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(FINDERI) study. Participants: Patients aged >50 years undergoing cardiac
surgery. Measurements: The primary aim was to analyze the predictive value
of the Delirium Risk Screening Questionnaire (DRSQ) prior to cardiac surgery.
Secondary aims are to investigate cognitive, frailty, and geriatric assessments,
and to use data-driven machine learning (ML) in predicting POD. Predictive
Droperties were assessed using receiver operating characteristics analysis and
multivariate approaches (regularized LASSO regression and decision trees).
Results: We analyzed a data set of 504 patients (68.3 + 8.2 years, 21.4%
women) who underwent cardiac surgery. The incidence of POD was 21%. The
preoperatively administered DRSQ showed an area under the curve (AUC) of
0.68 (95% CI 0.62, 0.73), and the predictive OR was 1.25 (95% CI 1.15, 1.35, p
<0.001). Using a ML approach, a three-rule decision tree prediction model
including DRSQ (score>7), Trail Making Test B (time>118), and Montreal Cog-
nitive Assessment (score < 22) was identified. The AUC of the three-rule decision
tree on the training set was 0.69 (95% CI 0.63, 0.75) and 0.62 (95% CI 0.51,
0.73) on the validation set. Conclusion: Both the DRSQ and the three-rule deci-
sion tree might be belpful in predicting POD risk before cardiac surgery. (Am ]
Geriatr Psychiatry 2024; 32:835—851)

Editorial accompaniment, please see page 852.

Highlights

e What is the primary question addressed by this study?
Primary question addressed by study: We performed a prospective observational study to examine the abil-
ity of a delirium risk assessment tool (Delirium Risk Screening Questionnaire [DRSQ]) to predict postopera-
tive delirium (POD) in patients undergoing cardiac surgery.

¢ What is the main finding of this study?
Main finding of this study: POD is highly prevalent in patients after cardiac surgery (incidence of 21%). The
DRSQ performed fairly well at identifying POD incidence and have the potential to be used clinically for pre-
dicting POD following cardiac surgery.

® What is the meaning of the finding?
Meaning of the finding: The DRSQ has the potential to be used clinically for predicting POD following car-
diac surgery that can be addressed before cardiac surgery in a POD prevention program.

readmission,'” and higher need for inpatient physical

INTRODUCTION

therapy and home health services after discharge.'”
Furthermore, POD is associated with higher risk of

P ostoperative delirium (POD) is characterized as
an acute, rapidly occurring condition with fluc-
tuating episodes of inattention, disorganized think-
ing, and altered level of consciousness.” POD is a
common, potentially serious, but often unrecognized
complication of cardiac surgery.” * The incidence of
POD during hospital stay is high, especially in elderly
and critically ill adults, and it varies from 8% to 55%
after cardiac surgery.” "' POD has been linked to lon-
ger hospital and intensive care unit (ICU) stay,””'*"
greater prevalence of falls,'” greater likelihood of dis-
charge to a nursing facility,'*'* higher risk of hospital
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mortality,'®'” decreased quality of life,"” postopera-
tive cognitive dysfunction, dementia,'#'>'%722 and
functional decline."””” The increasing evidence for
poor prognosis in patients with POD highlights the
importance of both prevention and early recognition
of POD in patients after cardiac surgery, as this has
the potential to improve both short- and long-term
outcomes."”

Assessment of risk for POD seems to be important
for prevention and early treatment of POD* and
might help to stratify patients at low, medium, and
high POD risk.”” Risk for POD is determined by
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patient-related predisposing factors and treatment-
associated precipitating factors.”””’ Increasing age,
pre-existing cognitive impairment, psychiatric disor-
ders (e.g., depression), cerebrovascular disease (e.g.,
carotid artery stenosis), kidney failure, New York
Heart Association (NYHA) functional class III or 1V,
low albumin, diabetes, and higher American Society
of Anesthesiologists (ASA) score are consistent
patient-related predisposing factors for POD.'®*
Regarding treatment-associated factors, cardiopulmo-
nary-bypass time, transfusion, postoperative atrial
fibrillation, intraoperative pO2, pCO2, temperature,
and hemodilution seem to increase the risk of
POD. 1129

While the European Society of Anesthesiology
(ESA) recommends preoperative evaluation of POD
risk,”® a standardized screening assessment for POD
risk in patients undergoing cardiac surgery has not
been established. Previous studies®”**"~* investi-
gated a variety of POD prediction scores, models, or
checklists in patients undergoing cardiac or noncar-
diac surgery. For example, the DELIPRECAS predic-
tion model’” consisted of 4 preoperative risk factors
(age >65 years, Mini-Mental State Examination
[MMSE] score, insomnia needing medical treatment,
and low physical activity). The PROPDESC score™
estimates POD risk based on age, ASA, NYHA, oper-
ative risk, and short cognitive assessment using the
attention and language portions of the Montreal Cog-
nitive Assessment (MoCA). Further, a prediction rule
of 4 preoperative characteristics (prior stroke or tran-
sient ischemic attack, MMSE score, abnormal serum
albumin, and Geriatric Depression Scale) might be
used to determine cardiac surgery patients’ risk for
POD.° Lindroth et al.** developed a two-factor model
consisting of the National Surgical Quality Improve-
ment Program risk calculation for serious complica-
tion (NSQIP-SC) and the Trail Making Test B (TMTB)
using advanced modeling techniques. In cardiac sur-
gery, only a few studies have investigated a reliable
and time-efficient risk screening instrument for POD
risk that can be incorporated into the preoperative
daily routine of cardiac surgery. Furthermore, previ-
ous studies investigating POD risk assessment tools
have several limitations, including small numbers of
participants,” mixed cohorts of cardiac- and non-car-
diac surgery patients,”**" delirium diagnostic
methods not using standardized screening tools such
as Confusion Assessment Method-ICU (CAM-ICU),”
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or missing incorporation of patients’comorbidities (e.
g., prior stroke or previous delirium or substance
use).”’

