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[Abstract] Preservation of perioperative brain health in elderly patients indicates maintaining the
postoperative geriatric brain function at the preoperative basal level or even improve it through
preoperative screening, diagnosis and optimization of treatment, intraoperative systematic surveillance,
management and preventive measures, as well as postoperative active prevention, early recognition and
timely intervention of complications. Therefore, perioperative management of geriatric brain status
requires the participation of multidisciplinary experts to form a new medical model and clinical
management pathway, including: (1) Establishing a perioperative geriatric multidisciplinary assessment
center for screening neuropsychiatric diseases and sleep disorders that may impact their perioperative
brain health; (2) Building geriatric comorbidity ward in which multidisciplinary experts participate in
optimizing the geriatric brain health status before operation; (3) Systematically designing perioperative
management program and clinical pathway to reduce the impact of intraoperative factors deleterious to
the brain; (4) Closely monitoring the neuropsychiatric and sleep status after operation, and taking
preventive, early detection and treatment measures; (5) Following up after discharge to ensure the
postoperative brain function of elderly patients works well in family and the society.
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Elderly patients often have multiple comorbidities, including neuropsychiatric diseases and sleep
disorders, and their brains are more fragile. They are prone to various complications (including
neuropsychiatric complications) and even death after undertaking anesthesia and surgery [!-2,
Preservation of perioperative brain health in elderly patients indicates maintaining the geriatric brain
function at the preoperative baseline level or even improving it by preoperative screening, diagnosis
and optimization of treatment, intraoperative systematic surveillance, management and preventive
measures, as well as active postoperative prevention, early detection and timely intervention of the
complications. The goal is to enable the elderly to maintain their brain function which meets the needs
to return home and society after undergoing surgical treatment 31

The diagnosis, prevention and treatment of neuropsychiatric diseases and sleep disorders for elderly
patients require multidisciplinary involvement. Similarly, to achieve the goal of perioperative brain
health in elderly patients also requires the participation of multidisciplinary experts. Thus, the
traditional medical model and clinical pathway should be changed into the new ones with the following
aspects.

1. A perioperative multidisciplinary assessment center for elderly patients should be established for
screening neuropsychiatric diseases and sleep disorders that may impact their perioperative brain
health. The elderly patients with surgical indications confirmed by the surgeon, should be transferred to
the center to receive a systematic and comprehensive assessment for general conditions other than
surgical diseases, including cognitive function, neuropsychiatric diseases and other concomitant
diseases, present treatment, nutritional status, fragility, independency and sleep quality™]. For
example, the coexistence of preoperative depression, anxiety, and sleep disorders can be identified
through psychological screening. The coexistence of cerebrovascular diseases, Alzheimer's disease,
Parkinson's disease, cognitive impairment and peripheral neurological diseases can be confirmed
through neurological system screening. If the diagnosis of neuropsychiatric disorders and/or sleep
disorders is confirmed and the disorder is well controlled, perioperative clinical management plan
should be made to guide perioperative management am reduce related complications [°.

If neuropsychiatric disorder is newly diagnosed after screening or it is not well controlled, the patient
should be transferred to comorbidity ward for further diagnosis and treatment. By introducing a
perioperative research platform with full data link and assistant decision-making system, the geriatric
perioperative multidisciplinary assessment center can offer the perioperative multidisciplinary
physicians and related teams more relevant clinical management guidance.



2. By establishing geriatric comorbidity ward, multi-disciplinary experts can participate in optimizing
the brain health status for elderly patients before operation. Evidence from previous studies indicated -
81 that for elderly patients with pre-existing neuropsychiatric diseases and sleep disorders, if
preoperative diagnosis and optimization of treatment were not made, the incidence of postoperative
neuropsychiatric complications and mortality would be significantly increased, and their long-term
postoperative brain health status and ability to return to society and family will be also impaired.
Therefore, patients confirmed by preoperative multidisciplinary expert evaluation with uncontrolled
neuropsychiatric diseases or sleep disorders should be admitted to a geriatric comorbidity ward firstly.
After receiving further diagnosis and optimized treatment by the specialists of neurology, taking
psychiatry or sleep medicine, and getting re-evaluation and confirmation of improved brain health
status, they can be transferred to a surgical ward for surgical treatment ). For elderly patients receiving
preexisting medication or medical device treatment, the therapy should be maintained or optimized as
necessary.

3. The perioperative management plan and clinical pathway should be designed systematically to
reduce the impact of intraoperative factors deleterious to the brain. After being notified of the patient's
coexisting neuropsychiatric and sleep disorders and existing treatment, anesthesiologists should
communicate with the surgeon and educate the patients and their families adequately, and develop
corresponding surgical plan pertinent to the risk of their potential postoperative complications.

The nursing team should make corresponding nursing plan according to the preoperative
neuropsychiatric diseases and sleep status. Special attention should be paid to continuing or
withholding previous medication. When planning for restarting the drug therapy postoperatively, the
patient’s cognitive condition and implementation ability should be considered to ensure the drug will
be taken with the proper dose and at the right time. For the patients with preoperative depression or
mental disorders, the preoperative and postoperative safety measures must be taken. For the patients
with preoperative sleep disorders, special attention should be paid to their sleeping environments.

During preoperative visits, the anesthesiologists should examine the patient’s preoperative
neuropsychiatric diseases and sleep disorders thoroughly, and communicate fully with the patients.
Many intraoperative factors may exacerbate postoperative neurological, mental, psychological and
sleep disorders. For the high-risk patients with definitive diagnosis and treatment, adequate monitoring,
early warning and systematic management measures should be taken based on the perioperative
decision-making suggestions from the multidisciplinary experts, so as to reduce the harmful stress to
the brain during surgery and to reduce the incidence and severity of cerebral complications after
surgery. For patients taking neuropsychiatric drugs preoperatively, special attention should be paid to
the possible effects during emergence period from anesthesia, and consultation to the specialists on
intraoperative management should be made if necessary.The key to maintain brain function during
operation depends on the anesthesiologist’s effort to protect the brain from the harmful intraoperative
stimulations. To enable postoperative recovery of the geriatric brain function as soon as possible, the
following efforts should be made, including avoiding the neurotoxicity of anesthetics, controlling pain
effectively, prevention of hypoperfusion caused by anesthesia and surgery and suppression of the
neuroinflammation from excessive systemic inflammatory reaction 1%,

4. After operation, the neuropsychiatric and sleep status should be monitored closely. Preventive, as
well as early detection and treatment measures should be taken. 48-72 hours after surgery is the high-
risk period for the development of neuropsychiatric, psychological and sleep complications in the
elderly. During this period, close monitoring by PACU, ICU and ward nurses is very important. The
surgeons and specialist should be informed of the early signs and symptoms as soon as possible, so that
prompt diagnosis and treatment can be made. Noisy ward environment, painful stimuli, activity
restrictions due to various catheters, sleep disorder and delayed food and drink intake may provoke
deterioration of preexisting disease [!!"!2], Prevention, control and elimination of these predisposing
factors as early as possible are critical to reduce the incidence of postoperative mental, neurological,
psychological and sleep disorders. Preoperative neuropsychiatric medications should be resumed as
soon as possible after surgery to avoid the delay of postoperative recovery by the preexisting diseases.
Special nursing care should be given to the high-risk elderly patients with neuropsychiatric or sleep
disorders. If possible, they should be accommodated into an independent room accompanied with
family members or long-term care worker, to reduce their psychological stress and accelerate the
postoperative recovery process.



5. After discharge, the patients should be followed up to ensure that their postoperative brain function
works well in family and social life. Surgical treatment mainly aims at specific disease while
maintaining perioperative brain health is a prerequisite to ensure long-term healthy life for elderly
patients after surgery. Therefore, multiple postoperative follow-up approaches including hospital visit,
APP, telephone follow-up and family communication should be established to assess the long-term
postoperative brain health status of the patients. This step is crucial for improving the clinical
management of perioperative brain health. The ultimate goal is to ensure that the geriatric brain
function is superior to their preoperative status and meets the needs to return to family and society after
undergoing anesthesia surgical stress.

We believe that the release of the Chinese Multidisciplinary Expert Consensus on Perioperative Brain
Health in Elderly Patients will play an important role in improving postoperative long-term brain health
and quality of life for Chinese elderly patients.
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Chinese Multidisciplinary Expert Consensus of Perioperative Brain Health in
Elderly Patients (1)

Overview

1. Background of the Expert Consensus

China has a rapidly aging population. By the end of 2017, the percentage of population aged 60 and
over in China has exceed more than 17%, reaching 244 million. The increase in the aging population
has posed arising challenge to health care, social security and quality of life!']. The number of elderly
patients with surgical indications has increased dramatically. Their decreased physiological functions
as well as multiple chronic diseases lead to higher postoperative morbidity and mortality (>3], This
poses challenges to perioperative anesthetic management of the elderly and restrains the elderly with
surgical indications from surgery. Perioperative cerebral complications are common in the elderly 3],
which significantly affect the postoperative outcome and long-term quality of life, and increase family
and social expenditures. Therefore, it is imperative to implement perioperative brain protection and
brain health strategies for elderly patients.

Preservation of perioperative brain health in elderly patients calls for the participation of multiple
disciplines. By playing expertise of each discipline and jointly developing corresponding clinical
management pathway, the goal of maintaining perioperative brain health and improving the long-term
life quality for elderly patients can be achieved. Perioperative brain health management for elderly
patients is the manifestation of the evolution from anesthesiology to perioperative medicine and the
evolution from geriatric anesthesiology to perioperative geriatrics.

II. The Definition and Scope of Perioperative Brain Health in Elderly Patients

A heath brain means that the structure and function of the brain are in good condition, and the brain is
able to adapt and adjust to the changes of internal and external environment. Perioperative brain health
strategy for the elderly involves preoperative screening and diagnosis of brain diseases and
optimization of brain function, intraoperative monitoring, early warning and management of brain
dysfunction, as well as postoperative monitoring brain function and early intervention of complications
through the cooperation of multidisciplinary physicians so as to minimize the damage of perioperative
factors to the brain. The final goal is maintaining the brain function of the elderly at the preoperative
level or even improving it despite of perioperative stress, and enabling them to return to their families
and society.

The scope of perioperative brain health in elderly patients includes not only the preoperative
concomitant brain diseases, such as ischemic cerebrovascular disease, Parkinson's disease, Alzheimer's
disease, but also the common mental and psychological diseases (such as depression and anxiety) and
preexisting sleep disorders, but also the new-onset brain complications after anesthesia and surgical
stress, such as acute stroke, postoperative delirium, postoperative cognitive dysfunction [’ and
postoperative psychiatric problems (such as depression and anxiety) and sleep disturbances. Through
preoperative assessment and intervention, intraoperative dynamic monitoring and preservation strategy
of brain function, and early postoperative screening and intervention of brain complications and mental
disorders, this consensus aims to achieve the final goal of maintaining perioperative brain health in
elderly patients.

Ischemic Cerebrovascular Disease

I. Ischemic Cerebrovascular Disease and Its Incidence

Cerebrovascular disease is characterized by high incidence, high recurrence rate (17.7%), high
disability rate and high mortality. In the UK, there are 152,000 new cases of stroke and 46,000 transient
ischemic attacks (TIAs) annually 1. In China, cerebrovascular disease is the first leading cause of
disability and the third leading cause of death. Due to the increasing aging population, cerebrovascular
diseases are the key threats to the health status of the elderly.

According to "Chinese Classification of Cerebrovascular Diseases 2015" of the Chinese Society of
Neurology, cerebrovascular diseases are divided into: (1) ischemic cerebrovascular disease, including
transient ischemic attack, cerebral infarction (acute ischemic stroke), intracerebral steal phenomenon
and chronic cerebral ischemia; (2) hemorrhagic cerebrovascular disease, including subarachnoid
hemorrhage, cerebral hemorrhage, and other intracranial hemorrhage; (3) atherosclerosis, stenosis, or



occlusion of the head and neck (not resulting in cerebral infarction); (4) hypertensive encephalopathy;
(5) intracranial aneurysm; (6) intracranial vascular malformation; (7) cerebral vasculitis; (8) other
cerebrovascular diseases; (9) intracranial venous system thrombosis; (10) cerebrovascular disease
without acute focal neurological deficit symptoms; (11) sequelae of stroke; (12) vascular cognitive
impairment; and (13) post stroke disorder [!]. This consensus focuses on ischemic cerebrovascular
disease, the most common cerebrovascular disease in the population P,

Ischemic stroke was the most common perioperative stroke. According to pathogenesis, about 62% are
embolic cerebral infarction, 3% are lacunar infarct, 1% are cerebral thrombosis, and 9% are cerebral
hypoperfusion cerebral stroke 1121, From 2004 to 2013, the incidence of perioperative acute ischemic
stroke increased from 0.52% to 0.77% ['3], forming an important risk factor of perioperative morbidity
and mortality.

II. Preoperative Management of Patients with Concomitant Ischemic Cerebrovascular Disease

For elderly patients with symptomatic cerebrovascular disease within 6 months before surgery,
cerebrovascular disease screening and corresponding treatment can be performed according to the
following procedure (Figure 1) ['*. According to the 2014 non-cardiac guidelines of European Society
of Cardiology (ESC)/European Society of Anesthesiology (ESA), revascularization is recommended
within 12 weeks in patients with symptomatic carotid lesions, and revascularization within the first two
weeks after symptom onset is most beneficial.

Before elective non-cardiac surgery, revascularization is recommended within 12 weeks after the onset
of symptoms in patients with carotid stenosis greater than 50%. It is unnecessary to preform carotid
imaging in patients without neurological symptoms and signs [7- 147161,

If a hospital can’t provide carotid artery revascularization that the patient needs, it is necessary to fully
discuss the risk of perioperative acute stroke with the patients and the families preoperatively, initiate
secondary prevention such as antiplatelet drugs, anticoagulants, antihypertensive drugs and statins
before operation, develop the perioperative antiplatelet and/or anticoagulant therapy strategy, balance
the risk of thrombosis and surgical bleeding, and reinforce cardiovascular and cerebral function
monitoring preoperatively to maintain stable cerebral perfusion.

II1. Preoperative Assessment of Patients with Concomitant Ischemic Cerebrovascular Disease

(I) Risk factors for perioperative stroke

Preoperative risk factors include: (1) patient's own factors that cannot be intervened: such as advanced
age (> 70 years), gender (female); (2) intervenable factors (i.e., preoperative comorbidities): including
hypertension, diabetes, renal insufficiency [serum creatinine (Cr) > 2 mg/dl or Cr >177 pmol/L],
smoking, chronic obstructive pulmonary disease (COPD), peripheral vascular disease, heart disease
(coronary heart disease, arrhythmia, heart failure), left ventricular systolic dysfunction (ejection
fraction < 40%), history of stroke or TIA, carotid stenosis (especially symptomatic), ascending aortic
atherosclerosis (in patients undergoing cardiac surgery), abrupt interruption of antithrombotic drugs
before surgery, hypercholesterolemia and hyperlipidemia [17-131,

Intraoperative risk factors include: (1) surgical factors: types of surgery (for example, the risk of
perioperative stroke is lower in coronary angioplasty than coronary artery bypass grafting), long
duration surgeries, cardiac surgeries with cardiopulmonary bypass and prolonged aortic cross-
clamping, and surgeries at the site of aortic atherosclerosis;
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Figure 1 Management Process of Cerebral Artery Disease

(2) Anesthetic factors: Anesthetic methods (regional block has lower incidence of postoperative
complications than general anesthesia), intraoperative arrhythmia (such as atrial fibrillation),

hyperglycemia (> 10 mmol/L), hypotension and hypertension, etc. Intraoperative hypotension is one of
the important factors of perioperative stroke, especially in patients with high risk of stroke, which can
lead to cerebral watershed infarction. The acceptable range of intraoperative hypotension is generally
more than 80% of the baseline value of mean arterial blood pressure or systolic blood pressure [0 17 19-

20]

Postoperative risk factors include: heart failure, low ejection fraction, myocardial infarction,
arrhythmias (atrial fibrillation), dehydration, blood loss, and hyperglycemia (> 10 mmol/L) ['7],

Table 1 listed 10 risk factors for perioperative stroke, accounting for 88.1% of the risk factors of stroke.
These 10 risk factors are associated with 90% risks of stroke

[21]

Table 1 Risk factors for perioperative cerebral apoplexy 2!

Risk factor Population attributable risk [% (99% CI)]
Hypertension 34.6 (30.4 ~39.1)
Smoking 18.9 (15.3 ~23.1)

Waist-to-hip ratio
Diet

Physical activity
Diabetic mellitus

Alcohol (> 30 drinks per

month) or alcohol

Psychosocial factors and

depression
Cardiac factors

26.5 (18.8 ~ 36.0)
18.8 (11.2 ~29.7)
28.5 (14.5 ~ 48.5)

5.0(2.6
3.8(0.9
abuse

4.6 (2.1
and 5.2
6.7 (4.8

~9.5)
~ 14.4)

~9.6)
(2.7~9.8)
~9.1)

Ratio of apolipoprotein B 24.9 (15.7 ~37.1)
to apolipoprotein Al

Note: 99% ClI : 99% confidence interval

(IT) Preoperative Assessment Scale

1. Ischemic Stroke Primary Prevention Risk Assessment: The scale for assessing the risk of ischemic




stroke and anticoagulation bleeding in patients with atrial fibrillation (CHADS?2 scale) is the most
widely used scale (Table 2) for predicting the risk of ischemic stroke in patients with non-valvular
atrial fibrillation. It is generally recommended that low-risk patients (CHADS2 score = 0) should not
be treated, while higher-risk patients (CHADS2 score >2) should take oral anticoagulants (OACs) such
as warfarin. For patients with a CHADS?2 score of 1, no therapy, aspirin, or OACs is recommended.

2. Ischemic stroke and TIA Secondary Prevention Risk Assessment Tool: The risk of ischemic stroke is
significantly increased after the occurrence of TIA. 4% to 20% of patients with TIA will have a stroke
within 90 days, and approximately half of these strokes occur within 2 days after TIA. Early
identification of high-risk patients could help to initiate secondary stroke prevention strategy as early as
possible. Once a focal or global neurological deficit is manifested, the anesthesiologist or surgeon
should seek help from a neurologist and brain imaging scan should be performed promptly.
Unenhanced CT enables definitive distinction of ischemic stroke, intracranial hemorrhage, and
neurological symptoms due to nonvascular causes.

Table 2 The Scale for assessing the risk of Ischemic Cerebral Stroke and Anticoagulation Bleeding in
Patients with Atrial Fibrillation

Risk factor Score
Congestive heart failure 1
Hypertension 1
Age> 75 years 1
Diabetic mellitus 1
Prior stroke or TIA 2

Total score 6
The clinical application of the Essen scale to assess long-term recurrence risk in patients with ischemic
stroke is recommended (Table 3). In the Essen assessment scale, 0~2 was classified as low risk of
recurrent stroke and 3~6 as high risk of recurrent stroke.

Table 3 Essen Assessment Scale
Risk factor Score
Aged 65 ~ 75 years
Age > 75 years
Hypertension
Diabetic mellitus
Previous myocardial infarction
Other cardiovascular disease (except myocardial infarction and atrial
fibrillation)
Peripheral arterial disease 1
Smoking 1
Previous transient ischemic attack or ischemic stroke 1
Total score 9

[N N -

[Recommendation] CHADS2 score can be used for risk assessment of ischemic stroke versus
anticoagulant bleeding in patients with atrial fibrillation as primary prevention; while the Essen score
can be used for risk assessment of ischemic stroke and TIA as secondary prevention.

IV. Optimized Preoperative Treatment of Patients with Concomitant Ischemic Cerebrovascular Disease
(D) Risk Factor Control

1. Hypertension Treatment: Hypertension is a major risk factor for stroke and TIA. Antihypertensive
treatment is recommended for patients with hypertension combined with a history of ischemic stroke
and TIA 221, Before launching antihypertension therapy, the following should be considered, including
advanced age, baseline blood pressure, previous prescriptions and patient tolerance. Generally, the
blood pressure target is below 140/90 mmHg (1 mmHg = 0.133 kPa) and ideally < 130/80 mmHg 23~
241 The targets of blood pressure varies according to the etiologies of ischemic stroke or TIA, although
the recommendation is lack of solid evidence: (1) For subcortical minor stroke due to small vessel
disease, it is recommended to control systolic blood pressure < 130 mmHg °); (2) For acute ischemic
stroke or TTA due to intracranial or extracranial arteries stenosis induced hypoperfusion, reducing
blood pressure too early may aggravate cerebral hypoperfusion and trigger aggravation or recurrence of
stroke (2%, Therefor caution should be paid to the reduction of cerebral perfusion due to lowing blood



pressure.

[Recommendation] For ischemic stroke and TIA patients with hypertension, antihypertensive
treatment is recommended, with the general goal of < 140/90 mmHg, ideally < 130/80 mmHg. The
blood pressure target should be adjusted accordingly to the etiology.

2. Glycemic Control: 60% to 70% of patients with ischemic stroke have abnormal glucose metabolism
or diabetes ?71. For young diabetic patients, strict glycemic control from the onset of the disease may
reduce the risk of diabetic microvascular complications. Lifestyle modification and/or pharmacological
intervention can reduce ischemic stroke or TIA events in patients with diabetes or prediabetes. The
recommended target of glycated hemoglobin (HbA1c¢) is lower than 7%. For patients with short disease
duration, average life expectancy and no significant cardiovascular disease, HbAlc can be controlled
within the range of 6.0% to 6.5% while avoiding hypoglycemia or other adverse reactions 2],
However, a recent systematic review indicated that there were insufficient data from randomized
control trials conforming the benefits of strict glycemic control in elderly patients or patients with
macrovascular disease. The targets and treatment goals of glycemic control need to be individualized
considering patient age, disease progression, macrovascular disease, as well as lifestyle and disease
management capabilities 2,

[Recommendation] In elderly patients, the target of preoperative HbAlc below 7% is recommended.

(II) Antiplatelet Aggregation

Antiplatelet aggregation is an important measure for secondary prevention of ischemic stroke and
transient ischemic attack. However, the use of antiplatelet drugs during perioperative period remains
controversial. Discontinuation of antiplatelet drugs increases the risk of recurrent cerebral infarction
1391 but continuing antiplatelet drugs may increase the risk of surgical bleeding *!1. The 2014 ESC/ESA
guidelines and the 2016 American College of Cardiology (ACC)/American Heart Association (AHA)
guidelines suggest that the use of perioperative aspirin should be based on comprehensive individual
risk-benefits assessment, weighing the risk of bleeding according the type of surgery against the risk of
thrombosis 1'% 32, The American College of Chest Physicians recommends using thrombotic and
bleeding risk stratification strategies (Tables 4, 5) as well as the HAS-BLED score (Table 6) to assess
bleeding risk [ 33331, For patients using dual antiplatelet agents, it is recommended to postpone elective
surgery until the completion of dual antiplatelet therapy. If surgery is necessary and the risk of bleeding
is high, stop clopidogrel for 5 to 7 days and continue aspirin. For patient with coronary artery disease
and a coronary stent, current guidelines recommend (1) deferring elective surgery until the completion
of dual antiplatelet therapy and continuing using aspirin in subsequent therapy whenever possible. For
patients with stable coronary artery disease, elective surgery should be delayed for a minimum of 4
weeks, and ideally up for 3 months after bare-metal stent implantation. Aspirin should be continued
during perioperative period as far as possible weighing the risk of bleeding against the risk of stent
thrombosis. Dual antiplatelet therapy was recommended up to 12 months for first-generation drug-
eluting stents (DES) and up to 6 months for the second and third-generation DES.

For patients with acute coronary syndrome, dual antiplatelet therapy should be used up to 12 months
regardless of the type of stent. (2) For non-elective surgery, either stable coronary heart disease or
acute coronary syndrome, dual antiplatelet therapy is recommended up to 4 weeks for patients with
bare metal stents and up to 3 months for DES.

Table 4 Type of Surgery and Risk of Bleeding ["- 33

Moderate to high risk Low risk

Neurosurgery Minor dermatological surgery such as skin biopsy
Spinal/epidural surgical procedures Cataract or glaucoma surgery

Urologic surgery Dental procedures such as simple extractions
Vascular surgery Laparoscopic cholecystectomy

Gastrointestinal - major intra-abdominal Biopsy of a compressible site

surgery

Breast surgery Joint aspiration/injection

Thoracic surgery
Invasive ophthalmic surgery
Reconstructive plastic surgery
Pacemaker or ICD implantation
Biopsy of liver tissue
Note: ICD: implantable cardioverter defibrillator




There are few clinical studies on perioperative use of clopidogrel or dipyridamole, but it is generally
believed that clopidogrel should be discontinued 7 days before non-cardiac surgery and dipyridamole
should be discontinued 7 to 10 days before surgery. In patients with high perioperative thrombotic risk,
bridging therapy with low-molecular-weight heparin may be used after discontinuation of antiplatelet
therapy.

[Recommendation] For patients taking antiplatelet drugs for a long time before surgery, discontinue
plan and alternative therapy should be determined according to the surgical site, severity of trauma and
perioperative bleeding/thrombosis risk, so as to minimize the risk.

(IIT) Oral Anticoagulant Therapy

There is no optimal management strategy for patients with stroke who take anticoagulation
preoperatively. Caution should be taken in balancing the risk of thrombosis against bleeding. Warfarin
may be continued in patients with less bleeding risk *®37, If the risk of surgical bleeding and trauma is
high, it is recommended to discontinue the drug for 5-7 days before surgery %49, and bridge with low-
molecular-weight heparin to reduce the relative risk of thromboembolism by 66% to 80% 42, New
oral anticoagulants, such as dabigatran and rivaroxaban, with short half-life [***¥] can be discontinued
within 24 ~ 96 h before surgery depending on patient’s preoperative renal function and the risk of
surgical bleeding. Table 7 shows the withdraw time of different anticoagulants. For the patients with
normal renal function, it is not necessary to undergo preoperative bridging therapy U],

Table 5 Thromboembolic Risk Stratification [-33!

