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Abstraction and Bundle Overview 
 
Four prehabilitation modules are available for your hospital to implement: smoking cessation, nutrition, physical 
functioning, and cognitive preparedness. 
 

• Prior to program launch, hospitals will decide which prehabilitation modules they wish to implement for their 
colectomy and proctectomy patients.  

• Hospitals may choose any or all prehabilitation modules, however ISQIC suggests hospitals participate in 
nutrition, at minimum.  

• The modules your hospital chooses to implement will be referred to as your hospital’s prehabilitation “declared 
modules”.  

• After your hospital declares which modules they will implement, declared modules will be implemented and 
abstracted for all laparoscopic, robotic, and open ACS NSQIP targeted colectomy and proctectomy CPT codes for 
the study period. 

 
Although hospitals choose which prehabilitation modules they participate in, ISQIC requests each hospital’s declared 
modules be implemented in entirety (i.e. – implement and abstract all items for any given module). 
 
Smoking Cessation Module 

1. Patient smoking status is documented by the surgical team within 90 pre-operative days 
2. For active and former smokers, smoking burden (in pack-years) is documented pre-operatively by the surgical 

team  
3. Active smokers are told by the attending surgeon to quit smoking within 90 pre-operative days  
4. Active smokers are prescribed smoking cessation pharmacotherapy within 90 pre-operative days  
5. Active smokers are provided or referred to smoking cessation counselling within 90 pre-operative days 
6. Intervention assessment: Did the active smoker cease smoking or reduce the number of daily cigarettes by at 

least 50% by the day before surgery 

Nutrition Module 
1. Patients receive the ISQIC diet education publication regarding high protein/carbohydrate foods and 

supplements within 90 pre-operative days 
2. Patients consume 2 servings of immunonutrition (e.g. Ensure® Surgery Immunonutrition Shake, Impact 

Advanced Recovery® Immunonutrition Drink) per day for the 7 days before surgery  
3. Patients consume 100 g of maltodextrin (e.g. Ensure® Pre-surgery, ClearFast Pre-Op®) the night before surgery 
4. Patients consume 50 g of maltodextrin 2-3 hours prior to surgery 
5. Patients are allowed clear liquids up until 2-3 hours prior to surgery  
6. Patients are ordered a full liquid or solid food diet on postoperative day 1 
7. Patients are ordered 2 servings of immunonutrition per day starting on postoperative day 1. 

Physical Functioning Module 
1. Patients are provided or referred to a pre-operative physical functioning optimization program 

Cognitive Preparedness Module 
1. Patients will listen to guided imagery recordings prior to surgery  
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Literature Supporting the Bundle 
 

Click on the publication title below to access the article providing support for the bundle. Please note that this is a selection 
of articles but is not all inclusive.    

• Tobacco Smoking and Postoperative Outcomes after Colorectal Surgery 
Abhiram Sharma, MD, FRCS; Andrew-Paul Deeb, BS; James C. Iannuzzi, MD; Aaron S. Rickles, MD; John R.T. Monson, MD, FRCS; Fergal J. 
Fleming, MD, FRCS 
 

• Avoidable global cancer deaths and total deaths from smoking 
Prabhat Jha, MD, DPhil 
 

• Smoking and perioperative outcomes 
Alparslan Turan, MD; Edward J. Mascha, PhD; Dmitry Roberman, MS; Patricia L. Turner, MD; Jing You, MS; Andrea Kurz, MD; Daniel I. 
Sessler, MD; Leif Saager, MD 
 

• The clinical impact of smoking and smoking cessation: A systematic review and meta-analysis 
Lars Tue Sørensen, MD 

 

• Preoperative Immunonutrition and Elective Colorectal Resection Outcomes 
Lucas W. Thornblade, MD; Thomas K. Varghese Jr, MD, MS; Xu Shi; Eric K. Johnson, MD; Amir Bastawrous, MD, MBA; Richard P. 
Billingham, MD; Richard Thirlby, MD; Alessandro Fichera, MD; David R. Flum, MD, MPH 
 

• American Society for Enhanced Recovery and Perioperative Quality Initiative Joint Consensus Statement on 
Nutrition Screening and Therapy Within a Surgical Enhanced Recovery Pathway 
Paul E. Wischmeyer, MD, EDIC; Franco Carli, MD, MPhil; David C. Evans, MD, FACS; Sarah Guilbert, RD, LDN, CNSC; Rosemary Kozar, MD, 
PhD; Aurora Pryor, MD, FACS; Robert H. Thiele, MD; Sotiria Everett, EdD, RD; Mike Grocott, BSc, MBBS, MD, FRCA, FRCP, FFICM; Tong J. 
Gan, MD, MHS, FRCA; Andrew D. Shaw, MB, FRCA, FCCM, FFICM; Julie K. M. Thacker, MD; Timothy E. Miller, MB, ChB, FRCA 

 

• Promoting Perioperative Metabolic and Nutritional Care 
Chelsia Gillis, RD, MSc; Francesco Carli, MD, MPhil 

 

• Prehabilitation versus rehabilitation: a randomized control trial in patients undergoing colorectal resection for 
cancer 
Chelsia Gillis, RD, MSc; Chao Li, MD, MSc; Lawrence Lee, MD, MSc; Rashami Awasthi, BSc; Berson Augustin, BSc; Ann Gamsa, PhD; A. 
Sender Liberman, MD; Barry Stein, MD; Patrick Charlebois, MD; Liane S. Feldman, MD; Francesco Carli, MD, MPhil 

 

• Pulmonary function and physical performance outcomes with preoperative physical therapy in upper abdominal 
surgery: a randomized controlled trial 
Silvia Maria de Toledo Piza Soares, PhD; Luciana Bertoldi Nucci, MD, PhD; Marcela Maria de Carvalho da Silva; Thaís Colombini Campacci 

 

• Evaluation of supervised multimodal prehabilitation programme in cancer patients undergoing colorectal 
resection: a randomized control trial 
Guillaume Bousquet-Dion, MD; Rashami Awasthi, MSc; Sarah-Ève Loiselle, MSc, RD; Enrico M. Minnella, MD, PhD; Ramanakumar V. 
Agnihotram, PhD; Andreas Bergdahl, PhD; Francesco Carli, MD, MPhil; Celena Scheede-Bergdahl, PhD 
 

• Guided imagery: a significant advance in the care of patients undergoing elective colorectal surgery 
Diane L. Tusek, RN, BSN; James M. Church, MD, BS; Scott A. Strong, MD; Jeffrey A. Grass, MD; Victor W. Fazio, MBBS 
 

• A Study of Efficacy and Cost-effectiveness of Guided Imagery as a Portable, Self-administered, Presurgical 
Intervention Delivered by a Health Plan 
Deborah Schwab, MSN; Dana Davies, MPH; Tracy Bodtker, BSN; Lucy Anaya, BS; Keren Johnson, PhD; Marisa Chaves, MBA 
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Detailed Abstraction Guidelines 
 

Please abstract bundle questions for elective open, laparoscopic, and robotic cases for the below ACS-NSQIP targeted 
colectomy and proctectomy code sets*:  

 
44140 
44141 
44143 
44144 
44145 
44146 
44147 
44150 
44151 
44155 
44156 
44157 
44158 
44160 

44204 
44205 
44206 
44207 
44208 
44210 
44211 
44212 
45110 
45111 
45112 
45113 
45114 
45116 

45119 
45120 
45121 
45123 
45126 
45130 
45135 
45160 
45395 
45397 
45402 
45550 

 
*As of December 21, 2019. Please refer to the ACS NSQIP abstraction guide in case this CPT code set changes. 
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Smoking Cessation Module 
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Smoking Cessation Measure #1: Smoking status  
 
Element description: Patient smoking status is documented by the surgical team within 90 pre-operative days. 
 
Question for abstraction: The patient’s pre-operative smoking status was determined by the surgical team to be: 
 

□ Active smoker 
□ Former smoker 
□ Never smoked 
□ Not documented by the surgical team 

 
Notes: 

• Smoking status must be documented by the surgical team since smoking status triggers a series of pre-operative 
interventions from the surgical team. Pre-operative smoking documentation by other providers (e.g., 
anesthesiologists, primary care physicians, pre-operative clinics) does not apply to this measure. 

• Documentation should come directly from the surgical team; therefore, SCRs should not need to arbitrate the 
patient’s smoking status. 

• Surgical team is defined as attending surgeon and any other member of the surgical team (e.g., advanced 
practice provider [nurse practitioner, physician assistant], resident, nurse, medical assistant, or medical student 
documentation). 

• Pre-operative period is defined as 90 days prior to the day of surgery. 
• In the case of documentation inconsistencies between surgical and non-surgical teams, defer to the surgical 

team documentation. 
• For SCR background information purposes, the following definitions should be used by the surgical team for 

abstraction by the SCR: 
o Smoking: Tobacco cigarettes in accordance with NSQIP definitions. As of December 22, 2019, smoking 

does not currently include the use of cigars, pipes, chewing tobacco, marijuana, electronic cigarettes, 
vaping devices, or hookah. Please refer to ACS-NSQIP Variables and Definitions (Chapter 4) for the most 
recent smoking definitions since definitions may change over time.  

o Active smokers: Defined by the surgical team as any cigarette use within 30 days of the pre-operative 
surgical encounter. 

o Former smokers: Defined by the surgical team as any patient with consistent cigarette use for 1 or more 
years who have stopped smoking > 30 days prior to surgery. 

o Patients who never smoked: Defined by the surgical team as those who have never smoked a cigarette 
or those with inconsistent cigarette usage for less than one year of life. 

 
To locate documentation, please review*: 

• Attending surgeon, surgical advanced practice provider (e.g. nurse practitioner, physician assistant), surgical 
resident, or medical student documentation during a pre-operative surgical encounter (office visit, consultation, 
or inpatient progress note). 

• Nurse or medical assistant documentation during a pre-operative surgical encounter (office visit, consultation, 
or inpatient progress note).  

• Will typically be documented with Smoking Cessation Measure 2 (Smoking pack-year history). 
 

*Not all inclusive 
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Smoking Cessation Measure #2: Smoking burden 
 
Element description: Smoking burden for active and former smokers is documented in pack-years by the surgical team 
within 90 pre-operative days. 
 
Question for abstraction: For active and former smokers, the number of pack-years of smoking burden documented 
pre-operatively by the surgical team was: 
 

□ [Insert integer value of pack-years smoking, range of permitted response 0-200] 
□ Not documented by the surgical team 

 
Notes: 

• Responses range from 0-200 pack-years and should be rounded to the nearest whole number (no fractions). 
• SCRs should not arbitrate the patient’s smoking pack-year burden, since this documentation should come 

directly from the surgical team. 
• Since smoking burden affects surgical risk, pre-operative smoking documentation by other providers 

(anesthesiologists, primary care physicians, pre-operative clinics) does not apply to this measure. 
• Pre-operative period is defined as 90 days prior to the day of surgery. 
• In the case of documentation inconsistencies between surgical and non-surgical teams, defer to the surgical 

team documentation. 
• For SCR background information purposes, the following definitions are used by the surgical team: 

o Pack-years = number of cigarette packs (20 cigarettes/pack) per day (PPD) x number of years smoking 
 Variable numbers of packs per day can be handled by the surgeon using piecemeal calculations.  
 E.g., if the patient smoked 1 PPD for 10 years (1 PPD x 10 years = 10 pack years) and 3 PPD for 

the next 10 years (3 PPD x 10 years = 30 pack years), equals 40 pack years (10 pack years + 30 
pack years = 40 pack years. 

 The surgeon should select the highest number if the patient cannot specify beyond a range of 
dates or packs per day.  

 E.g., if the patient cannot decide between 20-30 years of smoking, select 30 years.  
 E.g., if the patient cannot decide between 1-2 PPD, select 2 PPD.  

o See Smoking Cessation Measure #1 for definitions of smoking, surgical team members, active smoker, 
former smoker, and patients who never smoked. 

 
To locate documentation, please review*: 

• Attending surgeon, surgical advanced practice provider (e.g. nurse practitioner, physician assistant), surgical 
resident, or medical student documentation during a pre-operative surgical encounter (office visit, consultation, 
or inpatient progress note). 

• Nurse or medical assistant documentation during a pre-operative surgical encounter (office visit, consultation, 
or inpatient progress note).  

• Will typically be documented with Smoking Cessation Measure 1 (Smoking status). 
*Not all inclusive 
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Smoking Cessation Measure #3: Surgeon-mandated cessation 
 
Element description: Active smokers are told by the attending surgeon to quit smoking within 90 pre-operative days. 
 
Question for abstraction:  Did the attending surgeon tell the active smoker to quit smoking pre-operatively? 
 

□ Yes 
□ No 

 
Notes: 

• The attending surgeon must tell the patient to quit smoking. This intervention may not be delegated to other 
members of the surgical and non-surgical teams. 

• Pre-operative period is defined as 90 days prior to the day of surgery. 
• Although the attending surgeon must tell the patient to quit smoking, documentation of this discussion may be 

performed by a member of the surgical team other than the attending surgeon. 
• See Smoking Cessation Measure #1 for definitions of smoking, surgical team members, active smoker, former 

smoker, and patients who never smoked. 
• In the case of documentation inconsistencies between surgical and non-surgical documentation, defer to the 

surgical team documentation. 
 
To locate documentation, please review*: 

• May be documented with Smoking Cessation Measure 1 & 2 (Smoking status and burden), or may be 
documented in the surgeon’s plan. 

• Attending surgeon, surgical advanced practice provider (e.g. nurse practitioner, physician assistant), surgical 
resident, or medical student documentation during a pre-operative surgical encounter (office visit, consultation, 
or inpatient progress note). 

• Nurse or medical assistant documentation during a pre-operative surgical encounter (office visit, consultation, 
or inpatient progress note). 

*Not all inclusive 
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Smoking Cessation Measure #4: Smoking pharmacotherapy 
 
Element description: Active smokers are prescribed smoking cessation pharmacotherapy within 90 pre-operative days 
 
Question for abstraction:  Was the active smoker prescribed smoking cessation pharmacotherapies pre-operatively? If 
yes, select all that apply.  
 

□ Yes, nicotine replacement 
□ Yes, varenicline (Chantix®) 
□ Yes, bupropion (Wellbutrin®) 
□ No 

 
Notes: 

• Smoking cessation pharmacotherapy consists of one or more of the following: 
o Nicotine replacement (Trans-dermal patch, gum, nasal spray, lozenges) 
o α4β2 nicotinic acetylcholine receptor agonist varenicline (Chantix®) 
o Bupropion (Wellbutrin®) 

• Prescribing is defined as any written or electronic prescription for any of the above smoking cessation 
pharmacotherapies. 

• Over the counter nicotine replacement therapies should be prescribed with a written or electronic prescription 
to allow accurate data collection. 

• Smoking cessation pharmacotherapy may be prescribed by any provider (surgical or non-surgical) in the pre-
operative period. 

• Patients already prescribed smoking cessation pharmacotherapy in the pre-operative period meet this metric, 
provided the previous prescription is acknowledged and documented in the EMR by the smoking cessation 
provider. 

• Nicotine electronic cigarettes and vaping devices are not nicotine preplacement therapy. 
• Pre-operative period is defined as 90 days prior to the day of surgery. 
• See Smoking Cessation Measure #1 for definitions of smoking, surgical team members, active smoker, former 

smoker, and patients who never smoked. 
 
To locate documentation, please review*: 

• Review your local hospital’s smoking cessation pathway to determine where documentation may reside 
(surgeon’s office, pre-op clinic, primary care physician). 

• If surgeon-prescribed, smoking cessation pharmacotherapy may be documented with Smoking Cessation 
Measure 1 & 2 (smoking status and burden), or may be documented in the surgeon’s plan.  

• If referred to a non-surgical provider for smoking cessation pharmacotherapy, additional notes such as pre-op 
clinic notes or primary care physician notes may need to be reviewed.  

• Medicine reconciliation at time of surgical check in should theoretically capture pharmacologic smoking 
cessation medications. 

*Not all inclusive 
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Smoking Cessation Measure #5: Smoking counselling 

 
Element description: Active smokers are provided or referred to smoking cessation counselling within 90 pre-operative 
days 
 
Question for abstraction:  Was the active smoker provided or referred to pre-operative smoking cessation counselling? 
If yes, select all that apply.  
 

□ Yes, the surgical team provided individualized smoking cessation counselling  
□ Yes, a non-surgical provider provided individualized smoking cessation counselling  
□ Yes, patient was referred to group smoking cessation counselling  
□ Yes, patient was referred to telephone (voice-based) counselling  
□ Yes, patient was referred to internet-based counselling  
□ Yes, patient was referred to smoking-specific guided imagery  
□ No 

 
Notes: 

• Smoking cessation counselling consists of one or more of the following: 
o Monitored programs 

 Individual therapy (by surgeon or non-surgical provider) 
 Group therapy (multiple patients receiving in-person therapy at once) 

o Unmonitored programs 
 Telephone-based therapy (e.g., 1-800-QUIT now) 
 Internet-based application (mobile device application, website) 
 Guided imagery 

• “Provided” is defined as any written or electronic prescription or patient instructions for any of the above 
smoking cessation counselling programs. 

• “Referred” is defined as any written or electronic order, patient education, consultation request, or patient 
instruction that instructs a patient to receive counselling. 

• Smoking cessation counselling may be provided or prescribed by any provider (surgical or non-surgical) in the 
pre-operative period. 

• Pre-operative period is defined as 90 days prior to the day of surgery. 
• See Smoking Cessation Measure #1 for definitions of smoking, surgical team members, active smoker, former 

smoker, and patients who never smoked. 
 
To locate documentation, please review*: 

• Review your local hospital’s smoking cessation pathway to determine where documentation may reside 
(surgeon’s office, pre-op clinic, primary care physician). 

• If surgeon-prescribed, smoking cessation counselling may be documented with Smoking Cessation Measures 1 & 
2 (smoking status and burden) or may be documented in the surgeon’s plan.  

• If referred to a non-surgical provider for smoking cessation counselling, additional notes such as pre-op clinic 
notes or primary care physician notes may need to be reviewed.  

*Not all inclusive 
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Smoking Cessation Measure #6: Smoking reduction 
 
Element description: Active smokers will cease smoking or reduce the number of daily cigarettes by at least 50% by the 
day before surgery. 
 
Question for abstraction:  By the day before surgery, did the active smoker patient cease or reduce smoking? 
 

□ Yes, active smoker completely ceased smoking  
□ Yes, active smoker reduced average number of daily cigarettes ≥ 50% 
□ No, active smoker still smoked >50% of average number of daily cigarettes 
□ Not assessed 

 
Notes: 

• This relies upon patient’s self-reported reduction in smoking. 
• The day before surgery is defined by the last full calendar day prior to the patient’s surgery. 
• See Smoking Cessation Measure #1 for definitions of active smoker, former smoker, and patients who never 

smoked. 
 
To locate documentation, please review*: 

• Review your local hospital’s smoking cessation pathway to determine where documentation may reside (pre-
operative nursing notes, day-of-surgery pre-operative surgical note/H&P, operative dictation, post-operative 
progress notes). 

• This measure is intended to be assessed in the pre-operative area prior to surgery, but this may be assessed 
during the patient’s inpatient post-operative stay.   

 
*Not all inclusive 
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Nutrition Measure #1: Dietary education 
 
Element description: Patients receive dietary education regarding high protein/carbohydrate foods and supplements 
within 90 pre-operative days. 
 
Question for abstraction:  Did the patient receive dietary education pre-operatively? 
 

□ Yes, the patient received dietary education 
□ No, the patient did not receive dietary education 
□ Not applicable, the surgical team documented diet education was inappropriate 

 
Notes: 

• The dietary education may include the ISQIC dietary education publication or similar patient-facing print or 
electronic materials regarding pre-operative high protein and high carbohydrate diet.    

• Educational materials may be provided by the surgical team or any other pre-operative provider prior to 
surgery. 

• If printed copies of the dietary education are provided to the patient outside of the electronic medical record, 
then EMR documentation must reference that the patient received the document. 

• Dietary educational materials may be electronically inserted into the “Patient Instructions” field of the after visit 
summary (or similar EMR feature). 

• Dietary educational materials may be electronically delivered through an internet-based EMR patient portal (or 
similar EMR feature). If patient portals are used to deliver educational content, then the portal should be 
viewable to the SCR. If electronic patient portals are not searchable by the SCR, then EMR documentation must 
reference that the patient received the document through the patient portal. 

• Inappropriateness for dietary education must be documented by the surgical team along with a supportive 
rationale or diagnosis to justify withholding the publication. Potential diagnoses that render educational 
education inappropriate are:  non-English speaking patients, obstruction (gastric outlet, bowel, esophagus, etc.), 
gastroparesis, achalasia, G/J-tube, oropharyngeal dysfunction/swallowing disorder, severe neurologic 
disorder/altered mental status, mechanical ventilation, vasopressor requirement. 

• SCRs should not arbitrate whether dietary education was inappropriate, since this documentation should come 
directly from the surgical team. 

• Pre-operative period is defined as 90 days prior to the day of surgery. 
 

To locate documentation, please review*: 
• Review your local hospital’s prehabilitation pathway to determine where documentation may reside (e.g., clinic 

progress notes, clinic after visit summaries, printed patient instructions, pre-operative nursing notes, day-of-
surgery pre-operative surgical note/H&P, operative dictation, post-operative progress notes). 

 
*Not all inclusive 
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Nutrition Measure #2: Pre-operative immunonutrition 

 
Element description: Patients consume 2 servings of immunonutrition per day for the 7 days before surgery 
 
Question for abstraction:  Did the patient consume immunonutrition prior to surgery? 
 

□ Yes, the patient consumed 100% (14 servings) of the prescribed immunonutrition  
□ Yes, the patient consumed ≥ 50% (≥7 servings) of the prescribed immunonutrition  
□ Yes, the patient consumed < 50% (< 7 servings) of the prescribed immunonutrition  
□ No, the patient consumed no immunonutrition 
□ Not applicable, the surgical team documented immunonutrition was contraindicated 

 
Notes: 

• Examples of immunonutrition include Ensure® Surgery Immunonutrition Shake and Impact Advanced Recovery® 
Immunonutrition Drink. 

• This relies on the patient’s self-reported assessment of how much immunonutrition was consumed. 
• Contraindications to pre-operative immunonutrition must be documented by the surgical team along with a 

supportive diagnosis to justify withholding the supplement. A non-inclusive list of potential diagnoses that may 
contraindicate immunonutrition include obstruction (gastric outlet, bowel, esophagus, etc.), gastroparesis, 
achalasia, G/J-tube, oropharyngeal dysfunction/swallowing disorder, severe neurologic disorder/altered mental 
status, mechanical ventilation, vasopressor requirement, and allergy to the product.  

• SCRs should not arbitrate whether immunonutrition was contraindicated, since this documentation should come 
directly from the surgical team. 

• This measure is intended to be assessed in the pre-operative area prior to surgery, but instead may be assessed 
during the patient’s inpatient post-operative stay.   

• This measure does not account for timing of immunonutrition consumption. 
 

 
To locate documentation, please review*: 

• Review your local hospital’s prehabilitation pathway to determine where documentation may reside (pre-
operative nursing notes, day-of-surgery pre-operative surgical note/H&P, operative dictation, post-operative 
progress notes). 

 
*Not all inclusive 
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Nutrition Measure #3: Pre-operative carbohydrate loading (night before surgery) 
 
Element description:  Patients consume 100 g of maltodextrin the night before surgery  
 
Question for abstraction:  Did the patient consume 100 g (2 bottles) of maltodextrin the day prior to surgery? 
 

□ Yes, the patient consumed 100% (2 bottles) of the maltodextrin  
□ Yes, the patient consumed ≥ 50% (≥1 bottle) of the maltodextrin 
□ Yes, the patient consumed < 50% (<1 bottle) of the maltodextrin 
□ No, the patient consumed no maltodextrin 
□ Not applicable, the surgical team documented maltodextrin was contraindicated 

 
Notes: 

• Ensure® Pre-surgery and ClearFast Pre-Op®, each consist of 50 g of maltodextrin per container. 
• This measure relies on the patient’s self-reported assessment of how much maltodextrin was consumed. 
• This measure does not account for timing of maltodextrin consumption. 
• Contraindications to pre-operative maltodextrin must be documented by the surgical team along with a 

supportive diagnosis to justify withholding the supplement. Potential diagnoses that may contraindicate 
maltodextrin loading include type I diabetics (but not type II diabetics), obstruction (gastric outlet, bowel, 
esophagus, etc.), gastroparesis, achalasia, G/J-tube, oropharyngeal dysfunction/swallowing disorder, severe 
neurologic disorder/altered mental status, mechanical ventilation, vasopressor requirement, and allergy to the 
product. 

• SCRs should not arbitrate whether maltodextrin was contraindicated, since this documentation should come 
directly from the surgical team. 

• This measure can be assessed in the pre-operative area prior to surgery or during the patient’s inpatient post-
operative stay. 

 
To locate documentation, please review*: 

• Review your local hospital’s prehabilitation pathway to determine where documentation may reside (pre-
operative nursing notes, day-of-surgery pre-operative surgical note/H&P, operative dictation, post-operative 
progress notes). 

 
*Not all inclusive 
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Nutrition Measure #4: Pre-operative carbohydrate loading (morning of surgery) 
 
Element description:  Patients consume 50 g of maltodextrin 2-3 hours prior to surgery  
 
Question for abstraction:  Did the patient consume 50 g (1 bottles) of maltodextrin 2-3 hours prior to surgery? 
 

□ Yes, the patient consumed 100% (1 bottles) of the maltodextrin  
□ Yes, the patient consumed ≥ 50% (≥1 half bottle) of the maltodextrin 
□ Yes, the patient consumed < 50% (<1 half bottle) of the maltodextrin 
□ No, the patient consumed no maltodextrin 
□ Not applicable, the surgical team documented maltodextrin was contraindicated 

 
Notes: 

• Ensure® Pre-surgery and ClearFast Pre-Op®, each consist of 50 g of maltodextrin per container. 
• This measure relies on the patient’s self-reported assessment of how much maltodextrin was consumed. 
• This measure does not account for timing of maltodextrin consumption. 
• Contraindications to pre-operative maltodextrin must be documented by the surgical team along with a 

supportive diagnosis to justify withholding the supplement. Potential diagnoses that may contraindicate 
maltodextrin loading include type I diabetics (but not type II diabetics), obstruction (gastric outlet, bowel, 
esophagus, etc.), gastroparesis, achalasia, G/J-tube, oropharyngeal dysfunction/swallowing disorder, severe 
neurologic disorder/altered mental status, mechanical ventilation, vasopressor requirement, and allergy to the 
product. 

• SCRs should not arbitrate whether maltodextrin was contraindicated, since this documentation should come 
directly from the surgical team. 

• This measure can be assessed in the pre-operative area prior to surgery or during the patient’s inpatient post-
operative stay. 

 
To locate documentation, please review*: 

• Review your local hospital’s prehabilitation pathway to determine where documentation may reside (pre-
operative nursing notes, day-of-surgery pre-operative surgical note/H&P, operative dictation, post-operative 
progress notes). 

 
*Not all inclusive 
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Nutrition Measure #5: Pre-operative fasting minimization 
 
Element description:  Patients are allowed clear liquids up until 2-3 hours prior to surgery 
 
Question for abstraction:  Was the patient allowed clear liquids up until 2-3 hours before surgery? 
 

□ Yes, the patient was allowed clear liquids up until 2-3 hours before surgery  
□ No, the patient was not allowed clear liquids up until 2-3 hours before surgery 
□ Not applicable, the surgical team documented preoperative clear liquid diet was contraindicated 

 
Notes: 

• The goal of this metric is to avoid prolonged fasting and allow patients to have clear liquids until 2-3 hours 
before the scheduled surgery start time. 

• Full liquid and solid diets typically include clear liquids and are acceptable for this measure, but are not 
recommended. 

• Contraindications to pre-operative clear liquids must be documented by the surgical team along with a 
supportive diagnosis to justify withholding clear liquids. Potential diagnoses that may contraindicate clear liquids 
include obstruction (gastric outlet, bowel, esophagus, etc.), gastroparesis, achalasia, G/J-tube, oropharyngeal 
dysfunction/swallowing disorder, severe neurologic disorder/altered mental status, mechanical ventilation, and 
vasopressor requirement. 

• SCRs should not arbitrate whether clear liquids were contraindicated, since this documentation should come 
directly from the surgical team. 

• This measure can be assessed in the pre-operative area prior to surgery or during the patient’s inpatient post-
operative stay. 

 
To locate documentation, please review*: 

• Review your local hospital’s prehabilitation pathway to determine where documentation may reside (pre-
operative nursing notes, day-of-surgery pre-operative surgical note/H&P, operative dictation, post-operative 
progress notes). 

 
*Not all inclusive 
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Nutrition Measure #6: Post-operative fasting minimization 
 
Element description: Patients are ordered a full liquid or solid food diet on postoperative day 1 
 
Question for abstraction:  Was the patient ordered a full liquid or solid food diet on postoperative day 1? 
 

□ Yes, the patient was ordered full liquid or solid food diet for the first post-operative day  
□ No, the patient was not ordered full liquid or solid food diet for the first post-operative day 
□ Not applicable, the surgical team documented full liquid or solid food diet were contraindicated 

 
Notes: 

• This metric’s goal is to avoid prolonged fasting and allow patients to consume calories shortly following surgery. 
• Contraindications to full liquid or solid food diet on the first post-operative day must be documented by the 

surgical team along with a supportive diagnosis to justify withholding the diet. Potential diagnoses that may 
contraindicate clear liquids include obstruction (gastric outlet, bowel, esophagus, etc.), gastroparesis, achalasia, 
G/J-tube, oropharyngeal dysfunction/swallowing disorder, severe neurologic disorder/altered mental status, 
mechanical ventilation, and vasopressor requirement. 

• SCRs should not arbitrate whether full liquid or solid food diet were contraindicated, since this documentation 
should come directly from the surgical team. 

 
To locate documentation, please review*: 

• Postoperative progress notes, orders, and nursing notes 
 
*Not all inclusive 
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Nutrition Measure #7: Post-operative immunonutrition  
 
Element description: Patients are ordered 2 servings of immunonutrition per day starting on postoperative day 1. 
 
Question for abstraction:  Was the patient ordered two servings of postoperative immunonutrition on postoperative 
day 1? 
 

□ Yes, the patient was ordered 2 servings of immunonutrition per day on postoperative day 1 
□ No, the patient was not ordered 2 servings of immunonutrition per day on postoperative day 1 
□ Not applicable, the surgical team documented post-operative immunonutrition was contraindicated 

 
Notes: 

• Contraindications to immunonutrition on the first post-operative day must be documented by the surgical team 
along with a supportive diagnosis to justify withholding immunonutrition. Potential diagnoses that may 
contraindicate immunonutrition include obstruction (gastric outlet, bowel, esophagus, etc.), gastroparesis, 
achalasia, G/J-tube, oropharyngeal dysfunction/swallowing disorder, severe neurologic disorder/altered mental 
status, mechanical ventilation, and vasopressor requirement. 

• SCRs should not arbitrate whether immunonutrition was contraindicated, since this documentation should come 
directly from the surgical team. 

• Since immunonutrition ordering is only assessed on the first postoperative day, care teams are provided 
flexibility in withholding immunonutrition in case ileus or contraindications arise later in the hospital stay. 

• Documenting inpatient delivery and consumption of nutritional products to inpatients may be challenging, so an 
order-based metric was chosen as a surrogate for compliance. 

 
To locate documentation, please review*: 

• Postoperative progress notes, orders, and nursing notes 
 
*Not all inclusive 
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Physical Functioning Module 
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Physical Functioning Measure #1: Physical functioning optimization program 

 
Element Description: Patients are provided or referred to a pre-operative physical functioning optimization program 
within 90 pre-operative days. 
 
Question for abstraction:  Was the patient provided or referred to a pre-operative physical functioning optimization 
program prior to surgery? If yes, select all that apply.  
 

□ Yes, the patient was provided an un-monitored physical functioning optimization program 
□ Yes, the patient was referred to a monitored physical functioning optimization program 
□ Yes, the patient was referred to a partially-monitored physical functioning optimization program 
□ No, a physical functioning program referral was not made or provided 
□ Not applicable, the surgical team documented pre-operative physical functioning optimization was 

contraindicated 
 
Notes: 

• Pre-operative period is defined as 90 days prior to the day of surgery. 
• All pre-operative physical functioning optimization programs are intended to provide approximately 1 hour of 

aerobic activity per day in the pre-operative period. 
• Unmonitored pre-operative physical functioning optimization programs include the ISQIC Pre-Operative Activity 

Guide, or other self-directed “at home” or “at gym” activity programs.  Examples include (but are not limited to) 
timed ambulation (actual or treadmill), jogging or running, cycling (stationary, traditional, or recumbent), use of 
cardiovascular equipment (elliptical, stair climbers, arm bike, rowing machines) and aerobics. 

• Monitored pre-operative physical functioning optimization programs include activity programs supervised by an 
exercise professional (e.g. physical therapist, physiatrist, or exercise trainer) in structured individual or group 
exercise programs.  

• Partially-monitored pre-operative physical functioning optimization programs include activity programs that are 
initially supervised by an exercise professional and are later transitioned to an un-monitored program at home 
or in a gym. 

• Programs focusing on stretching such as yoga and Pilates are not considered aerobic activity.  
• “Provided” is defined as any written or electronic prescription or patient instructions for any of the above pre-

operative physical functioning optimization programs. 
• “Referred” is defined as any written or electronic order, patient education, consultation request, or patient 

instruction that instructs a patient to participate in any of the above pre-operative physical functioning 
optimization programs. 

• If un-monitored, a physical functioning optimization program must be documented in the surgeon’s plan or 
patient instructions, pre-operative clinic notes, or primary care physician notes. 

• If monitored or partially monitored, referral to a physical functioning optimization program must be 
documented in the surgeon’s plan or patient instructions, pre-op clinic notes, or primary care physician notes. 

• Contraindications to a physical functioning optimization program, including (but not limited to) lower extremity 
amputee status, long-standing wheelchair use, ataxia, quadriplegia and paraplegia, must be documented by the 
surgical team along with a supportive diagnosis to justify withholding treatment. 

• Contraindications do not include patients who appear physically fit. 
• SCRs should not arbitrate whether physical functioning optimization was contraindicated, since this 

documentation should come directly from the surgical team. 
 



 

 
 

©2020 ISQIC. Not for reuse or distribution without permission 

To locate documentation, please review*: 
• Review your local hospital’s physical functioning optimization pathway to determine where documentation may 

reside (surgeon’s office, pre-op clinic, primary care physician). 
• Un-monitored physical functioning optimization may be documented in the surgeon’s plan or patient 

instructions, pre-op clinic notes, or primary care physician notes. 
• Referrals to a monitored or partially monitored physical functioning optimization may be documented in the 

surgeon’s plan or patient instructions, pre-op clinic notes, consultation notes, orders, or primary care physician 
notes. 

*Not all inclusive 
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Cognitive Preparedness Module 
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Cognitive Preparedness Measure #1: Guided imagery 

 
Element description: Patients will listen to guided imagery recordings prior to surgery 
 
Question for abstraction:  Did the patient listen to access guided imagery recordings pre-operatively? 
 

□ Yes, the patient listened to access guided imagery recordings pre-operatively 
□ No, the patient did not listen to access guided imagery recordings pre-operatively 
□ Not applicable, guided-imagery is inappropriate 

 
Notes: 

• Pre-operative period is defined as 90 days prior to the day of surgery. 
• Inappropriateness to guided imagery including non-English speaking status or profound cognitive and profound 

hearing impairment must be documented by the surgical team along with a supportive diagnosis to justify 
withholding treatment. 

• SCRs should not arbitrate whether guided imagery was inappropriate, since this documentation should come 
directly from the surgical team. 
 

To locate documentation, please review*: 
• Review your local hospital’s prehabilitation pathway to determine where documentation may reside (surgeon’s 

office, pre-op clinic, primary care physician). 
 
*Not all inclusive 
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Colorectal Prehabilitation Bundle Worksheet 
Definition: Please abstract bundle questions for NSQIP elective open and laparoscopic colectomy cases utilizing the CPT codes from the NSQIP colectomy procedure targeted set.  
 

Phase of Care Question for Abstraction 

Pr
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The patient’s pre-operative smoking status was determined by the surgical team to be: 
□ Active smoker 
□ Former smoker 
□ Never smoked 
□ Not documented by the surgical team 

For active and former smokers, the number of pack-years of smoking burden documented pre-operatively by the surgical team was: 
□ [Insert integer value of pack-years smoking, range of permitted response 0-200] 
□ Not documented by the surgical team 

Did the attending surgeon tell the active smoker to quit smoking pre-operatively? 
□ Yes 
□ No 

Was the active smoker prescribed smoking cessation pharmacotherapies pre-operatively? If yes, select all that apply.  
□ Yes, nicotine replacement 
□ Yes, varenicline (Chantix®) 
□ Yes, bupropion (Wellbutrin®) 
□ No 

Was the active smoker provided or referred to pre-operative smoking cessation counselling? If yes, select all that apply.  
□ Yes, the surgical team provided individualized smoking cessation counselling  
□ Yes, a non-surgical provider provided individualized smoking cessation counselling  
□ Yes, patient was referred to group smoking cessation counselling  
□ Yes, patient was referred to telephone (voice-based) counselling  
□ Yes, patient was referred to internet-based counselling  
□ Yes, patient was referred to smoking-specific guided imagery  
□ No 

By the day before surgery, did the active smoker patient cease or reduce smoking? 
□ Yes, active smoker completely ceased smoking  
□ Yes, active smoker reduced average number of daily cigarettes ≥ 50% 
□ No, active smoker still smoked >50% of average number of daily cigarettes 
□ Not assessed 

Did the patient receive dietary education pre-operatively? 
□ Yes, the patient received dietary education 
□ No, the patient did not receive dietary education 
□ Not applicable, the surgical team documented diet education was inappropriate 

 
Did the patient consume immunonutrition prior to surgery? 

