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Background—Postoperative delirium occurs in up to 80% of patients undergoing 

esophagectomy. We performed an exploratory proteomic analysis to identify protein pathways 

that may be associated with delirium post-esophagectomy.

Objectives: Identify proteins associated with delirium and delirium severity in a younger and 

higher-risk surgical population.

Methods: We performed a case-control study using blood samples collected from patients 

enrolled in a negative, randomized, double-blind clinical trial. English speaking adults aged 18 

years or older, undergoing esophagectomy, who had blood samples obtained were included. 

Cases were defined by a positive delirium screen after surgery while controls were patients with 

negative delirium assessments. Delirium was assessed using Richmond Agitation Sedation Scale 

and Confusion Assessment Method for the Intensive Care Unit, and delirium severity was assessed 

by Delirium Rating Scale-Revised-98. Blood samples were collected pre-operatively and on post-

operative day 1, and discovery proteomic analysis was performed. Between-group differences in 

median abundance ratios were reported using Wilcoxon-Mann-Whitney Odds (WMWodds1) test.

Results: 52 (26 cases, 26 controls) patients were included in the study with a mean age 

of 64 (SD 9.6) years, 1.9% were females and 25% were African American. The median 

duration of delirium was 1 day (IQR: 1–2), and the median delirium/coma duration was 2.5 

days (IQR: 2–4). Two proteins with greater relative abundance ratio in patients with delirium 

were: Coagulation factor IX (WMWodds: 1.89 95%CI: 1.0–4.2) and mannosyl-oligosaccharide 

1,2-alpha-mannosidase (WMWodds: 2.4 95%CI: 1.03–9.9). Protein abundance ratios associated 

with mean delirium severity at postoperative day 1 were Complement C2 (Spearman rs=−0.31, 

95%CI [−0.55, −0.02]) and Mannosyl-oligosaccharide 1,2-alpha-mannosidase (rs=0.61, 95%CI = 

[0.29, 0.81]).

Conclusions: We identified changes in proteins associated with coagulation, inflammation, 

and protein handling; larger, follow-up studies are needed to confirm our hypothesis-generating 

findings.
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Introduction

Delirium, a type of an acute brain failure, is characterized by fluctuation in mental status, 

inattention, altered level of consciousness, and disorganized thinking. Postoperative delirium 

is highly prevalent, with rates ranging from 15–80%. [1,2] Prior studies have found 

postoperative delirium rates as high as 50% among both cardiac and major noncardiac 

thoracic surgery patients. [3–7] Unfortunately, effective pharmacological interventions to 

treat or prevent delirium are not available, likely due to our limited understanding of 

delirium pathophysiology. [8–11] The neuroinflammatory hypothesis of delirium, a leading 

theory, posits circulating proinflammatory cytokines (e.g., interleukin 6, 8) cross an injured 

blood brain barrier leading to activation of astrocytes and glial cells in the central nervous 

system, culminating in neuronal injury and delirium. [12–17] A limitation of this model, 
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however, is that it does not account for the pleiotropic effects of cytokines or the role of 

anti-inflammatory cytokines acting in vivo.

The study of proteins, which serve important roles in intra-cellular communication and 

cellular processes, may overcome limitations of existing pathophysiologic models, and 

delineate new pathways involved in delirium. Proteins could also serve as therapeutic targets 

or permit development of prediction models for patient-level outcomes. For these reasons, 

there has been increasing interest in conducting proteomics studies to understand delirium. 

For example, a recent publication found C-Reactive Protein, zinc alpha-2 glycoprotein, and 

alpha-1 antichymotrypsin proteins associated with postoperative delirium in patients aged 70 

years or older undergoing major non-cardiac surgery. [18] Whether these proteins are also 

dysregulated in other surgical populations at high risk for delirium, e.g., those undergoing 

esophagectomy (a type of major noncardiac thoracic surgery), is not known.

Therefore, we conducted a global serum protein analysis in order to identify proteins 

associated with delirium and delirium severity in a younger and high-risk surgical 

population (i.e., patients undergoing esophagectomy). We hypothesized that serum 

proteins associated with inflammation would be dysregulated, lending support for the 

neuroinflammatory hypothesis of delirium. The objective of this descriptive, exploratory 

study was to identify serum proteins associated with postoperative delirium in patients 

undergoing esophagectomy.

