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>
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(T/GDPA 1-2021).
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Science and Technology Press.
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Application of GCs in perioperative period

The use of glucocorticoids (GCs) in
perioperative period is controversial

» Regulate cardiopulmonary function

<«’ » Reduce postoperative complications

* Inhibit systemic inflammatory response

» Increased risk of infection
& » Slow wound healing

e Induce stress ulcer

Consensus users

Surgical pharmacist

...........................................................

Surgeon

*
...........................................................
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Perioperative application

 Patients with normal adrenal cortex function

Postoperative Nausea Reli d Perioperative airway Inhibit organ transplant
and Vomiting (PONYV) clieve edema management rejection

9 & 2 ~ 2 O

Adjuvant analgesic Reduce postoperative

therapy inflammatory response Improve nerve function

Background mechanism Dose recommendation




Perioperative
application

1. Postoperative Nausea and Vomiting

Background

* PONV usually refers to nausea and/or
vomiting or retching that occurs in the
wake room after anesthesia, or within 24

hours after surgery

* The incidence of PONV varies depending
on patient factors and choice of anesthesia,
and may vary depending on the type of

surgery

(PONV)

Mechanism

The expression of 5-

Other aspects: Pain hydroxytryptamine (5-HT)

relief by reducing tissue was inhibited
inflammation by

inhibiting the release of

inflammatory mediators,
and reducing the use of
opioid analgesics,
thereby reducing opioid-
related nausea and

vomiting

Anti-inflammatory

action

Regulate the

. Acts on GCs receptors
hypothalamic-

or adrenergic
pituitary-suprarenal &

(HPA) axis receptors

American Society for the Advancement of Recovery (ASER) and Society for Outpatient Anesthesiology (SAMBA) Management of Postoperative Nausea and Vomiting (2020 edition)




Dose recommendation

Treatment of PONV should begin with a reduction in the use of inhaled
anesthetics and the use of regional block techniques and a multimodal

analgesia regimen

Secondly, after weighing the pros and cons, appropriate preventive
measures are selected, including 5-HT receptor antagonists, GCs,
antihistamines, dopamine receptor antagonists, propofol, neurokinin 1

receptor antagonists, acupuncture, anticholinergics

For patients with 1 or 2 high risk factors, 5-HT receptor antagonist
combined with dexamethasone is usually recommended. People with
more high-risk factors choose multiple measures according to the

situation

Dexamethasone takes a certain amount of time to work, and is generally
used before anesthesia induction. Methylprednisolone has a quick effect

and is used 40min to 1h before the end of surgery

Dose recommendation

children

Chinese Society of Anesthesiology,
Chinese Expert Consensus and Path
Management Guide for Accelerated
Rehabilitation Surgery (2018)

Dexamethasone 4~8mg

0.15mg/kg
(maximum dose is
Smg)

American Society for the
Advancement of Recovery/Society for
Outpatient Anesthesiology
Management of Postoperative Nausea
and Vomiting 2020

Dexamethasone 4~8mg,
methylprednisolone 40mg
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2.Auxiliary analgesia

Background Mechanism
*  Whereas past models of analgesia relied solely on opioids to
»  Causes of perioperative pain: *  GCs reduces the release of
target the central mechanisms involved in pain perception, After tissue trauma (surgical inflammatory mediators, induces

o . the formation of angiotensin-
incision, separation,

there is now more of a choice for multimodal analgesia, converting enzyme, promotes

cauterization) or nerve injury, bradykinin degradation, and

which is the combination of several drugs that act on

inflammatory mediators are plays an analgesic role. It can

released, which enhances the also reduce the permeability of
capillaries, slow down the

different pain pathways (both opioid and non-opioid
sensitivity of the injured area to

analgesics).In order to reduce dependence on a single drug, it absorption rate of local

stimulation or produces pain anesthetics, and prolong the

can also reduce the use of Opioids and reduce Opioid_related sensation to non-invasive action time of local anesthetics

stimulation
adverse reactions such as nausea and vomiting

GCs can effectively prevent PONYV and reduce postoperative pain. Combined GCs is one of the combined

schemes for multi-modal analgesia




Dose recommendation

: : S Dexamethasone 5-10mg or methylprednisolone
Expert Consensus on perioperative application of adrenal 40me: There is more evidence for local anesthesia
glucocorticoids, Chinese Society of Anesthesiology, 2019 &

surgery of joints and limbs

All GCs are not recommended for subarachnoid analgesia, and use methylprednisolone, dexamethasone, or

betamethasone for epidural analgesia without granular, spinal or vascular stimulation

The efficacy and safety of GCs as an adjuvant for postoperative analgesia are inconclusive, and the benefits and potential
risks, including delayed wound healing, hyperglycemia, and immune impairment, should be evaluated before use, and

should be used individually
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3.Relieve edema

Glucocorticoid

Air exposure of
invasive operations

Surgical ischemia- inflammat

reperfusion injury ory factor

Activate the surgical
site inflammatory
response system

Reduces tissue congestion
Decrease capillary
permeability

Reduces exudation and
edema

educe

Reduces local tissue postoperative

response to surgical stress edema
relieve pain




3.1 Cerebral Edema(PTBE)

* In patients with brain tumors, after the blood-brain barrier is broken, protein-rich fluid accumulates in the extracellular space and vasogenic edema exists around

the tumor

¢ GCs can reduce the production of cerebrospinal fluid, reduce the production of free radicals, and restore the vascular permeability of the blood-brain barrier