□ Yes, the patient consumed 100% (14 servings) of the prescribed immunonutrition  
□ Yes, the patient consumed ≥ 50% (≥7 servings) of the prescribed immunonutrition  
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□ Yes, the patient consumed < 50% (< 7 servings) of the prescribed immunonutrition  
□ No, the patient consumed no immunonutrition 
□ Not applicable, the surgical team documented immunonutrition was contraindicated 

 

Did the patient consume 100 g (2 bottles) of maltodextrin the day prior to surgery? 
□ Yes, the patient consumed 100% (2 bottles) of the maltodextrin  
□ Yes, the patient consumed ≥ 50% (≥1 bottle) of the maltodextrin 
□ Yes, the patient consumed < 50% (<1 bottle) of the maltodextrin 
□ No, the patient consumed no maltodextrin 
□ Not applicable, the surgical team documented maltodextrin was contraindicated 

Did the patient consume 50 g (1 bottles) of maltodextrin 2-3 hours prior to surgery? 
□ Yes, the patient consumed 100% (1 bottles) of the maltodextrin  
□ Yes, the patient consumed ≥ 50% (≥1 half bottle) of the maltodextrin 
□ Yes, the patient consumed < 50% (<1 half bottle) of the maltodextrin 
□ No, the patient consumed no maltodextrin 
□ Not applicable, the surgical team documented maltodextrin was contraindicated 

Was the patient allowed clear liquids up until 2-3 hours before surgery? 
□ Yes, the patient was allowed clear liquids up until 2-3 hours before surgery  
□ No, the patient was not allowed clear liquids up until 2-3 hours before surgery 
□ Not applicable, the surgical team documented preoperative clear liquid diet was contraindicated 

Was the patient provided or referred to a pre-operative physical functioning optimization program prior to surgery? If yes, select all that apply.  
□ Yes, the patient was provided an un-monitored physical functioning optimization program 
□ Yes, the patient was referred to a monitored physical functioning optimization program 
□ Yes, the patient was referred to a partially-monitored physical functioning optimization program 
□ No, a physical functioning program referral was not made or provided 
□ Not applicable, the surgical team documented pre-operative physical functioning optimization was contraindicated 

Did the patient listen to access guided imagery recordings pre-operatively? 
□ Yes, the patient listened to access guided imagery recordings pre-operatively 
□ No, the patient did not listen to access guided imagery recordings pre-operatively 
□ Not applicable, guided-imagery is inappropriate. 
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Was the patient ordered a full liquid or solid food diet on postoperative day 1? 
□ Yes, the patient was ordered full liquid or solid food diet for the first post-operative day  
□ No, the patient was not ordered full liquid or solid food diet for the first post-operative day 
□ Not applicable, the surgical team documented full liquid or solid food diet were contraindicated 

Was the patient ordered two servings of postoperative immunonutrition on postoperative day 1? 
□ Yes, the patient was ordered 2 servings of immunonutrition per day on postoperative day 1 
□ No, the patient was not ordered 2 servings of immunonutrition per day on postoperative day 1 
□ Not applicable, the surgical team documented post-operative immunonutrition was contraindicated 
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I N Canada, 1 in 13 men and 1 in 12 women will develop 
colorectal cancer during his or her lifetime, and surgical 


resection remains the primary treatment.1 Despite advances in 
surgical technology, anesthesia and analgesia techniques, and 
improved perioperative care, complications after colorectal 
resection remain relatively high and thus represent a prior-
ity for quality improvement in general surgery.2,3 Even in the 
absence of complications, the postsurgical period is associated 
with 20 to 40% reduction in physiological and functional 
capacity that, particularly in the elderly with comorbidities, 
may not return to preoperative function for several months, if 
at all.4 Poor preoperative physical performance has been shown 
to increase the risk of mortality5 and the number of postopera-
tive complications6 and prolong functional recovery.7


Efforts to improve recovery have traditionally focused on 
the postoperative period (rehabilitation). However, this may 
not be an opportune time to commence lifestyle changes as 
cancer patients may be fatigued, concerned about disturb-
ing the healing process, or anxious as they await additional 
treatments for the underlying condition.8,9 The preoperative 


period may in fact be a more salient time to intervene, as 
patients are generally in a better physical condition com-
pared with the acute postoperative period, and may have a 
prolonged waiting period before surgery (in many health-
care systems). The process of enhancing an individual’s func-
tional capacity before scheduled surgery, aimed at improving 
the patient’s tolerance to upcoming physiologic stress, has 
been coined prehabilitation.10 An observational study sug-
gested that, compared with a historical control, a 4-week 


What We Already Know about This Topic


•	 Preoperative	 exercise,	 anxiety-reducing	 strategies,	 and	
	protein	supplementation	may	facilitate	postoperative	recovery


•	 In	a	randomized	trial,	the	investigators	thus	tested	the	hypoth-
esis	 that	 a	 month	 of	 prehabilitation	 improves	 postoperative	
exercise	capacity


What This Article Tells Us That Is New


•	 Two	months	after	surgery,	prehabilitated	patients	were	able	to	
walk	significantly	further	in	6	min


Copyright © 2014, the American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins. Anesthesiology 2014; 121:937-47


ABSTRACT


Background: The preoperative period (prehabilitation) may represent a more appropriate time than the postoperative period 
to implement an intervention. The impact of prehabilitation on recovery of functional exercise capacity was thus studied in 
patients undergoing colorectal resection for cancer.
Methods: A parallel-arm single-blind superiority randomized controlled trial was conducted. Seventy-seven patients were ran-
domized to receive either prehabilitation (n = 38) or rehabilitation (n = 39). Both groups received a home-based intervention 
of moderate aerobic and resistance exercises, nutritional counseling with protein supplementation, and relaxation exercises ini-
tiated either 4 weeks before surgery (prehabilitation) or immediately after surgery (rehabilitation), and continued for 8 weeks 
after surgery. Patients were managed with an enhanced recovery pathway. Primary outcome was functional exercise capacity 
measured using the validated 6-min walk test.
Results: Median duration of prehabilitation was 24.5 days. While awaiting surgery, functional walking capacity increased (≥20 m)  
in a higher proportion of the prehabilitation group compared with the rehabilitation group (53 vs. 15%, adjusted P = 0.006). 
Complication rates and duration of hospital stay were similar. The difference between baseline and 8-week 6-min walking test 
was significantly higher in the prehabilitation compared with the rehabilitation group (+23.7 m [SD, 54.8] vs. −21.8 m [SD, 
80.7]; mean difference 45.4 m [95% CI, 13.9 to 77.0]). A higher proportion of the prehabilitation group were also recovered to 
or above baseline exercise capacity at 8 weeks compared with the rehabilitation group (84 vs. 62%, adjusted P = 0.049).
Conclusion: Meaningful changes in postoperative functional exercise capacity can be achieved with a prehabilitation  
program. (Anesthesiology 2014; 121:937-47)


This article is featured in “This Month in Anesthesiology,” page 1A.
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Prehabilitation for Surgical Patients with Cancer


preoperative trimodal intervention comprising moderate-
intensity aerobic and resistance exercise, diet counseling 
with whey protein supplementation, and anxiety-reduction 
strategies was effective in improving preoperative functional 
walking capacity and accelerating postoperative recovery.11 
This study was, however, limited by lack of randomization, 
the use of a historical control, and absence of baseline mea-
sures for functional walking capacity.


To quantify the effect of prehabilitation on pre- and post-
operative functional walking capacity, a parallel-arm single-
blind superiority randomized controlled trial (RCT) was 
conducted to compare the impact of a trimodal program ini-
tiated 4 weeks before surgery (prehabilitation) to an identi-
cal program (rehabilitation) initiated after surgery and to be 
maintained, in both groups, for 8 weeks postoperatively. It 
was hypothesized that patients participating in the trimodal 
prehabilitation group would exhibit a clinically meaningful 
increase in functional walking capacity before surgery to a 
significantly greater extent than the rehabilitation group, 
and this preoperative improvement would translate into ear-
lier recovery of functional exercise capacity after surgery.


Materials and Methods


Subjects
The study was approved by the Research Ethics Board of 
the McGill University Health Centre, Montreal, Quebec, 
Canada, and study procedures were carried out in accor-
dance with ethical standards (ClinicalTrials.gov registra-
tion: NCT01356264). Patient enrollment was initiated in 
November 2011 and completed in March 2013 at a single 
university-affiliated tertiary center located in Montreal, Can-
ada. Consecutive adult patients scheduled for curative resec-
tion of nonmetastatic colorectal cancer were approached at 
their initial office visit with their surgeon, and consent was 
obtained in eligible patients. Subjects were not eligible if 
they did not speak English or French or if they had premor-
bid conditions that contraindicated exercise.


Perioperative Care
Perioperative care was guided by a standardized multiele-
ment evidence-based comprehensive enhanced recovery after 
surgery pathway following the consensus review on best care 
for patients undergoing colorectal surgery.12 A pilot study 
was conducted in 2008 by our multidisciplinary team on the 
feasibility of implementing the enhanced recovery after sur-
gery pathway at our institution.13 Thereafter, the enhanced 
recovery after surgery pathway was applied to all patients 
scheduled for elective colorectal resection.


Study Design
The study was designed as a single-blind parallel-arm superi-
ority RCT. At the time of consent, subjects were instructed 
to complete a 3-day estimated food record of 2 week days 
and 1 weekend day. At the time of consumption, participants 
measured the quantity of all foods and beverages consumed 


using standard measuring cups and spoons and recorded 
methods of preparation. Approximately 4 weeks before each 
patient’s scheduled operation, a medical examination was 
conducted and patients completed baseline questionnaires, 
as well as biochemical, functional, and anthropometric mea-
surements. Upon completion of the baseline assessment, 
patients were randomly assigned on a 1:1 ratio by computer-
generated random numbers to receive either the prehabili-
tation intervention or the rehabilitation intervention. No 
group stratifications were performed. Group allocation was 
concealed using sequentially numbered sealed envelopes. 
The scheduling of surgery was not affected by study group. 
To reduce the risk of bias, the person conducting the mea-
surements was not aware of group allocation.


Patients in the prehabilitation group consulted with a 
kinesiologist, dietitian, and psychologist at the baseline visit 
and were instructed to begin the trimodal prehabilitation 
program at home immediately. Patients in the rehabilitation 
group participated in an identical consultation at a subse-
quent visit scheduled within 1 week of their surgery and were 
instructed to initiate the program at home after the opera-
tion. The rehabilitation group did not receive any interven-
tion before surgery as they were promised an intervention 
to start soon after surgery. To facilitate adherence to the tri-
modal program, all patients received a standard instructional 
booklet, written in easily comprehensible language with pic-
tures and figures, describing all elements of the program in 
detail. The booklet also contained a diary where the patients 
were asked to document all activities related to the program. 
All participants were visited after the operation, before hos-
pital discharge, by the kinesiologist, nutritionist, and psy-
chologist who reinforced the preoperative instructions. The 
postoperative program was carried out by all participants, 
regardless of group assignment, at home for 8 weeks.


To encourage and measure adherence, patients were con-
tacted weekly by telephone and assessed with a standardized 
set of open-ended questions to uncover issues related to 
maintaining compliance to the frequency, intensity, or dura-
tion of exercise, the amount of whey protein ingested, and 
the use of the relaxation methods. Based on the information 
obtained through telephone and the patient diary, a percent-
age for compliance was tabulated for each element of the 
program and equally accounted for in the total compliance 
value calculated.
Exercise Intervention. A certified kinesiologist assessed 
and trained each participant following the guidelines of the 
American College of Sports Medicine.14 The total-body exer-
cise prescription consisted of up to 50 min of home-based, 
unsupervised exercise for at least 3 days per week, alternat-
ing between aerobic and resistance training. Aerobic exer-
cise intensity was prescribed based on the rate of perceived 
exertion (Borg scale) from the 6-min walk test (6MWT). 
The Karvonen formula [(220 − age) − (resting heart rate × 
% intensity) + resting heart rate] was used to determine the 
heart rate to be maintained to achieve the desired, prescribed 
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intensity. Aerobic exercise could include walking, jogging, 
swimming, or cycling at patient discretion. Each session 
included a 5-min warm-up, 20 min of aerobic exercise (start-
ing at 40% of heart rate reserve), 20 min of resistance train-
ing (eight exercises targeting major muscle groups performed 
at an intensity of 8 to 12 repetitions maximum), and a 5-min 
cooldown. The participant demonstrated the exercises in the 
presence of the kinesiologist who provided corrective feed-
back as necessary. Progression of training intensity occurred 
when the participant could complete the aerobic exercise 
with mild exertion (Borg 12) and/or when the participant 
could complete 15 repetitions of a given resistance exercise. 
To complete the exercises at home, each participant was pro-
vided with a set of three resistance bands (light, moderate, 
and/or heavy resistance). Participants were also given a Borg 
scale and a heart rate monitor to facilitate compliance to the 
intensity of the aerobic exercise prescription (entered by the 
kinesiologist).
Nutrition Intervention. A registered dietitian assessed and 
provided individualized care to each patient based on the 
3-day food diary completed at the time of enrollment. 
Macronutrient quantities (grams of carbohydrate, fat, and 
protein consumed) were estimated from each patient’s food 
record with food exchange lists and composition tables. 
Macronutrient intake was evaluated based on Dietary Ref-
erence Intake values,15 and food choices were compared to 
Eating Well with Canada’s Food Guide recommendations.16 
Given that the primary goal of the trimodal intervention 
was to enhance functional capacity, protein was considered 
the macronutrient of greatest concern. Individual protein 
requirements were calculated as 1.2 g of protein per kilogram 
of body weight (adjusted body weight was used for obese 
patients), as per European Society for Clinical Nutrition and 
Metabolism (ESPEN) guidelines for surgical patients.17


All patients were given a whey protein supplement to 
guarantee adequate daily protein intake (Immunocal®; 
Immunotec Inc., Vaudreuil, Quebec, Canada), at a quan-
tity that matched the estimated dietary deficit. Patients were 
asked to consume the protein supplement within 1 h of their 
exercise regimen to capitalize on postexercise muscle protein 
synthesis.18 Recipes to improve the palatability of the prod-
uct were also provided. Nutritional care plans then focused 
on management of cancer-related symptoms (e.g., diarrhea, 
constipation), blood glucose control if necessary, optimiza-
tion of body composition (i.e., weight loss/gain if necessary), 
and appropriate balance of food choices by providing practi-
cal suggestions based on actual intake.
Coping Strategies to Reduce Anxiety. All patients received 
up to a 60-min visit with a trained psychologist who pro-
vided techniques aimed at reducing anxiety, such as relax-
ation exercises based on imagery and visualization, together 
with breathing exercises. Each patient practiced these exer-
cises with the psychologist and was then provided with a 
compact disc to perform these exercises at home two to three 
times per week. The psychologist also provided suggestions 


on how to enhance and reinforce patients’ motivation to 
comply with the exercise and nutritional aspects of the 
intervention.


Outcomes and Measures
The primary outcome was functional walking capacity as 
measured by the 6MWT 8 weeks after surgery. The 6MWT, 
which has been validated in the colorectal surgical popula-
tion,19 evaluates the ability of an individual to maintain a 
moderate level of physical endurance. Moderate to strong 
correlations have been found between the 6MWT and 
maximum oxygen consumption values obtained with other 
methods of exercise testing.20 The 6MWT was created to test 
exercise tolerance but is now used clinically and in research 
to test functional exercise capacity, defined as “the ability to 
undertake physically demanding activities of daily living.”21 
Participants were instructed to walk back and forth a 15-m 
stretch of hallway for 6 min at pace that would make them 
tired by the end of the walk. The total distance covered in 
6 min was recorded in meters. Participants were allowed to 
rest, although any time spent resting was accounted for in 
the total distance covered in 6 min. Standard motivational 
messages were given at each minute as per American Tho-
racic Society guidelines.22 One practice walk was sufficient 
at baseline.23 A change in 6MWT of 20 m was considered 
clinically meaningful as this is the estimated measurement 
error in community-dwelling elderly.24 The 6MWT was 
conducted at baseline, before surgery, and at 4 and 8 weeks 
after surgery by an assessor blinded to group assignment.


Age- and sex-specific predicted distances were calculated 
using the following formula: predicted distance walked in 
6 min (m) = 868 − (age × 2.9) − (female × 74.7), where age 
is in years, and the value “1” is assigned for females and 0 
assigned to males.25


Secondary outcomes included self-reported physical 
activity, health-related quality of life, anxiety, and depres-
sion. All were assessed at baseline, before surgery, and at 4 
and 8 weeks after surgery. Self-reported physical activity was 
measured by the Community Healthy Activities Model Pro-
gram for Seniors questionnaire. Subjects estimate the num-
ber of total hours spent performing 41 listed activities of 
various intensities during the previous week. An estimate of 
weekly energy expenditure (kcal/kg per week) is determined 
by adding the energy cost of each of the activities performed 
(metabolic equivalents) over the week.26 Evidence is avail-
able supporting its validity as a measure of recovery after 
elective abdominal surgery.27


The generic health-related quality of life questionnaire 
(the 36-Item Short Form Survey from the RAND Medical 
Outcomes Study [SF-36]) includes eight subscales: physical 
function, role physical, bodily pain, general health, vitality, 
social functioning, role emotional, and mental health; each 
subscale is scored on a 0 to 100 scale. Two summary scores 
can be derived, the physical component summary and men-
tal component summary scores, each normalized to a mean 
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of 50 and an SD of 10.28 The SF-36 is commonly used in 
surgical populations, and evidence is available supporting 
its validity as a measure of perceived recovery of health.29–31 
The patients’ psychological state was further assessed using 
the Hospital Anxiety and Depression Scale (HADS).32 This 
questionnaire includes two subscales, anxiety and depres-
sion, each with seven items, scored from 0 to 3. A score 
greater than 8 on either subscale suggests the presence of a 
mood disorder.


Postoperative complication rates were graded by sever-
ity using the Dindo–Clavien classification, in which grade 
I complications require bedside management, grade II 
complications require pharmacologic treatment, grade III 
complications require surgical, endoscopic, or radiologic 
intervention, and grade IV complications require intensive 
care treatment.33


Statistical Analysis
Sample size calculations were based on a two-sample 
(repeated measures) comparison of mean changes at 8 weeks 
compared with baseline. Based on two previous studies per-
formed by our group, we assumed that the average 8-week 
6MWT in the rehabilitation group would be 25 +/− 66 m 
lower than baseline, compared with 35 +/− 68 m above base-
line in prehabilitation group.11,34 A sample size of 80 (40 per 
group) was required to detect these differences with a power 
of 80% and an alpha of 0.05.


Continuous data were compared using Student t test or 
Mann–Whitney U test, depending on the distribution of the 
data. Categorical variables were compared using chi-square 
or Fisher exact tests. All hypothesis tests were two sided. 
The primary outcome (6MWT at 8 weeks) was analyzed 
by calculating the mean difference compared with baseline. 
Changes in the primary (6MWT) and secondary (SF-36, 
HADS, Community Healthy Activities Model Program for 
Seniors) outcomes over time between the two groups were 
also analyzed using a random-coefficients model, using the 
treatment group and time as fixed effects, and patient identi-
fier as a random effect, to account for the longitudinal nature 
of the data.


There were some missing data for several secondary out-
comes. To minimize bias, missing data were handled with 
multiple imputations. In this procedure, missing items are 
estimated using the appropriate regression (truncated lin-
ear regression using the relevant lower and upper values 
for each measure) model from other observed data and 
repeated 10 times to generate ten different imputed datasets. 
Final uncertainty around point estimates incorporates the 
between (datasets) and within (variable) variances, according 
to Rubin’s rules.35 The impact of missingness on the results 
was examined by performing both multiple imputation and 
complete case analyses. Statistical significance was defined as 
P value less than 0.05. The P values for multiple comparisons 


of potentially correlated data were adjusted for multiplicity 
using the Tukey–Ciminera–Heyse multiple comparison pro-
cedure.36 All analyses were performed with STATA 12 (Stata 
Corp., College Station, TX) or open-source R v2.13 statisti-
cal software.*


Results


Subjects
A total of 106 patients were approached for consent, of 
which 89 patients were randomized (fig. 1). Twelve patients 
were excluded because either they did not undergo resection, 
underwent emergency surgery, were operated at a different 
hospital, withdrew consent, or were lost to follow-up. There-
fore, a total of 77 patients were analyzed (38 in the preha-
bilitation group, and 39 in the rehabilitation group). The 
demographic, physiological, and nutritional characteristics 
of those patients who were randomized but excluded from 
the analysis for various reasons were similar to the popula-
tion studied. Baseline patient and operative characteristics, 
as well as baseline measures, are reported in table 1.


The median duration between the baseline assessment 
and surgery was 24.5 days [interquartile range, 20 to 35] in 
the prehabilitation group and 20 days [interquartile range, 
11 to 40] in the rehabilitation group (P = 0.164).


Outcomes
Functional Walking Capacity. All patients completed the 
6MWT at every assessment. Mean baseline walking capacity 
was 421 m (SD, 120.0) in the prehabilitation group and 425 
m (SD, 83.8) in the rehabilitation group (adjusted P = 1.000). 
The trajectories of mean walking capacity in both groups are 
shown in figure 2. The overall changes in 6MWT over time 
were different between the two groups (adjusted P = 0.032). 
Furthermore, there was a clinical and statistically significant 
difference in the mean change in walking capacity over the 
preoperative period and at 8 weeks after surgery (table 2).


Fig. 1. CONSORT diagram for the trial.
* The R Project for Statistical Computing. Available at: www.r-project. 
org. Accessed June 19, 2014.
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Preoperative Period. On average, patients in the prehabilita-
tion period significantly improved while waiting for surgery 
by 25.2 m (SD, 50.2), while those in the rehabilitation group 
declined by 16.4 m (SD, 46.0); mean difference between the 
two groups was 41.7 meters (95% CI, 19.8 to 63.5).
Four Weeks after Surgery. At 4 weeks after surgery, almost 
50% of patients in both groups remained more than 20 m 
below their baseline.
Eight Weeks after Surgery. At 8 weeks after surgery, patients 
in the prehabilitation group were on average above baseline, 
while those in the rehabilitation group remained below base-
line (+23.4 m [SD, 54.8] vs. −21.8 m [SD, 80.7], adjusted 
P = 0.010); mean difference between the two groups 45.2 m 
(95% CI, 13.9 to 77.0)]. Again, a much higher proportion 
of patients in the prehabilitation group were either above or 
recovered to baseline walking capacity compared with the 
rehabilitation group (84 vs. 62%, adjusted P = 0.049).
Self-reported Physical Activity and Compliance to the 
Program. Missing data were present for at least one of the 
secondary outcomes in 22 patients (10 prehabilitation, 12 


rehabilitation). There were no differences in the interpreta-
tion of the results of the multiply imputed or complete case 
analyses for SF-36 and HADS. However, for self-reported 
physical activity, the complete case analysis suggested a sig-
nificant difference over time between the groups in favor of 
the prehabilitation group.
Self-reported Physical Activity. Self-reported physical activ-
ity and compliance to the program at each time point are 
shown in table 3. The change in self-reported physical activ-
ity was similar between groups.
Compliance to the Program. After surgery, compliance to the 
program was consistently higher in the prehabilitation group.
Perioperative Outcomes. There were no differences in the 
incidence of overall 30-day complications, complication 
severity, or emergency department visits and readmission, as 
well as no difference in median length of stay (table 4).
Self-reported Outcomes of SF-36 and HADS. Mean values 
for patient-reported health-related outcomes (SF-36 sub-
scales, and anxiety and depression scores of the HADS) for 
both groups at each time point are shown in table 5. There 


Table 1. Baseline Patient, Operative Characteristics, and Measurements


Prehabilitation (n = 38) Rehabilitation (n = 39)


Age, yr 65.7 (13.6) 66.0 (9.1)
Male sex 21 (55%) 27 (69%)
Body mass index, kg/m2 26.9 (4.6) 28.5 (4.3)
ASA physical status
  I 4 (11%) 4 (10%)
  II 24 (63%) 26 (67%)
  III+ 10 (26%) 9 (23%)
Comorbidities
  Ischemic heart disease 3 (7.5%) 2 (5%)
  Hypertension 8 (21%) 12 (31%)
  Diabetes 3 (7.5%) 5 (13%)
TNM cancer stage
  1–2 21 (55%) 26 (67%)
  3 17 (45%) 13 (33%)
Neoadjuvant therapy 10 (26%) 8 (21%)
Adjuvant therapy within 8 weeks 14 (37%) 13 (33%)
Laparoscopic procedure 37 (97%) 35 (90%)
Type of resection
  Colon* 24 (53%) 23 (59%)
  Rectum† 14 (37%) 16 (41%)
New stoma 13 (34%) 12 (31%)
6MWT (meters) 421 (120) 425 (84)
6MWT (% predicted) 65 (17) 65 (11)
Number of patients with 6MWT <400 m 13 (34%) 16 (41%)
Physical activity, kcal/kg per week [IQR] 25 [9–67] 34 [18–63]
Grip strength left hand, kg (SD) 29 (11) 32 (9)
Grip strength right hand, kg (SD) 30 (11) 34 (10)
Lean body mass, kg (SD) 52 (11) 56 (10)
Fat body mass, kg (SD) 31 (9) 31 (10)
Fat percentage, % of weight (SD) 37.0 (10) 35.5 (9)
Albumin, g/l (SD) 39 (5) 38 (7)


Data are presented as mean (SD), median [IQR], or n (%).
* Includes right and left hemicolectomy and sigmoid resection. † Includes anterior resection, low anterior resection, and abdominoperineal resection.
ASA = American Society of Anesthesiologists; IQR = interquartile range; TNM = tumor–node–metastasis; 6MWT = 6-min walk test.
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were no differences over time between the two groups for 
any of the subscales of the SF-36 or HADS.


Discussion
Preparing patients for surgical resection of colorectal cancer 
with a preoperative trimodal program comprising home-
based moderate aerobic and resistance exercises, nutritional 
counselling with whey protein supplementation, and anxi-
ety-reduction strategies leads to a better functional walking 
capacity before and after colorectal surgery compared with 
starting the program postoperatively.


Preoperative conditioning, or prehabilitation, aims to 
improve preoperative functional and physiological capacity 
sufficiently to enable patients to withstand surgical stress 
and facilitate postoperative recovery.10 In the present trial, 
the average 25.2-m increase in preoperative walking capac-
ity achieved with trimodal prehabilitation offsets the aver-
age 21.8-m decline observed with rehabilitation in the first 


4 weeks after surgery, thus providing a buffer and facilitat-
ing a faster return to baseline walking capacity. It is unclear 
which component of the trimodal intervention contributes 
most to recovery, or whether the increase in functional walk-
ing capacity is an effect of trimodal synergy. One review 
of 12 RCTs reported decreased length of hospital stay and 
fewer pulmonary complications after preoperative exercise 
in patients undergoing cardiac and abdominal surgery.37 In 
contrast, a more recent systematic review of eight RCTs was 
unable to demonstrate that physical exercise alone provides 
physiological improvement and clinical benefit.38 A previ-
ous RCT conducted by our group in patients undergoing 
colorectal surgery compared home-based programs of mod-
erate versus intense exercise, and an unexpected result was 
found for the intense exercise group34: while waiting for sur-
gery, functional walking capacity deteriorated in a third of 
patients assigned to the intense exercise program, with com-
pliance at a mere 16%, thus indicating that the prescribed 
exercise regimen could not be maintained. Predictors of poor 
surgical outcome included deterioration while waiting for 
surgery, age over 75 yr, and high anxiety, thus supporting 
the need to better identify which factors, such as disease pro-
gression, catabolic state, poor compliance, and psychological 
stress, in addition to exercise, contribute to functional dete-
rioration before surgery. The trimodal program thus evolved 
to combine moderate physical activity with nutritional 
counseling and whey protein supplementation together with 
coping strategies to address mental health and improve pro-
gram compliance. In an observational, feasibility pilot study, 
patients enrolled in the new multimodal program, compared 
with historical controls, demonstrated significantly higher 
compliance and functional walking capacity throughout the 
perioperative period.11 At a close analysis of the pilot study 
and the present investigation, it appears that while 40% of 
the pilot control group had recovered by 8 weeks without 


Fig. 2. Mean distance walked in 6 min at the four study 
time points for the prehabilitation and rehabilitation groups  
(P = 0.016). Whiskers represent 95% CIs.


Table 2. Changes in 6MWT over Time Compared to Baseline


Prehabilitation (n = 38) Rehabilitation (n = 39) Adjusted P Value*


Presurgery
  Mean change in 6MWT during the preoperative  


period†, meters (SD)
+25.2 (50.2) −16.4 (46.0) <0.001


  % of patients exhibiting clinically important changes  
during the preoperative period†


0.006


   Deterioration‡ 8 (21%) 14 (36%)
   No change§ 10 (26%) 19 (49%)
   Improvement║ 20 (53%) 6 (15%)
8 weeks after surgery
  Mean change in 6MWT at 8 weeks, meters (SD) +23.4 (54.8) −21.8 (80.7) 0.020
  % of patients exhibiting clinically important  


changes at 8 weeks
0.022


   Deterioration‡ 6 (16%) 15 (38%)
   No change§ 10 (26%) 14 (36%)
   Improvement║ 22 (58%) 10 (26%)


* P value adjusted for multiple comparisons. † Time between baseline and immediate presurgery assessments. ‡ Greater than 20-m decrease compared 
with baseline. § Within 20 m of baseline. ║ Greater than 20-m increase compared with baseline.
6MWT = 6-min walk test.
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any intervention, 62 and 84% of the rehabilitation group 
and prehabilitation group, respectively, returned to baseline 
levels, indicating that a clinically significant proportion of 
patients improve with this trimodal program.


In designing the present trial of the trimodal program, 
we addressed challenges encountered in the previous RCT, 
including the potential bias that ensues from not being able 
to blind patients to group assignment. For this reason, we 
chose not to opt for a sham intervention, but instead to 
provide all patients with a program which would be allo-
cated either before or after surgery. This approach attracted 
patient participation, with a lower refusal rate than our pre-
vious trial. Furthermore, while a formal trimodal interven-
tion may not be included as part of current practice after 
surgery, nutritional supplements and physical activity are 


increasingly encouraged in the context of enhanced recov-
ery programs.39–41 Therefore, we believe that the design was 
appropriate under the constraint of a clinical trial.


The interval of time from the diagnosis to surgery in the 
prehabilitation group was between 3 and 4 weeks and within 
the time recommended by the Canadian Oncological Soci-
ety.42 This time period was sufficient to produce an increase 
in functional walking capacity, with a mean difference in 
distance of approximately 40 m between the prehabilitation 
and the rehabilitation groups at each time point. Within the 
measurement error, which is estimated at 20 m, over 50% 
of subjects in the prehabilitation group improved by more 
than 20 m preoperatively, while in the rehabilitation group 
36% decreased by more than 20 m. Eight patients (21%) in 
the prehabilitation group deteriorated before surgery, with 


Table 3. Self-reported Physical Activity and Total Trimodal Compliance at Each Time Point


Prehabilitation (n = 38) Rehabilitation (n = 39) Adjusted P Value*


Baseline self-reported physical activity,  
kcal/kg per week (SD)


45.5 (49.8) 55.9 (68.4) 0.132


Self-reported physical activity before  
surgery, kcal/kg per week (SD)


81.2 (101.0) 61.7 (125.6)


Self-reported physical activity 4 weeks  
after surgery, kcal/kg per week (SD)


46.4 (68.7) 32.8 (38.0)


Self-reported physical activity 8 weeks  
after surgery, kcal/kg per week (SD)


47.7 (52.2) 35.7 (63.8)


Compliance during preoperative  
period, % (SD)


78% (21) N/A


Compliance from surgery to 4 weeks, % (SD) 53 (30) 31 (26) <0.001
Compliance from 4 to 8 weeks, % (SD) 53 (33) 40 (31) 0.117


Values are mean (SD), derived from multiple imputations.
* Denotes the P value from repeated-measures analysis that the changes over time in physical activity scores are different between the two groups, adjusted 
for multiple comparisons.
N/A = not applicable.


Table 4. Perioperative Outcomes


Prehabilitation (n = 38) Rehabilitation (n = 39) P Value


Patients with at least one 30-day complication 12 (32%) 17 (44%) 0.277
  Ileus 3 (8%) 6 (15%)
  Wound infection 3 (8%) 3 (8%)
  Anastomotic leak 2 (5%) 3 (8%)
  Abscess 1 (3%) 3 (8%)
  Pulmonary edema 1 (3%) 1 (3%)
  Urinary tract infection 1 (3%) 0
  GI bleeding 1 (3%) 0
  Intestinal ischemia 0 1 (3%)
Grade of most severe complication 0.506
  Grade I 5 (13%) 5 (13%)
  Grade II 3 (8%) 6 (15%)
  Grade III 4 (11%) 4 (10%)
  Grade IV 0 2 (5%)
Primary hospitalization, days [IQR] 4 [3–5] 4 [3–7] 0.812
Total hospitalization*, days [IQR] 4 [3–6] 5 [3–9] 0.446
30-day emergency department visits 6 (16%) 9 (23%) 0.420
30-day readmission 6 (15%) 5 (13%) 0.780


* includes primary admission and any readmission.
GI = gastrointestinal; IQR = interquartile range.
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Table 5. Patient-reported Measures of SF-36 Subscales and HADS


Prehabilitation (n = 38) Rehabilitation (n = 39) Adjusted P Value*


SF-36 subscales
  Physical functioning† 0.468
   Baseline 72.9 (27.4) 76.8 (22.1)
   Before surgery 73.5 (25.0) 72.6 (29.7)
   4 weeks 61.8 (31.6) 62.1 (30.5)
   8 weeks 74.3 (26.1) 72.3 (24.2)
  Role physical† 0.360
   Baseline 52.9 (46.1) 53.0 (49.6)
   Before surgery 62.3 (44.3) 56.6 (50.4)
   4 weeks 24.2 (42.3) 15.8 (35.1)
   8 weeks 40.7 (45.6) 35.0 (44.6)
  Bodily pain† 0.623
   Baseline 68.1 (27.7) 75.8 (24.6)
   Before surgery 74.7 (22.6) 73.6 (25.3)
   4 weeks 59.9 (30.7) 64.1 (28.2)
   8 weeks 74.2 (24.7) 73.2 (26.7)
  General health† 0.980
   Baseline 62.0 (20.4) 63.5 (20.3)
   Before surgery 66.4 (22.8) 60.0 (25.8)
   4 weeks 66.0 (19.3) 64.9 (18.4)
   8 weeks 65.7 (22.9) 68.2 (19.5)
  Vitality† 0.597
   Baseline 53.1 (19.9) 59.6 (21.6)
   Before surgery 60.3 (22.7) 59.2 (23.4)
   4 weeks 51.9 (25.4) 53.6 (23.6)
   8 weeks 61.0 (21.8) 62.6 (17.7)
  Social functioning† 0.656
   Baseline 71.0 (25.8) 77.6 (21.2)
   Before surgery 72.3 (28.8) 75.4 (31.9)
   4 weeks 53.2 (30.4) 60.4 (26.5)
   8 weeks 75.6 (23.3) 72.4 (27.3)
  Role emotional† 0.672
   Baseline 69.5 (44.8) 68.4 (38.8)
   Before surgery 62.8 (48.8) 53.4 (49.8)
   4 weeks 46.7 (53.9) 46.3 (48.5)
   8 weeks 69.4 (38.6)) 52.9 (47.5)
  Mental health† 0.085
   Baseline 67.8 (18.5) 72.7 (15.4)
   Before surgery 71.6 (21.5) 69.6 (24.8)
   4 weeks 70.6 (17.5) 70.6 (19.9)
   8 weeks 79.0 (16.1) 72.4 (20.9)
HADS
  Anxiety‡ 0.330
   Baseline 6.9 (4.3) 6.8 (4.2)
   Before surgery 5.6 (3.9) 5.9 (4.7)
   4 weeks 4.9 (3.9) 5.4 (5.1)
   8 weeks 4.3 (3.4) 5.1 (4.7)
  Depression‡ 0.999
   Baseline 3.8 (4.6) 4.3 (4.0)
   Before surgery 3.2 (3.1) 3.6 (4.6)
   4 weeks 4.2 (3.3) 3.6 (4.1)
   8 weeks 3.2 (3.2) 3.7 (4.3)


Data presented as mean (SD).
* Denotes the P value from repeated-measures analysis that the changes over time in subscale scores are different between the two groups, adjusted for 
multiple comparisons. † Range 0–100. Higher values represent better scores. ‡ Range 0–21. Higher values represent worse scores.
HADS = Hospital Anxiety and Depression Scale; SF-36 = the 36-Item Short Form Health Survey.
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a drop from a mean value of 500 m to 463 m. No specific 
reasons (tumor burden, low albumin, type of surgery, high 
HADS score) could be found, except that five of them had 
poor compliance to the trimodal program. One can also 
assume that, with an average baseline 6MWT of 500 m, well 
above the 60% predicted value of the prehabilitation group, 
there was not much room for further improvement. The 
magnitude of change in walking capacity in the prehabilita-
tion group can be considered clinically relevant as it is above 
the range of the minimal clinically important difference for 
the 6MWT recently reported in the context of postopera-
tive recovery.43 This functional data is supported by a statis-
tically significant increase in self-reported physical activity 
by the prehabilitation group during the 3 to 4 weeks before 
surgery, equivalent to an average of 10,000 kcal. However, 
the increased walking capacity and physical activity were 
not associated with improved health-related quality of life. 
Because the 6MWT only measures functional walking 
capacity, and not general health, this may not be unexpected. 
Six weeks after colorectal surgery, the correlation between 
the 6MWT and the physical subscales of the SF-36, while 
statistically significant, is only poor to moderate.19 We did 
not specifically investigate the impact of prehabilitation on 
activities of daily living, return to employment, or leisure 
activities outside of what was queried in the Community 
Healthy Activities Model Program for Seniors questionnaire.


While there is no accepted standard definition, or stan-
dard measure, of postoperative recovery, measures of func-
tional status and performance have been recommended.27,44 
The 6MWT, a test of functional exercise capacity, was chosen 
as the primary outcome because it integrates all components 
of physical activity including balance, speed, muscle force, 
and endurance. Evidence supports the 6MWT as a valid 
measure of recovery after colorectal surgery.19 Advantages of 
the 6MWT as a measure of recovery include the lack of a 
ceiling effect and the fact that it is not affected by response 
shift, unlike self-reported symptoms or health-related qual-
ity of life. It does not require specialized equipment and can 
be administered even in a small place. As the error of the 
6MWT has been estimated to be ±20 m,24 the differences 
between the two groups over the prehabilitation period and 
at 8 weeks may be considered clinically important.


While physical activity was of primary importance, the 
additional roles of nutritional optimization and psychological 
motivation cannot be ruled out as essential contributors to 
the observed improvement in functional capacity, particularly 
in cancer patients.45 Whey protein was chosen as the protein 
supplement because of its amino acid composition, includ-
ing rich leucine content, which has been found to indepen-
dently stimulate translation initiation of protein synthesis in 
skeletal muscle through activation of the mammalian target 
of rapamycin complex.46 Whey protein supplementation has 
also been found to promote synthesis of intracellular anti-
oxidant glutathione, attributed to its high cysteine content, 
and to attenuate proinflammatory cytokines in nonsurgical 


populations and thus may promote a protein-sparing effect 
after surgery.47 The aim of the nutritional intervention was 
provision of protein and energy to guarantee available sub-
strate for the anabolic window following exercise.48 Similarly, 
the interaction with the psychologist aimed to teach the 
patients to take control of stressful occasions throughout the 
treatment and boost participation in the program.


There was no difference in clinical outcomes between 
the prehabilitation and rehabilitation groups. Patients were 
cared for within an enhanced recovery pathway with a very 
high use of laparoscopy, and length of stay was relatively 
low in both groups. Although this study was not powered 
to determine the impact of prehabilitation on clinical out-
comes, we recently demonstrated that lower preoperative 
6MWT was associated with an increased risk for cardio-
respiratory complications.49 These preliminary results are 
intended to serve as a proof of concept and need to be 
confirmed in a large randomized study, perhaps targeting 
prehabilitation efforts to patients with poorer baseline func-
tional exercise capacity.


The results of this RCT have to be interpreted in view of 
several limitations. First, it is possible that patients random-
ized to the rehabilitation group could have sought out simi-
lar interventions on their own in the preoperative period. 
We did not ask patients in the rehabilitation group whether 
they changed their diet or sought out psychological support 
independently, but the majority of the rehabilitation group 
did not report any increase in physical activity in the preop-
erative period. At a close analysis of the Community Healthy 
Activities Model Program for Seniors questionnaire only six 
patients (15%) of this group reported vigorous physical activ-
ity in the preoperative period, which could explain the 41-m 
increase in 6MWT observed. Second, there was a moderate 
amount of missing data that had to be handled with multiple 
imputations, although all of the missing data were second-
ary outcomes. This was due to several reasons such as failure 
to answer all questions, the questionnaire was not returned, 
or unwillingness to fill the questionnaire. While multiple 
imputations may result in less bias than other methods of 
handling missing data,50 and may be a valid method to han-
dle as much as 30% missing data,51 the potential for biased 
results is still present. Lastly, we did not measure immuno-
logic changes over the study period. However, it is unclear 
whether any differences in immunologic parameters could 
have been detected at the time points selected for our study, 
as changes in immunologic indices are short-lived and their 
relationship to long-term outcomes is unclear.


Meaningful changes in functional exercise capacity can 
be achieved with prehabilitation in patients scheduled for 
elective colorectal surgery for cancer. The same multimodal 
intervention started after surgery did not produce similar 
functional benefits. There is a need to understand the mech-
anism for such functional improvement and the effective-
ness of this intervention in the context of the continuum of 
cancer care.9
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Background: Previous research indicates that immersive, 
mind-body interventions can improve the quality of a patient’s sur-
gical experience and clinical outcomes.