Methods

Study Design and Setting

This is a case-control study utilizing blood samples obtained from patients enrolled in 

Preventing Postoperative Delirium after Major Noncardiac Thoracic Surgery (PEPOD2), a 

negative, randomized, double-blind placebo-controlled single center clinical trial comparing 

scheduled low dose haloperidol vs. placebo for prevention of postoperative intensive care 

unit (ICU) delirium (CT.gov: NCT02213900). [8] Cases were defined as patients who 

underwent esophagectomy and screened positive for delirium at any time during ICU/

hospitalization, and controls were defined as patients who underwent esophagectomy but 

did not screen positive for delirium (see delirium assessments below). The study was 

approved by the Institutional Review Board of Indiana University and conducted from 

October 2013 to June 2015. Patients were screened at the Indiana University Thoracic 

Surgery pre-operative clinic and provided written informed consent. Screening, recruitment, 

in-hospital assessments, follow-up, and blood sample collection were performed at Indiana 

University Health University Hospital, a 257-bed tertiary care center affiliated with the 

University School of Medicine. Patients were followed in the Surgical Intensive Care Unit 

and hospital until discharge.

2Preventing Postoperative Delirium after Major Noncardiac Thoracic Surgery
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Selection of Participants

Inclusion criteria for the parent trial included: English-speaking patients, age 18 years 

or older and undergoing esophagectomy. Exclusion criteria (based on the parent trial): 

history of schizophrenia, Parkinson’s disease, severe dementia, alcohol abuse, neuroleptic 

malignant syndrome, haloperidol allergy, nursing or pregnant patients, those on levodopa 

or cholinesterase inhibitors, or those with QT prolongation over 500 milliseconds. Patients 

enrolled in PEPOD and with blood samples available from pre-operative and post-operative 

time points were included in this study.

Blood Sample Collection and Proteomics Analysis

Venous blood samples were collected using sterile tubes without anticoagulant by 

experienced clinical nurses. When existing intravascular devices were present, they were 

used for the blood draw. Samples (up to 10 ml) were collected at time of pre-operative 

visit, and on post-operative day 1, between 9:00 am and 11:00 am, stored on ice and 

transported to the laboratory within 1 hour, with precautions taken to prevent hemolysis. 

The Indiana Clinical and Translational Sciences Institute laboratory processed samples for 

storage using the following methods: centrifugation at 1000–1200 × g for 15 minutes at 4 

° C and 1 ml aliquots stored at − 80 ° C to limit freeze and thawing cycles. For samples 

included in proteomic analyses, cases and controls were frequency matched by gender 

and randomization to intervention in the parent study. Global proteomic analyses of serum 

were performed by the Indiana University School of Medicine Proteomics Core (see Figure 

A.1); laboratory methods, assay types, detection and calibration methods are detailed in the 

supporting information (text document, see “Supplemental Digital Content”, S1, Proteomics 

Analysis Workflow).

Outcome Measures

The main outcome was the relationship between protein abundance and postoperative 

delirium in patients undergoing esophagectomy. The secondary outcome was to measure 

the association of protein abundance and delirium severity. We chose to measure protein 

expression at two time points based on expert opinion and clinician input: prior to surgery 

(pre-operative clinic visit) when patients did not have delirium, and on post-operative day 1 

when patients were admitted to the intensive care unit and at greatest risk for delirium. [19]

Assessment of Delirium

Patients were assessed for delirium twice daily by trained research assistants using the 

Richmond Agitation Sedation Scale (RASS3) and the Confusion Assessment Method for the 

ICU (CAM-ICU4). [20,21] Because delirium is a fluctuating disorder, research assistants 

conducted 2 delirium assessments each day, one in the morning (9:00–11:00 am) and one 

in the afternoon (3:00–5:00 pm), to maximize delirium identification. Delirium duration 

was defined as the total number of days a participant was CAM-ICU-positive on the 

morning or afternoon assessment during the hospitalization. The CAM-ICU score was 

