delirium 

assessment, suggesting under diagnosis was minimal (18). Future studies should employ 

prospective delirium assessments to confirm our findings. We defined pre-transplant 

benzodiazepine exposure by chart review, potentially leading to exposure misclassification; 
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future studies should obtain more detailed information about actual use and dose. Our 

hemodynamic variables were extracted from the EMR and are prone to measurement error; 

however, two physicians reviewed the data with adjudication by a third physician to limit 

potential measurement error. Only a subset of patients had plasma available for analysis; 

however, there were no significant differences between patients with and without available 

plasma. Although our study is the largest evaluation of delirium risk factors in lung 

transplant recipients to date, our study was performed within a single-center and may have 

limited generalizability. Given the small sample size, our model was prone to overfitting; 

however the final model had 9.5 events per variable suggesting the risk of overfitting was 

minimal (55). Lastly, although we considered a broad array of potential risk factors, 

coronary artery disease, cerebrovascular disease and other potential risk factors may exist 

and should be considered in future studies.

Conclusions

In summary, postoperative delirium is common in lung transplant recipients, occurring in 

over one third of patients. Age, pre-transplant benzodiazepines, ischemic time, duration of 

intraoperative MAP<60 mmHg, and PGD are independent risk factors for postoperative 

delirium in lung transplant recipients. Cerebral injury may be in the causal pathway of 

delirium and NSE may be an effective marker of delirium in this population. Our study 

highlights the need to investigate the links between ischemic time and cerebral 

hypoperfusion with delirium and subsequent cognitive function, and may have clinical 

implications, such as limiting pre-transplant benzodiazepine use.
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Figure 1. 
Adjusted standardized risk of postoperative delirium according to (A) total allograft 

ischemic time; (B) duration of time with intraoperative mean arterial pressure <60mmHg; 

and (C) pre-transplant benzodiazepine prescription and development of grade 3 primary 

graft dysfunction. Solid lines or points represent the adjusted delirium risk and dashed lines 

or error bars represent 95% CIs.
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Figure 2. 
Standardized risk of postoperative delirium according to the plasma NSE concentration 24 

hours after allograft reperfusion. The solid line represents the standardized risk and the 

dashed lines represent the 95% CIs.
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Table 1

Characteristics of study population categorized by postoperative delirium (N=155)

No delirium (n=98) Delirium (n=57) p

Clinical variables

 Age 62.5 (57–66) 60 (53–64) 0.087

 Male gender 61 (62%) 37 (65)% 0.74

 Caucasian Race 88 (90%) 49 (86%) 0.47

 Native lung disease

  COPD 25 (26%) 20 (35%) 0.195

  CF/Non-CF Bronchiectasis 11 (11%) 6 (11%)

  Interstitial lung disease 55 (56%) 23 (40%)

  Other 7 (7%) 8 (14%)

 History of anxiety 35 (36%) 26 (46%) 0.22

 History of depression 28 (29%) 21 (37%) 0.29

 Pre-transplant medications

  Corticosteroids 44 (45%) 25 (44%) 0.90

  Immunosuppression 12 (12%) 8 (14%) 0.75

  Opiates 14 (14%) 7 (12%) 0.73

  Antidepressants 29 (30%) 17 (30%) 0.98

  Benzodiazepines 25 (25%) 21 (37%) 0.136

 Lung allocation score 39.0 (34.7–46.8) 41.5 (33.8–52.6) 0.48

 Body mass index (kg/m2) 26.4 (22.5–29.7) 26.2 (21.9–29.5) 0.84

 Bilateral transplant 50 (51%) 40 (70%) 0.020

 Cardiopulmonary bypass 20 (20%) 23 (40%) 0.007

 Duration of operation (minutes) 463 (398–536) 524 (434–606) 0.004

 Total ischemic time (minutes) 288 (228–355) 328 (261–370) 0.023

 Postoperative benzodiazepine treatment 38 (39%) 35 (61%) 0.007

 Grade 3 PGD (Days 0–3) 31 (32%) 35 (63%) <0.001

Hemodynamic variables (n=152)