°—‘ Inhibiting inflammatory response

Stable lysosomal
membrane

Mechanism of '
Improve peritumor

microcirculation

GCs controlling

Reduce capillary leakage
in tumor tissue

Reduce the production of
o_. cerebrospinal fluid, reduce blood

vessel density, and counter the

angiogenic effects of tumors

Expert Consensus on Drug Treatment of Intracranial
Tumor Peripheral Edema, Chinese Society of

Neurosurgery, 2010 : GCs is recommended for
perioperative use in patients with peritumor
edema

2003 European Society of NeuroOncology (EANO)
Guidelines for the Treatment of Peritumor Edema :

GCs is recommended as the first-line
treatment of PTBE to create a favorable
opportunity for intracranial surgery

I L L3 L3 L3

 Based on the experience of patients with brain tumors,
I L L3 L L3
 GCs is also commonly used in various neurosurgical

|
| procedures



Dose recommendation

Expert Consensus on Perioperative

itk ee iz kg ieaanaianiis o The first dose of methylprednisolone was 30mg/kg, followed by 20 to
e First-line drugs: Chinese Society of Anesthesiology, 40mg/ day for 3 to 5 days
2017

methylprednisolone and

dexamethasone *  PTBE therapy is recommended to start at a low dose and adjust the
dose as needed

» Dexamethasone: The initial dose is 15mg/d, divided into 2 to

4 times, if ineffective, can be increased to 25 mg/d, 14 days

after withdrawal. The maximum dose for general edema
atients is not more than 25 mg/d
Expert Cons?nsus o Drug. freatment > i/lethylprednisolone: The initial dose was 80mg/d for 48 h; If
« More severe ionic disorder or of Intracranial Tumor Peripheral sympioms are noballoviated, they may be increased to 160me/

Edema, Chinese Society of day, divided into 2 doses. If the symptoms are severe, 160

mg/d can be used directly
*  After 7 days, the amount of GCs should be reduced according to the
clinical effect
*  When the symptoms and signs of the patients are relieved after
surgery, the drug can be gradually stopped. The minimum therapeutic
dose can be maintained without remission

Neurosurgery, 2010

edema: methylprednisolone




3.2 Chronic sinusitis surgery

. Dose recommendation
 Relieve local edema 1_

* Nasal hormone therapy dose is at least 100ug per side of the
* Reduce intraoperative bleeding and nasal cavity, 1-2 times a day, long-term continuous
medication, at least 1-2 weeks before the operation. The
postoperative recurrence medication was started after the first resection of the
operative cavity and continued for 3 to 6 months depending

on the recovery of the operative cavity

* In addition to nasal sprays, other drug delivery methods such

@ pr.nar. fx nasal/intravenous as nasal drops, nasal irrigation and aerosol inhalation,

po injection hormone stents, and dipping nasal dressings have also been
reported
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4.Reduce postoperative inflammation

Expression varies with the intensity of the surgical trauma as

.
well as the amount and type of anesthetic Ry :

» It plays an important role in defense and repair mechanisms

regul

-ator « As for the dosage of GCs to

after trauma

» It plays an important role in postoperative organ dysfunction / reduce postoperative

inflammatory response, there is

no uniform recommendation to

* Decrease capillary permeability

« Reduce clinical complications give different doses according to

caused by inflammatory responses

clinical symptoms and reactions
* Reduce postoperative tissue and .

organ dysfunction

* The use of GCs during surgery can significantly reduce IL-6 and IL-8, increase IL-10,
\ and reduce surgery-related inflammatory response
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S.Perioperative airway management
5.1 Relieve bronchospasm

» Perioperative bronchospasm can be caused by reflex contraction of smooth muscle caused by surgical stimulation such

as tracheal intubation, or by anesthetic drugs, surgical procedures, or exacerbation of chronic lung disease [asthma or

chronic obstructive pulmonary disease (COPD)]

* GOCs can inhibit the release of inflammatory

factors, improve vascular permeability, rapidly

reduce cell sensitivity to inhibit 2 receptor,

relieve edema, and relieve bronchospasm

. - - -' therapeutic principle

I
I
I
I
I
I
I
I
I
asthmatic ¢ Preoperative use of ICS in patients with asthma can reduce lung I
resistance, improve lung function, and prevent bronchospasm, and !

the combination of ICS and bronchodilators (B2 receptor agonists) :
I

I

I

I

I

I

I

I

I

I

I

* In acute attacks, bronchospasm has not been eliminated, should be
postponed elective surgery

«  Patients who need emergency surgery without effective control
should evaluate the risks by weighing the pros and cons

can be synergistic
® *  Preoperative treatment should be aggressive to optimal baseline

lung function
*  Preoperative use of LABA+LAMA in patients with COPD can
alleviate airway spasm and improve lung function and quality of

patient



Dose recommendation

Perioperative management of bronchospasm includes treatment of the underlying disease, removal of the underlying
cause, and medication. First-line drug treatment is a short-acting inhaled B2 receptor agonist or can be combined with
short-acting inhaled anticholinergics. For patients who do not improve after receiving 1 or 2 doses of inhaled
bronchodilators, systemic GCs may be used in combination, but GCs alone may not be effective