Disease Type High risk * Moderate risk Low risk

Mechanical heart ~Any mechanical mitral  Bi-leaflet aortic valve implantation ~ Bi-leaflet aortic

valve valve; Older with 1 or more of the following risk ~ valve
mechanical valve factors: Atrial fibrillation, previous  prosthesis
model aortic stroke or TIA, hypertension, without atrial
valve (caged ball/tilting diabetes mellitus, congestive heart fibrillation and

Atrial fibrillation

Venous

thromboembolism

disc); stroke or
transient ischemic
attack within the last 6
months

Rheumatic heart valve
disease; stroke or TIA
within the last 3
months; CHADS2
score: 5-6 points
Venous
thromboembolism
within 3 months;

failure, age > 75 years

CHADS?2 score 3 ~ 4 points

Venous thromboembolism 3-12

months ago;

Recurrent venous

no other risk
factors for
stroke

CHADS?2 score
0 ~ 2 points
(presumed no
previous stroke
or TIA)
Venous
thrombosis 12
months ago or
no other risk

Severe thrombophilia
(protein C, S, or thromboembolism; nonsevere factors
antithrombin deficiency thrombophilia (e.g., heterozygous V

or antiphospholipid Leiden mutation or prothrombin
antibodies; multiple gene mutation); cancer (within 6
abnormalities) months or palliative treatment)

Note: CHADS?2 score includes the following risk factors: (1) congestive heart failure; (2) hypertension;
(3) diabetes mellitus; (4) age > 75 years; (5) history of cerebral apoplexy or TIA, thromboembolism,
each scored as 1 point, and cerebral apoplexy or TIA onset or thromboembolism history scored as 2
points; High-risk patients also include cerebral apoplexy or TIA 3 months before elective surgery,
patients with CHADS2 score < 5 and thromboembolism formation during interruption of vitamin K
antagonists, and those who are undergoing certain types of surgeries that increase the risk of cerebral
apoplexy or other thromboembolism (e.g., heart valve replacement, carotid endarterectomy, major
vascular surgery)

Table 6 Clinical Characteristics Composing the HAS-BLED Bleeding Risk Score 4

Letter Clinical Characteristic Points
Awarded

H Hypertension 1

A Abnormal renal and liver function (1 point each) 172

S Stroke 1




B Bleeding 1
L Labile INRs 1
E Aged (> 65 years) 1
D Drugs or alcohol (1 point each) 1/2

Note: HAS-BLED is an acronym for hypertension (uncontrolled >160mmHg systolic), abnormal
renal/liver function, stroke, bleeding history or predisposition (anemia), labile international normalized
ratio (INR) (i.e., therapeutic time in range <60%), elderly (>65 years), drugs/alcohol concomitantly
(antiplatelet agents, nonsteroidal anti-inflammatory drug).

Major bleeding: any bleeding requiring hospitalization and/or causing a decrease in hemoglobin level
of >2 g/L. and/or requiring blood transfusion that was not a hemorrhagic stroke. Hemorrhagic stroke:
focal neurologic deficit of sudden onset, diagnosed by a neurologist, lasting >24h and caused by
bleeding. Abnormal renal function: chronic renal dialysis or renal transplantation, serum creatinine >
200 umol/L. Abnormal liver function: chronic hepatic disease (e.g., cirrhosis) or biochemical evidence
of significant hepatic derangement (e.g., bilirubin >2xupper limit of normal, in association with
aspartate aminotransferase/alanine aminotransferase/alkaline phosphatase >3 xupper limit of normal,
and so forth). Caution should be exercised in patients at high risk of bleeding regardless of warfarin or
aspirin therapy, and regular review and management of correctable bleeding risk factors should be
initiated after antithrombotic therapy.

[Recommendation] For patients receiving preoperative oral warfarin, if severe trauma and heavy
bleeding is expected, it is recommended to stop warfarin 5~7 days before surgery and bridge with low
molecular weight heparin. Bridging therapy is not required for patients receiving short-acting
anticoagulants. The short-acting anticoagulant can be discontinued within 24~96h before surgery
depending on renal function and the risk of surgical bleeding.

It is not necessary to withdraw warfarin before surgery in patients with small risk of bleeding.

Table 7 Preoperative Withdrawal Time of New Oral Anticoagulants

Creatinine . Withdrawal time (h)
Risk of -
clearapce bleeding Rivaroxaban
(ml/min) Dabigatran
>80 Low >24 >24
High > 48 > 48
50~79 Low >24 >36
High > 48 >72
30 ~49 Low >24 > 48
High > 48 >96
15~29 Low >36 ot
- indicated
. Not
High =8 indicated
<15 Cannot be used

(IV) Use of B-blockers

In the POISE study, perioperative extended-release metoprolol was associated with a reduction of the
incidence of acute myocardial infarction and cardiovascular mortality, but the incidence of
postoperative stroke and overall mortality was higher in patients undergoing non-cardiac surgery 1.
However, in observational studies, long-term administration (> 30 days) of B-blockers before surgery
did not increase the risk of perioperative stroke*®l. ACC/AHA 2014 guidelines recommend that when
considering the perioperative use of Beta-blockers, the risk of major adverse cardiovascular events
(MACE) should be weighed against the risk of perioperative stroke 7). Continuation of B-blockers is
recommended for patients taking them long time prior to surgery.

[Recommendation] If patient is already on B-blockers for a long time before surgery, it should be
continued until the morning of surgery. When determining perioperative use of B-blockers, the risk of
cardiovascular events should be weighed against the risk of acute stroke.

(V) Statin Use

Statins can reduce the incidence of atrial fibrillation and other potential risk factors of stroke.
Interruption of statin therapy may impair vascular function. Current evidence suggests that statins
should be continued in patients with a history of stroke if they have taken them for a long time ™81, In
clinical practice, LDL-C level remains an important criterion for clinicians to assess the efficacy and
compliance of statin therapy. LDL-C should be lowered to less than 2.5 mmol/L (100 mg/dl) with an
optimal level of less than 1.8 mmol/L (70 mg/dl) ['422],



[Recommendation] Statins should be continued during perioperative period in those already on statin
therapy for a long term.

V. Timing of Surgery Based on the Assessment of Perioperative Stroke Risk and Postoperative
Outcome

The incidence of cardiovascular events after non-cardiac surgery was higher in patients with recent
stroke, especially stroke within 3 months prior to surgery (OR = 14.23, 95% CI: 11.61 ~ 17.45), and
the mortality with 30 days of surgery was also increased (OR = 3.07, 95% CI: 2.30 ~ 4.09) [,
Therefore, for patients with recent stroke or TIA, it is safer to postpone elective surgery at least 3
months after the event [*”). In non-elective surgeries, perioperative blood pressure should be maintained
within 120% of baseline, and maintain cerebral blood perfusion with goal-directed fluid therapy and
prophylactic vasoconstrictors under continuous arterial pressure monitoring B!, If possible, anesthesia
depth and non-invasive cerebral oxygen saturation should be monitored to implement individualized
brain protection strategy.

[Recommendation] For patients with recent stroke or TIA, it is recommended to be postponed elective
surgery 1 to 3 months after the event. For patients undergoing non-elective surgery, after balancing the
risks and benefits, perioperative blood pressure should be maintained within 120% of baseline, and
maintain cerebral blood perfusion with goal-directed fluid therapy and prophylactic vasoconstrictors
under continuous arterial pressure monitoring. If possible, anesthesia depth and non-invasive cerebral
oxygen saturation should be monitored to implement individualized brain protection strategy.

VI. Intraoperative Management of Patients with Cerebrovascular Diseases

(I) Intraoperative monitoring based on risk stratification

Continuous noninvasive blood pressure or arterial pressure should be monitored for high-risk patients
or high-risk surgery. In order to track the cardiogenic sources of emboli, optimize cardiac function and
maintain systemic oxygen delivery, functional hemodynamic monitoring or transesophageal
echocardiography may be performed according to the duration of surgical procedures, the severity of
trauma, the amount of blood loss and cardiac function. The limits of acceptable blood pressure is
determined by the adequacy of vital organ perfusion. Maintaining arterial blood pressure within 120%
of baseline can effectively prevent perioperative stroke 521,

If available, noninvasive cerebral monitoring techniques such as transcranial doppler (TCD) and
regional cerebral oxygen saturation (rSO2) monitoring should be applied to provide important
intraoperative therapeutic information. A reduction in middle cerebral artery blood flow velocity >50%
by TCD indicates cerebral hypoperfusion.

Prolonged hypoperfusion may cause cerebral ischemia or even infarction in the ipsilateral area [*3.
TCD also helps to detect micro-embolic as an indicator for a higher risk of stroke. The presence of
emboli can be the sign of a proximal arterial dissection, partially occlusive thrombus, or cardiac source
of embolism P, Near infrared spectroscopy (NIRS) is another noninvasive technology that enables
real-time monitoring of regional cerebral oxygen saturation. An absolute rSO2 value <50%, a 20%
reduction below baseline or a 20% left-right difference usually imply brain ischemia [33-%¢], Persistent
desaturation may increase the incidence of stroke [*?!, Interventions including correction of
hypotension, hypocapnia, hypoxia, anemia, hypoglycemia and hyperglycemia to correct desaturations
and hypoperfusion may reduce the incidence of perioperative stroke. Induced hypothermia, vascular
bypass or selective cerebral perfusion may be beneficial to reduce the risk of cerebral ischemic damage
during certain surgical procedures.

[Recommendation] It is strongly recommended to implement continuous noninvasive or arterial
pressure monitoring for high-risk patients and high-risk surgery. The choice of implementing goal-
directed fluid management under functional hemodynamic monitoring should be decided upon surgery
duration, traumatic severity, blood loss and cardiac function. If available, non-invasive brain
monitoring technology such as TCD or rSO2 should be used to improve postoperative neurologic
outcomes.

(II) Intraoperative strategies to prevent acute stroke

As mentioned previously, there are many intraoperative risk factors for perioperative stroke. However,
the intraoperative onset of stroke (indicating intraoperative etiology) is relatively infrequent [*7-381,
Intraoperative management may lower the incidence of perioperative stroke.

1. Anesthetic technique and agents: The choice of anesthetic techniques mainly depend on the surgical
procedures and surgical sites. Regional anesthesia including neuraxial anesthesia and peripheral nerve



block is recommended whenever possible. A study from a large database focusing on knee and hip
arthroplasty found that general anesthesia was an independent risk factor for postoperative stroke (OR
=3.54,95% CI: 1.01~12.39) B°1. Compared to combined neuraxial/general anesthesia and general
anesthesia, 30-day mortality was significantly reduced under neuraxial anesthesia [*”). Regional
anesthesia is recommended for patients undergoing extremity surgery 181, while more evidence are
needed to show the benefits of regional anesthetic in other types of surgery.

Whether anesthetics agents would influence the incidence of perioperative stroke is still controversial.
The risk of cerebral ischemia is increased in certain types of surgeries, including carotid
endarterectomy, cerebral aneurysm and surgeries involving deep hypothermic extracorporeal
circulation. However, data supporting neuroprotective effects of anesthetics is limited even for these
procedures [*®l. No concrete evidence shows the difference of cerebral protective effect using total
intravenous, inhalational or combined intravenous-inhalational anesthesia [®!]. Anesthetics do not
increase the risk of perioperative stroke as long as cerebral perfusion is maintained [¢?],
[Recommendation] Regional anesthesia is recommended for patients undergoing extremity surgery to
reduce the risk of perioperative stroke.

2. Intraoperative use of B-blockers: It has been demonstrated that intraoperative metoprolol was
associated with perioperative stroke in patients undergoing noncardiac surgery. The study showed that
intraoperative hypotension was associated with perioperative ischemic stroke, but there is no co-
linearity between intraoperative hypotension and preoperative metoprolol use. Intraoperative use of
esmolol or labetalol had no association with stroke 7). Therefore, if required, B-blockers with a short
duration of action such as esmolol is recommended for intraoperative use.

[Recommendation] Short-acting B-blockers such as esmolol are recommended during surgery.

3. Perioperative blood pressure management: Hypotension is common intraoperatively and has been
identified as a cause of postoperative stroke. As the risk of stroke increases with the prolonged duration
of hypotension 7 %3, intraoperative blood pressure management is crucial for preventing perioperative
stroke. Maintaining intraoperative blood pressure within 100% to 120% of baseline is associated with
reduced the incidence of stroke and mortality.

GTD combined with vasoconstrictors helps to maintain hemodynamic stability. Key parameters of
GTD for mechanically ventilated patients include stroke volume variation (SVV), pulse pressure
variation (PPV) and perfusion variation index (PVI). SVV or PPV > 13% indicates insufficient cardiac
preload and rapid fluid resuscitation should be administered. A fluid challenge can be used to predict
fluid responsiveness and to guide fluid therapy in non-mechanically ventilated patients. A fluid
challenge is the rapid administration of a bolus of fluid given over a short amount of time, i.e., rapid
infusion of 3 mL/kg (standard body weight) of crystalloid or colloid fluid within Smin. A dynamic
positive fluid responder may be defined by stroke volume increase (ASV) >10% after a fluid challenge.
Fluid challenge can be repeated until ASV is <10%. Excessive fluid infusion in anesthetized
hypotensive patients to increase blood pressure may cause fluid overload. Vasoconstrictors can be
infused to restore blood pressure (641,

Cerebral perfusion decreases in the beach chair position %3, Consideration should be given to the blood
pressure gradient between the brachial artery and brain. It is suggested that the arterial pressure
transducer should be placed at the level of the external auditory meatus [¢°],

[Recommendation] Combined vasoconstrictors with GTD is recommended for patients with fragile
brain to maintain intraoperative blood pressure within 100% to 120% of baseline. Continuous arterial
pressure should be monitored with transducer placed at the level of the external auditory in the beach-
chair position.

4. Intraoperative bleeding and blood transfusion: A number of clinical studies have associated acute
anemia and massive bleeding with cerebral injury in perioperative patients, especially during cardiac
surgery 7981, The results of the Peri-Operative Ischemic Evaluation (POISE) study found that
hemoglobin <90 g/L in the setting of B-blockade increased the risk of stroke 1. Therefore, for non-
cardiac, non-neurosurgical patients who have taken p-blockers, hemoglobin should be maintained > 90
g/L to minimize cerebral injury and stroke %1,

For patients at high risks for cardiovascular diseases, a restrictive transfusion strategy (transfusion
when hemoglobin < 80 g/L) does not increase the risk of postoperative stroke in noncardiac, non-
neurosurgical patients ", Hemoglobin should be maintained above 70 g/L during surgery [7'],
[Recommendation] Hemoglobin should be maintained >70 g/L for patients with cardiovascular
disease, and >90 g/L for non-cardiac, non-neurosurgical patients already taking B-blockers.



5. Intraoperative ventilation strategy: Currently there is limited evidence on the interaction of
intraoperative PaCO2 or EtCO2 and stroke. Intraoperative hyperventilation has multiple deleterious
effects including reduced lung compliance and decreased oxygenation (due to ventilation/flow
mismatch and increased shunt), increased myocardial oxygen demand and decreased blood supply
(coronary vasoconstriction), increased risk of arrhythmias, and decreased cerebral blood flow 8. In the
nonsurgical setting, stroke patients with hypocapnia have a poor prognosis compared with normocapnic
patients "2, Thus, hypocapnia should be avoided in patients with risk factors for stroke 8. Currently,
whether there are ventilation strategies that can reduce the risk of postoperative stroke remains to be
explored.

[Recommendation] Hypocapnia should be avoided in patients with high risk of stroke.

6. Intraoperative blood glucose management: Hyperglycemia (> 11.1 mmol/L) has been associated
with increased postoperative stroke incidence after specific surgeries during which cerebral ischemia is
predictable, including cardiac surgery and carotid endarterectomy. However, intensive intraoperative
insulin therapy (glucose goal of 4.4 ~ 5.6 mmol/L) is also associated with an increased risk of
postoperative stroke and mortality ). There is no evidence for the optimal level of intraoperative
glucose. Glucose levels should be monitored frequently, with a target range of 7.8~10.0 mmol/L in
high-risk patients 521,

[Recommendation] In patients at high risk for perioperative stroke undergoing surgery, glucose
monitoring is recommended with a target range of 7.8~10.0 mmol/L.

VII. Postoperative Management of Patients with Cerebrovascular Diseases

(I) Prevention of Acute Stroke after Surgery

1. Timing of anticoagulant/antiplatelet therapy: Perioperative use of anticoagulants or antiplatelet drugs
are effective for primary prevention of stroke in patients with atrial fibrillation, cardiovascular and
cerebrovascular disease 7%, For patients that require anticoagulation cessation in preparation for an
invasive procedure, the timing of resuming anticoagulation therapy should be individualized after
carefully balancing the risk of thromboembolism against major periprocedural bleeding. With vitamin
K antagonist (VKA), it may take longer for elderly patients to achieve the desired INR. Thus, bridging
anticoagulation therapy should considered for patients at high thrombotic risk. If deemed safe by the
operating surgeon, VKA can be resumed within 24h after surgery. Otherwise, VKA resumption should
be delayed "7,

The rapid onset of action and predictable half-lives of direct oral anticoagulant (DOACs) makes
bridging therapy unnecessary in the perioperative period "7, Neuraxial anesthesia in patients receiving
DOAC: carries a relatively small risk of epidural hematoma. DOACs should be discontinued
preoperatively and restarted 24 h after surgery when hemostasis is achieved [7’). Antiplatelet therapy is
commonly used for the secondary prevention of cardio-cerebrovascular diseases. If interrupted
preoperatively, it is recommended that antiplatelet therapy should be resumed as soon as possible
within 24 hours if bleeding risk is low. Currently there is not sufficient clinical evidence for other
antiplatelet agents, considerations for restarting these agents are similar to aspirin 781,
[Recommendation] The timing of resuming anticoagulation therapy postoperatively should be
individualized after balancing the risk of thromboembolism against hemorrhage. VKA can be resumed
within 24 h after surgery in most scenarios, and bridging therapy is recommended for patients at high
thrombotic risk. In patients after neuraxial anesthesia, DOACs can be restarted 24 h after surgery.
Antiplatelet therapy should be resumed as soon as possible within 24 h after surgery.

2. Postoperative circulatory management: A 25% to 35% decrease in blood pressure can be tolerated in
healthy adults. However, hypotension may lead to watershed infarction in patients with severe carotid
stenosis/occlusion, incomplete circle of Willis, or comprised cerebral autoregulation 2. In patients
with these conditions, a drop in blood pressure should not exceed 20% of the baseline. Hypovolemia
and anemia should be corrected to avoid cerebra ischemia. For elderly patients with preoperative
ventricular systolic dysfunction, vasoconstrictors and positive inotropes can be used to maintain
hemodynamic stability. Patients with preoperative paroxysmal atrial fibrillation are at risks of
developing atrial fibrillation episodes postoperatively. The etiology leading to rapid atrial fibrillation
should be actively sought and then effectively treated. Esmolol or amiodarone can be used to control
heart rate. Patients with lethal hemodynamic instability require immediate electrical defibrillation 552,
[Recommendation] Maintain Postoperative blood pressure in high-risk patients within +120% of
baseline. Hypovolemia, anemia, and arrhythmias should be effectively treated to maintain cerebral
perfusion and prevent postoperative stroke.



(IT) Early Recognition, Diagnosis and Treatment of Postoperative Acute Stroke

In the event of acute stroke, preventing secondary injury and achieving optimal outcome are based on
rapid recognition and intervention %1, The diagnosis and treatment of postoperative new-onset acute
stroke should be consistent with corresponding clinical guidelines. Early initiation of stroke unit has
proven to be effective in regaining quality of life and reducing mortality %71, The concept of
comprehensive stroke units is that stroke patients are accepted acutely, and undergo work-up,
secondary prevention and rehabilitation. It is staffed by a multidisciplinary team that consists of
anesthesiologist, neurologist, radiologist, and interventional neuroradiologist [#°].

1. Assessment and diagnosis of postoperative stroke: Various physiologic, pharmacologic and
pathologic factors in the postoperative period can mask symptoms of stroke, resulting in delayed
identification and treatment. Simple, quick screening tools for stroke that can be used in the
perioperative period are gaining popularity. Examples of such tests include Face Arm Speech Time
(FAST) B, Los Angeles Prehospital Stroke Screen (LAPSS) 821, Melbourne Ambulance Stroke Screen
(MASS) 831 and Recognition of Stroke in the Emergency Room (ROSIER) B4, A detailed neurologic
examination should include the use of the National Institutes of Health Stroke Scale (NIHSS) to
quantify neurologic deficits and facilitate communication with neurologists 8,

Clinical evaluation should also include measurement of blood pressure, oxygen saturation, temperature,
blood glucose, serum electrolytes, blood count and coagulation status (81, Patients with suspected
stroke should be immediately inspected with computed tomography (CT) or magnetic resonance
imaging (MRI) of the brain to determine whether the stroke is ischemic or hemorrhagic and to correlate
neurologic deficit with radiologic findings. CT perfusion imaging or MRI weighted diffusion-perfusion
imaging is of great value in determining the need for urgent endovascular intervention 81,
[Recommendation] A stroke rating scale, preferably the NIHSS, is recommended for early
identification and assessment of postoperative stroke. Emergency imaging of the brain is recommended
for diagnosis before initiating any specific therapy.

2. Treatment of ischemic stroke: Treatment of stroke includes pharmaceutical thrombolysis,
endovascular intervention, and surgical treatment. Administration of intravenous recombinant tissue-
type plasminogen activator (r-tPA) to appropriate patients remains the mainstay of early treatment of
acute ischemic stroke. However, it is contraindicated in a number of situations, especially for
intracranial or spinal surgery. Endovascular therapy should be adopted in patients with
contraindications or after failed attempts for intravenous r-tPA %351, Aspirin as an alternative to
intravenous fibrinolysis or thrombolytic therapy is not recommended. In patients with non-embolic
acute ischemic stroke, antiplatelet therapy helps to prevent new clots from developing and reduces the
risk of recurrent stroke and other cardiovascular events. Emergent anticoagulation has no significant
effect in improving clinical outcomes for patients with acute ischemic stroke. Intermittent pneumatic
compression and other antithrombotic therapy (such as oral aspirin and rehydration therapy) for
bedridden patients with recent stroke may be considered for deep vein thrombosis prophylaxis“®!.
Maintaining appropriate physiologic stability is critical during acute stroke care 81, Supplemental
oxygen should be used to maintain SpO2 saturation greater than 94%. The airway should be secured in
patients with depressed levels of consciousness, bulbar dysfunction, or inability to protect the airway.

Effort such as blood pressure optimizations should be made to preserve cerebral perfusion pressure. For
patients eligible for r-tPA therapy, systolic blood pressure is usually treated if greater than 185 mmHg,
and diastolic pressure is treated if greater than 110 mm Hg. For patients requiring mechanical
thrombectomy, maintain blood pressure < 180/105 mmHg during surgeries and within 24 h after
treatment. The source of any fever (temperature > 38°C) following stroke should be ascertained, and
the fever needs to be treated with antipyretic agents. As hypoglycemia (< 3.3 mmol/L) can be a
consequence of a severe stroke, maintaining euglycemia (7.8 ~ 10 mmol/L) during the period of acute
stroke is beneficial. After stabilization of the patient’s condition, rehabilitation, measures to prevent
long-term complications can be started when appropriate 31,

[Recommendation] Intravenous r-tPA remains the mainstay of early treatment of acute ischemic
stroke. Endovascular intervention and surgical treatment should be considered if r-tPA failed or is
contraindicated. Antiplatelet agents may help reduce the risk of recurrent stroke and other
cardiovascular events. Supplemental oxygen should be provided to maintain oxygen

saturation >94%.Maintaing target glucose level between 7.8 and 10.0 mmol/l.

Parkinson's Disease

I. Incidence of Parkinson's Disease



Parkinson's disease (PD) is a common degenerative disease with a prevalence of 1700/100000
population over 65 years of age in China and increases with age. The main pathological manifestations
of the disease are loss of dopamine neurons in the substantia nigra and formation of Lewy bodies, and
the main biochemical changes are decreased dopamine transmitters in the striatum ¢, Concomitant
Parkinson's disease increases the risk of surgical procedures and affects perioperative complication and
mortality rates 87,

II. Basic Symptoms and Treatment of Parkinson's Disease

Clinical presentations of Parkinson's disease are divided into motor and non-motor symptoms. Motor
symptoms include bradykinesia, muscle rigidity, resting tremor and postural balance disorders, with
bradykinesia, muscle rigidity, and resting tremor as core motor symptoms. Non-motor symptoms
include anosmia, rapid eye movement sleep behavioural disorders, constipation, and depression.
Treatment modalities for Parkinson's disease include medical therapy, surgical treatment and
rehabilitation. Levodopa is the most important drug treatment, including dopamine agonists,
amantadine, monoamine oxidase B inhibitors (MAO-B), catechol-O-methyltransferase (COMT)
inhibitors, and anticholinergics (Table 8). The effect of early drug therapy was obvious. Deep brain
stimulation (DBS) may be considered in patients with significant reduction in long-term outcome or
those with severe motor fluctuations and dyskinesias.

Table 8 Common Antiparkinsonian Drugs Affecting Anesthesia and Perioperative Management

Drug Adverse reaction

Monoamine oxidase B Increase in serotonin activity and predisposition to serotonin
inhibitors (e.g., selegiline, syndrome. These drugs include: (1) a subset of opioids: e.g.,
rasagiline) meperidine tramadol; (2) selective serotonin reuptake

inhibitors: e.g., citalopram, fluoxetine; (3) tricyclic
antidepressants: e.g., amitriptyline; (4) some antibiotics: e.g.,
ciprofloxacin, linezolid, fluconazole, etc.

Domperidone QT prolongation and sudden cardiac death caused by
Antidepressants selective serotonin reuptake inhibitors (SSRI); aggravation
of orthostatic hypotension by tricyclic antidepressants.

Quetiapine QT prolongation

III. Perioperative Management of Parkinson's Disease

(I) Preoperative Preparation

1. Rating of Parkinson's disease: The Unified Parkinson's Disease Rating Scale (UPDRS) is a
commonly used international scale, including 6 subscales, which are used to evaluate mental behavior
and mood, ability of daily living, motor function, treatment complications, disease progression, and
ability of daily activities in Parkinson's disease patients. The higher the score, the more severe the
symptoms of Parkinson's disease. Preoperative and postoperative assessments were primarily evaluated
in Part III (UPDRS III, Table 9).

The Activities of Daily Living Scale (ADL) consists of 14 items, which are divided into two parts: the
Basic Activity of Living (BADL) and the Instrumental Activities of Living (IADL). Results can be
analyzed by total, subscale, and individual scores, with a total score of < 16 being completely normal
and > 16 having varying degrees of functional decline, with a maximum score of 64 (Table 10).

The Parkinson's disease Webster scale divides common symptoms of Parkinson's disease into 10 items,
including upper extremity dyskinesia, facial expression, sitting disorder, speech, gait, upper extremity
concomitant movements, tremor, self-care ability, muscle rigidity, and posture. The score is between 0
and 72, and the higher the score, the worse the disease (Table 11).

2. Respiratory evaluation in patients with Parkinson's disease: Patients with Parkinson's disease often
have obstructive ventilatory dysfunction, dysphagia, decreased cough reflex. During perioperative
period, reduced clearance of respiratory secretion and aspiration usually happen, leading to aspiration
pneumonia 8], Therefore, patients with Parkinson's disease should be examined preoperatively,
including chest X-ray or CT, pulmonary function tests and arterial blood gas analysis.

3. Cardiovascular evaluation in patients with Parkinson's disease: Patients with Parkinson's disease
often have orthostatic hypotension and arrhythmias. Postural hypotension is associated with autonomic



dysfunction, which can be exacerbated by the use of dopaminergic and tricyclic antidepressants in
pharmacotherapy. Some drugs commonly used in patients with Parkinson's disease cause prolongation
of QT interval ®, including domperidone, quetiapine, selective serotonin-reuptake inhibitors (SSRISs)
antidepressants, etc.

Table 9 Unified Parkinson's Disease Rating Scale Part III (UPDRS III) Motor function assessment

3.1 Speech

0 Normal: No problem.

1 Minor: Loss of normal pitch, pronunciation, or volume, but all words are easily understood.

2 Mild: Loss of normal pitch, pronunciation or volume, a few words are not clear, but the overall
sentence is still easier to understand.

3 Moderate: The patient's words are difficult to understand. Although not all statements are difficult
to understand, at least some are difficult to understand.

