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Biomarkers and clinical features of delirium in elderly individuals with hip fracture surgery.
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Abstract

Background: Post-operative delirium in elderly with hip fracture is associated with various adverse
clinical outcomes. Nevertheless, the pathophysiological processes underpinning delirium have
remained elusive. The aim of this study is to explore the associations between delirium and its
features and immune-inflammatory and blood gas biomarkers.

Methods: In this prospective study we examined 65 patients who underwent a hip fracture surgery
and assessed the Confusion Assessment Method for the Intensive Care Unit (CAM-ICU),
Richmond Agitation-Sedation Scale (RASS), and Delirium Rating Scale Revised-98 (DRS-R-98)
before and during 4 days after the surgery. Complete Blood Count (CBC) and venous blood gas
markers were obtained at the same time points.

Results: Delirium was observed in 19 patients and was accompanied by significantly increased
pO2, number of white blood cells, neutrophil percentage, and neutrophil/lymphocyte ratio, and
lower mean platelet volume (MPV) @after adjusting for age, central nervous system (CNS) disease,
blood loss during surgery, sleep disorders, and body mass index. The severity of delirium was
associated with lowered number of platelets and MPV. Psychomotor disorders were associated
with lower bicarbonate levels. The requirement of physical restraint of the patients was predicted
by increased percentages of neutrophils and lymphocytes. Prior CNS disease was together with

these biomarkers a significant predictor of delirium and severity of delirium.
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Conclusion: Delirium and psychomotor disorders following hip fracture and surgery may be caused
by immune-inflammatory and oxidative stress pathways probably attributable to an aseptic

inflammatory process. Oxygen administration may aggravate these pathways.
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Introduction:

One third of elderly undergoing surgery or admitted to the intensive care unit suffer from

delirium®. Delirium symptoms appear between one to twelve days after surgery, most often
occurring in the following 4 days.® ® Age and surgery increase delirium incidence, with post-
surgery elderly patients showing an incidence of 15-53% and critically ill patients show a delirium
incidence up to 70%* ® Delirium is multicausal in origin with various etiological, risk and trigger

factors precipitating, or contributing to, delirium, including age, surgery, type of surgery, infection,
anemia, dehydration, hypovolemia, nutritional deficits, medications, smoking, and alcohol use

7).

Hip fracture is a common orthopedic condition in elderly population which, when
complicated with delirium, may associate with post-surgical complications including medical
morbidities, increased length of hospitalization, and increased mortality at one year® ® A
systematic review and meta-analysis reported that the incidence of delirium following hip fracture
surgery was around 24+%_Early detection in high-risk patients is one of the most important factors
in the prevention of delirium.

Recently, we were the first to report that the onset of delirium is strongly predicted by

lower bicarbonate levels?. We found that lowered bicarbonate levels together with attenuated rises
in bicarbonate levels from admission to three days post-surgery predict delirium some days later.
This suggests that deficits in the bicarbonate buffer system may underpin delirium onset. However,

metabolic acidosis, which may explain lowered bicarbonate levels in the postoperative period, is

associated with delirium onset® 2. Postoperative acidosis is frequent after inhalation anesthesia
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and abdominal surgery and is related to lactatemia and hyperchloremic acidosis® ** indicating
that intraoperative hypercapnia is a risk factor for delirium. Most importantly, we found that

supplementary oxygen therapy significantly increased bicarbonate levels, suggesting that the

beneficial effects of oxygen therapy on delirium incidence may be related to effects on the acid-
base equilibrium and that oxygen therapy is indicated in patients with lower bicarbonate levels?.

Nevertheless, there are no data whether bicarbonate itself or related factors affect the onset of

delirium, including O2 saturation or changes in acid-base equilibrium. VVenous blood measurements
of HCO3-, pO2, pCO2 and pH are reliable substitutes for the same measurement made in arterial
blood®. Moreover, we found that lowered bicarbonate levels were inversely associated with
increased white blood cell WBC)number??, suggesting that immune-inflammatory processes may
play a role in lowered bicarbonate levels.

