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Enhanced Recovery After Surgery (ERAS) refers to a series of optimized clinical pathway with
evidence-supported medical evidence adopted during perioperative period, so as to reduce the
psychological and physiological stress reactions of patients during perioperative period, decrease the
incidence of postoperative complications, shorten hospital stay, and reduce medical expenses.

ERAS has developed rapidly in theory and application in recent years, and its implementation follows
multi-disciplinary team (MDT) including surgery, anesthesia, pharmacy, nursing, rehabilitation, nutrition
and psychology. The team members include doctors, pharmacists, nurses, therapists and nutritionist. It has
been reported that at least 50% of surgical patients need long-term or short-term use of drugst.
Perioperative pain, nausea and vomiting, anticoagulation, anti-infection, blood pressure management, blood
glucose management, nutrition management, fluid management and other aspects are all involved in
medication therapy, at the same time, it will cause medication related problems (MRPs) during
perioperative period. At present, pharmacists have played an increasingly important role in the
management of perioperative drug therapy . However, there is no unified guidance on the specific working
mode of medication therapy management for pharmacists participate in ERAS programs. This consensus
focuses on the dimensions from which pharmacists can fully participate in perioperative medication
therapy management in ERAS team, collaborate on multidisciplinary comprehensive diagnosis and
treatment, and optimize related medication therapy pathways.

1 Objectives of perioperative ERAS medication therapy management

Surgery is a process of repair in trauma for patients. The patient's physical condition, surgical process,
perioperative stress and inflammatory reaction may lead to organ dysfunction, disease or surgical
complications, and then affect the degree and speed of postoperative rehabilitation. In this regard, ERAS
perioperative medication therapy management should be adopted, which includes not only comprehensive
assessment of patients' drug-related needs, but also optimization of patients' perioperative medication
therapy pathway, evaluation of drug efficacy, monitoring of adverse reactions, follow-up and medication
education. It is integrated with the multidisciplinary integrated diagnosis and treatment mode, which
ultimately reduces the incidence of postoperative complications, improves the quality of life of patients and
shortens the length of hospital stay.

2 Working mode of clinical pharmacists in perioperative ERAS programs

2.1 Perioperative medication management principles of ERAS

2.1.1 Pharmacists should obtain the complete medication history of patients, especially those with chronic
diseases with polypharmacy, identify the types and exact dosage of drugs used, including all prescription
drugs, over-the-counter drugs, Chinese herbal medicines and health products, and find out whether the
patients smoke or drink alcohol, and whether drugs that have an impact on perioperative period are
involved. Pharmacists should evaluate the patient's medication and identify potential drug treatment
problems.

2.1.2 Pharmacists should observe the efficacy and adverse reactions of drugs, and analyze the factors that
may affect the metabolism of drugs in vivo and the body’s elimination capacity while taking into account
the pathophysiology of patients at that time, so as to discuss the individualized medication plan and
monitoring.

2.1.3 Pharmacists should determine whether the drugs used by patients for a long time should be continued
or reduced in the perioperative period, as well as the timing, dosage and the way of re-use after surgery,
and whether adjustments are needed.

2.1.4 Pharmacists should determine whether short-term use of drugs in perioperative outpatient department,
preoperative ward, intraoperative anesthesia operating room and postoperative ward will cause allergy, and
consider the interaction between drugs.

Clinical pharmacists should recommend and discuss the use of drugs before and after operation based on
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the patient's medical history, medication history, preoperative status, specific procedure of surgery, and
postoperative situation, so as to achieve the optimal perioperative medication plan and rapid postoperative
recovery, shorten hospital stay and reduce medical expenses.

2.2 Responsibility of pharmacists in ERAS during perioperative period

ERAS is a complete diagnosis and treatment process that runs through pre-admission, pre-operation,
intro-operation, post-operation and after discharge, and its core is to emphasize the concept of
patient-centered diagnosis and treatment. The main responsibility of clinical pharmacists in ERAS team is
to formulate clinical drug treatment strategies, and carry out rational drug-based pharmaceutical treatment
management centering on patients. Clinical pharmacists should optimize the medication treatment
management pathway related to the core elements of ERAS, such as analgesia, nutrition, postoperative
nausea and vomiting, anticoagulation, anti-infection, blood pressure, blood glucose, body fluid
management, etc., as well as pharmaceutical evaluation and monitoring of patients with basic diseases, so
as to promote the recovery of patients.

2.3 Starting line for clinical pharmacists in perioperative ERAS medication therapy management
2.3.1 Prediction of preoperative drug modification and problems associated with drug therapy
Pharmacists should conduct pharmaceutical consultation when patients are pre-hospitalized/admitted to
hospital, so as to obtain complete medication history and allergy history, including medication purpose,
drug name (generic name and trade name), specifications, usage and dosage, medication course, etc.;
collect and analyze the medication list, and compare the patient's previous medication with the pre-surgery
prescribed medication; consider the need to discontinue the use of drugs, drug interactions, repeated
medication, etc.; analyze the patient's pharmacokinetics while restructuring and simplifying the prescription,
and make the medication intervention and suggestion list for ERAS team members; clarify the content of
perioperative drug monitoring, and formulate detailed monitoring plans.

2.3.2 Implementing standardized medication treatment path of ERAS

As a member of ERAS team, pharmacists should draw up the list of therapeutic drugs related to common
operations in the surgical department where he/she works; adjust individually the process of medication
therapy management and focus monitoring according to different diseases, types of operations, special
populations and other factors; work with doctors to develop the entire ERAS medication therapy plan and
working pathway suitable for the hospital. In addition, pharmacists can consult and train ERAS team on
drug safety, drug interactions, adverse drug reactions and drug use characteristics in specific populations.
At the same time, pharmacists should evaluate the efficacy of medication therapy, and improve the team's
medication therapy in the implementation of ERAS.