4 Severe: Most of the patient's words are difficult to understand.

3.2 Facial expression

0 Normal: Normal facial expression.

1 Minor: Mild mask face, only reduction of blink frequency.

2 Mild: In addition to the reduction in blink frequency, there is also a reduction in expression on the
lower face, that is, a decrease in movement around the mouth, such as a decrease in spontaneous
smiling, but no separation of the lips.

3 Moderate: There is a mask face, lips sometimes open when the mouth does not move.

4 Severe: There is a mask face, lips open in most of the time when mouth does not move.

3.3 Stiffness

0 Normal: No stiffness.

1 Minor: Stiffness may be noted only on intensive test.

2 Mild: Stiffness may be noted without intensive test, but the range of motion of the joint is not
limited and can be easily achieved.

3 Moderate: Stiffness may be noted without intensive test; it takes force for the range of motion of
joints not to be limited.

4 Severe: Stiffness may be noted without intensive test and the range of motion of joints is limited.
3.4 Counter finger test

0 Normal: No problem.

1 Minor: Having one of the following conditions: (1) the normal rhythm of the finger tapping
movement is interrupted or hesitantly interrupted once or twice; (2) the movement becomes slightly
slower; (3) the amplitude of the finger tapping movement decreases near the 10th time.

2 Mild: Having one of the following conditions: (1) pauses 3 to 5 times during finger tapping; (2) the
movement becomes slightly slower; (3) the amplitude of finger tapping begins to decrease when the
time of tap reaches half.

3 Moderate: Having one of the following conditions: (1) pauses more than 5 times or freezes
(catalepsy) at least once for relatively long time during finger tapping; (2) the movement becomes
moderately slower; (3) The amplitude of finger tapping gradually decreases from the first time of
tapping.

4 Severe: Due to slow movement, interruption or reduced amplitude, the patient cannot or almost
cannot complete this action.

3.5 Fist grip test

0 Normal: No problem.

1 Minor: Having one of the following conditions: (1) the normal rhythm of stretching and grasping
fist is interrupted or hesitantly interrupted once or twice; (2) the movement becomes slightly slower;
and (3) the amplitude of stretching and grasping fist decreases near the 10th time.

2 Mild: Having one of the following conditions: (1) pauses 3 to 5 times in the process of stretching
and grasping fist; (2) the movement becomes slightly slower; (3) the amplitude of stretching and
grasping fist starts to decrease when the time reaches half.

3 Moderate: Having one of the following conditions: (1) pauses for more than 5 times or freezes
(catalepsy) for at least once during stretching and grasping fist; (2) the movement becomes
moderately slower; (3) The amplitude of stretching and grasping fist gradually decreases from the
first time.

4 Severe: due to slow movement, interruption or reduced amplitude, the patient cannot or almost
cannot complete this action.

3.6 Alternate test

Normal: No problem.




1 Minor: Having one of the following conditions: (1) the normal rhythm of the palm-flip is
interrupted or hesitantly interrupted once or twice; (2) the movement becomes slightly slower; and
(3) the amplitude of the palm-flip decreases near the 10th time.

2 Mild: Having one of the following conditions: (1) pauses for 3 to 5 times in the process of palm-
flip; (2) the movement becomes slightly slower; (3) the amplitude of palm-flip begins to decrease
when the time reaches half.

3 Moderate: Having one of the following conditions: (1) pauses for more than 5 times or freezes
(catalepsy) at least once for relatively long time during the palm-flip; (2) the movement becomes
moderately slower; (3) The amplitude of the palm-flip gradually decreases from the first time.

4 Severe: Due to slow movement, interruption or reduced amplitude, the patient cannot or almost
cannot complete this action.

3.7 Toe tapping ground

0 Normal: No problem.

1 Minor: Having one of the following conditions: (1) the normal rhythm of the toe tapping ground is
interrupted or hesitantly interrupted once or twice; (2) the movement becomes slightly slower; and
(3) the amplitude of the toe tapping ground decreases near the 10th time.

2 Mild: Having one of the following conditions: (1) pauses for 3 to 5 times during toe tapping
ground; (2) the movement becomes slightly slower; (3) the amplitude of toe tapping ground begins to
decrease when the time reaches half.

3 Moderate: Having one of the following conditions: (1) pauses for more than 5 times and freezes
(catalepsy) at least once for relatively long time during toe tapping ground; (2) the movement
becomes moderately slower; (3) the amplitude of toe tapping ground gradually decreases from the
first time.

4 Severe: due to slow movement, interruption or reduced amplitude, the patient cannot or almost
cannot complete this action.

3.8 Lower extremity flexibility

0 Normal: No problem.

1 Minor: Having one of the following conditions: (1) the normal rhythm of the foot lift stepping
action is interrupted or hesitantly interrupted once or twice; (2) the movement becomes slightly
slower; (3) the amplitude of the foot lift stepping decreases near the 10th time.

2 Mild: Having one of the following conditions: (1) pauses for 3 to 5 times during the process of foot
lift stepping movement; (2) the movement becomes slightly slower; (3) the amplitude of foot lift
stepping started to decrease when the time reaches half.

3 Moderate: Having one of the following conditions: (1) pauses for more than 5 times and freezes
(catalepsy) at least once for relatively long time during the foot lift stepping movement; (2) the
movement becomes moderately slower; (3) the amplitude of the foot lift stepping movement
gradually decreases from the first time.

4 Severe: due to slow movement, interruption or reduced amplitude, the patient cannot or almost
cannot complete this action.

3.9 Arising from chair

0 normal: No problem, one can quickly stand up without hesitation.

1 Minor: Stand up slower than normal; or may need more than one attempt; or need to sit forward to
stand up. But don't need a handrail.

2 Mild: Hold handrail can easily stand up.

3 Moderate: Need to hold the handrail, but easy to fall back on the chair; or need to try more than
once to hold the handrail to stand up, but still do not need help from others.

4 Severe: Unable to arise without help.

3.10 Gait

0 Normal: No problem.

1 Minor: Mild gait impairment but able to walk unaided.

2 Mild: Obvious gait impairment but also able to walk independently.

3 Moderate: Need auxiliary tools to walk safely (cane or walker) but do not need help.

4 Severe: Completely unable to walk or can only walk with help.

3.11 Gait freezing

0 Normal: No gait freezing.

1 Minor: Pause once when first stepping, turning around or passing through the door, but then can
walk smoothly in a straight line.

2 Mild: Pause more than once when first stepping, turning around or passing through the door, but
then can smoothly walk in a straight line.

3 Moderate: Freeze gait once during straight walking.




4 Severe: Freeze gait for multiple times during straight walking.

3.12 Postural stability

0 Normal: No Problem, resume standing after backing a step or two.

1 Minor: Resume standing after backing 3 to 5 steps, but do not need help to resume standing.
2 Mild: Resume standing after backing more than 5 steps, but still do not need help to resume
standing.

3 Moderate: Can stand safely, but lack postural balance reflexes; will fall if scorer does not catch.
4 Severe: Posture is very unstable, tend to lose balance spontaneously or a slight touch on the
shoulder can fall.

3.13 Posture

0 Normal: No problem.

1 Minor: Not very straight, but may be normal for the elderly.

2 Mild: Forward lean is definite, scoliosis or inclination to one side, but the patient can correct the
posture back after the reminder.

3 Moderate: Hunched back, scoliosis or inclination to one side, and cannot be corrected back by the
patient.

4 Severe: body flexion, scoliosis or inclination to one side leading to severe postural abnormalities.
3.14 Spontaneous movements of the whole body

0 Normal: No problem.

1 Minor: Minor slowing or reduction of generalized activity and spontaneous movement.

2 Mild: Mild slowing or reduction of generalized activity and spontaneous movement.

3 Moderate: Moderate slowing or reduction of generalized activity and spontaneous movement.
4 Severe: Severe slowing or reduction of generalized activity and spontaneous movement.
3.15 Postural tremor

0 Normal: No tremor.

1 Minor: Tremor, but the amplitude of tremor is not more than 1 cm.

2 Mild: The amplitude of tremor is at least 1 cm but not more than 3 cm.

3 Moderate: The amplitude of tremor is at least 3 cm, but not more than 10 cm.

4 Severe: The amplitude of tremor is at least 10 cm.

3.16 Action tremor (hand)

0 Normal: No tremor.

1 Minor: Tremor, but the amplitude of tremor is not more than 1 cm.

2 Mild: The amplitude of tremor is at least 1 cm but not more than 3 cm.

3 Moderate: The amplitude of tremor is at least 3 cm, but not more than 10 cm.

4 Severe: The amplitude of tremor is at least 10 cm.

3.17 Resting tremor

Extremity score

0 Normal: No tremor.

1 Minor: Tremor, but the amplitude of tremor is not more than 1 cm.

2 Mild: The amplitude of tremor is at least 1 cm but not more than 3 cm.

3 Moderate: The amplitude of tremor is at least 3 cm, but not more than 10 cm.

4 Severe: The amplitude of tremor is at least 10 cm.

Lip/jaw score

0 Normal: No tremor.

1 Minor: Tremor, but the amplitude of tremor is not more than 1 cm.

2 Mild: Tremor, the amplitude of tremor is at least 1 cm but not more than 2 cm.

3 Moderate: Tremor, the amplitude of tremor is at least 2 cm, but not more than 3 cm.

4 Severe: Tremor, the amplitude of tremor is at least 3 cm.

3.18 Persistence of resting tremor

0 Normal: No tremor.

1 Minor: Resting tremor appeared for less than 25% of the whole time during examination.

2 Mild: Resting tremor appeared for 26% and 50% of the whole time during examination.

3 Moderate: Resting tremor appeared for 51% and 75% of the whole time during examination.
4 Severe: Resting tremor appeared for more than 75% of the whole time during examination.

Prolonged QT interval leads to increased risk of cardiovascular death and stroke. Prior to the operation,
the occurrence of orthostatic hypotension should be assessed, and cardiac examinations such as
electrocardiograms and echocardiograms should be performed.

4. Preoperative medication adjustment: Patients should take the medicine strictly according to the



normal rules of medication during the hospitalization. Do not adjust the medicine at will. Parkinsonian
hyperthermia can occur when antiparkinsonism (e.g., levodopa, dopamine agonists ", amantadine P!,
etc.), especially levodopa, is abruptly reduced or discontinued. This syndrome is similar to neuroleptic
malignant syndrome (NMS), manifesting as altered consciousness, rigidity, tremor, hyperpyrexia,
autonomic dysfunction, etc., often complicated by acute renal failure, disseminated intravascular
coagulation (DIC), etc., with a high rate of disability and lethality, to which sufficient attention needs
to be paid 2. As the half-life of levodopa is only 1 to 2 hours, to reduce adverse effects after
discontinuation, such patients are placed at the forefront of the surgical bulletin sheet as far as possible
[93]

Monoamine oxidase B (MAO-B) inhibitors (e.g., selegiline, rasagiline) selectively and irreversibly
inhibit dopamine metabolizing enzymes and increase the concentration of dopamine in the synaptic
cleft. In patients treated with monoamine oxidase B inhibitors, severe adverse effects may occur when
concomitant use of drugs that increase serotonin activity, primarily serotonin syndrome, manifesting as
altered psychosocial behavior (e.g., dysphoria, anxiety), muscle rigidity, hyperreflexia, and extremely
active autonomic function (e.g., increased blood pressure, sweating, tachycardia, etc.), and a 1 to 2-
week suspension of use is recommended before surgery 4. Use of drugs that increase serotonin
activity, such as some opioids (pethidine, tramadol), is contraindicated in patients using monoamine
oxidase B inhibitors 1. In addition, selective serotonin reuptake inhibitors (SSRIs such as citalopram,
fluoxetine), tricyclic antidepressants, and some antibiotics (ciprofloxacin, linezolid, fluconazole, etc.)
can induce serotonin syndrome, which should also be used with caution in these patients ! (Table 12).

Table 10 Activities of Daily Living Scale

Scale Project Score
Activities of Daily Living 1. Cooking 1 20 30 4
Scale (ADL) U O
2. Dressing and undressing 1 20 30 4
O O
3. Washing 1 200 30 4
O O
4. Getting in and out of bed, sitting or 1 20 30 4
standing up | |
5. Walking indoor 1 20 30 4
O O
6. Going to the toilet 1 20 30 4
O O
7. Control of urination and defecation 1 20 30 4
O O
8. Bathing 1 20 30 4
O O
Score: ()
points
Instrumental Activities of 1. Taking the bus by oneself (knowing which 1 20 30 4
Daily Living Scale (IADL) bus to take and can go alone) | |
2. Walking near residence 1 20 30 4
O O
3. Cooking (including washing, cutting, 1 20 30 4
lighting/burning, cooking, etc.) O U
4. Taking medicine (remembering to take 1 20 30 4
medicine on time and take the right medicine) [l ]
5. Doing general light housework (sweeping, 1 20 30 4
wiping the table) | 0
6. Doing heavier housework (wiping floors 1 200 30 4
and windows, moving things, etc.) | |
7. Washing clothes 1 20 30 4
O O
8. Cutting toenails 1 20 30 4
O O
9. Shopping 1 20 30 4
O O
10. Using the phone (being able to dial) 1 20 30 4
O O




11. Managing personal money (meaning that 1 20 30 4

one can buy things, find change, calculate O U

money, etc.)

12. Staying at home alone (being able to stay 1 200 30 4

home alone for 1 day) | |
Score: ()
points

Note: Subjects were rated according to their level of intelligence on the following functions, such as
"Can you cook? Can you cook by yourself? Can you cook if someone else helps you? "

Scoring criteria: 1 = you can do it; 2 = have some difficulty, but you can still do it; 3 = you need help; 4
=you can't do it at all. A score of 1 was assigned when the patient never did it but was competent; a
score of 2 was assigned when he or she never did it but did it with difficulty and did not require
assistance; a score of 3 was assigned when he or she never did it but did it with assistance; and a score
of 4 was assigned when he or she never did it and was unable to do it. Scores range from 20 to 80,
with > 23 being cognitive impairment.

[Recommendation] Patients with Parkinson's disease should be evaluated for basic conditions before
surgery, and respiratory and cardiovascular functions should be assessed as well. During the
perioperative period, drugs should be taken strictly according to the regular rules, and medication
habits should not be adjusted at will. Certain opioids (pethidine and tramadol) and selective serotonin
reuptake inhibitors should be contraindicated in patients using monoamine oxidase B (MAO-B)
inhibitors to avoid inducting serotonin syndrome.

(I) Intraoperative Medication and Management

1. Choice of anesthetic mode: Compared with general anesthesia, the postoperative complication and
mortality rate were lower in regional anesthesia (including intraspinal anesthesia and peripheral nerve
block, etc.); In addition, regional anesthesia is performed to facilitate observation of symptoms in
patients with Parkinson's disease, and oral anti-Parkinson drugs may be administered temporarily
during operation if necessary ®Y. However, the choice of anesthetic modality needs to be considered.
General anesthesia may be more appropriate in patients with severe dyskinesia, as these patients have
laryngeal muscle dysfunction and are prone to laryngeal spasm during surgery. In addition, some
patients may have increased oral secretion due to swallowing problems, and endotracheal intubation is
safer in this case.

2. Choice of anesthetic drugs: Propofol is often used for induction and maintenance of general
anesthesia. Propofol induces dyskinesia in patients with Parkinson's disease. Propofol can potentially
activate GABA transmitters. Autopsy findings of increased GABA receptor concentrations in globus
pallidus cerebri in patients with Parkinson's disease suggest that these patients are more sensitive to the
effects of GABA drugs ¢,

Halothane in volatile inhalation anesthetics increases the sensitivity of the heart to catecholamines, and
the use of halothane in patients taking levodopa increases the risk of arrhythmias P71, Isoflurane,
sevoflurane, and enflurane are safer than halothane, and no significant adverse effects have been
observed in patients with Parkinson's disease.

3. Anti-parkinsonian pharmacotherapy: Patients who develop worsening of parkinsonism during
surgery due to drug discontinuation or prolonged operative time can be given anti-parkinsonian
medications via nasogastric tube at the original time and dose, to reduce the risk of rigidity and
anesthesia [°®!, In patients with intestinal malabsorption due to abdominal surgery, morphine can be
given subcutaneously in combination with domperidone, but the drug is relatively difficult to obtain
and adverse effects such as hallucinations and hypotension could occur. Rotigotine transdermal patches
are currently recommended as a temporary alternative to the usual dopaminergic medications.

Table 11 Webster Rating Scale for Parkinson's Disease
1. Bradykinesia of upper extremities
0: None;
1: Difficulty in doing fine activities;
2: Significant difficulties in various activities;
3: Severe slowing, unable to write or perform fine movements.
I1. Muscle rigidity
1: Neck muscles appear, muscles in extremities are not obvious;
2: Moderate neck muscle rigidity, which can be relieved by drugs;
3: Severe rigidity of neck and extremity muscles, which could not be relieved by drugs.
III. Posture




0: Normal,

1: Head forward inclination up to 12 cm;

2: Head forward inclination exceeds 15 cm;

3: Head forward inclination, significantly flexed extremities.
IV. Accompanying movements of upper extremities

1: Decreased movement on one side;

2: One arm fails to swing;

3: Both arms fail to swing.

V. Gait

0: Good;

1: Slightly reduced step distance, but no difficulty in turning;
2: Small step distance and laborious turning;

3: Minimal step, slow turn.

VI. Tremor

1: Mild tremor was observed in extremities and head at rest or during walking;
2: Severe but non-sustained tremor of the hands, head or other extremities;
3: There is severe and constant tremor and is unable to write and eat independently.
VII. Seating disorder

1: Mild difficulty;

2: Moderate difficulty, but no need for help;

3: Need help.

VIII. Speech

0: Clear;

1: Mild hoarseness;

2: Moderate hoarseness with stuttering;

3: Very hoarse and weak.

IX. Face expression

1: Mildly stiff;

2: Moderately stiff with salivation;

3: Mask face.

X. Self-care ability

0: Completely self-care;

1: General things can be handled, can adhere to work;

2: Slowed movement, some activities need care;

3: Basic loss of self-care ability, need to be taken care of.

Note: The scores of the above 10 items are added up. The total score of 1 ~ 10 is mild, 11 ~20 is
moderate, and 21 ~ 30 is severe

Rotigotine is a novel long-acting dopamine agonist whose transdermal patch can maintain a stable
plasma concentration for more than 24 hours and is relatively safe and effective. The specific dosage
should be given by a neurologist according to the patient's usual dosage, duration of Parkinson's
disease, and the surgery 7%,

[Recommendation] Regional anesthesia is preferred for patients with Parkinson's disease. In those
with severe motor deficits, general anesthesia and endotracheal intubation should be considered.
Patients with worsened parkinsonian symptoms during surgery can be treated either by nasogastric
feeding of drugs, or by replacement of usual dopaminergic agents with rotigotine transdermal patches.
Halothane inhalation anesthesia should be avoided in patients taking levodopa.

Table 12 Perioperative Adjustment of Commonly Used Drugs in Patients with Parkinson's Disease

Drug Preoperative  Intraoperative Postoperative
Parkinsonian drugs

Levodopa Maintained = Maintained Maintained
Dopamine agonists Maintained  Maintained Maintained
Amantadine Maintained ~ Maintained Maintained
Monoamine oxidase B (MAO-B) inhibitor catechol-  Discontinued Discontinued Discontinued
o-methyltransferase (COMT) inhibitors Maintained  Maintained Maintained
Anticholinergic drug Maintained ~ Maintained Maintained

Psychiatric drugs
Clozapine Maintained  Maintained Maintained




Quetiapine Use with Use with Use with

caution caution caution
Tricyclic antidepressants Use with Use with Use with

caution caution caution
Selective serotonin reuptake inhibitors Use with Use with Use with
antidepressants caution caution caution

(IIT) Postoperative Medication and Management

1. Postoperative analgesia: Peripheral nerve block is a safe and effective method for postoperative
analgesia. Opioids are commonly used for postoperative analgesia. However, fentanyl has been reported
to result in severe bradykinesia, which cannot be improved by anti-parkinsonian therapy. This may be
related to the alteration of dopamine receptor expression by opioid in the basal ganglia ['%]. Morphine
may increase or decrease levodopa-induced dyskinesia [, In the present, non-steroidal anti-
inflammatory drugs (NSAIDs) are considered relatively safe for patients with Parkinson's disease.
Although NSAIDs are associated with increased risk of bleeding, renal impairment and cardiovascular
adverse events, inflammatory reactions may also be a possible pathophysiological mechanism for
Parkinson's disease. Moreover, there are evidences supporting that NSAIDs may have neuroprotective
effects. Non-steroidal anti-inflammatory drugs are recommended as an alternative to opioids for
postoperative analgesia in patients with Parkinson's disease as long as the adverse effects are tolerated.
2. Prevention and treatment of postoperative complications: (1) Aspiration pneumonia: Patients with
Parkinson's disease are prone to postoperative aspiration pneumonia due to dysphagia. Treatment with
anti-parkinsonian drugs (other than monoamine oxidase B inhibitors) should be resumed as soon as
possible, and the individual schedule should be adhered to, and the patient's habits should not be
adjusted at will. (2) Urinary retention, urinary tract infection: Early completion of routine urinalysis to
examine the existence of urinary retention. Urethral catheter should be removed whenever possible.
Anti-infective therapy should be initiated as soon as possible if urinary tract infection is highly
suspected.

(3) Blood pressure fluctuation and postural hypotension: It is recommended to increase water intake
appropriately, pay attention to blood pressure monitoring, and stop monoamine oxidase B inhibitors 1
to 2 weeks before surgery. (4) Deep venous thrombosis of the lower extremities: Patients with
Parkinson's disease require early initiation of prophylaxis and monitoring of deep venous thrombosis of
the lower extremities due to long-term reduced activity due to dyskinesia and bed rest after surgery. (5)
Postoperative nausea and vomiting: Dopamine antagonists (e.g., haloperidol, metoclopramide)
exacerbate Parkinson's symptoms, whereas domperidone is associated with severe cardiovascular
adverse effects and risk of sudden cardiac death. Serotonin receptor antagonists (e.g., ondansetron) are
recommended to control vomiting in Parkinson's patients % 1921,

[Recommendation] Nerve block analgesia is preferred after surgery. If tolerated, non-steroidal anti-
inflammatory drugs are recommended as an alternative to opioids for postoperative analgesia in
patients with Parkinson's disease. Antiparkinsonian medications other than monoamine oxidase B
inhibitors should be resumed as soon as possible after surgery. It is recommended that a serotonin
receptor antagonist (e.g., ondansetron) be used instead of a dopamine antagonist (e.g., haloperidol,
metoclopramide) to control postoperative nausea and vomiting.

IV. Management of Psychiatric Symptoms in Patients with Parkinson's Disease

Psychiatric symptoms are seen in patients with advanced Parkinson's disease and other Parkinson's
syndrome (e.g., Parkinson's dementia and diffuse Lewy body dementia), with clinical manifestations of
anxiety, hallucinations, paranoia, delusions, and delirium. The most common causes of acute
deterioration of Parkinson's disease symptoms and mental changes are toxins and metabolic
abnormalities. Infection and metabolic disturbances should be investigated first when acute psychiatric
disorders occur. If an underlying cause is identified, the aetiology should be managed before any
adjustment of the antiparkinsonian medication is made.

Most antipsychotics (e.g., haloperidol, risperidone, olanzapine, aripiprazole, ziprasidone, etc.) should
be avoided in patients with hallucinations and delusions, as they exacerbate parkinsonian symptoms.
Only clozapine, and possibly quetiapine, does not worsen Parkinson's disease symptoms, and is the
preferred antipsychotic for these patients. Benzodiazepines have some roles in alleviating psychiatric
symptoms in patients with Parkinson's disease, but low doses are recommended for patients with
advanced Parkinson's disease, since they increase the occurrence of psychobehavioral symptoms such
as confusion or agitation due to the increased sensitivity to benzodiazepines > 13,

Depression is the most common non-motor symptom of Parkinson's disease, which usually precedes



the onset of motor symptoms and impairs patients' quality of life. Selective serotonin reuptake
inhibitors may be given for the treatment of depression and/or anxiety. Alternatively, dopamine
agonists, especially pramipexole, can be used to improve both motor and depressive symptoms 194,
[Recommendation] Clozapine or quetiapine can be used for treating postoperative psychiatric
symptoms such as hallucinations, delusions in patients with Parkinson's disease. Selective serotonin
reuptake inhibitors or dopamine agonists (pramipexole) can be administered to those with depression or
anxiety.

Alzheimer's Disease

I. Incidence of Alzheimer's Disease

Alzheimer's disease (AD) is the leading cause of dementia. According to the China Cognition and
Aging Study (COAST study), there are 9.2 million patients with dementia diagnosed in China by 2009,
62.5% of which were caused by AD 1%,

II. Basic Symptoms and Treatment of Alzheimer's Disease

Dementia is defined as a state of impaired cognitive function (memory, executive, verbal, or visual
spatial impairment) or abnormal mental behavior developed after a normal intelligence that affects
work or daily life and cannot be explained by delirium or other psychiatric disorders. Cognitive or
psychosocial impairment can be objectively confirmed by medical history review or
neuropsychological assessment, which displays impairments in at least two of the following fields: (1)
memory and learning; (2) executive function including reasoning, judgment, and complex task
handling; (3) visual-spatial ability; (4) language capability; (5) personality or behavior [1%],

The diagnosis of AD consists of 3 aspects: (1) meeting the criteria for dementia; (2) the occurrence and
development of dementia accord with the characteristics of AD: insidious onset and slowly progressive
deterioration; (3) dementia due to other causes is excluded. As the primary cause of dementia, AD
begins 15 to 20 years before the onset of symptoms, and can be divided into three sequential stages:
preclinical, mild cognitive impairment (MCI) and dementia [!°71%1, Biomarkers of AD include
diagnostic and progression markers. CSF tau protein and beta-amyloid (AB), amyloid positron emission
tomography (PET), and AD pathogenic gene are diagnostic markers. Brain structure magnetic
resonance imaging (MRI) and 2-fluoro-2-deoxy-D-glucose (18F-FDG) PET are markers of
progression. Mutations include those in genes encoding amyloid precursor protein (APP), presenilin 1
(PS1), and presenilin 2 (PS2), which are causative for early-onset autosomal dominant AD.

The treatments of AD include: (1) cholinesterase inhibitors (ChEIs): ChEls increase the acetylcholine
concentration in the synaptic cleft and are the first-line treatment for mild to moderate AD. These
include donepezil, gabardine, galantamine and huperzine A; (2) excitatory amino acid receptor
antagonists: mainly memantine hydrochloride, which is the first drug used for moderate to severe
dementia. It improves cognitive function, daily living and psycho-behavioral symptoms.