Recently, there were some reports that delirium is associated with increased immune-
inflammatory biomarkers including increased interleukin (IL)-1 and soluble tumor necrosis factor
receptor STNFR) levels®®. Another study reported an inflammatory signature in delirium involving
IL-6 and other cytokines®”. A recent review concludes that immune-inflammatory biomarkers are
increased in delirium suggesting that neuro-immune pathways play a role in delirium®®.

Previous studies detected that delirium is predicted by age, sex, blood loss during surgery,

duration of surgery, and insomnia®? 4 1® Nevertheless, there are no data whether a) immune-

inflammatory biomarkers and blood gas measurements are associated with the onset of delirium,

delirium severity, and psychomotor agitation and retardation, and b) these biomarker effects occur
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beyond and above the effects of possible risk factors such as blood loss during surgery, surgery

duration, premorbid neuro-psychiatric disoders, sleep disturbances, education, and pain symptoms.

Hence, the aim of the present study is to delineate whether increases in the

neutrophil/lymphocyte ratio (NLR) or increased white blood cell (WBC)number or monocytes, and
blood gas assessments (HCO3-, 02, pH, pCo2) are associated with delirium and severity of delirium
and related psychomotor disturbances above and beyond the effects of the above-mentioned

putative trigger factors.

5. Method

Participants
We included 65 patients admitted to the hip fracture pathway of the orthopedic surgery

department of Chulalongkorn Hospital, Bangkok, Thailand between April 2019 and May 2020.

Inclusion criteria were male and female patients, aged > 65 years, with an understanding of the

Thai language. Participants underwent hip fracture surgery and were postoperatively transferred to
the surgery intensive care unit (SICU) or orthopedic units. Exclusion criteria were coma or
premorbid severe dementia(Thai Mental Status Examination-TMSE score < 10), a life-time history
of neuro-inflammatory disease including multiple sclerosis, or psychiatric illness such as
schizophrenia, bipolar disorder, and an acute phase of major depressive disorder.

Design.

This is a prospective cohort study, which examined 65 hip fracture patients during 4

consecutive days after admission into the orthopaedic service. Baseline clinical data were collected
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12 -24 hours before hip fracture surgery and included general demographic characteristics as well
as the underlying medical diagnoses, and number of hospitalizations over the past year. We
registered a common central nervous system illness including ischemic or hemorrhagic
cerebrovascular disorders, traumatic brain injury, epilepsy, and intracranial malignancy, b

previous psychiatric history including psychotic, mood, anxiety, and substance use disorders, and

prior delirium history, c¢) use of medications with high anticholinergic activity, benzodiazepines,
opiates, and psychotropic drugs prior to hospitalization, d) relevant peri/post-operative clinical data

including operative time, blood loss, restraint requirement due to psychomotor agitation, as well

as a pain score. We performed postoperative clinical assessments twice daily for 4 consecutive days
or until the day the delirium occurred. Preoperative delirium cases also underwent a similar clinical
data collection process.

To make the diagnosis of delirium, a senior psychiatrist assessed the Confusion Assessment

Method for the Intensive Care Unit (CAM-ICU) twice a day, namely in the morning between 6.00
-8.00 am.and in the evening between 4.00-6.00 p.m.and this during the study period. The CAM-
ICU is a clinician-rated delirium screening instrument for ICU settings and is validated showing
good interrater reliability, sensitivity, and specificity ?%. The scale is translated and validated into
Thai language with adequate inter-rater reliability and internal consistency reliability (Cohen's k =
0.81 with 95% confidence interval =0.64-0.99) and with an adequate sensitivity of 92.3+ 95% CI-64.0-