2.3.3 Medication education and follow-up after discharge

Postoperative patients should be provided with medication education , and information should be collected
in the follow-up in terms of the efficacy of medication, adverse reactions and medication compliance
according to each patient’s disease type, postoperative category and key drugs used. Coherent but
individualized follow-up plans and forms should be developed according to specific diseases and
medications.

3 The specific working path of ERAS pharmaceutical treatment management

Perioperative medication management of ERAS requires clinical pharmacists to participate in
pharmaceutical evaluation, medication reconciliation, pharmaceutical care, medication education and
training. Therefore, pharmacists' participation in ERAS pharmaceutical treatment management can be
divided into five stages: Stage |: pre-admission/outpatient pharmaceutical care; Stage Il: preoperative
pharmaceutical evaluation and service; Stage Ill: intraoperative pharmaceutical care; Stage 1V:
postoperative pharmaceutical reevaluation and care; Stage V: postdischarge medication education and
follow-up. See Figures 1-3 for specific working paths.

3.1 Pre-admission/out-patient pharmaceutical care

Before the patient is admitted to the hospital, the pharmacist should inquire about their medication history
in detail, conduct pharmaceutical evaluation and generate pre-evaluation records in the preoperative
diagnosis center, preoperative MDT clinic or pharmacy clinic, taking into account the actual conditions of
the hospital. At this stage, pharmacists should screen the information of patients' past medication, including
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drugs for main diseases, drugs for the combined with chronic diseases or self-administered drugs and
healthy food. For those who have no history of chronic diseases, no history of long-term medication, and
no correlation between short-term medication in perioperative period and ERAS drug treatment plan,
pharmacists should carry out relevant perioperative medication education; If the patient's long-term
medication or self-administration drugs involve the drugs in the perioperative drug list (attached table),
including cardiovascular drugs, respiratory drugs, anticoagulant/antiplatelet drugs, digestive drugs,
glucocorticoids, hypoglycemic drugs, rheumatological immune drugs, tumor targeting drugs, Chinese
herbal medicines and self-administration drugs, etc., pharmacists need to restructure and simplify the
pre-operation drugs according to specific conditions, and make pharmaceutical recommendations of
individual therapy with ERAS short-term agreement drug drug treatment plan, and generate pre-evaluation
records; The pre-evaluation is fed back to ERAS team to determine the next step through clinical
comprehensive evaluation .
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Figure 1. Work path of pre-admission/outpatient pharmaceutical care

3.2 Preoperative pharmaceutical evaluation and service
Preoperative pharmaceutical evaluation is aimed at patients admitted to hospital for elective surgery after
outpatient evaluation, and is included in the whole process management of ERAS. The key points of
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preoperative pharmaceutical care include: (1) Preoperative medication education for patients during
perioperative period; (2) Review the medical orders based on outpatient pharmacy pre-evaluation records
to ensure the correct implementation of medication reconciliation; (3) In case of high risk in preoperative
evaluation, suggest individualized medication intervention plan to ERAS treatment team before surgery,
and optimize ERAS drug medication plan.
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Figure 2 Preoperative pharmaceutical evaluation and service path

3.3 Intraoperative pharmaceutical care

The patients are typically in the operating room under anesthesia during surgery, and the key points of
pharmaceutical care during the operation include: (1) Appropriate indications, varieties, timing and
addition of antibiotics in the operating room; (2) Intraoperative drug interactions, drug compatibility and
adverse drug reactions, focusing on monitoring analgesic drugs, application of analgesic pump, airway
management and balance of water and electrolyte; (3) Review the medical orders after operation and the
factors of adverse events related to drugs.

3.4 Postoperative pharmaceutical re-evaluation and monitoring

Patients need to be re-evaluated after surgery. Drug monitoring includes the assessment of postoperative
pain, nausea and vomiting, nutritional status, venous thromboembolism, infection prevention and treatment,
etc., and the reasons for poor efficacy, safety, compliance and execution accuracy of ERAS medication
therapy are analyzed. After the operation, the drugs are reconciliated, and the drug treatment effect, adverse
reactions, drug interactions and drug use in special populations are monitored dynamically.
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3.4.1 Postoperative pain assessment

Patients should be evaluated for pain intensity after the operation, such as visual analogue scale, numerical
rating scale, language rating scale, and Wong-Baker facial expression rating scale., and need to evaluate the
effect of the given analgesic regimen and adjust the analgesic regimen if necessary. Based on the results of
pain assessment and surgical conditions, analgesia regimens can be developed, and prophylactic analgesia
and multimodal analgesia can be adopted to achieve rapid postoperative recovery. Multimodal analgesia
regimens include acetaminophen or other NSAIDs combined with opioids or tramadol, acetaminophen
combined with one other NSAIDs and opioids or tramadol, and systemic analgesics (NSAIDs with or
without opioids or tramadol) combined with local anesthetics for nerve block. Clinical pharmacists and
doctors jointly formulate postoperative analgesia plans, dynamically evaluate the effects of drugs used by
patients, participate in the adjustment of the dosage and types of analgesic drugs, and monitor adverse drug
reactions.

3.4.2 Evaluation of postoperative nausea and vomiting

Patients should be evaluated for the curative effect of the postoperative nausea and vomiting (PONV)
prevention program formulated before operation, and the nausea and vomiting after operation should be
closely observed. If the preoperative prevention fails, the drug type can be changed to treat nausea and
vomiting according to the risk factors, or the combination therapy can be considered for treatment.