To extend the current scientific evidence and close
the gap, we performed a prospective observational
study to examine the ability of a delirium risk assess-
ment tool (Delirium Risk Screening Questionnaire
[DRSQJ)—developed along the cluster-randomized
PAWEL study”*—to predict POD in patients under-
going cardiac surgery (primary aim). The DRSQ is
completed preoperatively and assesses multiple POD
risk factors (e.g., brief bedside cognitive and geriatric
testing, comorbidities, functional status)™ that might
be helpful in preventing POD in patients at high risk.
Our secondary aim was to analyze predictive values
of different cognitive, frailty, and geriatric assess-
ments and to use data-driven machine learning
(LASSO regression and decision tree) to predict POD
in patients undergoing cardiac surgery.

METHODS
Study Design

FINDERI™ is a prospective, single-center, obser-
vational study. In total, over 500 patients aged
50 years or older undergoing an elective cardiac
surgery were recruited between February 2021 and
October 2022 at the Department of Cardiovascular
and Thoracic Surgery of the University Medical
Center Gottingen, Germany. Inclusion and exclu-
sion criteria are summarized in Table 1. Informed
consent was obtained by the study team after pro-
viding detailed study information and prior to
baseline assessment. Initially, preoperative POD
risk assessment, sociomedical history, cognitive,
geriatric and frailty assessments were performed
before cardiac surgery (t0). Furthermore, POD
symptoms were assessed over the first five postop-
erative days (t1) after cardiac surgery. Ethical
approval was obtained from the Ethics Committee
of the University of Gottingen Medical Center
(#20/11/20) on February 16, 2021. A detailed
study protocol was published previously.” The
Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) Statement and
guidelines for reporting observational studies were
followed.™
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TABLE 1. Inclusion and Exclusion Criteria of the FINDERI
Study

Inclusion criteria

Age >50y

Hospitalized in the Department of Cardiovascular and Thoracic Sur-
gery for an elective cardiac surgery

Ability to speak, read and understand German

Ability to provide informed consent

Exclusion criteria

Age <50y

Severe cognitive impairment (e.g., dementia or inability to follow the
assessment instructions)

Communication difficulties (e.g., severe hearing loss, aphasia)

Participation in an intervention trial likely to affect the outcomes of
interest

Preoperative Screening (t0)

The DRSQ (Table 2, Supplementary File S1) was
adapted from the multicenter, stepped-wedge, cluster
randomized PAWEL study ** and used as an assess-
ment of POD risk. The DRSQ consists of the following
parts: A) PART I: Geriatric check””" consists of five
items (mobility, statutory level of independence, cog-
nition, psychological symptoms, and previous hospi-
tal stay). Each item can be score with "yes" or "no." If
patients have two or more answers with "yes," they
are likely to be geriatric patients. In the validation
studies,””*® the geriatric check was shown to be a use-
ful and valid tool for the identification of geriatric
inpatients of emergency departments and neurologi-
cal wards. B) PART II: six-item Cognitive Impairment
Test (6-CIT)™** consists of the following items: ori-
entation (year, months, time), memory and repetition,
counting from 20 to 1 backwards, saying months of
the year reverse. A score between 0 and 28 (rating cor-
rect answers = 0 points and incorrect answers with 2
—10 points) can be reached. Scores between 0 and 7
are considered normal; 8—9 as mild cognitive
impairment, and 10—28 as cognitive impairment. The
6-CIT is a brief and simple test of cognition, which
correlates with the MMSE and out-performs it in
milder dementia.>” Furthermore, the 6-CIT also has
good diagnostic accuracy for delirium detection in
emergency department.*' C) PART III: General infor-
mation (19 items) including results from A) and B),
age > 80 years,”'**%*’ laboratory measurement”****
(i-e., creatinine > 1.00 mg/dL; CRP > 5 mg/L; hemo-
globin <11.5 g/dL; protein <6.6g/dL; electrolytes out
of the norm) that were measured as a part of routine
preoperative care, and an ASA score > 3.°****° The
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patient’s current medications are also noted; how-
ever, particular attention is paid to the number of
medications™ and medications known to be associ-
ated with delirium.** Furthermore, preoperative diag-
nosis®® of depression, stroke, or dementia, previous
hospital stays within the last year, the patient’s level
of care, and whether the patient is a nursing home
resident™ were obtained. Study participants were
asked about previous delirium/ POD*® and a recent
increase in number of falls.**"** Another component
of the assessment was the self-reported subjective
memory impairment (SMI),”® alcohol use,”””" and
smoking status.*’ Finally, muscle strength ** (i.e., the
patient’s handgrip strength) was measured by the
Jamar® Hydraulic Hand Dynamometer.