II1. Perioperative Management of Alzheimer's Disease

(I) Association between Surgery and Alzheimer's Disease

Anesthesia and surgery can lead to delirium and cognitive dysfunction, especially in older patients
"1 n clinical studies, patients with AD were at higher risk of delirium during hospitalization, while
patients with preclinical AD were more likely to experience cognitive decline postoperatively [112-113],

[110-

So far, the relationship of postoperative delirium and cognitive dysfunction with risk factors and
pathogenesis of AD is unclear, but may be partially overlapped [!'*!113], Postoperative delirium and
cognitive dysfunction were not significantly associated with structural imaging findings of
neurodegenerative lesions, but were associated with the angiographic changes [''); PET imaging
follow-up studies revealed no significant correlation between AP deposition and cognitive dysfunction
within 1 year after surgery [!!71. By contrast, the inflammatory responses during the anesthetic and
surgical process may initiate or worsen cognitive decline in the elderly "!®1. In conclusion, more studies
are needed to elucidate the relationship between perioperative delirium, cognitive dysfunction and AD,
as well as the underlying mechanisms.

(II) Preoperative Evaluation of Patients with Alzheimer's Disease

Since 30%-50% of AD patients have depressive symptoms, and dementia and depression usually share
some symptoms, patients with AD need to be simultaneously assessed for cognitive function and
depressive status before surgery [,

1. Depression status assessment (see Anxiety and Depression section): The degree of depressive, guilty



sense and other symptoms were assessed using the Hamilton Depression Scale (HAMD). The total
score < 8 is normal. 8-20 may be depressed; Score 20 to 35: Affirmative depression; > 35 is classified
as major depression (Table 13).

2. Cognitive function assessment (refer to the Cognitive Dysfunction section): Mini-Mental State
Examination (MMSE) is used, including time-orientation, location-orientation, immediate memory,
attention and calculation, short-term memory, language and visual-spatial structure. Language tests
include naming, retelling, listening comprehension (level 3 instruction), reading comprehension and
writing. With a total score of 30, the test scores are closely related to the level of culture. The normal
cut-off scores are as follows: illiteracy > 17, primary school > 20, and junior middle school or above >
24 (Table 14).

[Recommendation] Preoperative assessment of cognitive function and depression is recommended in
patients with AD.

(IIT) Intraoperative Management of Alzheimer's Disease (see Cognitive Dysfunction section)
Sensitivity to narcotic drugs is increased in patients with AD 2%, Regional anesthesia is recommended
as a priority in patients with AD. If general anesthesia is necessary, it is recommended to maintain
appropriate anesthesia depth (e.g., BIS40-60) under EEG anesthesia monitoring ['21-123 and to choose
propofol total intravenous anesthesia [1241231 to reduce postoperative delirium and cognitive dysfunction
in patients with AD. For patients with known MCI or AD, total intravenous propofol anesthesia or
local anesthesia is better than general anesthesia with inhalation anesthetics, such as sevoflurane [12°],
Opioid analgesics have increased efficacy and decreased clearance in the elderly. Therefore, the initial
dose chosen can be comparable to that for younger patients, but subsequent doses should be reduced
and the intervals between repeated doses should be extended. Among opioids, remifentanil has the
advantages of rapid acting and clearance, and definite analgesic effect. Although remifentanil does not
prevent POCD compared with other fentanyl classes, postoperative cognitive recovery is more rapid in
patients maintained with remifentanil. Elderly patients require a reduction in infusion rate when
remifentanil is administered. In patients older than 60-70 years, it is recommended that infusion rates
do not exceed 30% to 40% of that administered to younger patients [27],

Anticholinergic agents (e.g., atropine, scopolamine, etc.) should be avoided in patients with AD and
MCI who are sensitive to anticholinergics. Succinylcholine should be avoided if the patient is taking an
acetylcholinesterase inhibitor (e.g., donepezil, rivastigmine, etc.).



Table 13 Hamilton Depression Rating Scale (HAMD)

Serial Content 0= 1=Mild 2 = Moderate 3 = Severe 4=
numb No Extremely ¢
er ne severe or
e
1 Depressed No Say when Spontaneous Display in Excellent
mood ne asked expression of expression words and
depression tone deeds
2 Feelings of No Blame oneself Rumination over Delusion of  Threat
guilt ne past errors sin hallucinati
on
3 Suicide No Feeling like Thoughts about Ideas of Have severe
ne lifeis death suicide suicidal
meaningless behavior
4 Difficultyin No Sometimes Nightly - -
falling asleep ne
5 Sleep not No Mild Severe - -
deep ne
6 Early No Can sleeping Can't sleep after - -
awakening ne after waking waking up
up
7 Work and No Say when Decreased Less activity, Stop
interest ne asked spontaneous reduced working
expression of efficiency
interest
8 Retardation =~ No Slight slow Marked slowness Difficulty in  Stupor
(slowness) ne talking
9 Agitation No A little restless Marked restlessness Unable to sit More
ne still small
movement
s
10 Psychic No Say when Spontaneous Display in Marked
anxiety ne asked expression expression panic
tone
11 Somatic No Slight Moderate Severe affect life
anxiety ne
12 Gastrointestin  No  Loss of Require digestive - -
al symptom ne appetite drugs
13 General No Pain or Symptoms - -
symptoms ne tiredness
14 Genital No Hyposexuality Symptoms - -
symptoms ne
15 Hypochondri No Too much Repeated Paranoid Concomitant
asis ne attention to the consideration of delusion hallucinations
body health issues
16 Loss of No Probable Definite - -
weight ne
17 Insight No Acknowledgin Denial of illness - -
ne gillness
Total

SCore




Table 14 Mini-Mental State Examination (MMSE)

Item Question contents Correct Wrong

1 (5 points) (1) What is the year? 0
(2) What is the season? 0
(3) What is the day? 0
(4) What month is it now? 0
(5) What day is it? 0

2 (5 points) (1) Which province (city) are you in now? 0
(2) Which county (district) are you in now? 0
(3) Which township (town, street) are you in now? 0
(4) What floor are you on now? 0
(5) Where is this? 0

3 (3 points) Say 3 article names (1 s means 1 name, 1 point is counted per 0
mistake, and it is not repeated, and the maximum number of
statements is 6)

e b e e e e ek b e

A. Rubber ball 0 1
B. National flag 0 1
C. Trees

4 (5 points) Count backward from 100 by sevens. (repeat 5 times) 0 1
93 0 1
86 0 1
79 0 1
72 0 1
65

5 (3 points) Repeat the item name in question 3 one more time 0 1
A. Rubber ball 0 1
B. National flag 0 1
C. Trees

6 (2 points) (1) What is this? (Show the watch to the subject) 0 1
(2) What is this (show the pen to the subject) 0 1

7 (1 point) Repeat this sentence: 0 1
"Forty-four stone lions."

8 (3 points) "Please keep the paper in your right hand." 0 1
"Then fold the paper in half." 0 1
"Please hand me the paper." 0 1
(Order in 3 phases)

9 (1 point) Read the following sentence and follow its instructions: 0 1
"Please raise your right hand."

10 (1 point) Please say one full sentence (as long as possible) 0 1

11 (1 point) Please draw the following figure: 0 1

g ~
'--._\_'_,_,-o-""'"f =

Note: The full score of this scale is 30 points, and 1 point is obtained for each question answered
correctly. Illiteracy < 17 points, < 20 points for those with primary school education, <24 points for
those with secondary school education or above

If muscle relaxants are necessary, a higher than normal dose of non-depolarised muscle relaxant is
required, but the antagonist will fail at this time (1?81,

[Recommendation] Regional anesthesia is preferred. Those who mandatorily need general anesthesia
should maintain proper anesthesia depth under the monitoring of anesthesia depth and choose propofol
for total intravenous anesthesia. Short-acting opioids (e.g., remifentanil) are recommended and
anticholinergics are avoided.

(IV) Postoperative Management of Alzheimer's Disease (see Cognitive Dysfunction).



Regional block analgesia is preferred. Since medications, electrolyte disturbances, and anxiety can
cause delirium aggravate cognitive impairment, medications influencing cognitive function should be
avoided. Meanwhile, electrolyte disturbances should be promptly corrected and anxiety and other
adverse emotions should be improved.

Postoperative sleep disturbances can also worsen cognitive impairment in patients with AD and may
induce delirium. Thus, non-pharmacological measures should be taken to improve sleep status. In
addition, elderly patients with AD are prone to postoperative complications such as pneumonia and
urinary tract infection, which require active prevention, early recognition and intervention.
[Recommendation] Regional blockade of analgesia is preferred. Medications worsening cognitive
impairment should be avoided. Care should be taken to prevent complications such as delirium.

Anxiety and Depression

I. Overview

Anxiety and depression are the most common perioperative mood disorders.

The core symptoms of anxiety are excessive worry, expressed as fear of a dangerous or unfortunate
event that may occur in the future and is unpredictable. Individuals will have anxious reaction under
stress condition. Moderate anxiety is helpful to mobilize the subjective initiative, but pathological
anxiety is often accompanied by significant autonomic dysfunction and motor restlessness, as well as
subjective pain and social function impairment. The occurrence of preoperative anxiety is related to
surgical stress, which can be manifested as an acute episode or generalized anxiety disorder (GAD). A
cross-sectional survey showed that the incidence of preoperative anxiety was as high as 92.6%, of
which patients with anxiety more severe than moderate accounted for about 40.5% ['?°1. Preoperative
anxiety is accompanied by increased postoperative pain, cognitive impairment, complications, and
mortality, and is associated with decreased long-term postoperative quality of life and reduced survival
rate [130-1331

The core symptoms of depression is depressed mood, which is characterized by unhappiness, loss of
interest, feeling pessimistic, and even self-injurious or suicidal thoughts or behaviors; often
accompanied by symptoms such as slower reaction, memory decline, easy fatigue, loss of appetite, and
insomnia. The incidence of preoperative depression is approximately 9% to 15% in cardiac surgery
patients and 21% to 31% in orthopedic surgery patients [13+137],

The incidence of depression is even up to 56% in patients with comorbid chronic disease 3],
Preoperative depression is accompanied by deterioration in patient outcomes, including increased
postoperative complications and mortality, prolonged postoperative in-hospitalization, and reduced
long-term postoperative quality of life and survival rate [137 139-143],

Anxiety and depression often coexist, and the pathogenesis are diverse. Pain, lack of access to adequate
medical information, impaired physical function, comorbid mental illness, and work and financial
stress are the most common and major risk factors; other risk factors include low education level and
loss of hope for the future 1441451,

[Recommendation] Perioperative anxiety and depression are common and will cause adverse effects
on brain health and prognosis, so adequate attention is required.

II. Diagnosis and Assessment of Anxiety and Depression

(I) Diagnosis and Assessment of Anxiety

The diagnosis of anxiety requires a combination of medical history, clinical presentation, and
associated ancillary tests. According to the ICD-10 diagnostic criteria, the basic feature of GAD is
generalized and persistent anxiety. Patients usually have the following symptoms: (1) panic; (2) motor
tension; (3) vegetative nerve hyperactivity. The basic features of panic disorder are recurrent,
unpredictable, episodic anxious fear, panic attacks more than three times in a month, occurring in
defined situations without objective dangerous environment; other types of anxiety disorders may refer
to the corresponding diagnostic criteria. Non-psychiatrists could assess symptoms by the Anxiety
Assessment Scale (Table 15).

(IT) Diagnosis and Assessment of Depression

The diagnostic criteria for depressive disorders in the ICD-10 include three core symptoms: (1)
depressed mood; (2) loss of interest and pleasure; (3) reduced energy leading to increased feelings of
exertion and reduced activity; and seven additional symptoms: (1) reduced attention; (2) low self-
esteem and self-confidence; (3) self-incrimination and a sense of worthlessness; (4) thinking of the
future as bleak and pessimistic;



Table 15 Commonly Used Anxiety Screening Scale

Scale Characteristic
Hamilton Anxiety Rating Scale Observer-rating scale, taking 15 to 20 minutes; the most
(HAMA) [146] commonly used scale, can be used to assess the severity of

anxiety; the total score is 56, while more than 14 is anxiety, and
more than 29 is severe anxiety; it needs to be performed by
trained professionals

Generalized Anxiety Disorder 7-  Self-rating scale, taking 5 minutes; mainly used for generalized

item Scale (GAD-7) [147] anxiety screening; the total score is 21, with 0 ~ 4 being normal,
5 ~ 9 being mild anxiety, 10 ~ 14 being moderate anxiety, and
15 and above being severe anxiety

Hospital Anxiety and Depression  Self-rating scale, taking 5 minutes; including two sub-scales of

Scale (HADS) [148-149] anxiety and depression, having 7 questions for anxiety and
depression respectively; 0 ~ 7 points belong to asymptomatic; 8
~ 10 points belong to may exist; 11 ~ 21 points belong to
definitely exist; at the time of scoring, 8 points are taken as the
starting point, i.e., both suspicious and symptomatic persons are
positive; more often used for anxiety and depression screening
in general hospitals

State-Trait Anxiety Inventory Include the state anxiety subscale (S-Al) and the trait anxiety

(STALI) [159] subscale (T-Al), with 20 items each; the self-rating scale, taking
10 ~ 20 min; the total score of each subscale is 20 ~ 80 points,
with high scores reflecting severe anxiety symptoms; and the
total score exceeding the 95th percentile value is abnormal.

Self-Rating Anxiety Scale (SAS)  Self-rating scale, taking 5 ~ 10 min; can provide the reference

[151-152] cut-off value of anxiety severity; 20 items, with a total score of
20 ~ 80 points, 44 points or less as normal, 45 ~ 59 as mild to
moderate anxiety, 60 ~ 74 as severe anxiety, and more than 75
as very severe anxiety.

(5) self-injurious or suicidal idea or behavior; (6) sleep disorder; (7) loss of appetite. Mild depression
has at least two core symptoms and at least two additional symptoms, and the patient should experience
some difficulties in daily work and social activities, which means a mild impact on the patient's social
function. Moderate depression has at least two core symptoms and at least three (preferably four)
additional symptoms and the patient has considerable difficulty in work, social, and household
activities. Severe depression has all three core symptoms and at least four additional symptoms, and the
patient's social, work, and life functions are all severely impaired. Non-psychiatrists can assess
symptoms by using the Depression Assessment Scale (Table 16).

[Recommendation] Perioperative assessment of anxiety and depression in elderly patients is
recommended.

III. Perioperative Management of Patients with Depression and Anxiety

(I) Non-pharmacological Intervention

Active psychological intervention can effectively alleviate preoperative anxiety and depression and
reduce the incidence of postoperative complications ['37>139-1¢0] Commonly used psychological
intervention including preoperative visits by anesthesiologists and preoperative written/oral/video
education by professionals can significantly reduce the incidence of anxiety and depression; the core
content of psychological intervention is establishing a trusting relationship with the patient and
reducing anxiety and depression in patients by providing detailed medical information 61631,
[Recommendation] Non-pharmacological interventions based on psychological behavioral therapy are
recommended for patients with preoperative anxiety and depression.

(IT) Pharmacological Intervention

1. Treatment of perioperative transient anxiety: Studies have shown that low-dose anxiolytics (e.g.,
midazolam 0.02 to 0.04 mg/kg), passion fruit flavone (500 mg), gabapentin (1200 mg) orally, or
dexmedetomidine (0.5 to 1.0 pg/kg) intravenous infusion can effectively relieve preoperative anxiety in
patients 1641981 However, a meta-analysis showed that preoperative application of anxiolytics had no
significant effect on clinical outcomes such as length of hospital stay [1¢%],

[Recommendation] Routine use of anxiolytics is not recommended for patients with mild anxiety.
However, for patients with moderate or severe anxiety or symptoms affecting perioperative safety,
pharmaceutical therapy should be considered.



2. Perioperative medication management in patients with chronic anxiety disorders: Systemic treatment
with anxiolytics, antidepressants, and psychotherapy is recommended for patients with chronic anxiety
disorders. Perioperative use of benzodiazepines increases the risk of complications such as delayed
emergence and postoperative delirium, while withdrawal may lead to acute withdrawal symptoms 7%
1711 Antidepressants such as paroxetine, venlafaxine, sertraline, and escitalopram are also effective in

relieving anxiety symptoms [!"%, For perioperative management, please refer to the section on
perioperative management of patients with chronic depression.

[Recommendation] Attention should be paid to the potential risks of benzodiazepines, and it is
recommended that psychiatrists should be consulted for perioperative medication suggestion.

3. Treatment of perioperative transient depression: about 80% to 90% of patients with preoperative
depression can return to non-depressive state after surgery, and drug intervention for preoperative
depression does not change the prognosis significantly [!7?l. Pharmacological intervention on
preoperative transient depression is not supported by sufficient evidence.

[Recommendation] Routine use of antidepressants is not recommended for perioperative transient
depression. Consultation with a psychiatrist is recommended if the patient has moderate to severe
depression or if their symptoms affect prognosis and treatment.

4. Perioperative management of patients with chronic depression: Patients with chronic depression
often require continuous pharmaceutical therapy, and the major antidepressants used are monoamine
oxidase inhibitors, serotonin reuptake inhibitors, and tricyclic and tetracyclic antidepressants (Table
17). Long-term antidepressant application was associated with a 1.33-fold increased risk of death and a
1.14-fold increased risk of new cardiovascular events; in subgroup analyses, there is no significant
difference in the effect on mortality between serotonin reuptake inhibitors and tricyclic antidepressants,
but other antidepressants are associated with an increased risk of death compared with tricyclic

antidepressants [173],

Table 16 Commonly Used Depression Assessment Scale

Scale Characteristic
Hamilton Depression The observer-rating scale, used for depression severity assessment, takes
Rating Scale (HAMD) 15 min; the gold standard of the depression assessment scale, rating

[153]

Geriatric Depression
Scale (GDS) [134]

Hospital Anxiety and
Depression Scale
(HADS) [155-156]

Patient Health

Questionnaire (PHQ)
[157]

Self-Rating Depression
Scale (SDS) [1581

should be performed by trained professionals; the scale has 17, 21, and 24
items in three versions; when using the 17-item form, the maximum score
is 56, with 0 to 7 being normal, 8 to 14 being mild depression, 15 to 23
being moderate depression, and 24 and above being severe depression.
The self-rating scale, used for depression screening, takes 5 ~ 15 min;
there are 30, 15, 10, and 6-item versions; the maximum score of the 30-
item question scale is 30, with 0 ~ 10 being normal, 11 ~ 20 being mild
depression, and 21 ~ 30 being moderate to severe depression,; it is
applicable to the elderly population.

Including 2 sub-scales: anxiety and depression, having 7 questions for
anxiety and depression respectively; the self-rating scale, used for
depression screening, takes 5 min; 0 ~ 7 points belong to asymptomatic; 8
~ 10 points belong to suspicious existence; 11 ~ 21 points belong to
definite existence; applicable to general hospitals.

Self-rating scale, taking 5 ~ 10 min; depression screening questionnaire
recommended by WHO; 9-item or 2-item version; 9-item version with a
total score of 0 ~ 27 points, the higher the scores are, the more severe the
depressive symptoms are; very simple, with high reliability and validity.
The self-rating scale, used to assess the severity of depression, takes 5 to
10 minutes and contains 20 items that are rated on a four-point scale. The
standard cut-off value of the Chinese norm is 53 points, of which 53 ~ 62
points are mild depression, 63 ~ 72 points are moderate depression, and
more than 73 points are severe depression; it can be used in the elderly
population.




Table 17 Commonly Used Antidepressant Drugs
Category Representative drug
Reversible monoamine Moclobemide
oxidase inhibitor
Tricyclic antidepressants ~ Amitriptyline, clomipramine, imipramine
Selective serotonin Citalopram, fluoxetine, sertraline
reuptake inhibitors
Selective norepinephrine  Reboxetine
reuptake
Inhibitors
Norepinephrine and Bupropion
dopamine reuptake
Inhibitors
Serotonin and Venlafaxine, duloxetine
norepinephrine reuptake
Inhibitors
Serotonin Mirtazapine
antagonism/serotonin
reuptake inhibitors

A meta-analysis showed that small doses of ketamine can effectively reduce depression in patients, and
the effect lasts for 2 to 3 days ['74], In patients undergoing radical mastectomy, perioperative continuous
administration of low-dose ketamine (0.5 mg/kg for 7 days) can effectively reduce hospital anxiety and
depression scale scores [17],

[Recommendation] The dosage of antidepressants varies widely among individuals, and drug arrest may
lead to withdrawal reactions. Sudden perioperative discontinuation of antidepressants is not
recommended for patients using high dose of antidepressants. Small doses of ketamine may be effective
for perioperative depression. Psychiatric consultation is recommended for severely depressed patients.
(IIT) Interactions between Antidepressants and General Anesthetics

Monoamine oxidase inhibitors are the first used antidepressants and are rarely used in clinical practice
now. Commonly used medications in this category include phenelzine, toloxatone, phencypromine, and
selegiline. When used in combination with opioids (mainly piperidine, tramadol, dextromethadone, etc.),
monoamine oxidase inhibitors can prevent their metabolic inactivation by inhibiting the hepatic drug-
enzyme system, causing severe nervous system dysfunction, respiratory and circulatory dysfunction, or
even death [176-177],

Opioids (especially meperidine), etomidate may cause symptoms of acute serotonin intoxication when
used in combination with antidepressants such as monoamine oxidase inhibitors and serotonin reuptake
inhibitors in a dose-dependent pattern [!78179], Serotonin toxicity is a series of toxic reactions caused by
the accumulation of serotonin in the body. Common symptoms include neuromuscular
hyperresponsiveness (tremor, spasm, positive tendon reflex and extrapyramidal muscle rigidity, etc.),
autonomic hyperactivity (diaphoresis, fever, tachycardia and rapid breathing) and mental disorders
(agitation, excitement and coma) [7%), Treatment options include the administration of serotonin
antagonists or serotonin receptor blockers, such as chlorpromazine, cyproheptadine, and risperidone;
while haloperidol is ineffective in the treatment of toxic reactions, bromocryptine may also aggravate
toxic reactions [178],

[Recommendation] Be vigilant for the interactions and toxicity of antidepressants and general
anesthetics.

(IV) Selection of Anesthetic Methods and Drugs

Isoflurane anesthesia (inhaling 4% isoflurane to achieve 80% suppression of brain waves, followed by
maintaining twice the MAC value; lasting 40 to 45 minutes for eagﬁ and for 3 weeks) has been shown to
1mprove sglmptoms in patients with treatment-resistant depression compared with electroconvulsive
therapy [!8], It suggests that isoflurane anesthesia may be beneficial to depressive patients. Patients who
received electroconvulsive therapy under ketamine anesthesia have faster postoperative recovery and
less coglnitivedimpairment than those under thiopental anesthesia !'”-'8!. However, evidence in this area
18 very limited.

[Recgymmendation] There is insufficient evidence to clarify the effects of anesthesia on patients with
anxiety and depression and which anesthetic is more reasonable.

IV. Postoperative Anxiety and Depression

The incidence of postoperative dePression is about 20% to 30% 1321, The incidence of postoperative

anxiety is about 9.4% to 13.3% ['831. Preoperative depression and functional impairment caused by

surgery may be important factors contributing to postoperative depression [18%1841  Postoperative

gsychological intervention and functional rehabilitation may alleviate the severity of depression (182 184],
erotonin reuptake inhibitors have been shown in a systematic review to be beneficial in the treatment



of perioperative depression, but with the caveat of an increased risk of bleeding and death %3], Severely
depressed patients should be managed by a psychiatrist.

[Recommendation] Pay attention to postoperative anxiety and depression, especially patients with
severe illness who may be at risk for self-injury or suicide. Evidence on prevention and treatment is still
limited, and consultation with a psychiatrist is recommended.
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Chinese Multidisciplinary Expert Consensus of Perioperative Brain Health in
Elderly Patients (11)

Perioperative Neurocognitive Disorders

I. Concepts

Perioperative neurocognitive disorders (PND) includes neurocognitive impairment that is already
present preoperatively and newly developed postoperatively [e.g., postoperative cognitive disorder
(POCD)] M.

II. Preoperative Cognitive Impairment

As the population ages, the number of elderly patients requiring surgery increases year by year. Some
studies have shown that cognitive impairment exists in 22% to 23% of elderly patients undergoing
elective surgery . Preoperative cognitive impairment is not only closely associated with postoperative
complications, delirium, exacerbation of cognitive impairment, and increased mortality, but also
accompanied by prolonged postoperative hospital stay and increased medical costs 1. Therefore,
assessing preoperative cognitive function is of great clinical importance (Table 1).
[Recommendation] For patients with poorly controlled diabetes, chronic obstructive pulmonary
disease (COPD) with hypoxemia, history of cerebral apoplexy, history of Parkinson's disease,
depression, and tumor radiotherapy/chemotherapy, be highly vigilant to whether there is preoperative
cognitive impairment and it is recommended to assess their cognitive function

III. Assessment of Cognitive Function

Both the American College of Surgeons (ACS) and the American Geriatrics Society (AGS)
recommend preoperative cognitive assessment in elderly patients by health care providers in their
guidelines on Geriatric Preoperative Assessment as well as guidelines on Geriatric Postoperative
Delirium #, Knowledge of the patient's cognitive status prior to surgery is crucial for risk assessment
stratification and influences subsequent monitoring, and treatment.

1. Preoperative cognitive function assessment: The Mini-Mental State Examination (MMSE) is one of
the most popular screening tools for cognitive impairment in the world.

The test covers time, place orientation, immediate memory, attention, numeracy, short-term memory,
language and visuospatial ability. The total score of MMSE is 30 points, and < 27 points is considered
as cognitive impairment. It takes 5 ~ 10 min to complete the entire test. The correlation between
MMSE score and the verbal and performance test score of the Wechsler Adult Intelligence Scale
(WALIS) are 0.78 and 0.66, respectively, indicating a good correlation with the WAIS *!. However, the
MMSE is currently under copyright and may require licensing agreement to use.

Preoperative screening of cognitive function can also be performed using the Mini-Cognitive
Assessment Instrument (Mini-Cog) %), The Mini-Cog involves three words recall tests of memory and
a clock drawing test as interference; it tests visuospatial presentation, recall, and executive function.



The Mini-Cog is scored on a 5-point scale, where 5 is full and 2 or less is possibly cognitive impaired
(42, The Montreal Cognitive Assessment (MoCA) covers a wider range of cognitive domains than the
MMSE, including attention, executive function, memory, language, visuospatial skills, abstract
thinking, numeracy, and orientation; It has a full score of 30 points, and the cut score for cognitive
impairment shall be 25 or less. It is more sensitive than MMSE to detect mild cognitive impairment
(MCI) (Table 2).

2. Further examination of preoperative cognitive impairment: For patients with mild cognitive
impairment and dementia, the ability to perform daily activities in life (e.g., Barthel Index Scale, total
score 0 to 100; the higher score suggesting more independence), the psycho-behavioral symptoms (e.g.,
anxiety, depression, etc.), and the cognitive function in specific domains should be further tested.
Further biomarker tests (e.g., amyloid, etc.) and imaging (e.g., MRI and CT) may be performed as
necessary [8 381,

Neuropsychological tests currently used to diagnose cognitive impairment mainly involve four aspects
including memory, language, psychomotor speed, and attention/concentration.

Table 1 Common Diseases Leading to Preoperative Cognitive Impairment and Their Incidence

Disease Type Incidence

Endocrine,

nutritional,

metabolic disease

Diabetic mellitus  In elderly population with type 2 diabetes, the incidence of cognitive impairment is 11.3% [7],
the annual incidence of dementia is 1.64% ~ 5.31%, and the annual incidence of conversion
from mild cognitive impairment (MCI) to dementia is 8.79% ®]. Severe recurrent hypoglycemia
and poor initial cognitive function are associated with accelerated cognitive decline .

