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Abstract
Background: Postoperative delirium (POD) is a frequent and serious complication in older surgical patients, characterized
by acute cognitive dysfunction and fluctuating levels of consciousness. POD is associated with prolonged hospitalization,
long-term cognitive decline, reduced quality of life, and increased mortality. Despite its clinical relevance, the underlying
pathophysiological mechanisms remain poorly understood, and reliable biomarkers for early prediction and prevention are
lacking.
Objective: The CONFUSED study aims to identify molecular and clinical predictors of POD by integrating clinical data
with proteomic, transcriptomic, and epigenetic analyses. The primary objective is to develop predictive models for POD
using multimodal data. Secondary objectives include the identification of delirium-associated genes, proteins, and epigenetic
signatures, as well as the exploration of patient subgroups at increased risk for POD.
Methods: CONFUSED is a prospective observational cohort study conducted at a German university hospital. Adult patients
undergoing major surgery under general anesthesia will be enrolled until 100 cases of POD have been observed, which is
expected to require a total sample size of approximately 200 to 300 patients. Blood samples are collected at 4 predefined time
points: before premedication, immediately after surgery, and on postoperative days 2 and 5. Samples undergo comprehensive
proteomic profiling, transcriptomic analysis using RNA microarrays, DNA methylation analysis, and genotyping of selected
polymorphisms. Clinical data, including demographics, comorbidities, perioperative variables, medications, and delirium
assessments using the Confusion Assessment Method (CAM) and CAM for the intensive care unit, are systematically recorded.
Statistical analyses include univariate and multivariate methods, as well as machine learning approaches such as random
forests and support vector machines, to identify relevant biomarkers and develop predictive models. The study protocol follows
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) and TRIPOD (Transparent Reporting of a
Multivariable Prediction Model for Individual Prognosis or Diagnosis) guidelines and was approved by the responsible ethics
committees.
Results: The study was registered in the German Clinical Trials Register (DRKS00033854) on March 18, 2024. Recruitment
started in January 2024 and is ongoing at the time of manuscript submission. As of now, 135 patients have been enrolled.
Sample collection and laboratory analyses are ongoing. Data analysis began in January 2026, with first results anticipated in
July 2026. Final data lock is anticipated after the completion of recruitment.
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Conclusions: By integrating multimodal molecular data with clinical parameters and applying advanced machine learning
techniques, the CONFUSED study aims to improve the prediction and understanding of POD. The results are expected to
support the development of personalized preventive strategies and contribute to improved perioperative care for patients at risk
of POD.
Trial Registration: German Clinical Trials Register DRKS00033854; https://drks.de/search/en/trial/DRKS00033854
International Registered Report Identifier (IRRID): DERR1-10.2196/87020

JMIR Res Protoc 2026;15:e87020; doi: 10.2196/87020
Keywords: postoperative delirium; POD; delirium; surgery; biomarkers; prediction; artificial intelligence

Introduction
Delirium is a common postoperative complication, particu-
larly in patients above the age of 65 years, and its causes
are still largely unexplored [1]. Nevertheless, the effects of
delirium are very serious for patients and, in some cases,
can even drastically affect quality of life and even life
expectancy. The incidence of postoperative delirium (POD)
in older patients is 5% to 10% on average but can be higher
in high-risk procedures such as total joint arthroplasty [2].
POD is therefore a frequent and life-threatening complica-
tion. At the center of this clinical picture is a functional
disorder of the brain. Patients are affected symptomatically
by disorientation, restlessness, hallucinations, or anxiety
[3]. Despite these impressive and often serious symptoms,
POD is often recognized late, and successful intervention
is delayed [4]. However, it should be noted that the more
time elapses before the diagnosis is made, the higher the
probability of a severe and complicated course of POD.
POD is associated with prolonged hospital stays, extended
ventilation times, increased care requirements, and higher
mortality rates [5]. Recovery from POD has considerable
intraindividual variability, ranging from hours to months, and
can present as a hypoactive, hyperactive, or mixed sub-
type, characterized by symptoms such as apathy, confusion,
agitation, delusions, and signs of sympathetic arousal [6]. The
pathophysiology of POD is not yet fully understood, but it
is hypothesized to be related to acute disruptions in neuro-
transmitter levels and neuroinflammation [1]. Risk factors
for POD include preoperative impaired cognitive and general
health status, frailty, medical comorbidities such as hypoten-
sion and hypoxia, and exposure to psychoactive drugs [7].
Postoperative neuroinflammation, which is a major contrib-
utor to the development and progression of POD, can be
exacerbated by complications such as infections, pulmonary
issues, and hypoxemia [8]. The use of certain anesthetics has
also been linked to long-term alterations in brain morphol-
ogy and function, particularly at the extremes of age [9,10].
It is known from previous studies that the plasma levels
of neuron-specific enolase and S-100 β protein may corre-
late with POD [11]. However, there are currently no valid
laboratory tests for diagnosis. Furthermore, apart from an
avoidance strategy for possible triggering drugs, there are
only a few effective preventive and therapeutic approaches
[3,12,13]. Existing models rely on clinical variables or single
biomarkers. Our study integrates multiomics with advanced

machine learning (ML) to explore novel predictive signatures
and underlying biological mechanisms.