Additionally, basic sociodemographic information
and cardiac and non-cardiac comorbidities were col-
lected. Frailty was assessed using the 7-point Clinical
Frailty Scale of the Canadian Study of Health and
Aging (CSHA Frailty Scale, 1-very fit up to 7-severely
frail).”’ The patient’s preoperative cognitive status
was measured using MoCA,>? the Trail Making Test
A, and the Trail Making Test B (TMTA, TMTB).”” >
The MoCA ** is a 30-point brief cognitive screening
tool with high sensitivity (0.90) and specificity (0.87)
to detect patients with mild cognitive impairment.
The TMT is a widely used neuropsychological instru-
ment to assess the speed of cognitive processing,
visuomotor tracking, divided attention, and cognitive
flexibility.” ”° TMTB had a specificity of 0.89, and a
sensitivity of 0.63 for cognitive dysfunction, and 0.72

. 53-5
for dementia > °°.

Postoperative Delirium Screening (t1)

After cardiac surgery, all study participants were
assessed twice a day (in the morning between 8 and
10 A.M. and evening between 4 and 6 P.M.) using the
CAM-ICU in the ICU and the I-CAM in the interme-
diate care unit or general unit. The screening of POD
using the CAM-ICU and I-CAM was performed by
trained study staff (doctoral students). These staff
members received training on the use of the CAM-
ICU and I-CAM, as well as on the DMS-5 and the
International Classification of Diseases, Tenth Revi-
sion (ICD-10) diagnostic criteria of delirium, and they
engaged in supervisory meetings (weekly or once in
two weeks) with s senior consultation-liaison
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TABLE 2. Delirium Risk Screening Questionnaire, Modified From the Multicenter, Cluster-Randomized PAWEL Trial 3%y

PART L. Impairment preceding the current event/ illness (Geriatric Check)
PART II. PART II: 6-item Cognitive Impairment Test (6-CIT)
PART III. General information
Likely to be a geriatric patient according to geriatric check
6-CIT test result:
Mild cognitive impairment Considerable cognitive impairment
Age >80y
Laboratory measurements
Increased creatinine levels
Increased CRP levels
Reduced Hb
Electrolytes out of norm
Reduced protein levels
ASA >3
More than 6 medications per day
Medication with potential to cause delirium (see list; at least 1 of those)
Dementia diagnosis
Depression diagnosis
Stroke diagnosis
Parkinson’s diagnosis
Level of Care (German care level > 1)
Nursing home resident
Did you suffer from delirium / acute confusion during another hospital stay?
Did you trip or fall / nearly fall during the last few months?
How many/Which alcoholic beverages do you consume per day on average?
‘Wine/ beer/ other
Current smoking behavior:
Daily
Self-reported subjective memory impairment (SMI)

Do you feel like your memory is declining? If so, does that significantly bother you?

Manual force:
< 20 kg for women
< 32 kg for men

=)

More than 5
Correct

Yes
Yes, it bothers me significantly

=)

Yes

O OO0 0O 0 OOoOoooooooooooooo ooog

Sum of checked items:

Notes. Evaluation (sum of checked items): < 2: no further measures necessary; 2-4: Further clarification concerning the risk for postoperative
delirium if necessary, consult geriatrician/ neurologist; > 4: Note down and apply measures for further actions, suitable measures can also be
found in the therapeutic concept. If existing, SOP’s (Standard Operating Procedures) should be applied to guarantee an optimal support for

patients at risk during their in-patient stay. 'Counts as two checked items.

psychosomatic specialist (MS) from the Department
of Cardiac Surgery after training had been
completed.””® The CAM™~* is a standardized, evi-
denced-based tool for delirium screening at the bed-
side. We used a modified form of the CAM
algorithm; specifically, we used a short form of
CAM®** with adding psychomotor change to the
CAM algorithm (I-CAM,“” I represents the ICD-10) in
the intermediate care unit or general unit involving
the following features as worksheets for the raters:
acute onset, inattention, disorganized thinking,
altered level of consciousness,”’ and psychomotor
change.”” POD was present if the following aspects
were present *: acute change or fluctuation and inat-
tention and/either disorganized thinking or altered
level of consciousness. The psychomotor change was

Am J Geriatr Psychiatry 32:7, July 2024

used to support the above mentioned POD presence,
and the POD subtype (e.g., hyperactive or hypoactive
POD).**®* The administration of the short form of
CAM typically takes 3 minutes.””*® The CAM-ICU is
an adaptation of the CAM for critically ill patients on
or off the ventilator. After monitoring the patients’
level of consciousness by the Richmond Agitation-
Sedation Scale (RASS) and ruling out coma, the four
features of the CAM-ICU were completed. The CAM-
ICU shows a high sensitivity of 0.95—1.00 and a speci-
ficity of 0.89—0.93 with inter-rater reliability ranging
from 0.88 to 1.0.”° * The assessment of CAM-ICU
typically takes 2—3 min.®" The I-CAM has a high sen-
sitivity of 0.77 in a cohort of geriatric patients with a
high prevalence of dementia and a specificity of 0.96
—1.00 with inter-rater reliability of 0.95.”"~%*
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Statistical Analysis

The sample size of 500 patients was chosen specifi-
cally based on estimating the area under the curve
(AUC) of the POD risk assessment for the occurrence
of POD with a 95% confidence interval so that the
95% confidence interval has a width of approximately
0.05 points. For planning purposes, it was assumed
that the incidence of POD would be 50% ° and that
there is a true AUC of 0.7. If 416 patients were ana-
lyzed, the 95% confidence interval extended approxi-
mately 0.025 points from the estimate. To compensate
for possible dropouts (assumed dropout rate approx.
20%), the total sample size of 500 patients was neces-
sary. The calculation was performed in nQuery.