Obesity Age influences the relationship between obesity (BMI > 30 kg/m?) and dementia: at age < 65
years, the obesity is positively associated with dementia (RR = 1.41); while at age > 65 years,
the obesity is negatively associated with dementia (RR = 0.83) [1%],

Undernutrition Patients with dementia have significantly lower serum vitamin D concentrations than patients
with mild cognitive impairment and cognitively normal individuals 'Y, Folic acid, vitamin B6,
and B12 supplementation can reduce the incidence of brain atrophy by 30% in patients with
mild cognitive impairment, particularly in the hippocampus and medial temporal lobe regions
(121 Among people > 80 years of age, those who consume soy products daily have a 20% lower
risk of dementia than those who never consume soy products [,

Respiratory

system disorder

Chronic In patients with COPD and hypoxemia, the incidence of cognitive impairment is 77% U3]; Low
obstructive oxygen saturation is associated with an increased risk of cognitive impairment (when oxygen
pulmonary disease saturation < 88%, OR = 5.45); frequent oxygen therapy reduces the risk of cognitive

(COPD) impairment in such patients (OR = 0.14) U411,

Disorder

circulatory system
The incidence of dementia in untreated hypertensive patients is 1.78% ~ 8.31%; the incidence

Hypertension of dementia in hypertensive patients receiving antihypertensive treatment is 0.89% ~ 7.47% 161,

Cardiovascular Among patients undergoing elective coronary artery bypass graft surgery, 35% have

disecase preoperative cognitive impairment 7). 68% of patients over the age of 60 undergoing vascular
surgery have preoperative cognitive impairment or dementia and 88.3% are missed for
diagnose %1,

Nervous system

disease

Cerebral apoplexy 10% patients have coexisting dementia before the first cerebral apoplexy, 10% patients develop
new dementia shortly after the first cerebral apoplexy, and more than 1/3 patients develop
dementia after recurrent cerebral apoplexy ['°); 3 months after cerebral apoplexy, the incidence
of dementia is 15% ~ 30% (%; The incidence of dementia ranges from 7% to 41% in the first
year after cerebral apoplexy and increases at a rate of 1.7% to 3% per year 91,

Other associated  In the elderly Chinese population > 60 years of age, the incidence of mild cognitive impairment

dementia is 15.3% ~ 42.0% 21231, The incidence of dementia ranges from 4.7% to 10.44% [2+2%, Among
the causes of dementia, Alzheimer's disease (AD) is the most common; followed by vascular
dementia (VaD), which accounts for approximately 15% of patients with dementia [2%),

Parkinson's The incidence of mild cognitive impairment in patients newly diagnosed with Parkinson's

disease (PD) disease is twice that of healthy elderly; the incidence of mild cognitive impairment in patients




Encephalitis
Sleep disorder

Obstructive sleep
apnea syndrome
(0SA)

diagnosed with Parkinson's disease within 3 to 5 years of diagnosis is 20% to 57% 7. In
Parkinson's disease patients with mild cognitive impairment, the incidence of dementia after 36
months is 8% 1281, The patients with Parkinson's disease are 3 to 5 times more likely to develop
dementia than healthy individuals, and the incidence of dementia in patients of Parkinson's
disease is estimated to be 2% to 3% 71,

The mortality of encephalitis is usually 5% to 15%, and cognitive impairment is prevalent
among survivors 2],

Dementia is more likely to occur in the first 2.5 years of OSA diagnosis; the hazard ratio for
developing dementia is 1.7 for OSA patients overall and 2.38 for women; and the risk of
developing dementia increased 5.08 times for 50-year-old male OSA patients, and 2.20 times
for female OSA patients > 70 years 3%,

Other Patients with insomnia and use of hypnotics have a higher risk of dementia (HR = 2.34) B!1,
Mental and
behavioral
disorders
. 30% to 40% of non-demented elderly patients with depression show executive disorder in
Depression coeniti nation 132331
gnitive examination .
Tumor
Central The incidence of disabling cognitive impairment is 50% to 90% in patients with brain tumors

surviving more than 6 months after radiation therapy 341,
Non-central The incidence of chemotherapy-related cognitive impairment ranges from 14% to 85% 331,
Digestive system
Liver cirrhosis Cirrhotic patients who have had episodes of hepatic encephalopathy show persistent cognitive
impairment with loss of learning ability, and the severity of impairment increases with the
number of episodes of hepatic encephalopathy 36371,

Other

Frailty syndrome  The definition of frailty syndrome: Satisfying more than 3 items of poor grip strength, slow gait
speed, low physical activity, weight loss without cause, and exhaustion %], Frailty syndrome, a
short-term predictor of dementia and vascular dementia, is significantly associated with an
increased risk of dementia (adjusted hazard ratio, 1.85), particularly vascular dementia

(adjusted hazard ratio, 2.68) %1,

Note: MCI: mild cognitive impairment; BMI: body mass index; RR: relative risk; COPD: chronic
obstructive pulmonary disease; OR: odds ratio; VaD: vascular dementia; PD: Parkinson's disease; HR:
hazard ratio; OSA: obstructive sleep apnea syndrome

Table 2 Common Cognitive Function Assessment Scale

Scale Sensitivity Specificity * Assessment time
- (%) (%) (min)

MMSE 63.4 65.4 5~10

Mini-cog B 76 ~ 100 54 ~85 2~4

MoCA B8 80~ 100 50~70 10~15

Note: MMSE: Mini-Mental State Examination; Mini-cog: Mini-Cognitive Assessment Instrument; MoCA:
Montreal Cognitive Assessment; ® Sensitivity and specificity in identifying mild cognitive impairment (MCI)

Most frequently used neuropsychological tests include the Addition (attention, concentration), Visual
Reproduction (visual perception and visual memory), Associate Learning (verbal memory and verbal
learning), and Digit Span — forward/backward (attention, concentration, and short-term memory) tests
from the Wechsler Memory Scale and Digit Symbol Test (visual-motor coordination, motor and mental
speed) from the Wechsler Adult Intelligence Scale (Revised). Higher scores on above test items
represent better function; Trail Making Test (visual spatial scanning, attention, and motor sequencing
skills) and Purdue Pegboard Test — preferred/non-preferred hand (manual dexterity) from the Wechsler
Adult Intelligence Scale (Revised), with lower scores on these two tests representing better function
43

3. Diagnosis of new-onset postoperative cognitive disorder (POCD): according to the traditional
definition, POCD refers to new-onset impairment lasting for more than two weeks in two or more
cognitive domains after surgery (4. Based on this, the classical approach is to analyze the test results
using the reliable change index rule (I-RCI rule) . This method requires a control group of normal
subjects who don’t have surgery take neuropsychological tests at the same time intervals as the
patients. First, the value after the same interval is subtracted from the baseline value of the control



group to obtain the qualified learning effect. The patients’ postoperative test value is then subtracted
from the preoperative baseline value and the mean learning effect. Result is divided by the standard
deviation of the learning effect from control group to obtain the Z value for each test; the Z values of
all tests of a single patient are summed and then divided by the standard deviation of the sum of the Z
values of all tests in the control group to obtain the total Z value of that patient. Patients with more than
two test items having Z value < 1.96 or total Z values < 1.96 are diagnosed as POCD. For consistency
with the literatures, POCD is still used in this document.

According to the new nomenclature in 2018, traditional POCD is divided into three categories
according to the time of occurrence: delayed neurocognitive recovery within 30 days after surgery,
postoperative mild/major neurocognitive disorder from 30 days to one year after surgery, and
mild/major neurocognitive disorder after 1 year [!l. Their diagnoses are all made following the DSM-V
criteria for mild/major neurocognitive impairment. This criterion requires that within one or more
cognitive domains (complex attention, executive function, learning and memory, language, perception,
or social cognition), there is a mild/significant cognitive decline compared to the level of previous
performance. Among them, mild NCD refers to a decrease of one ~ two standard deviations in
cognitive function score compared with the baseline value or the control group, and the cognitive
deficit does not interfere with the independence of daily activities; major NCD refers to a decrease of
more than two standard deviations in cognitive function score compared with the baseline value or the
control group, and the cognitive deficit interferes with the independence of daily activities 4¢),
[Recommendation] Routine screening for cognitive impairment in high-risk elderly patients is
recommended prior to surgery. For patients with preoperative cognitive impairment and dementia, their
ability of daily living and mental or behavioral symptoms should be further assessed, and
neuropsychological tests, laboratory or imaging examinations should be performed when necessary.
Repeated cognitive function screening or neuropsychological tests after surgery can help identify new-
onset cognitive impairment.

IV. Preoperative Preparation and Intervention

1. Improvement of basal state and cognitive function: as mentioned above, lack of sleep, chronic stress,
chronic alcohol consumption, disorders of perceptual functions (e.g., audiovisual sensations), metabolic
and endocrine dyscrasia, diseases, etc., all have a negative impact on cognitive function. Frailty and
malnutrition are also accompanied by an increased risk of cognitive impairment 3. While preoperative
cognitive impairment is an important risk factor for postoperative cognitive complications.

Correcting bad living habits, improving perception (correcting vision, wearing hearing aids),
maintaining normal metabolic and endocrine functions, and actively treating coexisting diseases are the
basis for improving the preoperative physical condition. In addition, targeted interventions can be
implemented. Participation in physical exercise, developing social contacts and mindfulness training
have been shown to improve patients' physical and mental health and cognitive performance ™. For
patients with mild cognitive impairment, meta-analysis has shown that multiple cognitive trainings may
prompt recruitment of alternate neural processes as well as support primary networks, resulting in
improved cognitive function in patients 3. Preoperative improvement of nutritional status, physical
exercise, behavioral intervention, and implementation of cognitive function training can effectively
improve cognitive function and reduce the incidence of POCD !3:40-43],

The importance of teamwork in optimizing perioperative management of the elderly should be valued.
Meta-analysis shows that preoperative geriatrics specialist consultation and intervention can reduce the
occurrence of postoperative delirium in elderly patients with cognitive impairment [47), If possible, drug
abuse patients should be referred to a specialist for detoxification treatment.

[Recommendation] For patients with preoperative cognitive impairment, in addition to basic
treatment, it is recommended to actively implement targeted interventions, including nutritional status
improvement, physical exercise and cognitive function training.

2. Management of cognitive enhancing drugs: Currently there are a variety of drugs that can be used to
improve cognitive function in patients with existing cognitive impairment, including vitamins, gamma-
aminobutyric acids (such as piracetam, oxiracetam), ergot alkaloids (such as dihydroergotoxine),
calcium antagonists (such as nimodipine), cholinesterase inhibitors (such as donepezil and
rivastigmine), glutamate receptor antagonists (such as memantine), neurotrophic factors (such as nerve
growth factor, ganglioside), etc. ['7-38], However, the effect of these drugs on surgical patients remains
to be demonstrated.

Attention should be paid to the interaction between these drugs and anesthetic drugs during
perioperative period. For example, ergot alkaloids have a strong alpha-receptor blocking effect which
can inhibit vasoconstriction, lower blood pressure, and may increase the risk of perioperative
hypotension. Cholinesterase inhibitors inhibit acetylcholinesterase and increase the concentration of
acetylcholine at the neuromuscular junction, prolonging the duration of succinylcholine to 50 min;



non-depolarizing muscle relaxants may be considered for patients using such drugs, but it should be
noted that succinylcholine can’t be reversed by anticholinergics ['% 4%, Other adverse effects of
cholinesterase inhibitors are sinus bradycardia, increased smooth muscle tone, or convulsions 1“1,
Patients with cognitive impairment may be treated concomitantly with psychotropic drugs including
antidepressants, so it is also necessary to pay attention to the interaction between psychotropic drugs
and anesthetic drugs (see Anxiety and Depression sections).

[Recommendation] The patient's preoperative medication should be inquired in detail, and if
necessary, neurologist or psychiatrist should be involved to guide the perioperative medication; adverse
drug reactions and possible interactions with anesthetic drugs should be noted.

V. Anesthesia and Intraoperative Management

(I) Preoperative Medication

Anticholinergic drugs can interfere with information storage in the brain, resulting in decreased
memory, learning ability, and attention. Anticholinergic drugs are contraindicated preoperatively in
patients with cognitive impairment; if such drugs must be used, drugs that cross the blood-brain barrier
as little as possible should be selected. Blood-brain barrier passage rates of commonly used
anticholinergics: glycopyrrolate < atropine < scopolamine < penehyclidine.

Midazolam is used to eliminate patients' bad memories in anesthesia because of its anterograde
amnesia effect, but large doses or repeated use can also produce retrograde amnesia and destabilize
memory function. Repeated or high-dose use of benzodiazepines should be avoided in patients with
preoperative cognitive impairment.

[Recommendation] Anticholinergics are contraindicated preoperatively and benzodiazepines should
be used with caution.

(IT) Selection of Anesthetics

1. Propofol: In the early postoperative period of propofol anesthesia, patients' spatial cognitive ability,
memory and thinking ability are reduced to varying degrees, and will gradually recover after 24 h [48].
Intravenous anesthesia has less effect on cognitive function than inhalation anesthesia [49-51].

2. Etomidate: There are few reports of postoperative cognitive dysfunction in elderly patients with
etomidate anesthesia, and some studies have shown that there is no significant difference between
etomidate and propofol in the incidence of POCD in elderly patients after surgery [52]. However, in
animal studies, even a single anesthetic dose of etomidate causes long-term (up to one week)
impairment of memory function, and this effect is associated with its caused increase in a5 subunit-
containing GABA receptors on the surface of hippocampal neurons [53]. However, reversing this effect
can improve the memory function of animals [54-55]. Although etomidate has the advantage of small
hemodynamic effects in elderly patients, it is not recommended for routine anesthesia in elderly
patients, given its potential adverse effects on postoperative memory function and adrenocortical
function.

3. Ketamine: The results of studies on the neuroprotective effects of ketamine on neurological function
are controversial [56-60]. Although a meta-analysis in 2018 showed that intraoperative low-dose
ketamine decreased the occurrence of POCD, the included studies were of small sample sizes and low
quality [60]. According to a large sample size randomized controlled study, intraoperative low-dose
ketamine did not reduce postoperative delirium in elderly patients, but instead increased psychiatric
symptoms adverse events [60].

4. Inhaled anesthetic drugs: Inhaled anesthetic drugs (e.g., sevoflurane, desflurane, isoflurane) have
been reported to be associated with neurological protection and injury, but it is not clear which drug
has an advantage in reducing the occurrence of POCD [61-63]. 5. Intravenous
analgesic drugs: Opioids are commonly used as analgesic drugs in the perioperative period, but high
doses of opioids increase the risk of postoperative delirium [64]. Among all opioids, meperidine has an
effect that significantly increases delirium [64]. Delirium is associated with an increased risk of
cognitive impairment. In addition, meperidine may cause symptoms of acute serotonin toxicity when
combined with antidepressant drugs including monoamine oxidase inhibitors and serotonin reuptake
inhibitors (see Anxiety and Depression section) [65]. Therefore, pethidine is contraindicated in elderly
patients. The effect of other opioids on postoperative cognitive function needs further investigation
[66-67]. On the other hand, nonsteroidal anti-inflammatory drugs (e.g., parecoxib sodium, flurbiprofen
axetil) and acetaminophen have been demonstrated to reduce the occurrence of postoperative delirium
and may help improve postoperative cognitive function [68-69].

6. Muscle relaxants: No effect on cognitive function has been found [70-71].

7. Local anesthesia drug: The effect of intravenous continuous infusion of lidocaine on POCD after
surgery is still controversial, and large sample size randomized controlled studies have not found
perioperative lidocaine to be brain protective in patients undergoing cardiac surgery [72—-74].

8. Dexmedetomidine: Dexmedetomidine is highly selective a2 adrenergic agonists. Several meta-



analyses have shown that perioperative administration of dexmedetomidine reduces the occurrence of
postoperative cognitive dysfunction [75-79]. A recent meta-analysis also showed that perioperative
dexmedetomidine also reduced the occurrence of postoperative delirium [80-81]; Delirium is an
important risk factor for cognitive impairment.

9. Ulinastatin: Ulinastatin is a broad-spectrum protease inhibitor used intraoperatively to reduce
excessive inflammation induced by surgery. Several randomized controlled studies have shown that
intraoperative administration of ulinastatin reduces the occurrence of early postoperative cognitive
impairment [82-84].

[Recommendation] Propofol based intravenous anesthesia is preferred in elderly surgical patients and
can be combined with dexmedetomidine during perioperative period, NSAIDs or acetaminophen can
be given in patients without contraindications, and ulinastatin can be given prophylactically in high-
risk patients.

(ITI) Selection of Anesthesia Methods

1. Total intravenous anesthesia versus inhalation anesthesia: A meta-analysis in 2018 included 28
randomized controlled studies involving 4507 elderly patients undergoing various procedures,
including cardiovascular surgery. The results showed that the use of propofol based maintenance of
total intravenous anesthesia reduced the occurrence of early postoperative cognitive dysfunction
compared with the maintenance of inhaled anesthesia (low quality evidence) [85]. A subsequent
randomized controlled study also demonstrated that propofol intravenous anesthesia reduced the
occurrence of early postoperative cognitive dysfunction in elderly patients undergoing tumor surgery
compared with sevoflurane inhalation anesthesia [86].

2. General anesthesia versus regional block anesthesia: A 2014 systematic review showed that regional
block anesthesia reduced the occurrence of early (within one week) postoperative cognitive impairment
compared with general anesthesia, but there was no difference in cognitive recovery after one week
[87].

Several randomized controlled studies later also reported similar results that regional block improved
early postoperative cognitive recovery, but there was no significant difference between the two groups
in cognitive outcome after one week [88-91].

3. Regional anesthesia combined with sedation: There are studies comparing the effects of different
depths of propofol sedation during spinal anesthesia and found that, compared with patients with deep
sedation, patients with shallow sedation had better postoperative cognitive recovery, especially for
patients with comorbidities [92-93]. In critically ill patients with comorbid conditions, long-term
survival was also improved in the shallow sedation group compared with the deep sedation group [94].
Another retrospective cohort study looked at elderly patients undergoing orthopedic surgery under
regional block anesthesia and found that sedation with dexmedetomidine was able to reduce the
occurrence of postoperative agitation compared with propofol sedation [95].

[Recommendation] For elderly surgical patients, regional block anesthesia is recommended as the first
choice. Propofol based intravenous anesthesia is recommended for patients requiring general
anesthesia. Shallow sedation with dexmedetomidine is recommended for regional block anesthesia
patients requiring sedation.

(IV) Intraoperative Monitoring and Management

1. Monitoring of depth of anesthesia: Bispectral index (BIS) is the most widely used means of
monitoring depth of anesthesia in clinical practice. Patients with preoperative cognitive impairment are
more likely to have low BIS during anesthesia [96]. In several clinical studies, the use of intraoperative
anesthesia depth monitoring (BIS) to avoid excessive anesthesia can reduce the incidence of
postoperative delirium and/or POCD [97-103], although there are different results [104]. A meta-
analysis found that intraoperative anesthesia depth monitoring could reduce POCD occurrence [105].
[Recommendation] Anesthesia depth monitoring is recommended during general anesthesia to avoid
excessive anesthesia.

2. Non-invasive cerebral oxygen saturation monitoring: Non-invasive cerebral oxygen saturation
monitoring can reflect changes in cerebral perfusion and guide the management of cerebral oxygen
supply and demand balance. Noninvasive cerebral oxygen saturation monitoring in adults has a high
degree of variability, approximately (71£6) %. Intraoperative low cerebral oxygen saturation values
(e.g., less than 50%) are associated with an increased risk of new-onset postoperative brain injury and
cognitive decline, and the duration of the decline is associated with the degree of postoperative
cognitive impairment; whereas, circulatory management based on noninvasive cerebral oxygen
saturation monitoring may improve postoperative cognitive recovery [106-108], even though the study
results are not completely consistent [109]. Meta-analyses have shown that circulatory management
under intraoperative cerebral oxygen saturation monitoring may reduce early postoperative cognitive
impairment [110].



[Recommendation] It is recommended to maintain the balance of cerebral oxygen supply and demand
under the monitoring of cerebral oxygen protection for high-risk patients.

3. Intraoperative circulatory management: Elderly patients with preoperative cognitive impairment tend
to have varying degrees of impaired cerebrovascular self-regulation [111]. In previous
studies, intraoperative hypotension was accompanied by an increased occurrence of cerebral apoplexy
[112-113] and postoperative delirium [114-115]. However, a recent randomized controlled study failed
to find that intraoperative goal-directed blood pressure management reduced cognitive impairment
occurrence 3 months after surgery [116]. Nevertheless, for surgical patients with preoperative cognitive
impairment, care should be taken to maintain stable blood pressure during surgery, and blood pressure
fluctuations should not exceed 20% of the preoperative baseline blood pressure. It has been shown that
anemia accompanies an increased risk of cognitive impairment in critically ill patients [117-118].
Perioperative hemoglobin levels in elderly patients should be maintained above 100 g/L as far as
possible.

[Recommendation] The perioperative blood pressure of elderly patients should be maintained stable,
and the fluctuation range should not exceed 20% of preoperative baseline blood pressure; the
hemoglobin level of critically ill patients should be maintained above 100 g/L as far as possible.

4. Intraoperative respiratory management: Some studies have found that the use of a lung-protective
ventilation mode (adjusting tidal volume frequency according to the patient's condition) during surgery
can reduce postoperative delirium and cognitive impairment, which is possibly related to the reduction
of systemic inflammatory response [119]. In elderly patients with cognitive impairment, maintaining
the inspired oxygen concentration between 30% and 40% during maintenance of anesthesia helps to
reduce the incidence of postoperative cognitive impairment and neurodegenerative diseases [120].
However, hypoxemia, which can also lead to decreased neurotransmitter release and cognitive
impairment, should be avoided. Intraoperative hyperventilation (PaCO2) can decrease cerebral blood
flow and oxygen supply [121], which are particularly unfavorable for patients with preexisting
cognitive impairment; therefore, excessive ventilation should be avoided and PaCO2 should be
maintained at a normal level (35 ~ 45 mmHg, 1 mmHg = 0.133 kPa).

[Recommendation] Lung protective ventilation strategy (small tidal volume, PEEP and lung
recruitment strategy, etc.) is recommended; avoid excessive ventilation and maintain PaCO2 at 35 ~ 45
mmHg; hypoxemia should be avoided and SpO2 be maintained not less than 90% in perioperative
period.

5. Body temperature management: Intraoperative hypothermia can lead to increased incidence of
postoperative wound infection, delayed wound healing, significantly increased perioperative bleeding,
and increased cardiovascular events in patients, which increase the risk of postoperative cognitive
impairment in elderly patients with fragile brain function. In the elderly, hypothermia is very likely to
occur during surgery due to body thermoregulation decline.

The body temperature during surgery of elderly patients should be routinely monitored and maintained
no less than 36°C by warming equipment [122].

[Recommendation] Routine monitoring of body temperature should be performed during the surgery
to actively keep warm and maintain an intraoperative body temperature of no less than 36C.

VI. Postoperative Management

Preoperative and intraoperative issues requiring preventive management are equally applicable after
surgery. In the postoperative management of patients with cognitive impairment, a patient-centered
medical care model should be established to allow patients' family members or people familiar with the
patient to participate in medical care and improve patient outcomes.

(I) General Treatment

The patients continue to be monitored as necessary, and in addition to basic vital signs, blood glucose,
electrolytes, invasive arterial blood pressure, fluid intake and output, and organ function indicators will
be monitored when necessary.

Pay attention to timely correct acid-base and electrolyte disturbances, maintain stable blood glucose
levels and homeostasis, and continue to treat primary diseases leading to cognitive impairment.
Actively provide nutritional support; be alert to the risk of aspiration and asphyxia in patients with
dysphagia and nasogastric feeding [123]. According to the patient's individual condition, perform
passive or active activities at an early stage; however, the principle of individualization should be
emphasized, and attention should be paid to the prevention of bed falls and tumbles. Perform cognitive
function assessment and individualized cognitive function training, including memory training,
orientation training, language communication ability training, visuospatial and executive ability
training, and calculation ability training [123—124].

(IT) Postoperative Pain Management

Inadequate postoperative analgesia can affect sleep, induce delirium and postoperative cognitive



dysfunction and other adverse consequences, and prolong hospital stay and increase economic burden.
Adequate postoperative analgesia is particularly important for patients with preexisting cognitive
impairment.

1. Pain assessment: For patients with cognitive impairment, pain assessment may be more difficult due
to concomitant memory, cognitive, expressive, communication impairments [125]. Patients with mild
to moderate cognitive impairment can choose visual analogue scale (VAS), numeric rating scale (NRS)
or verbal rating scale (VRS); patients who cannot express (e.g., endotracheal intubation) can use
Wong-Baker facial expression scale [126]. For patients with severe cognitive impairment, the Chinese
Version of Pain Assessment Scale for Advanced Dementia (C-PAINAD) can be selected [127-128],
with total score of 0 to 10 and higher scores indicating severer pain (Table 3). It should be noted that
pain assessment should be repeated after surgery, and pay attention to the patient's pain assessment
during activities; tolerance of cough or general activities can be considered enough analgesia for the
patients [127].

2. Analgesic management: For elderly patients, especially those with cognitive impairment, more
precise individualized analgesic regimens and closer monitoring must be used to minimize adverse
reactions while achieving the desired analgesic effect. Multimodal analgesia is recommended, i.e., an
analgesic approach combined with peripheral (e.g., intraspinal block, peripheral nerve block, or local
infiltration) and systemic analgesia, and analgesic drugs combined with opioids, tramadol,
acetaminophen, nonsteroidal anti-inflammatory drugs, local anesthetics, and/or dexmedetomidine
[126].

It should be noted that a systematic review of the use of opioids for postoperative pain management
showed that meperidine was the only opioid that was positively associated with the development of
delirium (see Anesthetic Drug Selection section); therefore pethidine analgesia should be avoided in
elderly patients, especially those with preoperative cognitive impairment.

(IIT) Prevention of Postoperative Complications

Most elderly patients often have a combination of diseases and are more likely to have postoperative
complications, require longer hospital stay, and have higher perioperative mortality [6, 18, 129-135].
Compared with patients without cognitive impairment before surgery, patients with cognitive
impairment are more likely to develop delirium [6, 130-131, 133—-135], pulmonary infection [6, 129,
132], urinary tract infection [129 — 130, 132, 134] and other complications after surgery, which can
further aggravate cognitive impairment and worsen patient outcomes. So, it is essential to prevent the
occurrence of postoperative complications. In elderly patients, the complication symptoms are not
obvious or typical and thus difficult to be detected in the early stage of the disease, especially in
patients with perception and communication difficulties due to cognitive impairment, so early
identification and active intervention become more necessary to improve the prognosis of patients.

1. Delirium (see Delirium section): Preoperative cognitive impairment [131, 134-135] and dementia [6,
130-131, 133] are considered independent risk factors for the development of delirium, which occurs
in more than two-thirds of patients with dementia. For the prevention, diagnosis and treatment of
postoperative delirium in elderly patients, please refer to the delirium section of this Expert Consensus
[136-138].

