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Abstract
Background Postoperative delirium (POD) is a sign of deterioration in the homeostasis and physical status of the patient.
However, there have been no reports regarding the relationship between the decrease of regional cerebral oxygen
saturation (rSctO2) reading during surgery and the POD in hip replacement in the elder. This study aims to investigate this
correlation and the incidence of POD.
Methods We performed a retrospective study of 4834 patients who underwent hip arthroplasties between 2015 and 2019
at our hospital. Data were collected as part of routine patient care. The patients’ cognitive performance was evaluated by
using the Manual of Mental Disorders (DSM-IV-TR 4th edition) criteria. Patients found to be delirious after surgery served
as the delirium group, other patients who did not develop delirium after surgery regarded as the no-delirium group. The
various factors including the decline of rSctO2 reading intraoperatively were assessed using Multivariable logistic
regression models. Odds ratio (OR) and 95% confidence intervals (CI) are reported.
Results POD was found in 27 patients (n=351); the incidence of POD was 7.7%; all of them were in their 70’s or 80’s. Lab
data and rSctO2 reading before surgery were no significantly difference between the delirium group and the no-delirium
group. Patients who displayed the decline of rSctO2 reading intraoperatively were at higher risk for POD (compared with
no-delirium patients: OR2.169 CI 1.663-2.829 p=0.000) and gender (compared with no-delirium patients: OR 0.163 CI
0.029-0.909 p=0.039) was at a higher risk. Twenty-four patients recovered from POD gradually. One patient had
persistent and severe cognitive dysfunction after surgery, two patients died of complications either acute pulmonary
embolism 4 days after surgery or acute stroke 21 days after surgery respectively.
Conclusions The incidence of POD was 7.7%. This study shows that the decline of rSctO2 reading during hip replacement
surgery in the elder is associated with increased probability for the POD.

Introduction
Delirium is a syndrome of acute cerebral inefficiency affecting the brain in various ways. In a review [1], the incidence of
POD was 13-41% in joint replacement surgery. Delirium creates an acute and fluctuating deleterious impairment of
cognitive function that involves consciousness, attention, memory, perception, judgment, abstract thinking, orientation,
and planning and organizational skills [2,3]. The symptoms of delirium can occur suddenly or slowly over a period of
hours or days, and may be so slight that they go unnoticed or so serious that they could be life threatening. Although the
etiology is not well understood, multiple risk factors for POD were described in previous studies, including: age [4], female
sex [5,6], longer duration of surgery [6], choice of general anesthetics [7], imbalance of electrolyte [8], and use of
intraoperative or postoperative drugs [9] (benzodiazepines or ketamine) and hypothermia [10], being operated on and
kept in ICUs [11], infections [12], nutritional status identified by albumin level [13], pain [14], comorbidities [15-18] (such as
hypothyroidism, renal dysfunction, diabetes, obesity, valvar disease, hypertension, congestive heart failure), withdrawal of
alcohol [19], and psychosocial environment [20] (depression/anxiety or psychoses), and even subclinical cerebral
damage [21], inability to ambulation [22], treatment with multiple drugs [13]. Preclinical and clinical research in recent
years has uncovered more about the pathophysiology of POD and maybe yield some therapeutic options or effective
perioperative intervention in order to reduce the prevalence of POD, but up to date, POD is still a common complication
after major surgery in older patients and is becoming a great concern because of high incidence and a lengthy
hospitalization period.
In past four years, the number of elderly patients needed total hip replacement has been increasing in our hospital. We
have frequently encountered patients who have developed POD, and experienced a great deal of difficulty in
postoperative care. Accidentally, we observed that some patients who showed the decline of rSctO2 reading
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intraoperatively suffered from delirium in elderly patients on postoperative day 1 or 2. We hypothesize that the low value
of rSctO2 intraoperatively was related with POD.
Cerebral Oximetry is a non-invasive optically based technology that measures regional cerebral tissue oxygen saturation
(rSctO2) [23]. Regional cerebral oximetry can provide an immediate indication of cerebral blood flow changes,
oxygenation changes. The FORE-SIGHT® (CASMED, Branford CT USA) [24] cerebral oximeter can assess absolute rSctO2
values based on total oxy- and deoxyhemoglobin concentration of cerebral tissue without the need for a pre-induction
baseline. At the present time, cerebral oximetry [25] is the only feasible technology that monitors cerebral hypoxia and/or
cerebral ischemia noninvasively and continuously. rSctO2 reflects the balance between cerebral oxygen consumption and
supply, so intraoperative cerebral oxygen desaturation events were related with increased risk of stroke, adverse
neurological outcomes, postoperative cognitive dysfunction, days of hospital stay and mortality.
There are three theories regarding the pathophysiology of postoperative delirium, which can interpret the possible
mechanism of postoperative delirium. Neuro-inflammation theory [26], subclinical cerebral vascular events
theory [27] and neurotransmitters theory [28], to a large extent, still are based on findings from animal models. However,
evidence from human in vivo research is very currently limited. Basing on our hypothesis, the aim of this retrospective
study is to explore the relationship between them.