99.8%) and specificity of 94.7+ (85.4-98.9) for delirium®?®.
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The Delirium Rating Scale Revised-98 (DRS-R-98) was measured in the evenings to assess
severity of delirium and sleep quality. The Thai DRS-R-98 has good validity, reliability and inter-
rater reliability; the sensitivity of this scale is 100+ and specificity 97.0% when compared with the
clinical neuro-psychiatric diagnosis®?. We used item one of the Thai DRS-R-98 to assess sleep-
wake cycle (SWC) disturbances over the last 24 hours and to grade the severity of the sleep-wake
cycle from normal to severe disturbance. The Richmond Agitation-Sedation Scale (RASS) was
developed and validated in 2003%® and demonstrates a good face/constructcriterion validity and
interrater reliability (weighted « 0.91). It has an ability to measure the changes in sedation and

agitation status correlated with the level of consciousness and the content of consciousness of

delirium in ICU. We assessed the RASS by observing the patients at bedside and graded the
objective verbal and behavioral expression into the scores ranged between -5 to +4. The minus side

of the RASS represents decreased levels of consciousness from drowsiness to unarousable, while
the score above O reflects the agitated type of consciousness ranging from restlessness to

combativeness. We used the RASS scores in the statistical analyses and an adapted RASS score

with both the agitation and retardation scores being rated positively, thus assessing severity of

psychomotor disorders, either agitation or retardation. Once the patients developed delirium, we
discontinued all the assessments. All delirium diagnoses were confirmed by the senior psychiatrist
using the Diagnostic and Statistical Manual of Mental Disorders (DSM-5)2.

Approval for the study was obtained from the Institutional Review Board of the Faculty of

Medicine, Chulalongkorn University, Bangkok, Thailand egistration number 528/61), in

compliance with the International Guideline for Human Research protection, as required by the
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Declaration of Helsinki, was conducted according to Thai and international ethics and privacy

laws. Written informed consent was obtained before the study from the patients or their gardians
(first-rank family members).

Analyses

All blood for the assays of venous blood gas and CBC were sampled daily at 7 am. except

the first blood sample which was obtained on day 1 in the operative room by the anesthesiology

team just before surgery. The specific parameters of venous blood gas assays were pH, pO2, pCO2,
and HCO3-. While total WBC, platelet count, neutrophil/lymphocyte ratio, as well as neutrophil,
lymphocyte, monocyte, eosinophil, basophil percentage were analyzed from the CBC results. The
blood tests were collected for 4 consecutive days after the operation. However, it was discontinued
once the individual patient developed postoperative delirium. Thus, two to four blood samples were
obtained from each patient. All laboratory samples were promptly sent to the central laboratory
unit at the same hospital.

All CBC values were assayed by XN-10 (Sysmex, Kobe, Japan) using the flow cytometry

method with semiconductor laser except the platelet count and MPV which used the sheath flow

DC detection method. Blood gas data were analyzed by Nova Stat Profile pHOXx series (Nova
Biomedica, MA, USA) by using ion-selective electrode. The analytical inter-assay coefficients of
variation are as follows: WBC 16w%, Neutrophils 18%, Lymphocytes 4.1%, Monocytes 8.1%,
Eosinophils 7.5%, Basophils 2.2+, Platelet count 1.9%, MPV 1.2%, pH 0.6%, pO2 9.4%, pCO2 5.3%,
and HCO3- 7.1% The NLR was computed as a z unit based composite score as z neutrophil

percentage - z lymphocyte percentage.
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Statistics

Analysis of contingency tables (X%test) was used to assess associations between sets of
categorical variables, and analysis of variance ANOVA) was employed to check between-group
differences in scale variables. The primary outcome measurement is the diagnosis of delirium, as
assessed with the CAM-ICU and DSM-IV-TR, while the second outcome variable is the DRS-R-98
scale score. Generalized estimating equations (GEE) was used as the primary statistical analysis to
examine the effects of biomarkers and background variables (predictors) on the outcome (delirium
as binary variable or severity of delirium as scale variable). Background variables were age, sex,

time to surgery, estimated blood loss during surgery, duration of surgery, use of deliriogenic

medications, insomnia, nasal cannula oxygen, and physical restraint. The secondary statistical

approach is a repeated measurement design ANOVA with the time points as dependent variable

and delirium (yesno) as factor while examining the time x group interaction. Tests are 2-tailed and
a p-value of 0.05 was used for statistical significance. All statistical analyses are performed using
IBM SPSS windows version 25. Power analysis showed that using an effect size of 0.2,
alpha=0.05, power=0.85, 2 groups (delirium versus non delirium) and 4 repeated measurements, the
sample size should be around n=60 (repeated measurements design ANOV A with within-between
interaction). Consequently, we recruited 65 hip frature patients accounting for a possible drop out