3Richmond Agitation Sedation Scale
4Confusion Assessment Method for the ICU
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determined by examining the patient for (a) acute or fluctuating changes in mental status, (b) 

inattention, (c) altered level of consciousness, and (d) disorganized thinking. Patients were 

considered delirious if they displayed (a) and (b), plus (c) and/or (d). Delirium severity was 

measured once daily using Delirium Rating Scale-Revised-98 (DRS-R-985). [22] DRS-R-98 

is a validated scale which captures impairments in the following domains: attention, sleep-

wake cycle, memory, visuospatial ability, language, thought processes and content, motor 

function, and mood. The 16-item scale (rated 0–3 each, maximum 39 points) was performed 

by trained research staff and higher scores indicate greater delirium severity.

Other Data

Data on patients’ characteristics were obtained using the parent trial’s study records. 

Demographics, comorbidities (assessed using Charlson Comorbidity Index), laboratory 

values, exposure to medications and anesthetics, intra-operative and post-operative clinical 

interventions, and clinical outcomes (admission to ICU, length of stay, duration of 

mechanical ventilation) were assessed using study and medical records. [23] Functional 

status was assessed by self-report using Katz (activities of daily living) and Lawton scales 

(instrumental activities of daily living) at pre-operative visit. Potential confounders and 

modifiers such as severity of illness were assessed by Acute Physiology and Chronic 

Health Evaluation score (APACHE II6) and American Society of Anesthesiologists (ASA7) 

Class. [24–26] Cognitive function at baseline was assessed by Repeatable Battery for the 

Assessment of Neuropsychological Status (RBANS8) at time of the pre-operative visit. [27]

Efforts to Reduce Bias

Bias was reduced through the following approaches: use of blinded outcome assessments, 

protocolized blood samples collected within a randomized clinical trial, and laboratory 

analyses performed without knowledge of clinical information. We performed frequency 

matching using the gender and randomization to intervention as the main matching 

variables. Frequency matching for males was used to compare similar number of controls 

within each age group and randomization (there were only 7 female cases and 8 female 

controls). As described in the next section, we compared protein abundance ratios, 

consistent with high impact publications. [28,29]

Calculation

We used Fisher’s exact test when comparing categorical baseline and clinical characteristics 

between patients with and without delirium, and t-test for comparing age. For continuous 

characteristics, we used the Mann-Whitney U-test for skewed (non-normal) variables and the 

two sample t-test for normal variables. Normality was assessed using the Wilkes-Shapiro 

test and graphical methods. Data was not transformed to achieve normal distribution. 

Abundance ratio was defined as v1/v0, where v1 is the post-operative protein concentration 

and v0 is the pre-operative protein concentration. We tested for differences in abundance 

5Delirium Rating Scale-Revised-98
6Acute Physiology and Chronic Health Evaluation score
7American Society of Anesthesiologists
8Repeatable Battery for the Assessment of Neuropsychological Status

Khan et al. Page 5

Heart Lung. Author manuscript; available in PMC 2025 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ratios between patients with and without delirium using the Mann-Whitney U-test as it 

is robust to outliers and present the Wilcoxon-Mann-Whitney-odds and 95% confidence 

interval. [23] Spearman correlations were used to assess the relationship between protein 

abundance ratios and delirium severity at postoperative day 1. As this was a preliminary 

exploratory analysis, we did not adjust our results for multiple comparisons. Due to the lack 

of published proteomics results in esophagectomy patients at time of research design, our 

study did not utilize a pre-determined sample size. Two-sided tests with a p-value < 0.05 

were used for all significance testing. All statistical analyses were performed using SAS 

v9.4.

Results

The results have been reported in accordance with the STrengthening Reporting of 

OBservational studies in Epidemiology – Molecular Epidemiology (STROBE-ME9) 

guidelines and the recommendations for biomarker identification and qualification in clinical 

proteomics. Twenty-six patients in the esophagectomy group developed postoperative 

delirium (defined as cases) and were compared with 26 patients without delirium. There 

was no loss to follow up during the study period (see Figure A.2). The mean age of 

participants in the study was 64 years (SD=9.6), 25% of the patients were female which is 

slightly above the national average of female patients undergoing elective esophagectomy in 

the United States, and 1.9% were African American. [30,31] Malignancy was the primary 