2. Pulmonary infections: Postoperative pulmonary infections occur 2 to 3 times more frequently in
patients with dementia than in those without dementia. In order to reduce the occurrence of pulmonary
infections, it is recommended to provide education and training for relevant personnel and implement
the following measures in daily clinical practice: Raise the head of the bed 30° ~ 45° when there are no
contraindications; adequate postoperative analgesia; active prevention of thrombosis; give priority to
enteral nutrition; early pulmonary rehabilitation, such as breathing exercises, patting back for sputum
aspiration; attention should be paid to avoid aspiration by mistake in patients with dysphagia; get out of
bed as soon as possible [139].

3. Other complications: (1) Prevention of urinary tract infections: regular cleaning of the urethra,
perineum, bladder irrigation if necessary [123] (2) Prevention of pressure ulcers: regularly turn over,
assist the patient to perform slight activities on the bed, timely change clothes, keep the skin dry and
clean, and conditionally apply the air cushion bed [125].

Table 3 Chinese Version of Pain Assessment Scale for Advanced Dementia (C-PAINAD)

Item 0 point 1 point 2 points Score

Respiration ~ Normal Occasional labored Dyspnea with noise/Long
breathing/short period of period of hyperventilation/tidal
hyperventilation breathing *

Negative None Occasional groan/low Repetitive yelling/Loud

vocalization voice with negative tone  moaning or groaning / crying




Facial Smiling or ~ Sad/frightened/frown Facial grimacing

expression inexpressive
Body Relaxed Tense/Distressed Rigid /Fists clenched /Knees
language pacing/Fidgeting pulled up /Pulling or pushing
away /Stiff/clenched fist/knee
lift/pull or push/jostling
Consolability No need to Solace the patient by Cannot solace the patient by
console distraction or touch, distraction or touch
comfort

Note: The observation time is about 5 min, and the total score is 10 points; * Also known as Cheyne-
Strokes respiration, it is a kind of respiration that gradually changes from shallow slow to deep fast,
then from deep fast to shallow slow, and then after a period of apnea, it begins to repeat the above
periodic changes, and its shape is like tidal fluctuations.

[Recommendation] (1) elderly patients still need close monitoring after surgery, and in addition to the
original treatment, supportive treatment should also be actively provided, including nutritional support,
early mobilization and cognitive function training; (2) carefully assess the pain, give multimodal
analgesia according to the principle of individualization, so as to achieve the ideal analgesic effect
while minimizing adverse reactions; (3) early identification and active prevention of postoperative
complications, especially delirium, lung infection and urinary tract infection, to improve patient
prognosis.

Delirium

L. Overview

Delirium is an acute temporary abnormality of brain function that often occurs within hours to days and
is characterized by inattention, altered level of consciousness, and cognitive impairment, and the
condition tends to fluctuate over a short period of time [140]. The development of delirium is
associated with worsened prognosis, including increased recent postoperative complications, prolonged
in-hospital stay, increased medical costs, increased mortality [141-143], decreased long-term cognitive
ability and quality of life and shortened survival time after surgery [143-145].

The incidence of delirium in elderly hospitalized patients ranges from 7% to 35%; in elderly patients
requiring surgery for emergency and traumatic fractures and the like, the incidence of preoperative
delirium can be as high as 60% [146-147]. The incidence of postoperative delirium is correlated with
the severity of trauma of the surgery. Studies have shown a delirium incidence of 4% after cataract
surgery and 10% to 30% after major non-cardiac surgery, while the incidence of delirium after cardiac
surgery can be as high as 50% [148-151].

II Risk Factors for Delirium

The development of delirium is often the result of the interaction of predisposing and precipitating
factors (Table 4). Susceptibility factors are closely related to the patient's underlying condition, among
which brain aging, frailty, and dementia are important susceptibility factors for the development of
delirium. For postoperative patients, perioperative stress, anesthetic/analgesic drugs, pain, and
electrolyte disturbances are important precipitating factors of delirium.

II1. Diagnosis of Delirium

1. The "gold standard" diagnosis of delirium: The definition of delirium in the Diagnostic and
Statistical Manual of Mental Disorders, 5th Edition (DSM-5) and the International Classification of
Diseases-10 (ICD-10) are the "gold standards" used to diagnose delirium (Table 5). However, these
standards lack structured test methods and standardized operating procedures, and each assessment
takes about 30 min, which is mainly applicable to psychiatrists [152-153].

2. Quantitative diagnostic assessment tool for delirium: When untrained non-psychiatric medical staff
(e.g., nurses, etc.) perform delirium assessment, the rate of underdiagnosis and misdiagnosis of

delirium can be as high as 70% [154]. Table 4 Predisposing and Precipitating Factors
for Postoperative Delirium [!52-174]

Predisposing factor Precipitating factor

Advanced age (> 65 years) Drug

Reduced cognitive reserve Sedative hypnotic

Dementia Anticholinergic

Cognitive impairment Polypharmacy

Depression Alcohol or drug withdrawal

Brain atrophy Surgery




Reduced physiological functional reserve
Hyposthenia

Restriction of spontaneous movement
Decreased exercise tolerance

Visual or hearing impairment
Decreased oral intake

Dehydration

Electrolyte disorder

Undernutrition

Co-existing disease

Serious illness

Multiple coexisting conditions
Psychiatric disorder

Cerebral apoplexy history

Metabolic disturbances

Trauma or fracture

Terminal illness

Co-infection with HIV

Sleep disordered breathing/insomnia

Cardiovascular surgery

Orthopedic procedures

Prolonged extracorporeal circulation
Non-cardiac surgery

Various diagnostic procedures
Intraoperative hypotension

Intraoperative low cerebral oxygen saturation
Admission to ICU

Environmental change

Physical restraint

Urethral catheter and various drainage tubes
Pain stimulation

Mental tension

Intercurrent illness

Infection

Iatrogenic complications

Severe acute illness

Metabolic disturbances

Fever or hypothermia

Drug use Shock
Psychoactive drugs Hypoxemia
Application of multiple drugs Anemia

Drug dependence Dehydration
Alcoholism Hypoproteinemia
ApoE4 genotype Malnutrition

- Pain

- Sleep disorder

- Cerebral apoplexy

Note: "-" indicates that this item has no content.

To facilitate non-psychiatric physicians to administer rapid and accurate delirium assessments,
investigators developed a variety of structured scales (Table 6). Among them, the Confusion
Assessment Method (CAM) is currently one of the most widely used scales [155]. It makes a diagnosis
based on nine common features of delirium, including acute onset, inattention, disorganized thinking,
altered level of consciousness, disorientation, memory impairment, decreased comprehension,
neurogenic agitation, and altered sleep-wake cycle. The sensitivity and specificity of this scale in the
Chinese population are 76% and 100%, respectively [156]. The Confusion Assessment Method for the
Intensive Care Unit (CAM-ICU) is designed for mechanically ventilated patients and is also of great
value for the diagnosis of certain special subgroups of patients, such as patients at age of >65 years,
with suspected dementia and Acute Physiology and Chronic Health Evaluation II (APCHHE II) of > 23
points [157].

Table 5 Definition of Delirium in DSM-5 and ICD-10

Gold Definition of delirium
standard
DSM-5 1. Disturbances in attention (e.g., disturbance of attention directing, concentration,

retention, and shifting) and consciousness (e.g., impairment of orientation to the environment)
2. It occurs over a short period of time (usually hours to days) and is characterized by
acute changes in attention and cognitive function from baseline state, and the severity fluctuates
within one day

3. It may be accompanied by impairment of cognitive function (e.g., impairment of
memory, orientation, language, vision, spatial perception, and comprehension)
4. The occurrence of symptoms A and C cannot be explained by preexisting, established,

progressive neuropsychiatric disorders; and does not occur in patients with severely impaired
levels of consciousness (e.g., coma)
5. Causative factors such as drug intoxication/withdrawal, exposure to toxic substances, or
multifactorial pathogenesis can be identified based on history, physical examination, and
laboratory tests

ICD-10 1. Consciousness disturbances (from consciousness obscurity to coma) and impaired
attention (reduced ability to concentrate, maintain, and shift)




2. Global deterioration of cognitive function (perceptual distortion, illusions and
hallucinations, impairment of abstract thinking and comprehension, impairment of immediate
and recent memory with relatively intact long-term memory, disorientation to time, place,
person)

3. Psychomotor disturbances (hypoactive or hyperactive and non-premonitory
interconversion, prolonged reaction time, increased or decreased speech rate, increased startle
response)

4. Disturbance of the sleep-wake cycle (insomnia or total sleeplessness or inversion of the
sleep-wake cycle, daytime sleepiness, worsening of nocturnal symptoms, dreaminess or
nightmares, hallucinations upon awakening)

5. Affective disorders (e.g., depression, anxiety or fear, irritability, euphoria, apathy,
confusion)
6. Symptoms often sudden occur, fluctuate within one day, with a total duration of less

than six months

Its sensitivity and specificity in the Chinese population ranged from 81.8% to 93.4% and 87.7% to
90.8%, respectively [158].
[Recommendation] Assessment of delirium in perioperative elderly patients is recommended.

IV. Perioperative Management

1. Preoperative Assessment and Preparation: A detailed preoperative assessment of the patient's
medical history and examinations can help identify high-risk patients and risk factors to take targeted
preventive measures [163]. Preoperative assessment includes patient's medical history, comorbidities,
mental status, activity status, nutritional status, drug treatment and other conditions, and checking
whether the patient has abnormal examination results such as electrolyte imbalance. Preoperative
depression and anxiety are important risk factors of delirium, and interventions including preoperative
education can effectively alleviate depression and anxiety, thereby reducing the incidence of delirium
[164-165]. Preoperative cognitive training, improvement of nutritional status, correction of electrolyte
imbalance, and improvement of sleep have all been demonstrated to reduce the incidence of delirium
[166-168].

A meta-analysis showed that preoperative avoidance of benzodiazepines and anticholinergics reduced
the incidence of postoperative delirium [169]. However, in patients who have been taking
benzodiazepines for a long time, stopping the drug before surgery may induce withdrawal symptoms. It
is recommended that psychiatrists be invited to guide the perioperative medication management of such
patients (see Anxiety and Depression section).

Table 6 Common Delirium Assessment Scale

Scale Sensitivity Specificity Characteristics and applicable population
(%) (%)

CAM 76.0 100 Developed based on DSM-3R; has been validated in Chinese
population; applicable to hospitalized elderly patients ['>¢]

CAM- 81.8 ~ 87.7 ~ Developed based on DSM-IV; has been validated in Chinese

ICU 93.4 90.8 population; applicable to tracheal intubation, intensive care
unit and emergency patients [1%

3D-CAM 95.0 94.0 Designed based on CAM and provides a standardized

assessment method; has not yet been validated in Chinese
population; applicable to elderly and patients with comorbid
dementia [13%]

DRS-98 - - Designed based on DSM-III R; has not been validated in
Chinese population; contains 10 diagnostic criteria with scores
of 0 — 4, respectively, with higher scores representing more
severer symptoms; can be used to grade the severity of
delirium 169

Nu- 80.0 92.0 Diagnostic cut-off of 3 points; has been validated in Chinese
DESC population; suitable for delirium screening [1°!]
MDAS 91.8 99.0 Diagnostic cut-off of 7.5 points; has been validated in Chinese

population; suitable for delirium screening [1%%!

Note: CAM: Confusion Assessment Method; CAM-ICU: Confusion Assessment Method — ICU; 3D-
CAM: 3D-Confusion Assessment Method; DRS-98: Delirium Rating Scale — 98; Nu-DESC: Nursing




Delirium Screening Scale; MDAS: Memorial Delirium Assessment Scale; DSM: Diagnostic and
Statistical Manual of Mental Disorders

[Recommendation] For high-risk patients, non-pharmacological preventive measures, such as
cognitive function training, psychological intervention, improvement of basal status, and sleep, are
recommended before surgery; avoid preoperative use of drugs that increase the risk of delirium.

2. Anesthesia type: In patients undergoing prosthetic joint replacement surgery, it has been shown that
spinal anesthesia and nerve block reduce the incidence of postoperative delirium ['7°-172], However, a
meta-analysis that included 15 observational studies of patients with hip fractures showed there was no
statistically significant difference in the effect of general anesthesia versus regional block anesthesia on
the incidence of delirium ['”3l, Another meta-analysis included 104 studies (including randomized
controlled studies) on hip fracture patients also found no statistical difference between local and
general anesthesia on the incidence of postoperative delirium 1741,

[Recommendation] Available evidence did not find a difference in the effect of anesthesia type
(general anesthesia or regional block anesthesia) on the incidence of postoperative delirium.

3. Anesthetics: A meta-analysis included 28 randomized controlled studies involving 4507 elderly
patients undergoing various procedures, including cardiovascular surgery.

The results showed that compared with inhalation anesthesia, total intravenous anesthesia based on
propofol reduced the incidence of early postoperative cognitive dysfunction (low-quality evidence),
but there was no significant difference in the effect on postoperative delirium, mortality and hospital
stay ¥ A subsequent randomized controlled study also demonstrated that, compared with
sevoflurane anesthesia, propofol anesthesia reduced the occurrence of early postoperative cognitive
dysfunction in elderly patients undergoing tumor surgery %1,

[Recommendation] Propofol total intravenous anesthesia may be more useful than inhalational
anesthesia for improving early postoperative cognitive recovery in elderly patients undergoing
major surgery.

4. Intraoperative anesthesia depth monitoring: There are three prospective randomized controlled
studies showing that the use of anesthesia depth monitoring during general anesthesia to avoid deep
anesthesia can reduce the risk of postoperative delirium in elderly patients 7 1751761 A meta-
analysis also showed that in non-cardiac, non-neurosurgical elderly patients, the use of processed
electroencephalography (EEG) and evoked potential monitoring to optimize anesthesia depth could
reduce the occurrence of postoperative delirium; there was no significant effect on postoperative
hospital stay and mortality ['7”). However, a recent randomized controlled study showed that depth
of anesthesia based on EEG monitoring failed to reduce early postoperative delirium [178],
[Recommendation] It is recommended to maintain an appropriate depth of anesthesia under EEG
monitoring during surgery to avoid deep anesthesia.

5. Depth of intraoperative sedation: A randomized controlled study comparing the effects of two
propofol sedation depths, BIS 50 and 80, on the incidence of postoperative delirium in elderly
patients undergoing spinal anesthesia showed that patients in the lighter sedation (BIS 80) group
had an approximately 50% lower risk of delirium development than those in the deep sedation (BIS
50) group 1. Another randomized controlled study comparing the effect of different depth of
propofol sedation (OASS sedation score 0 ~ 2 versus 3 ~ 5) on the incidence of postoperative
delirium in elderly patients undergoing hip fracture surgery under spinal anesthesia showed no
statistically significant difference in the incidence of delirium between the two groups; however, in
patients without preoperative comorbidity, the incidence of postoperative delirium was lower in
patients with light sedation %,

[Recommendation] For elderly patients undergoing regional block anesthesia, it is recommended
that deep sedation should be avoided during surgery.

6. Cerebral oxygen saturation monitoring: Cerebral oxygen saturation can be continuously
monitored and reflected in real time using noninvasive techniques (e.g., near-infrared
spectroscopy) ['7°1. A prospective cohort study observing the relationship between cerebral oxygen
saturation and delirium in 20 elderly patients undergoing abdominal surgery showed that
preoperative cerebral oxygen saturation was lower in patients with delirium than in those without
delirium, but there was no significant difference in changes of cerebral oxygen saturation during
surgery between the two groups [, Circulatory management based on cerebral oxygen saturation
monitoring has been shown to reduce delirium rates in cardiac surgery and intensive care unit
patients in several cohort studies ['¥11%3]_ A meta-analysis of 15 randomized controlled studies
showed that intraoperative management of circulation under cerebral oxygen saturation



monitoring reduced postoperative cognitive impairment and shortened ICU stay, but did not
reduce postoperative delirium occurrence ['#4),

[Recommendation] For patients at high risk of cerebral ischemia, management of circulation under
cerebral oxygen saturation monitoring may help improve postoperative cognitive recovery.

7. Intraoperative blood pressure management: Intraoperative hypotension was accompanied by an
increased risk of postoperative cerebral stroke in the POISE study and a nested case-control study
[185-186] ‘T a cohort study of cardiac surgery patients and a systematic review of gastrointestinal
surgery patients, intraoperative hypotension was accompanied by an increased risk of postoperative
delirium !*!15] However, a recent randomized controlled study failed to find that intraoperative
goal-directed blood pressure management reduced cognitive impairment occurrence 3 months after
surgery 1119, In a cohort study of patients undergoing cardiac surgery under cardiopulmonary bypass,
excessive blood pressure during cardiopulmonary bypass (beyond the range of cerebrovascular
autoregulation) was also accompanied by increased postoperative delirium [187],
[Recommendation] Goal-directed blood pressure management is recommended during surgery to
avoid hypotension or excessive blood pressure.

8. Postoperative analgesia: Opioids are currently commonly used as analgesic drugs, but high doses
of opioids increase the risk of postoperative delirium ®*. Several randomized controlled studies
have shown that multimodal analgesia can improve analgesia, reduce opioid consumption, and
reduce the incidence of postoperative delirium. Multimodal analgesic modalities include combined
use of acetaminophen or nonsteroidal anti-inflammatory drugs, or combined regional blocks
(peripheral nerve blocks and epidural blocks), among others [68-6% 177, 188-189]

[Recommendation] Multimodal analgesia is recommended to improve the analgesic effect and
reduce the dose of opioids.

9. Depth of sedation in mechanically ventilated patients: For mechanically ventilated patients in the
care unit, the use of shallow sedation may reduce the occurrence of delirium; the use of daily
sedation interruptions or goal-directed sedation strategies may help to avoid excessive sedation [,
A meta-analysis comparing the use of BIS monitoring with sedation scales to assess the depth of
sedation in relation to patient outcome in the intensive care unit showed that BIS does not have
advantage in deep sedation monitoring in the ICU 1911,

[Recommendation] For mechanically ventilated patients in the intensive care unit, avoiding
excessive sedation can reduce the incidence of delirium.

10. Selection of sedation drugs for mechanically ventilated patients: Meta-analysis shows that
sedation with benzodiazepines is associated with a 2.59-fold increased risk of delirium and
increased length of stay in the care unit and mechanical ventilation; non-benzodiazepines
(dexmedetomidine, propofol) have a significant advantage in ICU patient sedation [1>-194],
[Recommendation] Sedation with benzodiazepines should be avoided in mechanically ventilated
patients in the care unit, and a preference for non-benzodiazepines (propofol and dexmedetomidine)
is recommended.

V. Prevention of Delirium

1. Non-pharmacological prophylaxis: Non-pharmacological measures are the first choice to
prevent delirium. Non-pharmacological interventions are mainly targeted at modifiable risk
factors, such as cognitive impairment, sleep deprivation, immobilization, visual impairment,
auditory impairment, and dehydration for delirium, and measures taken usually include
maintaining orientation, improving cognitive function, early mobilization, improving sleep, active
communication, wearing glasses and hearing aids, and preventing dehydration (Table 7). Multiple
meta-analyses have shown that non-pharmacological interventions can reduce the risk of delirium
by about 53% [195-196],

Table 7 Non-pharmacological Prophylaxis for Delirium

Risk factor Intervention measures

Cognitive Improve cognitive function; improve orientation; avoid medications that
impairment affect cognitive function

Limited Early mobilization; daily physiotherapy or rehabilitation

mobility

Water Maintain normal serum sodium and potassium; control blood glucose; timely
electrolyte detect and handle dehydration or fluid overload

imbalance




High risk Dose reduction or discontinuation of benzodiazepines, anticholinergics,

drugs antihistamines, and meperidine; dose reduction or discontinuation of other
drugs to reduce drug interactions and adverse reactions

Pain Use of paracetamol or non-steroidal anti-inflammatory drugs; use of nerve
block; effective control of postoperative pain; avoidance of pethidine

Visual and Wear glasses or use magnifying glasses to improve vision; wear hearing aids

hearing to improve hearing

impairment

Undernutrition Proper use of dentures; nutritional support

latrogenic Remove the urinary catheter as soon as possible after surgery to avoid urine

complications retention or urinary incontinence; strengthen skin care to prevent pressure
sores; promote the recovery of gastrointestinal function; if necessary, use
drugs to promote gastrointestinal peristalsis; if necessary, perform chest
physiotherapy or oxygen inhalation; appropriate anticoagulant therapy;
prevent urinary tract infection

Sleep Reducing environmental disturbances including sound and lighting; non-

deprivation pharmacological measures to improve sleep

[Recommendation] Non-pharmacological measures should be taken for all elderly patients to
prevent delirium.

2. Pharmacological prevention: Several meta-analyses have shown that perioperative use of
dexmedetomidine can reduce the incidence of postoperative delirium !> 1°7); although there are
also different opinions in this regard ['%1%°1. A 3-year follow-up study showed that low-dose
dexmedetomidine after surgery may improve long-term outcomes while reducing the occurrence
of postoperative delirium in elderly patients 2%/,

A meta-analysis showed that the effect of prophylactic administration of haloperidol on the
incidence of postoperative delirium is not clear ?°!l. A large sample size randomized controlled
study showed that prophylactic administration of ketamine did not reduce the incidence of
postoperative delirium . In addition, the use of haloperidol, ketamine, etc., in ICU patients was
not found to improve other clinical outcomes 11,

[Recommendation] Perioperative administration of dexmedetomidine reduces postoperative
delirium. Its impact on long-term outcome requires further investigation.

VI. Treatment of delirium

(D) Non-drug therapy

Non-pharmacological interventions may reduce the risk of delirium [1°3-1%
equally applicable to the treatment of delirium patients (Table 7) [155202-207
measures are the first choice for the treatment of delirium 2],
[Recommendation] Non-pharmacological measures are preferred for the treatment of delirium
patients.

(IT) Drug therapy

1. Psychiatric drugs: Haloperidol and non-classical psychotropic drugs including quetiapine and
olanzapine are used on average to treat agitated delirium [?°-2!12]_ However, it is necessary to be alert
to the side effect of such drugs, such as extrapyramidal reactions and QT interval prolongation.
[Recommendation] Postoperative agitated delirium can be treated with haloperidol or atypical
antipsychotics.

2. Dexmedetomidine: A meta-analysis showed that use of dexmedetomidine for the treatment of
patients with agitated delirium reduced the duration of delirium 3,

[Recommendation] Dexmedetomidine is recommended for the treatment of postoperative agitated
delirium.
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Perioperative Sleep

I. Normal Sleep Physiology



Normal adults sleep about 7 to 8 hours a day. Sleep monitoring techniques, based on
electroencephalography (EEG), electrooculography (EOG), and submental electromyography (EMG)
during sleep, revealed cyclical changes in sleep, and each cycle consists of non-rapid eye movement
(NREM) sleep and rapid eye movement (REM) sleep. Sleep normally begins with NREM sleep, with
four to five NREM/REM sleep cycles per night, usually 90 ~ 120 min per cycle.

Eye movements are slow or completely absent during NREM sleep, and EMG activity is lower than in
the awake state and may also reach a night-long minimum state. NREM sleep is divided into three
stages according to EEG characteristics: Stage 1 (N1 stage): it is a transition stage between waking and
other sleep stages, and the EEG frequency is characterized by low-amplitude mixed-frequency waves
of 4.0~7.0 Hz. During this sleep stage, the perception of sleep is quite different, and about half of the
people do not think they are sleeping after being awakened during this period; Stage 2 (N2 stage): the
EEG can be characterized by biphasic K-complexes of >0.5s duration and sleep spindles of 11.0~16.0
Hz; Stage 3 (N3 stage): the EEG frequency is 0.5~2.0 Hz, the amplitude is >75uV, and the duration of
slow-wave EEG activity accounts for 20% or more of an epoch. This stage of sleep is also called deep
sleep, sometimes called slow-wave sleep or synchronized sleep, and most of the N3 stage appears in
the first half of the night.

REM sleep (R-stage) is characterized by periodic bursts of rapid eye movements. EEG shows low
amplitude mixed frequencies and sawtooth EEG waves of 2~6 Hz are also observed, but there are no K
complex/sleep spindle waves. Skeletal muscle EMG activity levels are the lowest, and transient EMG
activity is observed with large fluctuations in respiratory rate, heart rhythm variability, and vascular
tone.

REM sleep predominates in the latter part of the night. The time from sleep onset to the appearance of
the first segment of REM sleep is called REM latency, and REM sleep deprivation or discontinuation
of REM inhibitors can lead to a decrease in REM latency. Sleep onset REM (SOREM) is defined when
REM latency is 0~15 min, which is one of the objective indicators for the diagnosis of narcolepsy.
Tricyclic antidepressants, selective serotonin reuptake inhibitors, monoamine oxidase inhibitors, and
lithium may prolong REM latency.

The ratio of the time of each sleep stage to the total sleep time in the whole night sleep of healthy
adults is 2%~5% in N1 stage, 45%~55% in N2 stage, 10%~20% in N3 stage; 75%~80% in NREM
sleep, 20%~25% in REM sleep. Human sleep architecture also changes with age. In men, the N3 stage
decreases and the N1 stage increases with age. In women, stage N3 sleep changes little with age. Body
temperature decreases gradually during sleep, and core body temperature is lowest 2 h before waking
up. Core body temperature and dim light melatonin release onset time are objective indicators to assess
sleep-awake circadian rhythms (11,

Sleep quality needs to be assessed in terms of ability to fall asleep, ability to maintain sleep, presence
or absence of early awakening, total sleep time, sleep efficiency, sleep architecture, and wake state.
Sleep latency is usually used as an objective evaluation index of ability to fall asleep. Sleep latency is
defined as the time from lights off to the appearance of the first epoch of sleep (stage N1, N2, N3, or
R). Normal adults generally need about 20 minutes from awake to falling asleep, and sleep latency
more than 30 min indicates difficulty in falling asleep. Sleep latency can be shortened or prolonged by
behavioral factors, sleep and its related diseases, or drug factors. Sleep maintenance refers to the
continuity of sleep, usually sleep throughout the night will also have fragments of awake, but after
awakening it is easy to fall asleep.

Having more than two awakenings per night and/or difficulty falling asleep after awaking indicate poor
sleep continuity. Early awakening is defined as more than 30 min earlier than habitual awakening.
Total sleep time (TST) is the sum of the time spent in each sleep stage during the overnight sleep
period. Sleep efficiency is the percentage of total sleep time to total in bed time (the period of time
from lying in bed with lights off until light on), which should be > 85% in normal. Good sleep is
defined as normal total sleep time during the main sleep period. Sleep architecture is consistent with
age changes, with refreshing minds upon awakening, loss or significant alleviation of fatigue before
bedtime, energetic daytime, and cognitive function and work ability unaffected 1,

In addition to the diaphragm, the tension of the pharyngeal opening muscles, genioglossus, intercostal
muscles and abdominal muscles is reduced during the transition from wakefulness to sleep, and is
significantly associated with the sleep stage (awake > NREM sleep > REM sleep), and voluntary
respiratory regulation is basically disappeared, and the hypercapnic ventilatory response (HCVR) and
hypoxic ventilatory response (HVR) of the respiratory center are reduced compared with those in
wakefulness, especially in the REM sleep 1. These changes can lead to a decrease in minute
ventilation, with an increase in PaCO2 of 4 to 8 mmHg (1 mmHg = 0.133 kPa) and a decrease in PaO2
of 3 to 10 mmHg compared with the awake period . In elderly patients with chronic respiratory
insufficiency or pulmonary vascular disease, particularly during recovery from general anesthesia or



surgical procedures affecting ventilation, sleep-related hypoventilation/hypoxemia may be caused,
inducing or aggravating respiratory failure.