The aim of this study is to develop a prediction tool for
POD in patients undergoing surgery. The study will address
the following main objectives:

1. Identification of significant differentially expressed
genes and proteins in blood samples through proteomic
analyses and RNA microarrays as the basis for the
development of predictive models

2. Collection and integration of clinical data
3. Development of a delirium prediction model based on

ML, combining clinical data with data from proteomics
and genetics

Following these preliminary tasks, the developed predictive
models will be validated in a new independent patient cohort.
These efforts will extend beyond the planned initial fund-
ing. It is expected that the results of the overall study will
contribute to the development of new diagnostic tests and
clinical decision tools.

Methods
This study is a prospective observational study conducted
in the Department of Anesthesia of a German university
hospital. The protocol follows the STROBE (Strengthening
the Reporting of Observational Studies in Epidemiology) and
TRIPOD (Transparent Reporting of a Multivariable Predic-
tion Model for Individual Prognosis or Diagnosis) guidelines.
Ethical Considerations
The study was reviewed and approved by the Ethics
Committee of the Medical Faculty of Ruhr University
Bochum (approval number 23‐7794) and the Ethics Commit-
tee of Westfalen-Lippe (approval number 2024‐082-f-S). All
participants will be recruited from the anesthesia outpa-
tient clinic and provided written informed consent prior to
participation. The study will be conducted in accordance with
the Declaration of Helsinki and relevant local regulations.
Participant privacy and data confidentiality will be strictly
maintained throughout all stages of data collection, analysis,
and reporting. No financial compensation will be provided to
participants.
Patient Recruitment
Patients are recruited after registration in the anesthesia
outpatient clinic of the Department of Anesthesiology,
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Intensive Care Medicine, and Pain Therapy. All patients
presenting to the preanesthesia clinic are screened for
eligibility to participate in the study. Eligible patients undergo
medium to major surgical procedures under general anesthe-
sia. This approach ensures that recruitment is as efficient as
possible, allowing us to reach a sufficient number of patients
with delirium in a timely manner. Patients are recruited

based on the inclusion criteria and the absence of exclusion
criteria in the preoperative assessment clinic. The study will
be concluded once 100 patients with delirium have been
enrolled. Patients without delirium form the control cohort.
The inclusion and exclusion criteria are provided in Textbox
1.

Textbox 1. Inclusion and exclusion criteria of the study.
Inclusion criteria:

• Age ≥75 years
• Delirium Risk Assessment Score ≥5
• Medium to major surgical procedures under general anesthesia, including:

○ Endoprosthetic procedures (hip and knee joint)
○ Traumatological procedures for femoral neck fractures
○ Spinal disc surgery
○ Visceral surgery including cholecystectomy

Exclusion criteria:
• Age <75 years
• Delirium Risk Assessment Score <5
• Existing anticholinergic medication
• Intracerebral intervention
• Preexisting severe dementia
• Pharmacological immunosuppression
• Chronic skin diseases
• Patient refusal
• Previous participation in this study

Sample Size Considerations
The study is designed as an exploratory, hypothesis-gener-
ating investigation with a focus on identifying biomarkers
and predictive signatures associated with POD. Rather than
relying solely on a fixed total sample size, the study aims to
include a sufficient number of patients with incident POD to
enable meaningful exploratory analyses.

Specifically, the target is to observe 100 patients who
develop POD. Based on historical incidence rates of POD
in older surgical patients, including data from a systematic
review of 3533 patients across 19 cohort studies [14], the
pooled incidence of POD is estimated at approximately 24%
(72/300) overall, with variation depending on the type of
surgery (mixed noncardiac 23%, orthopedic 27%, and tumor
19%). Given this expected incidence, it is anticipated that
approximately 200 to 300 patients will need to be enrolled
to achieve the target number of POD cases. Recruitment will
therefore continue until the required number of POD cases is
reached.

We acknowledge that even with this sample size, high-
dimensional omics analyses remain at risk of overfitting.
To address this, feature selection, regularization techniques,
and nested cross-validation will be applied to enhance the
robustness and reproducibility of the findings. As such, the
study is explicitly designed as an initial exploratory investi-
gation, and any identified biomarker signatures or predictive
models will require validation in larger, independent cohorts.