Methods
Study design and Patients
We conducted a retrospective research of patients who underwent elective total hip arthroplasties at our hospital between
April 1, 2015 and May 30, 2019. This study was approved by the Ethics Committee of our hospital (Ethical Committee
number 201911) and was exempt from the requirement to obtain informed consent from patients because of the
retrospective and observational study design. All data utilized for this study were collected as part of routine patient care.
Data of patients’ demographics, medical history, comorbidities, symptoms, signs, diagnoses, and perioperative
management were obtained from the patient electronical information system. Intraoperative management and Data were
recorded in the anesthesia information system. Patients who had one of following abnormal findings before surgery were
excluded from our study: (1) schizophrenia, epilepsy, Parkinsonism, myasthenia gravis, cerebrovascular disease, history
of transient ischemic attack (TIA); (2) delirium or history of delirium; (3) abused psychoactive drugs and alcohol before
surgery; (4) cerebral trauma; (5) American Society of Anesthesiologists (ASA) physical status >III; (6) high hepatic
enzymes(glutamic-pyruvic transaminase>40U·L-1), renal insufficiency or serum urea nitrogen (>100 mg·dl-1);
(7)hypocalcemia (<8 mg·dl-1), hypo/hypernatremia (<130 and >150 mmol·l-1), hypo/hyperpotassemia (<3 or >6 mEq·l-1);
(8) Anemia (hemoglobin<8 g·dl-1), hypoalbuminemia (<3 g·dl-1) and symptomatic infection (fever, >38°C); (9) usage of
volatile anesthetic, Ketamine, benzodiazepines and dexmedetamidine during surgery were excluded. In addition, patients
kept intubated and were transferred to the ICU after surgery were also eliminated.
Patients found to be delirious after surgery served as the delirium group (Delirium), other patients who did not develop
delirium after surgery regarded as the no-delirium group (No Delirium)
Anesthesia and Intraoperative Management
Upon arrival at the operating room, a radial intra-arterial catheter, a bi-spectral index (BIS) monitor, and two CASMED
electrodes (left and right forehead) were positioned besides the other routine monitors. Sufentanil 0.6-1μg·kg-1 and
propofol 2-3mg·kg-1 were used for anesthesia induction, all patients’ tracheas were intubated and maintained with total
intravenous anesthesia using propofol 70-150μg·kg-1·min-1 and remifentanil 0.2-0.3μg·kg-1·min-1 to target a BIS between
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40 and 60 (The depth of anesthesia). Volume-controlled ventilation was used with a tidal volume of 8-10 ml·kg-1 and a
respiratory rate of 8-10 breaths·min-1 to target an end-tidal carbon dioxide between 35 and 40 mmHg. The inspired
oxygen was 75%. Muscle relaxation was maintained with rocuronium bromide. The value of intra-arterial pressure was
kept above 90 percent of baseline by fluid infusion and the use of vasoactive agents during surgery. The scores of
oxygen saturation by pulse oximetry (SPO2) and end-tidal partial pressure of carbon dioxide (PetCO2) were maintained by
setting respirator parameter. Red blood cells were administered to increase hemoglobin levels >10g·dl-1. All of which were
scored with the anesthesia information system in a real-time manner. Glycemic value was kept in 3.9-7mmol·L-1 level by
using insulin. Regional cerebral tissue oxygen saturation (rSctO2) of all patients before general anesthesia and during
operation was detected by The FORE-SIGHT® (CASMED, Branford CT USA), and all of rSctO2 scores were recorded in the
anesthesia information system by anesthesiologist in a real-time manner. All surgeries were carried out by three skillful
hip surgeons. At the end of surgery, before skin suturing, the wound was completely infiltrated with 3mg·kg-1 of 0.375%