In order to prevent intraoperative airway spasm, ICS and bronchodilator can be given before tracheal intubation and

extubation. Budesonide 1~2 mg+ terbutaline Smg are commonly used for atomizing inhalation before intubation

In case of intraoperative spasm, anesthesia and respiratory management should be strengthened. These include removal of
preinducing factors, deepening anesthesia (such as increasing sevoflurane inhalation concentration), high-flow pure
oxygen ventilation, and changing mechanical ventilation. In addition, intravenous GCs methylprednisolone 40 to 200mg,
intravenous aminophylline (load dose 5 to 6mg/kg), or a combination of ICS and bronchodilators should be used as
early as possible. Budesonide and terbutaline can be given at intervals of 30 minutes, 1 hour or 2 hours

The use of B2 agonists should be adjusted according to the patient's heart rate during continuous atomization inhalation,

and increasing the frequency of inhalation at high airway spasm is better than increasing the dose per inhalation




5.2 Management of postoperative
airway complications

Background

* Anesthesia laryngoscope and intubation can cause mechanical compression or

damage to the tracheal mucosa, which can lead to throat local tissue ischemia edema
and even ulcers, and cause postoperative airway discomfort symptoms, including
sore throat, dry airway, hoarseness, cough and sputum, shortness of breath, etc

=

Age >70 years

Y

bronchial

hyperresponsiveness
(BHR)

A

Pathogenic airway

colonizing bacteria

2
@ D

Smoking Index
>400

()

Obese or body
surface area
>1.68 m2

N/
/\

Nutrient
metabolism

disorder

High risk factors for airway complications after general anesthesia:

=0
Ak el
asthma COPD
Lower Peak expiratory
pulmonary flow <300 L/min
function

Previous history of

chemoradiotherapy
and surgery

Mechanism

GCs can inhibit the release of inflammatory factors, improve

vascular permeability and reduce throat edema

Aerosol inhalation of GCs is recommended for postoperative
airway management, so that the drug can directly act on the
airway mucosa and avoid or reduce the adverse reactions of
systemic administration. ICS is the first choice for throat and

airway local anti-inflammatory drugs




Dose recommendation

Patients with combined risk
factors

Budesonide 2mg was atomized 2 to 3 times a day before surgery
and 3 to 7 days after surgery, combined with bronchodilators if
necessary

For laryngeal edema caused by tracheal intubation, ICS
administration before and after extubation can significantly reduce
the risk of laryngeal edema after extubation. It is recommended to
give atomized budesonide suspension 0.5 to 2.0 mg/ time before
and after extubation, and once every 12 hours after extubation for 2
consecutive days

Pediatric patients undergoing

endotracheal intubation

According to the age of the children, budesonide was
atomized once 30 minutes before intubation and once every
30 minutes after extubation, for 4 to 6 times, 0.5 to 1.0mg
each time

Depending on the condition and the recovery of laryngeal
edema after extubation, ICS is generally used for 3 to 5
days during and after endotracheal intubation
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6.Improve nerve function

* Glucocorticoids can effectively inhibit lipid peroxidation and improve nerve function, and GCs is often used in spinal surgery for acute spinal cord injury (SCI) in
spinal surgery. It is concluded that large dose of methylprednisolone has a good effect on exercise recovery of SCI, but large dose will increase the incidence of

adverse reactions

* The application of GCs to SCI should be fully weighed against the pros and cons and used with caution. Relevant guidelines and consensus
recommendations need to be verified by further clinical trials

2016 UK Assessment and Initial Management
of Spinal Cord Injury

2020 France Recommendations for the
Management of patients with Spinal cord

Injury or at risk of spinal cord Injury

2017 U.S. Clinical Practice Guidelines for the
Management of Patients with Acute Spinal
Cord Injury

2020 China Glucocorticoid Emergency
Application  Consensus  Expert  Group
Glucocorticoid Emergency Application Expert
Consensus

Guidelines recommendation

During the acute phase of traumatic spinal cord injury, it is recommended to avoid the
following drugs that provide neuroprotection and prevent secondary deterioration:
methylprednisolone, Nimodipine, naloxone

Early use of steroids after spinal cord injury is not recommended to improve neurological
outcomes

For patients with acute spinal cord injury within 8h after trauma, a high dose of
methylprednisolone can be used for 24h, but it is not recommended after 8h

Patients within 8 hours after trauma can be treated with 24 hours of super-dose
methylprednisolone, and patients with SCI after 8 hours of injury can not be treated with 24
hours of high-dose methylprednisolone

No

No

Use within 8h, not outside 8h

Use within 8h, not outside 8h



Dose recommendation

Chin J Emerg Med, June 2020, Vol. 29, No.6. Chin J Emerg Med, June 2020, vol. 29, No.6 - 765 -
e - Expert Consensus -
Guidelines Paper A‘ AOSPINE
Global Spine journal
- - - - - 20I7=‘Vol. 7(35) 1955-2025 . »
A Clinical Practice Guideline for the e Expert consensus on emergency use of glucocorticoids
Management of Patients With Acute Spinal ok 10 177 525 770667
Cord Injury and Central Cord Syndrome: B S SAGE
Recommendations on the Timing
(<24 Hours Versus >24 Hours) of
D SNy . o . * 2020 China Glucocorticoid Emergency Application Consensus Expert

Patients with Acute Spinal Cord Injury

Group Glucocorticoid Emergency Application Expert Consensus

e  Recommendations:

The load dose of 30 mg/kg methylprednisolone was completed in 15 minutes, followed by a 5.4 mg/(kg-h) infusion for 45 minutes, and the same
rate of administration was maintained for 23 hours thereafter

e Whether to recommend:

This administration greatly exceeds the impact dose and should be performed with ECG monitoring and availability of a defibrillator.
Intravenous injection of large doses of methylprednone within a short period of time (more than 500 mg of methylprednone within 10

minutes) has a very high risk of adverse reactions, which may cause arrhythmia, circulatory collapse and cardiac arrest, and should be weighed
with caution
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7. Treatment of Allergic Reactions

Background and Mechanism

Systemic allergic reactions are a life-threatening, acute multi-
system syndrome caused by the sudden release of mediators
from mast cells and basophils into the circulation '
The administration of anesthetic agents via the veins or
inhalation, sympathetic nerve blockade due to spinal or

epidural anesthesia, the inability of anesthetized patients to
express early symptoms (such as itching), and the presence

of surgical drapes covering the skin, can all increase the
difficulty in recognizing systemic allergic reactions during

anesthesia

The mortality rate of systemic allergic reactions in the |

perioperative period is higher

The Causes of General Anaphylactic
Reactions During the Perioperative Period

Antibacterial drugs, particularly the use of
penicillins and cephalosporins

The use of neuromuscular blockers such as Vecuroniums
Rocuronium, Tubocurarine, and Succinylcholine

Latex product allergy, such as gloves, drainage
tubes, catheters, etc

Allergic to the antiseptic chlorhexidine for the surgical

site




Dosage Recommendation

 Basic treatment includes administration of adrenaline (immediately) and fluid resuscitation, etc

* The GCs(Glucocorticoids) have a slow onset of action, are not suitable for immediate relief of initial symptoms and signs
of systemic allergic reactions, and are not the first choice for emergency treatment of severe allergies. However, they can be
used as a supplement for basic treatment to prevent the late-phase reactions of severe allergic responses

The first-line recommendation for treating perioperative systemic allergic reactions is the use of GCs (Glucocorticoids)

that act directly on receptors without metabolism, such as Hydrocortisone or Methylprednisolone

NPT e L G e e o e e deien e GCs as a supplementary treatment for severe allergic reaction rescue,
for Skin Testing of B-lactam Antimicrobial Drugs intravenous injection of hydrocortisone succinic acid 100mg~200mg; or
(2021 Edition) methylprednisolone 40 mg

O T Sl 0 e e by g4 hydrocortisone succinate 1-2 mg/kg, can be repeated after 6 hours, no more
O T A T ez d than 300 mg for 24 hours; Methylprednisolone 1mg/kg can also be injected
Perioperative Allergic Reactions intravenously, with a maximum of 1g
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8. Inhibition of organ transplant rejection

GCs are non-specific anti-inflammatory drugs that
block multiple steps in the immune activation process,
including antigen presentation, cytokine production,
and lymphocyte proliferation. GCs are mainly used in
solid organ transplantation for the prevention and

treatment of rejection

The use of GCs includes induction therapy for
perioperative immunosuppression (high dose) and
maintenance therapy for long-term postoperative
immunosuppression (low dose). In different areas of
solid organ transplantation, the induction dose and the

maintenance dose vary

On the day of surgery, administer
methylprednisolone 250 to 1000 mg (5 to 15 mg/kg)
Post-surgery, 250 to 500 mg daily for the first two
days, then switch to oral administration and rapidly
reduce to maintenance dosage (prednisone 5 to 10
mg or methylprednisolone 4 to 8 mg), for a total of
one month

Postoperative Acute Rejection Response:
Administration of methylprednisolone at a dose of
250 to 500 mg per day or 6 mg per kilogram per day,
infused intravenously within 30 to 60 minutes, for
continuous use over 3 to 5 days

Patients with mild rejection can also reduce the dose
as appropriate, and the pulse dose should not be too
large for patients with diabetes, or direct antibody
therapy. GCs were changed to oral after pulse therapy
and gradually reduced to the pre-pulse dose



Inhibition of organ transplant rejection - liver

A

transplantation

D

Adult

Methylprednisolone 500 mg intravenous bolus during liver

transplantation, 240 mg on the first postoperative day, and 40
mg daily decrease. On the 7th postoperative day, it was
changed to oral administration of prednisone or
methylprednisolone. If necessary, prednisone 5~10mg/d (or
methylprednisolone 4~8mg/d) is orally maintained after 1
month after surgery

Acute rejection treatment: It is recommended to inject
methylprednisolone 500~1000mg intravenous bolus on the
first day, reduce the dose on the second day, and change to
oral prednisone 20mg/d for maintenance on 5~7 days, and the

maintenance time depends on the condition

Child
The dose of methylprednisolone in the hepatic absence phase
was 10 mg/kg, and the dose of intravenous glucocorticoids
was 4 mg/kg/d on the first day after surgery, which was

reduced daily to 1 week after surgery, and the glucocorticoids

were withdrawn as soon as possible

The principles for handling a child's acute rejection

response are similar to those for adults




Inhibition of organ transplant rejection — lung
transplantation

» Lung Transplant Perioperative Period \
* Induce treatment with high doses of GCs, followed by long-term maintenance therapy with low doses

» Usage instructions as follows::

