
ERAS Protocol For Elective Craniotomies 

Phase Items 
Control group ERAS group ERAS 

recommendation 

elements Content Procedures Content Procedures 

Admission Evaluation 

Based on the inclusion 
criteria and random 
number, patients were 
enrolled in the Control 
group. 

Sign the Informed Consent on ERAS for 
neurosurgery 

Based on the inclusion criteria 
and random number, patients 
were enrolled in the ERAS group. 

Sign the Informed Consent on ERAS for 
neurosurgery 

  

Pre-operational 

evaluation 

Preoperative counseling 
Outpatient and pre-hospital 
consultation 

  
Outpatient and pre-hospital 
consultation 

 √ Preoperative counseling 

Preoperative functional 
status evaluation 

Pre-operative KPS score   Pre-operative KPS score Preoperative KPS assessment  

Preoperative smoking 
and alcohol 
consumption  

Abstinence from both 
alcohol and smoking at 
least for 2 weeks 

  
Abstinence from both alcohol 
and smoking at least for 2 weeks 

Quit smoking and drinking 
√ Preoperative smoking and 
alcohol consumption 

Mental state 
assessment 

Anxiety and depression 
evaluation 

Hospital Anxiety and Depression Scale 
(HADS) 

Anxiety and depression 
evaluation 

Hospital Anxiety and Depression Scale (HADS)  

Nutritional assessment 
NRS2002, nutritional status 
assessment 

Administration of nutritional therapy if 
necessary 

NRS2002, nutritional status 
assessment, PG-SGA  

Administration of nutritional therapy if 
necessary 

√ Preoperative enteral 
nutrition and perioperative oral 
immune nutrition 

Evaluation and 
prophylactic 
antithrombotic therapy 

Based on VTE Caprini Risk 
Assessment Scale & Autar 
DVT Risk Scale 

1. Lower limbs active/passive activity 
2. Lower limbs with graduated 
compression stockings 
3. intermittent pneumatic compression 
pump treatment 

VTE Caprini Risk Assessment & 
Autar DVT Risk Assessment Scale 

1. Lower limbs active/passive activity 
2. Lower limbs with graduated compression 
stockings 
3. Intermittent pneumatic compression pump 
treatment 

√ Anti-thrombotic prophylaxis 

PONV risk score 

PONV Simple Risk 
Assessment Scale 

No prophylaxis 
PONV Simple Risk Assessment 
Scale 

Prophylaxis: Score ≥3, preventive vomiting 
treatment, dexamethasone, 5-HT receptor 
antagonist (tropisetron) 

√ PONV 

Preoperative 

preparation 

Preoperative intestinal 
intervention 

No No Defecation condition 
Glycerine Enema induction if long history of 

constipation or ≥ 2 days without defecation 
  



ERAS Protocol For Elective Craniotomies 

Phase Items 
Control group ERAS group ERAS 

recommendation 

elements Content Procedures Content Procedures 

Antimicrobial 
prophylaxis and skin 
preparation 

Routine scalp shaving Neurosurgeon's preference Minimize scalp shaving 

1. Washing hair with chlorhexidine 
2. Routine prophylaxis with cefazolin within 1 
hour prior to skin incision 
3. Shaving 1.5-2 cm beyond the margin of the 
incision.  

√ Antimicrobial prophylaxis 
and skin preparation 

Oral and nasal cavity 
preparation 

No No Mouthwash & nasal drops Apply mouthwash and nasal drops  

Preoperative water 
fasting 

Routine fasting water for 4 
hours, fasting food for 6-8 
hours 

Follow the routine surgical procedure 
and surgeon's discretion 

Preoperative 2-6 hours oral 
maltodextrin fructose solution 
(400 ml) 

Fasting solid food for 6 hours 
Oral intake maltodextrin fructose solution (400 
ml) in the morning of operational day 

√ Preoperative fasting and 
carbohydrate loading 

Respiratory 
intervention 

No 
Physical exercise: chest movement, 
balloon blowing, abdominal breathing 
exercises. 

Preoperative respiratory 
protection 

1. Oral and nasal cavity preparation: 
mouthwash and nasal drops. 
2. Physical exercise: chest movement, balloon 
blowing, abdominal breathing exercises, cough 
training, inspiratory muscle training. 
3. High risk factor intervention: Age, past and 
concomitant diseases, estimated surgical time, 
mucolytics and expectorants 

  

The operation 

day 

Scalp incision 
anesthesia 

No No Ropivacaine (0.2%) 
1. Subcutaneous local anesthesia before 
incision and wound suturing. 
2. Add dose if operational time more than 3h 

√ Scalp blocks 

Micro-invasive surgery 
for craniotomy 

Limited in minimally 
invasive craniotomies, 
excluding endoscopic skull 
base approaches. 