ropivacaine (0.75% ropivacaine mixed with saline). Patients were transferred to the PACU for at least 30 min, and then to
the general ward; otherwise, they were transferred to the ICU when needed.
Perioperative Data
Baseline data included patient characteristics (age, sex, and body mass index, education level, ASA class, past surgery
history, past medication history) and preoperative comorbidities were derived from the database of patient information
system. Analysis of biochemistry and radiological examinations, such as chest x-ray, brain magnetic resonance imaging
were obtained from the medical records. Baseline cognitive status and depressive symptom were assessed before
surgery day 1 using Mini-Mental State Examination (MMSE) and recorded by anesthetist in anesthetic outpatient [MMSE
Score Pre-].
Intraoperative data included the operative procedure, durations of anesthesia and surgery, time from anesthesia
induction to reaming femoral medullary cavity (Time A to R), doses of anesthetic agents, estimated bleeding,
intraoperative blood salvage, volumes of blood products transfused, types and volumes of fluids transfusion, and use of
vasoactive agents, biochemistry examinations, BIS values, baseline score of rSctO2 before anesthesia (pre-anesthesia),
intraoperative rSctO2 score of every 15 minutes (anesthesia induction, 15 minutes post-anesthesia, 30 minutes postanesthesia, 45 minutes post-anesthesia, 60 minutes post-anesthesia, 75 minutes post-anesthesia), intra-arterial pressure
measurements, nasopharyngeal temperature and urine output were noted in the anesthesia information system.
rSctO2 readings of 15 minutes post-anesthesia were subtracted rSctO2 readings of 75 minutes post-anesthesia to obtain
the difference(ΔX), then calculated the difference’s average values(`ΔX) and their standard deviations[SD(ΔX)].
Postoperative score of SPO2, the use of analgesics, duration in PACU (>2h) were examined from the nursing record chart.
The postoperative complications were also evaluated in all patients. Lab data, partial pressure of oxygen and carbon
dioxide, postoperative pain, dose of analgesics at day 1 and 2 postoperatively were acquired from the medical records.
Postoperative coagulation status were detected by using thromboelastogram.
POD diagnosis
Information on changes in mental status, POD diagnosis and treatment, and the psychiatrist’s consult suggestion were
obtained from the medical and nursing records. When patients revealed such symptoms as disorientation, memory
impairment, increased or decreased psychomotor activity and perceptual disturbances, staffs in the ward according to
routine consulted the psychiatrist who diagnosed whether patients suffered from POD or not based on the criteria from
the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR table 1).
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Table 1
diagnostic and statistical manual of mental disorders (DSM-IV-TR 4th edition) diagnostic criteria
for delirium
Number Characteristic
A
Reduced ability to maintain and shift attention to external stimuli
B
Disorganized thinking, as indicated by rambling, irrelevant, or incoherent speech
C
At least two of following:
1 Reduced level of consciousness
2 Perceptual disturbances; misinterpretations; illusion, or hallucinations
3 Disturbance of sleep-wake cycle with insomnia or daytime sleepiness
4 Increased or decreased psychomotor activity
5 Disorientation to time, place, or person
6 Memory impairment
D
Abrupt onset of symptoms(hours to days),with daily fluctuation
E
Either one of the following:
1 Evidence from history, physical examination, or laboratory tests of specific organic etiologic
factor(s)
2 Exclusion of non-organic mental disorders when no etiologic organic factor can be identified

