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Abstract

Background: Postoperative delirium (POD) is a common postoperative complication,
especially in patients over 60 years, with an incidence ranging from 15% to 50%. In
most cases, POD manifests in the first 5 days after surgery. Multiple contributing risk
factors for POD have been detected. Besides the predisposing factors such as higher
age, cognitive impairment, high blood pressure, atrial fibrillation, and past stroke,
pathophysiological mechanisms like neuroinflammation are also considered as
contributing factors.

Methods: In a subanalysis of the “PRe-Operative Prediction of postoperative DElir-
ium by appropriate SCreening” (PROPDESC) study, the preoperative laboratory
values of sodium, potassium, total protein, hemoglobin concentration (Hgb), and
white blood cells as well as the biomarkers creatinine, HbAlc, NT-pro-BNP, high
sensitive Troponin T (hsTnT), and C-reactive protein (CRP) were assessed to
investigate a possible relationship to the occurrence of POD.

Results: After correction for age, physical status classification, surgery risk after Johns
Hopkins, and operative discipline (cardiac surgery vs. noncardiac surgery), male patients
with a Hgb <13 g/dL had significantly higher odds for POD (p = 0.025). Furthermore,
patients with CRP = 10 mg/L, HbA1c value =2 8.5% as well as patients with hyperna-
traemia (>145 mmol/L) presented significantly higher odds to develop POD (p = 0.011,
p <0.001, and p = 0.021, respectively). A raised (>14-52 ng/L) or high (>52 ng/L) hsTnT
value was also associated with a significantly higher chance for POD compared to the
patient group with hsTnT <14 ng/L (p < 0.001 and p = 0.016, respectively).
Conclusions: Preoperative Hgb, CRP, HbA1c, sodium, and hsTnT could be used to
complement and refine the preoperative screening for patients at risk for POD.
Further studies should track these correlations to investigate the potential of
targeted POD protection and enabling hospital staff to initiate POD-preventing

measures in time.
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1 | INTRODUCTION

Postoperative delirium (POD) is, especially for patients older than 60
years, a common postoperative complication with an incidence
between 15% and 50%.72 According to the International Statistical
Classification of Diseases and Related Health Problems, 11th revision
(ICD-11), “delirium is characterized by a disturbance of attention,
orientation, and awareness that develops within a short period of
time, typically presenting a significant confusion or global neurocog-
nitive impairment and may be caused among others by multiple or
unknown etiological factors.”*

In addition, it represents a major economic burden for the
healthcare systems.>

Identifying high-risk patients and taking appropriate measures to
prevent delirium in these patients is of particular importance, as
treatment options have shown only insufficient effect.”

A possible pathophysiological mechanism, that might contribute
to the occurrence of delirium is neuroinflammation.” Liu et al. found
that POD is accompanied by postoperatively raised values of
C-reactive protein (CRP) and interleukin-6.2 Among others, neuroin-
flammation induces changes of the synaptic plasticity, which might
explain cognitive dysfunction during episodes of POD.’

HbAl1c (glycated hemoglobin value) could mirror reoccurring or
persisting hyper-glycaemia; both are known for enhancing inflammation
and oxidative stress.*®! It is anticipated that cerebral-ischemic events
could also contribute to the incidence of POD. Additionally, preoperative
anemia could lead to a cognitive dysfunction postoperatively.'?

A possible influence of hypo- and hypernatremia on the develop-
ment of POD has still to be clarified, as some studies found a positive
correlation of sodium levels with POD*®* whereas others found no
relationship.2>¢ Additionally, a review published in 2023 by Hoogma
et al. identified—among many other factors—anemia, infections mal-
nutrition, metabolic derangements, and dehydration as predisposing and
precipitating risk factors for POD.Y” Another review by Mevorach et al.
found low hematocrit; low hemoglobin, low serum albumin and
potassium levels; increased values of creatinine, CRP, and white blood
cell count; and low as well as increased serum sodium again among
other variables to be potentially representative of a POD risk profile.®

In the context of myocardial oxygen debt troponin release is
indicating coronary insufficiency. N-terminal pro b-type natriuretic
peptide (NT-pro-BNP) is released by stretching myocytes and thus
reflecting heart failure.