» Methylprednisolone 10 mg/kg intravenously is given before intraoperative transplantation is resumed, and if both lungs are
transplanted, the same dose is given intravenously at the time of implantation of the second lung

» The dose of methylprednisolone is gradually reduced to a maintenance dose within about 7 to 10 days after transplantation

» The long-term maintenance dose is 0.25mg/kg, and long-term maintenance is recommended; Complete removal of GCs is
\ not recommended for 5 years after lung transplantation /

, Acute rejection N

* Initially, high-dose GCs are given as a pulse therapy, and the course of treatment is generally 3 days: methylprednisolone (10 to 15
mg/kg or 0.5 to 1 g per day) is given for the first 3 days, and the dose is reduced thereafter

* The baseline glucocorticoid dose prior to pulse therapy can be resumed directly or tapered to oral glucocorticoids (prednisone 0.75 to
1 mg/kg - day) and tapered to the baseline glucocorticoid dose over several weeks

* The specific dose and regimen are adjusted individually according to the time after transplantation, the type and severity of rejection,
whether the patient has co-infection and the type of infection, whether GCs are combined with other immunosuppressants, etc



Preoperative evaluation

Patients should be fully evaluated
before the use of GCs in the
perioperative period, mainly to
strictly grasp the indications for
the use of GCs, avoid
contraindications, and closely

observe adverse drug reactions

)

preoperative
evaluation

Preoperative evaluation

Inappropriate Population

»  The following patients with diseases
generally should not use, in special
circumstances should weigh the pros and
cons before use, but should pay attention to
the possible deterioration of the condition: .

>
>
>

V V V V V VY

A\

Severe psychosis and epilepsy
Active peptic ulcer disease

Newly performed gastrointestinal
anastomosis surgery

Fracture

Corneal ulcers

Adrenal hyperfunction
Glaucoma

Pregnant woman

Fungal infections that cannot be
controlled by antimicrobial drugs
Severe osteoporosis, etc

adrenocortical function

If adrenal insufficiency is considered,
endocrinologist consultation is
required to evaluate the need for

perioperative GCs replacement
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pharmaceutical care

» The irrational use of perioperative GCs may lead to a range of adverse effects

* As an important member of the surgical treatment team, surgical clinical pharmacists should carry out the

whole process of chemical and pharmaceutical monitoring of GCs in the perioperative period

Order realignment (including interactio Medication education, etc

Pharmacy monitoring
Doctor's order review (including content

compatibility contraindications)

Medication monitoring

Monitor adverse reactions

@]
b




Prescription
Reorganization

Interaction

Pharmacokinetics

Pharmacodynamics

W,

GCs are predominantly catabolic in the liver and may interact with liver enzyme inducers and inhibitors,

such as:

» Phenobarbital, phenytoin, carbamazepine, rifampicin liver enzyme inducers can accelerate the
metabolism of GCs, causing the blood concentration of GCs to decrease and weaken the effect. When
the two drugs are combined, the dose of GCs should be increased appropriately

» Liver enzyme inhibitors such as macrolide antibiotics and triazole antifungals can inhibit the
metabolism of GCs, causing an increase in the blood concentration of GCs and an enhanced effect.
When the two drugs are combined, the dose of GCs should be appropriately reduced

GCs can cause hyperglycemia, hypertension, water and sodium retention, hypokalemia, gastric ulcer, central
nervous system excitation, etc. When combined with other drugs, it may induce or aggravate the above

adverse reactions, and should be used in a balanced way.



o
Pharmacokinetic Interaction
interactions

Triazole antifungal drugs Inhibit the metabolism of GCs, cause the blood concentration of Monitor the associated adverse reactions of GCs and adjust the GCs
(voriconazole, fluconazole, GCs to increase, and enhance the effect dose as needed
itraconazole)

Macr.'ollde ant-lblotlcs . Inhibit the metabolism of GCs, cause the blood concentration of Monuoriilig assoclatedyadverse reactions of GCs and adjust the GCs
(clarithromycin, erythromycin) dose as needed

GCs to increase, and enhance the effect

Monitor the associated adverse reactions of GCs and adjust the GCs

Inhibit the metabolism of GCs, cause the blood concentration of
dose as needed

Dilti .

iitlazem GCs to increase, and enhance the effect

Rifampicin. isoniazid Increase the metabolism of GCs, and cause the blood Use with caution and adjust the GCs dose as needed
prem, concentration of GCs to decrease and the effect to weaken

Phenytoin sodium, phenobarbital, Increase the metabolism of GCs, and cause the blood Use with caution and adjust the GCs dose as needed

carbamazepine concentration of GCs to decrease and the effect to weaken

Aluminum hydroxide, magnesium Adsorption of oral GCs reduces the bioavailability of oral GCs Avoid combining oral GCs with aluminium hydroxide; if combination
hydroxide 1s necessary, the two drugs should be taken 2 h apart.