Studies have confirmed that general anesthesia, perioperative psychological and physiological stress,
and the use of certain drugs can cause changes in sleep-wake circadian rhythms and decrease sleep
quality. Epidemiological studies have found that acute or chronic sleep deprivation (especially deep
sleep deprivation) can significantly affect the health of the body, leading to daytime drowsiness,
fatigue, memory loss, reduced alertness, inattention and operational errors, irritability, etc.; decreased
coordination of action and increased risk of falls in the elderly; decreased humoral or cellular immunity
and increased chances of infection; decreased leptin secretion and abnormal fat metabolism causing
obesity; impaired islet function and reduced insulin receptor sensitivity leading to abnormal glucose
metabolism or aggravating diabetes; increased sympathetic activity, impaired vascular endothelial
function, inducing or aggravating hypertension, or leading to an increased risk of arrhythmia and
sudden death 581,

II. Preoperative Sleep Disorders

According to the International Classification of Sleep Disorders, Third Edition (ICSD-3), there are
currently more than 90 known sleep disorders, which are distributed at all ages. Common sleep
disorders are insomnia disorders (referred to as insomnia), sleep-related breathing disorders, sleep-
related movement disorders, among which insomnia is the most common. The sleep disorders in this
expert consensus focus on insomnia. According to the course of the disease and other specific
conditions, insomnia can be divided into chronic insomnia, short-term insomnia and other insomnia.
The risk of insomnia in the elderly population is significantly higher than that in other age groups,
which may cause adverse effects on their cardiovascular system, endocrine system, immune system,
and nervous system. Therefore, it is important to pay attention to the diagnosis and treatment of
insomnia in the elderly population, especially in the perioperative elderly population.

(I) Occurrence and Harm of Insomnia

Epidemiological surveys in 2006 found that the prevalence of insomnia among adults in mainland
China was as high as 57%, which is much higher than in developed countries such as Europe and the
United States P19, The prevalence of insomnia in the elderly population was significantly higher than
that in other age groups. Chronic insomnia has been reported in 40% to 70% of the elderly. The
prevalence of insomnia is further increased in elderly patients with various mental and physical
disorders; moreover, the prevalence of insomnia is higher with more types of comorbid disorders
For preoperative patients, sleep disturbances are more likely to occur in the presence of a combination
of disease, psychological, and environmental factors. Small sample size surveys have shown that the
prevalence of insomnia within 1 month before surgery is 60% ~ 80% in different surgical patients !>
131, Insomnia has adverse effects on the mental, physical and social functions of patients, which can
lead to emotional disorder and mental weakness, and even psychological disorders and suicide in
severe cases; it can also lead to immune dysfunction, inducing or aggravating heart disease,
hypertension, diabetes, etc. 111, Patients with preoperative insomnia are more likely to experience
anxiety, which can affect their hemodynamic stability, lead to increased blood pressure and
cardiovascular events, increase the sensitivity of patients to pain, affect the dosage and effect of
anesthetic drugs, and also lead to an increased risk of postoperative delirium and cognitive impairment;
these will have a negative impact on early postoperative recovery and increase medical and nursing
costs 17291, Therefore, preoperative insomnia should be highly valued by surgeons and
anesthesiologists.

(II) Risk Factors for Preoperative Insomnia

The risk factors of preoperative insomnia are divided into physiological factors, pathological factors
and environmental factors. Physiological factors include age, gender, genetics, personality
characteristics, etc.; age is an important risk factor for insomnia, and the higher the age, the greater the
risk of insomnia (the prevalence of chronic insomnia increases from 4% in children and 9.3% in young
adults to 38.2% in the elderly); pathological factors mainly refer to previous history of insomnia,
various mental disorders and physical diseases, and the use of drugs that may affect sleep;
environmental factors include negative life events, environmental changes, and the negative impact of
the surrounding population on patients 1.

(IIT) Assessment of Preoperative Insomnia

Clinical assessment of sleep conditions should include clinical comprehensive assessment, subjective
assessment and objective assessment. Clinical comprehensive assessment is the basis and main method
of insomnia diagnosis, when necessary, subjective or objective assessment can be carried out to more
accurately evaluate the characteristics and influencing factors of insomnia.

1. Clinical comprehensive assessment: Clinical comprehensive assessment should obtain the patient's

[11-12]



sleep characteristics, daytime activity and function, comorbid conditions, basic physical examination,
and family history of sleep or psychiatric disorders. Among them, sleep characteristics include the
background, performance, evolution process, whether accompanied by daytime symptoms and its basic
performance, duration and so on.

(1) Context of occurrence: Assess behavior and mental activity from late afternoon until bedtime.
Bedtime status assessment is the main way to understand the cognitive and behavioral characteristics of
patients with insomnia, and is also the basis for the development of psychological treatment program.
Understand the patient's sleep environment, including bedroom temperature, humidity, light (natural
light and lighting) conditions, bed area, hardness, and outside environment of bedroom, especially
noise, bright light and air pollution. 2) Sleep-wake circadian rhythm: Understand the daily routines of
patients, preliminarily assess the sleep-wake circadian rhythm, and eliminate various circadian rhythm
sleep-wake disorders. Among them, sleep-wake phase disorder is more common in elderly patients. For
those who complain of difficulty in falling asleep at night, and early waking up and difficulty in falling
asleep again, special attention should be paid to further assess their sleep-wake circadian rhythm (the
patient often has slept for a while on the sofa after dinner). 3) Nocturnal symptoms: sleep-related
symptoms that may occur during sleep from nighttime to early morning awakening, which are clues to
the diagnosis of insomnia disorder and other sleep-related diseases. 4) Daytime activity and function:
The influence of insomnia on work and daily life, including the state of wakefulness or alertness,
emotional state, degree of mental distress, cognitive function such as attention and memory, and
changes in the working state of daily life after the occurrence of insomnia. (5) Other medical history:
including physical diseases, mental disorders, other sleep disorders, stress factors, pregnancy,
menstrual period and perimenopause.

2. Subjective assessment: Subjective assessment methods include self-assessment (e.g., sleep diary,
self-rating scale, etc.) and observer-assessment. (1) Sleep diary: An "objective" assessment of
subjective sleep perception. Usually, patients are asked to complete a sleep diary lasting for 2 weeks,
which includes recording the daily time of going to bed and getting up, estimating sleep latency,
recording the number of nocturnal awakenings and total time in bed, estimating the actual sleep time,
and calculating the sleep efficiency of patients. This method is simple, easy and widely used in clinical
practice. 2) Scale or questionnaire assessment: It is a method for "objectively" assessing subjective
experience. It is divided into self-rating scale and observer-rating scale according to different subjects
who fill in the items of the scale. The self-rating scale refers to the scale in which the item is scored by
the tested object itself; the observer-rating scale is a scale in which the professional personnel specially
trained in the use of specific scale make a comprehensive score based on the information obtained from
the inquiry and professional observation of the tested object. The selection of scale shall be made
according to the assessment purpose and the reliability and validity of the scale itself. For the
preoperative patient, select scale according to demand (Table 1).

3. Objective assessment: Objective assessment is not a routine test for the diagnosis of insomnia
disorder and is recommended for the suspected combination of other sleep disorders, undiagnosed,
persistent and intractable insomnia disorder, violent behavior during sleep, and the presence of
comorbid and interacting physical disorders with insomnia disorder. (1) Physical examination: Some
common physical diseases such as hypertension, hyperthyroidism or hypothyroidism, cerebrovascular
disease, organic brain disease, cardiovascular disease, severe liver and kidney function damage, etc.,
may be the predisposing factors of insomnia, and may also be comorbid with insomnia disorder for a
long time and have mutual influence, so corresponding examination shall be performed when
necessary. 2) Polysomnography (PSG): It is a basic technique for conducting sleep medicine research
and sleep disease diagnosis, a standard method for evaluating sleep-related pathophysiology and sleep
architecture, and an objective examination for scoring wakefulness or sleep. PSG is not recommended
as a routine examination for patients with insomnia because insomnia can be diagnosed by medical
history, clinical presentation, and questionnaires; PSG is only used in patients in which the presence of
other sleep disorders, sleep cognitive abnormalities, or intractable insomnia is suspected. (3)
Actigraphy: It is an effective method for assessing sleep-wake circadian rhythm and determining sleep
pattern. The actigraphy can, in the form of value or chart, reflect the waking and sleeping pattern, and
estimate the sleep latency, total sleep time, awake times, sleep efficiency, etc. It is recommended for
people with insomnia and suspected to be accompanied by abnormal sleep rhythm, as well as the
evaluation of sleep quality before and after treatment 2!1. (4) Multiple sleep latency test (MSLT):
Objective determination of propensity to fall asleep and the possibility of sleep onset REM. It is
recommended for the definitive diagnosis of suspected narcolepsy and differential diagnosis of
suspected idiopathic hypersomnia, and is not recommended for those with a definite diagnosis of
simple short-term insomnia or chronic insomnia.

[Recommendation] Because insomnia has adverse effects on the intraoperative risks and postoperative



recovery of mental, physical and social functions of elderly perioperative patients, it is recommended
to perform a comprehensive clinical assessment and subjective assessment of the patient's sleep status
before surgery, and when necessary, perform corresponding objective assessment.

Table 1 Common Self-Rating Scales for Insomnia

Scale Characteristic Meaning
Pittsburgh Self-rating scale for sleep quality, The total score ranges from 0 to 21, with
sleep quality ~ widely used, the validity and reliability =~ higher scores representing more severe
index (PSQI)  of Chinese version of scale is better; sleep disturbances and a score of > 5
mainly assessing sleep quality over a 1-  points is considered to indicate the
month time interval presence of disturbed sleep
Epworth Used to assess daytime distress, The total score is 0-24 points, and the
sleepiness sleepiness higher the score is, the more severe the
scale (ESS) degree of sleepiness is; the normal score
is <10 points, and > 16 points is severe
sleepiness; when necessary, further
examination can be performed to
exclude narcolepsy, sleep-disordered
breathing and other diseases
Dysfunctional Used to assess the degree to which Those with high scores, suggesting the
beliefs and insomnia patients have misconceptions  presence of corresponding false beliefs
attitudes or behaviors about sleep and the or behaviors, have a higher risk of
about sleep consequences of insomnia insomnia chronicity and are more in
(DBAS) need of psychological treatment such as
cognitive behavior
Beck Self-rating scale for evaluating BDI-I < 10 is considered as no
depression depressive manifestations depression or minimal; BDI-II < 14 is
inventory considered as no depression or minimal
(BDI-I, BDI-
1I)

(IV) Preoperative Diagnosis of Insomnia
1. Diagnostic criteria: ICSD-3 diagnostic criteria for insomnia are recommended (Table 2).

2. Diagnostic process: The diagnosis of insomnia is based primarily on subjective symptoms. Objective
tests, including biochemistry, polysomnography, multiple sleep latency test, and actigraphy, may be
performed when detailed knowledge of sleep architecture and analysis of the etiology of insomnia or
identification of other sleep-related disorders is required. However, objective examination is not a
routine examination for insomnia (Figure 1).
[Recommendation] The diagnosis of insomnia is mainly based on subjective symptoms, and objective
examinations can be performed when necessary.
(V) Preoperative Management of Insomnia
Preoperative sleep status is affected by many aspects such as physiological characteristics, types of
diseases, types of surgeries, psychological status, economic status, preoperative preparation operations,
and behaviors of medical staff. Therefore, a combination of non-pharmacological and pharmacological
treatments is recommended to improve insomnia in patients prior to surgery.

1. Non-pharmacological treatment: It is the basis for treating insomnia, including improving the sleep
environment, implementing sleep cognitive behavioral therapy, psychotherapy, and physical therapy.
2. Pharmacotherapy: It includes medication adjustments made to improve sleep directly by applying
hypnotic drugs and by treating various diseases that affect sleep and correcting the adverse effects of
non-hypnotic drugs on sleep. At present, the commonly used hypnotic drugs mainly include
benzodiazepine receptor agonists (BzRAs), melatonin receptor agonists, sedative antidepressants, and
orexin receptor antagonists etc..
Among them, benzodiazepine receptor agonists include benzodiazepines (BZDs) and non-
benzodiazepines (NBZDs). The specific drugs and characteristics are shown in Table 3.

3. Preoperative management of patients with acute insomnia: In elderly patients with preoperative
acute insomnia, non-benzodiazepines among benzodiazepine receptor agonists (e.g., zaleplon,
zolpidem, zopiclone, etc.) and some antidepressant drugs (e.g., mirtazapine, trazodone hydrochloride,
etc.) may be selected on the basis of non-pharmacological treatment. Preoperative correction of
insomnia is beneficial to reduce the dosage of anesthetic drugs and reduce the risk of anesthesia.



However, because sedative-hypnotic drugs have central sedative effects, combined use with general
anesthetic drugs will produce synergistic effects and aggravate the degree of central depression.
Therefore, for patients who use sedative hypnotics for acute insomnia before surgery, it is necessary to
closely monitor vital signs and adjust the dosage of anesthetic drugs in time during surgery.

4. Preoperative management of patients with chronic insomnia: Whether chronic insomnia patients are
chronically treated with hypnotic drugs is debated. Some studies suggest that long-term users gradually
reduce the response to drugs; some studies suggest that the drug effect is stable after long-term use, the
latter mainly refers to estazolam, zopiclone, zolpidem, melatonin receptor agonists, orexin receptor
inhibitors "%, Meta-studies showed [??! insomnia patients can get 60% hypnotic effect with placebo, in
which the majority of the hypnotic drugs are benzodiazepine receptor agonists and melatonin receptors
agonists and antidepressants;

Table 2 International Classification of Sleep Disorders, Third Edition (ICSD-3) Diagnostic Criteria for
Insomnia

Criteria A ~ F must be met

A. The patient reports or the patient's parent or caregivers observes, one or more of the following:
(1) Difficulty initiating sleep

(2) Difficulty maintaining sleep

(3) Waking up earlier than desired

(4) Resistance to going to bed on appropriate schedule

(5) Difficulty sleeping without parent or caregiver intervention

B. The patient reports or the patient's parent or caregiver observes, one or more of the following
related to the nighttime sleep difficulty:

(1) Fatigue/malaise

(2) Attention, concentration, or memory impairment

(3) Impaired social, family, occupational, or academic performance

(4) Mood disturbance/irritability

(5) Daytime sleepiness

(6) Behavior problems (e.g., hyperactivity, impulsivity, or aggression)

(7) Reduced motivation/energy/initiative

(8) Proneness for errors/accidents

(9) Concerns about or dissatisfaction with sleep

C. The reported sleep/wake complaints cannot be explained purely by inadequate opportunity (i.e.,
enough time is allotted for sleep) or inadequate circumstances (i.e., the environment is safe, dark,
quiet, and comfortable)

D. The sleep disturbance and associated daytime symptoms occur at least three times per week
E. The sleep disturbance and associated daytime symptoms have been present for at least three
months

F. The sleep/wake difficulty is not better explained by another sleep disorder

The diagnostic criteria for short-term insomnia disorder are similar to those for chronic insomnia
disorder, but the disease duration is less than 3 months and there is no frequency requirement
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Figure 1 Diagnostic Procedures for Insomnia

Table 3 Mechanism of Action and Pharmacokinetic Characteristics of Common Hypnotics

Name Site of Action Indication Time to Half-life  Metabolic pattern
peak (h) (h)
Benzodiazepine
Alprazolam GABAjy Anxiety 1.0~3. 120~ CYP3A4/5, CYP2C19
receptor 0 14.0
Estazolam GABAA Early 2.0 15.0 CYP3A 4
receptor awakening (10.0 ~
and easy 24.0)
awakening
at night
Triazolam GABAA Difficulty in 1.0 ~ 1.5~55 CYP3A4
receptor falling 3.0
asleep
Diazepam GABAj Anxiety 1.0 ~ 20.0 ~ CYP3A4, CYP2C19,
receptor 2.0 80.0 CYP2B
Lorazepam GABAA Anxiety 1.0~ 10.0 ~ Glucuronic acid
receptor 3.0 20.0
Non-
benzodiazepine
Zaleplon Selective Difficulty in 1.1 0.9~1.1 Aldehyde Oxidase,
activation of falling CYP3A4
w1, w2 sites on  asleep
GABAA
receptor
complex
Zolpidem BZ, receptor Difficulty in 1.7 ~ 20~55 CYP3A4,CYP1A2,
site on GABAA  falling 2.5 CYP2C9
receptor asleep,
complex difficulty in
maintaining

sleep




Zopiclone GABA receptor  Difficulty in 3.5 ~ 50~6.0 P450
complex falling 6.5
asleep,
difficulty in
maintaining
sleep
Eszopiclone GABA receptor  Difficultyin 1.3 ~ 6.0~7.0 CYP3Al, CYP2EI
complex falling 1.6
asleep,
difficulty in
maintaining
sleep
Sedative
antidepressants
Amitriptyline H;, adrenergic Depressive 2.0 ~ 30.0(10.0 CYP3A4, CYP2C19,
ol, mAch disorder 5.0 ~100.0) CYP2D6, CYP2C9
Trazodone 5-HT>, Depressive 1.0~ 7.0 ~ CYP3A4, CYP2D6,
Adrenergic- disorder 2.0 15.0 CYP1A2
alphal
Mirtazapine H,, 5-HT, Depressive 0.3 ~ 20.0 ~ CYP2D6, CYPIA2,
disorder 2.0 40.0 CYP3A4
Melatonin
receptor
agonists
Ramelteon Melatonin type  Difficulty in 0.7 ~ 0.8~2.0 CYP1A2,CYP2C,
1 receptor and falling 1.0 CYP3A4
type 2 receptor  asleep
Orexin receptor
inhibitor
Suvoreson Orexin receptor  Difficulty in 9.0 ~ - -
falling 13.0
asleep,
difficulty in
maintaining
sleep

Note: "-" indicates that this item has no content.

long-term use of benzodiazepines is associated with an increased risk of dementia (>, Based on the
above findings, long-term use of sedative-hypnotic drugs is not recommended. Patients with chronic
insomnia preferred cognitive behavioral therapy, if necessary, oral hypnotic drugs can be added, but the
course of medication should be controlled within 4 weeks as far as possible.

For patients with long-term use of sedative-hypnotic drugs due to chronic insomnia, it is recommended
that: (1) those who use benzodiazepines may continue to use, change to short-acting benzodiazepines
(such as triazolam) or change to non-benzodiazepines; (2) for those who use non-benzodiazepines, it is
recommended to continue to use the original drugs; (3) for those who use antidepressant for sleep aids,
continue to use the original drugs. It is also necessary to be alert to the severe central depressant effects
of these drugs in combination with anesthetic drugs.

[Recommendation] Preoperative insomnia patients preferred non-pharmacological treatment, if
necessary, medication can be added to improve sleep; however, benzodiazepines, especially long-
acting benzodiazepines, were avoided as much as possible.

(VI) Anesthesia and Perioperative Management of Insomnia Patients

1. Choice of anesthesia method: Regional block anesthesia is helpful in reducing postoperative sleep
disturbances compared with general anesthesia in patients undergoing the same procedure 2+, One of
the possible reasons is that regional block anesthesia reduces opioid consumption ?*! that may cause
sleep disturbances !, Regional block anesthesia should therefore be performed whenever possible. For
patients in whom general anesthesia is necessary, regional blocks or peripheral nerve blocks should be
combined as much as possible to reduce opioid consumption.

For patients taking sedative-hypnotic drugs before surgery, attention should be paid to the following
aspects during anesthesia: (1) Closely monitor vital signs and anesthetic effect, and judge the depth of



anesthesia by EEG monitoring as far as possible 27 to timely adjust the dosage of anesthetic drugs; (2)
Fully consider the effect of preoperative hypnotic drugs on GABA system and the synergistic effect
with general anesthetic drugs to adjust the type or dosage of anesthetic drugs; (3) Dexmedetomidine
can be used as a compound drug for that it does not function through GABA system and can reduce the
dosage of general anesthetic drugs. However, evidence for its effect on postoperative sleep is lacking.
2. Selection of surgical methods: The degree of postoperative sleep disturbance is significantly
aggravated after major surgery [°1. For example, after open cholecystectomy, patients have significant
sleep disturbances, as indicated by increased N2 sleep, and reduced or absent N3 and REM sleep [2°.
However, the degree of postoperative sleep disturbance was reduced in patients who underwent
laparoscopic cholecystectomy under general anesthesia, as shown by decreased N3 sleep, but preserved
REM sleep 2. The extent of surgical trauma was therefore minimized whenever possible.

3. Postoperative analgesia: Pain is the most important cause of postoperative sleep disturbance 23, Tt
should be noted that opioids worsen postoperative sleep disturbances, including reduced REM sleep 2>
261, Therefore, non-opioid measures for analgesia are recommended, including regional or peripheral
nerve blocks, non-steroidal anti-inflammatory drugs, and acetaminophen.

[Recommendation] Regional block anesthesia should be used whenever possible; for patients who
have to receive general anesthesia, regional block or peripheral nerve block are combined as much as
possible to reduce opioid use.

For patients taking sedative-hypnotic drugs before surgery, attention should be paid to their synergistic
effect with general anesthetic drugs, and the dosage of anesthetic drugs should be adjusted under close
monitoring of depth of anesthesia. Non-opioid drugs should be used for postoperative analgesia as far
as possible, and the analgesic effect should be guaranteed.

(VII) Measures to Improve Postoperative Sleep

1. Non-pharmacological measures: Minimize the factors interfering with sleep in the environment,
including the control of lights and noise at night, appropriately reduce the interference of nursing
activities, remove the endotracheal tube, nasogastric tube, urinary catheter and drainage tube as early as
possible, and use earplugs, eye masks, etc., which can effectively improve the postoperative sleep of
patients [2% 317331,

2. Pharmacological measures: There is insufficient evidence to show that the drug improves sleep
quality in patients 4. However, the following medications are currently used to improve sleep quality
in postoperative patients. (1) Non-benzodiazepine GABA receptor agonists: e.g., zaleplon, zolpidem,
zopiclone, etc., are short-acting non-benzodiazepine GABA receptor agonists. Zolpidem has been
shown to improve subjective sleep quality and reduce fatigue but not sleep architecture when taken the
evening before surgery or the night of surgery [**!. (2) Melatonin and melatonin receptor agonists: such
as melatonin, ramelteon, etc. A meta-analysis showed that preoperative administration of melatonin
reduced the degree of anxiety in patients %), In some randomized controlled studies with small sample
sizes, perioperative administration of melatonin improved subjective sleep quality and improved
analgesia without significantly increasing the incidence of adverse events 7491, (3) Orexin receptor
inhibitors: e.g., suvorexant, newly approved for insomnia quality - #!), Some studies have reported
that it has an effect of improving sleep in postoperative patients 1. However, it still needs further
observation. (4) Dexmedetomidine: Selective a2 receptor agonists, which can exert sedative effects
through endogenous sleep-stimulating pathways [*?1. Study shows [*3! for postoperative patients without
mechanical ventilation, low-dose dexmedetomidine infusion in the evening has the effect of improving
sleep quality, including increasing N2 sleep (reducing N1 sleep), prolonging sleep duration, and
improving subjective sleep quality.

[Recommendation] Non-pharmacological measures (i.e., by reducing interfering factors in the
environment, including the use of earplugs and eye masks) are preferred to improve postoperative
sleep. In patients with unsatisfactory results of non-pharmacological measures, oral administration of
non-benzodiazepine GABA receptor agonists, melatonin and melatonin receptor agonists or orexin-
receptor inhibitors, or intravenous infusion of low-dose dexmedetomidine may be considered.

I11. Preoperative Sleep-related Breathing Disorders

(I) Concept of Obstructive Sleep Apnea

Sleep-related breathing disorders are a class of disorders characterized by the presence of respiratory
abnormalities during sleep, including obstructive sleep apnea disorders, central sleep apnea syndromes,
sleep-related hypoventilation disorders, and sleep-related hypoxemia disorder.

Obstructive sleep apnea (OSA) is the most common in clinical practice, so sleep-related breathing
disorders in this expert consensus are mainly aimed at OSA. OSA is characterized by repeated collapse
of the upper airway during sleep, obstruction causing hypopnea or apnea, which subsequently leads to
frequent hypoxemia, hypercapnia, significant fluctuations in intrathoracic pressure, disturbed sleep



architecture, and increased sympathetic tone, which can lead to impaired function of multiple organ
systems in the long term. Clinically, patients usually complain of snoring and gasping or choking
during sleep, which may be accompanied by daytime sleepiness, difficulty in concentration, memory
loss, mood disorder and other symptoms, and an increased risk of hypertension, ischemic heart disease,
stroke, and type 2 diabetes.

(IT) Perioperative Significance of OSA Evaluation

With the improvement of living standards as well as population aging, the prevalence of OSA has
increased year by year. Epidemiological investigations abroad found *+*! in the population aged
30~70 years that, the prevalence of moderate to major OSA (sleep apnea-hypopnea index > 15)
increased from 8.8% (1988—-1994) to 13.0% (2007-2010) in men; and from 3.9% (1988-1994) to 5.6%
(2007-2010) in women. There is still a lack of nationwide epidemiological survey data on the
prevalence of OAS in China, but the survey results in some regions also showed a significant increase
in its prevalence “%3%, Study found P'-*¥ that the proportion of OSA patients with difficult
insertion/extubation during surgery, the incidence of postoperative respiratory and cardiovascular and
cerebrovascular complications, and the postoperative ICU entry rate were significantly higher than
those of non-OSA patients. Accurate preoperative assessment and intervention of OSA patients can
help predict surgical risk and select anesthesia, thereby reducing postoperative cardio-cerebral and
pulmonary complications and shortening postoperative hospital stay. However, the preoperative
diagnosis of OSA is currently missed at a high rate %], Therefore, anesthesiologists and surgeons
should be more aware of the importance of OSA and improve the ability to screen for the disease.

(IIT) Impact of OSA on Perioperative Patients

OSA patients have abnormal upper airway anatomy, decreased muscle tone, and recurrent upper airway
narrowing or collapse during sleep, which are related to sleep stage, body position, location and degree
of upper airway narrowing/obstruction, muscle tone, and respiratory drive. There are many factors that
may aggravate the degree of upper airway obstruction in patients with OSA during perioperative
period. For example, sedation and anesthesia increase the critical closing pressure of upper airway,
further increasing the risk of passive collapse of upper airway; hypnotics may reduce muscle tension
and aggravate upper airway collapse during recovery period of general anesthesia; the inhibitory effect
of sedative and analgesic drugs on the central nervous system may reduce the body's ability to regulate
the respiratory response to hypoxia; the effect of surgical trauma on sleep architecture and posture may
make patients more likely to have upper airway collapse or even occlusion. With the combined effect
of the above factors, patients with OSA have an increased risk of upper airway obstruction and
respiratory center depression during perioperative period (especially during induction of anesthesia and
postoperative period), leading to increased apnea and hypoxemia, hypercapnia, cardiovascular and
cerebrovascular complications, respiratory failure and even death due to asphyxia.