The correlation of these cardiac biomarkers with increased POD
risk might be explained by their association triggers of delirium such

19,20 systemic inflammation,?* or

as impaired cerebral perfusion,

cardio-embolic events.??
Therefore, it is of interest whether routinely taken preoperative

blood parameters could reveal a predisposition for POD and indicate

preventive measures in patients at risk. The aim of this analysis was

Key points

e Postoperative delirium (POD) is the most common post-
operative complication that older people suffer after surgery
and is associated with severe consequences like prolonged
hospital stay, increased cognitive and noncognitive morbid-
ity, reduced quality of life, and raised 180 days mortality.

o We confirmed known risk factors for POD like older age,
male sex, American Society of Anaesthesiologist score
2|ll, higher surgical risk, and especially cardiac surgery in
our study.

e Concentrations of HbA1c = 8.5%, C-reactive protein = 10
mg/L, hypernatremia >145 mmol/L, Troponin-T >14 ng/L,
and preoperative anemia in men (Hb <13g/dL) were
identified as significant risk factors for POD.

to examine which preoperative routine blood parameters could be
used to estimate the patients' risk for POD.

2 | METHODS

2.1 | Study design

The evaluation is based on the results of the monocentric observa-
tional study “PRe-Operative Prediction of postoperative DElirium by
appropriate SCreening” (PROPDESC). PROPDESC was conducted in
2018 and 2019 at the University Hospital in Bonn to develop a quickly
applicable risk score to identify patients at risk for POD in preoperative
routine.?>?* Ethics vote was provided by the Ethics Commission of the
Medicinal Faculty of the Rheinische Friedrich-Wilhelms Universitat
Bonn in 2017 (Application Nr. 255/17). Patients were screened for
eligibility during their preoperative evaluation by the department of
anaesthesiology. Blood samples were taken for preoperative cardiac
risk screening before elective surgery. To classify their preoperative
condition the following parameters were assessed: age, gender, ASA
(American Society of Anaesthesiologist) physical status classification,
surgical risk after Johns Hopkins (modified three-step scale after
Donati 2004),%° surgical discipline, and preoperative lab values for
cardiac risk screening.

After elective surgery POD was assessed on the first five
postoperative days via CAM-ICU (Confusion Assessment Method for
Intensive Care Units) on the intensive care ward if the patients'
Richmond agitation and sedation scale score was > -3 and by CAM
and 4-AT (4-A Test—Alertness, Abbreviated mental test, Attention
test and Acute change of fluctuating course) if the patient was
located on the normal ward.
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Additionally, the Delirium observation scale was used on normal
wards and ICU to improve the sensitivity of POD assessment.
Patients were tested once a day, in the morning, by trained study
personnel composed of physicians and medical students. Assessment
was scheduled to be finished before lunchtime and was valid if the
testing was conducted on 3 consecutive days.

POD was considered present, if one of the applied tests was positive
on one test-occasion. Patients were considered non-delirious if they were
not tested positive for POD or left hospital before the end of testing
period. Additionally, preoperative assessments for mild cognitive impair-
ment, alcohol consumption, and quality of life was done. Study personnel
conducted a follow-up to assess quality of life 180 days after surgery.®

2.2 | Participants

Inclusion criteria were a minimum age of 60 years, elective surgery
scheduled for at least 60 min in various surgical departments of the
university hospital except neurosurgery and written informed consent
to study participation. Exclusion criteria were emergency procedures as
well as apparent problems with the German language, illnesses who
could compromise patients' safety or the correct assessment of POD
and presumed insufficient compliance to the study procedures.

2.3 | Variables

All investigated laboratory values are part of preoperative cardiac risk
screening and act as surrogate parameters for organ functions. The
screening includes hemoglobin concentration, HbA1C, CRP, leukocyte
count, creatinine concentration, the amount of serum total protein, the
concentrations of sodium and potassium as well as the cardiac
biomarkers high-sensitive Troponin-T (hsTnT), and NT-pro-BNP.

The HbA1c value was chosen as a reference value for poorly
adjusted diabetes, creatinine as an indicator for a possible reduction
in renal function, CRP and leukocytes for the detection of
inflammatory disposition, Sodium and potassium as indicators for
disturbed electrolyte balance, hsTnT for myocardial injury, NT-pro
BNP for indicating cardiac performance respectively cardiac stress,
and hemoglobin concentration to detect preoperative anemia. POD
correlation with preoperative hemoglobin concentration was ana-
lyzed in different ways: considering gender-specific cut-off values for
anemia and using a gender-neutral cut-off value.