GCs can increase the blood concentration of cyclosporine, and
Cyclosporine cyclosporine can decrease the clearance of GCs Combine carefully and adjust dose as needed

The blood concentration of both drugs increased when the two
drugs were used together due to competitive liver metabolism

Tacrolimus

Combine carefully and adjust dose as needed

Adjust the dose of GCs as needed
Thyroid hormones Thyroid hormones increase metabolic clearance of GCs



Interaction

Pharmacodynamic
interactions

Concomitant medications Interaction results Clinical management

GCs, when used in combination with nonsteroidal anti-
NSAID inflammatory drugs, may increase the incidence of Careful use, close monitoring
gastrointestinal bleeding and ulcers

. . GCs can increase blood pressure and weaken the effect Monitor blood glucose closely and adjust the dose of
Antihyperglycemic drug

of antihypertensive drugs hypoglycemic agents as needed
. . GCs can raise blood glucose and weaken the effect of Monitor blood pressure closely and adjust the dosage of
Antihypertensive drugs . . . .
glucose-lowering drugs antihypertensive medication as needed
Diuretics, amphotericin B, . i . !
theophylline GCs can aggravate hypokalemia Monitoring blood potassium
GCs can increase digitalis toxicity and arrhythmia Prudent use

Cardiac glycosides

GCs in combination with protein assimilation hormones
Protein anabolic hormone can increase the incidence of edema and induce or
aggravate acne

GCs can increase the excitability of the central nervous
Tricyclic antidepressants system, and the combination can cause the aggravation
of mental symptoms

Prudent use

Prudent use

Monitor closely and increase the dose of rocuronium

GCs can delay the onset time of rocuronium and ]
bromide as needed

antagonize the neuromuscular blocking effect

Rocuronium bromide

Adjust the dose of warfarin as needed
Warfarin GCs may reduce the anticoagulant effect of warfarin




Medical order review

pH value

transform

If GCs are weakly alkaline
and ciprofloxacin is weakly
acidic, the compatibility of
the two drugs can cause
precipitation and
discoloration due to changes

in pH value

Chemistry

reactivity

pharmaceutical care

Compatibility contraindications

For example, dexamethasone

is reductive (containing two The role of

the solvent

alene bonds), cefuroxime and

ceftriaxone are oxidizing

(containing multiple imino,
amide, carboxyl, etc.), and
the mixing of the two can
result in REDOX reaction or
polymerization reaction,
resulting in turbidity,
precipitation, and reduction
of effective components

When GCs is combined with other drugs in vitro, direct physical or chemical interactions can occur

This 1s because ethanol
accelerates the hydrolysis of
B-lactam rings and reduces
the antibacterial activity of -
lactam antibiotics. Therefore,
GCs containing ethanol
solvents (such as
hydrocortisone acetate inj)
are not recommended for
compatibility with B-lactam

antibiotics
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Incompatibility

Dexamethasone
incompatibility

Concomitant medications compatibility change

Cefuroxime Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Amiodarone Physically incompatible, white opaque precipitate immediately after mixing

Diphenhydramine Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Diazepam Physical incompatibility, white precipitate

Dobutamine Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Ciprofloxacin Physically incompatible, mixed to form a white crystalline precipitate

Caspofungin Physically incompatible, white turbid precipitate immediately after mixing

Magnesium sulfate Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Pantoprazole Physically incompatible, precipitate immediately when mixed

Papaverine Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
WL BV BTG D et [ Physically incompatible, cloudy immediately after mixing

Vancomycin Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Mannitol Physically incompatible, easy to crystallize after mixing

Glucose Gluconate Physical incompatibilities, resulting in turbidity or precipitation after mixing

Oxaliplatin Chemically unstable, oxaliplatin content decreased

Metaraminol Chemically unstable, dexamethasone content decreased
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Incompatibility

Incompatibility of
hydrocortisone

Concomitant medications compatibility change

Amiodarone Physical incompatibility, particulate precipitation after mixing

Diazepam Physically incompatible, turbidity and droplets appear immediately after mixing
Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Physically incompatible, mixed to form a white crystalline precipitate
Physically incompatible, precipitate immediately when mixed
Physically incompatible, mixing to form tiny particles

Vitamin B6, B1 Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change

Doxycycline hyclate Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Colistimethate Sodium Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change

Physical incompatibility, white precipitate after mixing

Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Ampicillin sulbactam Chemically unstable, ampicillin levels decreased

Methylprednisolone
incompatibility

Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Physical incompatibilities, resulting in turbidity or precipitation after mixing
Physically incompatible, mixed to form a white crystalline precipitate
Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Physically incompatible, precipitate immediately when mixed
Physical incompatibilities, detected increases in measured fog or turbidity, particulate matter and/or color change
Physically incompatible, precipitate immediately when mixed
Physically incompatible, mixing to form tiny particles
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Adverse Reaction

Full
moon

sceptible to

infection Water sodium pig (edema)

Male: Breast
development

Slender limbs

Gastrointestinal discomfort
Stomach acid T

Female: Amenorrhea,
hirsutism

The fat is distributed on the
face and back shoulders

Skin thickening
— Purple striae

-

£

— ecchymosis HPA axis

osteoporosis

inhibition

Water and

sodium storage cata bOI ISM
Buffalo back, back pain, 4 Full moon face (tomato face)
osteoporosis, humpback, »
broken bones Muscle atrophy, fat accumulation
Heart enlargement,
— Sagging abdomen and breasts
Red stripe
diabetes Arms and legs become thinner

After bruising, the skin
will become thin and
ulcerated, and the

odema == ound will not heal
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Risks of perioperative use of GCs

\/ *  Any dose of GCs may induce osteoporosis

*  Most studies show that d . N
& of (:isexszulrlleltehsasso(l)lvev dozs ng 0% \/ *  Can induce a range of psychiatric and

increase the risk of incision Osteoporosis cognitive symptoms, depending on the
infection dose and duration of treatment