All analyses were performed using the statistical
programming environment R, version 4.2.2. For the
description of the study sample, continuous variables
are reported as mean values (M) and standard devia-
tions (SD). Categorial variables are expressed as abso-
lute or relative frequencies (%). Differences between
patients with and without POD in categorical varia-
bles were tested with Pearson’s Chi-squared tests.
The differences in continuous variables were tested
with Welch Two Sample t-test. Throughout, two-
sided p-values smaller than 0.05 are interpreted as
statistically significant. Initially, univariate consider-
ation of the individual parameters (DRSQ, cognitive,
geriatric and frailty assessments) was performed.

A receiver operating characteristics (ROC)-analysis
was conducted to assess univariate prognostic prop-
erties of outcomes, and the associated AUC is
reported with logit-transformed 95%-confidence
intervals using a bootstrapped permutation approach
and optimal cut-off points (simultaneous maximiza-
tion of sensitivity and specificity, as well as according
to Youden).”*® Furthermore, sensitivity, specificity,
positive and negative predictive values for the opti-
mal cut-off point are reported.”” Odds-ratios are
reported together with 95% confidence intervals (CI).

For multivariate consideration of predictive fac-
tors, machine learning (ML) methods for supervised
learning were employed, specifically regularized
LASSO logistic regression and classification decision
trees with a maximum depth of four and a minimum
of 30 observations for a split following the Gini
index.””” Candidate models were trained on a train-
ing data set (70% of the data collected chosen at ran-
dom) using ten-fold cross-validation. The candidate
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models were validated on a validation set consisting
of the remaining 30% of data collected.”’

Data Management

All outcomes were entered into a Good Clinical
Practice (GCP) compliant database (secuTTrial), config-
ured for the presented study. The configuration
includes univariate checks for plausibility, such as
range checks. Data were reviewed regularly for com-
pleteness by qualified personnel and locked after
review. A blinded data review (without knowledge
of the development of POD) to assess data quality
was performed prior to database lock. An anony-
mized copy of the data set can be provided alongside
the publication to ensure the reproducibility of
results. The investigators follow the Findability,
Accessibility, Interoperability, and Reuse (FAIR)
Guiding Principles for scientific data management
and stewardship.”'

RESULTS
Participants

In total, 571 eligible patients consented to partici-
pate in this observational study. The flow chart
(Fig. 1) shows the case number and the exclusion cri-
teria from the analysis. Thirty-nine patients did not
undergo a cardiac surgery for various reasons (e.g.,
frailty, discharge before surgery) during the observa-
tion period. Ten patients did not complete the preop-
erative assessments for various reasons (e.g., long
duration of medical examination before surgery).
Eleven patients withdrew the study consent. Four
patients were isolated due to COVID-19 (n = 3) or
Vancomycin-resistant Enterococci infection (n=1),
and the raters were not able to perform the postopera-
tive assessments. Three patients were removed due to
age < 50 years (n=1) and participants who needed a
healthcare power of attorney and were not able to
provide informed consent (n=2). Ultimately, 504
patients were included in the full-analysis set.

Sociodemographic, clinical, and outcome variables
are shown in Table 3. The total study sample had a
mean age of 68.3 £ 8.2 years (21.4% women). Most
study participants had an ASA score of 3. The most
commonly performed surgery type was the coronary
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FIGURE 1. Trial flow diagram

———— | - Nointerest to participant on the study

No enrollment (n = 279) for the following reasons:

- Organizational aspects (e.g., admission of many participants)

Screening Elective cardiac surgery
for eligibility n=850
Eligible patients consented to
Enrollment participate (n =571)

—— > | - Patient did not undergo surgery (n=39)

Preoperative delirium risk
screening questionnaire (t0)

| >l - Withdrawal from the study after cardiac surgery (n=11)

Postoperative delirium screening
with CAM-ICU and I-CAM (t1)

n = 504 for full-set analysis

Excluded (n = 42) for the following reasons:

- Not meeting inclusion criteria (e.g., age > 50 years) (n=3)

Excluded (n = 25) for the following reasons:

- Patients did not complete preoperative assessments (n=10)
- Presence of COVID-19 or VRE infection (n=4)

artery bypass graft (CABG) surgery; this was per-
formed as a combined surgery (with a valve surgery)
in 50 patients (9.9%). Overall, 85.3% of the study sam-
ple received cardiopulmonary bypass (CPB), and the
surgery duration was 262.0 £ 83.8 minutes.