 Median MAP (mmHg) 77.5 (72–84) 73.3 (68–82) 0.057

 Lowest MAP (mmHg) 43.5 (37–50) 38.5 (34–44.5) 0.015

 Minutes with MAP <60mmHg 22.5 (8–82.5) 76 (17–129) 0.002

 Median CPP (mmHg) 62 (55.5–69) 57 (51–65) 0.019

 Lowest CPP (mmHg) 26.5 (16–35) 20 (14–30) 0.118

 Minutes with CPP <50mmHg 39 (14–131.5) 109 (22.5–176.5) 0.016

Plasma biomarkers (n=91)

 NSE (ng/mL) 10.3 (7.6–12.8) 12.5 (9.7–16.6) 0.013

 GFAP (ng/mL) 0.128 (0.063–0.196) 0.104 (0.03–0.197) 0.43

Long-term outcome

 1-year mortality 7 (7.1%) 7 (12.3%) 0.28
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Data expressed as median (interquartile range) or frequency (percent).

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; CF = cystic fibrosis; PGD = primary graft dysfunction; MAP = mean 
arterial pressure; CPP = cerebral perfusion pressure; NSE = neuron specific enolase; GFAP = glial fibrillary acidic protein
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Table 2

Unadjusted analysis of risk factors for postoperative delirium.

Relative risk 95% CI p

Age (per 1 year increase)

 Age ≤ 50 1.12 1.01, 1.25 0.028

 Age > 50 0.91 0.85, 0.96 0.001

Male gender 0.93 0.60, 1.44 0.74

Caucasian race 0.80 0.46, 1.41 0.45

History of anxiety 1.29 0.86, 1.95 0.22

History of depression 1.26 0.83, 1.92 0.28

Native lung disease

 COPD Reference

 CF/Non-CF bronchiectasis 0.79 0.39, 1.63 0.53

 Interstitial lung disease 0.66 0.41, 1.07 0.09

 Other 1.20 0.68, 2.13 0.53

Pre-transplant medications

 Corticosteroids 0.97 0.64, 1.48 0.90

 Immunosuppressants 1.10 0.62, 1.97 0.74

 Opiates 0.89 0.47, 1.70 0.73

 Antidepressants 1.01 0.64, 1.58 0.98

 Benzodiazepines 1.38 0.91, 2.09 0.125

Lung allocation score (per 1 point increase) 1.00 0.99, 1.02 0.46

Body mass index (per 1 kg/m2 increase) 1.01 0.96, 1.05 0.82

Cardiopulmonary bypass 1.76 1.19, 2.62 0.005

Bilateral Transplant 1.70 1.06, 2.72 0.027

Duration of the operation (per 30 minute increase) 1.08 1.03, 1.14 0.005

Total ischemic time (per 30 minute increase) 1.10 1.03, 1.18 0.008

Minutes with MAP <60mmHg (per 15 minute increase) 1.09 1.03, 1.15 0.004

Minutes with CPP <50mmHg (per 15 minute increase) 1.06 1.01, 1.10 0.009

Postoperative benzodiazepine treatment 1.79 1.16, 2.74 0.008

Grade 3 PGD 2.25 1.46, 3.48 <0.001

Abbreviations: COPD = chronic obstructive pulmonary disease; CF = cystic fibrosis; MAP = mean arterial pressure; CPP = cerebral perfusion 
pressure; PGD = primary graft dysfunction
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Table 3

Multivariable adjusted risk factors for postoperative delirium

Relative risk 95% CI p value

Age (per 1 year increase)

 Age ≤ 50 1.20 1.01, 1.43 0.038

 Age > 50 0.93 0.86, 1.00 0.047

Pre-transplant benzodiazepine prescription 1.82 1.08, 3.07 0.025

Total ischemic time (per 30 minute increase) 1.10 1.01, 1.21 0.027

Time with MAP <60mmHg (per 15 minute increase) 1.07 1.00, 1.14 0.041

Grade 3 PGD 2.13 1.27, 3.58 0.004

Abbreviations: MAP = mean arterial pressure, PGD = primary graft dysfunction
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