[Recommendation] Anesthesiologists and surgeons should pay attention to the preoperative screening
and diagnosis and management of OSA, which helps to reduce the anesthetic risk and postoperative
cardio cerebral and pulmonary complications in such patients.

(IV) Risk Factors for OSA

OSA occurs as a result of the interaction between genetic polymorphisms and the environment. There
are many predisposing factors for OSA, and most of them have interactions; there are also individual
differences in the main risk factors of patients. It is for these reasons that the treatment of patients with
OSA should also follow the principles of individualization. Common risk factors include the following:
1. Genetic factors: The risk of OSA in first-degree relatives is 2.9 to 4.0 times higher than in the
general population; and the greater the number of affected relatives, the higher the risk. Studies have
shown that genetic factors have an impact on obesity, fat distribution characteristics, regulation of
upper airway dilator muscle activity, ventilation-driven chemoreceptor sensitivity, anatomical
characteristics of the upper respiratory tract, secondary pathophysiological responses to OSA, and
symptom presentation.

2. Anatomical factors: Anatomical abnormalities of the upper respiratory tract are one of the most
important risk factors for the development of OSA. The pharyngeal cavity and supraglottic region are
the most common sites of obstruction in OSA. Among them, the common anatomical risk factors for
pharyngeal collapse include: (1) diseases that lead to increased nasal resistance; (2) pharyngeal soft
tissue hypertrophy, such as soft palate hypertrophy or drooping, palatal sagging and thickening or
lengthening, tonsil or adenoid hypertrophy, and tongue hypertrophy; (3) excessive mucosal folds in the
aryepiglottic folds; and (4) maxillary and mandibular dysplasia, such as micrognathia.

3. Obesity: Obesity is an important risk factor for OSA. The prevalence of OSA in overweight and
obese people is 31%, and each 10% increase in body mass index increases the risk approximately
fourfold. This is associated with the fact that obesity can lead to fat accumulation in the pharyngeal
wall, increased collapsibility of the pharyngeal space, reduced lung volume, and impaired regulation of



airway dilator muscle tone.

4. Age and gender: The risk of OSA increases gradually with increasing age, which may be related to
the decrease in upper airway muscle tone and decreased central or peripheral neuromuscular reactivity
that occurs with increasing age. The prevalence of OSA is significantly higher in men than in women,
and the prevalence of OSA increases in women after menopause, which may be related to the following
factors: (1) obesity tends to be centrally distributed in male patients and tends to affect lung volume;
(2) estrogen and progesterone have a protective effect on the incidence of OSA in women; (3) the
airways may be longer and therefore more unstable in men than in women; and (4) the symptoms of
snoring are not significant in female patients, which easily leads to missed diagnosis.

5. Body position: Body position affects airway obstruction or collapse by affecting the upper airway
structure and/or the direction of gravity effect on upper airway structure. For example, supine position
is more likely to have airway obstruction than lateral and prone positions, and head tilting can
significantly reduce the collapse of upper airway.

6. Alcohol and smoking: Alcohol inhibits the sensitivity of the respiratory center to hypoxia and
hypercapnia, and subsequently causes or worsens upper airway obstruction. The mechanism by which
cigarette smoking causes OSA may be related to increased levels of upper airway inflammation,
impaired airway receptors, and elevated arousal thresholds.

7. Effects of drugs: Certain drugs may increase the potential for airway collapse by decreasing the
responsiveness of airway dilators, such as muscle relaxants, phenobarbital, and benzodiazepine
sedative-hypnotics; others may increase the occurrence of apnea through central depressant effects,
such as morphine and other opioid analgesic drugs.

(V) Assessment of OSA patients

Polysomnography is the "gold standard" for the diagnostic of OSA. However, due to the higher
requirements for environment, equipment, operation and analysis capacity of this examination, it is
difficult to meet the clinical needs. In recent years, with the increasing understanding of OSA and the
improvement of sleep monitoring technology, the accuracy of portable sleep respiratory monitoring
technology for the diagnosis of OSA has been recognized. The current process is to clinically screen
the high-risk groups of OSA such as snoring and daytime sleepiness with questionnaires, and select
objective sleep monitoring methods to confirm the diagnosis based on the screening results.

1. Screening of OSA patients: Commonly used screening questionnaires are the Berlin Questionnaire,
STOP-Bang Score, Epworth Sleepiness Scale (ESS), etc., and there are differences in the sensitivity
and specificity of different questionnaires for OSA screening. Among them, there are more studies on
the STOP-Bang score in surgical patients, which has higher sensitivity and specificity for OSA,
especially moderate to severe OSA, and has a good predictive effect on the occurrence of postoperative
complications.

The STOP-Bang consists of eight items (Table 4), each of which receives a positive answer score of 1
out of 8. STOP-Bang is recommended for two-step screening: a score of < 3 indicates low risk of OSA,
exclude moderate to severe OSA; score > 5 is classified as high risk of OSA, which requires sufficient
preoperative preparation, postoperative monitoring and non-invasive ventilation, and preoperative sleep
study is feasible when conditions permit so as to accurately understand the patient's OSA; scores of
3~4 are classified as suspected high risk group. Preoperative sleep study is recommended to accurately
evaluate the presence and severity of OSA (Figure 2) %%, In addition, the STOP-Bang score predicts
the risk of postoperative complications, score of >3 is associated with a significantly higher risk of
postoperative cardiopulmonary complications (arrhythmia, myocardial infarction, laryngeal or
bronchospasm, acute pulmonary edema, congestive heart failure), reintubation after extubation,
prolonged mechanical ventilation, ICU admission, and longer postoperative hospital stay [60-61],

It should be noted that: (1) due to racial and regional differences, some scholars suggested that neck
circumference and body mass index (BMI) in Asian population should be 36 cm and 25 kg/m2,
respectively, which need to be confirmed by further studies; (2) the score has better sensitivity but
lower specificity for predicting OSA in patients with atrial fibrillation, which may be due to the overlap
of gender, age, hypertension in the score with the risk factors of atrial fibrillation. Class II sleep
equipment is recommended for patients with atrial fibrillation for OSA diagnosis, without considering
the results of STOP score; (3) for obese patients (i.e. BMI > 30 kg/m?2), STOP-Bang > 4 is a cut-off
point with good sensitivity and specificity for the evaluation of moderate-to-severe OSA 621,

Table 4 STOP-Bang Scoring Content
Serial number Item Content
1 Snoring Do you snore loudly (louder than talking, or loud
enough to be heard through closed doors)?




2 Tiredness Do you feel tired, fatigued or sleepy during daytime?

3 Observation Has anyone observed an apneic episode during your
sleep?

4 Blood pressure Have you ever or currently been a hypertensive
patient?

5 BMI BMI more than 35 kg/m??

6 Age Age over 50 years old?

7 Neck circumference Neck circumference > 40 cm?

8 Gender Male

Patients for OSA
Screening

STOP-Bang 3-4 STOP-Bang = 5
(Intermediate Risk) (High Risk)
I

STOP-Bang 0-2
(Low Risk)

Step Two

.

y
Other STOP = 2 + Male
(Intermediate Risk) STOP =2 + BMI > 35
STOP = 2 + Neck > 40 cm
(High Risk)

Figure 2 — STOP-Bang algorithm with a two-step scoring strategy. See
Figure | legend for expansion of abbreviation.

2. Sleep study and report interpretation: Sleep study is an objective method of evaluating OSA and is
divided into polysomnography (PSG) and portable monitoring (PM) based on the condition of the
monitoring channels. Because portable monitoring does not record EEG, the sleep apnea-hypopnea
index (AHI) provided by portable monitoring is based on total monitoring time rather than total sleep
time, and thus will be less than the AHI value obtained by polysomnography, resulting in false negative
results. In addition, polysomnography may be performed in people with mild OSA who do not have
significant symptoms, who have severe cardiopulmonary disease, who are suspected of having other
sleep disorders (e.g., severe insomnia), and who have a negative results of PM test but still have a
suspicion of OSA [63],

For sleep study results, the following should be focused: (1) AHI: refers to the number of apneas and
hypopneas that occur per hour of sleep and is a primary indicator for the diagnosis and evaluation of
the severity of OSA. Greater AHI values are associated with greater OSA severity as AHI > 5 is mild,
AHI > 15 is moderate, and AHI > 30 is severe (2) REM sleep apnea-hypopnea index:

In patients under general anesthesia, the degree of upper airway collapse is correlated with the apnea
index before anesthesia, especially AHI in REM sleep %41, (3) AHI in supine sleep: The risk of upper
airway obstruction is increased in the supine position, which is the most commonly used position for
perioperative patients. Therefore, attention to the degree of apnea-hypopnea in the preoperative supine
position helps to make a more accurate assessment of the risk of airway obstruction during and after
surgery. 4) Degree of decrease of pulse oxygen saturation: The degree of decrease of pulse oxygen
saturation is related to the degree of secondary organ dysfunction. The more pulse oxygen desaturation,
the more severe the secondary organ dysfunction. Preoperative sleep pulse oxygen saturation decreased
further during and after surgery due to anesthesia, trauma, body position and other factors. Therefore,
attention should be paid to the degree of preoperative pulse oxygen desaturation.

[Recommendation] Screening for preoperative OSA is recommended for patients undergoing elective
surgery. The STOP-Bang score is recommended for OSA screening. For patients in the high-risk
group, adequate preoperative preparation is recommended, and sleep study can be recommended when
necessary to further clarify the degree and characteristics of OSA; for patients in the intermediate-risk
group, the necessity of objective examination should be determined by the surgeon and anesthesiologist
in combination with the patient's surgical needs and underlying comorbidities.

3. Further assessment and management of OSA patients: For patients screened as high risk of OSA by



two-step method or with a definite diagnosis of OSA, not only the characteristics and severity of OSA
should be assessed, but also their risk factors (such as obesity, upper airway structure, maxillofacial
structure, etc.) and comorbidities (such as hypertension, cardiovascular and cerebrovascular diseases,
obesity hypoventilation syndrome, etc.) should be further assessed. Patients, their families, and
surgeons should be clearly informed of the increased risk of perioperative complications in such
patients 7% For patients undergoing non-emergency surgery, the need to postpone surgery for sleep
study and necessary pre-operative treatment should be decided jointly by the anesthesiologist, the
operating surgeon, and the patient [7"),

(1) Difficult airway assessment: Up to 60% of moderate to severe OSA is due to obesity and may be
associated with anatomical abnormalities of the upper airway, making it difficult to intubate the
trachea. Induction of general anesthesia and administration of muscle relaxants can decrease muscle
tone and collapse the upper airway, resulting in difficulty in glottic exposure and further increasing the
difficulty of airway management. Therefore, for patients with high-risk or confirmed OSA, a detailed
and comprehensive airway assessment should be performed before surgery. The anesthesiologist
should know whether there is a difficult airway; whether there is facial deformity, such as
micrognathia, mandibular retrusion, hyoid position, etc.; whether there is anatomical abnormality of
upper respiratory tract, such as narrow oropharyngeal cavity, hypertrophy of tonsils or adenoids,
tongue hypertrophy, etc.; and make a comprehensive judgment in combination with the results of
Mallampati’s classification, direct or indirect laryngoscopy, and imaging examination [6% 6% 72-73],
Strictly speaking, all OSA patients should be considered as difficult airway patients. For patients
scheduled for general anesthesia with endotracheal intubation, the patency of the bilateral nasal cavities
should be understood and the airway management protocol should be carefully designed.

It is necessary to prepare the corresponding airway management tools (nasal atypical tracheal catheter,
video laryngoscope, fiber laryngoscope, laryngeal mask, special tracheal intubation equipment and
emergency tracheotomy device, etc.); In addition, it is necessary to prepare the anesthesia machine, the
monitor with the functions of end-tidal carbon dioxide partial pressure, pulse oxygen saturation, blood
pressure and ECG monitoring, as well as the blood gas analyzer, transfer ventilator and necessary
hemodynamic monitor. During the preoperative consultation, fully explain to the patients so that they
can understand and cooperate the endotracheal intubation to be completed under conscious sedation.
[Recommendation] In patients with high risk or confirmed OSA, preoperative upper airway
assessment and preparation as that for difficult airway should be performed; their risk factors and
comorbid conditions should also be further assessed. Postpone surgery if necessary, perform sleep
monitoring and give necessary preoperative therapeutic interventions.

(2) Assessment of vital organ function: The more severe the OSA, the greater the possibility and
severity of involvement of heart, brain, kidney and other important organs, and the greater the potential
risk during perioperative period. Therefore, attention should be paid to assess the involvement degree
of organ systems such as cardiovascular and cerebrovascular system (such as hypertension, arrhythmia,
coronary heart disease and cerebrovascular disease, etc.), respiratory system (such as decreased
respiratory reserve, right ventricular hypertrophy, pulmonary hypertension, etc.) and kidney, and

corresponding treatment should be given to achieve a better functional status of the damaged organs
66]

[65-

[Recommendation] OSA patients should pay attention to the assessment of vital organ function and
the treatment of related diseases.

(3) Preoperative treatment of OSA: For patients with moderate to severe OSA or combining severe
hypoxemia, whether preoperative continuous positive airway pressure therapy can improve outcomes is
controversial. However, most studies support noninvasive positive pressure ventilation therapy before
surgery to correct hypoxia, improve patient tolerance to surgery, and reduce the risk of anesthesia and
surgical complications 74731, When conditions permit, weight loss treatment is feasible, and the
therapeutic effect of OSA is assessed.

[Recommendation] For patients with preoperative assessed OSA or diagnosed with moderate to
severe OSA, preoperative noninvasive ventilation treatment may be given, or continue previously
effective treatment modalities (e.g., oral appliances).

(4) Preoperative medication: OSA patients are sensitive to various central depressants, and there are
risks of apnea, upper airway obstruction, and excessive sedation after the use of sedative or narcotic
analgesics, so such drugs should be used with caution before surgery. For OSA patients who
experience insomnia preoperatively, non-benzodiazepine hypnotics may be selected when necessary,
but oxygenation and ventilation status should be closely monitored and ventilation therapy should be
prepared.

[Recommendation] For patients with OSA, sedative and analgesic drugs should be used with caution
before surgery.



(VI) Intraoperative Anesthesia Management

Sedative hypnotics, narcotic analgesics, and muscle relaxants can all aggravate upper airway
obstruction and even cause apnea.

In addition, these drugs not only inhibit the ventilatory response evoked by hypoxia and hypercapnia,
but also inhibit the ability of patients with OSA to awaken from asphyxia and potentially be life-
threatening (6% 681,

1. Intraoperative monitoring: Oxygen therapy will mask the decrease in blood oxygen caused by airway
obstruction and may prolong the time of airway obstruction; however, end-tidal carbon dioxide
monitoring can more accurately reflect the ventilation and effectively compensate for the deficiency of
oxygen monitoring. Pulse oxygen saturation and end-tidal carbon dioxide levels should therefore be
continuously monitored during induction of anesthesia, during surgery, before and after extubation
after surgery, and in the early postoperative period.

During the perioperative period, continuous monitoring of ECG, timely detection and treatment of
myocardial ischemia, and routine monitoring of non-invasive blood pressure should be conducted.
Invasive arterial and central venous pressure monitoring should be performed during more complex
surgery under general anesthesia. Special hemodynamic monitoring, such as stroke volume variation
(SVV), may be considered when necessary. Anesthesia depth monitoring (such as BIS) is
recommended in patients under general anesthesia or regional block combined sedation. Excessive
anesthesia/sedation should be avoided during the surgery, and the patient should be fully awake at the
end of the surgery. Other parameters are routinely monitored according to clinical presentation.
[Recommendation] Continuous monitoring of pulse oxygen saturation and end-tidal carbon dioxide
levels is recommended. Perioperative monitoring should be strengthened.

2. Anesthesia method: The choice of anesthesia method depends on the anesthesia requirements for
surgery and the patient's tolerance to anesthesia. Compared with general anesthesia, the use of regional
block anesthesia (including local infiltration, peripheral nerve block or spinal block) can avoid or
reduce the systemic use of sedative and analgesic drugs, which is beneficial to maintain the airway
patency and increase the safety of patients. If it can meet the needs of surgery, it shall be listed as the
first choice. If compound sedative or analgesic drugs are required during the use of regional block, the
patient's ventilation and oxygenation status should be closely monitored. It should be noted that
regional block combined with deep sedation poses a much higher risk to OSA patients than general
anesthesia with endotracheal intubation. General anesthesia with endotracheal intubation should still be
selected for procedures with large surgical trauma, complex procedures, excessive bleeding, and
associated fluid loss/transfer, as well as for procedures that have a large impact on the patient's
respiratory and circulatory functions (e.g., cardiac, thoracic, and neurosurgical procedures) 6771,
[Recommendation] Regional block anesthesia is preferred in patients with OSA. If compound sedative
and analgesic drugs are required during regional block anesthesia, the patient's ventilatory function and
oxygenation status should be closely monitored. Attention must be paid to airway protection in patients
undergoing general anesthesia.

3. Tracheal intubation technique: Difficult airway should be considered in all patients with OSA. Refer
to "expert opinion on difficult airway management" [7> 761, (1) Nasal intubation with conscious
sedation: Conscious nasotracheal intubation has advantages in terms of safety and also facilitates
exposure of the surgical field during oropharyngeal surgery. Perfect topical anesthesia (nasal,
oropharyngeal, and endotracheal surface anesthesia) is the key to successful nasotracheal intubation.
The nasal cavity of one side with better ventilation should be selected. If both sides have the same nasal
ventilation, the left side is preferred. Nasal tracheal catheter with thin diameter and soft texture should
be selected.

Fiberoptic bronchoscope-guided intubation is recommended. In order to reduce the patient's
nervousness and discomfort, they are often supplemented with appropriate sedative and analgesic
drugs; however, such patients are sensitive to drug effects and require titration under close monitoring.
Intravenous infusion of short-acting drugs (e.g., propofol, remifentanil) or dexmedetomidine is
recommended. (2) Rapid induction of oral intubation: Rapid induction of orotracheal intubation is
feasible in patients with OSA without difficulty in ventilation and intubation. (3) Rapid induction of
nasal intubation: In a qualified and skilled unit, rapid induction of nasal endotracheal intubation under
fiberoptic bronchoscopic guidance is possible in patients with OSA who do not have difficult
ventilation.

[Recommendation] The presence of a difficult airway should be considered in all patients with OSA
and managed accordingly.

4. Intraoperative anesthetic management: (1) Anesthetic drugs: Drugs with rapid onset and short
duration of action should be used, such as inhalation anesthetics (sevoflurane, desflurane), propofol and
remifentanil for patients with general anesthesia, and short-acting or intermediate-acting non-



depolarizing muscle relaxants for muscle relaxation maintenance; propofol, remifentanil or
dexmedetomidine for patients with compound sedation during surgery. Excessive anesthesia/sedation
should be avoided during the surgery. At the end of the surgery, ensure that the patient is fully awake
and that reflexes return to normal. 2) Respiratory management: Airway patency and satisfactory tidal
volume shall be ensured for sedate patients. It should be noted that the depth of sedation in OSA
patients correlates with the degree of airway collapse: Airway collapse is most severe in deep sedation,
while snoring is most pronounced in shallow sedation. Therefore, the degree of airway patency cannot
be judged based on snoring under sedation. The patient's ventilatory status can be monitored by end-
tidal carbon dioxide and pulse oxygen saturation level to detect airway obstruction in time. Patients
undergoing OSA corrective surgery under general anesthesia may choose to have the endotracheal tube
reinforced with a steel wire, but it should still be noted that the mouth gag may squeeze the
endotracheal tube, head displacement may cause distortion and displacement of the endotracheal tube,
and the endotracheal tube is prone to bend obstruction at the nostril. So during the surgery, it is
necessary to make close observation, timely communicate with the operator and adjust the position of
catheter. End-tidal carbon dioxide level should be monitored continuously during surgery. Airway
obstruction is more likely to occur after extubation due to the residual effects of anesthetics, oral
secretions, and wound exudation, bleeding and edema after corrective surgery of OSA, especially in
patients who are locally wrapped after nasal surgery. 3) Circulation management: pharyngolaryngeal
operation and surgery have great stimulation to sympathetic nerve, which is easy to cause the increase
of blood pressure, heart rate and arrhythmia, especially for the patients who have hypertension before
surgery. Therefore, adequate depth of anesthesia must be ensured during endotracheal intubation and
pharyngolaryngeal surgery, and vasodilators and/or esmolol may be given to control blood pressure
and heart rate if necessary. In patients receiving remifentanil during surgery, effective analgesia should
be given before discontinuation to avoid agitation, increased blood pressure, and increased heart rate
due to hyperalgesia after discontinuation.

[Recommendation] Anesthetic drugs with rapid onset and short duration of action should be selected
during general anesthesia. At the end of surgery, ensure that the patient is fully awake and that the
reflexes return to normal.

(VII) Postoperative Management of OSA Patients

The postoperative condition of OSA patients is more complicated than that before surgery, and the
reasons include: (1) residual sedative and analgesic drugs lead to central depression and aggravate
upper airway collapse; (2) postoperative sleep disturbance is easy to occur, which is characterized by
early postoperative sleep deprivation and increased rapid eye movement sleep rebound around 1 week
after surgery, which may lead to the instability of sleep apnea time; (3) postoperative delirium is more
likely to occur; (4) patients undergoing pharyngeal surgery are prone to upper airway edema 12678831,
Therefore, OSA patients are more likely to have airway obstruction and fatal apnea after surgery, and
postoperative management should be intensified until they return to the preoperative safe level.

1. Management of patients with retained endotracheal tubes after surgery: (1) Sedation and analgesia:
In postoperative patients with retained endotracheal tubes, adequate analgesia should be given first.
Non-opioid measures of analgesia are preferred, including regional or peripheral nerve blocks, non-
steroidal anti-inflammatory drugs, acetaminophen, etc. Small doses of opioids may be combined if
necessary. Patients who remain agitated after adequate analgesia may be given moderate sedation,
preferably propofol and/or dexmedetomidine intravenously, but excessive sedation should be avoided
[84](2) Principles and management of extubation: Patients with OSA are at high risk of developing
airway obstruction after extubation. The timing of extubation should be determined by the patient's
severity of OSA, body mass index, ease of mask ventilation and endotracheal intubation during
induction of anesthesia, duration and type of surgery, and recovery of patient consciousness. Prepare
post-extubation monitoring and subsequent support before extubation to reduce the risk of reintubation
after extubation. Specific recommendations are as follows 636 76-771: @ Severe OSA patients, or mild
to moderate OSA patients with obvious difficult airway performance, should be considered to be
extubated after the patient is fully awake; @ Sedative drugs should be discontinued before extubation
to make the patient fully conscious, and the dose of analgesic drugs should also be reduced to the
lowest effective dose of postoperative analgesia; @ Patients should have complete recovery of
orientation, cough and swallowing reflex, and complete recovery of neuromuscular transmission
function [T4/T1 > 0.9, head-up test > 5 s, tidal volume > 8 ml/kg, maximum peak inspiratory pressure
<-25 ¢cmH20 (1 cmH20 = 0.098 kPa) and end-tidal carbon dioxide partial pressure < 45 mmHg]; @
Patients undergoing pharyngeal and palatal plastic surgery or combined orthognathic surgery and
patients with a difficult procedure of surgery should be considered for extubation after possible
postoperative bleeding or airway obstruction is excluded; ® Other risks of airway obstruction should
be excluded, such as a large number of secretions and upper airway edema; ®Meet other indicators of



extubation; @ Extubation in lateral, semi-recumbent or other non-supine position: if possible, the semi-
upright position should be maintained after extubation; ® Appropriate oropharyngeal or
nasopharyngeal airway should be prepared before extubation, and prepare for mask ventilation. If you
are uncertain whether a patient can be well ventilated after extubation and are not sure about
reintubation, an endotracheal tube guide wire should be placed in advance before extubation so that the
airway can be controlled in time if necessary. In case of poor spontaneous breathing in the early stage
of extubation, continuous positive airway pressure (CPAP) ventilation or nasal high-flow oxygen
therapy may be considered to ensure the upper airway opening and gradually reduce the inspired
oxygen concentration until the transition to inhaled air maintenance; @Routine preparation for re-
intubation; @ OSA patients should stay in the anesthesia recovery room for more than 3h after
extubation, and most severe complications occurred within 2h after surgery. If respiratory obstruction
or hypoxemia occurs after extubation, continuous monitoring should be performed in the anesthesia
recovery room for at least 7 hours after the last adverse event; or transfer the patient to the intensive
care unit.

[Recommendation] Patients with OSA should be extubated after full wakefulness from general
anesthesia and complete recovery of autonomic reflexes. Mask ventilation and reintubation should be
prepared before extubation.

2. Management of patients with endotracheal tube removal after surgery: (1) Monitoring: Patients with
OSA should be monitored more closely after endotracheal tube removal. The following criteria should
be assessed and met before the patient is transferred to a general ward: Ofull recovery of consciousness
and return to preoperative levels of arousal in response to abnormal ventilation; @no need to use opioid
analgesics or other sedatives to avoid aggravating respiratory events by inhibiting arousal; ® ability to
spontaneously apply CPAP to ensure a patent upper airway during sleep. Patients should still be
routinely monitored for 24 h after returning to the ward, including electrocardiography, pulse oximetry,
and noninvasive blood pressure monitoring, until the pulse oxygen saturation level remains above 90%
while breathing air during sleep. (2) Postoperative analgesia: Patients with OSA are at great risk of
developing upper airway obstruction and respiratory depression with opioids, and the combined use of
sedative drugs with opioids further increases the risk of respiratory depression and airway obstruction.
Therefore, it is recommended that non-opioid measures for analgesia be preferred, including regional
or peripheral nerve blocks, non-steroidal anti-inflammatory drugs, acetaminophen, etc. Small doses of
opioids may be combined if necessary. When patient-controlled intravenous analgesia or patient-
controlled epidural analgesia is used, continuous infusion of background volume should be given with
great caution or not given at all. All OSA patients receiving postoperative patient-controlled analgesia
require close monitoring of snoring, sedation level, respiratory rate, and pulse oximetry 53, (3)
Respiratory management: It is recommended to apply non-invasive ventilation therapy after surgery for
OSA patients. The parameters of non-invasive ventilation therapy [(CPAP or Bi-level Positive Airway
Pressure (BiPAP), Adaptive Servo Ventilation (ASV), etc.)] are adjusted according to the monitoring
results of respiration and blood oxygen, and oxygen therapy is provided at the same time, so as to
maintain satisfactory pulse oxygen saturation level in the state of breathing air during sleep. (4) Body
position: After returning to the ward, the patient should be in lateral or semi-recumbent position,
avoiding supine position as much as possible, so as to improve the tidal volume of the patient and
reduce the degree of tongue drop after extubation.

[Recommendation] Patients with OSA should continue to be closely monitored after extubation and
should not return to the general ward until fully awake; monitoring should continue for 24 hours after
they return to the ward. Nerve block, nonsteroidal anti-inflammatory drugs, and acetaminophen are
preferred for analgesia in patients with OSA, and a small amount of opioid analgesic is given in
combination if necessary. Postoperative noninvasive ventilation is recommended for patients with
OSA. And the supine position should be avoided after surgery.
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