POD incidence in the study sample was 21.0%
(n = 106, 95% CI 0.18, 0.25). Patients with POD were
older, more often retired, and more likely to have heart
failure, diabetes, a history of smoking, and a longer
duration of surgery than patients without POD. Con-
sidering the preoperative assessments, patients with
POD showed higher scores in DRSQ, 6-CIT, Geriatric
Check Impairment Score and CSHA frailty score. They
took longer to complete TMTA and TMTB, and they
had lower MoCA scores than patients without POD.

Prediction Model of Delirium Risk Screening
Questionnaire

Using ROC analysis (Fig. 2), we determined an
AUC of 0.68 (95% CI 0.62, 0.73) for the DRSQ in

Am J Geriatr Psychiatry 32:7, July 2024

predicting POD after cardiac surgery. In the univari-
ate logistic regression analysis (Table 4), the predic-
tive OR was 1.25 (95% CI 1.15, 1.35, p <0.001). The
optimal cut-off value by simultaneous maximization
of specificity and sensitivity was six, with sensitivity
of 0.61 (95% CI 0.51, 0.71) and specificity of 0.67 (95%
CI0.62, 0.72) (Supplementary File S2a).

Prediction Model of Cognitive Assessments

In ROC analysis for MoCA (Fig. 3A), the AUC was
0.62 (95% CI 0.57, 0.68), and the predictive OR was
0.86 (95% CI 0.81, 0.92, p <0.001). Considering the
ROC of the 6-CIT (Fig. 3B), the AUC was 0.61 (95% CI
0.54, 0.66). The predictive OR of the 6-CIT was 1.14
(95% CI 1.06, 1.12, p < 0.001). Considering TMTA
(Fig. 3C), the AUC was 0.64 (95% CI 0.58, 0.70) and
OR 1.01 (95% 1.01, 1.02). For TMTB (Fig. 3D), an AUC
of 0.67 (95% CI 0.60, 0.72) and OR of 1.01 (95% CI 1.0,
1.0) were found. The optimal cut-off values of MoCA,
6-CIT, TMTA and TMTB by simultaneous
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TABLE 3. Baseline Characteristics of the FINDERI Study Sample, Overall and Split up by POD

Total sample

Patients without POD Patients with POD

N MeanxSDorN(%) N MeanzxSDorN(%) N Mean =+ SD orN (%) P

Age (years) 504 68.3 +8.2
‘Women 504 108 (21.4%)
Demographic characteristics
Married or in relationship 500 384 (76.8%)
Migration background 500 32 (6.4%)
Retired 500 350 (70.0%)
Comorbidities
Coronary heart disease 504 368 (73.0%)
Heart valve disease 504 318 (63.1%)
Heart failure 500 365 (73.0%)
NYHA I 362 32 (8.8%)
NYHA II 144 (39.8%)
NYHA III 173 (47.8%)
NYHA IV 13 (3.6%)
Atrial fibrillation 503 105 (20.9%)
Aortic aneurysm 503 40 (8.0%)
Carotis artery stenosis 503 69 (13.7%)
History of stroke 503 54 (10.7%)
Renal insufficiency 503 64 (12.7%)
Diabetes mellitus type 2 503 150 (29.8%)
Smoking 501 78 (15.5%)
History of smoking 501 300 (59.9%)
Depressive disorder 503 61 (12.1%)
Anxiety disorder 503 23 (4.6%)
ASA (0-5)
ASA 0 499 8 (1.6%)
ASA 1 4(0.8%)
ASA 2 40 (7.9%)
ASA 3 419 (83.1%)
ASA 4 28 (5.6%)
Cardiac surgery
CABG 504 329 (65.3%)
Heart valve surgery 504 230 (45.%)
Combined CABG and heart valve 504 50 (9.9%)
Cardiopulmonary bypass 504 430 (85.3%)
Surgery duration (min) 504 262.0 +83.8
Preoperative assessments
Delirium Risk Screening Questionnaire (0-27) 503 52426
6-Item Cognitive Impairment Test (0-28) 500 294+3.0
Impairment Score (0-5) 500 1.0+1.1
MoCA (0-30) 499 238+3.6
TMTA time (s) 486 63.4+322
TMTB time (s) 453 143.2 £ 80.7
CSHA (1-7) 498 31+£1.0