rate of 10v%.
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Results
Table 1 shows the demographic data of the hip fracture patients included in the present

study. We observed that 19 hip fracture patients developed delirium during the study. Eight of
these developed delirium before hip surgery. Patients with delirium were somewhat older than
those without delirium. There were no significant differences in sex, education, duration of surgery,

blood loss during surgery, premorbid medical disorders, prior use of delirogenic medications, a
lifetime history of psychiatric disoders, and smoking between patients who developed a delirium

and those who did not. Patients with delirium showed significantly higher incidence of premobid
CNS disoders especially stroke.

Table 2 shows the differences in clinical scores between patients with and without delirium.
The DRS score was significantly higher in patients with delirium than in those without. There were
no significant differences in pain score between both groups. There were significantly more
delirtum patients who has increased SWC scores as compared with non delirium patients.

Significantly more patients with delirium needed to be restrained as compared with patients who

did not develp delirium. There were no differences in the RASS score between subjects with and
without delirium (Wald=0.97, df=1, p=0.324) although the adapted RASS score was significantly
higher in delirium patients than in those without delirtum.

Table 3 shows that there were no significant differences in WBC number between both

study groups. The NLR was significantly higher in patients with delirium and this was determined
by a significantly increased neutrophil and lowered lymphocyte percentage. There were no

significant differences in percentage of monocytes and eosonophils between patients with and
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without delirium. The percentage of basophils was significantly lower in delirium patients than in
those without delirium. The number of platelets was not significantly different between both
groups, but MPV was significantly reduced in patients with delirium. There were no significant
differences in HCO3-, pCO2 and pH between both groups and pO2 was significantly higher in
delirium patients than in those without.

Table 4 shows the results of GEE analyses, which examined the associations between the

clinical diagnosis or scale scores (entered as dependent variables) and the biomarkers and
demogropahic data (entered as explanatory variables). The CAM-ICU diagnosis and the

requirement to be restrained were entered as a binary response variables, SWC as an ordinal

variable, and the DRS, pain, and RASS scores as scale variables. We found (GEE CAM #1) that
the CAM-ICU diagnosis was significantly associated with number of WBC, neutrophil percentage,
age, blood loss during surgery, prior CNS disease (all positively) and MPV nversely). GEE CAM
#2 shows an alternative prediction of the CAM-ICU diagnosis, namely after removing age we

found that neutrophil percentage, pO2, prior CNS disease, and SWC were significantly and

positively associated with CAM-ICU diagnosis, whereas BMI was inversely associated. The
necessacity to be restrained was predicted by higher neutrophil and lymphocyte percentage. The
DRS score was significantly predicted by prior CNS disease and age (both positively) and basophil
percentage and MPV (both inversely). The RASS score (thus assessing psychomotor agitation) was
associated with NLR and the adapted RASS score (assessing severity of any psychomotor disorder)

was significantly predicted by lowered HCO3- levels and by incrased SWC scores.
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Discussion

The first major finding of this study is that the onset of delirium due to hip fracture and the
severity of delirium were associated with increased white blood cell counts, NLR, neutrophil
precentage, and lowered MPV and basophil percentage, and that psSychomotor disturbances are

associated with lowered HCO3- levels. Our white blood cell count findings extend the results of
previous papers showing abnormal immune-inflammatory responses including increased NLR
levels in patients with delirium (see Introduction). For example, Egberts and Mattace-Raso in
20172°, Kotfis et al in 2019°, and He et al 2020?" reported significant positive correlations
between an elevated NLR and the emergence of delirium in various patient settings. NLR is

relevant index which is useful in surgical emergencies, postoperative complications, and

inflammatory conditions?®3®. In critical care patients, an increased NLR indicates a systemic
inflammatory response®? *2. In our study, we found that a higher NLR was associated with

psychomotor retardation and increased neutrophil percentage with the severity of delirium

symptoms. Interestingly, increased percentages of neutrophils and lymphocytes were associated
with the necessity to be restrained. Increased numbers of WBC predicted delirium after considering
the effects of other biomarkers and relevant clinical variables. All in all, these findings indicate
that increased immune-inflammatory biomarkers are accompanied by an increased risk of delirium
and more severe delirium symptoms.