Follow the minimal invasive 
neurosurgical procedure and surgeon's 
discretion 

Limited in minimally invasive 
craniotomies, excluding 
endoscopic skull base 
approaches. 

Follow the minimal invasive neurosurgical 
procedure and surgeon's discretion 

√ Minimally invasive 
craniotomies and endoscopic 
skull base approaches 

Anesthetic protocol 
Intravenous-inhalation 
combined anesthesia 

Follow the routine anesthetic 
procedure. 

Intravenous-inhalation combined 
anesthesia 

Follow the institutional routine anesthetic 
procedure. 

√ Anesthetic protocol 
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Phase Items 
Control group ERAS group ERAS 

recommendation 

elements Content Procedures Content Procedures 

Non-opioid analgesia 

Opioid analgesia are not 
usual administrated 

1. Follow patient's feedbacks and 
surgeon's discretion.  
2. Postoperative morphine and 
equivalent opioids were not usual 

prescribed only if the pain VAS≥7 in 
craniotomy surgeries 

Not usual administrated 

1. Post-operative pain VAS≥5: Acetaminophen 
or NSAIDS. 

2. Postoperative VAS≥7: Central analgesic 
drugs. Morphine and equivalent opioids. 

√ Non-opioid analgesia 

Avoiding hypothermia Routine 
Non-invasive cardiac output monitoring 
to keep volume status and 
hemodynamic stability 

Measures to prevent 
hypothermia during the 
operation 

1. Forced-air and electric heating pad 
2. Warmed liquid for infusion and washing 

√ Avoiding hypothermia 

Fluid balance Restrictive protocol 

1. Goal-directed fluid restriction (GDFR) 
strategy 
2. Non-invasive cardiac output 
monitoring to keep volume status and 
hemodynamic stability 

Restrictive protocol and warmed 
fluids. 

1. Goal-directed fluid restriction (GDFR) 
strategy 
2. Non-invasive cardiac output monitoring to 
keep volume status and hemodynamic stability 

√ Fluid balance 

Stitching Routine incision stitching   
Dural, subcutaneous tissue and 
skin are sutured by absorbable 
suture 

Skin is treated with intradermal suture  

Drainage tube 
placement 

Place drainage tube for 
most surgeries. 

  
Do not place drainage tube in 
exception of special 
circumstances 

If the drainage tube is placed, remove it within 
48 hours if possible. 

 

Prophylactic antibiotics 
usage 

Perioperative prophylactic 
antibiotics application 

1. First dose was given 30 and 60 
minutes before the surgery. 
2. Second dose used if a surgery lasts >4 
hours. 

Perioperative prophylactic 
antibiotics application 

1. First dose was given 30 and 60 minutes 
before the surgery. 
2. Second dose used if a surgery lasts >4 hours. 

  

 Pain management 
Patient-controlled analgesia 
(PCA) 

PCA was given according to anesthetist’s 
individual preference 

Patient-controlled analgesia (PCA)  
Placement of PCA with mixed opioids and non-
opioids at the end of surgery 
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Phase Items 
Control group ERAS group ERAS 

recommendation 

elements Content Procedures Content Procedures 

Post-operational 

management 

Diet 

POD 1-2: flow food 
POD 3: semi-liquid diets 
POD 4: semi-liquid diets + 
ordinary diets 
POD 5: ordinary diets 

  

1. 4 hours after awake: water 
2. 6-12 hours: half of the nutrient 
solution (100 ml) 
3. 12-24 hours: half of the 
nutrient solution + flow food 
4. 24-48 hours: half of the 
nutrient solution + normal diet 
5. 48 hours after: the ordinary 
diet 

1. POD1: 250-500ml nutrient solution 
2. POD2: 500-1000ml nutrient solution + 
ordinary diet 

√ Postoperative artificial 
nutrition 

Pain treatment 
Post-operative pain VAS 
score 
Step analgesic measures 

Score 4-6,NSAIDS 

Score≥7, Central analgesic drugs 
Post-operative pain VAS 
Step analgesic measures 

Score 4-6, acetaminophen or NSAIDS 

Score≥7, central analgesic drugs 
 

Urinary drainage 
Used for the duration of the 
operation and early 
removal 

Removal of the urinary drainage on  
POD 1-2 

Used for the duration of the 
operation and early removal 

Early removal of the urinary drainage within 6h. √ Urinary drainage 

Respiratory 
management 

Intravenous and atomized 
medicine administration 

1. Expectorant + mucolytics (ambroxol 
hydrochloride) and/or bronchodilator. 
2. Glucocorticoids (budesonide) + β2 
agonists, inhalants (salbutamol) and/or 
anticholinergics/muscarinic antagonist 
(ipratropium bromide). 