We assessed all laboratory values via the patients' in-hospital file.

2.4 | Statistical methods

For statistical analysis, we categorized the laboratory values and
biomarker values using different approaches. The categorization of
potassium (K), sodium (Na), total protein, leukocytes, and HbA1c was
as follows: group 1 (reference group): values within the reference
ranges of the central laboratory of the University Hospital Bonn

Open Access

(K =3.5-5.1 mmol/L; Na=136-145mmL/L; total protein =64-83 g/L,
leukocytes = 3.6-10.5 G/L, HbAlc=6.45-8.49%). According to the
German Diabetes Society (DDG), a HbA1c value > 8.5% is considered
strongly elevated.?®

Group 2 includes values below, and group 3 values above the
reference ranges of the respective parameters.

Creatinine values were divided into two groups: Group 1
(reference group): values within the reference range of the central
laboratory of the University Hospital Bonn (0.5-0.9 mg/dL), group 2:
values above the reference.

Using CRP as an indicator for POD, we chose a cut-off value of
10 mg/L as our collective consisted only of elective patients.

HsTnT was categorized into three groups: (1) values < 14 ng/L
(within the reference range), (2) values between >14 and 52 ng/L, and
(3) values above 52 ng/L (roll-in cut-off for the diagnosis of NSTEMI).

NT-pro-BNP values above 30 mg/dL are associated which more
cardiovascular events preoperatively, according to the Canadian
Cardiovascular Society. Therefore, the collective was categorized into
(1) below and (2) above 30 mg/dL.

Correlation of preoperative anemia and POD was also analyzed
in different approaches. Gender-indifferent consideration was done
following the Guidelines of the German Medical Association, using a
cut-off value of 210g/dL?” and gender-segregated categorization
divided patients into two groups using the World Health Organization
reference values for anemia, that are <12g/dL for nonpregnant
women and <13 g/dL for men.?®

We considered differences statistically significant at a signifi-
cance level of 5% (a =0.05) with a probability of 80% (8 = 0.20).

We checked data for completeness and normal distribution of
values and used the x? test to compare patient groups with and
without POD on binary categorical variables. The Mann-Whitney U
test was used for metric or ordinal scaled variables,?® and we tested
all variables for multicollinearity.

The following characteristics were established as reference for
the OR: age 60-69 years, female gender, ASA score |, Johns Hopkins
low surgical risk, and noncardiac surgery.

An adjusted multivariable binary logistic regression was performed to
determine the influence of the considered laboratory parameters. We
used the set categories to classify the values in the clinical context on the
basis of reference ranges or cut-offs defined above. As influencing

cofactors age, ASA physical status classification,>0~32

2533

surgical risk
according to Johns Hopkins, and discrimination between cardiac
surgery and noncardiac surgery (HCH/NHCH) were considered since
they may influence the biomarkers as well as the primary endpoint (POD).
These cofactors have been shown to be significant risk factors for POD in

previous studies.*>>4-3¢ |IBM SPSS Statistics 25 was used for all analyses.

3 | RESULTS

We recruited 1097 patients for the PROPDESC study. There were
76 dropouts, of which 72 patients did not undergo surgery and four
patients subsequently withdrew their consent to the study. Fifteen



GUTTENTHALER ET AL.

40f 10 _Health Science Reports
WILEY P

OpenAccess

FIGURE 1 Patients participating in the
PROPDESC study (modified after Menzenbach

[ Included Patients = 1097 ]

e Surgery cancelled = 72

v

et al. 2022).2* POD, postoperative delirium.

Discontinuation of study = 76

e Withdrawl of Informed Consent = 4

Patients visited after
surgery = 1021

\

visits without POD = 15

Patients excluded = 45
o (Patients who died before end of study

v e <3 POD Assessment visits (except
k discharge without POD) = 30)

[ Analysed Patients = 976 ]

patients died without manifesting POD. Thirty patients had fewer
than three completed visits without developing POD. In total, 976

patients were included in the analysis (Figure 1).