3.4.3 Evaluation of postoperative nutritional status

According to preoperative screening and evaluation of patients' nutrition, including weight, BMI, NRS2002
score, PG-SGA, SGA and other scales, metabolic indicators, electrolytes, blood glucose, blood lipids, etc.
during the use of nutritional preparations, the functions of liver, kidney and respiratory organs, the position
of pipeline and tolerance/nutrition related complications, as well as the body fat and muscle content, grip
strength, protein level and nitrogen balance should be monitored. The body protein, plasma albumin,
prealbumin and transferrin levels should be evaluated, and the nutrition support methods and programs can
be adjusted according to the evaluation with the corresponding adverse reactions of enteral and parenteral
nutrition being monitored and dealt with.

3.4.4 Evaluation of postoperative venous thromboembolism

The coagulation parameters of patients should be monitored dynamically, and the postoperative bleeding
observed. It is necessary to fully evaluate before using low molecular weight heparin, adjust drug dosage
according to weight, renal function, coagulation parameters and bleeding, and comprehensively evaluate
the patients’ conditions to determine the duration of postoperative anticoagulation and the timing for
patients with underlying diseases to resume preoperative anticoagulation/antiplatelet drugs.

3.4.5 Prevention and treatment of postoperative infection

The indications, timing, varieties, usage and dosage of drugs used to prevent infection in patients before
and during operation should be reviewed, and the risk factors of nosocomial infection and
multi-drug-resistant bacteria infection in patients after operation, as well as the preventive effect of
prophylactic drugs, and the clinical manifestations and infection indicators of common infections such as
incision, surgical site, lung and urinary tract after operation should be monitored. Breakthrough infection
should be found in time and medication should be guided by PK/PD principle.

3.4.6 Postoperative medication reconciliation
For patients taking multiple drugs, doctors and clinical pharmacists should comprehensively evaluate the
postoperative recovery and the original disease of patients and realize medication reconciliation.
Pharmacists should suggest the timing for drug resumption, whether to adjust drug variety, dosage and
administration methods. Meanwhile, clinical pharmacists should monitor drug interactions and adverse
drug reactions, and educate patients on drug use.

3.5 Medication education and follow-up after discharge

Medication education for postoperative patients can be provided according to the type of disease, operation
type and drug use, and follow-up time. A plan can be set according to the disease and drugs prescribed, and
follow-up can be in the form of mobile application, pharmaceutical outpatient service, follow-up
information system, telephone, email and others.



3.5.1 Medication education

Medication education for postoperative patients can be carried out according to the types of diseases, types
of operations and drugs used. In principle, the following points can be included: (1) Regular and
quantitative medication according to the medical orders; (2) Record the daily situation; (3) Medications that
need to be taken for a long time, such as nutritional preparations and analgesics, need to be evaluated
regularly; (4) Regular outpatient review; (5) Feedback possible adverse reactions during drug use; (6) Other
precautions, such as diet, exercise and psychological adjustment.

3.5.2 Patient follow-up

Follow-up can be carried out in combination with mobile application, pharmacy clinic, follow-up
information system, telephone, mail and others, the content of which includes: (1) Establishing the health
records of patients undergoing surgery, including the basic information of patients, operation time,
operation type, current medication and other important indicators; (2) Evaluating the patient's medication
compliance, and confirm whether there are new medication problems; (3) Determining the possible adverse
drug reactions and related review indicators for reexamination: routine blood and urine tests, liver and
kidney function tests, etc.; (4) Seting the follow-up time and form according to the diseases and drugs taken.
Follow-up should be strengthened for patients involved in organ transplantation, malignant tumor and
chronic diseases.
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4 Key points of medication monitoring for clinical pharmacists in perioperative medication
management of ERAS

4.1 Cardiovascular drugs

Perioperative cardiovascular drugs mainly involve maintaining blood pressure and cardiac function. For
elective surgery, the advantages and disadvantages should be weighed to reduce the adverse effects of
perioperative drug adjustment on long-term medication patients.

4.1.1 B receptor blockers

Perioperative use of B receptor blockers has the potential benefit. It can reduce myocardial oxygen
consumption by antagonizing the excitatory effects of neurotransmitters and catecholamines on B-receptors,
and can prevent or control arrhythmias. Sudden discontinuation of B receptor blockers in patients with
long-term use may increase the risk of myocardial ischemia, complications and even mortality[?. For
patients with indications of drug use, including a history of hypertension, atrial fibrillation, angina pectoris,
heart failure, and myocardial infarction, p receptor blockers are recommended to continue to be used during
the perioperative period and throughout the hospitalization period, but the dosage should be adjusted during
the perioperative period to achieve optimal maintenance of blood pressure and heart rate. At present, there
is no definite conclusion on whether B receptor blocker should be used to prevent myocardial ischemia in
patients with coronary heart disease during perioperative period. Prophylactic use of B receptor blockers for
noncardiac surgery is not recommended to improve postoperative outcomes.  receptor blocker should be
initiated in patients undergoing non-cardiac surgery, and should not be initiated 2-4 hours before surgerytl.

If patients cannot take drugs orally, intravenous forms of B receptor blockers, including metoprolol,
propranolol and labelolol. can be selected. Compared with non-selective  receptor blockers, selective 1
receptor blockers have less effect on pulmonary and peripheral vascular responses. However, patients who
have been using non-selective B receptor blockers for a long time do not need to be replaced with selective
B1 receptor blockers during perioperative period.

4.1.2 Calcium channel blockers

There is limited data on the risks and benefits of perioperative calcium channel blocker, and the available
evidence theoretically suggests a benefit of calcium channel blocker use during perioperative period!l.
Studies have proved that the reduction of mortality in patients undergoing cardiac surgery is related to the
continued use of calcium channel blockers. In addition, a meta-analysis shows that the use of calcium
channel blockers is related to the reduction of ischemia and atrial arrhythmia in patients undergoing
non-cardiac surgery™ €. There is no significant drug-drug interaction between calcium channel blockers
and the narcotic drugs mentioned in this articlel”], and the withdrawal reaction is not obvious after drug
withdrawal. It is suggested that patients who have already started using calcium channel blockers before
surgery should continue to use them during perioperative period. Most oral calcium channel blockers are
long-acting sustained-release preparations, and short-acting preparations can be diltiazem and verapamil.
Because short-acting nifedipine can quickly lower blood pressure, it should be avoided during perioperative
period.