Prognosis of delirious patient was collected from the medical and nursing records. The medical and nursing records
review was continued throughout the duration of the hospitalization in this retrospective study.
Statistical Analysis
Continuous variables were analyzed using the unpaired t-test or Mann-Whitney U-test; Categorical variables were
analyzed using the ᵪ2 test or Fisher exact test; Odds ratios (ORs) were calculated by logistic regression analysis. Data are
presented as mean ± SD. The ᵪ2 test for categorical variables was used in the comparison of gender, BMI grade,
education class, ASA physical status, medication history and comorbidities between the delirium patients and the nodelirium patients. The t-test was used for continuing variables of the difference in the mean values such as duration time
and dose and laboratory data between the two groups. The covariates with P-values of <0.20 in bivariate association
with POD were included in a multivariable logistic regression model, and the forward stepwise (conditional) logistic
regression was employed to identify factors independently related to the development of POD. The Hosmer-Lemeshow
test was used to judge model fit. P-values of <0.05 were considered of statistically significance. SPSS 25 for Windows
(SPSS Inc, Chicago, IL, USA) software was used for all statistical analyses.

Results
Patients Demographic and Clinical Data
There are 4834 aged patients who underwent right or left total hip joint replacement in our university hospital. 351
patients with an average age 74.4years (range from 65 to 87 years) were eligible for this retrospective research. Of 351
patients, 140 (39.8%) were male and 211 (60.1%) were female. There were 75 patients whose age was below 70 in this
study. POD was found in 27 patients (fig 1), including 18 female and 9 male. Of these 27 patients, 9 patients’ age was
below 70; 11 patients had osteoarthrosis of hip, 10 fracture of femoral head, 2 tumor of proximal femur, and 4 necrosis
of femoral head. The incidence of delirium was 7.7% in the patients (n=351) and 6.5% over age 70 (n=276). The onset
was acute in all patients. The symptoms of 21 patients manifested hypoactive, 6 hyperactive; all patients were
diagnosed as POD on postoperative day 1. Table 2 and Table 3 represent the patient characteristics, intraoperative and
postoperative variables and bivariate associations with POD.
Table2 Preoperative/Intraoperative variables
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Preoperative

Delirium
n=27

No
Delirium
delirium
n=324

Age( y )
65~
70~
75~
80~
gender

9(3.3）
4(14.9)
6(22.2)
8(29.6)

Female

18(66.4)

193(59.6)

Male

9(33.3)

131(40.4)

P
value
value
0.758

66 (20.4)
97 (29.9)
100(30.9)
61 (18.8)
0.026

0.777

BMI(kg·m-2)
<18.5

8(29.7)

70(21.6)

18.5-24
24-28
>28

9(33.3)
5(18.5)
5(18.5)

112(34.6)
89(27.5)
53(16.3)

Education(y)
12(44.4)
7(25.9)
8(29.7)

Diabetes mellitus
Atrial fibrillation
Coronary
atherosclerosis
COPD
Valvar
heart
disease
Cardiac
insufficiency
MMSE Score PreHemoglobin(g/dl)
PaO2(mmHg)
Sodium(mEq/L)
Potassium(
mEq

142(43.8)
96(29.6)
86(26.6)
0.367

5(18.5)
9(33.3)
13(48.2)
11(40.7)

Calcium(mg/dl)
Blood sugar(mg/dl)
Total protein(g/dl)
Albumin(g/dl)
Urea nitrogen(mg/dl)
Alanine
aminotransferase(U/L)
Serum
bilirubin(mg/dl)
rSctO2 pre-anesthesia
(%)
Intraoperative

0.589

<6
6-12
>12
ASA
physical
status
I
II
III
Past
surgery
history
Past
medication
history
Anticoagulant
drugs
ACE inhibitor
Antidiabetic
Antilipemic agents
β-receptor
antagonist
Preoperative
comorbidities
Carotid
artery
stenosis
Rheumatoid
Arthritis
Depression/anxiety
Hypertension

Preoperative

Time [A to R] (min)
Duration
of
anesthesia(min)
Duration
of
surgery(min)
Dose of anesthetics
Propofol(mg)
Sufentanil(μg)
Remifentanil(μg)

Delirium

No
Delirium

P
value

n=27
9.0±0.4
111±19.9
6.6±0.5
3.7±0.1
18.2±1.8
29±3.0

n=324
9.2±0.2
109±29.0
6.4±0.7
3.8±1.0
17.9±2.0
31±5.1

0.77
0.59
0.67
0.34
0.63
0.81

0.7±0.2

0.9±0.3

0.39

67.7±6.5

68.6±4.3

0.25

Delirium

P
value

n=27
39.4±3.1
92.2±9.4

No
Delirium
n=324
38.4±2.9
100.1±11.0

59.5±11.0

61.5±9.3

0.72

380±16
42±3.2
400±24

377±10
39±2.8
389±17

0.77
0.72
0.68
0.71
0.218

0.49
0.54

73(22.5)
112(37.6)
139(42.9)
140(43.2) 0.944

Rocuronium(mg)
vasoactive agents
Phenylephrine
Ephedrine

35±4

41±5

7(25.9)
7(25.9)

75(23.1)
84(26.0)

0.531

Blood transfusion

1(3.7)

14(4.3)

0.497

6(22.2)

83(25.6)

Dose of hemostatic

4(14.8)
3(11.1)
6(22.2)
2(7.5)

40(12.3)
52(16.0)
57(17.6)
4(1.2)

Tranexamic acid
Dose of analgesic
hydromorphone
Dezocine

1.5±0.5

1.4±0.6

0.71

1.5±0.5
4.5±1.0

1.5±0.3
3.8±0.7

0.75
0.77

Bleeding(ml)

103±21

110±9

0.65

1000±68

990±45

0.59

0.412
4(14.8)

45(13.9)

2(7.4)

42(9.3)

Intraoperative
infusion(ml)
Crystalloid solution

2(7.4)
2(7.4)

30(9.3)
21(6.5)

Hemoglobin(g/dl)
Sodium(mEq/L)

11.7±1.1
139±4.1

11.9±1.9
141±2.6

0.61
0.70

2(7.4)
4(14.8)
2(7.4)

