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Enhanced Recovery After Surgery

https://www.pm360online.com/how-do-you-define-value-in-healthcare/

w Pioneered by general surgeon Henrik Kehlet, MD, PhD in Denmark in late 1990s 
w Identified factors that delay postoperative recovery 

• Pain 
• Gut dysfunction 
• Immobilization 

w Combined a series of interventions to reduce perioperative stress and organ dysfunction 
w Enhanced Recovery After Surgery (ERAS) Study Group 2001
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Penn Neurosurgery ERAS Protocol
Pre-op

Surgical Education & 
Expectation Management

Surgical Site Education

Nutrition Optimization

Diabetes Management

Smoking Cessation

Narcotic/ Alcohol Use

Obstructive Sleep Apnea

Discharge Planning

Peri-op
Metabolism Management

Multimodal Analgesia

Surgery Checklist

Early Mobilization

Wound Care Management

Post-op
Clinical Team 

Communication

Wound Care Management

Post Acute Care 
Resource Utilization

Ali, ZS et al. JNS Spine, 2018 (in press)
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Penn Neurosurgery ERAS – Pre-op

ERAS Consult 
Letter

Patient Education
“Game Plan Bag”

Patients receive text 
reminders about the 

critical ERAS behaviors

Pre-op
Surgical Education & 

Expectation Management

Surgical Site Education

Nutrition Optimization

Diabetes Management

Smoking Cessation

Narcotic/ Alcohol Use

Obstructive Sleep Apnea

Discharge Planning
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Penn Neurosurgery ERAS – Peri-op
Peri-op

Metabolism Management

Multimodal Analgesia

Surgery Checklist

Early Mobilization

Wound Care Management
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Post-op
Clinical Team 

Communication

Wound Care Management

Post Acute Care 
Resource Utilization

Penn Neurosurgery ERAS – Post-op
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Pilot Neurosurgery ERAS Study: 
Elective Spine and Peripheral Nerve Surgery 
w Novel ERAS protocol developed and implemented at Pennsylvania Hospital (PAH)

w Prospective enrollment of n= 201 ERAS patients (April – June 2017)

w PAH Historical Control n=74 (Sept-Dec 2016)
• Traditional surgical care at the discretion of the attending neurosurgeon in a non-standardized 

fashion

Ali, ZS et al. JNS Spine, 2018 (in press)
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Pilot Neurosurgery ERAS Study: 
Elective Spine and Peripheral Nerve Surgery 

Inclusion Criteria: 
w Clinical history and diagnostic 

imaging supporting the need for 
elective spine or peripheral nerve 
surgery 

w Age > 18 years
w Ability to understand and actively 

participate in the program as 
deemed by the attending 
neurosurgeon

Exclusion Criteria: 
w Contraindications to elective spine 

or peripheral nerve surgery
w Diagnosis of liver disease
w Pregnancy

Primary Outcomes:
w Opioid and non-opioid 

consumption on POD 1 

w Need for opioid use at one month 
post-operatively

w Patient-reported pain scores

Secondary Outcomes:
w Length of stay (days)
w Need for ICU admission
w Discharge status

w Re-admission within 30 days
w Re-admission within 90 days

Statistics:
w All data for the study were 

collected and analyzed by 
independent observers in 
collaboration with a biostatistician

w Independent two-sample t-tests for 
continuous variables and Fisher’s 
exact test for categorical variables
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Penn Neurosurgery ERAS: one-year outcomes
w Prospective enrollment of 636 ERAS patients (April 2017 – April 2018)

w PAH Historical Control n=74 (September - December 2016)
• Traditional surgical care at the discretion of the attending neurosurgeon in a non-standardized fashion, 

including routine post-operative pain management with patient-controlled analgesia (PCA) from POD 0-1

w Hospital of the Univ. of Pennsylvania (HUP) Historical Control n=59 
(September – December 2016)
• Traditional surgical care at the discretion of the attending neurosurgeon in a non-standardized fashion, 

including routine post-operative pain management with patient-controlled analgesia (PCA) from POD 0-1
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Baseline Patient Demographics
PAH Controls vs. PAH ERAS

Preoperative Characteristics PAH Controls
(n=74)

PAH ERAS
(n=636) p-value

Age (years) μ=63.5 (σ=11.2) μ=61.6 (σ=13.5) 0.182

BMI μ=30.2 (σ=5.6) μ=29.8 (σ=5.7) 0.781

Males 42 (56.7%) 352 (55.3%) 0.9

Prior spinal/peripheral nerve surgery 28 (37.8%) 239 (37.6%) 1

Preop use of narcotics 19 (25.7%) 183 (28.8%) 0.68

Sleep apnea 13 (17.6%) 104 (16.4%) 0.74

Smoking status

Current 11 (14.9%) 78 (12.3%)