Objective: To describe the Blue Shield of California Presur-
gical Guided Imagery Program, assess its impact on surgical out-
comes, patient satisfaction, and cost savings.


Method: Analysis of survey data conducted pre- and post-
surgery among 905 eligible health plan members. Retrospective 
analysis of medical claims for a subset of 126 hysterectomy pa-
tients was compared with that of similar patients who did not use 
guided imagery for differences in length of stay and charges billed.


Results: The intervention yielded an adoption rate of 74%. 
Patients who used the guided imagery intervention reported sig-
nificantly reduced anxiety and high levels of satisfaction. A trend 
toward shorter hospital stays (8% reduction, P=.07) was also ob-
served in the imagery group, as well as reduced pharmaceutical 
costs (14% reduction, P=.181). In total, there was a 14% reduc-
tion in mean total charges billed per procedure in the imagery pa-
tients, amounting to an average savings of $2003 per procedure. 
Although it was not possible to isolate differential cost of lab and 
imaging fees for the purposes of this study, it is likely these factors 
played a part in the billing differential as well.


Discussion: Health plans are well positioned to deliver guid-
ed imagery tools for patient self-management prior to scheduled 
surgery. While mind-boyd interventions are increasingly linked to 
cost savings an improved outcomes in a variety of clinical settings, 
a randomized controlled trial should be conducted to firmly estab-
lish their efficacy.


KEYWORDS
Guided imagery, guided meditation, guided relaxation, pre-


operative, surgery, mental rehearsal, hypnosis, patient education, 
psychoeducational, preoperative anxiety, non-pharmaceutical an-
algesia, hypnotic sedation.


BACKGROUND
Pre-approved, scheduled surgery, even for minor procedures, 


can produce considerable anxiety and feelings of helplessness in 
patients. Many individuals fear the outcome of the surgery or pos-
sible complications, not to mention anticipated pain, dependency 
on others, and the loss of control from being rendered unconscious 
under anesthesia. Preoperative anxiety can increase patients’ per-
ception of pain and can delay healing time or potentially contrib-
ute to other negative outcomes. In addition, an intensely anxious 
patient can present difficulties and delays for the staff members 
administering their care.


Although strictly cognitive interventions, such as preop-
erative education, have been shown to delver modest benefits in 
patient outcomes, mostly around pain reduction.1,2 the more im-
mersive, “right  brain” class of mind-body interventions, such as 
relaxation, meditation, music therapy, hypnosis, and guided imag-
ery, have demonstrated considerable clinical benefit both pre- and 
postoperatively.3,4


Relaxation has been found to improve outcomes for patients 
undergoing coronary bypass surgery5; thyroid surgery6; breast 
core-needle biopsy7; and invasive, percutaneous, radiological pro-
cedures.8 Meditation has been shown to render benefit for people 
undergoing organ transplantation9 and for breast and prostate can-
cer patients.10 Music therapy has been shown to efficacious in re-
ducing pain for patients undergoing open heart surgery,11 lessening 
pre-procedure anxiety for patients undergoing outpatient proce-
dures,12 reducing pre- and postoperative anxiety in patients under-
going prostate resection,13 lessening the perception of pain during 
surgical procedures,14 and helping patients manage anxiety during 
colonoscopies.15 Meta-analysis has revealed hypnosis to yield a 
variety of benefits to surgery patients,16,17 and more specifically, 
to be significantly helpful to patients during coronary angioplas-
ty.18 and in accelerating postsurgical wound healing,19 promoting 
gastrointestinal motility.20 and reducing postoperative nausea and 
vomiting.21


Most impressive to date are the collective results derived 
from a technique known as guided, a user-friendly for of strategic, 
directed daydreaming set to music and a soothing narrative voice 
that focuses on a desired outcome or set of outcomes. Because 
guided imagery often incorporates relaxation, meditation, hypno-
sis, and music, it is well positioned to deliver the multiple benefits 
of the entire class of mind-body interventions. Indeed, imagery 
has been found to reduce pain, anxiety, and length of stay in car-
diac surgery patients, 22,23 colorectal surgery patients, 24 and elderly 
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orthopedic surgery patients25; to reduce pain in gynecologic lapa-
roscopy patients26 and in children after surgery27; and to reduce 
pain and improve quality of sleep in anorectal surgery patients.28  In 
addition, guided imagery decreased both postoperative pain ratings 
and length of stay in children29 and reduced pain, length of stay, 
pre- and postoperative anxiety, and blood loss in adult patients un-
dergoing lengthy surgeries.30 Even more relevant to the health plan 
setting, guided imagery was found in one hospital study to reduce 
average length of stay, decrease average direct pharmacy costs, 
and reduce pain medication costs while maintaining high overall 
patient satisfaction with the care and treatment provided to cardiac 
surgery patients.31


Further, because guided imagery is most often provided in 
the form of a recording, it is a highly portable, self-administered 
intervention that requires only minimal professional guidance or 
monitoring; its cost is reasonable; and audio intervention is exactly 
the same for every subject every time it is used. It is simple to use, 
requires a limited commitment of time and effort from its end user, 
and is delivered at a highly teachable moment. At a time when pa-
tients are feeling anxious, helpless, and out of control, it serves as 
an empowering self-regulation tool that puts them back in charge 
of their emotional experience.


PURPOSE
Given guided imagery’s practical nature as an intervention, 


the growing evidence of its clinical benefits, and the preliminary 
findings of financial savings and cost effectiveness, the clinical 
management team at Blue Shield of California (BSC) became 
interested in investigating whether a presurgical guided imag-
ery recording could be effectively distributed by the health plan 
as opposed to by the usual hospital or outpatient clinical setting. 
In addition, the team wanted to assess whether guided imagery 
would yield similar results on clinical and economic outcomes and 
improve patients’s objective experience of surgery when distrib-
uted in this manner. The guided imagery interventions fit in well 
with BSC’s general strategy to empower members in their own 
healthcare and to make a variety of personalized options available 
to them. In June 2000, BSC launched the Presurgical Guided Im-
agery Initiative. The program has since expanded in scope to en-
compass other health challenges and still exists today. This article 
describes the initial distribution program and reports on clinical 
and financial outcomes. 


THE PROGRAM
The Presurgical Guided Imagery Program was launched with 


a newly hired nurse health coach as coordinator, supported by 2 
part-time administrative assistants. All were provided with training 
in guided imagery. Internal systems were set up to automatically 
generate reports whenever a request for preauthorization was ap-
proved for a  targeted surgery involving a length of stay greater 
than 2 days. This tickler system allowed the program to send out 
a presurgical guided imagery tool kit containing an introductory 
letter and the presurgical guided imagery recordings in 2 formats, a 
CD and an audiocassette tape, to the identified member.


Based on a comparative assessment of recordings created by 
a range of authors,30 the team chose the Health Journeys guided 
imagery recording, “Successful Surgery,” by Belleruth Naparstek32 
based on its performance in clinical trials.24,25,33 The audio program 
consists of a 20-minute immersive guided imagery narrative de-
signed specifically for surgery and scored to soothing music. The 
patient was asked to listen to it before surgery. The preoperative 
imagery guides listeners to a favorite peaceful place, where they 
are invited to observe their upcoming surgery in a detached way, 
as if on a screen. The narrative describes the patient surrounded 
by capable medical staff members who are leased with how well 
everything is proceeding. The imagery also encourages listeners 
to identify personally significant helpers and well-wishers to ap-
pear from the imaginal realm—real people or spiritual figures—in 
order to reduce anxiety, fear, and isolation and to increase the sense 
of protection. There are additional images that suggest positive 
outcomes, such as minimal bleeding, waking up comfortably, and 
healing readily. The content is designed to ease preoperative anxi-
ety, reinforce motivation, engender confidence in the medical staff, 
help anticipate a successful outcome, and provide a general sense 
of uplift for the listener.


The materials were packaged with the BSC private label to 
identify the intervention with the health plan. They were given to 
patients to keep, and patients here encouraged to share them with 
family members, friends, physicians, and hospital staff members. 
The introductory letter offered a toll-free number, staffed by regis-
tered nurses, to answer member or provider questions.


After the tool kit was sent, the BSC presurgical program nurse 
called the targeted patient before his or her scheduled surgery. The 
nurse provided general presurgical patient education, explained the 
guided imagery tool kit, and encouraged patients to se the record-
ings. (Note: For patients who elected not to use the recordings, the 
program nurse was trained to affirm these choices and in no way 
pressure patients to use the guided imagery tool kit.) The nurse was 
available to answer a variety of questions about guided imagery, 
surgery, and recovery. Within a week after discharge, a program 
nurse again called the patient to assess is or her postsurgical status 
and discuss discharge instructions and medications. At the end of 
the call, the nurse asked the patient to participate in a 5-10 minute 
survey to assess the effectiveness of the guided imagery tool kit.


It is worth noting that prior to the program’s launch, BSC 
sent an explanatory letter to 10,000 network surgeons. The let-
ter described guided imagery and how the program works and 
invited them to call the toll-free number to request a copy of 
the audio recording and related research articles. Physician re-
sponse was minimal, with only 304 requests for samples and 
articles (3%), 11 complaints, and 6 endorsements of the idea 
(Table 1). This was in dramatic contrast to the response derived 
from the direct-to-member invitation, which was extremely ro-
bust. Of the 1395 preoperative patient invitations issued, 905 
members took advantage of the program, resulting in an unusu-
ally high adoption rate of 74% compared with other Blue Shield 
patient-center health initiatives.
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SAMPLE AND METHODS
Measures of Adoption, Satisfaction, and Self-Reported Impact


The period for collecting date was from June 1, 2000 to 
May 31, 2001, during which time 905 adult members, both 
male and female, became the population to be studied. The 
investigation targeted patients facing common, high-volume 
surgeries, such as gynecological, orthopedic, genitourinary, and 
certain cardiac procedures, as long as their procedure date was 
at least 5 days away from the request for preauthorization for 
the surgery to allow time for the intervention and as long as the 
patients’ length of stay in the hospital was estimated at 2 days 
or more to enable the measurement of a possible reduction in 
length of stay. The survey instrument was a structured question-
naire consisting of 16 items with true/false or multiple-choice 
responses (up to 5, including a “don’t know” or no answer op-
tion). Patients evaluated the guided imagery materials, clarity 
of instructions, frequency of use, anxiety, pain, wound healing, 
and satisfaction. Completing the survey generally took 5 to 10 
minutes. The responses were elicited by 1 of 3 program nurses 
and entered into a database. Additionally, since this program’s 
inception, the program nurses have maintained a roster of spon-
taneous unsolicited comments (by telephone and mail) about 
BSC’s decision to provide the guided imagery program.


Responses to the postoperative telephone survey form the 
data for the measures of adoption, anxiety, and satisfaction with 
the guided imagery tool kit.  These responses reflect the inher-
ent limitations associated with self-reported data and are sub-
ject to the biases introduced by using program personnel as the 
interviewers.


Measures of Cost
Hysterectomies were chosen as the study universe for the 


financial and clinical outcomes portion of the study. Although 
the guided imagery intervention was used for a wide variety 
of surgical procedures, hysterectomy formed the largest single 
subgroup and therefore was used for cost comparison to elimi-
nate the confounding variables inherent in comparing different 
surgeries. The hysterectomy population was a predominantly 
healthy, middle-aged population of females.  (It should be noted 
that in the larger population of all targeted surgical procedures, 
the adoption rate for men and women was roughly the same 
[Figure 1].) 


Financial data measuring length of hospital stay and charg-
es billed for 126 hysterectomy patients were extracted from 
BSC’s claim database. Although length of stay is a compara-
tively straightforward measure, determining the appropriate 
cost values required adjustments. To avoid the biases inherent 
in “claims allowed” and “claims paid” values, which reflect 
contracting variation and patient co-payment and deductible 
status, hospital charges billed were chosen to form the basis for 
the financial measures.


This data set was refined to exclude outliers, defined as pa-
tient procedures with an allowed billing amount of more than 
$10000, and low-volume hospitals, defined as those that per-
formed fewer than 3 procedures during the study period.  Fi-
nally to account for interfacility practice variation, the study 
population was further refined to include only cases where a 
de facto control group of hysterectomy patients was available 
– patients who had been billed by the same hospital during the 
same time period but who had either chosen not to listen to the 
guided imagery of who did not receive it because of inadequate 
lead time. (This was for administrative rather than clinical rea-
sons.) Of the 12 hysterectomy patients in this subject, 53 had 
participated in the presurgical guided imagery program, and 73 
had not. Of the 73 nonparticipating patients, 32 had received 
an invitation but chose not to listen to the guided imagery, and 
41 did not have adequate lead time to receive the intervention 
from BSC.


FINDINGS AND DISCUSSION
Adoption


Post-intervention survey data among the 905 survey re-
spondents shower remarkable results with respect to adoption 
of the program, with an overall adoption rate of 74%. Nearly 
half the sample (44%) listened to the recording 3 or more times, 
and almost one-third (31%) listened 1 or 2 times, as reported 
by the patient and then recorded by staff members.  This far 
exceeds the usual adoption rates of the health plan’s more estab-
lished disease management programs, such as arthritis program 
(36%), the prenatal education program (17%), the asthma self-
management programs (17%), and the cardiovascular program 
(10%). (Figure 3).


The high adoption rate in the study can be attributed to 3 
fundamental elements inherent in the program design: (1) the 


Table 1. Physician Response to Guided Imagery Program


Number of letters mailed to physicians 10000


Number of requests for samples and research
 articles in the following month 304


Number of complaints
 • To the program nurse
 • To the Chief Medical Officer


8
3


Number of contacts in support of the program 6 Figure 1. Gender Comparison of Study Participants (N=905).
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systematic, early identification of patients at a critical time of 
need, (2) the outreach and one-on-one contact with program 
nurses, and (3) the offering of a relevant, safe, and easy-to-use 
low-demand tool that is a “high-touch” antidote to the “high-
tech” invasiveness of surgery and hospitalization.


Satisfaction
The majority of listeners (86%) reported that the imagery helped 


them imagine their healing progress; 82% reported they would be 
very likely to use the intervention again in the event of another 
surgery; and 83% said they would recommend the recordings to a 
friend (Figure 4). Even more compelling, however were the verba-
tim comments given to the interviewers. To date, BSC has received 
hundreds of unsolicited testimonials and comments that chronicle 
members’ experience with guided imagery in this program, rang-
ing from pleased to heartfelt gratitude for what is frequently de-
scribed as an unexpected and profoundly meaningful service. This 
is in striking contrast to the expected tenor of member communi-
cations in the era of rampant dissatisfaction with managed care. 
Comments peppered with exclamation points were commonplace: 


“I loved BSC’s program!  I listened to the CD prior to my surgery 
about 20 times”; “The guided imagery program is wonderful! ... I 
am very impressed with BSC to have such an awesome program!”;  
“I can’t say enough about guided imagery”; and “I appreciate BSC 
doing this program for members. It’s uncommon for insurance 
companies to care so much about their members!”


It is important to note that the nurse health coach reaching 
out to the members and making herself available for general 
question and concerns about the guided imagery or the surgery 
itself was a critical factor in the success of this program accord-
ing to 80% of the patients, who reported that the nurse coach 
added value. Therefore, the high satisfaction rating cannot be 
attributed to the imagery recordings alone. The program as a 
whole generated this highly favorable response.


Anxiety
The guided imagery intervention was reported by users to 


significantly reduce their anxiety about the surgical procedure.  
During the telephone survey conducted by the program nurse 
within a week after the surgery, patients who had listened to 
the audio-recordings (n=669) were asked to rate their experi-
ence of anxiety prior to surgery before using the recordings and 
after using the recordings. Before using the recordings, 47% of 
patients reported anxiety levels as “high” or “very high.” After 
listening to the recordings, but still before their surgeries, only 
1.6% of patients reported that their anxiety level was still “high” 
or “very high” (Figure 5). Movement toward decreased anxiety 
was seen across the board among all self-rated categories; the 
moderately anxious and barely anxious also benefited from lis-
tening to the recordings. But the most dramatic relief was found 
among those suffering the greatest anxiety, where the ratings 
virtually plummeted. It is possible that the recordings allowed 
the highly anxious to focus on a readily available, easy-to-use 
self-management tool that gave them a sense of control during 
a vulnerable time.


Figure 2. Frequency of Guided Imagery Use (N=905).


Total using guided imagery recordings at least once


74%


Listened 3 or more times
44%


Listened 1-2 times
31%


Did not listen to materials
25%


0% 10% 20% 30% 40% 50% 60% 70% 80%


Figure 3. Comparative Adoption Rates in Health Management
Programs (6/1/00-5/31/01)
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Figure 4. Adoption, Compliance, and Satisfaction
N=669 (listeners only)
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Anticipated Pain
Listeners also were asked to compare their actual experi-


ence of pain with the expectation of pain they had prior to the 
surgery. Consistent with trends reported in the literature,22,24,27,30 
the majority of respondents (57%) experienced less pain than 
expected, and their frequency of guided imagery use tended to 
be higher than those experiencing no difference in pain or more 
pain. Unfortunately, it is not within the purview of this study to 
measure actually differences in the use of analgesics between 
the study group and the controls. Most patients who listened to 
the recordings 4 or more times experienced a decreased percep-
tion of pain. It is possible that some patients needed to listen to 
the recording more than 3 times to learn mastery over their pain 
response. It is also possible that patients responded in the mo-
ment (ie. based on the amount of pain they were experiencing 
when the survey was taken).


Inpatient and Pharmaceutical Costs
Consistent with earlier studies,22,24,30 there was an 8% re-


duction in length of stay for the guided imagery group (P=.07), 
as compared with the controls (Table 2). The guided imagery 
group stayed in the hospital an average of 2.62 days, whereas 
the control group stayed an average of 2.85 days. Although this 
is a less robust finding than what was reported in earlier stud-
ies by Dreher30 in 1998 and by Tusek24 in 1997, it is important 
to note that since the time of those studies, the average length 
of hospital stay has decreased dramatically. The patients in the 
Dreher study stayed an average of 5 days and in the Tusek study, 
7 days. This explains the greater reductions in length of stay 
yielded by the earlier studies. Because the length of stay in this 
sample averaged 2 to 3 days, we can conclude that although the 
length of stay outcomes are less dramatic, they are consistent.


Perhaps the most startling finding was the 14% overall re-
duction in total mean charges billed, amounting to a dramatic 
total cost savings of $2003.09 per procedure in the guided im-
agery group (P=.055). The average charge for the control group 
was $13962, whereas the average charge for the guided imagery 
group was $11959.  Included in those differential sums but not 
entirely explaining them was the difference in pharmaceutical 
charges. The control group billed, on average, $1964 in medica-
tions, as compared with the guided imagery group, which billed 
$1695, on average. Along with the 8% reduction in length of 
stay and the reduced medication costs, other factors driving the 
claims difference likely would be other hospital services, such 
as laboratory and radiologic costs associated with complica-
tions and increased length of stay. This is conjecture, however. 
It was not possible to analyze the claims at this refined a level.


CONCLUSION
Retrospective observational data collected from the medi-


cal records reveal a significant reduction in patient anxiety and a 
dramatic savings in surgical charges bill ($2003 per procedure). 
Equally notable was the ease of distribution of this program, 
thanks to the unique capability of a health plan to automatically 


Figure 5. Reductions in Self-Reported Anxiety
N=635 (includes only listeners)
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Figure 6. Perception of Pain and Frequency of Listening
N=503 (excludes “no expectation” and “don’t know” answers)
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generate preauthorization reports for targeted members. Most 
impressive was the extreme economy of this program. Allowing 
for the cost approximately $40 per case, or 2% of the avoided 
charges (that is, savings).


The Presurgical Guided Imagery Program launched in 
BSC demonstrates that distributing portable, self-administered 
guided imagery recordings to presurgical patients through the 
vehicle of a health plan is a feasible, economically viable initia-
tive that reduces preoperative anxiety and results in substantial 
member appreciation and satisfaction.


IMPLICATIONS
The adoption of guided imagery has been hampered in the 


clinical setting by lack of clinician and patient awareness of this 
modality as well as budgets already strained to include more 
favored, conventional practices. Concerns about provider resis-
tance to an intervention that could be negatively characterized 
as unproven and “new age” did not materialize.  Physician reac-
tion was very low in light of the fact that the guided imagery 
tools were being offered to their patients on a widespread ba-
sis. While this may not imply tacit endorsement of presurgical 
guided imagery, it certainly suggests that any concerns about 
vocal resistance were unfounded.


Widespread use of tools such as guided imagery in health-
care also might be limited by a bias favoring proven pharmaceu-
tical and technological interventions over mind-body approach-
es. Based on the indications of acceptance and effectiveness, 
guided imagery should be studied further in controlled settings 
as a substitute for, or complement to, more costly, standard 
preoperative regimens, such as pharmacologic or educational 
interventions dependent on skilled professionals. Given the vir-
tual absence or risk associated with self-administered guided 
imagery recordings, in addition to the positive outcomes identi-
fied in this study, there is ample evidence to continue, expand, 
and replicate this program in comparable settings.


Health insurance providers, medical groups, and physi-
cian networks are in a good position to administer presurgical 
guided imagery programs because of their centralized patient 
registries and authorization systems.  BSC has continued to dis-
tribute the guided imagery tool kit to surgical patients through-
out its network. Presently, any BSC member, regardless of his 
or her health plan, surgery type, or estimated length of stay, can 
request the guided imagery tool kit, which is featured in news-
letters and on the company’s website. In addition, guided imag-


ery tools have also been added to various disease management 
programs, BSC continues to enjoy strong patient satisfaction 
results and indications that the outreach program is delivering a 
unique advancement in patient care.
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REVIEW ARTICLE


Wound Healing and Infection in Surgery


The Clinical Impact of Smoking and Smoking Cessation:
A Systematic Review and Meta-analysis


Lars Tue Sørensen, MD


Objectives: To clarify the evidence on smoking and post-
operative healing complications across surgical special-
ties and to determine the impact of perioperative smok-
ing cessation intervention.


Data Sources: Cohort studies and randomized con-
trolled trials.


StudySelection: Selected studies were identified through
electronic databases (CENTRAL, MEDLINE, and
EMBASE) and by hand searching.


Data Extraction: Multiple data on study characteris-
tics were extracted. Risk of bias was assessed by means
of the Newcastle-Ottawa Scale and Jadad score. Healing
outcome was classified as necrosis, healing delay and de-
hiscence, surgical site infection, wound complications,
hernia, and lack of fistula or bone healing. Mantel-
Haenszel and inverse variance methods for meta-
analysis (fixed- and random-effects models) were used.


Data Synthesis: Smokers and nonsmokers were com-
pared in 140 cohort studies including 479 150 patients.
The pooled adjusted odds ratios (95% CI) were 3.60 (2.62-


4.93) for necrosis, 2.07 (1.53-2.81) for healing delay and
dehiscence, 1.79 (1.57-2.04) for surgical site infection,
2.27 (1.82-2.84) for wound complications, 2.07 (1.23-
3.47) for hernia, and 2.44 (1.66-3.58) for lack of fistula
or bone healing. Former smokers and patients who never
smoked were compared in 24 studies including 47 764
patients, and former smokers and current smokers were
compared in 20 studies including 40 629 patients. The
pooled unadjusted odds ratios were 1.30 (1.07-1.59) and
0.69 (0.56-0.85), respectively, for healing complica-
tions combined. In 4 randomized controlled trials, smok-
ing cessation intervention reduced surgical site infec-
tions (odds ratio, 0.43 [95% CI, 0.21-0.85]), but not other
healing complications (0.51 [0.22-1.19]).


Conclusions: Postoperative healing complications oc-
cur significantly more often in smokers compared with
nonsmokers and in former smokers compared with those
who never smoked. Perioperative smoking cessation in-
tervention reduces surgical site infections, but not other
healing complications.


Arch Surg. 2012;147(4):373-383


F OR THE PAST DECADES, A


growing amount of litera-
ture has shown that smok-
ing has a negative effect on
postoperative outcome. A re-


cent study disclosed that postoperative
mortality and morbidity in smokers are
substantial.1


Until now, no general survey on the
clinical impact of smoking on postopera-
tive healing has been published, and the
literature is dispersed across operations and
surgical specialties. The evidence on the
impact of smoking cessation on healing
complications is sparse, and only a few


studies have assessed how long patients
must be abstinent from smoking before
surgery to reduce the risk. Accordingly, it
is not clear if the effort, which is neces-
sary to ensure successful abstinence from
smoking, is worthwhile in terms of reduc-
ing healing complication rates. Recently
published systematic reviews have dis-
closed that preoperative smoking cessa-
tion intervention reduces postoperative
complications overall.2,3 However, these re-
views assessed pooled postoperative out-
come and did not address healing com-
plications.


The aims of this systematic review were
to describe the association between smok-
ing and healing complications across all
surgical specialties and to estimate the im-
pact of perioperative smoking cessation on
postoperative healing outcomes.


See Invited Critique
at end of article
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METHODS


SEARCH STRATEGY


Computerized searches in the CENTRAL, MEDLINE, and
EMBASE databases were performed under supervision from a
Cochrane Collaboration information specialist to identify rel-
evant studies (Table 1). In addition, a manual cross-
reference search of all potentially eligible articles retrieved for
full-text evaluation was undertaken. The searches and study
retrieval were performed until May 2010 for cohort studies and
January 2011 for randomized controlled trials (RCTs).


STUDY ELIGIBILITY


Cohort studies with 100 patients or more assessing healing com-
plications in smokers and former smokers were included to en-
sure that a broad range of surgical procedures and healing com-
plications were addressed. Studies assessing multiple operations
or healing outcomes from the same patient cohort were in-
cluded according to each specified operation or healing out-
come.


Randomized controlled trials assessing the effect of peri-
operative smoking cessation on postoperative healing compli-
cations were included. This intervention embraced all types of
behavioral or motivational counseling with or without phar-
macotherapy. Only RCTs with a minimum of 1 week of pre-
operative intervention and assessment of healing outcome af-


ter specified elective surgical procedures were included.
Randomized controlled trials with a dropout rate greater than
40% were excluded.


OUTCOME MEASURES


The outcome measures included all types of adverse healing
events after surgical procedures with access through a skin in-
cision. Short-term (necrosis of wound and tissue flaps, heal-
ing delay and dehiscence of wounds and sutured tissue, sur-
gical site infections, and nonspecified wound complications)
and long-term healing outcomes (hernias and lack of fistula or
bone healing) were accessed.


DATA EXTRACTION
AND STUDY EVALUATION


Data from the cohort studies and RCTs were extracted accord-
ing to the MOOSE (Meta-analysis of Observational Studies in
Epidemiology)4 and PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses)5 statements, respectively.
The methodological quality of the cohort studies was evalu-
ated in a domain-based evaluation process and by the Newcastle-
Ottawa Scale, which is a scoring checklist assigning points (maxi-
mum, 9 stars) for patient selection characteristics, exposure
ascertainment, comparability, and outcome assessment.6 The
methodological quality of the RCTs, including risk of bias as-
sessment, was assessed according to Cochrane Collaboration


Table 1. Search Strategya


Strategy Cohort Studies Intervention Studies


Short-term outcome
(�30 postoperative days)


Postoperative morbidity OR postoperative complication*
OR wound complication* OR wound healing
complication* OR surgical wound infection OR surgical
site infection OR wound infection OR mesh infection OR
delayed healing OR wound dehiscence OR wound
rupture OR wound disruption OR wound separation OR
wound necrosis OR tissue necrosis OR skin necrosis
OR epidermolysis OR flap necrosis OR flap failure OR
flap loss OR mesh erosion OR anastomotic leak* OR
fistula


Postoperative morbidity OR postoperative complication* OR
wound complication* OR wound healing complication* OR
surgical wound infection OR surgical site infection OR
wound infection OR mesh infection OR delayed healing OR
wound dehiscence OR wound rupture OR wound disruption
OR wound separation OR wound necrosis OR tissue
necrosis OR skin necrosis OR epidermolysis OR flap
necrosis OR flap failure OR flap loss OR mesh erosion OR
anastomotic leak* OR fistula


Long-term outcome
(�30 postoperative days)


Delayed healing OR hernia OR incisional hernia OR hernia
recurrence OR pseudarthrosis OR nonunion OR fistula


Delayed healing OR hernia OR incisional hernia OR hernia
recurrence OR pseudarthrosis OR nonunion OR fistula


Clinical context Smoking OR tobacco use OR nicotine Smoking cessation OR tobacco use cessation OR smoking
reduction OR tobacco use reduction OR nicotine drugs OR
nicotine replacement therapy


Search filter None EMBASE: (1) RCT; (2) randomization; (3) controlled study;
(4) multicenter study; (5) phase III clinical trial; (6) phase IV
clinical trial; (7) double-blind procedure; (8) single-blind
procedure, (9) ([singl* OR doubl* OR trebl* OR tripl*]) adj
[blind* OR mask*]).ti,ab; (10) (random* OR cross* over*
OR factorial* OR placebo* OR volunteer*).ti,ab; (11) 6 OR 3
OR 7 OR 9 OR 2 OR 8 OR 4 OR 1 OR 10 OR 5; (12)
“human*”.ti,ab; (13) (animal* OR nonhuman*).ti,ab; (14)
13 AND 12; (15) 13 not 14; (16) 11 not 15
MEDLINE: (1) RCT.pt; (2) controlled clinical trial.pt; (3)
randomized.ab; (4) placebo.ab; (5) clinical trial.sh; (6)
randomly.ab; (7) trial.ti; (8) 1 OR 2 OR 3 OR 4 OR 5 OR 6
OR 7; (9) humans.sh; (10) 8 AND 9


Databases searched CENTRAL, MEDLINE, and EMBASE. Search terms were
applied as MeSH and free text. To validate the search
strategy a sampled cross-search strategy with the
search terms “risk factor*” AND “postoperative
complication*” was applied.


CENTRAL, MEDLINE, and EMBASE. Search terms were applied
as MeSH and free text.


Abbreviations: ab, abstract; MeSH, medical subject headings; pt, publication type; RCT, randomized controlled trial; sh, subject heading; ti, title.
aSearch strategies included the short- or long-term outcomes and clinical context and search filter. An asterisk indicates a truncated search term.
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recommendations7 and the Jadad score8 for consideration of ran-
dom sequence generation, allocation concealment, blinding pro-
cedures, address of incomplete outcome data, and unselective
reporting. Publication bias was assessed by inspection of fun-
nel plots calculated from meta-analyses including more than
10 studies.7


DATA ANALYSIS


From each study crude incidence rates or adjusted odds ratios
(ORs) were extracted. Based on these data, unadjusted and ad-
justed estimates were calculated by means of the Mantel-
Haenszel and inverse variance methods, respectively. These es-
timates were included in separate meta-analyses of the cohort
studies according to each type of healing complication mea-
sure (smokers compared with nonsmokers) and a combined
healing complication measure (former smokers compared with
patients who never smoked or current smokers). Unadjusted
estimates were included in the meta-analysis of RCTs.


Sensitivity analyses were conducted across complication type
and included cohort studies with a maximum Newcastle-
Ottawa Scale score and more than 1000 patients. Because most
of the RCTs assessed outcome by pooling healing complica-
tions, sensitivity analyses aimed to estimate the impact of
perioperative smoking cessation on different types of healing
complications.


The statistical heterogeneity of the studies was reported as an
I2 value in each meta-analysis. Different methods of analysis were
applied to assess the pooled treatment effects. In the meta-
analyses of cohort studies, the random-effects model was used
irrespective of the I2 value. In the analysis of RCTs, the fixed-


effects model was applied in case of an I2 value of less than 40%.7


The statistical analysis was performed with the use of the R pro-
gram meta-analysis package, version 1.6-0.9 In all analyses, a
threshold of P� .05 was considered statistically significant.


RESULTS


The search for relevant studies yielded 6306 citations for
cohort studies and 979 citations for RCTs (Figure 1).


CHARACTERISTICS OF
COHORT STUDIES


One hundred forty cohort studies compared smokers
and nonsmokers. The total number of patients included
was 479 150. The studies originated from countries all
over the world and embraced operations from all surgi-
cal specialties.


Twenty-six cohort studies assessed healing compli-
cations in former smokers. In 18 of these studies, for-
mer smokers were compared with current smokers and
patients who never smoked. The studies originated from
multiple countries and embraced general, thoracic, or-
thopedic, and plastic and reconstructive surgery. Half the
studies defined former smokers as being abstinent from
smoking for a median of 4 (range, 2-52) weeks before
surgery,10-21 whereas the other half did not address the
period of preoperative abstinence.22-35 In 2 studies, smok-


Articles identified from search strategy979
From MEDLINE• 408
From EMBASE• 278
From CENTRAL• 291


From hand search• 2


Excluded after evaluation of title111
Not human or clinically relevant• 39
Review, editorial, letter, etc• 72


Articles after duplicates removed353


Articles examined by abstract242


Excluded after abstract evaluation207
Surgical procedure not relevant• 28
Outcome not relevant• 179


Excluded after full text evaluation30
Not RCT• 4
Comparator group unclear• 1
Not surgical patients• 7
Intervention not perioperative• 7


Outcome not relevant• 11


Potential eligible trials35


Eligible RCTs5


Included RCTs4


Excluded after quality assessment1


A Articles identified from search strategy6306
From MEDLINE• 3211
From EMBASE• 2821


From Cochrane Library• 227
From hand search• 47


Excluded after evaluation of title3772
Not human or clinically relevant• 3286


Review, editorial, letter, case report• 486


Articles after duplicates removed4464


Articles examined by abstract692


Excluded after full text evaluation106
Smoking prevalence not addressed• 70
Comparator group unclear• 19
Double publications• 14


Cost analysis• 3


Excluded after abstraction evaluation440
Surgical procedure not relevant• 97


Outcome not relevant• 112
Less than 100 patients included• 231


Eligible studies146


Included observational studies140


Excluded after quality assessment6


Potentially eligible studies252


B


Figure 1. Flowcharts for study selection. A, Randomized controlled trial (RCT) selection. B, Observational study selection.
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ers were requested to quit smoking 4 weeks before the
operation and then were compared with current smok-
ers and patients who never smoked.19,21


CHARACTERISTICS OF RCTs


Four RCTs assessed the impact of perioperative smok-
ing cessation intervention. The trials originated from Den-
mark and Sweden.36-39 The operations were elective or-
thopedic operations (hip and knee arthroplasty) and
general surgical operations (herniotomy, cholecystec-
tomy, and colorectal resection). The studies complied with
the similar criteria for inclusion (ie, daily smoking, pa-
tients older than 18 years) and exclusion (ie, alcohol or
other drug abuse, dementia, and lack of language profi-
ciency). All studies reported the number of eligible pa-
tients, accounted for missing data, and discarded data from
dropouts from the intention-to-treat analyses.


The intervention periods ranged from 2 to 3 weeks
to 6 to 8 weeks before surgery until the day of skin su-
ture removal or 30 days after surgery. Apart from 1 study,37


the intervention was tailored individually and offered by
study nurses professionally trained in smoking cessa-
tion therapy. The intensity ranged from brief advice with
a follow-up telephone or outpatient reminder to mul-
tiple sessions of individual face-to-face counseling and
unlimited hotline service access. Free-of-charge nico-
tine replacement drugs were offered by all but 1 study.37


The control interventions ranged from standard advice
about smoking and surgical outcome to a request to
maintain daily smoking habits during the perioperative
period.38


All studies assessed self-reported smoking or absti-
nence at the day before surgery and at the day of out-
come assessment. Biochemical validation was assessed
by measurement of cotinine levels in saliva or carbon mon-
oxide levels in expired air. Compliance to abstinence var-
ied from 23% to 64%.


ASSESSMENT OF RISK OF BIAS


The clinical heterogeneity was considerable in the co-
hort studies, and a variety of methodological flaws were


present across studies. These flaws included retrospec-
tive data collection, no report of missing data, detection
bias due to inadequate outcome definition, attrition bias
due to inadequate postdischarge follow-up reporting, and
inadequate confounder control. All RCTs had a low risk
of bias, and they achieved a maximum Jadad score.


Inspection of funnel plot symmetry disclosed that the
publication bias of the cohort studies was generally low
(data not shown). In the cohort studies assessing surgi-
cal site infection and wound complications, a discrep-
ancy was found between studies reporting crude inci-
dence rates and adjusted ORs, indicating that some degree
of publication bias was present in these studies.


SHORT-TERM HEALING COMPLICATIONS


Necrosis of wounds and tissue flaps was assessed in 19
unique studies including 7616 (number of subjects per
study, 111-1177) smokers and nonsmokers (eTable 1;
http://www.archsurg.com). Both meta-analyses dis-
closed a significantly higher incidence of necrosis in smok-
ers (crude OR, 3.61 [95% CI, 2.78-4.68]) and adjusted
OR, 3.60 [95% CI, 2.62-4.93]) (Table 2).


Most of the studies were conducted in patients un-
dergoing breast surgery. Wound necrosis after mastec-
tomy was 4-fold more frequent in smokers.40,41 Three stud-
ies assessing a dose-effect relationship between the
intensity of smoking and necrosis found conflicting re-
sults.13,20,42 Two studies reported a dose-effect relation-
ship between lifelong smoking intensity (in pack-years)
and necrosis.17,43


In breast reconstructive surgery ranging from breast
reduction to postmastectomy reconstruction, all studies
demonstrated a high incidence of necrotic complica-
tions.13,44-50 Small retrospective studies of flap transpo-
sition or free-flap reconstruction after head and neck sur-
gery found conflicting results.35,51-53 After lung cancer
surgery and pelvic organ prolapse repair, fistulas caused
by necrotic suture or mesh erosion were more frequent
in smokers.17,43,54,55


Healing delay and dehiscence of wounds and tissue
were assessed in 18 unique studies including 26 297
(number of subjects per study, 111-24 192) smokers and


Table 2. Meta-analyses of Observational Studies on Healing Complications in Smokers Compared With Nonsmokers


Complication Category


Studies Reporting Crude Data Studies Reporting Adjusted Values


eTable
No.


No. of
Studiesa OR (95% CI)b P Value


No. of
Studiesa OR (95% CI)b P Value


Necrosis of wound and tissue 15 3.61 (2.78-4.68) �.001 9 3.60 (2.62-4.93) �.001 1
Healing delay and dehiscence 9 2.86 (1.49-5.49) .002 12 2.07 (1.53-2.81) �.001 2
Surgical site infection 25 2.12 (1.56-2.88) �.001 32 1.79 (1.57-2.04) �.001 3
Wound complications, nonspecified 20 2.06 (1.60-2.65) �.001 17 2.27 (1.82-2.84) �.001 4
Hernia 2 2.21 (0.71-6.84) .17 7 2.07 (1.23-3.47) .006 5
Lack of healing 6 2.21 (1.60-3.05) �.001 4 2.44 (1.66-3.58) �.001 6
Sensitivity analysisc . . . . . . . . . 24 1.52 (1.36-1.69) �.001 . . .


Abbreviations: ellipses, not applicable; OR, odds ratio.
a Indicates combined studies.
bPooled treatment effects (OR [95% CI]) are calculated by means of the random-effects model. Forest plots and funnel plots on the meta-analysis and


sensitivity analysis can be obtained from the author by request.
c Includes studies with a maximum Newcastle-Ottawa Scale score and more than 1000 patients (smokers and nonsmokers).
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nonsmokers (eTable 2). Both meta-analyses disclosed a
significantly higher incidence of healing delay and de-
hiscence of wounds and tissue in smokers (crude OR, 2.86
[95% CI, 1.49-5.49] and adjusted OR, 2.07 [95% CI, 1.53-
2.81]) (Table 2).