Patient Information and Consent
Participation in the study is voluntary. Prior to the start
of the study, patients are informed both verbally and in
writing about the nature and scope of the planned inves-
tigation, with particular emphasis on the potential health
benefits and possible risks. Informed consent or assent will be
obtained by the principal investigator or a qualified, trained
study physician through a face-to-face discussion with the
participant or authorized proxy, using the approved informa-
tion sheet and consent form, ensuring adequate time for
questions and written documentation of consent. Consent is
documented by the patient’s signature on the consent form.
This consent can be withdrawn at any time without giving
reasons and without negative consequences for the patient’s
further medical care. It should be noted that the patients
will not have any direct benefit from the study, but the
knowledge gained will benefit future patients. Participants
who experience harm related to trial participation will receive
appropriate medical care and compensation in accordance
with applicable regulations, and provisions for ancillary and
posttrial care will be ensured as clinically indicated.
Methodology
After obtaining consent, patients are enrolled in the study.
The study workflow for each patient is outlined in Table 1
and illustrated in Figure 1.

JMIR RESEARCH PROTOCOLS Rump et al

https://www.researchprotocols.org/2026/1/e87020 JMIR Res Protoc 2026 | vol. 15 | e87020 | p. 3
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e87020


Ta
ble

 1.
 St

ud
y t

im
eli

ne
 de

tai
lin

g t
he

 tim
ing

 of
 va

rio
us

 pr
oc

ed
ure

s a
nd

 da
ta 

co
lle

cti
on

 po
int

s t
hro

ug
ho

ut 
the

 st
ud

y f
or 

ea
ch

 in
div

idu
al 

pa
tie

nt.

Ti
me

 po
int

Stu
dy

en
rol

lm
en

t
Ba

sel
ine

Pr
eo

pe
rat

ive
(in

du
cti

on
)

Int
rao

pe
rat

ive
Po

sto
pe

rat
ive

(re
co

ve
ry 

roo
m)

Da
y 1

Da
y 2

Da
y 3

Da
y 4

Da
y 5

Ho
sp

ita
l

dis
ch

arg
e

30
-da

y
fol

low
-up

90
-da

y
fol

low
-up

Stu
dy

 en
rol

lm
en

t
 

 Sc
ree

nin
g f

or 
inc

lus
ion

 an
d

ex
clu

sio
n c

rit
eri

a
✓

 
 In

for
me

d c
on

sen
t

✓
M

ea
su

rem
en

ts
 

 B
loo

d c
oll

ec
tio

n
✓

✓
✓

✓
 

 M
icr

oa
rra

y a
na

lys
is 

of 
wh

ole
blo

od
 R

NA
✓

✓

 
 E

pig
en

eti
c a

na
lys

is 
of 

wh
ole

blo
od

 D
NA

✓
✓

 
 G

en
oty

pin
g o

f w
ho

le 
blo

od
DN

A
✓

 
 Se

rum
/pl

asm
a s

tor
ag

e
✓

✓
✓

✓
✓

✓
 

 E
LI

SA
a  f

rom
 se

rum
 sa

mp
les

✓
✓

✓
✓

✓
✓

 
 Is

ola
tio

n o
f n

eu
tro

ph
ils

,
PB

M
Cs

b , 
an

d m
ac

rop
ha

ge
s

✓
✓

✓
✓

✓
✓

 
 Pr

ote
om

ic 
an

aly
ses

✓
✓

✓
✓

✓
✓

 
 A

Ch
Ec  m

ea
su

rem
en

t
✓

✓
✓

✓
✓

✓
✓

✓
✓

Cl
ini

ca
l d

ata
 co

lle
cti

on
 

 D
em

og
rap

hic
 an

d m
ed

ica
l

ba
sel

ine
 da

ta
✓

 
 Su

rge
ry-

sp
ec

ifi
c d

ata
✓

 
 C

om
ple

te 
dig

ita
l a

ne
sth

esi
a

do
cu

me
nta

tio
n

✓
✓

✓

 
 In

tra
op

era
tiv

e E
EG

d
mo

nit
ori

ng
✓

 
 A

ll c
lin

ica
l p

ara
me

ter
s

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

 
 C

om
ple

te 
pro

gre
ss

do
cu

me
nta

tio
n

✓
✓

✓
✓

✓
✓

✓
✓

✓
✓

 
 D

eli
riu

m 
scr

ee
nin

g (
CA

M
e  o

r
CA

M
-IC

Uf )
✓

✓
✓

✓
✓

✓
✓

✓
✓

 
 N

eu
rop

sy
ch

olo
gic

al 
sta

tus
(R

BA
NS

g )
✓

✓
✓

 
 H

ea
lth

-re
lat

ed
 qu

ali
ty 

of 
lif

e
(S

F-
36

h )
✓

✓
✓

 

JMIR RESEARCH PROTOCOLS Rump et al

https://www.researchprotocols.org/2026/1/e87020 JMIR Res Protoc 2026 | vol. 15 | e87020 | p. 4
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e87020


  Ti
me

 po
int

Stu
dy

en
rol

lm
en

t
Ba

sel
ine

Pr
eo

pe
rat

ive
(in

du
cti

on
)