surgical indication in both cases and controls (no delirium: 80.8% vs. delirium: 88.5%, 

p=0.704). [32] Delirium occurred early in the post-operative stay: 1/26 patients (3.9%) 

experienced delirium on the day of surgery (after the procedure) and 15/26 (57.7%) on 

postoperative day 1. The median duration of delirium was 1 day (IQR: 1–2), and the median 

delirium/coma duration was 2.5 days (IQR: 2–4). Consistent with prior studies, patients with 

delirium had greater mean ICU days (delirium-positive: 5.0 days vs. delirium-negative: 2.9 

days, p=0.003), and mean duration of mechanical ventilation (delirium-positive: 1.7 days vs. 

delirium-negative: 1.2 days, p=0.035). Additional demographic and clinical characteristics 

are shown in Table 1.

As shown in Table 2, there were no significant differences between delirium and no 

delirium groups in intraoperative or postoperative management, including surgical approach/

technique, duration of surgery, intraoperative medications, fluids, and transfusions. [8]

Proteins Associated with Postoperative Delirium

We identified 6 proteins with differences in abundance ratio between patients with 

postoperative delirium compared to those without postoperative delirium (Table 3). Two 

proteins had increased relative abundance ratio in patients with delirium compared to those 

in the no delirium group: coagulation factor IX (WMWodds (Wilcoxon-Mann-Whitney 

odds): 1.95 95%CI: 1.01–4.55) and mannosyl-oligosaccharide 1,2-alpha-mannosidase 

(WMWodds: 2.45 95%CI: 1.01–11.13). Four proteins had increased relative abundance 

ratios in the delirium-negative group compared to delirium positive patients as shown in 

9STrengthening Reporting of OBservational studies in Epidemiology – Molecular Epidemiology
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Table 3. Results of bioinformatics network analysis using the STRING web database showed 

co-expression of angiotensinogen and ceruloplasmin (see Figure A.3).

Relationship of Protein Abundance Ratio and Delirium Severity in Patients with 
Postoperative Delirium

In patients who developed postoperative delirium, protein abundance ratios (post-operative 

value/pre-operative value) of Complement C2 (Spearman correlation: rs=−0.32, 95%CI 

[−0.56, −0.01]), and Mannosyl-oligosaccharide 1,2-alpha-mannosidase (MAN1A110) 

(rs=0.71, 95%CI = [0.42, 0.86]) were moderately associated with mean DRS-R-98 delirium 

severity score on post-operative day 1.

Discussion

Postoperative delirium in patients undergoing esophagectomy is a prevalent complication 

and likely occurs due to the interaction of multiple pathophysiologic pathways, limiting 

the development of effective treatments. [33] To identify potential biological mechanisms 

associated with postoperative delirium after esophagectomy, we conducted a hypothesis-

generating proteomics analysis using blood samples from pre-operative and post-operative 

time points. We hypothesized proteins related to inflammatory pathways would be 

dysregulated, supporting leading neuroinflammatory hypotheses for postoperative delirium. 

In addition, we hypothesized our analysis would identify novel candidate pathways that 

may help in designing future studies on risk stratification, prediction of delirium severity, or 

conversely, protection from postoperative delirium.

Our analysis found proteins involved in coagulation and protein glycosylation functions 

had higher median abundance ratios in postoperative delirium cases compared to delirium 

negative patients. Our results suggest coagulation factor 9 and mannosyl-oligosaccharide 

1,2-alpha-mannosidase (MAN1A1) may have a role in postoperative delirium. These 

findings are supported by prior studies where mutations in mannosidase alpha class 1B 

member 1 (MAN1B111) and MAN1A1 have been associated with intellectual disability in 

pediatric populations. [33] Coagulation factor 12 has also been previously associated with 

cognitive impairment in murine models. [34]

Recent plasma proteomics analyses also suggest involvement of the coagulation cascade in 

mild cognitive impairment (MCI12), postoperative delirium, and other neurodegenerative 

diseases. [35–37] One study reported a significant increase in coagulation factor XI 

in patients diagnosed with probable Alzheimer’s disease compared to other groups. 

Furthermore, a decrease in cognitive function was associated with low coagulation factor IX. 