Most studies assessing dehiscence of wounds, fascia,
and sutured tissue, including anastomotic leakage, found
a higher incidence in smokers.24,26,56-63 Postoperative heal-
ing delay as an outcome measure was assessed in a few
older cohort studies. In orthopedic surgery, the ream-
putation rate owing to failed healing showed conflicting
results34,64-66; in breast reconstructive surgery, more re-
cent studies did not find postoperative healing delay to
be more frequent in smokers.16,67


Surgical site infection was assessed in 51 unique stud-
ies including 408 428 (number of subjects per study, 100-
163 824) smokers and nonsmokers (eTable 3). Both meta-
analyses disclosed significantly more surgical site infections
in smokers (crude OR, 2.12 [95% CI, 1.56-2.88] and ad-
justed OR, 1.79 [95% CI, 1.57-2.04]) (Table 2).


In general surgery, most of the studies found a higher
surgical site infection in smokers.* In 1 study,80 smok-
ers had more surgical site infections after intestinal and
colon surgery, but not after gastrectomy. After coronary
bypass surgery, sternal wound infection after coronary
bypass surgery was more frequent in smokers com-
pared with nonsmokers in most studies.10-12,33,81-92 In or-
thopedic and reconstructive surgery, all major studies
found surgical site infection to be more frequent in smok-
ers,13,16,29,44,46,66,93-95 contrary to a few small studies.96-98 In
gynecologic and obstetric surgery, conflicting results were
found.99-101


Wound complications (nonspecified) were assessed
in 31 unique studies including 22 516 (number of sub-
jects per study, 102-6676) smokers and nonsmokers
(eTable 4). Both meta-analyses disclosed significantly
more wound complications in smokers (crude OR, 2.06
[95% CI, 1.60-2.65] and adjusted OR, 2.27 [95% CI, 1.82-
2.84]) (Table 2).


All major studies in breast reconstructive surgery found
smoking to predict wound complications.13,19,20,102,103 A
number of smaller studies assessing wound complica-


tions after reconstructive surgery showed conflicting re-
sults.† Similar conflicting results were found in larger and
smaller cohort studies after orthopedic, obstetric, gas-
trointestinal tract, and head and neck surgery.23,25,94,118-124


LONG-TERM HEALING COMPLICATIONS


Incisional or recurrent inguinal hernia was assessed in
9 unique studies including 2296 (number of subjects per
study, 114-544) smokers and nonsmokers (eTable 5). The
meta-analysis from studies30,125-130 reporting adjusted es-
timates found hernia to be more frequent in smokers (OR,
2.07 [95% CI, 1.23-3.47]), contrary to the meta-
analysis based on studies27,131 reporting crude incidence
rates (OR, 2.21 [95% CI, 0.71-6.84]) (Table 2).


In general surgery and urology, most studies found
hernia to be more frequent in smokers,27,30,127,130 con-
trary to studies of aortic reconstructive surgery, which
showed conflicting results.125,126,128,129,131


Lack of fistula and bone healing was assessed in 10
unique studies including 14 293 (number of subjects per
study, 105-12 297) smokers and nonsmokers (eTable 6).
Both meta-analyses disclosed a significantly higher in-
cidence of lack of fistula and bone healing in smokers
(crude OR, 2.21 [95% CI, 1.60-3.05] and adjusted OR,
2.44 [95% CI, 1.66-3.58]) (Table 2).


In a study of open tibial fracture repair, Adams et al132


found that smokers’ fractures healed slower. All studies
assessing long-term outcome after spinal surgery, ex-
cept one,133 found failed bone union to be more fre-
quent in smokers.21,31,134-136 In addition, unhealed ster-
nocutaneous fistula and anal fistula were more frequent
in smokers.137,138


HEALING COMPLICATIONS
IN FORMER SMOKERS


Twenty-four unique studies reporting the outcome of
47 764 (number of subjects per study, 177-10 897) for-
mer smokers and patients who never smoked were in-
cluded (eTable 7). Both meta-analyses disclosed signifi-
cantly more combined healing complications in former


*References 18, 27, 28, 32, 42, 60, 63, 68-79. †References 15, 16, 19, 45, 67, 102, 104-117.


Table 3. Meta-analyses of Observational Studies on Healing Complications in Former Smokers
Compared With Patients Who Never Smoked or Smokers


Healing Complications Combined


Studies Reporting Crude Data Studies Reporting Adjusted Values


eTable
No.


No. of
Studiesa OR (95% CI)b P Value


No. of
Studiesa OR (95% CI)b P Value


Former smokers compared with those who
never smoked


22 1.30 (1.07-1.59) �.001 15 1.31 (1.10-1.56) .006 7


Former smokers compared with current
smokers


26 0.69 (0.56-0.85) .002 2 0.28 (0.12-0.72) .008 8


Sensitivity analysisc . . . . . . . . . 5 1.23 (0.99-1.51) .06 . . .


Abbreviations: ellipses, not applicable; OR, odds ratio.
a Indicates combined studies.
bPooled treatment effects (OR [95% CI]) are calculated by means of the random-effects model. Forest plots and funnel plots on the meta-analysis and


sensitivity analysis can be obtained from the author by request.
c Includes studies with a maximum Newcastle-Ottawa Scale score and more than 1000 patients (former smokers and those who never smoked).
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smokers than in those who never smoked (crude OR, 1.30
[95% CI, 1.07-1.59] and adjusted OR, 1.31 [95% CI, 1.10-
1.56]) (Table 3).


Twenty unique studies reporting the outcome of
40 629 (number of subjects per study, 177-10 897) for-
mer smokers and current smokers were included (eTable
8). Both meta-analyses disclosed significantly fewer heal-
ing complications in former smokers than in current
smokers (crude OR, 0.69 [95% CI, 0.56-0.85]; adjusted
OR, 0.28 [95% CI, 0.12-0.72]) (Table 3). Some of these
studies assessed the effect of pack-years on healing
complications in former smokers, but the results were
conflicting.13,17,20,23,25,32


SENSITIVITY ANALYSES
OF COHORT STUDIES


The sensitivity analyses confirmed that smokers had sig-
nificantly more healing complications than did nonsmok-
ers across complication types (Table 2), contrary to for-
mer smokers compared with patients who never smoked,
which disclosed a nonsignificant trend (Table 3).


IMPACT OF SMOKING CESSATION
ON HEALING COMPLICATIONS


Four RCTs reporting the outcome of 416 patients (num-
ber of subjects per study, 57-149) were included and heal-


ing complications were found in 15.9% (66 of 416)
(Table 4). The meta-analysis disclosed that periopera-
tive smoking cessation did not significantly reduce heal-
ing complications combined (Figure2). In contrast, sur-
gical site infections were significantly reduced by
perioperative smoking cessation as shown by a sensitiv-
ity analysis (Figure 3).


COMMENT


This systematic review shows that smokers compared with
nonsmokers and former smokers compared with those
who never smoked have more postoperative healing com-
plications. Former smokers (compared with current smok-
ers) have fewer healing complications. Perioperative
smoking cessation reduces surgical site infections, but
not other healing complications.


Across cohort studies, necrosis was 4 times more fre-
quent in smokers than nonsmokers, whereas surgical
site infection, dehiscence, healing delay, hernia, and
lack of fistula and bone healing occurred 2 times more
frequently in smokers. The following pathophysiologi-
cal mechanisms for defective healing in smokers appear
to be involved: (1) an acute detrimental vasoactive ef-
fect of smoking leads to postoperative necrosis in tis-
sues with fragile blood supply, such as reconstructive
tissue flaps and colorectal anastomoses; (2) attenuation


Table 4. Randomized Controlled Trials Assessing the Effect of Preoperative Smoking Cessation Intervention
on Postoperative Healing Complications


Source/
Country


No. of
Patients
Included/


Completed
Intervention


(Control) Duration Intensity
Abstinence
Validation Operation


Healing
Outcome


No./Total
No. (%)


With
Outcome


Jadad
Score


Lindström
et al,36


2008/Sweden


117/102 Nurse provided
counseling,
weekly FU, NRT
offer, telephone
hotline, and
inpatient contacts
(standard care)


4 wk before
surgery
through
4 wk after


Intermediate Measurement of
CO levels


Herniotomy,
cholecystectomy,
hip, or knee


Arthroplasty


Wound
complication


Intervention,
6/48 (13);
control,
14/54 (26);
P � .05;
OR,
0.48 (95% CI,
0.2-1.2)


6


Møller et al,39


2002/Denmark
120/108 Nurse provided


counseling,
weekly FU,
NRT offer,
and inpatient
contacts
(standard care)


6-8 wk
before
surgery
through
10 d after


High Measurement of
CO levels


Hip or knee
Arthroplasty


Wound
complication


Intervention,
3/56 (5);
control,
16/52 (31);
P � .001;
RR,
0.16 (95% CI,
0.05-0.52)


6


Sørensen and
Jørgensen,38


2003/Denmark


60/57 Surgeon provided
counseling,
telephone
contacts with
nurse, NRT offer,
and inpatient
contacts
(standard care)


2-3 wk
before
surgery
through
10 d after


Intermediate Measurement of
CO and
cotinine levels


Colorectal
resection


SSI, wound or
fascial
dehiscence,
anastomotic
leakage


Intervention,
9/27 (33);
control,
8/30 (27);
P � .05


6


Sørensen
et al,37


2007/Denmark


180/149 Surgeon provided
advice, counseling
by telephone or
outpatient talk
with nurse, and
NRT sample
(surgeon
provided advice)


4 wk before
surgery
through
10 d after


Low Measurement of
CO and
cotinine levels


Inguinal or
incisional
herniotomy


SSI Intervention,
6/101 (6);
control,
4/48 (8);
P � .05


6


Abbreviations: CO, carbon monoxide; FU, follow-up; NRT, nicotine replacement therapy; OR, odds ratio; RR, relative risk; SSI, surgical site infection.
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of the inflammatory healing response and impairment
of oxidative bacterial killing mechanisms lead to surgi-
cal site infection; and (3) delay of the proliferative heal-
ing response and alteration of collagen metabolism lead
to dehiscence, incisional hernia, and lack of fistula or
bone healing.139-144


Former smokers had a one-third higher incidence of
healing complications than did patients who never
smoked, although the sensitivity analysis did not con-
firm the significance of this finding. The difference in com-
plication rate probably reflects a sustained detrimental
effect of previous smoking on postoperative healing, im-
plying that former smokers seem to have a lifelong higher
risk of healing complications than those who never
smoked. The lower incidence of complications in for-
mer smokers compared with current smokers suggests
that a beneficial effect of abstinence from smoking on heal-
ing mechanisms exists. The finding, however, should be
interpreted carefully owing to methodological flaws and
bias in the cohort studies.


The meta-analysis of the RCTs disclosed that periopera-
tive smoking cessation intervention did not reduce pooled
healing complications. This finding contrasts with 2 re-
cent meta-analyses that disclosed that smoking cessation
reduced postoperative complications overall.2,3 Most likely
the reason is methodological because 3 of the 4 RCTs in-
cluded clinically heterogeneous adverse healing events
in a pooled healing complication measure.36,38,39 Wound
hematomas, seromas, and subfascial collections after hip
and knee arthroplasty were included as healing outcome,
although none of these complications have been individi-
ually proven to be associated with smoking.13,145


Perioperative smoking cessation intervention in-
cluding 4 to 8 weeks of preoperative abstinence from
smoking significantly reduced surgical site infections.
This finding suggests that the primary impact of smok-
ing cessation on healing is a reduction in infectious
healing complications as shown by Møller et al.39 This
finding was confirmed by a randomized study of
healthy volunteers, which disclosed that 4 weeks of ab-
stinence from smoking significantly reduced incisional
wound infection.146 However, in 2 of the included
RCTs, 4 weeks of preoperative abstinence did not re-
duce surgical site infections significantly, most prob-
ably because the RCTs were underpowered.36,37 In one
of the RCTs, 2 to 3 weeks of preoperative abstinence did
not affect healing complications.38


This is the first systematic review to examine the im-
pact of smoking and smoking cessation on healing com-
plications. Strengths of this methodological approach
include an extensive search complying with validated
search strategies and a systematic scoring of method-
ological quality and risk of bias assessment. The follow-
ing limitations are related to methodological issues of
the cohort studies: differences in design, inconsistent
definitions of smoking, underreporting of smoking
habits and lack of biochemical validation, inconsistent
definitions of healing outcome, and unclear outcome
assessment and follow-up. In addition, the lack of ad-
dressing missing data, including former smokers’ recall
bias for the exact time of smoking cessation, and con-
flicting clinical confounders to be considered restrict
the validity of the cohort studies.147-150 Although homo-
geneous and with a low risk of bias, the included RCTs


Lindström et al,36 2008
Møller et al,39 2002
Sørensen and Jorgensen,38 2003
Sørensen et al,37 2007


Random-effects model
Heterogeneity: I  2 = 61.1%, τ 2 = 0.5817, P = .0524


Study


Smoking Cessation


No. of
Events


6
3
9
6


24


Total


48
56
27


101


232


Control


No. of
Events


14
16
8
4


42


Total


54
52
30
48


184


OR


0.41
0.13
1.38
0.69


0.48


(95% CI)


(0.14-1.17)
(0.03-0.47)
(0.44-4.29)
(0.19-2.59)


(0.19-1.25)


W(Random)


27.5%
23.3%
26.0%
23.1%


100%


OR
0.75 1.00 1.50


Figure 2. Meta-analysis of the effect of perioperative smoking cessation intervention on postoperative healing complications. The size of the data marker
corresponds to the relative weight assigned in the pooled analysis using random-effects models. OR indicates odds ratio; W, weighted.


Lindström et al,36 2008
Møller et al,39 2002
Sørensen and Jorgensen,38 2003
Sørensen et al,37 2007


Fixed-effect model
Heterogeneity: I 2 = 19.8%, τ 2 = 0.1527, P = .29 


Study


0.54
0.12
0.81
0.69


0.40


(0.10-3.11)
(0.03-0.58)
(0.16-4.01)
(0.19-2.59)


(0.20-0.83)


15.0%
49.8%
14.0%
21.2%


100%


Smoking Cessation


2
2
3
6


13


Total


48
56
27


101


232


Control


4
12
4
4


24


Total


54
52
30
48


184


No. of
Events


No. of
Events


0.75 1.00 1.50
OR


OR (95% CI) W(Random)


Figure 3. Meta-analysis (sensitivity analysis) of the effect of perioperative smoking cessation intervention on surgical site infection. The size of the data marker
corresponds to the relative weight assigned in the pooled analysis using fixed-effects models. OR indicates odds ratio; W, weighted.
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were small. Apart from 1 study37 that studied healing
complications as a secondary outcome measure, the ac-
tual patient number included in the other RCTs ap-
peared to be smaller than that specified in the protocol.
Consequently, the included RCTs seem to have been
underpowered to show a difference in healing compli-
cations by smoking cessation.


CONCLUSIONS


Smokers have a higher incidence of infectious and non-
infectious healing complications after surgery com-
pared with nonsmokers across all surgical specialties. For-
mer smokers appear to have a lifetime higher risk of
healing complications compared with patients who never
smoked. Smoking cessation for at least 4 weeks before
surgery reduces surgical site infections, but not other heal-
ing complications. Patients should be encouraged to stop
smoking at least 4 weeks before surgery to reduce the risk
of surgical site infections.


Further cohort studies are needed to clarify the risk
of former smokers for postoperative healing complica-
tions. Accordingly, valid data from a detailed smoking
history including the period of abstinence from smok-
ing should be included in future clinical database stud-
ies on surgical outcome.


Additional RCTs assessing the impact of periopera-
tive smoking cessation on healing outcome are needed
for definite confirmation. Because interventions on life-
style changes afford a number of challenges, multi-
center and large-scale RCTs using cluster randomiza-
tion should be considered.
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INVITED CRITIQUE


Kicking Society’s Tobacco Habit


Does the Butt Stop Here?


A n astonishing 1 in 5 US adults are current smok-
ers (�100 lifetime cigarettes and regular
consumption).1 Although this figure has de-


clined a little recently, the overhanging health issues will
persist for some time. The current findings of adverse ef-
fects on surgical site infections and reparative processes
are less surprising.2 However, can we confidently deter-
mine inhaled tobacco smoke as an isolated risk factor with
the current study design? There are far too many cova-
riables to digest. Smokers tend to be in lower socioeco-
nomic groups, be more sedentary, drink more alcohol,
and have more comorbidities than current nonsmokers
(ex-smokers) and never (life-long tobacco-free) smok-
ers. The inadequate power of the studies, the well-
recognized inaccuracy with which patients report their
smoking habits, and the haziness of wound-healing defi-
nition (eg, rate of healing, time to complete closure, pa-
tient satisfaction, self-assessed or surgical scores?) are pro-
hibitive impediments to present data interpretation and
the call for future trials.


A more pragmatic position for the surgical commu-
nity to maintain is a consistent antitobacco attitude, en-
couraging and strongly recommending cessation (whether
or not it is in advance of an operation). This moral im-
perative helps reduce direct and related health care costs
and so benefits the patient and society as a whole. Sus-


tained comprehensive tobacco control programs that in-
clude patient information, support programs, health warn-
ings, media campaigns, and smoke-free policies work.
California, Washington, Maine, and New York saw their
smoking prevalence fall by 40% or more in the past de-
cade by implementing these programs. The question is
not at what cost this is achieved. Federal and state gov-
ernment must support health care reform that embraces
tobacco control or risk being the butt of society’s smoke.
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Abstract


Background—Randomized, controlled trials demonstrate the efficacy of arginine-enriched 


nutritional supplements (immunonutrition) in reducing complications after surgery. The 


effectiveness of preoperative immunonutrition has not been evaluated in a community setting.


Objective—Determine whether immunonutrition prior to elective colorectal surgery improves 


outcomes in the community at large.


Design—Prospective cohort study with a propensity score matched comparative effectiveness 


evaluation.


Settings—Washington State hospitals in the Surgical Care Outcomes Assessment Program from 


2012–2015.


Patients—Adults undergoing elective colorectal surgery.
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Interventions—Surgeons used a preoperative checklist that recommended patients take oral 


immunonutrition (237mL, three times daily) for five days prior to elective colorectal resection.


Main outcome measures—Serious adverse events (infection, anastomotic leak, reoperation, 


and death) and prolonged length of stay.


Results—3,375 patients (mean age 59.9±15.2 years, 56% female) underwent elective colorectal 


surgery. Patients receiving immunonutrition more commonly were in a higher American Society 


of Anesthesiologists class (III–V, 44% vs. 38%, p=0.01) or required an ostomy (18% vs. 14%, 


p=0.02). The rate of serious adverse events was 6.8% vs 8.3% (p=0.25) and prolonged length of 


stay was 13.8% vs 17.3% (p=0.04) in those who did and did not receive immunonutrition, 


respectively. After propensity score matching, covariates were similar among 960 patients. 


Although differences in serious adverse events were non-significant (RR 0.76, 95% CI:0.49–1.16), 


prolonged length of stay (RR=0.77, 95% CI:0.58–1.01 p=0.05) was lower in those receiving 


immunonutrition.


Limitations—Patient compliance with the intervention was not measured. Residual confounding 


including surgeon-level heterogeneity may influence estimates of the effect of immunonutrition.


Conclusions—Reductions in prolonged length of stay, likely related to fewer complications, 


support the use of immunonutrition in quality improvement initiatives related to elective colorectal 


surgery. This population-based study supports previous trials of immunonutrition, but shows a 


lower magnitude of benefit, perhaps related to compliance or a lower rate of adverse events, 


highlighting the value of community-based assessments of comparative effectiveness.


Keywords


immunonutrition; propensity scores; comparative effectiveness; outcomes


INTRODUCTION


Despite advances in technique and perioperative care, approximately 20–25% of people 


undergoing elective colon resections develop infectious, anastomotic, or wound 


complications.1–3 Infections comprise the single most common cause of complications and 


are estimated to cost $10 billion annually.4 Surgical complications are related to a patient’s 


nutritional status and this effect may be exerted through several mechanisms. Preoperative 


malnutrition, due to poor oral intake, significantly increases the risk of adverse events after 


surgery and leads to increased length of stay.5 Another mechanism by which nutrition plays 


a role in surgical complications involves arginine, an amino acid which is found in nitrate-


rich foods. There is a known depletion of arginine related to the stress of surgery.6,7 This 


acute arginine “deficiency” occurs due to inflammation and tissue injury and causes both 


altered nitric oxide synthesis and T-cell dysfunction. Both of these predispose patients to 


infection and impaired wound healing.8–10 This acute deficiency of arginine is potentially 


modifiable by preoperative supplementation of arginine. A number of commercial products 


contain arginine. This group of products is known as immunonutrition and is marketed for 


the reduction of infection and in surgical and critical care populations.
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Immunonutrition reduced the incidence of infections, surgical complications or length of 


stay in 39 studies randomizing more than 2600 patients,11,12 and seven RCTs have 


compared the use of preoperative immunonutrition with controls undergoing gastrointestinal 


surgery. A meta-analysis of these trials showed a near halving of infectious complications 


(RR=0.51, 95% CI 0.35–0.73) in patients receiving immune enhancing nutrition 


preoperatively.12 The mean length of stay was also shorter among patients who received 


immunonutrition in these studies (13.6 versus 15.3 days, p<0.01).


Despite these encouraging findings, no study has examined the comparative effectiveness of 


immunonutrition use across varied clinical practices outside of a clinical trial. Ideally, an 


effectiveness assessment evaluates outcomes in a non-research center setting, including a 


variety of patients, disease states and clinicians from both academic and community 


hospitals, and without the restrictive criteria of a trial. Evidence of an intervention’s 


effectiveness may strengthen the results from efficacy studies and addresses the question of 


generalizability to other populations and communities. The purpose of this study was to 


examine the effectiveness of immunonutrition after colorectal surgery as part of a state-wide 


public health intervention conducted across surgeons’ practices at rural community 


hospitals, urban secondary and tertiary hospitals, and a single academic medical center in 


Washington State (WA).


MATERIALS AND METHODS


The Surgical Care and Outcomes Assessment Program (SCOAP) is a quality-improvement 


collaborative of over 50 hospitals in WA State that began in 2006. SCOAP hospitals include 


six critical access hospitals, numerous rural and urban secondary and tertiary medical 


centers, and a single quarternary referral center. Strong for Surgery (S4S) is a statewide 


public health campaign developed by investigators at the University of Washington’s 


Surgical Outcomes Research Center (funded in part through the Agency for Healthcare 


Research and Quality, Grant Number R01HS020025) that focuses on implementation of 


evidence based practices to optimize patients’ health before surgery. Initiated in 2012, S4S 


engages with surgeons by employing preoperative checklists that guide providers in 


promoting smoking cessation, assuring preoperative medication reconciliation, and 


nutritional optimization before surgery. For patients undergoing elective gastrointestinal 


surgery, S4S promotes the routine use of immunonutrition prior to surgery. Surgeons 


participate voluntarily in S4S. Beginning in 2011, in order to measure the effectiveness of 


preoperative immunonutrition, SCOAP began prospectively recording the use of 


immunonutrition at all of its member hospitals, many of which include surgeons who 


participate in S4S.


We conducted a prospective cohort study of all adult patients undergoing colorectal surgery 


in the SCOAP collaborative during the time period of interest. Patients were included in the 


study if they underwent surgery at one of the SCOAP hospitals between January 1, 2012, 


and June 30, 2015. In order to control for hospital-level factors we only included patients 


from hospitals that administered immunonutrition to at least 10 patients during the study 


period (n=7 hospitals). Patients were excluded from this study if they underwent an 


emergency surgery or if they had an urgent condition for which they would not qualify for 
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preoperative immunonutrition (bowel obstruction, colon ischemia, perforation, 


gastrointestinal bleeding, or volvulus). Patients younger than 18 were excluded. At all 


hospitals, trained abstractors examined charts to determine whether surgeons instructed the 


patient to take immunonutrition prior to surgery. Patients receiving immunonutrition were 


instructed to take the oral supplement (Impact, 237mL; Nestle USA Inc., Glendale, CA) by 


mouth three times daily for the five days prior to surgery. This regimen matched the 


prescribed course of immunonutrition in most clinical trials.


Abstractors reviewed the medical record for demographic, laboratory, operative, and other 


clinical details, including outcomes, during the 30-day period following surgery. The 


primary outcome was any serious adverse events (SAE) including infection [surgical site 


infection (SSI), abscess, urinary tract infection, and pneumonia], reoperation, anastomotic 


leak, and death. The secondary outcome was prolonged length of stay (PLOS) as defined by 


any length of stay greater than 1.5-times the median length of stay in the final cohort. 


SCOAP variable definitions are available online (http://www.scoap.org).


Patient characteristics are summarized by frequencies (categorical variables) and means with 


standard deviation (continuous variables). To evaluate for differences between patients who 


did and did not receive immunonutrition, we performed a univariate analysis with chi-


squared tests or Fisher’s exact tests (categorical variables) and 2-tailed unpaired Student’s t-


tests (continuous variables).


Because of significant differences between patients who were recommended to receive 


immunonutrition and those patients who did not, we performed a one-to-one propensity 


score matching of the two groups. Based upon a logistic regression model including all 


demographic and clinically relevant covariates including age, body mass index (BMI), 


American Society of Anesthesiology (ASA) class, indication, operation type, use of 


colostomy, and insurance type, we calculated a propensity score as the probability of 


receiving immunonutrition for each patient. There was a significant increase in use of 


immunonutrition over time from the beginning to the end of the study, so the regression 


model for calculating propensity scores also controlled for year in the study. Because of 


differences in surgeon and hospital practices, and the influence of other quality 


improvements such as Enhanced Recovery after Surgery (ERAS), there was concern that 


variation across hospitals may lead to bias and confounding in both the receipt of 


immunonutrition and outcomes. In order to account for these differences, patients receiving 


immunonutrition were only matched one-to-one with non-treated patients from their own 


hospital using a nearest-neighbor and no replacement method. After matching within each 


hospital, effects of immunonutrition on primary and secondary outcomes were assessed 


using an unadjusted generalized linear model with a binomial distribution and a log link.


All statistical analyses were performed using commercially available software (Stata, 


version 14; StataCorp, College Station, TX; R-software, version 3.1.3). All statistical tests 


were considered significant if p ≤ 0.05. This study was exempted from institutional review 


board (IRB) review by agreement of the Washington State IRB and UW Human Subjects 


committee. All data used in this analysis were de-identified.
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RESULTS


A total of 3,375 patients (mean age 59.9±15.2 years, 56% female) underwent elective colon 


(79%) or rectal (21%) surgery at seven hospitals. A total of 642 patients (18.7%) were 


instructed by their surgeon to take immunonutrition prior to surgery. With each passing year 


in the study, patients were more likely to receive immunonutrition, 1.4% in 2012 versus 


34.1% in 2015. Patients who received immunonutrition were less often female (52% vs. 


57%, p=0.02), included more patients in the higher ASA classes (III–V, 44% vs. 38%, 


p=0.01), more commonly had diagnoses of cancer (60% vs. 50%, p<0.01) or inflammatory 


bowel disease (14% vs. 8%, p<0.01), and more commonly required an ostomy (18% vs. 


14%, p=0.02) (Table 1). PLOS (1.5x the median LOS) in the final matched cohort was any 


stay greater than 8 days.


The unadjusted rate of SAE was 6.8% in the group receiving immunonutrition and 8.3% 


among those who did not receive treatment (p=0.25). PLOS was 13.8% in the 


immunonutrition group and 17.3% in the untreated group (p=0.04). PLOS was more 


common among patients with than without SAE (73.4% vs. 13.1%, p<0.001). Figure 1 


shows the distribution of propensity scores between patients recommended to receive 


immunonutrition and patients who did not receive immunonutrition. 480 patients receving 


immunonutrition were matched to 480 non-treated patients at their own hospitals. After 


matching, there were no significant differences in demographic or operative characteristics 


between patients in the treated and non-treated groups (Table 2).


After matching, the rate of SAE was 7.1% in the group receiving immunonutrition and 9.4% 


in those who did not (RR=0.76, 95% CI: 0.49–1.16, p=0.19). The relative risk of prolonged 


length of stay was 23% lower among patients receiving immunonutrition (15.6%) compared 


with the untreated group (20.4%) (RR=0.77, 95% CI: 0.58–1.01, p=0.05).


DISCUSSION


This study examined the effectiveness of preoperative immunonutrition among patients 


undergoing elective colorectal surgery. There was a 23% reduction in PLOS associated with 


immunonutrition use. Although non-significant, we found a 24% reduction in SAE 


(infections, anastomotic leaks, reoperation, and death) among patients recommended to take 


immunonutrition that appeared to be related to the reduction in PLOS. Importantly, our 


estimate of reduced adverse events is similar in magnitude to that identified in a meta-


analysis of randomized trials (33%).12


For decades, researchers have explored the role of nutrients, including arginine, in the 


treatment of patients with inflammation after physical injury, including surgery, with the 


goal of identifying a modifiable target to improve outcomes. Arginine has been proposed as 


one of those targets, in part because of the several implicated roles it plays in mitigating the 


harmful effects of inflammation. Arginine is a known substrate for immune cells, and 


arginine deficiency appears to lead to T-cell dysfunction in animal models.6,8,10 Arginine is 


also a precursor for polyamines and hydroxyproline, compounds involved in wound healing. 


In the early 2000’s arginine supplementation was found to reduce infectious complications 
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in patients undergoing elective surgery,11 although the exact mechanism for this effect is still 


under debate. Compounding the challenge of evaluating arginine is that many of the 


commercial preparations that include arginine also include Omega-3 fatty acids, and these 


too may have an effect on surgical outcomes.13


Numerous RCTs have examined the efficacy of different immune enhancing diets in 


gastrointestinal surgery.14,15 Drover et al.4 reviewed 33 studies randomizing patients to 


perioperative use of immunonutrition around the time of elective surgery.16–48 They reported 


a 39% reduction in infectious complications as well as significantly lower lengths of stay. 


Notably, 18 of the 21 trials on gastrointestinal (GI) surgery were in patients undergoing 


upper GI surgery. Among trials of lower GI surgery (n=2) there were no differences in 


length of stay, however complication rates were lower in treated patients. Seven trials 


included use of immunonutrition exclusively in the preoperative period, and aggregated 


results showed a 43% reduction in infectious complications but no difference in length of 


stay.16,18,30,36,37,47,48 A recent Cochrane review includes a meta-analysis of six trials of 


preoperative immunonutrition and reports a 33% reduction in total complications among 


patients receiving immunonutrition in GI surgery.12,16,18,30,36,37,48


Recent meta-analyses have brought into question the efficacy of immunonutrition, in part 


because of differences in both timing of administration and comparison groups.49,50 Hegazi 


et al.49 reviewed trials of preoperative immunonutrition and found a reduction in infectious 


complications (OR=0.49, p<0.01) when compared to control patients receiving no 


supplementation. But when comparing preoperative immunonutrition to controls that did 


receive oral supplementation, the difference in infectious complications was not significant 


(OR=0.71, p=0.44).16,18,30,36,37,47,51–58 Failure in this analysis to detect a difference in 


outcomes may have occurred because of a subdividing of the cohort by control type, 


resulting in smaller sample sizes.59


There have been no prior studies that examine outcomes of immunonutrition outside of a 


clinical trial, where compliance may be a challenge, and where there is more heterogeneity 


in clinical practice and patient characteristics. We found that the recommendation to take 


immunonutrition before surgery was associated with a reduced rate of PLOS, and that PLOS 


was related to SAE. The relative risk reduction associated with immunonutrition was not 


statistically significant, but the direction of effect on SAE was similar (a lowering of 24%) to 


many prior RCTs. One explanation that may account for this was the relatively low rate of 


observed infectious complications in our study (7.1% vs. 9.4% in patients not receiving 


immunonutrition) compared to previously reported studies. The review by Drover et al. 
reported a 41% reduction in infectious complications among 28 trials reporting infections, 


but observed this effect with a much higher rate of adverse events (16.5% vs. 27.7%, 


p<0.0001).4 Burden et al. also reported significant reductions in infectious complications 


(14.2% vs. 27%, p<0.001) but with a similarly high level of events.12 Based upon a sample 


size estimation, a study designed to detect the risk reduction identified in our study (from 


9% to 7%) would require enrollment of 2,987 patients per arm. This suggests that our study 


may be underpowered to detect significant reductions in serious complication rates. This 


difference in adverse event rates may be due to the predominance of high-risk and upper GI 


surgery in trials (esophagectomy, gastrectomy, and pancreaticoduodenectomy) compared 
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with the relatively lower-risk colorectal resections included in this study. Lower 


complication rates observed in this study also may be due to concurrent implementation of 


ERAS protocols over the same period. We did observe a difference in rates of 


immunonutrition use between earlier and later years in this study, and the regression model 


used to calculate propensity scores adjusted for year to account for this observation.


There are several limitations to this study. In particular, confounding by indication may have 


occurred, meaning that patients who received the intervention are different in both measured 


and unmeasured factors from those who did not receive it. Propensity score matching allows 


for a comparison of patient groups that are more balanced in measured factors, allowing 


them to look more like populations from a randomized trial which are balanced through the 


randomization process. Using this approach, patient, clinical and surgical factors were not 


significantly different between matched groups. The SCOAP database does not provide 


surgeon-specific data such as number of years in practice or fellowship training. However, 


by exclusively matching patients recommended to receive immunonutrition to non-treated 


patients from the same hospitals, we hoped to control for major differences in outcome that 


may be due to surgeon factors. Patients who received immunonutrition either paid for it 


themselves or were provided the supplement from the clinic or hospital free of charge. There 


is a possibility that patients with limited financial resources were unable to access 


immunonutrition. However, the rates of Medicaid insurance among those who did and did 


not receive immunonutrition was similar (15.7% vs 14.1%). It is unclear whether patients 


who were advised to take immunonutrition actually complied with the recommendation, and 


if so, took all of the supplements. Rather, SCOAP abstractors identify whether the patients 


were instructed by their surgeon to take the supplement by reviewing the medical record. 


This may represent a conservative bias (e.g., some patients who appear to have received the 


supplement did not in fact use it). This bias might be expected to minimize differences in 


outcomes between groups, and if accounted for, might even accentuate the observed 


differences. It is also possible that, during the early phases of this study, the low rate of 


immunonutrition use was because the recommendation for receipt of the supplement was not 


documented consistently. This is also a bias which might be expected to minimize the 


observed difference between treatment and non-treatment. Lastly, most patients who 


received immunonutrition were also part of the broader S4S initiative focused on improved 


glucose control, smoking cessation, and medicine reconciliation. While not controlling for 


these elements directly, after matching we found no significant differences in perioperative 


hyperglycemia (10.8% vs 9.4%), cigarette smoking (27.9% vs. 27.1%) or beta blocker 


continuation (95.9% vs. 93.1%) between the groups who did and did not receive 


immunonutrition.


In conclusion, the use of preoperative immunonutrition as part of the S4S public health 


campaign helped to improve surgical outcome and was associated with fewer patients 


requiring a PLOS (≥8 days). This study supports the adoption of immune enhancing 


nutrition before elective surgery as a way to reduce prolonged length hospitalizations and 


improve the quality of surgical care.
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Figure 1. 
Distribution of propensity scores between patients recommended to receive immunonutrition 


and patients who did not receive immunonutrition. Higher scores represent a higher 


propensity for receipt of immunonutrition.
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Table 1


Patient characteristics and outcomes for entire study cohort.


No. (%) of patients
No Immunonutrition


(n=2743)
Immunonutrition


(n=632)
P-value


Age, mean (SD), year 60.2 (15.1) 58.9 (15.4) 0.06


Female 1554 (57%) 326 (52%) 0.02


BMI 27.9 (6.4) 28.0 (6.9) 0.9


Race 0.59


 Non-white 305 (11%) 75 (12%)


 White 2312 (84%) 523 (83%)


 Unknown 126 (5%) 34 (5%)


Year <0.01


 2012 997 (36%) 15 (2%)


 2013 761 (28%) 207 (33%)


 2014 685 (25%) 255 (40%)


 2015 300 (11%) 155 (25%)


ASA Class 0.01


 I–II 1710 (62%) 357 (56%)


 III–V 1033 (38%) 275 (44%)


Prior pelvic or colon surgery1 1264 (46%) 283 (45%) 0.58


Indication <0.01


 Cancer 1383 (50%) 379 (60%)


 Diverticulitis 496 (18%) 101 (16%)


 Inflammatory bowel disease 226 (8%) 87 (14%)


 Other indication2 638 (23%) 65 (10%)


Surgical type 0.19


 Colon resection 2189 (80%) 489 (77%)


 Rectal resection 554 (20%) 143 (23%)


Ostomy Created 396 (14%) 116 (18%) 0.02


Insurance status 0.25


 Private insurance 1395 (51%) 338 (53%)


 Non-private insurance 1348 (49%) 294 (47%)


Serious Adverse events 227 (8%) 43 (7%) 0.25


Length of Stay, mean (SD), day 5.7 (4.9) 5.5 (4.8) 0.28


Prolonged Length of Stay (≥8 days) 475 (17%) 87 (14%) 0.04


1
Prior pelvic or colon surgery includes hysterectomy, cholecystectomy, appendectomy and small bowel and colon resections in the pelvic area.


2
Other indications include arterial malformation, iatrogenic injury, rectal prolapse, stricture, or gynecologic malignancy
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Table 2


Patient characteristics and outcomes after propensity score matching.


No. (%) of patients
No Immunonutrition


(n=480)
Immunonutrition


(n=480)
P-value


Age, mean (SD), year 57.9 (15.7) 58.4 (15.5) 0.66


Female 248 (52%) 239 (50%) 0.61


BMI, mean (SD) 28.1 (6.5) 27.7 (6.8) 0.31


Race 0.2


 Non-white 48 (10%) 60 (12%)


 White 419 (87%) 395 (82%)


 Unknown 13 (3%) 25 (5%)


Year 0.88


 2012 15 (3%) 15 (3%)


 2013 152 (32%) 161 (34%)


 2014 182 (38%) 183 (38%)


 2015 131 (27%) 121 (25%)


ASA Class 0.07


 I–II 255 (53%) 284 (59%)


 III–V 225 (47%) 196 (41%)


Prior pelvic or colon surgery1 201 (42%) 201 (42%) 0.99


Indication 0.86


 Cancer 282 (59%) 282 (59%)


 Diverticulitis 64 (13%) 72 (15%)


 Inflammatory bowel disease 72 (15%) 69 (14%)


 Other indication2 62 (13%) 57 (12%)


Surgical type 0.65


 Colon Resection 359 (75%) 366 (76%)


 Rectal Resection 121 (25%) 114 (24%)


Ostomy Created 91 (19%) 91 (19%) 0.99


Insurance type 0.99


 Private insurance 249 (52%) 248 (52%)


 Non-private insurance 231 (48%) 232 (48%)


Serious adverse events 45 (9%) 34 (7%) 0.24


Length of Stay, mean (SD), day 5.8 (4.5) 5.9 (4.9) 0.92


Prolonged length of stay (≥8 days) 98 (20%) 75 (16%) 0.05


1
Prior pelvic or colon surgery includes hysterectomy, cholecystectomy, appendectomy and small bowel and colon resections in the pelvic area.


2
Other indications include arterial malformation, iatrogenic injury, rectal prolapse, stricture, or gynecologic malignancy
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Tobacco use kills approximately 5–6 million people 
annually worldwide, accounting for 1 in every 5 male 
deaths and 1 in 20 female deaths in individuals over 30 
years of age1–4. On the basis of current smoking patterns, 
the number of annual deaths due to smoking will rise to 
around 10 million by 2030, and there will be approxi-
mately 1 billion deaths due to smoking in the twenty-first 
century, of which over 70% will be in low- and middle-
income countries outside north America and Europe1,5. 
By contrast, 100 million deaths due to smoking occurred 
in the twentieth century, of which nearly 70% occurred in 
high-income countries and in the former socialist econ-
omies of Europe6. Unless there is widespread cessation 
of smoking, approximately 450 million deaths will have 
occurred as a result of smoking by 2050 and most of 
these will occur in current smokers. An additional 500 
million tobacco-related deaths will occur in the second 
half of the century, mostly in future smokers (FIG. 1).