Int
rao

pe
rat

ive
Po

sto
pe

rat
ive

(re
co

ve
ry 

roo
m)

Da
y 1

Da
y 2

Da
y 3

Da
y 4

Da
y 5

Ho
sp

ita
l

dis
ch

arg
e

30
-da

y
fol

low
-up

90
-da

y
fol

low
-up

M
ort

ali
ty

✓
✓

✓
a E

LI
SA

: e
nz

ym
e-l

ink
ed

 im
mu

no
so

rbe
nt 

ass
ay

.
b P

BM
Ss

: p
eri

ph
era

l b
loo

d m
on

on
uc

lea
r c

ell
s.

c A
Ch

E:
 ac

ety
lch

oli
ne

ste
ras

e.
d E

EG
: e

lec
tro

en
ce

ph
alo

gra
m.

e C
AM

: C
on

fus
ion

 A
sse

ssm
en

t M
eth

od
.

f C
AM

-IC
U:

 C
on

fus
ion

 A
sse

ssm
en

t M
eth

od
 fo

r t
he

 in
ten

siv
e c

are
 un

it.
g R

BA
NS

: R
ep

ea
tab

le 
Ba

tte
ry 

for
 th

e A
sse

ssm
en

t o
f N

eu
rop

sy
ch

olo
gic

al 
Sta

tus
.

h S
F-

36
: 3

6-i
tem

 Sh
ort

-F
orm

 H
ea

lth
 Su

rve
y.

JMIR RESEARCH PROTOCOLS Rump et al

https://www.researchprotocols.org/2026/1/e87020 JMIR Res Protoc 2026 | vol. 15 | e87020 | p. 5
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e87020


Figure 1. Schematic representation of the planned workflow. Blood samples from patients will be collected at 4 time points. The collected samples
will be processed and prepared for further analyses in transcriptomics, epigenetics, and proteomics. Clinical data will be incorporated into the
data integration pipeline and processed, so that they can be combined with the results from transcriptomics, epigenetics, and proteomics for the
final evaluation in the context of integrative data analysis. AI: artificial intelligence; AUC: area under the curve; cDNA: complementary DNA;
ELISA: enzyme-linked immunosorbent assay; ETL: extract, transform, load; EV: extracellular vesicle; FPR: false positive rate; LC-MS/MS: liquid
chromatography–tandem mass spectrometry; MACS: magnetic-activated cell sorting; OMOP CDM: Observational Medical Outcomes Partnership
Common Data Model; post-OP: postoperative; pre-OP: preoperative; qRT-PCR: quantitative reverse transcription polymerase chain reaction; ROC:
receiver operating characteristic.

At study inclusion, each patient’s cognitive status is assessed
to ensure eligibility and to document baseline cognitive
function. In order to determine whether cognitive disor-
ders are already present, a Mini-Mental State Examination
and a Delirium Risk Assessment Score (DRAS) test are
included as part of the consent process. The DRAS is
determined preoperatively in the preanesthesia clinic by
evaluating patient-related factors such as age, comorbidities,
type of surgery, and medication use. The individual items
are summed up to generate a total score, with higher values
indicating an increased risk of POD.

Patients will undergo general anesthesia according to
the clinic’s standard protocol, which includes the adminis-
tration of propofol, sufentanil, and, if required, rocuronium
for muscle relaxation, as well as maintenance with sevoflur-
ane. Anesthesia depth is strictly monitored using Narcotrend
(Narcotrend-Gruppe) with a target anesthesia depth of stages
D0-E2. Delirium is assessed preoperatively, upon transfer
from the recovery room, and on the 5 postoperative days
using the Confusion Assessment Method (CAM), the CAM
for the ICU (CAM-ICU), and the Delirium Observation Scale
[15,16].
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Blood Sampling and Analysis
In addition, 20 mL of venous whole blood will be collected in
ethylenediaminetetraacetic acid, serum, RNA exact, and DNA
exact tubes (Sarstedt) at 4 points in time: during premedi-
cation, immediately postoperatively, on the second postoper-
ative day, and on the fifth postoperative day. Serum and
plasma samples, proteins, DNA, and RNA will be extracted
from these whole blood samples. Furthermore, specific cell
fractions such as neutrophils, macrophages, and peripheral
blood mononuclear cells will be isolated. Proteins will be
isolated from these cell samples and, together with plasma,
subjected to the proteomic analysis using mass spectrome-
try to identify potentially significant proteins. Concurrently,
an analysis of candidate genes, such as ACHE, BCHE,
CHRNA7, chemokines, and cytokines, will be conducted
to investigate methylation processes associated with the
occurrence of POD. For methylation analysis, DNA samples
are subjected to bisulfite conversion, and methylation will be
quantified using quantitative polymerase chain reaction with
specific primers [17]. The activity of acetylcholinesterase and
butyrylcholinesterase will be assessed using ELISA (enzyme-
linked immunosorbent assay).