[38] Additionally, Girard et al. have previously described relationships between low Protein 

C levels and increased risk of delirium in critically ill patients, suggesting that deranged 

coagulation is involved in delirium pathogenesis. [36] Together, these findings support the 

biological plausibility of coagulation cascades being associated with postoperative delirium.

10Mannosyl-oligosaccharide 1,2-alpha-mannosidase
11Mannosidase alpha class 1B member 1
12Mild cognitive impairment
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Our study may also shed light on proteins that have protective effects against postoperative 

delirium. We found the median relative abundance ratios of angiotensinogen, ceruloplasmin, 

complement C2, and inter-alpha-trypsin inhibitor (ITIH313) were higher in patients who did 

not develop delirium compared to those who did. As we discuss in the next section, our 

findings appear consistent with other neurocognitive studies.

In murine models for vascular dementia, and in Alzheimer’s disease cohorts, 

angiotensinogen genes were downregulated or dysregulated. [39–41] Ceruloplasmin, 

involved in ferroxidase activity and copper transport, was decreased in studies involving 

Alzheimer’s patients, with iron retention noted in brain tissues. [42,43] Increased activity 

of complement C2, part of the classical complement pathway, has also been associated 

with cognitive impairment. Higher complement levels were noted in the brain tissue 

of Alzheimer’s patients, and those with vascular angiopathies. [44–46] By contrast, our 

findings of greater complement abundance ratios in patients without delirium suggest 

patients with postoperative delirium may have had increased consumptive processes, 

requiring further study. Follow-up proteomics studies are needed to assess whether proteins 

dysregulated in dementia are also associated with delirium.

In addition to the above-mentioned proteins, we also found higher abundance ratios of 

ITIH3, an endopeptidase inhibitor, in patients who did not develop postoperative delirium. 

ITIH3 is in the same family as SERPINA3 (a protease inhibitor) which has been associated 

with postoperative delirium. [47] The exact pathway through which ITIH3 may be involved 

in postoperative delirium is not clear, though polymorphisms in this gene have been targeted 

for schizophrenia treatment when negative symptoms predominate. [48]

Taken together, our research findings appear to be consistent with other recent 

proteomics studies in the field of postoperative delirium. Complement, zinc alpha-2 

glycoprotein (AZGP114) and alpha-1 chymotrypsin (SERPINA315alpha-1 chymotrypsin) 

were dysregulated in a recent serum proteomic study in elderly non-cardiac surgery patients. 

[18] As AZGP1 is involved in lipid metabolism, and SERPINA3 inhibits enzymes which 

convert angiotensin-1 to active angiotensin-2, we believe our results may add candidate 

proteins for a new delirium model that includes not only inflammatory pathways but 

also lipid homeostasis and vascular autoregulation. Our findings, if confirmed by larger 

studies, also suggest dysregulated protein pathways may overlap across different surgical 

populations.

There are several important limitations to our study. Firstly, this was an exploratory study 

nested within a clinical trial, and the sample size was not informed by a priori selection 

of candidate proteins. Given the small sample size and hypothesis-generating nature of 

the study, our findings are not corrected for multiple comparisons or false discovery rates. 

We acknowledge the possibility that proteins associated with postoperative delirium may 

have been confounded by the inflammatory pathology of esophageal malignancy. [28] 

Hence, studies with larger cohorts are needed to better delineate the relationships between 

13inter-alpha-trypsin inhibitor
14Complement, zinc alpha-2 glycoprotein
15alpha-1 chymotrypsin
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proteins identified in our study with postoperative delirium while adjusting for potential 

confounders. Secondly, our study lacks a validation or confirmatory cohort, including use 

of protein-specific validation by mass spectrometry or enzyme-linked immunoassays, or 

comparison with protein levels in the cerebrospinal fluid. [49] Replicating our findings 

in larger cohorts comprising a broader range of surgical patients, including those without 

malignancy, may expand our understanding of postoperative delirium. Thirdly, we compared 

protein expression at two time points: preoperative and postoperative day one. As our 

study population had short delirium duration (median delirium duration in days: 1, IQR: 

1–2), and not all patients experienced delirium on postoperative day 1 (n=16, or 57% 

experienced delirium on POD 1), additional blood sample collection later in the hospital 

course may have identified additional proteins. Finally, the time between pre-operative 

assessments and surgery between study participants was variable between study participants, 

but we are not aware of any significant interim health events which may have contributed 

to delirium or cognitive change affecting our results. Similarly, while the patients were 

enrolled in a randomized trial and there were no significant differences in patients assigned 

to intervention or control groups, we cannot exclude a potential small effect of haloperidol 

on the protein expression results in our study. The strengths of our study include the use of 

matched controls and use of quantitative proteomics with TMT isobaric labeling to achieve 

high sensitivity and precision results.