385 67.6+83 106 71.0+ 7.7 <0.001
385 76 (19.7%) 106 30 (28.3%) 0.078
383 297 (77.5%) 104 77 (74.0%) 0.110
383 23 (6.0%) 104 9 (8.7%) 0.500
383 258 (67.4%) 104 82 (78.8%) 0.002
385 279 (72.5%) 106 82 (77.3%) 0.600
385 232 (60.3%) 106 77 (72.6%) 0.056
382 268 (70.2%) 104 84 (80.8%) 0.027
266 28 (10.5%) 83 4 (4.8%) 0.300
108 (40.6%) 29 (34.9%)
121 (45.5%) 46 (55.4%)
9 (3.4%) 4(4.9%)
384 73 (19.0%) 106 29 (27.4%) 0.094
384 29 (7.6%) 106 8(7.5%) 0.600
384 50 (13.0%) 106 17 (16.0%) 0.300
384 38 (9.9%) 106 15 (14.2%) 0.200
384 46 (12.0%) 106 17 (16.0%) 0.085
384 102 (26.6%) 106 46 (43.4%) 0.001
384 62 (16.1%) 104 14 (13.5%) 0.300
384 222 (57.8%) 104 71 (68.2%) 0.023
384 41 (10.7%) 106 18 (17.0%) 0.200
384 19 (4.9%) 106 3 (2.8%) 0.400
0.110
381 5 (%) 105 3 (2.9%)
4(%) 0 (0%)
25 (7.9%) 14 (13.3%)
327 (78.5%) 83 (79.0%)
20 (13.6%) 5 (4.8%)
385 255 (66.2%) 106 68 (64.2%) 0.800
385 169 (43.9%) 106 54 (50.9%) 0.200
385 36 (9.4%) 106 12 (11.3%) 0.700
382 326 (87.4%) 106 91 (85.8%) 0.900
385 249.6 +£70.7 106 288.2 4+ 92.6 <0.001
384 48+26 106 65+26 <0.001
383 27+28 104 3.9+34 <0.001
383 09+ 1.1 104 13+1.2 0.002
382 243434 104 223+4.1 <0.001
375 60.0 +30.6 98 75.9 +36.2 <0.001
359 1348 +72.8 82 178.84104.2 <0.001
381 3.040.9 104 3.5+ 1.0 <0.001

Note. ASA: American Society of Anesthesiologists; CBAG: coronary bypass artery grafting; CSHA: Clinical Frailty Scale of the Canadian Study of
Health and Aging; MoCA: Montreal Cognitive Assessment; NYHA = New York Heart Association; TMTA: Trail Making Test A; TMTB: Trail Making
Test A; POD: postoperative delirium. Differences in categorical variables were tested with Pearson’s Chi-squared tests. Differences in continuous

variables were tested with Welch Two Sample t-test.

maximization of specificity and sensitivity are pre-
sented in Supplementary File S2b-e.

Prediction Model of Geriatric and Frailty
Assessments

In ROC analysis for the Geriatric Check (Fig. 4A),
the AUC was 0.60 (95% CI 0.55, 0.66), and the
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predictive OR was 1.35 (95% CI 1.12, 1.61, p <0.001).
Considering the CSHA frailty score (Fig. 4B), the
AUC was 0.63 (95% CI 0.57, 0.69), and the predictive
OR was 1.60 (95% CI 1.29, 2.01, p <0.001). The opti-
mal cut-off values of the Geriatric Check and CSHA
Frailty Score by simultaneous maximization of speci-
ficity and sensitivity are presented in Supplementary
File S2f-g.
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FIGURE 2. ROC of Delirium Risk Screening Questionnaire in predicting POD Note. AUC = area under the curve; CI: confidence inter-
val; POD: postoperative delirium; ROC: receiver operating characteristics.

POD

Proportion

2 4 [ 8 10 12
Delirium Risk Screening Questionnaire Score

no POD

Sensitivity

0.75

o
=
3

0.25

AUC 0.682 (95% CI: 0.6236, 0.7342)

1 - Specificity

Multivariate Logistic Regression and ML
Approach of Preoperative Assessments

The regularized LASSO multivariate regression
was performed on a subset of clinically relevant pre-
operative variables (DRSQ, 6-CIT, MoCA, TMTA,
TMTB, Geriatric Check Impairment Score, CSHA
frailty score). Non-zero regression coefficient esti-
mates were found for DRSQ and MoCA, while other
variables were estimated to have no additional pre-
dictive properties. The predictive OR for DRSQ was
1.20 (95% CI 1.10, 1.31, p <0.001). The OR for MoCA
was 0.90 (95% CI 0.85, 0.96, p = 0.002). The AUC,

TABLE 4. Univariate Logistic Regression Analysis of Preoper-
ative Assessments

Characteristic N OR 95%CI p-Value

Delirium Risk Screening Questionnaire 490 1.25 1.15,1.35 <0.001
MoCA 486 0.86 0.81,0.92 <0.001
6-Item Cognitive Impairment Test 487 1.14 1.06,1.22 <0.001
CSHA 485 1.60 1.29,2.01 <0.001
Impairment Score 487 1.35 1.12,1.61 0.001
TMTA time (seconds) 473 1.01 1.01,1.02 <0.001
TMTB time (seconds) 441 1.01 1.00,1.01 <0.001

Note. CI: confidence interval; CSHA: Clinical Frailty Scale of the
Canadian Study of Health and Aging; MoCA: Montreal Cognitive
Assessment; OR: odds ratio; TMTA: Trail Making Test A; TMTB: Trail
Making Test A.

Am J Geriatr Psychiatry 32:7, July 2024

using the predictive probability of POD, on the train-
ing set was 0.74 (95% CI1 0.67, 0.79, p <0.001) and 0.64
(95% CI 0.52, 0.74, p = 0.02) on the validation set
(Table 5, Fig. 5). Sensitivity and specificity at optimal
cut-points were 71.6% and 72.48%, respectively, for
the training set, and 60% and 62.2%, respectively, for
the validation set (Supplementary File S3a-b).