36(11.1)
43(13.2)
16(4.9)

Potassium(mEq/L)
Calcium(mg/dl)
Blood sugar(mg/dl)

4.1±0.6
8.8±0.5
120±12.9

4.0±0.3
9.1±0.9
119±20.5

0.74
0.61
0.52

1(3.7)
5(18.6)

15(4.6)
65(17.3)

Total protein(g/dl)
Albumin(g/dl)

6.3±0.2
4,0±0.4

6.1±0.9
3.9±0.5

0.73
0.57

3(11.1)

31(9.6)

3.9±0.5

4.5±1.2

0.77

29.2±1.1
12.3±1.4
69±2.5
141±4.9
4.0±0.3

28.9±2.0
13.9±1.6
68±1.3
141±3.7
4.1±0.4

Urea
nitrogen(mmol/L)
Lactic acid(mmol/ml)
PaCO2(mmHg)
Base excess(mmol/L)
Mean(ΔX)±SD(ΔX)
Duration
in

1.0±0.1
39±3.0
0.2±0.5
12.4±4.1
3(11.1)

0.8±0.3
40±2.3
0.0±0.7
2.9±3.2
13(4.0)

0.62
0.73
0.71
0.000
0.232

0.56
0.67
0.59
0.76
0.74
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/L)

PACU(>2h)

Data are presented as mean (±SD) or median (interquartile range) or number of patients (%). BMI=body
mass index; ASA= American Society of Anesthesiologists; ACE= angiotensin converting enzyme; COPD =
chronic obstructive pulmonary disease; Cardiac insufficiency, ejection fraction<30%; MMSE Score Pre-, MiniMental state Examination before surgery day 1; rSctO2 pre-anesthesia, rSctO2 reading before anesthesia;
Time [A to R], time from anesthesia induction to reaming femoral medullary cavity; ΔX=difference of
rSctO2 readings in 15 minutes post-anesthesia versus in 75 minutes post-anesthesia.
Table 3 Postoperative variables. Data are presented as mean (±SD) or number
Delirium No delirium
n=27
n=324
1 day after operation
Hemoglobin(g/L)
10.1±0.6 10.5±1.1
Sodium(mEq/L)
136±3.9 139±4.0
Potassium(mEq/L)
4.0±0.4
4.1±0.2
Calcium(mg/dl)
8.7±0.9
8.5±0.5
Total protein(g/dl)
5.5±0.5
5.3±0.2
Albumin(g/dl)
3.0±0.5
3.1±0.2
Urea nitrogen(mmol/L)
4.1±0.3
4.5±1.1
Alanine aminotransferase(U/L) 28±0.3
30±0.6
Base excess(mmol/L)
0.7±0.3
0.8±0.3
PaO2(mmHg)
89±4.0
91±6.3
PaCO2(mmHg)
39±3.6
40±4.4
analgesics
Dezocine
4(14.8)
43(13.3)
Flurbiprofen axetil (mg)
5(18.5)
55(17.0)
morphine
3(11.1)
43(13.3)
hydromorphone
2(7.4)
15(4.6)
2 day after operation
Hemoglobin(g/dl)
10.2±0.4 10.0±1.0
Sodium(mEq/L)
130±2.5 135±1.1
Potassium(mEq/L)
3.6±0.2
3.9±0.5
Calcium(mg/dl)
8.5±0.7
8.5±0.2
Total protein(g/dl)
5.1±0.7
5.6±0.6
Albumin(g/dl)
3.1±0.3
3.3±0.5
Urea nitrogen(mmol/L)
4.5±0.5
4.4±0.9
Alanine aminotransferase(U/L) 28±0.6
31±0.9
Base excess(mmol/L)
1.0±0.3
0.9±0.1
PaO2 (mmHg)
91±5.0
90±5.2
PaCO2 (mmHg)
39±3.0
40±2.3

of patient (%).
P value

0.38
0.67
0.62
0.54
0.29
0.40
0.74
0.65
0.73
0.47
0.49
0.641

0.32
0.71
0.54
0.73
0.53
0.51
0.61
0.62
0.77
0.48
0.43

27 patients found to be delirious after surgery (Delirium n=27), 324 patients who did not develop delirium after surgery
serves as the no-delirium group (No Delirium n=324). Preoperative patient characteristics such as age, BMI, education
grade, ASA physical status and MMSE Scores Pre- were no significant difference between Delirium group and No
Delirium group (p >0.05). It was noted that there was no statistical difference in the past medical history and surgical
history as well as comorbidities between two groups (p value >0.05). There was no difference in preoperative
Hemoglobin mean value of 12.3±1.4 (Delirium group) compared with 13.9±1.6 (No Delirium group) (p=0.67). As to
intraoperative area, there were no statistical difference in the data of the average operation time, blood loss, dose of
anesthetic, the amount of infusion, and Lab tests between the two groups. Use of analgesic and partial pressure of
carbon dioxide did not differ significantly between Delirium group and No Delirium group. Although there are 3 cases in
Page 7/16