Neuropsychiatric
effect

Wound healing and infectio

Avoid active peptic ulcer and
recent gastrojejunal

+/ ¢ Theincrease in white blood cell
cytometry count is mainly due to the

Gastrointestinal
bleeding

anastomosis

increase of neutrophils

Patients with abnormal glucose . : *  Long-term use of GCs is
1 Venous
tolerance may have elevated S 211 cosd ASSOC|ated r|Sk FLa, i v associated with an increased
blood sugar after 6 to 12 hours risk of VTE, especially
of dexamethasone use pulmonary embolism (PE)

NasopharyngezS .

reaction *  Nasal bleeding, nasal septum

Water and sodium
retention

v ° Water and sodium retention is Hyper.tension/ hypo v’ perforation, nasal dryness, nasal
the main cause, avoid large kalemia burning and irritation, pharyngitis,
cough
doses

. Oropharyngeal candida infection,
dry oropharyngeal mucosa,
dysphonia, bronchospasm cough

\_ J
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Prevention and treatment of adverse

reactions

Preventive measures: short-term medication is favoured for acute illnesses and shorter-acting drugs are used as much as possible

Inhaled glucocorticoids (ICS) are used after gargling the throat and washing the face to reduce skin absorption of the drug

Hypertension, hypokalemia

Control blood pressure, low sodium high potassium high
protein diet (salt less than 6g/d), use diuretics and other

antihypertensive drugs

'
Hyperglycaemia

Closely monitor blood sugar to adjust the dose of

hypoglycemic drugs

6 Gastrointestinal bleeding

* Proton pump inhibitors (PPI), H2 receptor antagonists,
antacids and gastric mucosal protectants were given, with

PPI as the first choice

C\? Osteoporosis

» Lifestyle interventions, calcium supplements, regular or

active vitamin D preparations
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Pharmaceutical Care

* What preoperative assessment and preparation
should surgical clinical pharmacists do for patients
using GCs during the perioperative period

*  What should be communicated to different objects

 How to gargle properly after using ICS




Case

Case

»basic informatio:
Gender: female Age: 40y Admission time: 2022-06-28
» Main suit: Left limb weakness for more than 30 years, aggravated with right limb weakness for more than 2 years.

» History of present illness

» The patient was 7 years old and suffered from quadriplegia after "mumps", after 2 years of local treatment (details unknown), the symptoms
were slightly relieved, but the left limb still had numbness and weakness, and the symptoms persisted. more than 2 years ago, he started to
have numbness and weakness of the right limb, and the dexterity of his fine motor skills decreased, and then the numbness and weakness of
both limbs aggravated, and the ability to walk gradually decreased, and he was unable to stand up. The patient's ability to walk gradually
deteriorated, and then he was unable to stand without urinary or fecal incontinence.2022-06-17 Cervical spine MR examination was
performed in a foreign hospital: atlanto-anterior interspace was widened, and atlantoaxial subluxation, with spinal stenosis at the same level,
and spinal cord compression were considered; disc herniation (posterior-central) was found in C3/4, C4/5, C5/6, and C6/7. Since the onset of
the disease, he has been in good spirits, has normal bowel movements, eats normally, sleeps well, and has gained 30kg in weight over the past

2 years due to reduced activity.,

> Past history, family history, personal history: no abnormalities



> AdmiSSion fOl‘ phySical examination . T 36.4°C, P: 94 times/min, R: 17 times/min, BP: 106/67mmHg,

height: 149cm, weight: 90kg

> Spe CIallSt cxamin atlon: Admitted to the hospital in a wheelchair, he is obese and has significant hypertrophy of his limbs.

Physiological curvature of the spine is present, and there is no significant kyphotic deformity. There is no tenderness or percussion pain in the
spinous processes. There 1s no significant discomfort at the exit of the bilateral sciatic nerve, and there is no tenderness in the sciatic nerve path.
The muscle tone of the limbs is high, and the abductor muscle strength of the right upper arm is grade 4, and the left arm is grade 4-; The right
elbow flexor muscle strength is level 4, and the left side is level 3; The right wrist dorsal extensor strength is level 4, and the left side is level 3;
The right hand grip strength is level 4, and the left hand is level 4-; Hip flexor muscle strength is level 4 on the right side and level 4 on the left
side; The right knee extension muscle strength is level 4, and the left side is level 3+; The right ankle dorsal extensor muscle strength is level 4,
and the left side is level 4; The right toe dorsal extensor strength is grade 4, and the left side is grade 4-; The right toe flexor muscle strength is
level 4, and the left side is level 4. The left biceps and triceps reflexes are attenuated, the right biceps reflex and triceps reflex can be elicited,
and the bilateral periosteal radial reflex is not elicited. Bilateral knee and ankle reflexes can be elicited. Bilateral Hoffmann's sign (+), bilateral
Babinski's sign (+), Oppenheim's sign (+), bilateral ankle clonus suspicious (+), bilateral patellar clonus (-). nuchal ankillosis, Kernig's sign,

Brudzinski's sign (-)