4.1.3 RASS inhibitors (ACEI and ARB)

Perioperative use of ACEI and ARB drugs is controversial. ACEIl and ARB can reduce the compensatory
activation of RASS system during surgery and prolong the duration of hypotension. The effects of ACEI
and ARB are different in cardiac surgery, non-cardiac surgery and different anesthesia methods. Most
studies on preoperative use of ACEIl and ARB drugs show an increased risk of perioperative or
postoperative hypotension and vascular shock.

Preoperative discontinuation of ACE inhibitors is recommended based on indications, patients' blood
pressure, operation types and anesthesia methods. For most patients, drug discontinuation is usually
recommended on the morning of surgery. However, for patients with refractory hypertension and heart
failure, they can be used after weighing the advantages and disadvantages to avoid the deterioration of their
condition. It is suggested that the use of ACEI should be resumed as soon as possible after surgery. Studies
have shown that the failure to resume ARB use within 48 hours after surgery is associated with increased
mortality within 30 days. You can refer to the published guidelines for the use of ACEI and ARB in the
perioperative period(®-10],



4.1.4 Diuretics

The main adverse effects of loop diuretics and thiazide diuretics on the body are hypokalemia and
hypovolemia. Hypokalemia can increase the risk of perioperative arrhythmia, and reduce the effect of
muscle relaxants during anesthesia to cause paralytic intestinal obstruction. In patients who use diuretics,
vasodilation of narcotic drugs may induce hypotension. However, studies have shown that the use of
furosemide on the day of surgery does not increase the incidence of hypotension during surgery in patients
who have been treated with furosemide for a long time undergoing non-cardiac surgery*4,

The use of diuretics during perioperative period depends on the purpose of medication and the patient's
medical history. It is suggested that patients who use diuretics as antihypertensive therapy should stop
taking them in the morning of the day of surgery. For patients who use diuretics for the treatment of heart
failure, the perioperative drug use should be determined according to the assessment of the status of
systemic circulation volume. For patients with stable circulating blood volume and well-controlled
symptoms of heart failure, it is usually recommended to stop using diuretics on the morning of surgery. For
patients with heart failure with poorly controlled symptoms and volume overload, it is recommended to
continue the use of diuretics during perioperative period. The changes of blood potassium and volume
should be paid close attention to in patients who need diuretics during perioperative period.

4.1.5 Lipid-lowering drugs

Evidence has shown that statins can reduce the incidence of cardiovascular events during perioperative
period. For patients who take statins for a long time, it is recommended to continue to use them during
perioperative period. For patients with indications and no previous use of statins, it is recommended to start
statins treatment as early as possible before surgery if elective or emergency surgery is needed!?,

Non-statins lipid-lowering drugs, including nicotinic acid and fibrotic acid derivatives (gemfibrozil and
fenofibrate), can cause myopathy and rhabdomyolysis. When they are combined with statins, the incidence
rate will increase, and surgery will also increase the risk of myopathy™3l, Since these drugs have the effect
of reducing the incidence of long-term vascular disease, it is safe to stop taking them, and it is
recommended to stop taking them 1 day before surgery and suspend their use during perioperative period.

4.1.6 Digoxin

The related research data of perioperative digoxin use are limited. Indications for the use of digoxin include
reducing the rate of hospitalization and readmission in patients with left ventricular dysfunction, and
controlling ventricular rhythm during atrial fibrillation. It is suggested to continue to use digoxin during
perioperative period.

4.2 Gastrointestinal drugs

As surgical trauma and other factors (mechanical ventilation, admission to ICU, etc.) can increase the risk
of stress-induced mucosal injury, perioperative use of H2 receptor blockers or proton pump inhibitors (PPI)
to inhibit gastric acid production can reduce the occurrence of mucosal injury. The use of PPI is associated
with the increased risk of Clostridium difficile infection. PPI H2 receptor blockers have no obvious
interaction with common narcotic drugs. It is recommended that patients with long-term use of H2 receptor
blockers or PPI should continue to use them during perioperative period. It is not recommended to use H2
receptor blockers or PPI in all surgeries to prevent stress mucosal injury. Patients who can take these drugs
orally should avoid intravenous use.

4.3 Respiratory drugs

4.3.1 Inhaled B receptor agonists and anticholinergics

In patients with chronic obstructive pulmonary disease and asthma, the use of [ receptor agonists
(salbutamol, salmeterol, formoterol) and anticholinergic drugs (ipratropium bromide, tiotropium bromide)
can reduce the incidence of postoperative pulmonary complications. It is recommended that patients who
use these drugs for a long time should continue to use them during perioperative period.

4.3.2 Theophylline

Excessive dose of theophylline may lead to severe arrhythmia and neurotoxicity, and metabolism of
theophylline is affected by various drugs used during perioperative period. Therefore, it is recommended to
stop taking theophylline before operation.
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4.3.3 Glucocorticoids

Glucocorticoids are necessary to maintain optimal lung function. For patients who use glucocorticoids
before surgery, the possibility of adverse reactions related to glucocorticoids (such as wound infection)
during perioperative period is low. However, when faced with surgical stress, there is a risk of adrenal
insufficiency. Therefore, it is recommended to continue the use of glucocorticoids during perioperative
period.

4.3.4 Leukotriene inhibitors

Long-term use of leukotriene inhibitors (Zarukast and Montelukast) can be used to maintain the control of
asthma symptoms, but they are not emergency treatment drugs. These drugs have a relatively short half-life,
but they can control asthma symptoms and maintain lung function for 3 weeks after withdrawal. It is
recommended to give leukotriene inhibitor in the morning of operation, and resume drug use when oral
administration is tolerated after operation (only oral leukotriene inhibitor, no intravenous substitute).