Delirium group and 13 cases in No Delirium group whose duration of stay in Postoperative Care Unit over 2 hours
referring to discharge standard of PACU, the results did not reach statistical significance (p=0.232).
In postoperative data, laboratory data at day 1 and day 2 after surgery such as hemoglobin, hematocrit, total protein,
albumin, sodium, potassium, calcium, blood sugar, serum urea nitrogen, partial pressure of oxygen as well as partial
pressure of carbon dioxide were not different in statistics between the two groups (p>0.05). The use of analgesic at day 1
after surgery were no significantly difference in Delirium group, compared with those in No Delirium group (p=0.64). All
patients at day 2 after surgery didn’t use any analgesic because visual analogue scale was below 3 (table 3).
Generally, the symptoms of delirium subsided 4-5 days after surgery. We followed up all of delirium patients for 30 days
by consulting the follow-up message system in our hospital. 24 patients recovered. One patient had persistent and severe
cognitive dysfunction after surgery, two patients died of complications either acute pulmonary embolism 4 days after
surgery or acute stroke 21 days after surgery respectively.
rSctO2 Change
rSctO2 reading of pre-anesthesia were 68.8±6.2 and 69.2±4.6 respectively between two groups, there were no statistical
significance (p=0.34). rSctO2 scores were not found a statistical difference in the pre-anesthesia and anesthesia
induction as well as 15 minutes post-anesthesia between two groups (p >0.05). It was noteworthy that there was
significantly different in mean value of rSctO2 of 45 minutes post-anesthesia between two groups (p=0.00) (Fig 2), so
was rSctO2 of 60 minutes post-anesthesia or rSctO2 of 75 minutes post-anesthesia respectively between two groups. In
Delirium group, mean value of rSctO2 of 45 minutes post-anesthesia was 82% of mean value of rSctO2 of 15 minutes
post-anesthesia ( p=0.000, 68.42±5.90 compared 56.03±6.32), though there was also a bit drop in No Delirium group (p =
0.125, 69.20±4.52 compared 66.27±4.92).
Logistic Regression Analysis
There was some difference in variable gender (p =0.026). Besides Gender, variables in Table 2 (age, BMI, education level,
ASA physical status, preoperative comorbidities, past surgery history, past medication history, vasoactive agents, blood
transfusion, Duration in PACU (>2h), mean value of difference rSctO2 (`ΔX)) and Table 3 (analgesics) were added to the
multivariable logistic analysis. The final model was determined by the forward selection method with introduce criterion
having significance level of 0.05 (table 4). Final model included two variables: gender (p=0.026), mean value of
difference SctO2 (`ΔX) (p=0.000). The Hosmer-Lemeshow test appeared a good fit (ᵪ 2=11.909, p=0.155).
Table 4 Multi-variables Logistic regression analysis: independent factors causing postoperative delirium.
Factor
OR (95%CI)
P Value
Age
1.127[0.528 2.402]
.758
Gender
0.105[0.014 0.760]
.026
BMI grade
1.127[0.494 2.570]
.777
Education class
0.788[0.331 1.873 ] .589
ASA physical status
1.634[0.562 4.750]
.367
Surgery history
0.949[0.220 4.100]
.944
Medications history
1.156[0.734 1.823 ] .531
Comorbidity before surgery
0.896[0.689 1.165]
.412
Vasoactive agents during surgery 1.787[0.709 4.506]
.218
Blood infusion during surgery
0.599[0.137 2.629]
.497
Analgesics 1 day post-operation
1.148[0.643 2.050]
.641
Duration of PACU
4.954[0.359 68.309] .232
Difference of rSctO2 readings
2.234[1.674 2.980]
.000
OR: odds ratio; 95% CI: 95% confidence interval. Difference of rSctO2 readings: difference of rSctO2 readings
in 15 minutes post-anesthesia versus in 75 minutes post-anesthesia
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Discussion
This study focused on investigating the risk factors and the morbidity of POD after hip arthroplasty in the elder. We found
that 27 patients who had hip replacement in past 4 years developed POD, although this was a retrospective analysis.
Previous reports studied perioperative delirium in older patients. Zywiel [29] stated that its incidence was up to 50-70% of
high-risk patients groups, although only 2-3% in the general surgical populations. Recently, however, Scott [30] reported
the incidence of postoperative delirium on total joint replacement patients was 17%. Variety of incidence in POD
depended upon type of surgery and preoperative physical condition as well as a variety of stress, such as pain,
immobilization, and psychological stress. This cohort study demonstrated that the incidence of POD was 7.7%, this is not
in line with previous reported literature [1,29]. We assayed possible reasons for declining in Incidence of POD. Firstly, we
improved the preoperative physical condition before surgery and patient care such as fast track program/ geriatric sunset
glow program. Tammy and colleague [31] regarded the preoperative physical condition as a predicting factor for POD, so
improvement of the physical condition before surgery might be important for preventing POD. Our patients improved
internal environment disorders and guided physical training before surgery. Although early transfusion strategy to