This Analysis argues that widespread use of a few 
powerful price, information and regulation interventions 
could avoid a large proportion of the expected 450 mil-
lion deaths due to smoking over the next few decades. 
I first present the epidemiology of smoking-associated 
disease and explain the importance of the long delay 
between the onset of smoking and mortality from can-
cer and other diseases for future disease risks and for 
the benefits of cessation. This is followed by a discussion 
of the effectiveness of interventions to rapidly increase 
cessation rates in low- and middle-income countries. 
Finally, I present a mathematical projection model that 
describes the impact of interventions on cancer and total 
mortality in the 1.1 billion current smokers worldwide.


Epidemiology
Smoking patterns. This Analysis focuses on the use of 
smoked tobacco because it is more common — it accounts 
for approximately 85% of all tobacco produced world-
wide7 — and because inhaled tobacco causes more disease 
and more diverse types of disease than does oral tobacco  
use8–10. Similarly, active smoking is more hazardous 
than exposure to second-hand smoke8,9,11, although 
second-hand smoke substantially contributes to illness12. 
Approximately 1.1 billion people worldwide smoke, of 
whom over 80% reside in low- and middle-income coun-
tries. In these countries, around 49% of men and 8% of 
women above the age of 15 years smoke, in contrast to 
37% of men and 21% of women in high-income coun-
tries13. Over 60% of all smokers live in just 10 countries 
(listed in order of highest numbers of smokers): China, 
India, Indonesia, Russian Federation, the United States, 
Japan, Brazil, Bangladesh, Germany and Turkey4.


The consumption per adult per day (the number  
of cigarettes smoked per day, divided by the population of 
smokers and non-smokers) has decreased by over 50% 
in the past 2–3 decades in the United States, the United 
Kingdom, Canada, France and other high-income coun-
tries14. By contrast, the prevalence of smoking in males has 
risen sharply in many low- and middle-income countries, 
such as China and Indonesia (FIG. 2). Smoking in India is 
mostly in the form of bidi, which are smaller than ciga-
rettes and typically contain only around one-quarter as 
much tobacco, which is wrapped in the leaf of another 
plant. Smoking trends for Indian males have been sta-
ble, although recent increases in cigarette smoking in 
young men in urban areas have been reported15 but not 
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Abstract | On the basis of current consumption patterns, approximately 450 million adults 
will be killed by smoking between 2000 and 2050. At least half of these adults will die between 
30 and 69 years of age, losing decades of productive life. Cancer and the total deaths due to 
smoking have fallen sharply in men in high-income countries but will rise globally unless 
current smokers, most of whom live in low- and middle-income countries, stop smoking 
before or during middle age. Tripling the taxes on tobacco could rapidly raise cessation rates 
and deter the initiation of smoking. Higher taxes, regulations on smoking and information for 
consumers could avoid at least 115 million smoking-associated deaths in the next few 
decades, including around 25 million cancer deaths.
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yet confirmed16. A notable exception to the increases of 
smokers in low- and middle-income countries is Brazil, 
which has recorded decreases in the prevalence of adult 
smokers17.


Smoking cessation. The smoking prevalence in a popu-
lation comprises the current smokers, ex-smokers and 
individuals who have never smoked. The prevalence of 
ex-smokers is a good measure of cessation at a popu-
lation level1,13. Cessation, together with an increasing 
proportion of individuals who have never smoked, has 
reduced the adult (aged >30 years) smoking prevalence 
in the United Kingdom between 1950 and 2005 from 70% 
to 25% in men and 40% to 20% in women14. There are 
now twice as many ex-smokers as smokers in the United 
Kingdom who are currently aged 50 years or over18. 
Similar increases in cessation have been reported in most 
high-income countries13,19. By contrast, the prevalence of 
male ex-smokers in most low- and middle-income coun-
tries is low: <10% in China20 and vietnam21, and <2% 
in India22,23. Even these low figures might be falsely high 
because they include people who have stopped smoking 
as a result of being too ill to continue or as a result of the 
diagnosis of early symptoms of illnesses attributable to 
smoking tobacco24, such as respiratory disease.


Importance of prolonged smoking for disease risks. most 
of the current smokers worldwide are between the ages of 
20 and 40 years13. For these individuals, a proper under-
standing of the hazards of continued smoking and the cor-
responding benefits of cessation must take into account 
the long delay between the cause and the full effects of 
smoking25,26. The full effects of smoking can take 50 years 
to measure in individuals and up to 100 years to measure 
in populations. Among British doctors who were born 
between 1900 and 1930 and followed between 1951 and 
2001, the death rates were three times higher in doctors 


who smoked than in those who did not27. The differences 
in the risk of death between smokers and non-smokers 
became more extreme in 1981–2001 than they were in 
1951–1980 (REF. 28). Those who smoked over a prolonged 
period lost around 10 years of life compared with non-
smokers. most, but not all, of the absolute excess in death 
from all causes among smokers was due to smoking, as 
there were no material differences between smokers, 
non-smokers and ex-smokers in education, drinking and  
obesity. Similarly, the main increase in cigarette smoking 
in the United States occurred in 1920–1940, and consump-
tion peaked at approximately 10 cigarettes per adult per 
day around 1960 (REFS 14,29). However, the rates of lung 
cancer, almost all of which are due to smoking, peaked 
only around 30 years later6,29–31 (FIG. 2).


Effects of cessation on lung cancer and total deaths. 
widespread cessation of smoking in high-income coun-
tries has afforded the opportunity to study the impact 
of stopping smoking at various ages on the risk of death 
from tobacco-attributable diseases. United Kingdom 
doctors who stopped smoking before the onset of major  
disease avoided most of the hazards of smoking. 
Compared with individuals who continued smoking, the 
life expectancy gained by stopping smoking around 60, 
50, 40 or 30 years of age was approximately 3, 6, 9 years 
or almost the full 10 years, respectively27.


Cessation before middle age (defined as around 30 
years) avoids more than 90% of the lung cancer mor-
tality attributable to smoking, and individuals who stop  
smoking show a similar pattern of survival to that of indi-
viduals who have never smoked. In the United Kingdom, 
among those who stopped smoking, the risk of lung can-
cer fell steeply with time since cessation18; for men who 
stopped at ages 50, 40 and 30 years, the cumulative risks 
of lung cancer mortality by age 75 years were 6%, 3% and 
2%, respectively, in contrast to the risk of 16% for indi-
viduals who continued to smoke. Similar reductions in 
the risk of death from lung cancer have occurred in the 
United States in men (FIG. 3) and women29. The absolute 
reduction in mortality due to cessation of smoking might 
be even greater for other diseases, particularly vascular 
diseases, than for lung cancer in the first decade or two 
after stopping smoking27.


Current and future disease risks from smoking
Currently, approximately 70% of the 40 million deaths 
among adults over the age of 30 years worldwide are 
due to cancer, vascular and respiratory diseases and 
tuberculosis32; the incidence of each of these diseases 
increases with smoking8–11. Smoking caused around 5–6 
million deaths worldwide from all causes2 and approxi-
mately 850,000 deaths from cancer3 around 2001. 
Approximately 50% of all deaths due to smoking occur 
in low-income countries. The following section exam-
ines the current cancer and total mortality that reflects 
past exposure to smoking.


Smoking and cancer deaths. In 2001, cancer caused 
approximately 2.2 million male deaths and 1.6 million 
female deaths worldwide for people between the ages of 


 At a glance


•	Currently,	smoking	causes	approximately	5–6	million	deaths	per	year,	including	31%	
and	6%	of	all	cancer	deaths	in	middle-aged	men	and	women,	respectively.	The	
proportions	of	male	cancer	and	total	deaths	due	to	smoking	are	falling	in	
high-income	countries	but	rising	in	low-	and	middle-income	countries.


•	Cessation	by	current	smokers	is	the	only	practical	way	to	avoid	a	substantial	
proportion	of	tobacco	deaths	worldwide	before	2050.


•	Cessation	before	middle	age	avoids	more	than	90%	of	the	lung	cancer	mortality	
attributable	to	smoking	and	markedly	reduces	the	risks	of	death	from	other	diseases.	
Although	cessation	has	become	common	in	high-income	countries,	it	is	still	rare	in	
most	low-	and	middle-income	countries.


•	Countries	such	as	France	that	have	aggressively	used	higher	taxes	to	curb	smoking	
have	reduced	consumption	much	faster	than	countries	that	have	not	aggressively	
increased	tobacco	taxation.


•	In	low-	and	middle-income	countries,	a	10%	higher	tobacco	price	reduces	
consumption	by	around	8%,	which	is	twice	the	effect	seen	in	high-income	countries.	
Health	information,	counter-advertising,	restrictions	on	smoking	and	cessation	
therapies	are	also	highly	effective	at	reducing	smoking.


•	A	70%	higher	street	price	of	cigarettes	(corresponding	to	around	a	2–3-fold	higher	
tax)	would	avoid	115	million	deaths	or	one-quarter	of	expected	tobacco	deaths	over	
the	next	few	decades.	Of	the	avoided	deaths,	approximately	25	million	would	be	from	
cancer	and	50	million	from	vascular	disease.
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30 and 69 years (FIG. 4), or approximately 30% of the 13 
million adult deaths from non-communicable diseases32. 
At these ages, smoking is estimated to cause around 31% 
and 6% of all cancer deaths in men and women, respec-
tively (TABLE 1). There was a marked drop in the rates of 
male smoking deaths from cancer and all other causes 
between 1975 and 2005 in the United Kingdom and the 
United States30,31. The deaths in men in 1975 reflected  
the men who began to smoke around 1920–1940, which 
was during a sharp increase in the incidence of male smok-
ing in both countries, with few men stopping smoking. By 
1975, smoking therefore accounted for more than 50%  
of all male deaths from cancer and 34–44% of deaths from 
all causes in middle age. By 2005, the percentage of male 
deaths from cancer due to smoking fell to 23–26% and 
smoking-associated deaths from all causes also decreased. 
This decline was because of the much lower proportion 
of men who began to smoke in 1950–1970, of which a 
substantial proportion have since stopped smoking. The 
death rates from cancer and all causes due to smoking in 
females in the United Kingdom and United States peaked 
only around 1995, but have since declined.


where they have been reliably measured, currently 
there also seems to be a substantial proportion of 
cancer deaths that are due to smoking in low- and  
middle-income countries22,33,34. In China, smoking caused 
approximately 28% of cancer deaths in men and 6% in 
women aged >40 years in 2000 (REF. 33). In India, around 
32% of cancer deaths in men and 6% of cancer deaths 
in women aged 30–69 years are caused by smoking22. In 
addition, smoking seems to synergise with chronic viral 
infections that cause liver and cervical cancers35,36,37.


Smoking and deaths from other diseases. Smoking causes 
approximately four times as many deaths from causes 
other than cancer than it does from cancer. Cardiovascular 
disease is the leading cause of smoking-attributable deaths 
worldwide, accounting for around 1.5 million such  
deaths annually, of which 0.8 million deaths are caused by 
acute heart attacks2,32. Smoking is a significant risk factor 
for both fatal and non-fatal heart attacks and strokes9,11,38,39. 
In high-income countries, approximately half of the male 
and one-third of the female deaths from chronic lung dis-
ease are due to smoking31. In China, chronic lung disease 
accounted for nearly half of all tobacco deaths among men 
aged 30–69 years34. In India, among those who are aged 
30–69 years, over 30% of deaths among men and 10% of 
deaths among women from chronic lung disease are due 
to smoking22. In both settings, smoking seems to increase 
the high background rates of chronic lung disease caused 
by indoor (not ambient) air pollution40.


Richard Doll observed an association of smoking 
with tuberculosis in the 1950s41 in the United Kingdom, 
but widespread treatment resulted in tuberculosis 
becoming too rare to study in high-income countries. 
The association between tuberculosis and smoking was 
therefore largely forgotten8. more recently, increased 
risks of tuberculosis death and non-fatal tuberculosis 
among smokers have been observed in countries in 
which tuberculosis remains common34,42,43, most nota-
bly in India22,44,45. In India, smoking accounts for nearly 


40% of tuberculosis deaths among middle-aged males 
(around 120,000 deaths)22. Subclinical infection with 
Mycobacterium tuberculosis is widespread and smoking 
seems to facilitate progression from a silent form to the 
active clinical disease22,44,46,47. Smoking might therefore 
contribute to the spread of tuberculosis infection.


Overall current risks. provided that the long delay 
between the onset of smoking and disease is allowed for, 
consistent quantitative estimates of risk emerge: approxi-
mately one in two of all long-term smokers worldwide 
are killed by their addiction6,8,22,25,27,30,31,33,34,48,49. It is already 
apparent that a substantial fraction of tobacco-associated  
deaths worldwide occur in middle age (50% in the 


Figure 1 | Projected numbers of deaths from tobacco 
smoking during the twenty-first century. Approximately 
100 million people per year reach adult life worldwide. 
Current smoking uptake patterns suggest that there are 
approximately 30 million new smokers per year (that  
is, approximately 50% of young males and 10% of young 
females)92. Most of these individuals will continue smoking, 
as cessation is currently uncommon outside high-income 
countries13. Even assuming that a large number cease 
smoking — for example, if one-third of the 30 million  
stop smoking (or if the risks of eventual death are ‘only’  
1 in 3 versus 1 in 2), then eventually 10 million people per  
year will be killed by smoking. The worldwide tobacco 
mortality will increase to approximately 10 million per year 
or 100 million per decade around 2030, with some further 
increases in later decades5. During the 25-year period of 
2000–2025, there will be approximately 150 million 
tobacco-related deaths or 6 million deaths per year on 
average; in 2025–2050, there will be approximately 300 
million tobacco-related deaths or 12 million deaths per 
year. Further estimations are more uncertain but on the 
basis of the current initiation and cessation rates and  
the projected population growth, in 2050–2100 there will 
be, conservatively, 500 million tobacco-related deaths (that 
is, an average of 10 million deaths per year). Of the 
estimated 1 billion smoking-attributable deaths in this 
century, most will occur in low- and middle-income 
countries. By contrast, there were ‘only’ 100 million 
tobacco deaths in the twentieth century, mostly in 
high-income and eastern European countries that started 
smoking en masse generally before or around the second 
World War. similar projections for the next three to four 
decades have been made by others1,93, and these 
projections are consistent with emerging epidemiological 
studies in China33,34,49 and india22.
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United States and United Kingdom6, 50% in China33,34 
and a surprisingly high 70% in India22). Overall, the aver-
age smoker loses at least two decades of life expectancy 
compared with that of a non-smoker6. Currently, around 
80% of the deaths due to smoking worldwide occur in 
men2, but this is chiefly because men who died recently 
smoked more commonly and more intensively when they 
were young than female smokers. The emerging propor-
tional increase in United States female death rates seems 
to be as great as that for males29. The eventual risks of 
premature death and the corresponding benefits of ces-
sation are therefore likely to be similar for women and 
men. Additionally, the consequences of smoking vary by 
socio-economic group: in high-income countries and in 
poland, smoking deaths account for at least half of the 
differences in the risk of death in middle age between rich 
or educated men and poorer or less-educated men50.


Future risks from smoking. The future risks of smoking 
in men in low- and middle-income countries and women 
worldwide will depend on the duration of smoking in the 
population (and cessation) and on variation in the preva-
lence of diseases that occur more commonly with smok-
ing, the types of smoked tobacco and patterns of smoking. 
First, the full effects of smoking will only become apparent 
when the death rates from smoking in middle age, among 
those who have started smoking as young adults, increase 
30–40 years later. Death rates from smoking at an older 
age will increase only around 20 years after this26. For 
example, of all United States male deaths at ages 35–69, 


the proportion attributable to tobacco in 1950 was only 
12%, rising to 33% in 1990, when the increase in United 
States male tobacco deaths had been completed (around 
3 decades after peak tobacco consumption)6. Currently, 
there is variation in the percentage of male smokers that 
die. It was ‘only’ 25% in China in 2000 (REFS 33,34) but is 
approximately 40% in India in 2009 (REF. 22). The higher 
risks among Indian males might reflect the fact that tuber-
culosis is more common in India than in China, as well 
as the more prolonged period of smoking in Indian males 
(the smoking prevalence is higher among Chinese  
males but they have begun smoking more recently than 
their Indian counterparts). The risks of smoking in 
China are likely to rise when the smokers who have been 
smoking from early adult life reach middle age. Second, 
greater risks are seen for cigarette than for bidi smoking in 
India22, therefore a shift to cigarette consumption15 would 
increase the overall hazards among smokers. Third, the 
average daily consumption of cigarettes or bidi is generally 
lower in low- and middle-income countries than in high-
income countries1,13,51 and the age of starting to smoke 
is generally later. However, Chinese men have begun to 
start smoking at a similar age to young men in the United 
States20. If similar shifts in smoking at younger ages occur 
in India and other populations, the hazards of smoking 
will be greater.


plausible projections of future smoking deaths rely on 
smoking prevalence and uptake (cessation is minimal in 
low- and middle-income countries), growth in popula-
tion and growth in the age-specific tobacco-attributable 


Figure 2 | Trends in cigarette consumption and male lung cancer rates, 1920–2005. The number of cigarettes 
consumed per adult (males are used as the appropriate denominator for cigarette smoking as few females currently 
smoke in Asia) and the age-standardized lung cancer rates over time by country. The widespread automation of cigarette 
production in the early twentieth century turned cigarettes into a global commodity94. lung cancer was a rare disease 
before the second World War, and the large increase in lung cancer rates lagged behind consumption by three or more 
decades. The mean consumptions in Chinese men were 1, 4 and 10 cigarettes per day in 1952, 1972 and 1992, respectively, 
which were similar to the increases in cigarette consumption that were reported 40 years earlier in the United states 
(Us)34,49. China has reported a marked increase in cigarette production since 2000. increases in exposure to smoking at 
very young ages, combined with prolonged exposure, would be likely to increase the age-specific death rates in the future 
in China, indonesia and other countries.
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death rates (FIG. 1). Richard peto estimates5 that the 
number of annual tobacco deaths will reach an aver-
age of approximately 6 million in 2000–2024, and will 
be twice this number in 2025–2049. The annual tobacco 
deaths in China are projected to rise to 2 million by 2025  
(REFS 34,49), when the current young adult smokers reach 
middle age. Similarly, at current risks, India will have 1 
million annual deaths during the 2010s22, and this number 
will rise with population growth. Similar growth in other 
populations in Asia, eastern Europe, latin America, the 
middle East and, less certainly, sub-Saharan Africa sug-
gest that the estimate made by peto of approximately 
450 million tobacco-attributable deaths over the next 5 
decades is plausible. Indeed, the chief uncertainty is not 
whether tobacco deaths will reach approximately 10 mil-
lion per year, but when this will happen, with the most 
likely scenario being that this total will be reached around 
2030. Almost all deaths from smoking over the next few 
decades will be among current smokers.


Rapidly increasing cessation rates worldwide
Cessation by current smokers is the only practical way 
to avoid a substantial proportion of tobacco deaths 
worldwide before 2050. Halving the per capita adult 


consumption of tobacco by 2020 (akin to the declines 
in adult smoking in the United Kingdom over the past 
3 decades) would avoid approximately 160–180 million 
tobacco-related deaths over the next few decades. By 
contrast, halving the percentage of children who become 
prolonged smokers (from around 30% to 15% over 2 dec-
ades) would prevent approximately 20 million deaths 
over the next few decades, but its main effect would be 
to lower mortality rates in 2050 and beyond1,5.


Aggressive taxation is the key strategy for low- and 
middle-income countries to reduce smoking at a rate 
faster than that achieved by high-income countries. 
powerful policy interventions to tax and regulate con-
sumption and to inform consumers have reduced  
consumption in most high-income countries14,19,52. The 
United States and United Kingdom each took approxi-
mately 35 years and Canada 25 years to halve cigarette 
consumption per adult (from around 10 per adult per day 
to 5 (REF. 14)). However, France took only 15 years to halve 
cigarette consumption per adult53. The uptake of smoking 
in France chiefly occurred after the Second world war 
and the prevalence of smoking increased until the mid 
1980s. From 1990 to 2005, the cigarette consumption per 
adult per day decreased from approximately 6 to 3 (REF. 14) 
(FIG. 5). This was attributed to a sharp increase in tobacco 
taxation starting in 1990, which increased the inflation-
adjusted price three-fold. Among men, the correspond-
ing lung cancer rates at ages 35–44 fell sharply from 1997 
onwards6. The decline in lung cancer was also attributed, 
more controversially, to the replacement of high-tar  
cigarettes with lower-tar cigarettes54.


The following section briefly reviews the effectiveness 
of interventions to reduce tobacco use at the popula-
tion level. more detailed reviews have already been 
published1,52,55.


Tobacco taxation. Higher taxation is the single most 
important intervention to raise smoking cessation glo-
bally. Tobacco taxes and consumption are strongly 
inversely related worldwide56–58. Over 100 studies world-
wide show that increases in taxes on cigarettes and other 
tobacco products lead to significant reductions in tobacco 
use52,55–58. Studies from high-income countries estimate a 
10% increase in cigarette prices will reduce overall smok-
ing by 2.5% to 5% in the medium term56,58,59, and perhaps 
by twice this amount in the longer term56. The fewer stud-
ies from low- and middle-income countries suggest that 
increasing taxation will have an effect twice as great: a 10% 
increase in price will reduce smoking by 8% in the medium 
term58,59. Higher taxes reduce relapse and decrease con-
sumption in individuals who continue to smoke. Half or 
more of the effect of price on cigarette demand results 
from reducing the number of current smokers60,61. Higher 
taxes increase the number of attempts at stopping smok-
ing and the success of those attempts; a 10% increase in 
price results in 11% to 13% shorter smoking duration, 
or a 3% higher probability of cessation62. Higher ciga-
rette prices are particularly effective in preventing young 
smokers from moving beyond experimentation into reg-
ular, addicted smoking63–64, and are also effective in less  
educated or lower-income individuals65,66.


Figure 3 | risk of death from lung cancer in smokers and ex-smokers. The age-specific 
probability of death from lung cancer for the United Kingdom and United states, stratified 
by continued smoking or cessation at various ages. The United Kingdom data (a) are from 
retrospective studies18, courtesy of R. Peto and J. Boreham. For each age, the relative risks 
match those in a case–control study of smoking, and an appropriately weighted average 
of the absolute risks matches the national lung cancer death rates. The United states data 
(b) are from the American Cancer society prospective study of 1.2 million subjects during 
the first 10 years of follow up, courtesy of M. Thun29. These data omit the earlier years of 
follow up (1981–1983). The same study showed that few of those who stop would restart 
smoking. in both of these studies, those who stopped smoking did so within 5 years of the 
stated age, and almost all smokers had used cigarettes. similar results on reductions in 
lung cancer risk in ex-smokers are seen in Poland18,95. The excess lung cancer mortality 
avoided in men who stopped smoking by age 40 was 91% in Germany and 80% in italy96.  
A minority of lung cancers are not due to smoking, and the United states rates of lung 
cancer that are not due to smoking have changed little from the 1960s to 1990s6,48,97. A 
range of genetic factors has recently been suggested that modestly predicts lung cancer 
risk in smokers and non-smokers98. However, it is improbable that marked shifts in genetic 
susceptibility have occurred and, even if they had, such shifts would be unlikely to explain 
the dramatic changes in lung cancer that have been seen over a few years or decades26,29.
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An increase in cigarette taxes of 10% globally would 
raise cigarette tax revenues by nearly 7%, as the fall in 
demand is less than proportional to the price increase 
in most countries55. However, taxes are underused in 
most developing countries67,68. Taxes tend to be higher 
and account for a greater share of the retail price (71% 
as of 2006) in high-income countries. In low- and 
middle-income countries, taxes account for 54% of 
the final price of cigarettes55. In South Africa, tax as 
a percentage of tobacco retail price fell to approxi-
mately 20% around 1990, but has subsequently risen 
to nearly 40%59. As a result, consumption decreased 
from around four cigarettes per adult per day to two 
over a decade59 and adult lung cancer rates may be 
falling69. The recent tax increases in poland have dou-
bled the consumer price of cigarettes70 and reduced 
consumption.


Health information and counter-advertising. There 
is a widespread misconception that smoking risks are 
well known. In many countries, there continues to 
be substantial ignorance of the health risks of smok-
ing. For example, a national survey in China in 1996 
found that 61% of smokers thought that tobacco did 
them ‘little or no harm’ (REF. 20). In high-income coun-
tries, smokers are more aware of the risks, but few 
smokers judge the size of these risks to be larger and 
more established than non-smokers, and most smokers 
minimize the personal relevance of these risks71. 


Decreases in smoking prevalence were largest in  
high-income countries in which the public is con-
stantly and consistently reminded of the dangers of 
smoking by extensive coverage of issues that are related 
to tobacco in the media1,19,72. For example, the 1962 
report by the British Royal College of physicians73 and 
the 1964 United States Surgeon General’s report74  
and the publicity that followed reduced cigarette con-
sumption by 4% to 9% initially, and by 15% to 30% 
in the longer term72,75. Counter-advertising efforts, 
including focused mass publicity, are therefore likely 
to be effective in low- and middle-income countries72. 
prominent, rotating pictorial warning labels on tobacco 
products are also effective at portraying risks to smok-
ers76, and would be particularly relevant in countries in 
which illiteracy is high (half of the smoking deaths  
in India occur among uneducated individuals22).


Restrictions on smoking in public places. Restrictions on 
smoking in public places are intended chiefly to reduce 
the exposure of non-smokers to passive tobacco smoke 
and also to create non-smoking social norms. However, 
comprehensive restrictions also increase attempts 
to stop smoking, so that overall consumption falls by 
3–4%77–79. Admissions to hospital for acute heart attack 
have fallen in several high-income countries that have 
introduced restrictions on public smoking38. Smoking 
bans in workplaces can reduce prevalence rates by up to 
20% and reduce the quantity of cigarettes smoked among 


Figure 4 | Death rates in middle-age from cancer and non-communicable disease by region, 2001. The 2001 
death rates are directly standardized to the world population for the same year. Regions are grouped as per the World 
Bank regional classification99. The figure shows the age-standardized death rate for adults aged 30–69 years across various 
regions from non-communicable diseases (nCD; total bar), and the proportion of these deaths that were due to cancer 
(blue portion of bar). The proportions of cancer deaths to total deaths from nCD vary across regions, in part owing to 
differences in the specific types of cancer, competing deaths from non-cancer risks and the effects of smoking. Of note, 
the death rates at ages 30–69 years from these causes in sub-saharan Africa exceed the corresponding death rates in 
high-income countries by over 50%. Even more extreme death rates are seen in the former socialist economies. in all 
regions, a significant minority of the total deaths in middle age are caused by cancer; it causes an average of 28% of  
all male deaths and 30% of all female deaths. The proportion of cancer to total deaths ranges from 16% in males and 20% 
in females in south Asia up to 43% in males and 51% in females in high-income countries.
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continuing smokers by 5% to 25%78,80. These policies are 
most effective when strong social norms against smok-
ing help to make smoking restrictions self-enforcing81.


Bans on advertising and promotion. Cigarettes are 
among the most heavily advertised and promoted 
products worldwide. In 2005, cigarette companies spent 
US$13.1 billion on advertising and promotion in the 
United States alone, the highest spending level reported 
to date82. In high-income countries, comprehensive 
bans reduce consumption by approximately 7%, taking 
into account differences in price and non-price control 
interventions83, and might be twice as effective in low- 
and middle-income countries84. However, partial bans 
have little effect, given that the tobacco industry shifts 
to other media or to promotions.


Smoking cessation treatments. pharmacological treat-
ments, including nicotine replacement therapies, such 
as bupropion and varenicline, significantly improve the 
likelihood of cessation, with success rates two to three 
times those when pharmaceutical treatments are not 
used85. In addition, over-the-counter access to such 
medications increases access and decreases cost86,87.


Supply-side interventions. In contrast to the effec-
tive interventions to reduce demand, there is little 
evidence that restricting supply is effective, includ-
ing efforts to limit youth access, trade restrictions, 
crop substitution and diversification52,55,57. However, 


a key intervention on the supply side is the control 
of smuggling. Of the cigarettes consumed globally, 
perhaps 6–8% are smuggled88. The tobacco industry 
contributes to smuggling to reduce taxes and capture 
market share89,90. Aside from harmonizing prices 
between countries, effective measures to counteract 
smuggling include prominent tax stamps and warning 
labels in local languages, better methods for tracking 
cigarettes through the distribution chain, aggressive 
enforcement of anti-smuggling laws, and stronger 
penalties90,91. Even in the presence of smuggling, 
tax increases will reduce consumption and increase 
revenue88.


Quantifying avoidable tobacco deaths
FIGURE 6 summarizes the potential effect of a 70% price 
increase and a 10% reduction of consumption achieved 
through non-price interventions, such as bans on 
public smoking or information measures, among the 
cohort of 1.1 billion smokers who were alive in 2000. 
Among this group, conservatively, over 440 million are 
expected to die in the next few decades owing to smok-
ing. price increases have the greatest effect on future 
tobacco mortality: a 70% higher price would avoid 
115 million deaths or one-quarter of all expected pre-
mature deaths from tobacco. Of the avoidable deaths, 
approximately 25 million would be expected to occur 
from cancer and 50 million would be expected to 
occur from vascular disease. non-price interventions 
would avoid 35 million deaths from all causes. The 


Table 1 | Deaths in middle-aged adults from cancer and all causes (in thousands), attributed to smoking


Country 
or 
region


Year age 
group


number of 
smoking-
related 
cancer 
deaths/total 
number 
of cancer 
deaths 
(men)


Cancer 
deaths 
due to 
smoking 
(%) 
(men)


number of 
smoking-
related 
deaths from 
all causes/ 
total number 
of deaths 
from all 
causes (men) 


Deaths 
from all 
causes 
due to 
smoking 
(%) 
(men)


number of 
smoking-
related 
cancer 
deaths/total 
number 
of cancer 
deaths 
(women)


Cancer 
deaths 
due to 
smoking 
(%) 
(women)


number of 
smoking-
related deaths 
from all 
causes/total 
number of 
deaths from 
all causes 
(women)


Deaths 
from all 
causes 
due to 
smoking 
(%) 
(women)


refs


World 2001 30–69 749/2429 31 2309/12263 19 108/1741 6 489/8088 6 2


High-income*


United 
Kingdom


1975 35–69 23/39 57 62/142 44 5/31 15 15/85 18 6


United 
Kingdom


2005 35–69 10/28 34 18/78 23 5/25 19 11/51 21 6


United 
states


1975 35–69 54/107 51 157/457 34 13/88 14 40/262 15 6


United 
states


2005 35–69 50/121 42 113/432 26 28/106 26 73/284 26 6


Low or middle-income


China‡ 2000 >40 240/859 28 538/4172 13 28/488 6 135/4348 3 33


india§ 2010 30–69 67/134 32 579/2882 20 3/120 6 93/2002 5 22


*in 2005 smoking accounted for 34% of all cancer deaths at ages 35–69 years in men in the United Kingdom and 42% of all cancer deaths at these ages in men in the 
United states6. However, these percentages are substantially lower than those in 1975 (REF. 31). in high-income countries, the major tobacco-attributable cancers 
are lung cancer and upper aero-digestive cancers (mouth, oesophagus, pharynx and larynx)6. ‡nearly three-quarters of all male cancer deaths in China arise from 
cancer of the lung, oesophagus, stomach or liver, all of which are more common among smokers33,34. smoking is also associated with the five ‘minor’ cancer sites, 
namely the mouth, pharynx, larynx, pancreas and bladder. §in india, most of the smoking-associated cancer deaths arise from cancers of the mouth, throat, lung, 
oesophagus and stomach, with a small excess of liver cancer44. The absolute rates of lung cancer are lower in india than in China or high-income countries, for reasons 
that are not yet clear. 
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greatest effect of these tobacco control interventions 
would occur after 2015. By 2030, the expected annual 
toll of 10 million deaths would be reduced to around 
7 million.


The tax increases needed to raise the street prices 
by 70% would be 2- to 2.8-fold increases across coun-
tries. The increase would raise the street price from 
around US$0.70 to $1.30 per pack of 20 cigarettes in  


low-income countries, from approximately $1.30 to $2.30 in  
middle-income countries and from $3.70 to $6.30 
in high-income countries. Such increases have been 
achieved in numerous countries, including Canada, 
France, poland and South Africa, and in various states 
in the United States. Indeed, price elasticity studies61 sug-
gest that the 2.5-fold increase in the United States federal 
cigarette tax as of 2009 (rising by 62 cents to $1.01 per 
pack) might cause ~1 million Americans to stop smoking 
and deter another 2 million young people from starting, 
therefore saving well over 1 million lives.


Conclusions
On the basis of current smoking patterns, approximately 
1 billion people will be killed in the twenty-first 
century by smoking. without widespread cessa-
tion, around 450 million people alive today will 
be killed by smoking in 2000–2050. At least half  
will die aged 30–69 years, losing decades of produc-
tive life, and those who smoke throughout adult life 
can expect to lose around 1 decade of life compared 
with non-smokers. Smoking-attributable cancer 
and total deaths have fallen sharply in high-income 
countries but will rise globally unless the current smok-
ers, most of whom live in low- and middle-income 
countries, stop smoking before or during middle age. 
Tripling taxes on tobacco could rapidly increase cessa-
tion rates and deter smoking initiation. Higher taxes, 
regulations on smoking and information for consum-
ers could avoid at least 115 million smoking deaths 
in the next few decades, including at least 25 million 
cancer deaths.


Figure 5 | France: smoking, tax and lung cancer rates in young males, 1980–2004. 
The per capita cigarette consumption, lung cancer death rates and relative price of 
cigarettes over time. The lung cancer death rates per 100,000 are divided by 4, allowing 
them to be displayed on the same scale as the amount of smoking per day. Female lung 
cancer rates peaked later than the male lung cancer rates, but their increase has been 
halted since 2002 (REF. 6). The stabilization of the prevalence of smoking in 1980–1990 is 
due in part to the smaller earlier tax increases and to restrictions on advertising. Further 
decreases in smoking in France were reported after 2008, when bans on public smoking 
appeared. Data on the amount of smoking per person per day and relative prices are 
from REF. 53.


Figure 6 | Smoking deaths avoided through tax increases and non-price interventions, 2000–2050. The 
estimation uses a static compartment model1 with price increases having a long-term price elasticity of –1.2 for low- and 
middle-income countries and –0.8 for high-income countries. low- and middle-income countries account for 
approximately 90% of the 115 million avoided deaths. East Asia and the Pacific alone will account for approximately 40% 
of avoided deaths. Around 80% of avoided deaths would be male, reflecting the higher overall prevalence of smoking in 
men. The greatest relative effect of a price increase and non-price interventions on deaths avoided is in younger cohorts. 
The model is concerned only with cessation, but higher tax and non-price interventions would substantially reduce 
initiation, meaning that an even greater reduction in deaths can be expected after 2050.
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ORIGINAL ARTICLE


Tobacco Smoking and Postoperative Outcomes After
Colorectal Surgery


Abhiram Sharma, MD, FRCS, Andrew-Paul Deeb, BS, James C. Iannuzzi, MD, Aaron S. Rickles, MD,
John R.T. Monson, MD, FRCS, and Fergal J. Fleming, MD, FRCS


Objective: The aim of this study was to delineate the impact of smoking on
postoperative outcomes after colorectal resection for malignant and benign
processes.
Background: Studies to date have implicated smoking as a risk factor for
increased postoperative complications. However, there is a paucity of data on
the effects of smoking after colorectal surgery and in particular for malignant
compared with benign processes.
Methods: The American College of Surgeon’s National Surgical Quality Im-
provement Program (2005–2010) database was queried for patients under-
going elective major colorectal resection for colorectal cancer, diverticular
disease, or inflammatory bowel disease. Risk-adjusted 30-day outcomes were
assessed and compared between patient cohorts identified as never-smokers,
ex-smokers, and current smokers. Primary outcomes of incisional infections,
infectious and major complications, and mortality were evaluated using re-
gression modeling adjusting for patient characteristics and comorbidities.
Results: A total of 47,574 patients were identified, of which 26,333 had
surgery for colorectal cancer, 14,019 for diverticular disease, and 7222 for
inflammatory bowel disease. More than 60% of patients had never smoked,
20.4% were current smokers, and 19.2% were ex-smokers. After adjustment,
current smokers were at a significantly increased risk of postoperative mor-
bidity [odds ratio (OR), 1.3; 95% confidence interval (CI), 1.21–1.40] and
mortality (OR, 1.5; 95% CI, 1.11–1.94) after colorectal surgery. This find-
ing persisted across malignant and benign diagnoses and also demonstrated a
significant dose-dependent effect when stratifying by pack-years of smoking.
Conclusions: Smoking increases the risk of complications after all types of
major colorectal surgery, with the greatest risk apparent for current smokers.
A concerted effort should be made toward promoting smoking cessation in all
patients scheduled for elective colorectal surgery.


Keywords: colorectal surgery, NSQIP, postoperative complications,
postoperative outcomes, smoking


(Ann Surg 2013;258: 296–300)


T obacco use results in approximately 443,000 deaths per year and
leads to $157 billion in annual health-related economical losses


in the United States.1 Approximately 20% of adult Americans smoke
cigarettes, and annually millions of these patients undergo surgery.2


Smoking has been implicated as a risk factor for increased
complications after surgery.3,4 The deleterious impact of smoking on
perioperative outcomes is thought to be due to the short-term effects
of smoking including carbon monoxide-induced limitation of tissue
oxygenation and nicotine-induced vasoconstriction,5 along with long-
term effects of smoking on cardiac and pulmonary functions.6,7 The
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short-term effects are said to be reversible within a few days, whereas
the duration for the resolution of long-term effects of smoking is
not well defined. Evidence does, however, support progressive reduc-
tion in postoperative complications with longer periods of smoking
cessation.4


The impact of smoking on perioperative outcomes in colorec-
tal surgery remains unclear. Much of the data on smoking and out-
comes after colorectal surgery have arisen from small, often single-
institution studies, which are underpowered to allow for controlling
of potentially confounding factors. Furthermore, there is a paucity of
data on whether smoking has a different impact on colorectal resec-
tion for malignancy compared with benign processes (diverticular or
inflammatory bowel disease). The aim of this study was to evaluate
the effect of smoking on postoperative complications after colorectal
resection, using the American College of Surgeon’s National Surgical
Quality Improvement Program database.


METHODS
The American College of Surgeon’s National Surgical Quality


Improvement Program is comprised of a clinical database with sys-
tematic data collection conducted at hundreds of hospitals throughout
the United States. Details of the National Surgical Quality Improve-
ment Program sampling strategy, data abstraction, parameters col-
lected, and outcomes recorded have been previously reported.8


The National Surgical Quality Improvement Program database
(2005–2010) was queried for patients with a primary postopera-
tive diagnosis of colorectal cancer, diverticular disease, or inflam-
matory bowel disease, based on the International Classification of
Disease, Ninth Revision codes. The primary diagnosis was then cross-
referenced with the Current Procedural Terminology codes to identify
patients who had undergone major surgical resection related to the
International Classification of Disease, Ninth Revision codes. This
study was limited to patients undergoing elective surgery and, addi-
tionally, excluded high-risk patients in an effort to establish greater
homogeneity and allow for analysis of cases with a strictly elective
presentation. High-risk patients were defined as those with any of the
following characteristics: disseminated cancer, American Society of
Anesthesiologists class 5 (moribund), admission from an acute care
facility, preoperative systemic inflammatory response syndrome, sep-
sis or septic shock, acute renal failure, ventilator dependence, pneu-
monia, or coma.