Interestingly, the results of our study showed a significant lower basophil percentage and

MPV values in delirious patients. Chen et al. reported lower basophil levels in Alzheimer-s disease

patients when compared with matched normal controls®®. One prior study found an inverse
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correlation between age and basophil percentage in an elderly with hip fracture but this study did

not include a diagnosis of delirium®® Low basophil levels may be observed during inflammatory
conditions as a consequence of releasing its granules®®. Some previous studies demonstrated an
association between decreased MPV and mild cognitive impairment and dementia®® *” In some

disease models, decreased or increased mean platelet volume may reflect platelet activation

occurring during the inflammatory state®®. Low number of platelets may appear in inflammatory
conditions due to adherence of thrombocytes to WBC®® and lowered MPV can be observed in
immune-inflammatory and infectious disease®?.

The associations between delirium symptoms and immune variables may indicate that at

least part of the patients developed delirium due to the effects of aseptic inflammation. Indeed, hip
fracture patients do not suffer from an infectious state in the pre- and post-operative period. Aseptic
trauma as a consequence of surgery may trigger an injurious-inflammatory cascade from the
traumatic site to a peripheral immune-inflammatory response which may then translate into neuro-
inflammation in the brain with consequent delirium symptoms“®42 Interestingly, this aseptic
immune-inflammatory process may not only emerge after the surgery but could, in theory, start
directly after the traumatic event. In elderly subjects, aseptic inflammatory processes may develop
at the fracture site soon after the accident “®. Overall, our findings in hip fracture patients support
the theory that immune-inflammatory processes “44® play a role in the pathophysiology of delirium.

The second major finding of this study is that changes in blood gas parameters may affect

delirium. Firstly, pO2 was significantly increased in elderly subjects with delirium as compared

with those without. These findings extend those of Lopez et al.*” who reported an association
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between intraoperative hyperoxic cerebral reperfusion and a higher incidence of postoperative

delirium. On the other hand, perioperative hypoxia is a well-known risk factor of delirium “®.
Therefore, it is possible that not the hypoxemic events during or post-surgery per se, but rather the
oxygen supplementation leading to a hyperoxic state induces delirium. Nevertheless, both hypoxic

and hyperoxic states are involved in free oxygen radical production and oxidative stress toxicity

and consequent neuronal dysfunctions or injuries, which cause delirium*“®. Second, HCO3- levels
were inversely associated with psychomotor disturbances (either agitation or retardation, although
no significant association was found with the diagnosis of delirium. In a previous study we found
that low bicarbonate levels predict delirium onset in surgical ICU patients®. However, the

pathophysiology of delirium in the patients included in the latter report may be quite different
because the authors included patients with abdominal surgery which is more associated with septic

inflammation®®. Prior studies reported abnormal blood gas parameters in delirium including
metabolic acidosis™® %> and hypercapnia®®. These discrepant results may be explained by a number

of factors including patient population, surgical and medical settings, time of blood gas analysis,

delirium etiologies, and oxygen treatment therapy. It is important to note that O2 consumption may
cause reactive oxygen species generation and increased oxidative stress toxicity®> 5%, In rat models,
increasing oxygen concentrations increase oxidative stress toxicity to red blood cells®®. These
effects could further aggravate the oxidative stress associated with delirium“® 5> and with
inflammatory conditions®®..