In addition, an in silico analysis of the identified tar-
get genes will be performed to identify potential polymor-
phisms. Polymorphisms that appear potentially relevant will
be genotyped in the entire patient cohort using the TaqMan
Assay (TaqMan SNP Genotyping Assays; Thermo Fisher)
[18,19]. In the final step, the identified genes and proteins
will be quantified together with known inflammatory markers
(tumor necrosis factor-α, interleukin-6 [IL-6], and interleu-
kin-10) from serum samples using ELISA or the LegendPlex
assay (BioLegend) [20]. The blood plasma obtained during
cell isolation will also be used for measuring tumor necrosis
factor-α and other cytokines (IL-6, interleukin-10, etc) via
ELISA. In addition, neuron-specific enolase and S-100 β
protein levels will be determined from the remaining blood
preoperatively and 48 hours and 5 days postoperatively. The
remaining DNA, RNA, and plasma samples will be stored
at −20 °C and −80 °C to ensure the possibility of repeat
measurements in case of technical errors. The samples will
also be preserved for further validation of significant proteins
from the proteomic analysis using ELISA and to investigate
their genetic basis (polymorphisms and DNA methylation).
Clinical Data Collection and Processing
A formal Data Monitoring Committee is not required for
this study, as there are no interventions being tested and
no anticipated risks to participants beyond standard clinical
care. Therefore, no interim analyses or stopping guidelines
are planned.

The study conduct will be monitored by the study
physician and the research team according to standard
operating procedures to ensure data quality and protocol
adherence. Since there are no safety concerns beyond routine
care, no additional independent monitoring is planned.

Clinical parameters are systematically documented and
collected throughout the project. These parameters are

exported from the routine medical documentation within
the various subsystems of the electronic health records.
On regular wards, this will be done through the Hospi-
tal Information System, and in ICUs, through the Patient
Data Management System, capturing the entire course of
patient treatment. The clinical data include vital parameters,
medications, diagnoses, procedures, and laboratory values.
Anesthesia documentation is supplemented by a digital
Anesthesia Information Management System, which closely
monitors all perioperative anesthesia parameters, including
medication, vital signs, and ventilation parameters. Intraoper-
ative electroencephalogram data, recorded during anesthesia
depth monitoring, will also be captured.

These routinely collected data will be supplemented by
explicitly requested variables to determine study end points,
such as delirium scores. For this purpose, a study nurse
will assess delirium preoperatively, upon transfer from the
recovery room, and on the 5 subsequent postoperative days
using the CAM, or CAM-ICU if the patient is transferred
to the ICU. A learning effect from repeated testing is only
to be expected in patients without delirium. Other outcome
parameters include neuropsychological status measured by
the Repeatable Battery for the Assessment of Neuropsycho-
logical Status, health-related quality of life assessed with the
36-item Short Form Health Survey, and mortality on the day
of hospital discharge, as well as on days 30 and 90 after
surgery.

These primary clinical and scientific data are then
processed by a data scientist using a data integration pipeline
to ensure that they are prepared for further analysis. This
clinical data will be prepared for further analysis steps as
outlined in Integrative Data Analysis and Development of a
Delirium Prediction Model. To achieve this, an ETL (extract,
transform, load) process will be developed. The aim is to
automate this process so it can be utilized in subsequent
research projects. A core dataset will be defined, representing
comprehensive clinical parameters within a standardized data
schema and unified semantics. This will be based on the
OMOP CDM (Observational Medical Outcomes Partnership
Common Data Model) standard from the Observational
Health Data Sciences and Informatics initiative.

The OMOP CDM standard includes the representation
of clinical content using standardized vocabularies, enabling
the mapping of primary data from various data standards
(eg, International Classification of Diseases, 10th Revision
[ICD-10] and German Procedure Classification System
[OPS]) and facilitating conversion to modern data ontolo-
gies such as SNOMED-CT (Systematized Nomenclature of
Medicine—Clinical Terminology) and/or LOINC (Logical
Observation Identifiers Names and Codes). Furthermore,
OMOP CDM supports the eventual integration into the
developing research data infrastructure of the Medical Faculty
at Ruhr University Bochum, potentially using Health Level
Seven Fast Healthcare Interoperability Resources (HL7
FHIR) profiles. This infrastructure constitutes the integration
pathway for clinical deployment. Clinical input data (eg,
demographics, vital signs, laboratory values, medications,
and delirium assessments) are captured automatically from
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the Hospital Information System, Patient Data Management
System, and Anesthesia Information Management System
without additional manual data entry by clinical staff, and
risk predictions are generated automatically within existing
workflows at the point of care. For the preoperative clinical
model, all input variables are documented as part of stand-
ard preanesthesia assessment, and no laboratory analyses are
required, meaning a risk prediction is available immediately
at the time of the outpatient consultation with no analytical
turnaround time. For the integrative postoperative model,
predictions are updated automatically as new data are entered
into the electronic record, ensuring timely availability for
clinical decision-making throughout the hospital stay.