3.1 | Descriptive results

The mean age in the total collective was 72.3+7.3 years. Gender
distribution was 38.4% women and 61.6% men. Of 976 patients, 229
(23.5%) developed POD. Divided into age groups—19.8% of those
aged 60-69 years, 24.7% of those aged 70-79 years (OR 1.3), 28.8%
of those aged 80-89 years, and 28.6% of patients aged 90 years and
older developed POD (OR 1.6 for both groups).

3.2 | POD-risk

With rising age, the incidence of POD increased significantly
(b =0.016). The chance of developing POD was significantly higher
for men compared to women (p < 0.001; OR = 1.8) (Table 1).

ASA score, surgical risk, and type of surgery were significantly
related to the occurrence of POD, with p < 0.001 each (Table 1). The
risk of developing POD was significantly higher for patients under-
going cardiac surgery compared to noncardiac surgery patients
(p<0.001; OR 6.8) (Table 1).

3.3 | Blood parameters

32.2% of patients with a preoperative hemoglobin value < 10 g/dL
were postoperatively delirious compared to 22.9% of patients with
hemoglobin 210 g/dL (OR 1.9). 22.4% of women with preoperative
anemia (<12 g/dL) developed POD. Women without preoperative
anemia developed POD in 15.2% (p: 0.131). Preoperative anemia
(<13 g/dL) increased the risk of developing POD in men (p: 0.025; OR
1.7) (Table 2).

In patients with elevated HbA1lc (6.41%-8.49%), 30.9% and in
patients with severely elevated HbA1c (28.5%), 64% developed POD.
Patients with preoperatively severely elevated HbAlc (28.5%)
developed POD significantly more often (p<0.001; OR 6.0)
(Table 2) than patients without an elevated HbA1c.

Patients with a preoperative CRP above the cut-off value of
10 mg/L had a significantly higher POD occurrence than patients
with a preoperative CRP below 10 mg/L (p =0.011; OR 1.7) (Table 2).

The POD rate of patients with normal concentration of
leukocytes (3.6-10.5 G/L), of patients with leukocytosis (>10.5 G/L),
and of patients with leukocytopenia (<3.6 G/L) differed not signifi-
cantly (Table 3).

The preoperative creatinine value had no significant impact on
POD occurrence (Table 3).

High total protein (>83 g/I) was found in three patients who did
not develop POD. The correlation between the preoperative protein
values and the occurrence of POD was not significant (p =0.053)
(Table 3).

22.7% of
(136-145 mmol/L) and 43.8% of patients with preoperative hyper-

patients with preoperative normal sodium
natremia (>145 mmol/L) developed POD. Of patients with pre-
operative hyponatremia (<136 mmol/L), 28.6% were found to be
delirious after surgery. Patients with elevated sodium levels had
higher odds to develop POD (p: 0.021; OR 3.8). Compared to patients
with normal preoperative sodium values POD incidence of patients
with hyponatremia was not significantly higher (Table 3).

23.5%

(3.5-5.1 mmol/L), 18.5% of patients showing preoperative hyperka-

of patients with preoperative normal potassium
lemia (>5.1 mmol/L), and 40.0% of patients with hypokalemia
(<3.5 mmol/L) developed POD. These differences were not statisti-
cally significant (hyperkalemia p=0.963; hypokalemia p=0.066)
(Table 3).

16.7% of patients with normal Troponin T (<14 ng/L), 32.3% of
patients with slightly elevated Troponin T (14.01-52ng/L), and
46.0% of patients with clearly elevated Troponin T (>52 ng/L) were

diagnosed with POD. The incidence of POD was significantly higher
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TABLE 1 POD in relation to demographic and surgical factors.
Total POD (%)
Age (years) total (mean + SD) 723+7.3 733+7.2
60-69 388 77 (19.8%)

70-79 421 104 (24.7%)

80-89 160 46 (28.8%)

>90 7 2 (28.6%)
Sex

Female 375 64 (17.1%)

Male 601 165 (27.5%)
ASA

| 25 4 (16.0%)

Il 339 31 (9.1%)

1]l 544 164 (30.1%)

v 68 30 (44.1%)
Surgical risk

Low 126 3 (2.4%)

Moderate 430 70 (16.3%)

High 420 156 (37.1%)

Surgical discipline
Noncardiac surgery 702 91 (13.0%)

Cardiac surgery 274 138 (50.4%)

Open Access

No POD (%) OR p Value Missing
72073 0.016* 0
311 (80.2%)
317 (75.3%) 1.3
114 (71.2%) 1.6
5(71.4%) 1.6
<0.001* 0
311 (82.9%)
436 (72.5%) 1.8
<0.001* 0
21 (84.0%)
308 (90.8%) 0.5
380 (69.9%) 2.3
38 (55.9%) 4.1
<0.001* 0
123 (97.6%)
360 (83.7%) 8.0
264 (62.9%) 24.2
<0.001* 0

611 (87.0%)
136 (49.6%) 6.8

Abbreviations: ASA, American Society of Anaesthesiologists classification; OR, odds ratio; POD, postoperative delirium; SD, standard deviation.