A decision tree was calculated using the same sub-
set of clinically relevant variables as for the regular-
ized LASSO multivariate regression. The decision
tree revealed a classification algorithm using DRSQ,
TMTB and MoCA scores. The AUC using predictive
probability of POD on the training set was 0.69 (95%
CI 0.63, 0.75) and 0.62 (95% CI 0.51, 0.73) on the vali-
dation set (Table 5, Fig. 5). Sensitivity and Specificity
at optimal cut-points were 44.74% and 88.81%,
respectively, for the training set, and 26.7% and
90.6%, respectively, for the validation set Supplemen-
tary File S3c-d). Of this tree, a subset for classification
was identified to be more suited for clinical practice.
The identified tree consisted of using three judgement
rules for the prediction of POD: DRSQ (score > 7),
TMTB (time > 118), and MoCA (score < 22) (Fig. 6).
The accuracy rate of the sub tree was 81.6%. The sen-
sitivity, specificity, positive predictive value, and neg-
ative predictive value were 16.7%, 98.2%, 71.4%, and
82.1%, respectively (Table 5).
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FIGURE 3. ROCs of cognitive assessments (MoCA, 6-CIT, TMTA, TMTB) in predicting POD Note. 6-CIT = 6-Item Cognitive Impairment
Test; AUC: area under the curve; CI: confidence interval; MoCA: Montreal Cognitive Assessment; POD: postoperative delirium; ROC:
receiver operating characteristics; TMTA: Trail Making Test A; TMTB: Trail Making Test A.
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DISCUSSION

In this prospective observational study, of 504
patients undergoing cardiac surgery, we found that
the incidence of POD was 21.0%. Both the DRSQ and
a ML-driven, three-rule decision tree prediction
model (consisting of the DRSQ, TMTB, and MoCA)
performed fairly well at identifying POD incidence
and have the potential to be used clinically for pre-
dicting POD following cardiac surgery.

The incidence of POD with 21% was comparable
with several studies investigating POD in patients
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undergoing cardiac surgery.””?" Other studies
showed a slightly lower POD incidence of 16%—17%
in patients who underwent cardiac surgery.””*”* In
contrast, there are studies reporting higher POD inci-
dence ranging from 34 to 52%.°”" The differences
might be caused by patient characteristics (e.g., type
of surgery, age, comorbidities)) methodological
approaches in the studies (e.g., different detection of
POD) or a broad variety of pre-existing and precipi-
tating POD risk factors. Additionally, our method of
training the study or clinical staff might also have led
to differences in POD incidence.”””® For example, a
study comparing nurse ratings for delirium using
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FIGURE 4. ROCs of geriatric and frailty assessments (Geriatric Check and CSHA Frailty Score) in predicting POD Note. AUC = area
under the curve; CI: confidence interval; CSHA: Clinical Frailty Scale of the Canadian Study of Health and Aging; POD: postoperative

delirium; ROC: receiver operating characteristics.
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Figure 4b. CSHA Frailty Score

CAM based on routine clinical observations with
researcher ratings based on cognitive testing showed
that nurses often missed delirium when present.”
There were four independent risk factors for under-
recognition by nurses: hypoactive delirium, age
80 years or older, vision impairment, and dementia.”®
Therefore, a standardized training program for POD
recognition might lead to high quality delirium
assessments, especially for standardization of
research methodology in multicenter studies.””
Nevertheless, the incidence of POD after cardiac
surgery is high, and its occurrence is associated with
serious adverse outcomes, and up to $64,000 addition
health costs per patient with delirium per year (rang-
ing from $38 to $152 billion/per year).73 An estimated
30%—40% of cases of delirium are preventable,”* and
identification of POD risk factors and prevention of
POD may be the most effective strategy for minimiz-
ing the occurrence and clinical consequences of POD.
The presented DRSQ showed acceptable perfor-
mance in predicting POD after cardiac surgery. The
estimated time of the questionnaire performance is 6
—7 minutes. The questionnaire combines different
risk factors: cognition (subjective and objective), geri-
atric assessment, comorbidities, history of delirium,
laboratory measurements (routine measurements),
and functional measurement of muscle strength with

Am J Geriatr Psychiatry 32:7, July 2024

hand grip. It allows for the assessment of important
pre-existing POD risk factors.”>*” Considering Predic-
tion model Risk Of Bias ASsessment Tool (PROBAST)
criteria,”” this screening tool might have the potential
to be integrated into electronic health record (EHR)
system for delirium risk screening with minimal cost
burden (e.g., Jamar Hydraulic Hand Dynamometer).
In the decision tree, a three-rule algorithm with an
accuracy of 81.6% was identified. However, the dis-
advantage of this algorithm is the time performance
of all assessments (DRSQ, TMTB, MoCA) of around
15 minutes. Previous studies investigated different
prediction models for POD following cardiac surgery
as well. For example, the PROPDESC (age, ASA,
NYHA, operative risk, short MoCA assessment) score
in cardiac and non-cardiac patients’ and DELIPRE-
CAS (age, MMSE, insomnia needing medical treat-
ment, low physical activity) model in patients
undergoing cardiac surgery”” showed a promising
performance with AUC of 0.73 and 0.79, respectively
in the validation cohort. Another prediction model in
cardiac surgery consisting of MMSE, Geriatric
Depression Scale, prior stroke/transient ischemic
attack, and abnormal serum albumin showed an
AUC of 0.6.”> The PROPDESC score™ seems to a
good and easily implemented prediction model into
the daily routine of cardiac surgery. However, this
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TABLE 5. Model Performances in POD Prediction in Training and Validation for Regularized LASSO Multivariate Regression and Decision Tree