The processed clinical data will then be combined with
data from subsequent work packages to support the devel-
opment of an artificial intelligence (AI) model. Individual
deidentified participant data (including the data dictionary),
statistical code, and any other materials will be accessible to
authorized personnel of the AI Center.
Integrative Data Analysis and AI Model
Development
This section describes the planned integration and analysis
of clinical and multiomics data for the exploratory investiga-
tion of potential predictors of POD. Data will be analyzed
both independently and in combination with a focus on
patient groups with and without POD. Prior to analysis,
clinical datasets will be preprocessed; for example, variables
with more than 30% missingness will be discarded, whereas
remaining gaps will be imputed, where applicable, when
missing at random, using multiple imputation by chained
equations or other suitable methods. Clinical continuous
variables will be centered and scaled to z scores, and
categorical variables will be one-hot encoded. In proteo-
mics, the analysis will involve deriving accurate quantitative
protein data from peptide data, particularly by improving the
utilization of shared peptides found in multiple proteins.

Univariate analyses, such as t tests and ANOVA (with
adjustments for multiple comparisons), will be applied to
identify candidate features, which may subsequently be
subjected to pathway and enrichment analyses to gener-
ate mechanistic hypotheses regarding molecular processes
potentially involved in POD. Multivariate techniques,
including principal component analysis and clustering, will be
applied to uncover latent patient phenotypes beyond a priori
groupings.

The significant findings from clinical and omics data
are fed into a knowledge base for targeted searches, facil-
itating focused investigations (targeted proteomics). The
entire dataset is also analyzed using multivariate methods,
including principal component analysis and clustering, to
reveal latent patient phenotypes beyond a priori groupings.
Supervised prediction of POD will rely on a benchmark
suite of algorithms (eg, regularized logistic regression,
random forests, support vector machines, and gradient-boost-
ing methods). Model training and hyperparameter tuning will
follow a nested cross-validation scheme, supplemented by

a temporally separated holdout set when sufficient data are
available. Discrimination and calibration will be reported
with area under the receiver operating characteristic curve,
area under the precision-recall curve, sensitivity, specificity,
accuracy, and F-score. The final modeling protocol will
be chosen on the basis of performance, interpretability,
and clinical plausibility and can be iteratively updated as
additional data accumulate.

Given the limited sample size relative to the high-dimen-
sional omics data, all predictive models are exploratory
and hypothesis-generating. External validation in independ-
ent cohorts will be necessary to confirm predictive perform-
ance and clinical utility. Models trained on clinical variables
alone will be benchmarked alongside multiomics models for
exploratory comparison, reflecting potential applicability in
settings where omics data are not routinely available.

The final operating threshold will be selected to prioritize
either sensitivity (screening scenario) or specificity (confir-
matory setting), as dictated by the clinical use case. Alongside
the integrative models, versions limited to routinely available
clinical variables will be trained and benchmarked to ensure
bedside applicability where omics data are not regularly
available. To interpret the resulting models, feature-attribu-
tion techniques such as SHAP (Shapley Additive Explan-
ations) values will quantify and visualize each variable’s
influence on the prediction, thereby generating mechanistic
hypotheses about the molecular and functional pathways
leading to POD. To clarify the clinical deployment strat-
egy, the study is designed to yield 2 distinct and comple-
mentary model types. The first is a purely preoperative
clinical model, trained exclusively on variables available at
the preanesthesia outpatient clinic, specifically the DRAS,
Mini-Mental State Examination score, age, comorbidities,
surgical type, and medication profile. This model requires no
blood sampling and can generate a risk prediction at the time
of the outpatient consultation, typically days to weeks before
surgery. This is the primary bedside instrument of the study
and the relevant window for initiating preventive measures,
including medication review and reduction of anticholinergic
burden, sleep hygiene counseling, optimization of sensory
aids, cognitive stimulation, and planning of early postopera-
tive mobilization. The second is an integrative multimodal
model incorporating longitudinal biomarker data from all
4 perioperative collection time points. This model serves
a distinct purpose: continuous refinement of risk estimates
throughout the hospital stay, enabling early detection of
evolving POD in the postoperative period. Postoperative
biomarker data are therefore not a prerequisite for preop-
erative risk stratification but an additional layer extending
clinical utility into the postoperative setting.
Comparison With Existing POD
Prediction Models
Several prediction models for POD have been developed over
the past decade, including the Validation of Prediction of
Delirium in ICU Patients (PRE-DELIRIC) model, models
based on inflammatory biomarkers, and preliminary ML
approaches using single-omics or clinical variables. These
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models have provided important insights into POD risk
factors, but they are generally limited by reliance on either
clinical variables alone or a single biomarker modality and
often do not account for the complex, multifactorial patho-
physiology of delirium.