*Clinically significant with p < 0.05, x? test was used for the variables sex and surgical discipline, Mann-Whitney U test for the variables age, ASA class, and

surgical risk.

in patients with a slight (p <0.001; OR 2.1) and clearly elevated
Troponin T (p =0.016; OR 2.7) (Table 2).

17.5% of patients with preoperative NT-pro-BNP < 30 mg/dL
developed POD, while 30.4% of patients with NT-pro-BNP = 30 mg/
dL showed POD. This difference was statistically not significant
(p =0.300) (Table 3).

4 | DISCUSSION

In the collective of the PROPDESC study, 23.5% of the patients
developed delirium after their surgery. Patients' age was found to be
an independent risk factor for POD in this sample. These findings are
consistent with the literature.*83>37 More men than women
developed POD in our study, which also supports the tendencies in
other studies. Furthermore, ASA score =111°C and level of surgical risk
according to Johns Hopkins2® were seen as significant risk factors for
POD. ASA status >2 was found to be a risk factor in the review done
by Mevorach,'® while a high-risk surgical procedure was mentioned
as a precipitation factor for POD in another review by Hoogma’
Cardiac surgery was associated with a substantially higher risk of

POD than other surgical disciplines and thus may be considered a risk
factor itself.

Several preoperative laboratory parameters interpreted as
surrogate markers of organ function and metabolic status were
associated with POD risk.

Regarding electrolytes, hypernatremia was found to be signifi-
cantly associated with POD, although it occurred only in few
patients (n=16) within the investigated cohort. This result is
consistent with the findings in the review by Mevorach et al.'® In
contrast, significantly more patients with preoperative hyponatremia
<130.0 mmol/L or hypokalemia <3.0 mmol/L developed POD in the
study sample of Kim et al.1® Preoperative hyponatremia, hypokalemia
or hyperkalemia were no significant risk factor in our patient
population, but we had only two patients with hypokalemia
<3.0 mmol/L and eight patients with hyponatremia <130.0 mmol/L,
from which no valid conclusions could be drawn. It should be noted
that the study by Kim et al. also included emergency patients who
might show more often abnormal electrolyte concentrations than
elective patients. Radke et al. discovered prolonged fasting time
without fluid intake >6h as an independent risk factor for the
development of POD,%® whereas Scholz et al. and Smulter et al. did



6 of 10 _Health Science Reports
WILEY P

GUTTENTHALER T AL

OpenAccess

TABLE 2 Significant preoperative routine marker.
Total number of patients POD (%)
Hb (g/dL)
210 917 210 (22.9%)
<10 59 19 (32.2%)

Hb (W) (g/dL)
212 277 42 (15.2%)
<12 98 22 (22.4%)

Hb (M) (g/dL)

213 407 104 (25.6%)
<13 194 61 (31.4%)
Diabetes

HbA1c (%)

6.4 798 165 (20.7%)
6.4-8.49 139 43 (30.9%)
>8.5 25 16 (64%)

Inflammatory disposition

CRP | (mg/L)
<3 480 115 (24.0%)
>3 491 114 (23.2%)
CRP 1l (mg/L)
<10 766 172 (22.5%)
210 210 57 (27.1%)

Electrolytes

Sodium (mmol/L)

136-145 897 204 (22.7%)
>145 16 7 (43.8%)
<136 63 18 (28.6%)

Heart-related marker

Troponin T (ng/L)

<14 586 98 (16.7%)
14.01-52 334 108 (32.3%)
>52 50 23 (46.0%)