4.4 Glucocorticoids
The indications of glucocorticoid use in perioperative period of ERAS include replacement therapy,
prevention and treatment of postoperative nausea and vomiting, etc.

4.4.1 Alternative therapy
The alternative treatment plan should take into account the duration of glucocorticoid use and whether
there is inhibition of hypothalamic-pituitary-adrenal axis (HPA), as well as the surgical mode and duration.

Patients without HPA inhibition, including those who have been treated with glucocorticoid for less than 3
weeks (dose not limited), those who take prednisone less than 5mg-d! in the morning or other equivalent
doses (duration not limited), and those who take prednisone of less than 10mg or other equivalent doses
(duration not limited) every other day,are advised to continue to take the equivalent doses of glucocorticoid
during perioperative period, and intravenous preparations can be used. Such patients do not need to
increase the dose of glucocorticoids, nor do they need to evaluate the activity of HPA axis.

Patients with HPA axis inhibition, including prednisone dosage greater than 20mg-d* for more than 3
weeks, or Cushing's syndrome, need to decide the dosage according to the type and duration of surgery.
The recommended dose is as follows: low-risk operation or surgery with local anesthesia, using the original
dose; For medium-risk surgery, the original dose should be used, and glucocorticoids should be
supplemented: 50mg hydrocortisone should be given before operation, and then 25mg every 8 hours for 24
hours, after which the conventional dose can be restored; For high-risk surgery, the original dose should be
used, and glucocorticoids should be supplemented: 100mg hydrocortisone should be given before surgery,
then 50mg every 8 hours for 24 hours, and then the dose should be reduced by 50% every day until the
dose used before surgery!4 13 or adjusted empirically according to clinical conditions. For other patients
who cannot determine whether HPA axis inhibition occurs, it is recommended to evaluate the activity of
HPA axis before operation, and comprehensively evaluate the dosage of glucocorticoid combined with
medical history, medication history, operation type, anesthesia type and operation duration.

Patients with primary and secondary adrenocortical insufficiency can be treated empirically to prevent
adrenocortical crisis. 25mg hydrocortisone can be given before low-risk surgery, 50mg during surgery, and
the original oral dose can be restored after 1-2 days. 100-150mg hydrocortisone can be given before
high-risk surgery, followed by 50mg hydrocortisone per hour and reduced daily by 50% to the preoperative
dose after 2-3 days!*®l,

4.4.2 Prevention and treatment of postoperative nausea and vomiting (PONV)

Dexamethasone takes a certain amount of time to take effect, and 8-10mg iv should be given before
anesthesia induction. 2.5-5mg has proved to be effective, and the dose for children is 150pg-kg™. If PONV
occurs after surgery, dexamethasone prophylactic therapy should not be used again for the failure, and the
equivalent dose of methylprednisolone can be used[®!,

4.5 Diabetes drugs
Perioperative patients with hyperglycemia should be managed hierarchically to set different blood glucose
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control targets. Perioperative blood glucose management should try to avoid hypoglycemia, large
fluctuation of blood glucose, hyperglycemia and its associated infection risk. It is suggested that diabetic
patients opt for morning surgery as much as possible to minimize the impact of fasting on blood glucose
control. It is recommended that patients treated with oral hypoglycemic agents or non-insulin injectable
formulations (GLP-1 analogues) discontinue the original regimen in the morning of surgery. Insulin is the
first choice for blood glucose control during perioperative period. For non-critical patients underwent large
and medium-sized surgery: Before operation, basic-meal insulin, subcutaneous injection of premixed
insulin and subcutaneous injection of insulin pump can be adopted. During operation, subcutaneous
injection of insulin should be stopped, and continuous intravenous infusion of insulin can be selected. After
operation, insulin is continuously given to patients before they returned to a normal diet. After the patients'
diet is restored, insulin should be changed to subcutaneous injection or transition to preoperative treatment.
For patients who have good blood sugar control and can eat normally after minor surgery can continue the
original treatment plan before surgery, and change it to half-dose medium-acting insulin or full-dose
long-acting insulin analogue on the day of surgery. If stress hyperglycemia occurs during surgery,
quick-acting insulin can be injected subcutaneously, and the original treatment plan will be restored after a
normal diet after surgery. If the blood glucose control of patients is poor, it will be treated according to
large and medium-sized surgery. Perioperative continuous intravenous insulin infusion is the first choice
for critically ill patients. The dosage of insulin should be adjusted according to the fluctuation of blood
glucose. After surgery, patients can change to subcutaneous insulin injection while eating a normal
dietl7-19],

Most hypoglycemic drugs can be continued according to the original treatment plan after patients return to
a normal diet after surgery. However, in patients with suspected renal hypoperfusion, metformin needs to
be resumed after clinical confirmation of normal renal function[*7: 201,

4.6 Antithrombotic drugs

Perioperative patients may increase the risk of venous thromboembolism (VTE) due to reduced
preoperative activity, intraoperative immobilization, postoperative bed rest, anesthetic drugs and self
factors including age, tumor and obesity. In addition, patients with a history of mechanical valve
replacement, coronary stent implantation, atrial fibrillation, stroke, venous thromboembolism, etc. who
have been using antithrombotic drugs for a long time while undergoing surgery should undergo
preoperative evaluation, and perioperative antithrombotic drugs should be adjusted according to the
evaluation results.