maintain hematocrit at >30% should be one component of a multifactorial intervention strategy to prevent delirium,
several observational studies [32,33] found that intraoperative allogenic blood transfusion is an independent risk factor
for POD, and there is a dose-dependent relationship between volume transfused and the risk of POD. Few patients
transfused allogenic blood products in this study. Geriatric sunset glow program or fast track approach, avoiding
prolonged (>6h) fluid fasting, reducing dehydration and unnecessary use of i.v. fluids have been put into practice for
several years in our hospital. Radtke [34] confirmed that fluid fasting for over 6 h is an independent risk factor for
developing POD. Secondly, BIS value between 40 and 60, depth of anesthesia monitoring, avoided excessively deep
anesthesia. Bocskai T and colleague [35] stated that depth of anesthesia monitoring is associated with a significantly
lower risk of POD. Thirdly, normal partial pressure of carbon dioxide and maintaining arterial pressure above 90% of
baseline value protected against low cerebral perfusion pressure. Most notably, high cerebral perfusion pressure was
harmful. A retrospective research [36] indicated cerebral perfusion pressure over the auto-regulatory limit is an
independent risk factor for the development of POD. Fourthly, perfect use of multimodal analgesia reduced pain stress
response after surgery. Weinstein [37] pointed out that use of regional anesthesia is independently associated with a 2040% lower incidence of delirium. Fifthly, encouragement early getting out of bed and functional training after surgery
could improve psychological activities. Sixthly, we excluded one delirious patient because of allergic shock during
surgery. Increased vasopressor requirement representing a greater degree of cardiovascular compromise, several
observational studies [38,39] have indicated that POD is related to higher intraoperative vasopressor requirement. We
also screened two patients who inhaled volatile anesthetic. Some experimental studies [40] showed that volatile
anesthetics may be induce cell injury and even promote neuro-pathogenesis, so volatile anesthetics were regarded as
high risk factor for POD. On the contrary, others researches [41] demonstrated that volatile anesthetics take
neuroprotective effect and do not provide any convincing data to verify their impact on POD. Dexmedetomidine [42]
increases the duration of sleep and the duration of deeper sleep. However, sleep disturbance is commonly associated
with delirium, so we still shield one patient who was administrated dexmedetomidine intraoperatively.
At present, the risk factors for POD is thought to be multifactorial. Referring to previous literature [4-23] , we found that
following factors are independent high-risk factors for the development of POD: type of surgical procedures, major
emergency surgery, age, ASA grade, pain, postoperative intensive care admission, prolonged fluid fasting, anemia, general
anesthesia, benzodiazepines, depression/anxiety, and medical comorbidity, education and preoperative functional status.
This study revealed that gender was high risk factor for POD, this was consistent with previous literature [5,6,43]. We did
not found that age and education grade were associated with this increased risk. As for mental factors [20] such as
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depression/anxiety might be related to the occurrence of POD. But it is worth noting that mental factors were not found
to play an important role in inducing POD in this cohort study. These results were different from previous reports by other
authors [4,8,20]. Further studies should be carried out to research the relationship between the POD and these factors in
detail, this will be our next study issue.
POD usually develops with a fluctuating course and spontaneously recovers to normal within a few weeks after surgery.
However, some studies [44] have showed that delirium is a less transient disorder than was previous believed. Recent
research [45]have confirmed that delirium is a common complication in elderly patients, and is associated with a longer
and more complicated hospital stay and increased short and long-term mortality. High mortality and morbidity as well as
higher healthcare cost have drawn widespread attention, researchers have put a lot of efforts into studying. In terms of
the pathophysiological mechanism, there are three doctrines based on evidence almost from animal models rather than
from human in vivo. Neuro-inflammation theory [26] considered that cerebral inflammatory mediators result in the loss of
synaptic plasticity, neuro-apoptosis, and impaired neurogenesis, which are associated with higher risks of POD.
Neurotransmitters hypothesis [28] deemed that lower postoperative acetylcholinesterase activity was an independent risk
factor for developing POD. The third view took for that subclinical cerebral vascular events [32] contributed to developing
POD. So far, the exact mechanism of POD was still unknown, it is widely believed that delirium is thought to represent not