The CONFUSED study aims to extend beyond these
approaches by integrating multiple layers of omics data—
proteomics, transcriptomics, and epigenetics—with detailed
clinical variables. This integrative, multimodal approach
allows for the identification of candidate biomarker signa-
tures and mechanistic pathways associated with POD, which
cannot be captured by single-omics or clinical-only mod-
els. Advanced ML techniques, including feature selection,
regularization, and nested cross-validation, are applied
to ensure robustness and interpretability of exploratory
predictive patterns.

While this study does not yet provide a systematic
performance comparison with existing POD prediction
models, it is designed to generate hypotheses and candidate
signatures that can inform future external validation studies.
By combining diverse molecular and clinical data with
interpretable ML, the CONFUSED study seeks to provide
incremental value in understanding POD risk and to lay the
groundwork for the development of more comprehensive and
mechanistically informed predictive models.

Dissemination Plan
The results of the CONFUSED study will be disseminated
through peer-reviewed scientific publications and presenta-
tions at national and international conferences in the fields
of anesthesiology, perioperative medicine, and neurocogni-
tive research. In addition, the study findings will contrib-
ute to ongoing research collaborations and may support
the development of future multicenter studies, focusing on
biomarker-based prediction and prevention of POD.

Results
Overview
The study was registered in the German Clinical Trials
Register (DRKS00033854) on March 18, 2024. Patient
recruitment commenced in January 2024 and is ongoing at
the time of manuscript submission (Table 2). As of now, 135
of the approximately planned 200 to 300 patients have been
enrolled, corresponding to approximately two-thirds of the
target sample size. Sample collection and laboratory analyses
are ongoing. Enrollment is proceeding according to the
projected timeline (Table 1), and no major protocol deviations
have occurred to date. The first results are expected in July
2026.

Table 2. Timeline of the study.
Item Details
Initial ethical approval Approved in May 2023
Funding date Funded in January 2023
Ethical approval amendment Approved in March 2024
Trial registration Registered in the German Clinical Trials Register (DRKS00033854) on March 18, 2024
Start of recruitment Recruitment started in January 2024
End of recruitment Recruitment is expected to be completed in December 2026
Sample size status As of February 2026, a total of 135 participants have been enrolled
Data collection period Data collection is planned from April 2024 to March 2027
Laboratory analyses Laboratory analyses commenced in February 2026
Statistical analysis Statistical analysis is scheduled to begin in July 2026
Expected publication First results are expected to be published in Spring 2027

Biospecimen collection at all 4 predefined perioperative
time points is ongoing. Sample processing, including initial
proteomic and transcriptomic preparation steps, has been
initiated in parallel with recruitment to ensure standardized
handling and storage conditions. Comprehensive laboratory
analyses are currently underway.

Data cleaning and database validation procedures are being
performed continuously. Final data lock is anticipated after
the completion of recruitment. Statistical analyses, includ-
ing integrative multiomics evaluation and the development
of predictive models, began in January 2026. First results
are expected in March 2026, with dissemination through
peer-reviewed publications planned thereafter.

Trial Status
The first patient was recruited on January 15, 2024. The
inclusion of participants is ongoing and is expected to
continue until November 2026. The first results are expected
in July 2026. The trial protocol and statistical analysis plan
can be accessed through the corresponding author.

Discussion
Principal Findings
The CONFUSED study is designed to improve the pre-
diction and understanding of POD by integrating multimo-
dal molecular data with detailed clinical information. By
combining proteomic, transcriptomic, and epigenetic analyses
with perioperative clinical variables, the study aims to
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identify biomarkers and molecular signatures associated with
the development of POD. We anticipate that this integrative
approach will enable the identification of biological pathways
involved in delirium pathogenesis and support the develop-
ment of predictive models that may help identify patients at
increased risk for POD.

The application of ML techniques to multimodal datasets
may further enhance predictive performance compared with
traditional statistical models. Ultimately, the findings of the
CONFUSED study may contribute to a better understanding
of the biological mechanisms underlying POD and support
the development of personalized prevention strategies in
perioperative medicine.
Comparison With Prior Work
Previous studies investigating biomarkers of POD have
primarily focused on individual biomarkers, such as
inflammatory cytokines, neurodegenerative markers, or
selected genetic variants. While these approaches have
provided valuable insights into potential mechanisms, their
predictive performance has often been limited due to the
complex and multifactorial nature of delirium.

Recent advances in high-throughput molecular technolo-
gies have enabled the investigation of complex biological
processes using multiomics approaches. However, studies
integrating proteomic, transcriptomic, and epigenetic data
in the context of POD remain scarce. The CONFUSED
study aims to address this gap by applying a comprehensive
multiomics strategy combined with advanced data integration
methods. This approach may allow for the identification of
novel biomarker panels and biological pathways that cannot
be detected using single-omics analyses alone.