4.6.1 Perioperative VTE prevention in ERAS

Caprini model is recommended to evaluate VTE risk of patients, calculate the risk score and determine the
risk grade of patients, dynamically evaluate the risk of thrombosis and bleeding, and choose the prevention
methods. Heparin or low molecular weight heparin is the first choice for drug prevention. For patients with
high risk of VTE but no risk of major bleeding, if they cannot tolerate heparin or low molecular weight
heparin, such as those with a history of heparin-induced thrombocytopenia (HIT), fondaparinux sodium or
aspirin can be considered for prevention. However, compared with low molecular weight heparin,
fondaparinux sodium can increase the risk of major bleeding, so it is not recommended as a first-line
medication. At present, there is no evidence for the use of novel oral anticoagulants to prevent VTE during
perioperative period?1-23],

4.6.2 Preoperative management of ERAS for patients undergoing and continued antithrombotic
therapy

4.6.2.1 Antiplatelet drugs

It is recommended to conduct cardiovascular risk assessment, and assess the risk level of adverse cardiac
reaction time within 30 days after surgery according to the type of operation[?2, If necessary, preoperative
assessment should be performed by MDT experts.

Patients who take aspirin alone can use aspirin without stopping because of their low risk of bleeding. For
patients with low risk of cardiovascular events, aspirin should be stopped 7-10 days before surgery and
recovered 24 hours after surgery. Those who are at high risk of cardiovascular events can keep taking the
medicine and pay attention to the risk of bleeding. If the intraoperative hemodynamics is difficult to control,
aspirin should be suspended before surgery. Aspirin will not interfere with the nerve block effect of
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narcotic drugs, and has no effect on the duration of intraspinal catheter removal or postoperative
detection[?l. Those who take P2Y12 receptor blockers, if they are not at risk of severe cardiovascular
ischemia, may consider discontinuing tegrello or clopidogrel for 5 days or prasugrel for 7 days before
operation. Preoperative discontinuation of ticagrelor or clopidogrel for 5 days or pragrel for 7 days may be
considered in P2Y12 receptor blockers without risk of severe cardiovascular ischemia.

Patients with a history of coronary stent placement who take dual antiplatelet drugs are treated with surgery
for at least 6 weeks after metal bare stent placement or at least 6 months after drug-eluting stent placement,
continue to use aspirin during the perioperative period, stopp using ticagrelor or clopidogrel before surgery
for 5 days, or stopp using praggrel for 7 days, and recover 24 hours after surgery. In the case of surgery
within 6 weeks after placement of a bare metal stent or 6 months after placement of a drug-eluting stent, it
is recommended to continue with the original treatment before surgery. In case of severe bleeding, platelet
or other hemostatic drugs can be injected. At present, there is no evidence of perioperative heparin bridging
in patients on long-term antiplatelet medication* 251,

Dipyridamole has vasodilating and antiplatelet effects. There is no data to support its safety for continuous
use during perioperative period, and it is necessary to consider whether dipyridamole should be used
continuously according to the risk of thrombosis and bleeding. If preoperative withdrawal is required, the
use of dipyridamole should be stopped at least 2 days before surgery(?®l,

4.6.2.2 Anticoagulant drugs

It is necessary to evaluate the bleeding risk according to the type of surgery to decide whether to stop
anticoagulant drugs before operation. Anticoagulant therapy can be continued for patients with low
bleeding risk, and it should be stopped before surgery for patients with moderate and high-risk bleeding
risk. If the risk of thromboembolism increases, such as stroke and pulmonary embolism, it is recommended
to postpone the operation until the risk drops to the previous basic level?3 241,

Long-term warfarin users should be evaluated for the risk of bleeding and thrombosis before surgery.
Warfarin therapy should not be interrupted for low bleeding risk surgery, while it should be stopped before
surgery for high risk surgery to further assess the risk of thrombosis. Medium to high risk of
thromboembolism including mechanical mitral and aortic valve replacement, new stroke 12 weeks before
surgery, systemic embolism, deep vein embolism, high risk of atrial fibrillation with stroke (CHADS2
score of 5 to 6 points), recent stent placement, and history of thromboembolism during interruption of
anticoagulant therapy, heparin or low molecular weight heparin bridging anticoagulant therapy is
recommended, but novel oral anticoagulants are not recommended. When the risk of thromboembolism is
low, including atrial fibrillation patients with CHADS2<4 and VTE patients, it is recommended that
bridging anticoagulant therapy should not be performed, and International normalized ratio (INR) should
be monitored within the treatment range. As the hemodynamics of the patients are stable after surgery,
warfarin therapy should be resumed within 12-24 hours, and heparin drugs should be stopped when INR>2.

Novel oral anticoagulants include direct thrombinase inhibitors (dabigatran etexilate) and factor Xa
inhibitors (rivaroxaban, apixaban, and edoxaban). Perioperative discontinuation of anticoagulant therapy
should also be determined according to the risk of surgical bleeding. Anticoagulant therapy should not be
interrupted in low-bleeding risk surgery, while anticoagulant therapy should be stopped before high-risk
surgery. Because of the short half-life of these drugs, heparin bridging anticoagulant therapy is not
required.

4.7 Prevention and treatment drugs of PONV

The risk of PONV should be evaluated according to patient factors, anesthetic methods, selection of
anesthetic drugs, operation duration and operation types. According to risk factors, the risk assessment of
adult PONV can be conducted. Patients with low risk need not to take prophylactic medication, those with
moderate risk can take one or two treatments for prevention, and those with high risk should take more than
two treatments for prevention. The standard of clinical prevention and treatment effect of PONV is
effective within 24 hours after surgery and no PONV at all. When prevention is ineffective, drugs with
different mechanisms of action can be used[?¢l,

Treatment methods of PONV high-risk patients include non-drug methods: propofol anesthesia, local
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anesthesia and acupuncture. The drug methods are as follows[?l,

4.7.1 Anticholinergic Drugs

Scopolamine patch in combination with other drugs is effective in treating PONV and studies have shown
that scopolamine patch alone is equally effective in treating PONV as ondansetron or haloperidol
monotherapy7l.