No POD (%) OR Cl (95%) p Value
0.050
707 (77.1%)
40 (67.8%) 1.9 1.0-3.5
0.131
235 (84.8%)
76 (77.6%) 1.7 0.9-3.2
303 (74.4%)
133 (68.6%) 1.7 1.1-2.6 0.025*
633 (79.3%)
96 (69.1%) 1.4 0.9-2.2 0.117
9 (36%) 6.0 24-15.1 <0.001*
0.213
365 (76.0%)
377 (76.8%) 1.2 0.9-1.7
594 (77.5%)
153 (72.9%) 1.7 1.1-25 0.011*
693 (77.3%)
9 (56.2%) 3.8 1.2-11.7 0.021*
45 (71.4%) 1.5 0.8-2.7 0.247
488 (83.3%)
226 (67.7%) 2.1 1.4-3.0 <0.001*
27 (54.0%) 2.3 1.2-4.5 0.016*

Abbreviations: Cl, confidence interval; CRP, C-reactive protein; Hb, hemoglobin value; HbA1lc, glycated hemoglobin value; M, men; OR, odds ratio;

POD, postoperative delirium; W, women.
*Clinically significant with p < 0.05.

not see abnormal preoperative electrolyte levels as risk factors for
POD.*>1% Other studies found preoperative hypo- or hypernatremia
as significant risk factors.131418

The missing significance in the female group with preoperative
anemia might be due to the lower number of female patients in the
study (38.5%). Raats et al. found preoperative anemia (defined as Hb

<7.6 mmol/L for women and <8.2 mmol/L for men) to be a significant

risk factor for POD in both male and female patients?> and two
reviews list anemia as a predisposing factor.2”? Furthermore, Kim
et al. saw preoperative hemoglobin <10g/dL as a significant risk
factor for POD. The German Medical Association recommends
transfusions in patients with Hb <10g/dL if there is evidence of
anemic hypoxia.2” However, intraoperative blood loss and transfu-

sions are associated with the development of POD, likewise
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TABLE 3 Nonsignificant preoperative routine marker.

Total number of patients POD (%)
Inflammatory disposition

Leukocytes (G/L)

3.6-10.5 855 204 (23.9%)
>10.5 111 22 (19.8%)
<3.6 10 3 (30.0%)
Creatinine (mg/dL)
<1.2 807 177 (21.9%)
>1.2 169 52 (30.8%)
Total protein (g/L)
64-83 790 172 (21.8%)
>83 3 0
<64 166 53 (31.9%)
Electrolytes
Potassium (mmol/L)
3.5-5.1 890 209 (23.5%)
>5.1 65 12 (18.5%)
<35 20 8 (40.0%)
Heart-related marker
NT pro-BNP (mg/L)
<300 538 94 (17.5%)
>300 378 115 (30.4%)

Open Access

No POD (%) OR Cl (95%) p Value
651 (76.1%)
89 (80.2%) 0.9 0.5-1.5 0.604

7 (70.0%) 1.9 0.4-8.6 0411
630 (78.1%)

117 (69.2%) 1.2 0.8-1.8 0.441
618 (78.2%)

3 (100%) 0.0 0.0 0.999
113 (68.1%) 1.5 1.0-2.3 0.053
681 (76.5%)

53 (81.5%) 1.0 0.5-2.0 0.963
12 (60.0%) 2.6 0.9-7.3 0.066
444 (82.5%)
263 (69.6%) 1.2 0.8-1.8 0.300

Abbreviations: Cl, confidence interval; M, men; NT-pro BNP, N-terminal pro b-type natriuretic peptide; OR, odds ratio; POD, postoperative delirium;

W, women.
*Clinically significant with p <0.05.

postoperative anemia.*>*>4° Therefore, patient blood management
is gaining importance as a preventive measure.

As patients in our investigated cohort with elevated (6.41%
-8.49%) or severely elevated (28.5%) HbA1c were more likely to
develop POD, a preoperative HbA1c level 28.5% could be considered
as an independent risk factor for POD. Other studies have identified
the preoperative presence of diabetes mellitus, elevated blood
glucose levels, or high HbAlc as significant risk factors for the
development of POD as well.**"%* According to the DDG, patients
undergoing elective surgery should aim at a preoperative HbA1lc <
8.5%.2¢ This recommendation is based on the thesis that patients
with preoperatively elevated HbA1c develop significantly more often
postoperative infections,

acute kidney failure, and myocardial

infarctions. They also tend to have a longer hospital stay and a
lower 5-year survival rate.*>=48