Intravenous and atomized 
medicine administration 
Pharmacologic agents that 
promote airway clearance 

1. Expectorant + mucolytics (ambroxol 
hydrochloride) and/or bronchodilator. 
2. Glucocorticoids (budesonide) + β2 agonists, 
inhalants (salbutamol) and/or 
anticholinergics/muscarinic antagonist 
(ipratropium bromide). 

 

Digestive system 
management 

Mucosal protection PPIs (omeprazole, esomeprazole) Mucosal protection PPIs (omeprazole, esomeprazole)  

PONV PONV VAS 

1. No prevention. 
2. Intervention: dexamethasone, 5-HT 
receptor antagonist (tropisetron). 
3. Severe case: droperidol, 
promethazine 

PONV Simple Risk Assessment 
Scale 
Prevetion: 3-5 points, preventive 
anti-vomiting medicine. 

Intervention: ≥5 points 

1. Prevention: PONV VAS≥3, apply 
dexamethasone, 5-HT receptor antagonist 
(tropisetron) 

2. Intervention: PONV VAS≥5, apply 5-HT 
receptor antagonist (tropisetron) again.  
3. Severe cases: tropisetron + droperidol, 
promethazine 

√ PONV 
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Phase Items 
Control group ERAS group ERAS 

recommendation 

elements Content Procedures Content Procedures 

Prophylactic 
antiepileptic drug 
therapy 

Prophylactic AED use is 
carefully considered 

Prophylactic AED use is carefully 
considered during the perioperative 
course 

Prophylactic antiepileptic drug 
therapy discouraged. 

Insufficient evidence to recommend in favor or 
against postoperative prophylactic AED 
discontinuation 

 

Daily liquid volume Routine liquid management 
POD 0-1:3000-2000 ml 
POD 2: 2000 ml 

Rapid de-escalation of fluids 
POD 0-1: 1000-2000 ml 
POD 2: 0-1000 ml 

 

Post-operational 
radiological assessment 

CT & MRI check after 
surgery 

Perform CT scan on POD 1. 
Perform MRI scan within 3 days after 
surgery. 

CT & MRI check after surgery 
Perform CT scan on POD 1. 
Perform MRI scan within 3 days after surgery. 

 

Preventive 
antithrombotic therapy 

The day after the operation 
to patient discharge from 
hospital 

1. Lower limbs active/passive activity 
2. Lower limbs with elastic stockings 
3. Pneumatic pump treatment 

The day after the operation to 
patient discharge from hospital 

1. Lower limbs active/passive activity 
2. Lower limbs with elastic stockings 
3. Pneumatic pump treatment 

 

Early Off-bed activity 
and Ambulation 

Rontine bed exercise and 
ambulation 

  
Encourage early bed exercises 
and mobilization, with proper 
analgesia. 

Bed exercises: 6 hours after awake 
Early ambulation: 24 hours after surgery 

√ Early mobilization 

Dressing change 

POD 2: change dressing, 
observe the healing of 
incision, and remove the 
drainage tube if possible. 

  

POD 2: change dressing, observe 
the healing of incision, and 
remove the drainage tube if 
possible. 

    

Discharge 

Evaluation of surgical 
incision healing 

          

evaluation of the 
quality of life 

KPS score, satisfactory 
questionnaire 

  
KPS score, satisfactory 
questionnaire 

  

Evaluation of nutritional 
status when discharging 

Nutritional assessment   Nutritional assessment 
NRS2002, nutritional status assessment, PG-
SGA  

 

Mental state 
assessment 

Anxiety and depression 
evaluation 

Hospital Anxiety and Depression Scale 
(HADS) 

Anxiety and depression 
evaluation 

Hospital Anxiety and Depression Scale (HADS)   



ERAS Protocol For Elective Craniotomies 

Phase Items 
Control group ERAS group ERAS 

recommendation 

elements Content Procedures Content Procedures 

Follow up 
evaluation of the 
quality of life 

2 weeks & 4 month after 
discharging from hospital 

Out-patient revisit 
2 weeks & 4 month after 
discharging from hospital 

Out-patient revisit   

Audit Audit 
Assessing impact and 
encouraging compliance 

  
Assessing impact and 
encouraging compliance 

  √ Audit 

ERAS: Enhanced recovery after surgery  

KPS: Karnofsky Performance Status Scale (KPS)  

VAS: Visual Analogue Scale  

VTE: venous thromboembolism  

DVT: Deep vein thrombosis  

NRS 2002: Nutritional risk screening 2002  

PG-SGA:  Patient-Generated Subjective Global Assessment  

PONV: Postoperative nausea and vomiting  

POD: postoperative day  

NSAIDS: Non-Steroidal Anti-inflammatory Drugs  

PPI: proton pump inhibitors, PPIs  

AED: antiepileptic drug. 