4.7.2 Antihistamine drugs
The antiemetic effect of diphenhydramine 1mg-kg? is similar to that of 5-HTs receptor antagonist,
dexamethasone and droperidol, and there is a lack of research data on its combination with other drugs.

4.7.3 Glucocorticoids

The effect of dexamethasone 4-5mg after anesthesia induction is better than that after operation, which is
similar to that of ondansetron 4mg or haloperidol 1.25mg. Some studies have reported that the effect of
dexamethasone 8myg is better than that of 4-5mg. Most reports indicate that a single dose of dexamethasone
during perioperative period does not increase the risk of wound infection. In addition, dexamethasone has
increased the risk of blood glucose, so the advantages and disadvantages should be weighed when it is used
in obese patients and diabetic patients(?8].

4.7.4 5-HT3 receptor antagonists

Durgs including ondansetron, tropisetron, and palonosetron can be given after surgery. For the prevention
of PONV, multiple administrations of these drugs are not recommended. If the effect is not good, another
kind of drug can be used. There are no differences in efficacy and safety among the different drugs.

4.7.5 Phenothiazines

The dosage of perphenazine for preventing PONV is 2.5-5mg; Metoclopramide has a limited effect in
treating PONV, and a dose of 10mg cannot effectively reduce the risk of PONV. Only when it is greater
than 20mg can it have anti-vomiting effect. The preventive effect of metoclopramide 25-50mg for
advanced PONV is similar to that of ondansetron 4mg [2°1,

4.7.6 NK-1 receptor antagonists

24-48 hours after surgery, aprepitan is better than ondansetron in preventing PONV, and aripiptan 40mg
combined with dexamethasone is better than that of ondansetron combined with dexamethasone in
preventing PONVEY, but the drugs are not used as routine prevention of PONV due to relatively few
clinical study data.

4.7.7 Butyrophenones

Butyrophenones are not the first-line prophylactic drugs for PONV. Low-dose droperidol of 0.625-1.25mg
can effectively prevent PONV, and the effect is similar to that of ondansetron 4mg. Droperidol can lead to
prolonged QT interval and tip torsion-induced ventricular tachycardia, but this adverse reaction is time-and
dose-dependent, so it is very unlikely that low-dose droperidol can induce this cardiovascular time. Studies
have shown that the combination of droperidol and ondansetron can effectively prevent PONV, with no
difference in the QT interval compared with placebo and ondansetron monotherapy®l. Haloperidol is a
substitute for droperidol, and there is no difference between the efficacy of haloperidol 1mg and droperidol
0.625mg after anesthesia induction in preventing PONV.

4.7.8 Anaesthetics

Midazolam can reduce the incidence of PONV. The effect of midazolam 2mg and ondansetron 4mg 30 min
before the end of the operation is similar. There is no difference between midazolam 0.075mg-kg* and
dexamethasone 10mg in preventing PONV.

For PONV occurred within 6 hours after surgery: In patients who failed prophylactic therapy with 5-HT3
receptor antagonist, dexamethasone, haloperidol or haloperidol at the beginning, these 3 drugs should not
be reused within 6 hours, and other drugs should be selected. For PONV occurred after 6 hours after
surgery: Except dexamethasone and M-receptor blocker (scopolamine), other preventive drugs could be
used repeatedly with the same dosage as before; When the initial scheme is HT 3 receptor antagonist plus
another drug, different kinds of 5-HT3 receptor antagonist and two other drugs can be selected (25,
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4.8 Postoperative analgesic drugs

The postoperative pain includes inflammation caused by tissue trauma or direct nerve injury. The following
factors should be considered for postoperative analgesia: age, anxiety, surgical methods and procedures,
individual physical condition, response to medication or treatment, etc. The best way of perioperative
analgesia in ERAS is to take multi-mode analgesia to reduce the postoperative demand for opioids(®2-34,

Commonly used analgesic drugs include:

(1) Opioids

Narcotic analgesics are divided into weak and strong opioids according to their analgesic intensity. Weak
opioids include codeine, dihydrocodeine, etc., which are used to relieve mild to moderate acute pain.
Strong opioids include morphine, fentanyl, meperidine, sufentanil, oxycodone, hydromorphone, etc., which
are mainly used to treat moderate to severe postoperative pain. The agonist-antagonist butorphanol,
desoxacin, pentazoxin and partial agonist buprenorphine can be used as multimodal analgesia for the
treatment of severe pain.

The analgesic effects and adverse reactions of opioids are dose-dependent and receptor-dependent, without
organ toxicity or capping effect. The application of opioids should follow the principle of maximum
analgesia and no intolerable adverse reactions, and multi-mode analgesia should be advocated. The adverse
reactions of opioids can be treated by discontinuing or reducing the dosage of opioids, symptomatic
treatment of adverse reactions, switching to other types of opioids and changing the administration route.

(2) NSAIDs

Non-steroidal anti-inflammatory drugs (NSAIDs) can be divided into non-selective NSAIDs and selective
COX-2 inhibitors, which can be used for postoperative analgesia of mild to moderate pain or multimodal
analgesia of moderate to severe pain. The analgesic effect of NSAIDs has a ceiling effect, which is
different from that of opioids, that is, the effect does not increase with the increase of drug dose after the
analgesic effect reaches a certain level, so it is not recommended to use NSAIDs in over dose, and the
combination of two kinds of NSAIDs should be avoided. The analgesic effect of NSAIDs after surgery
may be equivalent to that of low dose morphine or oxycodonel®: 361, A large number of long-term
non-selective NSAIDs and selective COX-2 inhibitors can cause adverse reactions, including renal function
damage and increased cardiovascular risk, which are related to the dosage and time of use, and whether
there are any risk factors for the use of COX inhibitors. Patients with risk factors should carefully considerd
in choosing these drugs, and intravenous drug use generally does not last exceed 3-5 days.