Our study describes altered protein expression in esophagectomy patients with postoperative 

delirium. Further studies are needed to better define abnormal protein expression in 

postoperative delirium.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Appendix

Appendix

Figure A.1. 
Experimental Workflow.

Figure A.2. 
Patients screened for eligibility in the study.
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Figure A.3. 
Co-expression of Angiotensinogen and Ceruloplasmin.

AGT: Angiotensinogen, CP: Ceruloplasmin: C2: Complement C2; ITIH3: Inter-alpha-

trypsin inhibitor heavy chain H3 (ITIH3).
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Highlights:

• Changes in protein pathways are associated with delirium after 

esophagectomy.

• Proteins involved in coagulation, inflammation, and protein handling were 

identified.

• Our results may help develop future targeted therapies for post-operative 

delirium.
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Table 1

Clinical Characteristics of Cases and Controls.

Variables No Delirium (N =26) Delirium (N = 26) P-valuea

Demographics

Age in years, mean (SD) 63.4 (9.8) 64.6 (9.6) 0.670

African-American, n (%) 0 (0.0) 3.9 (1) 1.000

Caucasian, n (%) 26 (100.0) 25 (96.1)

Female, n (%) 6 (23.1) 7 (26.9) 1.000

Education 0.611

 High School Graduate, n (%) 16 (64.0) 13 (52.0)

 Some College, n (%) 7 (28.0) 7 (28.0)

 Bachelor’s Degree or more, n (%) 2 (8.0) 5 (20.0)

Body Mass Index, median (IQR) 28.9 (24.9–33.1) 25.0 (21.3–32.0) 0.120

Comorbidities and Functional Status

Pre-operative chemotherapy, n (%) 19 (76.0) 18 (75.0) 1.000

Esophagectomy due to malignancy, n (%) 23 (88.5) 21 (80.8) 0.703

Charlson Comorbidity Index, median (IQR) 2.0 (2.0–3.0) 3.0 (2.0–5.0) 0.360

Activities of Daily Living (ADL), median (IQR) 6.0 (6.0–6.0) 6.0 (6.0–6.0) 1.000

Instrumental Activities of Daily Living (IADL), median (IQR) 8.0 (7.0–8.0) 8.0 (7.0–8.0) 0.704

Severity of Illness

APACHE II, median (IQR) 18.5 (13.0–26.0) 24.0 (18.0–27.0) 0.166

American Society of Anesthesiologists Class

Class III, n (%) 26 (100.0) 26 (100.0)

Baseline Cognitive Function

Pre-operative RBANS score, median (IQR) 98.0 (87.0–100.0) 90.0 (78.0–99.0) 0.385

Pre-operative RBANS Percentile, median (IQR) 45.0 (19.0–50.0) 25.0 (8.0–47.5) 0.428

Clinical Outcomes

Admission to ICU in postoperative setting, n (%) 26 (100) 26 (100.0)

ICU length of stay in days, median (IQR) 3.1 (2.2–3.7) 4.4 (3.0–7.2) 0.006

Mechanical Ventilation in days, median (IQR) 1.1 (0.9–1.2) 1.3 (1.0–2.1) 0.022

Allocation 1.000

Intervention b , n (%) 10 (38.5) 9 (34.6)

APACHE, Acute Physiology and Chronic Health Evaluation Score; RBANS, Repeatable Battery for the Assessment of Neuropsychological Status.

a
Categorical variables assessed by Fisher’s exact test, continuous variables assessed by Mann-Whitney U-Test, age was compared using t-test.

b
Allocated to haloperidol intervention arm in the parent trial.