only cerebral dysfunction but also an impaired general physical condition. In addition, treatment options of management
for established POD is very limited, and what’s more, treatment do not either change the time course of delirium or modify
prognosis. That is to say, current treatment measures do not appear to reduce the risk of mortality and morbidity for POD,
although recent research has been put persistent effort into revealing more regarding its pathogenesis. So, up to now,
more effective management in terms of POD is reducing the perioperative risk [46] (including improvement of the
preoperative physical condition). Besides, it is indispensable for an effective and a real-time intraoperative monitoring so
as to take measures to ensure normal cerebral perfusion and oxygen supply, including BIS-guided anesthesia,
hematocrit>30%, arterial pressure>90% of baseline value and rSctO2 monitoring. Several studies [47,48] reported that
cerebral hypo-perfusion is associated with POD. Regional cerebral hypo-perfusion in a real-time manner indicate low
reading of rSctO2. Regional cerebral perfusion depends on several factors in a way involving fraction of inspired oxygen,
hemoglobin concentration, mean arterial pressure and cerebral blood flow. Regional cerebral blood flow was bound to
decrease once subclinical cerebral vascular events occurred, resulting in regional cerebral hypo-perfusion and low
reading of rSctO2 and even postoperative cognitive dysfunction because of neuronal injury. Most notably, this study
revealed that the decrease in rSctO2 readings intraoperatively related to POD. The result is consistent with the reported
literature. Tomaszewski D [49] confirmed that the decrease in rSctO2 readings may be due to micro-thromboembolic
events in patients after total hip arthroplasty and S100B may be a more specific marker of astroglial damage. Tyler
Ballweg [50] reported that the change in perioperative neuronal injury biomarker tau was associated with delirium
incidence and severity. We observed the relation between surgery procedure and rScto2 score in different time point. After
reaming femoral medullary cavity (mean time 39minutes, from anesthesia induction to reaming medullary cavity), rScto2
reading of at 15 minutes post-anesthesia in Delirium group was sharply dropped to mean 56 at 45 minutes postanesthesia. These patients developed POD. All delirious patients scanned brain by diffusion-weighted magnetic
resonance imaging day 1 or day 2 after surgery, new micro-embolic brain lesion were found. We consider that the
decrease in rSctO2 readings indicated regional cerebral hypo-perfusion due to cerebral micro-embolus which caused POD.
There are some limits in this study. At first, we assessed POD on the first two postoperative days, therefore delirium that
occurred in later postoperative days would have been missed. However, the incidence of POD is higher in the first several
days after surgery, and we deemed that we have captured results from the most important time period. We paid great
attention to the hypoactive type, much more common than the hyperactive delirium, day 1 or day 2 after surgery.
Hypoactive delirium is usually neglected or misdiagnosed as depression because of lack of routine screening for
symptoms of hypoactive delirium. Secondly, our studies focused on patients who underwent elective hip replacement
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and the results are derived from a single institution, so it may not allow for generalizability to a broader surgical
population, and the larger sample size in each group (Delirium vs No Delirium) is needed due to the relatively low
incidence of this event. Additionally, future studies should consider incorporating multicenter data to research a more
representative cohort. Thirdly, the use of any monitoring modality can result in false positives. Therefore it is important to
verify that the electrodes are well positioned and that there is no leakage of light as a consequence of peeling of the
adhesive patch. Still, bias of rScO2 exists inter-individually, likely because of differences in skin color and gender and in
the volume percentage of arterial and venous blood in the monitored brain region.
In conclusion, the intraoperative decrease in rSctO2 readings was associated with POD. Unmodifiable factors, such as
gender, clearly pose a significant risk for POD, and the incidence can be reduced through improvement of the physical
condition before surgery and intraoperative delicacy management based on real-time monitoring. Generalizing these
findings, further study will be taken into account polycentric cooperation and the larger sample size.
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Figure 1
Patients flow chart. ASA: American Society of Anesthesiologists; Combined anesthesia: intravenous inhalational
anesthesia; Unstable hemodynamics: maintaining artery pressure by pumping norepinephrine.
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Figure 2
rSctO2 readings in different time point in two groups. Data are presented as mean (±SD) (%).
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