Oral drugs of non-selective NSAIDs include ibuprofen, diclofenac, meloxicam and lornoxicam, while the
injection drugs include lornoxicam, ketorolac and flurbiprofen axetil. The preventive analgesic effects of
non-selective NSAIDs are still controversial, thus it is necessary to evaluate the risk factors when using
them. Non-selective NSAIDs have great gastrointestinal adverse reactions, which are more likely to occur,
especially in patients with a history of taking anticoagulants, glucocorticoids, aspirin or digestive tract
ulcers. Therefore, H2 receptor blockers, PPI, etc. or selective COX-2 inhibitors should be added when
necessary[®7: 381,

Selective COX-2 inhibitors have a long half-life, which can directly inhibit the sensitization of the pain
center and increase the pain threshold through the blood-brain barrier, and can be used for preventive
analgesial®., Compared with non-selective NSAIDs, they can reduce the gastrointestinal adverse reactions
caused by the inhibition of COX-1.

(3) Tramadol

Non-opioid central analgesics can be used for moderate and severe pain and postoperative analgesia.
Tramadol with equivalent dose has the same effect as pethidine, and can be combined with acetaminophen
and NSAIDs. Compared with opioids, tramadol has a relatively small risk of respiratory depression and
gastrointestinal function inhibition.

(4) Local anesthetics
Postoperative analgesia can be performed by surface anesthesia, infiltration anesthesia, nerve block and
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other methods. Combined use with opioids can enhance the analgesic effect and prolong the analgesic time.

4.9 Muscle relaxants

According to the expert consensus of perioperative management of enhanced recovery after surgery in
China, intraoperative muscle relaxation monitoring is recommended to evaluate the degree of
neuromuscular block, so as to avoid insufficient or excessive use of muscle relaxants. Currently, the most
effective muscle relaxants are succinylcholine and rocuronium bromide. To reduce residual muscle
relaxation after surgery, the commonly used drugs cholinesterase inhibitors and the specific antagonist of
novel amino steroidal muscle relaxant sugammadex sodium can be used.

4.10 Enteral and parenteral nutrition preparations

All patients need to undergo nutritional risk screening (NRS-2002) and nutritional assessment before
surgery. The contents of NRS-2002 include BMI1<20.5 kg-m2, weight loss>5% within 3 months, inability
to eat, and disease severity®®, NRS-2002 can be used as a risk screening tool. Nutritional assessment
methods include weight loss, body mass index, fat-free body mass index, nutritional risk index, subjective

comprehensive assessment methods, etc., and serum protein can be used as auxiliary evaluation indicators
[39, 40]

Oral nutrition supplement (ONS) or enteral nutrition (EN) is the first choice for perioperative nutritional
support in ERAS. When EN cannot be implemented or EN cannot provide sufficient energy and protein,
parenteral nutrition (PN) should be supplemented or selected. Among them, the use of ONS in the
perioperative period is the most important nutritional treatment in ERAS. For patients with obvious
malnutrition, ONS is given as preoperative nutritional treatment, and early postoperative feeding or ONS
can protect the intestinal mucosa and promote the recovery of intestinal function, and reduce the occurrence
of systemic infection and insulin resistance 411,

The main evaluation parameters of enteral nutrition preparations include energy density, protein content,
protein source (amino acid mixture, hydrolyzed protein, and whole protein) and feeding route, while the
secondary evaluation indicators include osmotic pressure, fat content, fat source, dietary fiber content,
lactose content, electrolyte, mineral and vitamin content, dosage form and pricel?. The most common
complications of ONS and EN are gastrointestinal complications, which are manifested as abdominal
distension, diarrhea, nausea, vomiting, intestinal spasm, etc. When it occurs, it is necessary to determine
whether there is mechanical or paralytic intestinal obstruction, whether it is related to the type of
preparation, and whether it is related to other treatment and medication of the patient, and then relevant
symptoms and causes are treated or ONS or EN are stopped. Parenteral nutrition formula includes water,
glucose, amino acids, fat emulsion, electrolytes, various trace elements and vitamins. In addition, glutamine,
-3 fatty acids can also be added to the suspension, and the addition, adding order, and adding method may
affect its stability and compatibility],

Attached table:

Category List of drugs to be focused on during perioperative period

B receptor blockers; Calcium channel blockers; RASS inhibitors (ACEI
and ARB); Diuretics; Lipid-lowering drugs; Digoxin

Proton pump inhibitors (PPI); H2 receptor blockers

Inhaled P receptor agonists and anticholinergics; Theophylline;
Glucocorticoids; Leukotriene inhibitors

Hydrocortisone, Prednisone, Methylprednisolone, Dexamethasone
Insulin; Sulfonylureas; Biguanides; a-glycosidase inhibitors;
Thiazolidinediones

Low molecular weight heparin/heparin; Antiplatelet drugs;
Anticoagulant: Warfarin, Novel oral anticoagulants

Cardiovascular drugs
Gastrointestinal drugs
Respiratory drugs
Glucocorticoids

Diabetes drugs

Antithrombotic drugs

Prevention and
treatment drugs of
nausea and vomiting
Postoperative analgesic
drugs

Muscle relaxants

Anticholinergic drugs; Antihistamine drugs; Glucocorticoids; 5-HT3
receptor antagonists; Phenothiazines; NK-1 receptor antagonists;
Butyrophenones; Anaesthetics

Opioids; NSAIDs: non-selective and selective COX-2 inhibitors;
Tramadol; Local anesthetics

cholinesterase inhibitors; specific antagonist of novel amino steroidal
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Enteral and parenteral
nutrition preparations

muscle relaxant

Oral nutritional supplements (ONS) or enteral nutrition (EN);
Parenteral nutrition
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