Preoperative comorbidity variables were grouped by organ sys-
tem and analyzed along with surgical indication, patient characteris-
tics, and operative factors. Postoperative clinical complications were
also grouped by organ system and then categorized into the pri-
mary end points of incisional infection, infectious complication, ma-
jor complication, and mortality within 30 days of surgery. Incisional
infections were defined as surgical site infections (superficial to the
fascia) and wound disruption. Infectious complications included or-
gan space (peritoneal) infections and the occurrence of sepsis/septic
shock. Major complications included organ space (peritoneal) in-
fections, cardiac events, neurological events, ventilator dependence
(reintubation or failure to wean), pneumonia, venous thromboembolic
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events, a return to the operating room, renal failure, and sepsis/septic
shock.


The National Surgical Quality Improvement Program data
set includes 2 smoking variables: current smoker (patient who has
smoked cigarettes in the year before admission for surgery) and total
number of pack-years of smoking. Pack-years are defined as the num-
ber of packs of cigarettes smoked per day times the number of years
the patient has smoked. For the purposes of this study, each patient
was classified into never-smoker, ex-smoker, and current smoker.
Never-smoker was defined as a patient identified as “no” for the cur-
rent smoker variable and whose value for the pack-years variable
was zero. Patients identified as a noncurrent smoker but with missing
pack-year data were excluded. Ex-smoker was defined as a patient
who was identified as “no” for the current smoker variable and whose
value for the pack-year variable was more than zero. Current smoker
was defined as a patient who was identified as “yes” for the current
smoker variable and had a value for pack-years of more than zero or
missing.


Differences in the clinical characteristics of the patient co-
horts based on smoker status (never, ex, and current) were assessed
using χ 2 or Mann-Whitney U tests as appropriate to the data. The
previously defined postoperative complications were independently
evaluated as binary outcomes, and the association of smoker sta-
tus with these outcomes was examined in univariate χ2 analysis and
multivariate (adjusted) logistic regression. Adjusted odds ratios (ORs)
are reported for the multivariate regression for each of the outcomes
(stratified by indication) with ex and current smokers compared with
the never-smokers, which served as the reference group. Similarly,
adjusted ORs are reported for the association of pack-years (strati-
fied into quartiles) and postoperative complications. All regression
analyses were adjusted for patient age, sex, functional status, body
mass index, alcohol use, steroid use, comorbidities, American Soci-
ety of Anesthesiologists classification, and wound classification. The
impact of smoking in “healthy” patients with no other comorbidity
was also analyzed. A subset of patients with no comorbidity (body
mass index <30, American Society of Anesthesiologists class I or
II, no documented history of diabetes or any other organ system co-
morbidity) were selected and the same data end points were analyzed
(incisional, infectious, and major complications as well as mortality
within 30 days of surgery). All analyses were carried out using IBM
SPSS Statistics software, Version 19 (2010; SPSS, Inc).


RESULTS
A total of 47,574 patients met the study inclusion criteria, with


26,333 who had surgery for colorectal cancer, 14,019 for diverticular
disease, and 7222 for inflammatory bowel disease. Patient character-
istics are presented in Table 1. More than 60% of patients had never
smoked, 20.4% were current smokers, and 19.2% were classified as
ex-smokers. Current smokers were younger and likely to consume
more alcohol than nonsmokers and ex-smokers. Ex-smokers were
more likely to be older, have a higher body mass index, higher inci-
dence of diabetes, cardiac, pulmonary, and neurological comorbidi-
ties, and higher American Society of Anesthesiologists status than
current smokers and never-smokers. Both current smokers and ex-
smokers were more likely to be male. For the entire study group, the
median postoperative stay was 6 days. Postoperative stay was signifi-
cantly longer in current smokers and ex-smokers than in nonsmokers
(6 days vs 5 days, P < 0.0001).


A total of 472 patients (1%) died after colorectal surgery, 6187
patients (13%) had a major complication, and 6296 patients (13.2%)
had a minor complication. Major and minor unadjusted complica-
tions were significantly higher in current smokers and ex-smokers
than in nonsmokers (Table 2). Current smokers had the highest rate
of infectious complications, pneumonia, return to the operating room,


and incisional infection, whereas the rates of ventilator dependency,
cardiac, renal complications and 30-day mortality were highest in
ex-smokers. On multivariate analysis compared with nonsmokers and
ex-smokers, current smokers were at significantly higher risk of devel-
oping postoperative morbidity and mortality after colorectal surgery
(Table 3).


Multiple regression analysis was also used to study the ef-
fect of pack-years of smoking on complications (Table 4). A dose-
dependent increase in major complications was observed. The effect
on incisional infections and infectious complications was not very
pronounced; however, all complications including mortality were sig-
nificantly higher in patients with a history of more than 60 pack-years
of smoking.


We also analyzed a group of patients with no recorded comor-
bidity for differences between smokers and nonsmokers (Table 5).
Current smokers had significantly higher incisional, infectious, ma-
jor complications, and mortality than ex-smokers and nonsmokers.
A subset analysis of patients with Crohn disease was also performed
to compare results with a recent publication on effect of smoking in
Crohn disease. A total of 3770 patients had surgery for Crohn disease.
Current smokers with surgery for Crohn disease had a significantly
higher risk of developing incisional infections [OR, 1.27; 95% confi-
dence interval (95% CI), 1.01–1.59], infectious complications (OR,
1.43; 95% CI, 1.12–1.82), and major complications (OR, 1.52; 95%
CI, 1.23–1.87) than of never-smokers.


DISCUSSION
This study found that smokers undergoing a colorectal resec-


tion had an estimated 30% increased risk of developing either major
morbidity or mortality within 30 days of surgery compared with
never-smokers. This is in accordance with a study by Turan et al,9


who analyzed all patients undergoing noncardiac surgery from the
National Surgical Quality Improvement Program database. The latter
study included only a small cohort of patients undergoing colorectal
procedures (8.3% of total study population) and patients undergoing
emergency surgery. Two recent studies arising from the Veteran Af-
fairs database have also shown increased postoperative complications
in smokers compared with nonsmokers in general surgical patients
and in patients with gastrointestinal and thoracic cancers.10,11 We
used a similar methodology to that used in these studies; however,
the major difference is the nature of the population studied. We se-
lected patients who underwent elective colorectal surgery from the
National Surgical Quality Improvement Program database, which is
a large representative database with data collected from hundreds of
hospitals across United States, whereas the Veteran Affairs database
used by the 2 previous studies encompasses only middle-aged and
elderly male patients.


The effect of smoking on postoperative complications after col-
orectal surgery has not been well studied. In addition, the differences
between current smokers and ex-smokers and the dose-dependent
effect of pack-years of smoking have also never been evaluated.


A recent study of 423 elective colorectal resections showed
a significant association between smoking and an increased rate of
postoperative complications (OR, 1.32; P = 0.047). The strength
of association was stronger if only infectious complications were
included (OR, 1.53; P = 0.005). This study also showed reduced
long-term overall survival in smokers.12 Other small studies have
also shown an increased risk of anastomotic leakage in smokers,13,14


anastomotic stricture,14 and complications in general15,16 after
colorectal surgery. Most of the patients included in these studies
had resections for colorectal cancer, whereas inflammatory bowel
disease and diverticular disease are poorly represented in the study
populations. Moreover, these studies involved single or few centers
with relatively small sample sizes. Joyce et al17 analyzed their
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TABLE 1. Patient Characteristics by Smoking Status


Total Population Never-Smoker Ex-Smoker Current Smoker P


Total group 47,574 28,738 (60.4) 9,136 (19.2) 9,700 (20.4) —
Colorectal cancer 26,333 (55.4) 15,956 (55.5) 5,749 (62.9) 4,628 (47.7) —
Diverticular disease 14,019 (29.4) 8,093 (28.2) 2,306 (25.2) 3,620 (37.3) —
Inflammatory bowel disease 7,222 (15.2) 4,689 (16.3) 1,081 (11.8) 1,452 (15.0) —
Male sex 23,285 (48.9) 12,752 (44.5) 5,294 (58.0) 5,239 (54.1) <0.0001
Median age, y 60.0 60.0 66.0 55.0 <0.0001
Race∗


White 37,622 (86.5) 22,455 (85.7) 7,659 (91.3) 7,508 (84.4) <0.0001
Black 3,779 (8.7) 2,266 (8.6) 495 (5.9) 1,018 (11.4) —
Other 2,086 (4.8) 1,481 (5.7) 233 (2.8) 372 (4.2) —


Body mass index ≥30 14,945 (31.8) 8,952 (31.5) 3,218 (35.5) 2,775 (28.9) <0.0001
History of diabetes mellitus 6,128 (12.9) 3,573 (12.4) 1,588 (17.4) 967 (10.0) <0.0001
Functional status—dependent 1,605 (3.4) 1,021 (3.6) 333 (3.6) 251 (2.6) <0.0001
Pulmonary comorbidity 2,030 (4.3) 377 (1.3) 894 (9.8) 759 (7.8) <0.0001
Hepatic insufficiency 270 (0.6) 146 (0.5) 54 (0.6) 70 (0.7) 0.050
Cardiac comorbidity 4,406 (9.3) 2,189 (7.6) 1,470 (16.1) 747 (7.7) <0.0001
Renal insufficiency 167 (0.4) 103 (0.4) 38 (0.4) 26 (0.3) 0.217
Neurological comorbidity 2,578 (5.4) 1,439 (5.0) 696 (7.6) 443 (4.6) <0.0001
Steroids for chronic condition 3,573 (7.5) 2,271 (7.9) 678 (7.4) 624 (6.4) <0.0001
Bleeding disorders 1,421 (3.0) 778 (2.7) 372 (4.1) 271 (2.8) <.0001
HCT ≤36∗ 14,989 (33.1) 9,609 (35.2) 3,044 (34.7) 2,336 (25.3) <0.0001
ASA class III, IV vs I, II 19,859 (41.8) 1,0971 (38.2) 4,753 (52.1) 4,135 (42.6) <0.0001
Wound class III, IV vs II 7,685 (16.2) 4,330 (15.1) 1,314 (14.4) 2,041 (21.0) <0.0001
Median days from operating room to discharge 6.0 5.0 6.0 6.0 <0.0001
Total operation time† ≥219 min 12,110 (25.5) 7,042 (24.5) 2,457 (26.9) 2,611 (26.9) —
Chemo-/radiotherapy 3,041 (6.4) 1,621 (5.6) 665 (7.3) 755 (7.8) —


Results are presented as number (%).
∗Percentages reflect missing data entries.
†The 75th percentile of operation time.
ASA indicates American Society of Anesthesiologists; HCT, hematocrit.


TABLE 2. Major and Minor Postoperative Complications by Smoking Status


Complications Subgroups
Total Population


(N = 47,574)
Never-Smoker
(n = 28,738)


Ex-Smoker
(n = 9136)


Current Smoker
(n = 9700) P


Major complication incidence (frequency)
Infectious∗ 3289 (6.9) 1750 (6.1) 698 (7.6) 841 (8.7) <0.0001
Pneumonia 874 (1.8) 392 (1.4) 222 (2.4) 260 (2.7) <0.0001
Ventilator† 1066 (2.2) 486 (1.7) 308 (3.4) 272 (2.8) <0.0001
Cardiac 355 (0.7) 163 (0.6) 112 (1.2) 80 (0.8) <0.0001


Renal failure 523 (1.1) 251 (0.9) 161 (1.8) 111 (1.1) <0.0001
Neurological 143 (0.3) 77 (0.3) 37 (0.4) 29 (0.3) 0.114
VTE 723 (1.5) 436 (1.5) 159 (1.7) 128 (1.3) 0.062
Return to operating room 2405 (5.1) 1240 (4.3) 505 (5.5) 660 (6.8) <0.0001
Deaths 472 (1.0) 254 (0.9) 132 (1.4) 86 (0.9) <0.0001
All major complications 6187 (13.0) 3316 (11.5) 1374 (15.0) 1497 (15.4) <0.0001


Minor complications
Incisional infection‡ 5057 (10.6) 2676 (9.3) 1137 (12.4) 1244 (12.8) <0.0001
UTI 1584 (3.3) 966 (3.4) 333 (3.6) 285 (2.9) 0.023
All minor complications 6296 (13.2) 3462 (12.0) 1386 (15.2) 1448 (14.9) <0.0001


Results are presented as number (%).
∗Organ space infection or sepsis or septic shock.
†Unplanned reintubation or failure to wean within 48 hours after operation.
‡Superficial or deep surgical site infection or wound disruption.
UTI indicates urinary tract infection; VTE, venous thromboembolic event.


institutional database to examine the relationship between smoking
status and perioperative outcome after surgery for Crohn disease.
They did not observe any association between smoking and postoper-
ative complications in their cohort. It should be noted that only a uni-
variate analysis was used and that the sample size was relatively small
(N = 691).


In contrast, this study shows a significantly increased risk
of incisional, infectious, major complications, and mortality within
30 days in current smokers when compared with nonsmokers
and ex-smokers after colorectal surgery. These differences are
largely maintained even when inflammatory bowel disease, col-
orectal cancer, and diverticular disease are considered separately,
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TABLE 3. Multivariate Postoperative Outcome Comparisons of Ex-Smokers and Current Smokers With
Never-Smokers


Adjusted OR (95% CI)


Presentation/Smoking Status Incisional Infection Infectious Complication Major Complication Mortality


Colorectal cancer (n = 26,333)
Never (60%) 1.00 1.00 1.00 1.00
Ex (22%) 1.31 (1.19–1.45) 1.13 (1.00–1.28) 1.10 (1.01–1.20) 1.03 (0.79–1.33)
Current (18%) 1.30 (1.17–1.46) 1.37 (1.21–1.56) 1.36 (1.23–1.50) 1.49 (1.09–2.05)


Diverticular disease (n = 14,019)
Never (58%) 1.00 1.00 1.00 1.00
Ex (16%) 1.21 (1.05–1.41) 1.15 (0.93–1.42) 1.17 (0.99–1.37) 1.56 (0.85–2.85)
Current (26%) 1.35 (1.19–1.54) 1.36 (1.14–1.63) 1.46 (1.27–1.67) 1.86 (0.95–3.64)


Inflammatory bowel disease (n = 7222)
Never (65%) 1.00 1.00 1.00 1.00
Ex (15%) 1.28 (1.04–1.58) 1.06 (0.85–1.34) 1.03 (0.85–1.25) 0.58 (0.20–1.70)
Current (20%) 1.32 (1.10–1.59) 1.22 (1.00–1.47) 1.23 (1.05–1.44) 0.63 (0.19–2.02)


All cases (N = 47,574)
Never (60%) 1.00 1.00 1.00 1.00
Ex (19%) 1.27 (1.17–1.37) 1.15 (1.04–1.26) 1.11 (1.04–1.20) 1.06 (0.84–1.34)
Current (21%) 1.32 (1.22–1.42) 1.31 (1.19–1.43) 1.30 (1.21–1.40) 1.47 (1.11–1.94)


Adjusted for age, sex, functional status, obesity, history of diabetes mellitus, comorbidities (pulmonary, hepatic, cardiac, renal, and neurological), ethanol
use, steroid use for chronic condition, American Society of Anesthesiologists classification, and wound class. All end points represent 30-day outcomes.


Current indicates current smoker within 1 year; Never, noncurrent smoker with zero pack-year of smoking recorded; Ex, noncurrent smoker with more than
zero pack-years of smoking recorded.


TABLE 4. Adjusted Odds Ratios of Postoperative Outcomes Stratified by Pack-Years Smoked


Adjusted OR (95% CI)


Pack-Years of Smoking Incisional Infection∗ Infectious Complication† Major Complication‡ Mortality§


0 1.00 1.00 1.00 1.00
1–20 1.23 (1.14–1.34) 1.13 (1.03–1.26) 1.11 (1.02–1.20) 0.80 (0.57–1.12)
21–40 1.29 (1.17–1.42) 1.23 (1.09–1.38) 1.26 (1.15–1.39) 1.09 (0.79–1.50)
41–60 1.32 (1.16–1.50) 1.43 (1.23–1.65) 1.38 (1.23–1.55) 1.23 (0.86–1.76)
60 1.55 (1.34–1.80) 1.34 (1.11–1.59) 1.54 (1.35–1.76) 1.85 (1.31–2.60)


Adjusted for age, sex, functional status, obesity, history of diabetes mellitus, comorbidities (pulmonary, hepatic, cardiac, renal, and neurological),
ethanol use, steroid use for chronic condition, ASA classification, and wound class.


∗Superficial or deep surgical site infection or wound disruption.
†Organ space infection or sepsis or septic shock.
‡Mortality, respiratory complication, neurologic complication, cardiac complication, organ space infection, venous thromboembolism, renal


failure, sepsis, and return to operating room.
§Mortality within 30 days after operation.
ASA indicates American Society of Anesthesiologists.


TABLE 5. All Patients (N = 17,979) With ASA Class III or IV or With History of Diabetes Mellitus, Obesity,
or Any Organ System Comorbidity Removed


Adjusted OR (95% CI)


Presentation/Smoking Status Incisional Infection Infectious Complication Major Complication Mortality


Never (65%) 1.00 1.00 1.00 1.00
Ex (14%) 1.17 (0.99–1.37) 1.03 (0.84–1.25) 1.05 (0.90–1.22) 1.52 (0.69–3.39)
Current (21%) 1.29 (1.13–1.48) 1.23 (1.05–1.44) 1.33 (1.18–1.51) 2.32 (1.05–5.12)


ASA indicates American Society of Anesthesiologists.


although the strength of this association in ex-smokers is weaker.
The detrimental effect of smoking was evident even when a sub-
set of otherwise healthy patients with no comorbidities was se-
lected. These data also show a strong association between pack-
years and the increased risk of developing complications, with the
effect most pronounced in those with more than a 60-pack–year
history.


It is important to be cognizant of the inherent limitations of
this study. Exposure to cigarettes was self-reported and thus subject to
recall bias. In addition, for this study, current smoking is categorized
as a history of smoking within a year of surgery. This means that a
person who quit smoking several months before surgery would still
be classified as a current smoker. Thus, it is plausible that this study
underestimates the true deleterious impact on smoking, as the current
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smoker cohort may include patients who have stopped smoking sev-
eral months before their surgery. However, the strength of this study
is that it offers the opportunity to examine the impact of smoking
on 30-day outcomes in a defined cohort of patients where both pre-
operative and postoperative factors are collected in a consistent and
validated manner.


Ex-smokers in this study were defined as patients who had not
smoked for at least 1 year. The findings in this study would therefore
point to a significant benefit in smoking cessation for more than 1
year in the colorectal cancer population.


One recent study did not show any benefit in short-term pre-
operative smoking cessation in colorectal surgery.18 The duration of
the smoking cessation intervention varied between 2 to 3 weeks, and
it is plausible that the lack of benefit was due to the very short dura-
tion of the intervention. Some effects of smoking are thought to be
reversible over a short time span, and other studies have described
a significant reduction in postoperative complications with smoking
cessation of 4 or more weeks.19–21 The findings of this study are also
consistent with other available smoking cessation literature that sug-
gests that longer periods of smoking cessation reduce the incidence
of postoperative complications.4,22 It is also widely accepted that a
diagnosis of cancer or other significant illness and/or the scheduling
of major surgery can act as a teachable23,24 or golden moment19,25


when patients may be more motivated to quit smoking. This teach-
able moment at the time of diagnosis or of scheduling surgery may be
used in patients with colorectal cancer to encourage patients to enter
a preoperative smoking cessation program. Such an intervention may
reduce postoperative complications.


CONCLUSIONS
Smoking increases the risk of complications after all types


of major colorectal surgery. The risk of complications is signif-
icantly higher in current smokers than in ex-smokers and non-
smokers. A concerted effort should be made toward promoting
smoking cessation in all patients scheduled for elective colorectal
surgery.
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PURPOSE: Guided imagery uses the power  of thought to 
influence psychologic and physiologic states. Some studies 
have shown that guided imagery can decrease anxiety, 
analgesic requirements, and length of stay for surgical pa- 
tients. This study was designed to determine whether  
guided imagery in the perioperative period could improve 
the outcome of colorectal surgery patients. METHODS: We 
conducted a prospective, randomized trim of patients un- 
dergoing their first elective colorectal surgery at a tertiary 
care center. Patients were randomly assigned into one of 
two groups. Group 1 received standard perioperative care, 
and Group 2 listened to a guided imagery tape three days 
preoperatively; a music-only tape du t~g  induction, during 
surgery, and postoperatively in the recovery room; a guided 
imagery tape during each of the first six postoperative days. 
Both groups had postoperative patient-controlled analgesia. 
All patients rated their levels of pain and anxiety daily, on a 
linear analog scale of 0 to 100. Total narcotic consumption, 
time to first bowel movement, length of stay, and nnmber of 
patients with complications were also recorded. RESULTS: 
Groups were similar in age and gender distribution, diag- 
noses, and surgery performed. Median baseline anxiety 
score was 75 in both groups. Before surgery, anxiety in- 
creased in the control group but decreased in the guided 
imagery group (median change, 30; P < O.O0O. Postopera- 
tively, median increase in the worst pain score was 72.5 for 
the control group and 42.5 for the imagery group (P < 
0.001). Least pain was also significantly different (P < 
0.001), with a median increase of 30 for controls and 12.5 
for the imagery group. Total opioid requirements were 
significantly lower in the imagery group, with a median of 
185 mg vs. 326 mg in the control group (P < 0.001). Time 
to first bowel movement was significantly less in the imag- 
ery group (median, 58 hours) than in the control group 
(median, 92 hours; P < 0.001). The number of patients 
experiencing postoperative complications (nausea, vomit- 
ing, pruritus, or ileus) did not differ in the two groups. 
CONCLUSION: Guided imagery significantly reduces post- 
operative anxiety, pain, and narcotic requirements of colo- 
rectal surgery and increases patient satisfaction. Guided 
imagery is a simple and low-cost adjunct in the care of 
patients undergoing elective colorectal surgery. [Key 
words: Imagery; Relaxation; Anxiety; Colorectal surgery; 
Pain] 


Read at the meeting of The American Society of Colon and Rectal 
Surgeons, Seattle, Washington, June 9 to 14, 1996. 
Address reprint requests to Dr. Fazio: Department of Colorectal 
Surgery, The Cleveland Clinic Foundation, Desk Al11, 9500 Euclid 
Avenue, Cleveland, Ohio 44195. 
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w h e n  pa t ien ts  u n d e r g o  surgery,  t hey  of ten  ex-  


p e r i e n c e  a loss o f  cont ro l  a n d  feel  t hey  be -  


c o m e  a vict im ins tead  o f  a par t ic ipant .  Their  e m o t i o n s  


m a y  b e  in disarray.  Anxiety ,  fear  o f  the  u n k n o w n ,  fear  


of  pain ,  d e p e n d e n c y ,  uncer ta in ty ,  a n d  he lp l e s snes s  


are  prominent .1  These  e m o t i o n s  can  intensify the  per -  


cep t ion  o f  pa in  a s soc ia t ed  wi th  invas ive  med ica l  p ro -  


cedures .  2 Physical  a n d  p s y c h o l o g i c  stress con t r ibu te  


to  p e r c e i v e d  surgical  pain,  p r o l o n g i n g  p o s t o p e r a t i v e  


r e c o v e r y  t ime, a n d  e n h a n c i n g  i m m u n o s u p p r e s s i o n .  3 


Unfami l ia r  su r round ings  of  the  ope ra t i ng  r o o m  inten-  


sifies pa t ien ts '  anxiet ies .  4 


Clinical s tudies  have  sugges ted ,  howeve r ,  that  a 


r ange  o f  pos i t ive  c o p i n g  skills inc lud ing  imagery ,  re- 


laxat ion,  self-talk, and  pos i t ive  o u t c o m e  expec ta t ions  


a l low pat ien ts  to re ta in  a sense  o f  cont ro l  a n d  to 


i m p r o v e  their  surgical  ou t come .  1 Fur the rmore ,  ran-  


d o m i z e d  s tudies  have  s h o w n  that  p s y c h o l o g i c  inter-  


ven t ions  to r educe  stress can  e n h a n c e  i m m u n e  func-  


t ion and  p r o l o n g  survival  in cance r  pat ients .  5' 6 


O n e  pract ical  t he rapeu t i c  t e chn ique  that  can  b e  


u s e d  to ease  stress a n d  to a l low re laxa t ion  is g u i d e d  


imagery.  G u i d e d  ima ge ry  uses  aud io  t apes  to c rea te  


menta l  images  that  b r ing  a b o u t  a state o f  f oc used  


concent ra t ion .  This state, in turn, a l lows  re laxa t ion  


and  p r o d u c e s  a sense  of  phys ica l  a n d  emo t iona l  wel l -  


be ing.  The  abi l i ty  to relax, to c lear  the  mind,  a n d  to 


e n g a g e  in hea l ing  images  e n h a n c e s  bo th  phys io log ic  


a n d  p s y c h o l o g i c  wel lness .  7 In this way,  g u i d e d  imag-  


ery  can  he lp  pa t ien ts  cont ro l  thei r  r eac t ions  to anxi-  


ety, depres s ion ,  and  stressful  s i tuat ions a n d  m a y  also 


s t r eng then  the  i m m u n e  system,  w h i c h  po ten t ia l ly  en-  


ab les  pa t ien ts  to e n h a n c e  their  o w n  heal ing.  8' 9 The  


p u r p o s e  of  this s tudy  was  to  d e t e r m i n e  w h e t h e r  
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guided imagery in the perioperative period would 
improve the outcome of colorectal surgery. 


MATERIALS A N D  M E T H O D S  


This was a prospective, randomized clinical inves- 
tigation involving 130 patients undergoing their first 
elective colorectal operation. For sample size calcula- I 
tion, a two-sided Type I error rate (significance level) 
of 0.05 and a statistical power  of 80 percent were 
assumed. Using the sample size formula for compar- 
ing two means, 1~ the estimated sample size to detect 
a two-day mean difference in hospital length of stay 
was 65. The study was approved by the Institutional 
Review Board at the Cleveland Clinic Foundation. The 


study was initiated March 1995 and completed April 
1996. Eligible candidates were male or female En- 
glish-speaking patients between the ages of 18 to 75 
years, who were able to understand simple instruc- 
tions. Patients were excluded ff there was a history of 
substance abuse, chronic pain lasting more than six 
months, narcotic use of more than six months, intol- 
erance to morphine, a major psychiatric disorder, or a 
contraindication to patient-controlled analgesia 
(PCA). 


Discussion of study protocol was identical in both 


groups of patients and performed before group as- 
signment to prevent study bias. Postoperatively, both 
groups were given equal amounts of support to as- 
sure study objectivity. In addition, patients were nei- 
ther told of previous research findings nor  given an 
expectation of study results. Masking was not possi- 
ble in this trial. Quality assurance procedures in- 
cluded a visual review of the data forms, ongoing data 
processing, rekey verification, and data edit queries 
generated through interim summarizations of study 
data. 


After informed consent had been obtained, patients 
were randomly assigned using the uniform random 
number  generator within SAS 11 into one of two 
groups. Block randomization was used to help bal- 
ance numbers of patients assigned to each group. 
Group 1 received the routine postoperative care, 
which included intravenous PCA that was monitored 
daily by the Pain Management Service for adequacy of 
analgesia and changed as necessary to provide ade- 
quate pain relief. Group 2 also received intravenous 
PCA, but in addition listened to a guided imagery tape 
three consecutive days preoperatively. They listened 
to a music-only tape during induction of anesthesia, 
during the operation, and in the recovery room; they 


also listened to a guided imagery tape daily for the 


first six postoperative days. 
The guided imagery tape taught techniques that 


allowed them to become calm and focused. They 
were then brought to a "special place" in their mind 
that was safe, secure, protected, supported, and re- 
laxed. The imagery story encouraged patients to con- 
front and work through any feelings of fear, anxiety, 
and negativity. Patients were instructed to listen to the 
tape without interruption twice per day, once in the 
morning and once in the evening. Tapes were 20 
minutes long and had a soft, soothing, musical back- 
ground. Music-only tapes were also 20 minutes long 
and had the same music that was on the guided imagery 
tape. Patients used auto-reverse audio cassette players 
to allow for continuous play during surgery and the 
immediate postoperative period. Tapes were purchased 
from Health Journeys, Cleveland, Ohio. 


Pain and suffering are subjective experiences that 
are not easy to measure objectively. Assessment of 
pain, therefore, usually relies on patient self-report- 
ing. A commonly used method to assess pain intensity 
is the Numerical Rating Scale.t2 Validity of the Numer- 
ical Rating Scale has been well documented,  with 
good correlations with other measures of pain inten- 
sity. Data on pain or anxiety were collected: 1) at the 
first meeting with the patient, after surgery had been  
scheduled and informed consent for the study had 
been obtained (pain and anxiety); 2) shortly before 
surgery, as a recall of anxiety of the last three preop- 
erative days; 3) before surgery, as the current level of 
anxiety; 4) during the morning and evening of each of 
the first six postoperative days (pain and anxiety). At 
each assessment of pain, patients rated their worst 
and least levels of experience. Thus, each patient 
provided 1 preoperative and 24 postoperative ratings 


of pain (12 worst-pain scores and 12 least-pain 
scores) and 3 preoperative and 12 postoperative rat- 
ings of anxiety. Mean of the morning and evening 
rating during the postoperative period was used as 
the raw data for data analysis. Patients were visited or 
contacted twice daily (morning and evening) to assess 
pain and anxiety. Patients rated their pain and anxiety 
twice daily on a linear analog scale from 0 to 100, 
where 0 = no pain and 100 = pain as bad as it could 
be and 0 = no anxiety and 100 = anxiety as bad as 
could be. Narcotic consumption, time to first bowel 
movement,  side effects, sleep quality, and length of 
stay were also recorded. Intravenous PCA narcotic 
consumption was recorded as milligrams of morphine 
or its equivalent (per a conversion factor); oral nat- 
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cotic consumption was also noted. Follow-up contin- 
ued for a full six days postoperatively, even if the 
patient was discharged. In this case, contact was 
made by telephone. 


An intent to treat philosophy was followed for the 
analysis of all outcome data. Outcome measures were 
summarized using median and interquartile ranges. 
Confidence intervals (95 percent) for median differ- 
ences in outcome measures were generated using 
methods described by Conover. 13 Statistical compar- 


isons for categoric data were performed with chi- 
squared tests. Within-group comparisons of controls 


and imagery patients for changes in pain (postoper- 
ative day 1-preoperative) and anxiety (preoperative- 
baseline) scores were done with the Wilcoxon's 
signed-rank test and between-group comparisons 


(control vs .  imagery) with the Wilcoxon's rank-sum 
test. To compare the decline in the postoperative 
period for pain and anxiety between groups, a sepa- 
rate linear regression (least-squares) intercept and 
slope were calculated for each patient. Mean slope for 
each outcome was compared between groups using a 
t-test. Data were analyzed with the SAS statistical 


software system. 


RESULTS 


One hundred thirty patients were enrolled. Of the 


65 assigned to the imagery group, two did not listen to 
the tapes consistently beyond the initial preoperative 
day; however, they were still included in data analy- 
sis. Median age of all patients was 40 (range, 17-78) 
years. Median age for control group was 39 years; 


median age for imagery group was 40 years. Groups 
were similar in age distribution, diagnoses, and sur- 


gery performed. Data for diagnosis and surgical pro- 
cedures are summarized in Tables 1 and 2. 


No statistically significant differences were found 
between patient groups for these variables. One pa- 


Table 1. 
Diagnosis 


Control Imagery Total 
Diagnosis Group Group 


n (%) n (%) n (%) 


Primary cancer 17 (26) 18 (28) 35 (27) 
Mucosal ulcerative 29 (45) 32 (49) 61 (47) 


colitis 
Crohn's disease 15 (23) 10 (15) 25 (t9) 
Undetermined 0 1 (2) 1 (1) 
Other 4 (6) 4 (6) 8 (6) 
Total 65 (100) 65 (100) 130 (100) 


tient in the imagery group had postoperative compli- 
cations requiring heavy sedation, preventing her from 
listening to the tapes and giving subjective assess- 
ments. Her preoperative data were evaluated but her 
postoperative data were not available for analyses. 


Total analgesic requirements were significantly 
lower in the imagery group (median, 185 (range, 
55-908) mg) compared with control group (median, 
326 (range, 63-1,108) mg; P < 0.001). Time to first 
bowel movement  was also significantly less in the 


imagery group (median, 58 (range, 16-288) hours) 
than in the control group (median, 92 (range, 8-264) 
hours; P = 0.003). Median length of stay for imagery 
patients was 6.2 (range, 4-31) days and was not sig- 
nificantly different from that of the control group (6.4 


(range, 2.9-30.1) days). 
The difference between the worst pain on postop- 


erative day 1 and the worst pain experienced before 


surgery (before tapes were given to the imagery 
group) was significantly different between the two 
groups. Median increase in the worst pain score was 
72.5 (range, -30-100) for the control group vs .  a 


median increase of 42.5 (range, -60-90)  for the im- 


agery group (P  < 0.001). Least pain (using the same 
comparisons) was also significantly different (P  > 
0.001), with a median increase of 30 (range, -40 -  
92.5) for controls and 12.5 (range, -70-82.5) for the 
imagery group. Anxiety decreased for those listening 
to the tapes (median change, - 3 0  (range, -95-50), 
but median change was 0 in the control group. The 
difference between the two groups in those changes 
in anxiety scores was significant (P  < 0.001). 


The proportion of patients experiencing complica- 
tions, such as nausea, vomiting, pruritus, and ileus, 


did not differ significantly between the two groups 
(13.8 percent for controls vs .  7.9 percent for the im- 
agery group. Clinical results for narcotic consump- 
tion, time to first bowel movement,  length of stay, and 
postoperative complications are described in Table 3. 
Worst pain, least pain, and presurgical and postsurgi- 
cal anxiety were rated by patients on a linear analog 
scale of 0 to 100 during the first six postoperative 
days. Median scores are displayed in Figures 1 
through 3. There are clear advantages for the guided 
imagery group, with less pain and anxiety on each 
day. However,  the rate of decline during the postop- 
erative period did not differ between groups. 


A completion questionnaire was given to the imag- 
ery patients on postoperative day 6. All 64 patients 
stated that the tapes helped them preoperatively. 
Only 3.2 percent (2/62) believed that guided imagery 
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Table 2. 
Surgical Procedures 


175 


Control Imagery Total 
Surgical Procedures Group Group 


n (%) n (%) n (%) 


Colectomy 18 (28) 18 (26) 36 (28) 
Colectomy with coloanal anastomosis 4 (6) 3 (4) 7 (5) 
Anterior proctocolectomy 9 (14) 5 (7) 14 (11) 


with colorectal anastomosis 
Small-bowel resection 8 (12) 11 (17) 19 (15) 
Ileal pouch-anal anastomosis 23 (35) 26 (40) 49 (38) 
Other 3 (5) 2 (3) 5 (4) 
Total 65 (100) 65 (100) 130 (100) 


Table 3. 
Clinical Results of 130 Patients Undergoing First Elective Colorectal Surgery With or Without Guided Imagery 


Control Imagery Median 
Response Variable Group Group Difference P 


(n = 65) (n = 65) (95% CI) 


Median (IQR) narcotic 
Consumption (mg/patient) 
Median (IQR) time to first 
Bowel Movement (hr) 
Median (IQR) hospital 
Length of stay (days) 
Percent of patients with 


complications* 


326 185 115 <0.001 
(218-432) (123-287) (72-162) 


92 58 23 <0.001 
(54-120) (43-90) (7-37) 


6.4 6.2 0.3 NS 
(5.3-8.0) (5.1-7.1) ( - .1-1)  


13.8 7.9 5.9 NS 


IQR = interquartile range; CI = confidence interval; NS = not significant. 
* Nausea, vomiting, pruritus, or ileus. 


served no benefit postoperatively. In addition, 81 per- 
cent (50/62) believed that it improved their quality of 
sleep, 91 percent (56/60) stated that it helped speed 
their recovery, and 100 percent (62/62) stated that 
guided imagery reduced their anxiety after surgery. 
Ninety-eight percent responded that the guided im- 
agery program reduced their pain after surgery (61/ 
62), and 94 percent (58/62) believed that all patients 
having major abdominal surgery should have the op- 
portunity to use the guided imagery tapes. 


DISCUSSION 


The therapeutic use of relaxation and imagery is 
centuries old. Only recently, however, has medical 
research supported its use. Investigators from health 
psychology, behavioral medicine, and the relatively 
new field of psychoneuroimmunology have begun to 
provide data that explain how the mind and body 
interact as a whole to influence healing and the im- 
mune system. 2 Guided imagery can empower the 
patient by allowing them to actively participate in 
their recovery. 14 


Music affects human physiology through electric 


conduction, heart rhythm, circulation, and respira- 
tion. It may relieve stress by diverting attention away 
from, or by masking, annoying noises. 4 Allowing pa- 
tients to listen to music during anesthesia induction 
and surgical procedures has been shown to decrease 
anxiety and stress levels. 4 Guided imagery also pro- 
vides a means for patients to directly focus on positive 
images and thoughts, thus allowing a "mental tempo- 
rary escape." Our study did not evaluate the patient's 
responses using a music-only tape during induction 
and during the surgical procedure. However, overall 
patient satisfaction and comments regarding the mu- 
sic-only tape were high. 


Through guided imagery, patients have been 
shown to relax, clear the mind, and engage in images 
that can support them physiologically and psycholog- 
ically. 15 This study shows that guided imagery bene- 
fits patients undergoing colorectal surgery. In addi- 
tion to significantly reducing pain and anxiety, guided 
imagery improved patients' assessment of their well- 
being. Baseline levels (pre-tape) of anxiety and pain 
for both control and imagery patients were similar, 
suggesting that all patients began the study experi- 
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Figure 1. Plot of anxiety scores for control and imagery groups at baseline, immediately before the operation, and on 
each of the six postoperative days. Data are given as median interquartile ranges. 
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Figure 2. Plot of worst pain scores for control and imagery groups at baseline, immediately before the operation, and 
on each of the six postoperative days. Data are given as median interquartile ranges. 


encing the same discomfort levels. After surgery, pa- 
tients receiving guided imagery rated their pain and 
anxiety considerably lower than controls did on each 
of the first six postoperative days. 


Psychologic and behavioral preparation for surgery 
can affect the body's recovery. A controlled study 
conducted by McLintock, e t  al.  16 at The Royal Infir- 


mary in Glasgow was conducted to determine if pos- 
itive suggestions given to a patient under general 
anesthetic would reduce postoperative pain and an- 
algesic requirements. The audio tape containing pos- 
itive suggestions did not have a musical background. 


Sixty-three women  undergoing elective abdominal 
hysterectomy were randomized to listen to either a 
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Figure 3. Plot of least pain scores for control and imagery groups at baseline, immediately before operation, and on 
each of the six postoperative days. Data are given as median interquartile ranges. 


blank tape or a tape of positive suggestions during the 
operation. Pain scores and narcotic consumption was 
recorded for the first 24 hours postoperatively. Mean 
morphine requirements were 51 mg for the women  
who listened to the positive suggestions vs. 66 mg in 
those who listened to a blank tape. Difference be- 
tween the means was 14.6 mg (P  = 0.028). Pain 
scores were similar in the two groups. 


Anxiety increases oxygen consumption, cardiac 
output, and blood pressure. The combination of anx- 
iety and stress may produce a need for higher dosages 
of anesthetics and sedatives during procedures that 
may have a negative impact on patients' recoveries. 4 


Gastrointestinal surgery and postoperative pain are 
associated with adverse physiologic stress responses. 
Medications used to treat pain postoperatively can 
also lead to several postoperative side effects, includ- 
ing nausea, pruritus, and paralytic ileus. Disbrow and 
Bennett 17 compared the return of intestinal function 
after intra-abdominal surgery in a control group with 
that of patients who received positive suggestions v i a  


audio tape. The study group had earlier return of 
bowel function (2.6 vs. 4.1 days) than the control 
group. Patients who received guided imagery left the 
hospital on an average of 1.5 days before those in the 
control group. 


Our results for bowel function are similar to those 
of Disbrow and Bennett, 17 although this earlier return 
did not decrease the median length of hospital stay. 