Admission X-ray:
atlantoaxial dislocation




Preoperative indicators were normal. Posterior C1 posterior arch partial
decompression, C2 bilateral pedicle screw internal fixation, C3 left
pedicle screw internal fixation, occipitocervical fusion, and left iliac crest

bone grafting were performed under general anesthesia on 2022-07-14

Duration of operation: 8.5h, 900ml of bleeding, 400ml of blood
transfusion, 0.5g of methylprednisolone during the operation,
postoperative extubation difficulties, limb muscle strength decreased, long

operation time, large amount of blood loss, transferred to ICU

After transfer to ICU, considering acute spinal cord njury (SCI) and
spinal edema stage, high-dose methylprednisolone 14.5g (24h) shock

therapy, + mannitol, mouse nerve growth factor was used

0.9% Sodium chloride injection NS{soft bag} [0.9% 100

(0.5g) methylprednisolone injection powder needle
[0.5g/ battle

0.9% Sodium chloride injection NS(soft bag) [0.9% 100

{0.5g) Methylprednisolone injection powder neadle
[0.5¢/bottl]

0.9% Sodium chloride injection NS{soft bag) [0.9% 100

[0.5g) Methylprednisolone injection powder needlz
[0.5g/ bottle]

0.9% Sodium chloride injection NS{soft bag) [0.9% 100

(0.5g) Methylprednisolone injection powder needle
[0.5g/ bottle]

0.9% Sodium chloride injection NS{soft bag) (0.9% 100

{0.5g) Methylprednisolone injection powder needle
[0.5g/ bottle]

0.9% Sodium chloride injection NS{soft bag) [0.9% 100

(0.5g) Methylprednlsolone infection powder néedle
[0.5g/ battle]

100 ml
254
50 ml
250
50 ml
25¢
50 ml
259
50 ml
250
30 ml
150

Intravenous fluids (not ONCE

Intravenously pumped ONCE

Intravenously pumped ONCE

Intravenausly pumped ONCE

Intravenausly pumped ONCE

Intravenausly pumped ONCE

auo

=

2w

2w

auo

aun

Abag

§
bottles

Abag

5
hottles

Abag

5
hottles

Abag

§
hiottles

Abag

5
poftles

Abag

i
bottles

Maintain 1h

Hold forfive hours, Group ane, green

Maintain 5h, continue, second
H

Maintain 5h, continue, third

Maintain 5h, continue, fourth

Maintain 3h, continue, fifth

A

2022-07-1409:32

2022-07-1409.33

202207-1409.33

2022-07-1409:33

2022-07-1409:41

2022-07-1409:43

The muscle strength was slightly improved, and the adjusted hormone

dosage was 80mg methylprednisolone qd*3

Hormone is a classic drug for the treatment of spinal cord injury.




Perioperative prophylaxis with cefuroxime was
changed to cefoperazone sulbactam 3g q12h (7-16~7-
20), vancomycin 1g q12h (7-14~7-19), meropenem 1g
q8h (7-19~7-28).

7-22 The drainage of the neck wound has been
removed, the skin border is neat, the skin has no
necrosis, no tension blisters, no suppurative infection
and other signs, but the white blood cells continue to
rise after the operation, please consult a surgical
pharmacist to evaluate whether it is related to drugs.

(Meropenem has been used from 7-19)
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Possible cause of elevated white blood cells
Drug-induced ADR

is an exclusionary
O Physiological factors: Menstruation, pregnancy, diagnosis

childbirth, breastfeeding, emotional agitation, drinking, etc.,
excluded
[ Diseases and stress factors: Bacterial infection, viral
infection, tissue damage or necrosis, poisoning, leukemia, tumor
---How i1s the infection progressing? PCT, CRP and urine
routine were normal. 7-22CT showed inflammation and pleural
effusion. No cough, no phlegm, no clinical symptoms, has been
using meropenem + vancomycin

Temporarily
exclude

Imaging diagnosis:
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FEARS

Vigiaccess

substance_name DE D percentage_DE_of_D RRR RRR_lowerbound | percentage_DE_of _E

METHYLPREDNISOLONE : 513 ; 140210 0.36588 4.2303 | 3.87475 3.28973

VANCOMYCIN 452 : 55436 0.81535 9.42713  8.5887 2.89855

MEROPENEM 176 25526 0.68949 7.97192 6.87479 1.12864

Cefperazone 0 NOT FOUND NAN NAN MAN 0
Leukocytosis 170 650
Total number of 37330 100577 49239 71928
ADRs

Incidence rate 0.16% 0.17% 0.05% 0.90%




recommendation

» It is considered that the increase of white blood cells caused by high-dose glucocorticoids, regardless of the

aggravation of infection, the hormone has been stopped at present, and it is recommended to review the blood

routine after 3 days B, 1079 FAREE (700)

» Three days later, the white blood cells dropped e e e e B S
back to normal

Follow-up

25

3
/4.”/
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In addition, due to the use of high-dose hormones, surgical site infection (SSI) occurred on the 13th day after
surgery, resulting in a large amount of fluid seepage in the surgical incision and culture of the fluid seepage:
MRSCOON, (7.27) Postoperative infection, clinical pharmacists consulted and made the treatment plan of

vancomycin. Infection of the incision prolongs discharge time



Summary

0 The use of GCs in the perioperative period has both benefits and risks,
rationality and controversy, and needs to be fully evaluated before application,
monitored throughout the medication process, and weighed against the pros and

cons of careful use

OO0 Guidelines and consensus, research and practice may not be consistent, and

more high-quality large-scale clinical studies are needed to verify

O Surgical pharmacists have a great role to play in perioperative hormone use for

the treatment team



Thank You !