The application of AI in medical research has the
potential to revolutionize our approach to complex conditions,
such as POD. POD, a prevalent and challenging compli-
cation following surgery, is characterized by acute cogni-
tive disturbances and fluctuating consciousness [21]. Despite
substantial research efforts, the prediction and diagnosis of
POD remain difficult due to its multifactorial nature and
variable clinical presentation [22,23]. Recent advances in
OMICs research combined with AI offer promising solutions
to these challenges by enabling more accurate and compre-
hensive predictive modeling [24].

POD is influenced by a range of factors, including
patient age, preexisting cognitive impairment, type of surgery,
anesthesia, and inflammatory responses [11]. Traditionally,
predicting POD has relied on clinical assessment tools and
risk scores, which are often inadequate due to their sub-
jective nature and the heterogeneity of delirium symptoms
[4]. Omics data, including genetic, epigenetic, proteomic,
and metabolic indicators, offer valuable insights into the
biological processes underlying POD. For example, inflam-
matory proteins such as C-reactive protein and IL-6 or high
mobility group box 1 have been linked to the increased risk
of delirium [25]. Genetic variants and epigenetic modifica-
tions, such as changes in DNA methylation, also contribute to
individual susceptibility [26].

Strengths and Limitations
The CONFUSED study has several strengths. First, it
employs a prospective observational design with standar-
dized perioperative data collection and systematic delir-
ium assessments using validated instruments (CAM and
CAM-ICU). Second, blood samples are collected at multi-
ple perioperative time points, enabling the investigation of
dynamic molecular changes associated with the onset and
progression of delirium.

Third, the study integrates multiple layers of molecular
data, including proteomics, transcriptomics, DNA methyla-
tion, and genetic polymorphisms. This multiomics approach
provides a comprehensive view of the biological processes
involved in the delirium development. Finally, the application
of ML methods for data integration and predictive model-
ing may improve the identification of clinically relevant
biomarker signatures.

Several limitations should be considered. First, the study
was conducted at a single center, which may limit the
generalizability of the findings to other clinical settings or
patient populations. Second, although the planned sample size
is sufficient for exploratory analyses, validation in independ-
ent cohorts will be necessary to confirm the predictive
performance of the identified biomarkers and models.

Third, the high dimensionality of multiomics data
combined with a relatively moderate sample size may
increase the risk of overfitting in predictive modeling.
To address this challenge, appropriate statistical methods,
cross-validation strategies, and feature selection approaches
will be applied. Finally, while peripheral blood samples
provide valuable information about systemic biological
processes, they may not fully capture neurobiological
mechanisms occurring within the central nervous system.

Other challenges should be considered. Privacy and
security concerns, the need for extensive and diverse datasets,
and the complexity of translating AI findings into clinical
practice are notable hurdles [27-29]. While AI can iden-
tify associations and patterns, understanding the underlying
mechanisms of POD and establishing causality requires
further research.

Future directions should focus on improving the interpreta-
bility of AI models, integrating them into clinical workflows,
and considering ethical aspects. Collaborative efforts between
data scientists, clinicians, and researchers are essential
to validate AI-driven predictive models and ensure their
successful application in clinical settings. By overcoming
these challenges, AI has the potential to significantly improve
the accuracy of POD prediction and facilitate personalized
interventions, ultimately improving patient outcomes and
reducing the burden of POD. With regard to cost-effective-
ness, a formal health-economic analysis lies beyond the scope
of this protocol study, but several considerations are relevant.
First, the preoperative clinical model relies exclusively on
routinely collected clinical data and requires no additional
laboratory analyses, thereby incurring no additional diagnos-
tic costs. Second, POD is associated with a well-documented
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economic burden, including prolonged hospitalization, higher
rates of institutionalization, extended mechanical ventilation,
and long-term cognitive decline. Targeted nonpharmacolog-
ical prophylaxis initiated following early identification of
high-risk patients has been shown in randomized trials to
reduce POD incidence and shorten hospital stays, yielding
downstream cost savings that are likely to outweigh the costs
of screening. Third, the full proteomic and transcriptomic
workup performed in this study is explicitly designed to
identify a focused panel of high-yield biomarkers, which is
anticipated to inform the development of targeted, lower-cost
point-of-care assays for future routine clinical implementa-
tion, substantially reducing per-patient costs relative to the
comprehensive analytical workup performed during the study
phase.

Future Directions
The findings of the CONFUSED study may provide the basis
for future research aimed at validating identified biomarkers
and predictive models in independent multicenter cohorts.
In addition, the identified molecular pathways may represent
potential targets for preventive or therapeutic interventions.

In the long term, the integration of molecular biomarkers
with clinical risk factors could enable the development of
personalized perioperative risk assessment tools and targeted
prevention strategies for POD.
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