Similarly, an effect on hospital stay may have been  
masked by the generally short stay that is now routine 
for colorectal surgery patients (6 days) and by low 
patient numbers. Sample size calculation for this 
study was based on data available on 362 patients 
having colorectal surgery at The Cleveland Clinic in 


1994 when mean length of stay was 8.2 (standard 
deviation = 4) days, which is almost one day longer 
than that observed for this study (mean, 7.4; standard 


deviation, 4.3). To detect a difference of one day in 
the mean length of stay between the two groups in a 


new study with 80 percent power  and an alpha level 
of 0.05, the sample size would need to be approxi- 
mately 600 (300 in each group). The observed power  
for this study was 75 percent to detect a two-day 
difference in mean length of stay. Although there was 
no significant difference in our study between con- 
trois and imagery patients for complications and 
length of stay, the imagery group used significantly 
less narcotic and had their first bowel movement  
earlier. Our study required listening to the guided 
imagery tape more frequently than previous studies, 
including preoperative, operative, and postoperative 
listening. 


C O N C L U S I O N  


Results of this study suggest that the use of guided 
imagery has a significant impact on preoperative and 
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postoperat ive anxiety, pain, narcotic consumption,  


and patient satisfaction. Guided imagery is a simple, 
low-cost adjunct in the care of patients undergoing 


elective colorectal surgery. 
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ABSTRACT
Background: Prehabilitation has been previously shown to be more effective in enhancing postopera-
tive functional capacity than rehabilitation alone. The purpose of this study was to determine whether
a weekly supervised exercise session could provide further benefit to our current prehabilition pro-
gram, when comparing to standard post-surgical rehabilitation.
Methods: A parallel-arm single-blind randomized control trial was conducted in patients scheduled for
non-metastatic colorectal cancer resection. Patients were assigned to either a once weekly supervised
prehabilitation (PREHABþ, n¼ 41) or standard rehabilitation (REHAB, n¼ 39) program. Both multimodal
programs were home-based program and consisted of moderate intensity aerobic and resistance exer-
cise, nutrition counseling with daily whey protein supplementation and anxiety-reduction strategies.
Perioperative care was standardized for both groups as per enhanced recovery after surgery (ERASVR )
guidelines. Functional exercise capacity, as determined by the 6-minute walk test distance (6MWD),
was the primary outcome. Exercise quantity, intensity and energy expenditure was determined by the
CHAMPS questionnaire.
Results: Both groups were comparable for baseline walking capacity (PREHABþ: 448 m [IQR 375–525]
vs. REHAB: 461 m [419–556], p¼.775) and included a similar proportion of patients who improved walk-
ing capacity (>20 m) during the preoperative period (PREHABþ: 54% vs. REHAB: 38%, p¼ .222). After
surgery, changes in 6MWD were also similar in both groups. In PREHABþ, however, there was a signifi-
cant association between physical activity energy expenditure and 6MWD (p< .01). Previously inactive
patients were more likely to improve functional capacity due to PREHABþ (OR 7.07 [95% CI
1.10–45.51]).
Conclusions: The addition of a weekly supervised exercise session to our current prehabilitation pro-
gram did not further enhance postoperative walking capacity when compared to standard REHAB care.
Sedentary patients, however, seemed more likely to benefit from PREHABþ. An association was found
between energy spent in physical activity and 6MWD. This information is important to consider when
designing cost-effective prehabilitation programs.


Abbreviations: ERAS: enhanced recovery after surgery; RCT: randomized control trial; PREHABþ: preha-
bilitation with supervised exercise sessions; REHAB: rehabilitation; 6MWD: 6-minute walk test distance;
CHAMPS: Community Healthy Activity Model Programme for Seniors; METS: metabolic equivalents; GEE:
generalized estimating equations; HADS: Hospital Anxiety and Depression Scale; ACS: American Cancer
Society
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Introduction


Fatigue [1] and low functional capacity have been reported
[2] in cancer patients following treatment, such as surgery,
chemotherapy and radiotherapy [3]. Emerging evidence indi-
cates that a multimodal prehabiltation program improves
preoperative functional reserve and, subsequently, helps
patients to better tolerate the side effects of surgery [4]. In a
randomized controlled trial, conducted by Gillis et al., it was


demonstrated that 80% of patients who received a multi-
modal prehabilitation program prior to colorectal cancer
resection recovered their baseline functional capacity by 8
weeks post-surgery compared to a 40% recovery rate in a his-
torical control that received post-operative rehabilitation only
[5]. The multimodal prehabilitation program implemented in
the Gillis study consisted of a home-based, unsupervised exer-
cise program (moderate-intensity aerobic and resistance
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training), nutritional counseling, protein supplementation and
anxiety easing techniques that was initiated approximatedly
28 days prior to surgery and continued for 8 weeks into the
postoperative period. Despite the overall benefits attributed
to the prehabilitation program, there remained a 30% decline
in functional capacity- as determined by 6-minute walking dis-
tance (6MWD) – during the first month post-surgery, which
was attributed to either exercise of an insufficient intensity or
low adherence to preoperative exercise.


Supervised exercise sessions increase functional recovery
after cardiac [6] and orthopedic surgery [7], as well as
improving long-term maintenance of physical activity [8]
and degree of exercise progression [9]. Also, supervision of
exercise by a qualified professional can promote patient con-
fidence and determination in achieving recommended exer-
cise goals [10].


In an attempt to further mitigate the decline that occurs in
the immediate postoperative period [5], the goal of this
randomized control trial (RCT) was to determine whether the
addition of a once-a-week supervised exercise session to our
current prehabilitation program would further enhance recov-
ery when compared to standard care rehabilitation, thus pro-
moting an accelerated return to baseline physical function.
The design was based on a previously published study where a
prehabilitation group was compared to a control that received
a similar program but offered as rehabilitation only [4].


We hypothesized that patients who received a prehabilita-
tion program that included a once-a-week supervised exercise
session in the preoperative period will enhance their walking
capacity prior to surgery when compared to the rehabilitation
group. In addition, this improvement will subsequently aid in
mitigating the postoperative decline in physical function and
promote an earlier return to baseline functional capacity
when compared to a rehabilitation-only group.


Methods


Subjects


The study was approved by the Research Ethics Board of the
McGill University Health Center (11-004-GEN), Montr�eal,
Qu�ebec, Canada and registered on ClinicalTrials.gov
(NCT02586701). Participants were enrolled from December
2013 to August 2015 at a single tertiary care center affiliated
with McGill University in Montr�eal, Qu�ebec, Canada.
Consecutive adult patients, scheduled for colon or rectal can-
cer resection, were approached at the initial visit with their sur-
geon. Participants were deemed ineligible for this study if they
had metastatic cancer, did not speak English or French or had
concurrent medical conditions that contraindicated exercise.
Surgical care for study participants followed the enhanced
recovery after surgery (ERASVR ) guidelines which has been the
standard of surgical care at our institution since 2008 [11,12].


Study design


The study was conceived as a single-blind parallel-arm RCT
and was based on the design of previously published studies


where efforts were made to minimize the potential bias of
offering an exercise intervention to only one group [4,5].


Preoperative phase


Group assignment
Once recruited and consented for the study, each participant
was scheduled for a baseline assessment by a kinesiologist,
nutritionist and a psychology-trained research team member.
At the baseline evaluation, patients were randomly assigned
on a 1:1 ratio by computer-generated random numbers in
sealed envelopes to receive either the supervised prehabilita-
tion (PREHABþ) or the rehabilitation (REHAB) program. This
assessment was performed approximately 4 weeks before the
scheduled surgery date, with participation in this study hav-
ing no affect on surgical waiting time (see Figure 1).


Prehabilitation
Patients assigned to the PREHABþgroup were prescribed a
multimodal home-based exercise program to be commenced
immediately after the baseline assessment (see Figure 1). In
addition, during the pre-surgical period, these patients were
required to attend once a week in-laboratory exercise ses-
sions that were supervised by a trained kinesiologist. Post-
surgery, PREHABþpatients recommenced their exercise pre-
scription while still in the hospital (after nurse-led mobiliza-
tion) and, upon discharge, were instructed to continue their
home-based program (minus the supervised sessions) for
an additional 8-week period. The details of the home-based
program, supervised sessions and in hospital exercise are pre-
sented in the following sections.


Rehabilitation
At time of group assignment, the REHAB patients were pro-
vided with pre-operative information that is a normal part of
ERASVR protocol (walking, ankle rotation, breathing exercises,
see Figure 1). Two days prior to surgery, REHAB patients
were provided with an 8-week multimodal post-surgical
rehabilitation program that was identical to the home-based
program prescribed to the PREHABþgroup. Again, as in the
PREHABþgroup, exercise also commenced as soon as the
patient was mobilized by the unit nurse. The primary differ-
ences between the study groups were that PREHABþhad
the pre-operative exercise, as well as the supervised sessions.


Exercise intervention


The home-based component
At baseline, participants in both study groups were
assessed by a staff kinesiologist and prescribed exercise fol-
lowing the guidelines of the American College of Sports
Medicine [13]. The whole-body exercise prescription con-
sisted of aerobic and resistance training, which was person-
alized to each participant’s fitness level. Aerobic exercise
intensity was prescribed based on the rate of perceived
exertion (Borg scale) and from the 6MWD measurements
obtained at baseline. The resistance exercises prescribed
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were based on eight repetitions maximum test, which pro-
vides a submaximal estimation of the patient’s maximal
strength. Participants were prescribed to perform 3–4 days
per week 30minutes of moderate intensity aerobic activity
(60–70% of maximal heart rate calculated from the
Karvonen formula, after verification that the patient was
not on any drug that could affect the heart rate response)
consisting of either walking, cycling or jogging (according
to patient abilities and preference). The resistance training
consisted of eight exercises targeting major muscle groups
of the core, upper and lower limbs and to be performed
3–4 times per week in up to two sets of a range of 8–15
repetitions, dependent on volitional fatigue. The Borg scale
was provided to the patients in an information booklet in
order to assist in the determination of appropriate exercise
intensity at home. Patients were given an elastic resistance
band (TherabandVR ) that was matched to their fitness level,
as well as a pedometer to encourage them to participate
in daily walks. This component was started by the
PREHABþgroup prior to surgery and by the REHAB group
after discharge from the hospital.


The supervised exercise component
During the preoperative period, participants in the
PREHABþgroup were required to return once a week to
the hospital exercise laboratory where they trained under a
kinesiologist’s supervision on either a NuStepVR T5 (NuStep
Inc., Ann Arbor, MI) recumbent stepper [14] that mimicks the
walking motion or a standard treadmill, as per subject prefer-
ence and physical ability. In addition, they also performed
their resistance exercise program in this supervised session.
Feedback was provided and resistance training was pro-
gressed (increasing intensity) when patients could complete
the routine with perceived mild exertion (defined as 12 or
less on the 20 point Borg scale). Each supervised session con-
sisted of 30minutes of moderate aerobic exercise, including
a 5-minute warmup, and 25minutes of resistance exercises
followed by five minutes of stretching [13].


The in-hospital exercise
Patients in both study groups were encouraged to start in-hos-
pital exercise as soon as cleared for mobilization by the nursing


Figure 1. Study design.
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staff. At this point, the patients in the REHAB group were able
to review the exercise program with the kinesiologist, in order
to ensure that they were both confident and comfortable with
performing the exercises after discharge. The PREHABþ group
recommenced their exercise program, with kinesiologist feed-
back and modification, if required.


Nutritional intervention


At baseline, all participants had their nutritional status
assessed and were counseled accordingly by a registered diet-
itian. Nutritional status was evaluated using the Subjective
Global Assessment (SGA) and the Nutritional Risk Screening
tool NRS2002 [15]. The SGA gives letter scores to patients
based on their degree of malnourishment; A ¼ well nour-
ished, B¼mildly to moderately malnourished, or suspected
malnutrition, C¼ severely malnourished. The NRS2002 attrib-
utes for risk factors such as nutritional status, the severity of
disease and age, and patients with scores �3 are considered
at nutrition risk. Participants were asked to complete a three-
day food diary from which carbohydrate, fat and protein
quantities were estimated using food exchange lists and com-
position tables. Macronutrient intake was evaluated based on
Dietary Reference Intake Values [16], and food choices were
compared to Eating Well with Canada’s Food Guide recom-
mendations [17]. Protein requirement in the healthy adult is
0.8 g/kg of body weight per day, but requirements in the sur-
gical patients are higher at 1.2 g/kg of body weight (or
adjusted body weight in obese patients) as per European
Society for Clinical Nutrition and Metabolism (ESPEN) guide-
lines [18]. If the patient did not meet the protein requirement
by diet alone, they were provided with whey protein supple-
mentation to match ESPEN guidelines (ImmunocalVR ;
Immunotec Inc., Vaudreuil, Canada). Patients were instructed
to ingest protein and/or the supplements within one hour of
their exercise training to make use of the ‘anabolic window’,
the moment at which muscle protein synthesis is the highest
[19]. Further nutritional counseling was given to help with
bowel movements regularity, body composition optimization
and glycemic control.


Anxiety-reduction strategies


Each patient received a 60-minute session under the supervi-
sion of a psychology-trained member of the research team
who provided personalized techniques to alleviate anxiety,
such as relaxation exercises based on visualization, along
with breathing exercises [20]. Patients were provided with a
compact disc with an audio track containing the instructions
to help them perform the exercises at home two to three
times a week. The coping strategies of each patient were
also assessed, and suggestions were given to support them
in the management of their anxiety or depression symptoms.


Instruction booklet and follow-ups


All patients were provided with an information booklet con-
taining the instructions, the Borg scale to gauge intensity, as


well as figures depicting each element of the program. The
booklet also included a diary in which patients were required
to record all activities related to the program in order to
assess adherence to the program. To reinforce compliance to
the program, patients were contacted on a weekly basis by
telephone and were asked a standardized set of questions.
Information on the frequency, intensity and duration of exer-
cises, additional physical activity performed, the quantity and
frequency of whey protein supplementation taken and the
use of the relaxation techniques was collected. Based on this
information and the diary in the patient booklet, compliance
was calculated as a percentage of each element of the
program.


Outcomes and measures


Primary outcomes
The primary outcome was functional walking capacity, as
assessed by 6MWD. The test evaluates the ability to walk at a
moderate intensity and is associated with the capacity to
perform activities of daily living. It has been validated in a
surgical population [21,22] and is linearly correlated to oxy-
gen consumption at peak [23] and at anaerobic threshold
[24]. It integrates strength, endurance and balance and is
easily reproducible. The walking distance is calculated in
meters by counting how many times participants can walk
back and forth between cones placed 15 m apart in a hall-
way in six minutes. Participants were allowed to rest if
needed while the six minutes continued to elapse.
Standardized feedback was given to the patients every
minute as per guidelines of the American Thoracic Society
[25]. A 2-minute walking test was done as a practice before
the 6MWD. A change of at least 20 m was considered to
be the minimal clinically meaningful difference and is the
estimated measurement error of the test [26]. The 6MWD
was performed at baseline, before surgery and at 4 and 8
weeks after surgery. The assessor, using a standardized
protocol and script during the tesing, was blinded to group
assignment. Personal 6MWD prediction, based on age and
sex, was calculated with the formula: predicted
value¼ 868 – (age �2.9) – (74.7 if female), where age is in
years [27].


Secondary outcomes
The Community Healthy Activity Model Programme for
Seniors (CHAMPS) [28] questionnaire was used to estimate
the weekly energy expenditure of participants, based on
intensity and frequency of the activity. Participants were
asked to report all physical activities, categorized as either
light (1–3 METS), moderate (3–6 METS) or vigorous (>6
METS) intensity. Based on their responses, participants were
also categorized as either meeting or not meeting the rec-
ommended weekly time spent performing moderate to vigor-
ous physical activity as per the American Cancer Society
(ACS) guidelines. The ACS recommends 150minutes per
week of moderate or 75minutes per week of vigorous phys-
ical activity [29]. For this study, participants were considered
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to be active if they met these recommendations and inactive
if they did not.


Other measurements performed
i. Body composition was measured at baseline with an


inBody320VR (Biospace, Ottawa, Canada) scale which uses
bioelectrical impedance analysis to determine weight,
body fat percentage and lean body mass.


ii. Grip strength was measured at baseline using a grip
dynamometer. Measurements were performed twice on
each arm and the highest value was reported.


iii. Administrative data, including length of stay, emergency
department visits, hospital readmission and complica-
tions, and severity at 30 days after surgery were col-
lected prospectively. Complications were defined as any
deviation from the optimal post-operative course.
Complication severity was graded with the
Clavien–Dindo classification [30] according to their asso-
ciated usage healthcare resources; grade I complications
are managed at the bedside or with medications of spe-
cific therapeutic categories, grade II complications
require treatments such as blood transfusion, antibiotics,
anticoagulants or total parenteral nutrition, grade III
complications require a surgical, radiological or endo-
scopic intervention and grade IV complications require
intensive care treatment.


iv. Compliance was defined as attendance to the preopera-
tive supervised exercise sessions and recorded.


v. The patient’s psychological status was assessed through
the use of the Hospital Anxiety and Depression Scale
(HADS) [31]. The scale contains 14 questions, seven
assessing stress and seven assessing depression, scored
from 0 to 3. A score greater than 8 in either category is
suggestive of a mood disorder.


Statistical analysis


In the protocol, the sample size and power calculations were
based on the inputs provided from two studies previously
conducted by the same group [5,32]. Based on the mean
changes in the 6MWD between baseline and eight weeks
(control group¼ 25(±66)); prehabilitation group¼ 35(±68)), a
sample size of 80 patients (40 per group) was estimated to
detect these differences with a power of 80% and a two-
tailed alpha of 0.05 [4].


Normality of the data distribution was assessed with the
Shapiro–Wilk test. Continuous variables were compared with
the two-sided Student t test or the Mann–Whitney U test, as
appropriate. Categorical variables were compared using
Pearson’s Chi-Square test or Fisher’s Exact test. The effect of
the interventions was assessed by calculating the mean dif-
ference on the 6MWD compared to a baseline of all subse-
quent measurements and the proportions of patients who
increased �20 m, which represents those patients who expe-
rienced clinically significant improvement.


Logistic generalized estimating equations (GEE) were used
to assess whether prehabilitation predicted clinically signifi-
cant improvement in 6MWD. Crude and adjusted odds ratios


were calculated to reveal the longitudinal association with
physical activity.


Analyses were performed with IBM SPSS Statistics for
Macintosh, Version 23.0 (IBM Corp., Armonk, NY) and STATA
14.1 (StataCorp, College Station, TX).


Results


Participants


From the surgical clinic, 88 patients scheduled for colorectal
cancer resection consented to partake in this study. Between
the time of consent to the time of randomization, eight
patients were exluded. The remaining 80 patients, at the
time of their first laboratory visit for baseline assessments,
were then randomized to either the PREHABþ or REHAB
study groups. Of the patients who were randomized to
REHAB, a further seven patients were excluded without alter-
ing the baseline characteristics of the participants. After sur-
gery, a total of 10 patients were subsequently lost to follow
up (four in the PREHABþ group and six in the REHAB group).
The data of 37 participants from the PREHABþgroup and 26
from the REHAB group were then analyzed. All details are
presented in the CONSORT diagram in Figure 2.


Baseline demographic and clinical characteristics were
similar between the two groups and are presented in
Table 1. Patients in the REHAB group tended to be younger
(p¼ .05) compared to the PREHABþgroup. The proportion of
patients aged �75 years old was also lower, but not to a sig-
nificant extent, in the REHAB group (23% vs. 43%, p¼ .098).
Overall, there were no significant differences between the
two groups in all demographics and clinical measurements
(see Table 1). Median time to surgery was comparable
between the two groups (32 days (IQR 25–48) for the
PREHABþgroup and 20.5 days (IQR 15–32) for the REHAB
group).


Functional walking capacity


The participants completed the 6MWD at all four assessment
points (see Table 2). At baseline, mean values were 448 m
(SD 118 m) in the PREHABþgroup and 461 m (SD 109 m) in
the REHAB group. Both groups improved walking capacity
over the preoperative period: PREHABþ had a mean increase
of 21 m (SD 47 m) while REHAB had a mean increase of
10 m (SD 30 m). No significant differences were detected
between the groups, either before or after surgery. Over the
pre-surgial period, 54% of PREHABþ increased walking dis-
tance by more than 20 m, as compared to 38% of REHAB
(p¼ .261). At 4 weeks after surgery, there was a a decrease in
walking capacity from baseline by an average of 8 m (SD
67 m) in PREHABþ and 17 m (SD 85 m) in REHAB. At this
time point (4 weeks), 50% of participants in both groups had
recovered to their baseline walking capacity. At 8 weeks after
surgery, both the PREHABþ and the REHAB group had walk-
ing distances above baseline values, with mean gains of
20 m (SD 54 m) and 11 m (SD 58 m), respectively. Although
74% of patients in PREHABþhad recovered walking capacity
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vs. 65% in REHAB, there was no detectable difference
between the groups.


Secondary outcomes


Self-reported physical activity
The CHAMPS questionnaire was filled out by each patient at
all 4 assessment points. Physical activity was analyzed as total
energy expenditure in kcal/kg/week and separated in energy
spent on light and moderate to vigorous physical activities
(see Table 2). The total amount of energy dedicated to light
activities (1–3 METS) was similar between groups at all assess-
ment points. In contrast, the amount of energy spent on mod-
erate and vigorous physical activities (>3 METS) was


significantly higher in the PREHABþgroup compared with the
REHAB group at the preoperative assessment (p¼ .021) and at
8 weeks after surgery (p¼ .04). Similarly, the number of
patients who met the ACS recommendations for physical
activity (150minutes per week of moderate or 75minutes per
week of vigorous physical activity) was significantly higher in
the PREHABþ group at the preoperative visit (PREHABþ ¼ 32
patients [86%] vs. REHAB¼ 15 [58%]) and at 8 weeks after sur-
gery (PREHABþ¼29 patients [78%] vs. REHAB¼ 13 patients
[50%]) (see Table 3). We estimated the median difference of 6-
minutes walking distance separately among those who met
the recommendations of the ACS guidelines (active) and those
who did not (inactive), and found statistically significant differ-
ences at the follow-ups: Pre-operation (Ranksum test


Figure 2. CONSORT diagram for the trial.
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Table 1. Patient demographics and clinical measurements.


PREHABþ REHAB
Variable N¼ 37 n¼ 26


Age (years)
Median, IQR 74 [67.5–78] 71 [54.5–74.5]


Age �75 years
n, % 16 43% 6� 23%


Sex-Male
n, % 30 81% 16 62%


Weight (kg)
Mean, SD 80 14 81 13


BMI (kg/m2)
Mean, SD 27.5 4.1 28.6 4.5


ASA status
1


n, % 1 3% 3 12%
2


n, % 23 62% 11 42%
3þ


n, % 13 35% 12 46%
Comorbidities
Diabetes


n, % 10 27% 4 15%
COPD


n, % 2 5% 4 15%
CAD


n, % 2 5% 4 15%
HTN


n, % 23 62% 11 42%
PVD


n, % 2 5% 1 4%
AF


n, % 4 11% 1 4%
Tumor stage
0


n, % 4 11% 4 15%
1 and 2


n, % 22 59% 11 42%
3 and 4


n, % 11 30% 11 42%
Neoadjuvant therapy
n, % 5 14% 4 15%


Adjuvant therapy within 8 weeks of surgery
n, % 2 5% 2 8%


Laparoscopic procedure
n, % 31 84% 21 81%


Site of resection
Colon


n, % 25 68% 19 76%
Rectum


n, % 12 32% 6 24%
New stoma
n, % 6 16% 4 16%


6minute walking distance
Meters


Mean, SD 448 118 461 109
Percentage predicted


% 69 71
Number of patients <400 m


n, % 9 24% 5 19%
CHAMPS
Physical activity (kcal/kg/week)


Median, IQR 37.5 [15–65] 38.5 [10–58]
Number meeting ACS requirements


n, % 18 49% 13 50%
Grip strength
Right (kg)


Median, IQR 36 [25.0–40.5] 32 [21–44.4]
Left (kg)


Median, IQR 34 [23.8–42.5] 31 [20–42.1]
Fat-free mass (kg) 56 [51.1–64.2] 55 [42.4–62.9]
Fat percentage (kg) 29 [25.2–34.1] 31 [28.4–37.3]
Albumin (g/L) 40 3 40 3
CRP (mg/L) 3 [0.9–7.3] 3 [1–7.2]
HbA1C (%) 6 0.5 5.9 0.4
Charlson score 2 [2–3] 3 [2–4]


(continued)
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p¼ .0165), at 4-weeks (p¼ .0087) and at 8-weeks (p¼ .0005)
(see Table 3). Furthermore, patients who were considered to
be inactive were more likely to significantly improve their
functional exercise capacity if they were in the
PREHABþgroup (OR 7.07 [95% CI 1.10–45.51]) (see Table 3).
According to GEE binomial analysis, age was not a factor in
whether the patients were considered to be inactive, however,
women were almost 15 times (OR 14.65 [95% CI
1.86–1115.26]) more likely to not meet ACS guidelines than
their male counterparts (see Table 3).


Compliance with the program


In the PREHABþgroup, compliance to the program, includ-
ing the supervised exercise sessions, was 98% (see Table 2).
After surgery, compliance to the prescribed program was
similar between both groups, which was over 70% at any
time point during the study.


Post-operative outcomes at 30 days after surgery


The length of first stay, emergency department visits and
complications rate was similar between both groups (see
Supplementary Data). Hospital readmission and the total dur-
ation of hospitalization tended to be higher in the
PREHABþgroup, but not when analyzed in an intention-to-
treat fashion, in which we considered patients who were
excluded after surgery due to missing 6MWD at follow-ups
(see Supplementary Data).


Discussion


The present results show that, contrary to our original
hypothesis, both PREHABþ and REHAB groups increased
their walking capacity during the pre-operative period and
no difference was found between the two groups. Patients
who were assigned to the supervised multimodal prehabilita-
tion program improved their walking capacity by an average
of 21 m in the preoperative period, and over 50% walked
over 20 m, a measure of functional capacity considered clin-
ically significant [26]. The amount of energy spent on moder-
ate and vigorous physical activities increased from 10 to


24 kcal/kg/week and the proportion of patients who met the
current ACS recommendations of performing 150minutes per
week of moderate to vigorous physical activity [29] increased
from 49% (95% CI¼ 37–78%) to 87% (95% CI¼ 55–97%). A
dose–response relationship was observed between high
energy expenditure of physical activities and 6MWD achieved
[4]. Compliance with the supervised sessions was 98% and
over 90% in the home-based component. It is interesting to
note that, within the inactive patients, those who received
prehabilitation were seven times more likely to improve their
walking distance in a significant fashion than those who
received rehabilitation alone.


In contrast, the REHAB group increased their 6MWD by
10 m and 38% of these patients improved their walking cap-
acity over 20 m. No changes in physical activity were shown,
highlighting the low proportion of patients who met the ACS
recommendations.


We had hypothesized that one day per week of super-
vised exercise, when added to the home-based program in
the pre-surgical period, would have further improved func-
tional capacity and, subsequently, attenuating the postopera-
tive drop in 6MWD distances that we have previously
reported in our prehabilitation studies [4,5]. Although compli-
ance to the supervised exercise sessions was 98%, the
increase in the 6MWD was of a similar magnitude to that
previously shown in the Gillis study [4] where no supervised
exercise sessions were provided. The reasons for the lack of
effect are not clear but could be due to a high motivation to
perform exercise in the Gillis study or that – in this study – a
higher exercise intensity and/or greater amount of supervised
exercise sessions is required to attenuate the immediate
post-operative decline.


The lack of preoperative difference in 6MWD between the
PREHABþ and REHAB groups was mostly unexpected. This
could be due to various reasons such as the relatively small
sample size, the initial fitness level of the REHAB group (as
indicated by their baseline 6MWD results), the lower propor-
tion of subjects over the age of 75 years in the REHAB group
(23%) compared with 43% in the PREHABþ group or, again,
an insufficient number of supervised sessions or intensity of
exercise . It is also possible that, by participating in a study
on the effect of exercise on the postoperative outcome,
some of the patients in the REHAB group had become active,


Table 1. Continued


PREHABþ REHAB
Variable N¼ 37 n¼ 26


CR-POSSUM
Physiological score


Median, IQR 9 [9–11] 9 [7.5–10]
Operative score


Median, IQR 7 [7–10.5] 7 [6–8.5]
HADS
Suggestive of anxiety (score >7)


n, % 13 35% 6 23%
Suggestive of depression (score >7)


n, % 4 11% 5 19%


BMI: body mass index; ASA: American Society of Anesthesiologists; COPD: chronic obstructive pulmonary
disease; CAD: coronary artery disease; HTN: hypertension; PVD: peripheral vascular disease; AF: atrial fibrilla-
tion; CHAMPS: Community Healthy Activity Model Programme for Seniors; CRP: C-reactive protein; HbA1C:
glycated hemoglobic; HADS: Hospital Anxiety Depression Scale; IQR: inter-quartile range.


856 G. BOUSQUET-DION ET AL.



https://doi.org/10.1080/0284186X.2017.1423180

https://doi.org/10.1080/0284186X.2017.1423180





or more active, in light of their upcoming surgery. In fact,
38% of these patients increased their 6MWD over 20 m, indi-
cating that bias in the form of contamination is also possible.
In the light of their baseline assessment, some patients
assigned to this group may have sought outside help or
guidance to improve their pre-operative physical condition.
However, as indicated in Table 2, there was no significant
increase in their self-reported physical activity. As their mean
walking capacity was already high, with their predicted
6MWD over 70%, and with a low proportion of patients walk-
ing less than 400 m in 6min, it could be interpreted that this
group was in better baseline physical condition than the
PREHABþgroup.


Training supervision has been studied extensively in the
context of rehabilitation after cardiac surgery and myocardial
infarction, which consists mainly of aerobic physical activity
[6]. In a recent Cochrane review, both home-based vs. trad-
itional center-based forms of cardiac rehabilitation were
observed to be equally safe and effective at improving clin-
ical outcomes in low-risk heart failure and coronary heart dis-
ease patient [33]. However, a degree of supervision is still
maintained through follow-up visits, phone calls by health-
care professionals or self-monitoring diaries. A systematic
review of 25 RCTs that studied exercise programs in patients
with peripheral vascular disease demonstrated the benefits of
a supervised training intervention on walking capacity [34].
The addition of supervised sessions to a partially home-based
exercise program has also been shown to provide better
motivational outcomes in patients who were post-cancer
therapy. Namely, breast cancer survivors who participated in
a 12-week exercise program, including twice weekly super-
vised sessions, were more active and motivated to remain
active for a period up to 5 years post-intervention than those
who were unsupervised [8]. Similar benefits from supervised
training sessions were observed in lung cancer survivors [10].
It remains to be seen whether the frequency of exercise ses-
sions is more important than the intensity of the training,
although recent studies seem to indicate a role for higher
intensity training to achieve greater effect [35].


After surgery, there was no difference in postoperative
functional capacity between the REHAB and
PREHABþgroups, and the proportion of patients returning
to baseline 6MWD at 4 and 8 weeks was also similar. This
can be explained by either the patients in the REHAB groupTa
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Table 3. 6MWD change in patients categorized by physical activity levels (GEE
binomial).


Patients who did not
meet ACS requirements


(inactive)


Patients who met
ACS requirements


(active)
Adjusted Adjusted


Variable OR (95% CI) OR (95% CI)


Change in 6MWD
<20 1 1
�20 7.07 (1.10–45.51) 1.86 (0.55–6.30)


Age 0.96 (0.86–1.07) 0.94 (0.89–1.00)
Sex


Male 1 1
Female 14.65(1.86–115.26) 1.35 (0.27–6.63)


Body mass index 1.07 (0.90–1.26) 1.05 (0.91–1.21)
Glycated hemoglobin (HbA1C) 0.10 (0.01–0.48) 0.48 (0.18–1.32)
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tending to be younger (p¼ .05) with a lower proportion of
patients over 75 years (23% vs. 43%) or they had a higher
baseline 6MWD (mean 461 m vs. 448 m). In addition, the
effect of in-hospital exercise training might have motivated
the REHAB group to become more involved in the program
once they reached home.


Although PREHABþdid not result in either a greater dif-
ference in 6MWD than the REHAB group or mitigating the
drop in immediate post-surgical functional capacity, it was
successful in shifting a greater number of patients to perform
more moderate to vigorous physical activities. Importantly,
this change in physical activity also meant that a greater
number of patients met physical activity recommendations,
as put forth by the ACS, both preoperatively and at 4 and 8
weeks after surgery. To determine this, the CHAMPS ques-
tionnaire – a validated measurement of surgical recovery that
correlates with physical function – was used, thus further
contributing to the clinical significance of this observation
[28]. This is particularly relevant in assessing the progress of
patients who participate in the prehabilitation program, such
as the frail and sedentary who start with a low CHAMPS
score [36].


In the present study, previously inactive patients – and, in
particular, previously inactive women – who received preha-
bilitation were also more likely to significantly improve their
functional capacity. Such observation confirms previous find-
ings whereby patients whose baseline 6MWD was less than
400 m increased by an average of 45 m if involved in preha-
bilitation [37]. This provides important insight as to which
patients should be specifically targeted to receive a such
as this.


Conclusions


This study demonstrated that one supervised exercise session
per week for 4 weeks did not futher increase further the pre-
operative functional capacity in colorectal cancer patients
from what we have previously reported in studies using a
home-based multimodal prehabilitation program alone.
Despite this, patients who were considered to be the most
inactive significantly increased their degree of physical activ-
ity before surgery and, importantly, accelerated their recovery
of functional capacity after surgery. This was particularly true
for previously inactive women. Our results need careful inter-
pretation as our estimates, based on the small change, could
represent random fluctuations. For these reasons, we con-
sider the data presented here as more exploratory in nature
than confirmatory. Further research is required in order to
identify optimal strategies to increase preoperative physio-
logical reserve in anticipation of surgery. It is also important
to consider, in light of current restraints in both clinical set-
tings and financial costs, which patients might benefit the
most from interventions such as this.
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A LTHOUGH efforts have been made to enhance the 
pharmacological and physiological management of the 


surgical patient, insufficient attention has been paid to nutri-
tion and metabolic preparation. Yet, an accumulation of data 
lends support to the positive impact that nutrition has on sur-
gical outcome.1–6 Enhanced recovery programs (ERPs) have 
introduced a collaborative care approach among the periopera-
tive team, including anesthesiologists, surgeons, nurses, dieti-
tians, and physical therapists, with the aim to ensure continuity 
of care and improved patient outcomes.7,8 In particular, the 
anesthesiologist, by introducing specific perioperative meta-
bolic strategies, may promote early recovery through attenua-
tion of catabolism and utilization of oral nutrients.9 The goal of 
the current article is to draw the clinician’s, and particularly the 
anesthesiologist’s, attention to: (1) how nutritional strategies 
(focused mainly on macronutrients) modulate the metabolic 
stress response; (2) identify risk factors associated with peri-
operative undernutrition and surgical risk; and (3) introduce 
collaborative nutritional and metabolic strategies to conserve 
lean body mass and improve surgical outcome. The aim of this 
review is to present the evidence for nutrition in modulating 
surgical stress in order to raise awareness and overcome under-
utilized nutritional strategies in perioperative care.


Surgery and Its Impact on Intermediary 
Metabolism
Surgical trauma induces a state of stress that threatens meta-
bolic and physiologic homeostasis.10 This state is acknowledged 


by inducing a “stress response,” which is characterized by hor-
monal, hematological, metabolic, and immunologic changes 
in order to reestablish cellular equilibrium10,11 (fig. 1). Activa-
tion of the immune-hypothalamic–pituitary–adrenal axis and 
sympathetic nervous system, mediated by afferent nerves and 
cytokines generated from the site of injury, marks the onset of 
the stress response.11,12 The extent in which the stress response 
is evoked parallels the degree of tissue injury.11 The functional 
purpose of the elicited response is believed to be an innate sur-
vival mechanism that maintains plasma volume (salt and water 
retention), increases cardiac output and oxygen consumption, 
as well as modulates metabolic processes in order to mobilize 
energy reserves (glycogen, adipose, skeletal tissue) to provide 
substrates for metabolic fuel processes, tissue repair, and syn-
thesis of proteins involved in the immune response.13,14 An 
ongoing or exaggerated stress response, however, has adverse 
clinical consequences including hyperglycemia, catabolism, 
hypertension, tachycardia, and immunosuppression. Clinical 
therapies should thus aim to attenuate catabolism while pre-
serving the processes of the surgical stress response that pro-
mote recovery and immunoprotection.13,14


Hyperglycemia
Increased Hepatic Glucose Production and Insulin  
Resistance. As a result of the stress response to surgery, glu-
cagon concentration is often elevated and roughly correlated 
with the extent of injury.11 A rise in glucagon, among other 
factors including catecholamines, promotes an increase in 
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cyclic adenosine monophosphate.15 Consequently, glycogen 
phosphorylase is activated while glycogen synthase is inac-
tivated, promoting the depletion of glycogen stores (liver 
glycogen depletes more rapidly than skeletal reserves11) and 
halting glycogen synthesis.15 The reduction in glycogen syn-
thase activity has been reported to last for at least a month.16 
The rising glucagon concentration also activates the synthe-
sis of phosphoenolpyruvate carboxykinase, the rate limiting 
enzyme in the synthesis of gluconeogenesis, and enhances 
hepatic glucose production (HGP).15,17 HGP is fueled by a 
number of nonglucose substrates including lactate, glycerol, 
and gluconeogenic amino acids released into systemic circu-
lation and taken up by hepatocytes.11 After surgery, HGP 
has been found to be somewhat refractory to the effects of 
exogenous glucose.18


Impairment of both peripheral and central insulin sensitiv-
ity is the primary cause of perioperative hyperglycemia.15,19 
Peripheral insulin resistance is mostly the result of impaired 
insulin-mediated glucose uptake in skeletal tissue, whereas 
central insulin resistance refers to the inability of insulin to 
suppress HGP.15 In the healthy postprandial state, insu-
lin concentration rises six to eight times greater than basal 
in response to a meal.19 As a result, HGP is abolished, and 
peripheral glucose uptake is enhanced. Insulin-stimulated 
glucose uptake in skeletal tissue is accomplished through the 
translocation of glucose transporter type 4 to the plasma mem-
brane.15 After surgery, however, a state of insulin resistance 


develops in otherwise healthy individuals and appears to 
persist for 2 to 3 weeks even after uncomplicated, moderate, 
elective surgery.19 Hormonal and inflammatory mediators 
generated by the stress response are believed to be involved in 
the reduction of insulin-mediated glucose uptake in skeletal 
and adipose tissue by way of: (1) a defect in insulin signal-
ing pathways, particularly phosphoinositide-3-kinase–protein 
kinase (P13K), resulting in reduced signaling or (2) a defect 
in the translocation of glucose transporter type 4 to plasma 
membrane (fig. 2).19 Furthermore, the degree of insulin resis-
tance observed after surgery is believed to parallel the degree 
of surgical trauma. In fact, cholecystectomy performed laparo-
scopically reduces insulin resistance by more than half of open 
cholecystectomy.19 Overall, surgical stress elicits a rise in blood 
glucose as a consequence of insulin resistance coupled with an 
inappropriately high HGP.20


Potential Clinical Consequences of Hyperglycemia. It has 
been suggested that at the core of poor patient outcomes 
lies the perturbations found in peripheral glucose uptake 
after elective surgery.19 Indeed, when insulin is infused to 
maintain euglycemia after major elective surgery, the main 
components of metabolism are normalized so that infused 
nutrients can be utilized appropriately—glucose is oxidized, 
lipolysis depressed, and neutral protein balance achieved.21 
In fact, results of the Surgical Care and Outcomes Assess-
ment Program in Washington State of 11,633 patients at 
47 different hospitals undergoing elective colorectal and 


Fig. 1. A rise in circulating glucocorticoids, catecholamines, and glucagon (i.e., counterregulatory hormones) is elicited by acti-
vation of the hypothalamic–pituitary–adrenal axis and sympathetic nervous system. The response is mediated by afferent nerves 
and humoral factors including cytokines generated from the site of injury. Mobilization of energy reserves promotes hypergly-
cemia and catabolism. Hyperglycemia develops as a consequence of insulin resistance coupled with an inappropriately high 
hepatic glucose production. Proteolysis and lipolysis accelerate to provide precursors for gluconeogenesis. The resultant amino 
acid efflux also supports the synthesis of proteins involved in the acute phase response.
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bariatric surgery found that perioperative and postoperative 
hyperglycemia (>10 mM or 180 mg/dl), regardless of dia-
betic status, was associated with higher risk of infection, in-
hospital mortality, and surgical complications.22 Likewise, a 
retrospective chart review of Veterans Affairs Surgical Qual-
ity Improvement Program database found that in 7,576 pro-
cedures, moderate hyperglycemia (8.9 to 11.1 mM or 161 
to 200 mg/dl) at the time of surgery was associated with 
surgical site infections, and of the 5,773 procedures exam-
ined on the first postoperative day, even mild hyperglycemia 
(6.7 to 8.9 mM or 121 to 160 mg/dl) or hypoglycemia was 
associated with increased myocardial infarction.23 For these 
reasons, improvement in postoperative insulin resistance has 
been the target of much research and many postoperative 
therapies. Yet, optimal glucose concentrations for improv-
ing clinical outcome have yet to be established and the ben-
efits observed with intensive insulin therapy24 have not been 
reproduced. A 2012 Cochrane review identified that inten-
sive glycemic control protocols for patients with diabetes 
mellitus undergoing surgical procedures were not supported 
by adequate scientific evidence,25 and a separate Cochrane 
review found insufficient data to support the routine adop-
tion of strict perioperative blood glucose control to prevent 


surgical site infections.26 Indeed, some evidence suggests that 
moderate acute hyperglycemia (7.8 to 12.2 mM or 140 to 
220 mg/dl), as would be observed with most elective surgi-
cal patients, might be protective.27 Acute hyperglycemia has 
recently been suggested to promote blood glucose availabil-
ity for nonoxidative uses,28 establish a concentration gradi-
ent that permits enhanced cellular uptake during periods of 
reduced blood flow in critical illness, and protect against cell 
death following ischemia.27,28 It is unclear, however, whether 
these results can be extended to elective noncardiac surgi-
cal patients. It therefore appears as though an association 
between severity and duration of hyperglycemia and poor 
clinical outcome exists; however, the relationship and conse-
quences are poorly understood.