The third major finding of this study is that age, neurological degenerative and neuro-

inflammatory diseases, especially stroke, are together with the above-mentioned biomarkers
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significant risk factors of delirium and that they contribute to severity of delirium when coupled

with these biomarkers. Our findings extend those of previous reports which showed significant

associations of neurological disease with consequent delirium following several trigger factors

including hip fracture ©1%575% Phrased differently, aseptic inflammation due to hip fracture or the

consequent surgery may aggravate the existing neurocognitive deficits in neurodegenerative and
neuro-inflammatory disease thereby triggering delirium symptoms and the onset of full-blown
delirium. In contrast, other known predisposing factors of delirium such as the operative time®?,
pre-admission deliriogenic drugs and polypharmacy® %*, and postoperative pain®* %> were not
correlated with the diagnosis of delirium. On the other hand, the current study showed that
increased blood loss during surgery may further increase the severity of delirium. These findings
64,65

are in agreement with previous results.

Other clinical findings are worth mentioning including that delirium due to hip fracture and

surgery was associated with increased psychomotor retardation and agitation @nd consequent
necessity to be restrained), more sleep disorders as assessed with the SWC and aberrations in the
sleep-wake cycle as assessed with the DRS-R-98. These are all important features of the delirium
phenome which are described in the diagnostic criteria. Restraint is a frequent manageable care
method but potentially harmful consequence, especially when used in elderly population®©®.

The results of the present study should be interpreted with regard to its limitations. First, it

would have been more interesting if we had assessed other clinical and laboratory data which are
involved with the onset of delirium including the APACHE 11 severity score, baseline nutritional

status, aloumin levels, anesthetic events during the operation (hypotension, hypoxemia), as well as
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time of ambulation. Second, preoperative delirium was reported to be highly prevalent in hip
fracture populations, namely between 12.7-58:7 Third, we obtained venous rather than arterial
blood samples to assess the acid base and blood gas biomarkers of delirium. Although, there is
evidence that venous and arterial blood gas analysis show comparative results®, venous blood gas
may not completely represent the gold standard arterial blood gas levels.

In conclusion, this study found that delirium is accompanied by significantly increased
NLR, neutrophil percentage, WBC numbers, and pO2 levels, and lowered MPV and that the

severity of delirium symptoms (severity of delirium, psychomotor disorders) is significantly
associated with higher NLR levels, lowered basophil percentage, MPV, and bicarbonate levels.

These findings support the theory that the onset of delirium as well as delirium severity are in part

caused by immune-inflammatory and oxidative stress pathways. Further research should examine
immune-inflammatory biomarkers including cytokine and chemokine levels and oxidative stress

pathways to further elucidate the pathophysiology of delirium due to hip fracture and consequent

surgery.
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Table 1. Socio-demographic and clinical data of patients with and without delirium

reprints202101.0014.v1

Variables No delirium Delirium FX2FEPT | df p
N-46 N-19
Age (years) 79.7 (19 845 6.3 557 163 0.021
Sex (female/male) 36/10 154 0.00 1 0951
Education (years) 7457 94 64 144 161 0235
Duration surgery (minutes) 104.6 42.8) 979 299 0.38 163 0543
Blood loss during surgery (mL) 1998 (1108 2316 (1387 095 163 0333
Diabetes mellitus (Yes/No) 377 16/3 10
Hypertension (Yes/No) 1331 811 094 1 0.332
Cardiovascular disease (Yes/No) 31/13 136 003 1 0872
Respiratory disease (Yes/No) 413 18/1 0.650
Chronic kidney disease (Yes/No) 36/8 17,2 0.709
Putative deliriogenic drugs (Yes/No) 28/18 12/7 0.03 1 0.863
Admit (Yes/No 3014 1158
Psychiatric history (Yes/No) 379 172 0486
Prior CNS disease (Yes/No) 36/10 712 10.30 1 0.001
Prior stroke (Yes/No) 42/4 12/7 758 1 0.006
Smoking (Yes/No) 451 18/1 0.08 0512

Admit: prior inpatient admission within the past year; CNS disease: underlying central nervous system illnesses such as Parkinson's
disease, stroke, traumatic brain injury, mild cognitive impairment, mild dementia; delirogenic drugs: tricyclic antidepressants, newer
generation antidepressants, benzodiazepines, Z-drugs, opioid medications, anticholinergics, first generation antihistamines.
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Table 2. Clinical differences between patients with and without delirium, results of Generalized Estimating Equations (GEE)