846

Accuracy.upper

Accuracy.lower

AUC

AUC.upper 95%-CI p value

AUC.lower

NPV

PPV
0.2159 0.4583

0.2727  0.8440

0.8182

Sensitivity  Specificity

95%-CI

95%-CI

Accuracy

95%-CI

AUC

0.0426
0.9370
0.9925
0.9829

0.8395
0.1200
0.1184
0.1667

0.2817
0.8627
0.8405

0.1891
0.7304
0.7531
0.7441

0.2330
0.8026
0.7994
0.8163

<0.0001

0.7997
0.7415
0.7513
0.7323

0.6730
0.5234
0.6293
0.5085

0.7410
0.6403
0.6905
0.6219

LASSO: Training

02

0.
<0.0001

LASSO: Validation

0.7988

Decision Tree: Training

0.7143 0.8214

0.8753

0.037

Decision Tree: Validation

least absolute shrinkage and selection operator; ML = machine learning;

Note. AUC = are under the curve; CI = confidence interval (logit-transformed, permutation based); LASSO

negative predictive value.

positive predictive value; NPV =

postoperative delirium; PPV

POD =

score was validated retrospectively in a cohort
derived from the same hospital, which may have led
to overfitting in the validation cohort. Furthermore,
the study included cardiac and non-cardiac surgical
patients. The strength of the DELIPRECAS prediction
model™ is the multicenter character of the validation.
The disadvantage of the DELIPRECAS prediction
model”” might be considered the use of MMSE due to
its estimated assessment duration up to 10 minutes.
In Delphi trial,”® the AUC of the best prediction
model in the validation cohort was 0.94. However,
Delphi trial”® conducted a complex ML algorithms
and involved data that are not available prior to sur-
gery. The advantage of the DRSQ of the FINDERI
prospective observational study might be the preop-
erative screening of multiple characteristics (e.g., cog-
nition, geriatric assessment, muscle strength,
laboratory measurements, medication) that could be
use in multimodal POD prevention programs such as
modified Hospital Elder Life Program (mHELP)”” or
AKTIVER ([“More Active”]: Alltags- und Kognitions-
Training & Interdisziplinaritdt verbessert Ergebnis
und mindert das Risiko [“everyday skills and cogni-
tion training and interdisciplinarity improves out-
come and mitigates risk”]).”® Additionally, the
preoperatively identified patients characteristics (e.g.,
cognitive impairment, frailty, decreased protein)
could also be addressed in a multimodal prehabilita-
tion program prior to cardiac surgery (e.g., Prehabili-
tation in older patients prior to elective cardiac
procedures [PRECOVERY]”) to potentially reduce
postoperative complications.

The FINDERI study has several strengths. The
multicomponent DRSQ has the potential to identify
patients at risk of developing POD after cardiac sur-
gery. In addition, the study utilizes the highest stand-
ards for delirium detection, including the CAM-ICU
and I-CAM. Finally, the study analyzes a broad and
representative sample in cardiac surgery. However,
this study has several limitations. Firstly, to use the
decision tree, assessors would need training in DRSQ
and cognitive assessments (e.g., MoCA, TMTA,
TMTB), and different institutions/users may lead to
inconsistent results/risk of bias. Secondly, the time
duration of the assessment and decision tree rules
may be a burden for clinical implementation. Thirdly,
the study was performed in a single academic center
that might have led to institutional bias, and the
results might to be generalizable to patients
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FIGURE 5. Combined ROCs of the ML approach Note. ROC: receiver operating characteristics; LASSO: least absolute shrinkage and

selection operator; ML: machine learning.
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Figure 5b. Combined ROC of the ML approach (test/validation)

undergoing a cardiac surgery in other institutions.
Fourthly, further research will be needed to replicate
our findings, to compare the results to the other tools
(i.e., DELIPRECAS, PROPDESC score), and to assess
the clinical benefits of the assessment tool in a larger
multicenter, prospective, observational study.

In summary, we found that the incidence of POD in
patients who underwent a cardiac surgery was 21%.
Both the DRSQ and a ML-driven, three-rule decision
tree prediction model (consisting of the DRSQ, TMTB,

FIGURE 6. Decision three with three-rule approach in detec-
tion of patients at POD risk Note. DRSQ: Delirium Risk Screen-
ing Questionnaire; MoCA: Montreal Cognitive Assessment;
POD: postoperative delirium; TMTB: Trail Making Test B.

DRSQ<7@

no POD TMT B time < 118

MoCA >= 22
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and MoCA) performed fairly well at identifying POD
incidence. POD is highly prevalent in patients after car-
diac surgery, and it is associated with serious adverse
outcomes as well as high healthcare costs. Therefore, it
is clinically important to identify patients with
increased risk of POD prior to cardiac surgery. DRSQ
and three-rule decision tree prediction model have the
potential to be used clinically for predicting POD fol-
lowing cardiac surgery that can be addressed before
cardiac surgery in a POD prevention program (e.g.,
AKTIVER or mHELP).
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