0.6Former 30 (40.5%) 238 (37.4%)

Never 33 (44.6%) 320 (50.3%)

Diabetes 16 (21.6%) 112 (17.6%) 0.42

Hypertension 51 (68.9%) 357 (56.1%) 0.036

COPD 4 (5.4%) 22 (3.5%) 0.34
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Baseline Patient Demographics
HUP Controls vs. PAH ERAS

Preoperative Characteristics HUP Controls
(n=59)

PAH ERAS
(n=636) p-value

Age (years) μ=62.4 (σ=13.6) μ=61.6 (σ=13.5) 0.641

BMI μ=27.8 (σ=5.5) μ=29.8 (σ=5.7) 0.0131

Males 31 (52.5%) 352 (55.3%) 0.68

Prior spinal/peripheral nerve surgery 20 (33.9%) 239 (37.6%) 0.67

Preop use of narcotics 16 (27.1%) 183 (28.8%) 0.88

Sleep apnea 12 (20.3%) 104 (16.4%) 0.46

Smoking status

Current 12 (20.3%) 78 (12.3%)

0.12Former 24 (40.7%) 238 (37.4%)

Never 23 (39.0%) 320 (50.3%)

Diabetes 13 (22.0%) 112 (17.6%) 0.38

Hypertension 31 (52.5%) 357 (56.1%) 0.68

COPD 4 (6.8%) 22 (3.5%) 0.27
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Procedures
Procedures PAH Controls

(n=74)
PAH ERAS
(n=636) p-value

Laminectomy/ discectomy/foraminotomy 41.90% 43.10%

0.77

Thoracolumbosacral fusion (0-3 levels) 16.24% 16.67%
Thoracolumbosacral fusion (4+ levels) 4.06% 6.13%
Cervico-thoracic laminectomy +/- fusion (0-3 levels) 6.76% 11.02%
Cervico-thoracic laminectomy +/- fusion (4+ levels) 14.86% 5.68%
ACDF 6.80% 6.60%
Other 9.50% 10.70%

Procedures HUP Controls
(n=59)

PAH ERAS
(n=636) p-value

Laminectomy/ discectomy/foraminotomy 30.50% 43.10%

0.1

Thoracolumbosacral fusion (0-3 levels) 30.49% 16.67%
Thoracolumbosacral fusion (4+ levels) 1.71% 6.13%
Cervico-thoracic laminectomy +/- fusion (0-3 levels) 11.90% 11.02%
Cervico-thoracic laminectomy +/- fusion (4+ levels) 3.40% 5.68%
ACDF 13.60% 6.60%
Other 8.50% 10.70%
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Decreased Opioid Use: PAH Controls vs. PAH ERAS

Pain medications PAH Controls
(n=74)

PAH ERAS
(n=636) p-value

PCA Use 54.10% 0.90% <0.0010
1 Month Post-op Opioid Use 59.50% 40.90% 0.004
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Decreased Opioid Use: HUP Controls vs. PAH ERAS

Pain medications HUP Controls
(n=59)

PAH ERAS
(n=636) p-value

PCA Use 83.10% 0.90% <0.0010
1 Month Post-op Opioid Use 63.80% 40.90% 0.003
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Pain Scores
Average Pain Score
[n=PAH control/PAH ERAS] PAH Controls PAH ERAS p-value

POD0 [n=73/628] 3.7 4.1 0.291

POD1 [n=65/546] 5.3 5.5 0.271

POD2 [n=52/396] 5.5 5.5 0.921

POD3 [n=34/232] 4.9 5.2 0.341

Average Pain Score
[n=HUP control/PAH ERAS] HUP Controls PAH ERAS p-value

POD0 [n=58/628] 4.9 4.1 0.0271

POD1 [n=51/546] 5.5 5.5 0.791

POD2 [n=44/396] 5 5.5 0.201

POD3 [n=32/232] 4.9 5.2 0.381
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Conclusions
w ERAS engages each aspect of the patient’s surgical journey in order to improve outcomes in a 

multi-disciplinary, multi-modal approach

w The present study has shown that our ERAS protocol, and, in particular, our ERAS pain 
management protocol has the potential to safely reduce opioid use both in the peri-operative 
period as well as at one month after surgery

w Further long term data with randomization is required to address whether this reduction in 
opioid use is durable 
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Limitations
w Historical control groups

w Retrospective data analysis, randomization and blinding not performed

w Data collection is limited to the information provided in medical records

w Minor protocol deviation not well documented and difficult to assess
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“This is the way we do it.”

ERAS:
An Iterative Process of Quality Improvement,

From Bench to Bedside and BEYOND

Clifford Ko, MD; ACS Director of NSIQP
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Questions