Variables No delirium Delirium Delirium df=1)

Wald p
DRSR-98 S¢ 252 024 7.39 104 2713 <0.001
Pain S¢ 261027 2.33 0.38) 0.34 0563
SWC 0/1>-2)° 108/69/3 252217 1418 <0.001
Being restrained B 17555 62/14 10.27 0.001
Adapted RASS ¢ 0.027 0.017) 0591 (0.124) 21.06 <0.001

Results are shown as estimated marginal means (SE)

SC.0.B.type of GEE model. SC: scale regression (linear; O: ordinal regression; B: binary logistic. All GEE analyses are adjusted for age,
sex, and prior CNS disease.

DRS-R-98: Delirium Rating Scale, Revised-98; Pain: postoperative pain score; SWC. sleep-wake cycle disturbances; being Restrained:

necessity for postoperative restraint; RASS: Richmond Agitation-Sedation Scale
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Table 3. Results of GEE analysis examining differences in biomarkers between hip fracture patients with and without delirium.
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Variables No delirium Delirium Delirium df=1)
Wald p

WBC x10+3ul) 9.66 0.40) 9.22 041 057 0450
Neutrophils @) 7740 0.87) 8237 (115 1192 0.001
Lymphocytes ) 13.93 (0.70 10.03 (0.86) 1235 <0.001
NLR z scores) -0.291 0.192) 0672 0.243 958 0.002
Monocytes <) 6.25 0.21) 6.02 (0.50 018 0.680
Eosinophils %) 205 0.23 154 032 165 0.199
Basophils @) 0.34 0.03 0.22 0.02 831 0.004
Platelets (x10+3/ul) 197.410.8) 2044 244 0.07 0.794
MPV fl) 10.02 0.17) 9.28 (0.28) 504 0.025
HCO3-mmol/L) 2761 0.35 2710 072 041 0523
pO2 mmol/L) 89.1 1.0 93111 7.09 0.008
pCO2 mmHg) 4012 0.71) 39.95 2.03) 001 0935
pH 7445 (0.005) 7443 0.007) 0.08 0.773

Results are shown as estimated marginal means (SE)

NLR: neutrophil / lymphocyte ratio (in z scores)
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Table 4. Results of generalized estimating equation predicting delirium (CAM), being restrained (restrain), Delirium Rating Scale, revised-

98 (DRS), Richmond Agitation-Sedation Scale (RASS), Sleep-wake cycle disturbance scale of DRS-R-98 (SWC.

Dependent Explanatory variables B SE Wald P all df=1)
variables
CAM #1 CNS disease 1791 0.6804 6.93 0.008
WBC 0.847 0.3040 776 0.005
Neutrophils 1123 0.2519 19.85 <0.001
MPV -0.857 0.3872 489 0.027
Blood loss 0.705 0.2827 6.23 0013
Age 1034 0.3695 783 0.005
CAM #2 CNS disease 1794 0.7359 595 0.015
pO2 0634 0.2304 733 0.007
SWC 1183 0.2260 27.38 <0.001
BMI -1.264 0.3954 10.22 0.001
Neutrophils 0621 0.2837 478 0.029
Being restrained Neutrophils 2.548 0.8444 9.10 0.003
Lymphocytes 2176 0.7930 745 0.006
DRS Age 0.030 0.0054 34.09 <0.001
CNS disease 0301 0.1179 6.51 0011
Basophils 0114 0.0278 16.84 <0.001
MPV -0.098 0.0399 6.05 0014
RASS NLR -0.030 0.0.133 5.00 0.025
RASS all+ HCO3- -0.019 0.0086 504 0.025
SWM 0175 0.0510 11.80 0.001
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CNS disease: underlying central nervous system illnesses such as Parkinson-s disease, stroke, traumatic brain injury, mild cognitive
impairment, mild dementia; BMI: Body Mass Index; WBC: white blood cells; MCV: Mean Corpuscular Volume; MPV: Mean Platelet

Volume; HCO3-: Bicarbonate; NLR: Neutrophil-Lymphocyte ratio.
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