Note: RBANS available on 17/26 Non-Delirious Patients: 20/26 Delirious Patients
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Table 2

Intraoperative and postoperative management characteristics in patients with postoperative delirium compared 

to those without delirium.

Variables No Delirium (N =26) Delirium (N = 26) P-valuea

Type of esophagectomy 1.000

Ivor Lewis, n (%) 24 (92.3) 23 (88.5)

Other, n (%) 2 (7.7) 3 (11.5)

Duration of surgery in hours, median (IQR) 5.0 (4.2–5.3) 4.9 (4.2–5.6) 0.985

Duration of anesthesia in hours, median (IQR) 6.3 (5.5–6.8) 6.7 (5.7–7.3) 0.284

Intravenous fluids in mL, median (IQR) 3000.0 (2500.0–3500.0) 3175.0 (2700.0–3500.0) 0.369

Estimated blood loss in mL, median (IQR) 300.0 (150.0–300.0) 300.0 (100.0–300.0) 0.855

Intraoperative medications

Opioids, n (%) 26 (100.0) 26 (100.0)

Opioid dose in mg, median (IQR) 31.7 (31.7–51.7) 30.4 (25.0–41.7) 0.077

Benzodiazepines, n (%) 26 (100.0) 25 (96.2) 1.000

Benzodiazepine dose in mg, median (IQR) 38.8 (12.5–62.5) 33.8 (12.5–62.5) 0.596

Ketamine, n (%) 3 (11.5) 3 (11.5) 1.000

Ondansetron, n (%) 5 (19.2) 3 (11.5) 0.703

Dexamethasone, n (%) 4 (15.4) 0 (0.0) 0.110

Postoperative

Management

Epidural analgesia, n (%) 25 (96.2) 22 (84.6) 0.350

Opioids, n (%) 26 (100.0) 26 (100.0)

Opioid use in days, median (IQR) 5.0 (3.0–7.0) 4.0 (3.0–6.0) 0.761

Benzodiazepines, n (%) 8 (30.8) 13 (50.0) 0.258

Benzodiazepine use in days, median (IQR) 0.0 (0.0–1.0) 0.5 (0.0–2.0) 0.273

Propofol n (%) 15 (57.7) 15 (57.7) 1.000

a
Categorical variables assessed by Fisher’s exact test, continuous variables assessed by Mann-Whitney U-Test
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Table 3

Median protein abundance ratio by delirium status.

Accession 
Number Protein Name (Gene)

Patients with 
protein 

identified (n)

No Delirium 
(Median IQR)

Delirium 
Median (IQR)

WMWodds (95% 
CI) P-valuea

Increased Protein Abundance Ratiobin Delirium Cases

P00740 Coagulation factor IX 
(F9) N=52 1.13 (0.99–1.18) 1.18 (1.08–1.28) 1.95 (1.01–4.55) 0.047

P33908
Mannosyl-oligosaccharide 

1,2-alpha-mannosidase 
(MAN1A1)

N=31c 1.36 (1.34–1.42) 1.50 (1.35–1.60) 2.45 (1.01–11.13) 0.049

Increased Protein Abundance Ratiobin Patients without Delirium

P01019 Angiotensinogen (AGT) N=52 1.19 (1.14–1.23) 1.13 (1.05–1.23) 0.50 (0.21–0.96) 0.038

P00450 Ceruloplasmin (CP) N=52 1.02 (0.98–1.08) 0.99 (0.93–1.02) 0.50 (0.21–0.96) 0.038

P06681 Complement C2 (C2) N=52 1.01 (0.96–1.08) 0.97 (0.91–1.00) 0.44 (0.17–0.86) 0.016

Q06033
Inter-alpha-trypsin 

inhibitor heavy chain H3 
(ITIH3)

N=52 1.27 (1.21–1.36) 1.20 (1.13–1.27) 0.49 (0.21–0.95) 0.036

a
P-value assessed by Mann-Whitney U-Test. WMWOdds: Wilcoxon-Mann-Whitney-odds.

b
Relative abundance; >1: more abundant at post-operative time, <1: less abundant at post-operative time.

c
Protein identified in a total of 31 patients (14 patients with delirium and 17 patients with no delirium).
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