Furthermore, a preoperative CRP level 210 mg/L raised the risk
of POD significantly. In the study by Kim et al, a preoperative
elevated CRP level 210 mg/dL was considered a significant risk factor
for POD. This was the only biomarker included in the DELPHI score

by Kim to predict POD.** In a meta-analysis by Liu et al., 54

observational studies were evaluated considering the association of
inflammatory markers and the occurrence of POD. In their overall
view preoperative elevated CRP levels were considered as significant
risk factors for POD, likewise postoperative elevated CRP and
interleukin-6 levels.2* Because inflammation and neuroinflammation
are thought to be involved in the pathophysiology of delirium,?#%>°
the role of preoperatively elevated CRP as a predisposing risk factor
for POD is supported by these findings as well as through a large
review on biomarkers of delirium in older people done by Toft at al. in
201951

According to several studies, cardiac surgery patients who
developed POD had significantly higher preoperative creatinine
values than patients who did not develop POD.?75% In contrast, a
meta-analysis by Scholz et al. looking at visceral surgery patients
showed that preoperative elevated creatinine levels do not have a
significant impact on the development of POD.Y® Our results
confirmed the finding by Scholz et al.

Several studies investigated the association between pre-
operative hypoalbuminaemia and the development of POD.1%425¢
Low serum albumin concentrations can result from reduced protein
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intake (e.g., malnutrition), protein loss (e.g., nephrotic syndrome), or
reduced liver synthesis capacity (e.g., liver cirrhosis). Overall, albumin
accounts for about 60% of total protein. In many studies, decreased
preoperative albumin or total protein was shown to be a significant
risk factor for POD.?>3*4256 |n our patient sample, serum total
protein was not associated with a significantly higher POD incidence.

In our mixed population of cardiac surgery and noncardiac
surgery patients, a preoperatively mildly elevated (>14-52 ng/L) or
markedly elevated troponin level (>52ng/L) was found to be a
significant risk factor for POD. However, patients with preoperative
NT-pro-BNP value = 300 mg/dL did not develop POD significantly
more often.

Parente et al. showed that decompensated heart failure was a
significant risk factor for the development of POD,>” while Bucerius
et al. also found a reduced ejection fraction <30% to be a risk factor
for POD.>® The association of cardiac biomarkers Troponin T and NT-
pro-BNP with POD was also investigated. Tan et al. analyzing a small
group of patients did not find elevated Troponin-T levels as
significant risk factor for POD.>®> Uthamalingam et al. found a
significant higher mean NT-pro-BNP value in patients who developed
delirium.> It should be noted that the studies by Tan et al. and
Uthamalingam et al. compared the mean values of preoperative
Troponin T and NT-pro-BNP in patients with and without POD. Here
outliers could have distorted these results. Additionally, the study by
Uthamalingam et al. dealt with risk factors of general delirium and not
only POD.

As a limitation of the statistical results, we have to point out that
the biomarkers were evaluated in a univariate analysis. A multivariate
analysis with all biomarkers was not performed, as only complete
data sets could have been considered. Since there were some missing
values for various biomarkers, this would have resulted in a
considerable loss of data. To exclude a mutual influence of the
biomarkers, the data were tested for multicollinearity, which was not
found.

POD is the most common postoperative complication in the
older population associated with severe consequences like prolonged
hospital stay, increased cognitive and noncognitive morbidity,
reduced quality of life, and raised 180 days mortality after
surgery.”©

Known risk factors for POD were confirmed to be older age, ASA
score 2111,%° invasiveness of surgery in terms of higher surgical risk

according to Johns Hopkins,2>33

and especially cardiac surgery. In
addition, significantly more men were affected by POD.

The preoperative biomarkers HbAlc 2= 8.5%, CRP=10mg/L,
hypernatremia >145 mmol/L, and Troponin-T > 14 ng/L were identi-
fied as significant risk factors for POD. For male patients,
preoperative anemia with Hb <13 g/dL was a significant risk factor
for POD. This should be considered in the preoperative evaluation to
detect patients at risk for POD and initiate preoperative measures to
reduce the risk of POD. These include long-term glycaemic control of
diabetic patients, reducing increased inflammatory activity, and
correcting hypernatremia or anemia. Whether and to which extent

these preoperative interventions are effective for the prevention of

POD should be examined in further randomized, interventional

studies.
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