Protein Catabolism
Mobilization of Amino Acids. The surgically stressed state 
is characterized by an elevation in protein turnover, release 
of amino acids into circulation, urinary nitrogen losses, and 
impaired uptake of amino acids in skeletal tissue (fig. 3).11,14 
Whole body protein breakdown accelerates, while protein 
synthesis is unable to match the degree of catabolism, lead-
ing to a negative whole body protein balance.29 Alterations 


Fig. 2. In the healthy postprandial state, glucose concentration rises, and the subsequent increase in circulating insulin activates 
intracellular signaling cascades that ultimately result in the translocation of glucose transporter type 4 (GLUT-4) to the plasma 
membrane. Following elective surgery, hormonal and inflammatory mediators generated by the surgical stress response pro-
duce a state of insulin resistance. A reduction in peripheral insulin–mediated glucose uptake is observed and believed to be the 
cause of: (1) a defect in insulin signaling pathways, particularly phosphoinositide-3-kinase–protein kinase (P13K) or (2) a defect 
in the translocation of GLUT-4 to plasma membrane. Akt = serine/threonine protein kinase; IRS-1 = insulin receptor substrate 1; 
P = phosphorylation; PDK1/2 = 3-phosphoinositide-dependent protein kinase 1.
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in whole body protein balance typically involve skeletal mus-
cle wasting, which is the largest “reservoir” of amino acids, 
although other lean tissues are also affected including respi-
ratory and gut tissues.30


While skeletal tissue is mobilized, hepatic amino acid 
uptake is enhanced, allowing for reprioritization of protein 
synthesis to acute phase reactants and the production of 
glucose via gluconeogenesis.11 Remarkably, the amino acid 
composition of these acute phase proteins is quite differ-
ent from that of skeletal tissue and thus poses a catabolic 
dilemma.31 For instance, dietary intake must compensate for 
the new demand of aromatic amino acids required to syn-
thesize the positive acute phase reactant fibrinogen otherwise 
muscle catabolism might be exaggerated. In point, a stable 
isotope investigation estimated that in fasted patients with 
pancreatic cancer experiencing an ongoing inflammatory 
response, 2.6 g of muscle protein would need to be catabo-
lized to synthesize 1 g of fibrinogen.32


Derangements in intra- and extracellular amino acid 
concentrations are commonly described after surgery.33 The 


amino acid efflux supports tissue synthesis and the inflam-
matory response at the site of injury.17 Glutamine and ala-
nine account for approximately 70% of the amino acid efflux 
from peripheral tissues and are readily extracted from circu-
lation by the liver for production of glucose (i.e., gluconeo-
genesis) and acute phase protein synthesis.17 The branched 
chain amino acid pools may also be depleted after surgery 
owing to irreversible degradation in muscle, in part for de 
novo synthesis of glutamine and alanine, reducing avail-
ability for reutilization in protein synthesis. If indispensable 
amino acids are not replenished, tissue catabolism may be 
exacerbated.34


Potential Clinical Consequences. An elevated protein turn-
over, elicited by surgical stress, increases dietary protein 
requirements, persisting well into the postoperative period. 
Four months into convalescence whole body protein break-
down has been found to remain elevated above healthy 
controls.35 Inherently, enhanced catabolism serves a ben-
eficial purpose: the amino acid efflux provides substrates to 
repair tissues and synthesize proteins involved in immune 


Fig. 3. The surgically stressed state is characterized by an elevation in protein turnover (i.e., protein synthesis and degrada-
tion), release of amino acids into circulation, urinary nitrogen losses, and impaired uptake of amino acids in skeletal tissue. 
Lean tissue is catabolized, releasing amino acids into circulation (including glutamine, alanine, and the branched chain amino 
acids [BCAAs]), while hepatic amino acid uptake is enhanced. This allows for reprioritization of protein synthesis to acute phase 
reactants and the production of glucose via gluconeogenesis. Glutamine (Glu) and alanine (Ala) account for the majority of the 
amino acid efflux from peripheral tissues and are readily extracted from circulation by the liver. The excess nitrogen is converted 
in the liver to urea by combining ammonia (NH3) with CO2 (carbon dioxide). Urea is then released into circulation, traveling to the 
kidneys, where it can be filtered into urine. The BCAAs undergo irreversible degradation in skeletal tissue, in part for synthesis 
of glutamine and alanine, which reduces availability of these indispensable amino acids for reutilization in protein synthesis. Col-
lectively, these metabolic changes promote whole body protein catabolism.
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responses. As a result, a well-nourished young patient, with 
an uncomplicated recovery, will usually not suffer any major 
clinical consequences from the temporary negative protein 
balance that arises postsurgery.14 It is generally accepted, 
however, that in any catabolic patient, a certain degree of 
functional decline will ensue if an intervention is not imple-
mented as soon as possible to conserve functional capacity.36 
Furthermore, the ability to withstand a catabolic insult is 
compromised in older and malnourished patients bearing 
poor functional reserve before surgery. In fact, older patients 
tend to experience a decline in strength that does not recover 
to preoperative stamina as quickly as younger adults.37


An older study by Hill et al.38 found that 2 weeks follow-
ing major surgery, breakdown of protein accounted for 20% 
of the observed weight loss. Participants lost 3 kg of weight: 
1,400 g composed of fat, while 600 g (6% of body protein) 
and 1,000 g were composed of protein and water, respec-
tively. Similarly, in a newer investigation using dual-energy 
x-ray absorptiometry, approximately 2 kg total lean mass was 
lost 6 weeks post–uncomplicated hemicolectomy.39 Loss of 
lean body mass is accompanied by loss of function. Unsur-
prisingly, the trajectory of functional recovery for a patient 
undergoing an elective major abdominal operation involves 
a rapid deterioration in functional capacity in the first few 
postoperative weeks and a gradual improvement back to 
baseline function thereafter.40 This reduction in functional 
capacity is experienced as reduced walking capacity (as mea-
sured using the six-minute walk test [6MWT]),41 lower self-
perceived levels of physical activity,41 and prolonged return 
to activities of daily living.42 The resolution of functional 
capacity may not return for several weeks postoperatively. 
Post–colorectal surgery, for instance, only 40% of patients 
receiving standard of care, which included ERP care, had 
returned to their preoperative functional walking status by 
the eighth postoperative week.43


Acute Phase Response. “Acute phase reactants” is the term 
used to describe several plasma proteins with an altered 
concentration (at least 25%) following an inflammatory 
response in both acute and chronic states of inflammation.44 
More specifically, a rise in the plasma concentration of the 
positive acute phase reactants (e.g., fibrinogen and C- reac-
tive protein) is observed while a reduction in the concentra-
tion of the negative acute phase reactants (e.g., transferrin 
and albumin) takes place. The main proinflammatory cyto-
kines released in the early stages of stress are thought to be 
interleukin (IL)-1 and tumor necrosis factor-α. IL-1 and 
tumor necrosis factor-α trigger the second cytokine release, 
which includes IL-6.11 IL-6 is believed to regulate the acute 
phase response and its concentration in blood is thought to 
be representative of the degree of systemic inflammation elic-
ited.13 Considering that whole body protein synthesis is not 
consistently elevated after surgery, it was classically assumed 
that protein synthesis shifted in favor of the positive acute 
phase reactants. Therefore, the synthesis of proteins involved 
in nutrient transport (e.g., albumin) would be reduced, 


whereas the synthesis of proteins involved in host defense 
would increase (e.g., fibrinogen).45 Several more current 
studies, however, note a postoperative depression in muscle 
protein synthesis, and subsequent rise in hepatic protein 
synthesis, which suggests that whole body protein synthe-
sis shifts toward the synthesis of acute phase reactants in its 
entirety.46,47 To quantify this concept, a stable isotope study 
in which synthesis of muscle and hepatic secretory plasma 
proteins was measured 4 h after coronary artery bypass graft 
surgery indicated that fractional synthesis rate (FSR) of mus-
cle protein was inhibited by 36% while fibrinogen synthesis 
was elevated by 186% and albumin elevated by 41%.48


Plasma albumin concentration is dictated by net hepatic 
synthesis, degradation, and distribution into extravascular 
compartments as a result of transcapillary escape.45 Surgery-
induced hypoalbuminemia was historically believed to be 
mediated by a reduction in FSR of albumin, which was sup-
ported by animal and in vitro studies.49,50 In rats, for instance, 
inflammation causes a reduction in mRNA encoding albu-
min synthesis.49 The FSR of albumin in humans, however, is 
elevated despite the presence of hypoalbuminemia after sur-
gery in head-injured patients,46 conditions with an inflam-
matory or ongoing acute phase response,51 and within hours 
of endotoxin administration to healthy volunteers.52


It is likely that the hypoalbuminemia observed post-
operatively is facilitated by transcapillary escape. Sixty 
min after induction of anesthesia, albumin concentration 
dropped by 15%,53 whereas transcapillary escape increased 
100% post–cardiac surgery.45 It has been proposed that 
the synthetic rate of albumin varies with degree of insult: 
the greater the inflammatory response elicited, the greater 
the elevation observed.46 In point, the FSR of albumin was 
found to be higher during acute cholecystitis than imme-
diately post–elective cholecystectomy without an inflam-
matory response.54 Furthermore, 8.5 h after coronary artery 
bypass graft, which would elicit a significant stress response, 
albumin synthesis was significantly elevated.48 The evidence 
suggests that albumin synthesis decreases during surgery and 
then rises with the onset of an inflammatory response and 
that the magnitude of the response elicited drives albumin 
synthesis.48 It should therefore go without saying that the 
concentration of plasma albumin observed after surgery is 
not indicative of its synthetic rate and is not a measure of 
nutritional status.55 Indeed, postoperatively, the use and 
interpretation of plasma albumin is confounded by its rela-
tively long half-life (approximately 14 to 20 days), patient’s 
fluid status, and redistribution as a result of capillary perme-
ability, inflammation, or infection.55


Lipid Oxidation
Elective surgery elicits insulin resistance associated with 
reduced glucose uptake, reduced glucose oxidation, and a 
decrease in glycogen synthesis.11 In order to conserve glu-
cose and meet elevated energy demands, fat oxidation accel-
erates and becomes the major source of fuel postoperatively. 
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Adipocyte lipolysis is enhanced through activation of adi-
pocyte hormone–sensitive lipase and releases free fatty acids 
and glycerol from stored triglycerides into circulation.11 
Glycerol contributes up to 20% of glucose production via 
hepatic gluconeogenesis, while free fatty acids are oxidized 
in liver or muscle, converted to ketone bodies, or reesterified 
back to triglycerides.11,15 Significantly higher levels of non-
esterified fatty acids have been documented in the imme-
diate postoperative period, and it has been suggested that 
the rise in nonesterified fatty acid concentration augments 
insulin resistance.56


Nutrition-focused Clinical Strategies That 
Attenuate Metabolic Stress
Activation of the hypothalamic–pituitary–adrenal axis and 
sympathetic nervous systems marks the onset of the surgi-
cal stress response. Clinical therapies (table 1) that modify 
these events alter the stress response and can enhance recov-
ery.8 Neural blockade, for instance, abates the neuroendo-
crine response by diverting afferent stimuli from injury.9 
ERPs, such as Enhanced Recovery After Surgery (ERAS), 
are a bundle of evidenced-based multimodal clinical strat-
egies designed to modulate the stress response in the care 
of patients undergoing elective surgery.7 Several studies and 
at least two meta-analyses of randomized controlled trials 
(RCTs) have demonstrated that when compared with tradi-
tional perioperative treatment, ERP care, particularly in the 
context of abdominal surgery, reduces rates of morbidity and 
prompts earlier hospital discharge.7,57,58 Furthermore, ERP 
patients require less parenteral nutrition (PN) support, tol-
erate oral nutrients earlier, pass stool sooner, and have been 
found to preserve lean body mass and muscle strength dur-
ing the hospitalization period.59 It should be noted, however, 
that institutional ERP implementation requires appropriate 


training and collaboration and thus should not be carried 
out independently. The main nutrition-related ERP guide-
lines include nutritional risk screening before surgery and 
perioperative oral nutrition supplementation (ONS) if risk 
of undernutrition is present; avoidance of long periods of 
fasting with the use of preoperative carbohydrate loading; 
establishment of early and sustained oral feeding; fluid 
management; and ONS with meals after surgery.7 These 
nutritional guidelines are integral elements of ERP care. 
For instance, of the 19 ERP elements implemented at one 
institution, advancement of oral intake was identified as an 
independent determinant of earlier hospital discharge and 
morbidity post–colorectal resection.60 That being said, it is 
believed that it is the combination of each of the different 
elements, rather than a single element of an ERP, that pro-
duces the greatest effect.36 In fact, an RCT employing a com-
bination of early enteral nutrition (EN), preoperative oral 
carbohydrate loading, and epidural anesthesia found that 
the metabolic response to surgery was modulated such that 
protein balance and normoglycemia (average blood glucose 
of 5.8 mM or 104.4 mg/dl) were achieved.36,61


Preoperative Nutritional Assessments to Recognize 
Undernutrition
Undernutrition is a product of inadequate intake and/
or metabolic and inflammatory alterations that produce 
wasting, suppress fundamental immune functions, and 
ultimately lead to diminished physical function.5,62 Opti-
mal convalescence requires sufficient preoperative physi-
ologic reserve to support the stress-induced mobilization of 
energy reserves.62,63 Sorely, the prevalence of nutritional risk 
before abdominal surgery has been identified, through vari-
ous nutritional risk screening tools, to be as high as 47%.4 
Convalescence also requires perioperative nutritional care 
to support synthesis of acute phase proteins, immune cells, 
and wound healing,63 while simultaneously mitigating the 
depletion of energy stores so that physiologic integrity and 
strength are not compromised. Furthermore, undernutrition 
suppresses the distribution of T cells and the time for lym-
phocyte activation to occur.64–66


Undernourished hospitalized patients experience more 
complications that can ultimately lead to poorer out-
comes, longer hospital stays, and generate significant costs 
compared with well-nourished counterparts.63,67 Simply, a 
decline in nutritional status during a 7-day hospital stay or 
longer, regardless of nutritional status at admission, has been 
associated with increased costs and odds of complications.68 
In fact, European Society for Clinical Nutrition and Metab-
olism (ESPEN)63 cites undernutrition an independent risk 
factor for the incidence of infectious complications, mortal-
ity, length of hospital stay, and costs for hospitalized and sur-
gical patients. RCTs and meta-analyses have suggested that 
when compared with traditional care treatment of hospital-
ized patients (particularly abdominal surgery and disease-
related malnutrition patients), perioperative oral nutrition 


Table 1.  Clinical Strategies Thought to Directly or Indirectly 
Modulate the Surgical Stress Response and Nutritional Outcome


Hormonal Metabolic Inflammatory


Minimally invasive surgery ✓ ✓ ✓
Neural blockade ✓ ✓ ✓
Opioid-sparing pain control ✓
Prevention of hypothermia ✓ ✓
Perioperative fluid  


management
✓


Anabolic agents (e.g., 
growth hormone)


✓ ✓


Glucocorticoids ✓ ✓ ✓
β-blockade ✓ ✓
α2-agonists ✓ ✓
Exercise ✓ ✓ ✓
Carbohydrate loading ✓ ✓ ✓
Immunonutrition ✓ ✓
Early oral nutrition ✓ ✓ ✓
Adequate dietary protein ✓
Insulin (glycemic control) ✓ ✓ ✓
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supplements or EN reduces rates of mortality and morbidity 
including wound infections.3,67–69 Additionally, the results 
of a recent prospective observational study suggested that 
patients who are undernourished or at risk of undernutrition 
are twice as likely to be readmitted within 30 days following 
elective colorectal surgery.70 In corroboration, the three most 
common reasons for 30-day hospital readmission following 
general surgery were recently reported to be gastrointestinal 
complications, surgical infections, and malnutrition.71


Severely malnourished patients clearly benefit from pre-
operative nutrition support. Schricker et al.72 demonstrated, 
using stable isotope technology, that a significant correlation 
(r2 = 0.85) exists between the degree of catabolism found 
before surgery and the anabolic effect achieved with perioper-
ative nutrition support. Indeed, ESPEN guidelines63 suggest 
that severely malnourished patients be supplemented before 
elective surgery. Seven to 14 days of preoperative nutritional 
support is indicated (PN support guidelines suggest 7 to 
10 days,63 whereas EN support guidelines recommend 10 
to 14 days62) even if surgery has to be delayed. Low-level 
ERAS recommendations for severely malnourished patients 
are to provide 7 to 10 days of preoperative supplementa-
tion with oral nutrition supplements.7 While a prospective 
observational study by Jie et al.4 found that malnourished 
patients experienced a 50% reduction in postoperative mor-
bidity with only 5 to 7 days of sufficient preoperative nutri-
tion therapy. It is clear that preoperative nutrition support is 
recommended for severely malnourished patients; the dura-
tion of nutrition support, or an outcome measure to sug-
gest nutrition support goals have been reached, needs to be 
further defined. Concern for progression of an underlying 
condition necessitates punctually scheduled surgeries, how-
ever, the Canadian Oncological Society states that in the case 
of nonemergent colon cancer, it is unlikely that delays longer 
than 6 weeks from first diagnostic test negatively impacts 
surgical mortality or overall survival.73


Severe malnutrition, according to the ESPEN working 
group, can be identified when at least one of the following 
criteria is present: weight loss more than 10 to 15% within 
6 months; body mass index less than 18 kg/m2; subjective 
global assessment of grade C; or serum albumin less than 
30 g/L (with no evidence of hepatic or renal dysfunction).62,63 
Hypoalbuminemia is considered an indicator of inflamma-
tion, not nutritional status that predicts risk of morbidity. A 
number of nutrition screening tools are available, and a com-
prehensive review of all nutrition screening tools is beyond 
the scope of this review. That being said, the nutrition risk 
screening tool–2002 and subjective global assessment have 
been used and validated in surgical populations more often 
than other tools.74 The nutrition risk screening tool–2002 is 
presently regarded as the best predictor of postsurgical com-
plications, with evidence suggesting that preoperative nutri-
tional repletion at a score greater than 5 improves patient 
outcome.4 Interestingly, recent consensus recommendations 
from the North American Surgical Nutrition Summit suggest 


that preventative preoperative nutrition therapy should be 
a central focus that involves “metabolic preparation” in all 
patients at risk of undernutrition, rather than simply correct-
ing deficiencies in severely undernourished patients.75 This 
recommendation is based on the concept that preoperative 
nutritional care should be introduced for non–malnourished 
patients to maintain proper nutritional status through-
out the perioperative period.75 Although a comprehensive 
definition of “preoperative nutrition” therapy has yet to be 
described (i.e., it may include immunonutrition, screening 
tools, and preoperative diet counseling), evidence does sug-
gest that preoperative nutritional optimization contributes 
positively to patient outcome.


Avoid Preoperative Fasting: Feed Patients with Oral 
Carbohydrates
Perioperative fasting can exacerbate the surgical stress 
response,11 aggravate insulin resistance,16 exaggerate pro-
tein losses,76 and impair gastrointestinal function.77 A stable 
isotope trial, in which patients were randomized to receive 
hypocaloric PN 20 h preoperatively to avoid fasting or 
remain fasted until surgical incision, demonstrated that the 
nutritional support regimen initiated before surgery blunted 
postoperative proteolysis achieving neutral protein balance 
on the second postoperative day. The fasted group, in con-
trast, remained catabolic despite receiving an identical nutri-
tion regimen at the time of surgical incision.78 Additionally, 
preoperative fasting is associated with a number of patient-
centered consequences including thirst, hunger, headaches, 
and anxiety.16 It is now known that preoperative overnight 
fasting is unnecessary in most cases; clear fluids taken up 
until 2 h before induction does not increase gastric volumes, 
therefore poses no risk for aspiration, and in fact has been 
found to stimulate gastric emptying.79


Delivery of sufficient exogenous carbohydrate is con-
sidered the best method to induce a metabolically fed state 
before elective surgery by eliciting an insulin response simi-
lar to that observed after ingestion of a meal from approxi-
mately 72 pmol/l (12 μU/ml) to approximately 360 to 420 
pmol/l (60 to 70 μU/ml).19,80 The functional purpose of 
the carbohydrate load is meant to be two-fold: (1) fasting 
depletes energy reserves before surgical stress onset, whereas 
carbohydrate loading allows maximal glycogen storage and a 
metabolically fed state at the start of surgery; and (2) insulin 
resistance is attenuated, and thus insulin’s anabolic actions 
preserved.80–83 The mechanism behind this observation has 
not been fully delineated, although it has been found that 
the P13K signaling pathway, which interacts with insulin 
receptor substrate in order to regulate glucose uptake (fig. 2), 
remains activated and glucose oxidation maintained with 
this carbohydrate treatment.19 A recent Cochrane review 
identified that preoperative carbohydrate treatment for elec-
tive surgical patients was associated with a small reduction in 
length of hospital stay compared with placebo or fasting, but 
did not affect rates of morbidity.82 Preparing the patient for 
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surgery by maximizing energy (glycogen) stores and preserv-
ing insulin sensitivity (including insulin’s anabolic and anti-
inflammatory effect), however, is likely to create a setting in 
which the patient is better able to withstand the impending 
surgical insult and better able to utilize the nutrients pro-
vided postoperatively.81


Carbohydrate loading is typically accomplished with the 
consumption of 50 g of carbohydrates in the form of a clear 
liquid 2 h before induction and 100 g the evening before.7,80 
However, the evening dose has recently been questioned84 as 
most national anesthesia societies recommend that patients are 
allowed to eat solids up to 6 h before surgery.85 For best results, 
the morning dose should be consumed rather quickly. Indeed, 
when healthy volunteers consumed 50 g of glucose over 5 min 
versus sipping over 3 h, major differences were found in insu-
lin response. The insulin area under the curve was reduced by 
54%,86 suggesting that sipping at a reduced rate over a longer 
period of time reduced the need for insulin production, which 
is not desirable for the preoperative patient. The carbohydrate 
product most often cited in the literature contains maltodex-
trin as the main source of carbohydrate. When compared with 
other carbohydrate polymers or pure glucose, maltodextrin 
has been found to produce faster gastric emptying, which is 
thought to be related to its lower osmolality, although this is 
not entirely accepted in the literature.87,88


Future carbohydrate loading guidelines may also incor-
porate an easily digested protein or insulinotropic amino 
acids.89 The combined oral intake of protein and carbo-
hydrate appears to have a synergistic effect that augments 
insulin concentrations.89,90 A mixture containing both 
carbohydrates and amino acids could therefore be used to 
elevate insulin concentrations before surgery to achieve a 
metabolically fed state, with the added benefit of supplying 
amino acids, which have a greater anabolic effect than carbo-
hydrate regimens alone.91


Provide Optimal Postoperative Nutritional Care: Achieve 
Anabolism with Early Oral Feeding and Sufficient Amino 
Acids
Early Oral Feeding. Anabolism, a positive whole body pro-
tein balance, is required for optimal patient recovery after 
surgery.62,63 Patients undergoing major elective surgery pres-
ent with a negative whole body protein balance, generated 
from an increase in proteolysis, as early as the first postopera-
tive day.92 The primary goal of perioperative nutritional care 
is thus the provision of protein to attenuate catabolism as 
well as maintenance of normoglycemia, adequate hydration, 
and avoidance of fasting.62,83 Although perioperative nutri-
tional support is useful in modulating the stress response, 
the extent to which this is accomplished depends not only 
on the medical care provided, including ERP, but also the 
timing, route of delivery, and composition of the nutritional 
support regimens provided.


Early resumption of oral feeding is now realized to be 
safe93 and is associated with a decrease in postoperative 


complications, length of stay, and costs.94,95 In fact, several 
meta-analyses conducted in this area report that feeding 
within 24 h post–gastrointestinal surgery decreases mortality 
as well as major morbidity.96,97 Furthermore, early feeding, 
compared with standard measures of withholding feeding 
until return of bowel function, was not found to contribute 
to anastomotic breakdown or significantly invoke nausea. 
Although some reports of increased risk of vomiting have 
been documented with early feeding, these reports are gener-
ally made in the absence of multimodal anti-ileus and pro-
phylactic anti–postoperative nausea and vomiting (PONV) 
therapies of ERP.7 Currently, ERAS protocols for colorectal 
surgery recommend oral intake of regular solid food within 
24 h of the operation.7


Early enteral delivery of nutrients, in particular, is well 
tolerated, preserves the structural integrity of gut mucosa, 
reduces bacterial translocation and overgrowth through 
stimulation of immunoglobulin A secretion and promotion 
of intestinal contractility, maintains the immunological func-
tions of the gut, and is cost-effective.77,98 Intestinal epithelial 
cells are replaced every 4 to 5 days, and luminal exposure to 
nutrients is required to maintain its structural and functional 
integrity.17 Indeed, nutrient delivery that bypasses the gut 
promotes atrophy of gut-associated lymphoid tissue, which, 
consequently, generates both systemic and local immune 
suppression.77,99 Finally, enteral delivery promotes the use of 
commensal bacteria, which ferment fiber and other prebiot-
ics producing short-chain fatty acids such as butyrate.100


Perioperative enteral delivery promotes glucose utiliza-
tion, partly through the conservation of insulin sensitivity.101 
Indeed, following abdominal surgery, the use of EN com-
pared with PN requires less insulin to achieve euglycemia 
and reduces the incidence of hyperglycemia.102 Although 
the exact mechanism by which delivery of nutrients by 
the gut improves glycemia has not been elucidated, it is 
believed to be in part related to the physiological effect of 
utilizing the entero-pancreatic-hepatic axis (bypassed dur-
ing parenteral feeding).103 The route of delivery appears to 
be essential in maintaining glucose control. An RCT con-
ducted with esophageal cancer patients who were provided 
70% of their requirements peripherally and 30% enterally 
exhibited improved glycemic control, as a result of enhanced 
insulin secretion and improved insulin resistance, compared 
with the patients who received 100% requirements through 
PN.104 Moreover, enteral feeding elicited a greater release 
of gut peptides, including the incretin hormone, glucose-
dependent insulinotropic polypeptide. These gut peptides 
stimulate insulin release and inhibit glucagon secretion.105


Amino Acids. Although adequate energy intake has been 
linked to protein utilization,106 a number of RCTs have 
shown that after surgery, anabolism can only be achieved 
with amino acids. Amino acids administered parenterally 
or orally attenuate postoperative proteolysis29,91,107 and pro-
duce a stimulatory effect on insulin secretion.108 Indeed, 
provision of an intravenous glucose infusion has consistently 
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been ineffective in generating anabolism and in some cases 
aggravate insulin resistance.91,109 Hypocaloric nasojejunos-
tomy glucose feedings61 and oral glucose drinks109 in the 
immediate postoperative period have been equally ineffec-
tive. Anabolism cannot be achieved in the postoperative 
period when glucose is administered alone.91,110,111 Unfor-
tunately, provision of energy alone continues to be at the 
forefront of surgical nutrition messages. ERP guidelines, for 
instance, recommend the use of ONS with meals,7 yet do 
not specify that protein supplements are ideally suited. Inad-
equate protein intake is associated with loss of lean mass, 
which can impair physiologic function, while provision of 
protein, regardless of whether or not energy requirements 
are met, can maintain lean mass and reduce the risk of inci-
dent frailty in older adults.112–114 Achievement of anabolism 
is influenced by the magnitude of the inflammatory response 
elicited by surgery, insulin sensitivity, nitrogen quantity, 
quality and digestibility, as well as meal composition and 
timing, and engagement of physical activity.34,48,115–118 A 
detailed review is beyond the scope of this article; however, 
protein quantity will be discussed.


An injured patient requires more nitrogen than a nonin-
jured patient in order to: (1) heal wounds; (2) support stress-
induced acute-phase protein production; and (3) account 
for the oxidative and catabolic losses produced from amino 
acid mobilization for HGP.63 In fact, protein oxidative losses 
are believed to account for approximately 20% of resting 
energy expenditure after colorectal surgery.72,119 Although 
optimal protein requirements have not been established for 
surgical patients, several investigators recommend 1.2 to 
2.0 g/kg,120 whereas others recommend 1.5 to 2.0 g/kg per 
day.63,74 Unfortunately, in the absence of dietitian support, 
many patients do not meet protein needs with oral nutri-
tion alone in the immediate postoperative period.5,62 An 
institution employing ERP care and a room service cafeteria 
system found that in the first 3 days post–elective colorec-
tal surgery, patients were able to meet more than 60% of 
energy requirements when ONS was provided with meals, 
yet dietary protein intake did not meet this minimally 
acceptable requirement.70 Although oral intake after surgery 
is affected by a loss of appetite, feelings of worry, and other 
factors,70 it has been observed that those patients who receive 
nutrition counseling on the second day post–gastrointestinal 
surgery, compared with those who do not receive counsel-
ing, improve their dietary intake.5 In fact, these counseled 
patients consumed 20% more protein to reach a minimally 
acceptable intake.


Anesthetic Strategies to Facilitate 
Nutritional Gains and Optimize Metabolic 
Functions
In addition to optimizing the patient’s medical conditions and 
supporting preoperative feeding strategies (as discussed previ-
ously), the anesthesiologist can be involved in  nutrition-related 


perioperative strategies that attenuate metabolic stress and 
facilitate the restoration of gut function (table 2).


Epidural Blockade Enhances Nutrient Utilization
Epidural blockade is the most widely studied anesthetic tech-
nique on surgical metabolism. In the absence of surgery, epi-
dural blockade with bupivacaine does not have an effect on 
fasting protein, glucose, or lipid metabolism121; yet, periop-
eratively epidural blockade with bupivacaine enhances exog-
enous nutrient modulation of surgical stress.122 An effective 
epidural, established before and continued after abdomi-
nal surgery (maintained for 48 h123), with the administra-
tion of intravenous glucose suppresses endogenous glucose 
production,124 improves glucose uptake, and spares protein 
breakdown,122 though hyperglycemia persists.122 The effect 
appears to be more pronounced with the use of epidural 
compared with opioid patient-controlled analgesia.124 The 
addition of amino acids to the glucose infusion produces an 
anabolic effect by virtue of blunting postoperative proteoly-
sis.125 In fact, the provision of exogenous intravenous amino 
acids alone (i.e., without glucose) is sufficient to elicit a posi-
tive whole body protein balance and maintained an average 
blood glucose of 6.1 mM (110 mg/dl),91 which is especially 
useful for the diabetic population.126 This favorable meta-
bolic outcome might be partially explained by the inhibitory 
effect of the neural blockade on insulin resistance, thereby 
conversing insulin’s anabolic action and promoting glucose, 
rather than protein, oxidation.127 However, amino acid pro-
vision in itself appears to favor a positive whole body protein 
balance regardless of the type of anesthesia used.128


Optimize Fluid Dynamics
Judicious perioperative fluid management contributes to a 
reduction in postoperative ileus and delayed gastric empty-
ing, which permits adequate food intake and rapid recov-
ery.129,130 Indeed, fluid management aimed to maintain 
preoperative body weight by replacing actual losses has been 
found to improve postoperative bowel function and reduce 
postoperative morbidity.7 Intraoperatively, circulatory vol-
ume and organ perfusion are maintained while avoiding 
fluid accumulation in respiratory and gastrointestinal tis-
sues (contributing to the development hypoxia and ileus) 
by sustaining near-zero fluid balance.131 Evidence suggests 
that in moderate to high risk patients, monitoring of fluid 
replacement with individualized goal-directed fluid therapy 
is appropriate.132,133 Postoperatively, in the absence of surgi-
cal losses, patients are encouraged to drink approximately 25 
to 35 ml/kg of water per day beginning 2 h postsurgery.134


Multimodal Analgesia and Control of Nausea and Vomiting
Although the use of opioids to relieve postoperative pain is 
inevitable, several adjuvants are available to spare the use of 
opioid medication and thus reduce the negative impact on the 
gastrointestinal system.7,135 Nevertheless, strategies to avoid 
PONV, which are often associated with the use of opioids, 
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need to be implemented. PONV is the most common post-
operative complaint (as high as 80% in high-risk patients 
in the absence of prophylaxis treatment)136 and results in 
delayed recovery as well as extended hospital discharge.137 
Evaluation of patient risk factors and aggressive use of anti-
emetic prophylaxis initiated at the beginning of surgery and 
continued in the immediate postoperative period has been 
found to mitigate the opioid effect and accelerate oral intake, 
which ultimately abates catabolism.7,135,136 A comprehensive 
review on this topic can be found elsewhere.136


Mobilization
Long-term bed rest, common after surgery, produces 
marked changes in protein metabolism.138–141 Indeed, 
2 weeks of limb immobilization in healthy men reduced 
quadriceps lean mass by almost 5%, as determined by 
dual-energy x-ray absorptiometry analysis, and reduced 
isometric strength by nearly 30%.142 Remarkably, 6 weeks 
of rehabilitation training was required to regain the mus-
cle lost in the 2 weeks of immobilization. Healthy older 
adults confined to bed rest are particularly vulnerable as 


just 10 days of bed rest resulted in 0.95 kg loss of lean leg 
mass, substantial loss of lower extremity strength, power, 
and aerobic capacity.138 For an older adult, a period of 
muscle disuse, as simple as a reduction in daily step count, 
can accelerate muscle losses.143 The consequences of skel-
etal muscle atrophy include prolonged hospitalization and 
delayed recovery of function as well as poor response to 
chemotherapy for cancer patients.141,144


Early initiation of physical activity, such as walking and 
light weight-bearing, as part of enhanced recovery or reha-
bilitation care, is also associated with better gastrointestinal 
function, improved body composition, oral intake, and 
successful outcome of ERAS.7,145,146 Mobilization should 
therefore be considered an important factor in achieving 
anabolism, and this can be facilitated with adequate anal-
gesia. Every effort must be made to avoid motor block of 
the lower limbs if epidural analgesia is used, and thoracic, 
but not lumbar, epidural is indicated for gastrointesti-
nal surgery.7 Hypotension can be a limiting factor to early 
mobilization, particularly during the first postoperative day; 
however, strategies to minimize hypotension such as optimal 


Table 2.  Contribution of the Anesthesiologist to Nutritional Care


Implementation Purpose Nutritional Status


Avoid preoperative 
fasting by feeding 
patients orally with 
carbohydrates


Typically accomplished with the 
consumption of 50 g of carbohy-
drates in the form of a clear liquid 
2 h before induction and 100 g 
the evening before (although it 
should be noted that the neces-
sity of the evening dose has been 
questioned)


Carbohydrate loading allows 
maximal glycogen storage 
and a metabolically fed state 
at the start of surgery. Insulin 
resistance is attenuated and 
thus insulin’s anabolic actions 
preserved


Promotes glucose, rather 
than protein, oxidation. This 
action can spare protein 
and allow amino acids to be 
directed toward anabolic, 
rather than energy, path-
ways


Enhance nutrient utili-
zation with epidural 
blockade


Sensory block maintained for 48 h, 
plus exogenous amino acids and 
glucose


Interrupts the afferent nervous 
pathway, thus attenuating the 
provocation of the hypotha-
lamic– 
pituitary–adrenal axis and the 
release of catabolic hormones


Enhances exogenous nutri-
ent modulation of surgi-
cal stress by suppressing 
endogenous glucose pro-
duction, improving whole 
body glucose uptake, and 
attenuating catabolism for 
an overall anabolic effect


Optimize fluid dynamics Preoperatively, maintain hydration 
with clear fluids up to 2 h before 
induction and avoid routine 
mechanical bowel preparation. 
Intraoperatively, sustain near-zero 
fluid balance. Postoperatively, 
patients commence oral fluid 
intake within 2 h postsurgery in 
order to maintain fluid balance 
themselves


Circulatory volume and organ 
perfusion are maintained while 
avoiding fluid accumulation 
in respiratory and gastroin-
testinal tissues (contributing 
to the development hypoxia 
and ileus)


Reduced rates of ileus and 
gastric emptying permit oral 
food intake


Control nausea and 
vomiting with multi-
modal analgesia


Mitigate the opioid effect on gastro-
intestinal function with aggressive 
use of antiemetic prophylaxis 
at the beginning of surgery and 
continue into the immediate 
postoperative period


Several adjuvants are available 
to spare the use of opioid 
medication and thus reduce 
the negative impact on the 
gastrointestinal system


Reduced rates of nausea and 
vomiting permit oral food 
intake


Facilitate mobilization Adequate analgesia to facilitate 
ease of mobilization


Long-term bed rest produces 
marked changes in protein 
metabolism including reduced 
whole body muscle protein 
synthesis and resistance of 
muscle to anabolic stimuli


Mobilization is associated with 
improved gastrointestinal 
function, body composition, 
and oral food intake
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perioperative fluid management, decreasing the amount of 
epidural administered, and introducing multimodal analge-
sia can be implemented.7,147


emerging Concepts: Optimizing the 
Preoperative Period


Glycemic Control
Preoperative glycated hemoglobin (HbA1c) has recently 
been proposed as a prognostic biomarker in surgical 
patients.148 The HbA1c test measures the percentage of 
hemoglobin that is coated with glucose (i.e., glycated). The 
average lifespan of human erythrocytes is approximately 100 
to 120 days, thus the HbA1c level is representative of the 
average blood glucose state of the previous 3 to 4 months.148


Several retrospective reports reveal that preoperative 
HbA1c concentration correlates well with postoperative 
glucose values and that an elevated HbA1c concentration 
significantly increases the risk of perioperative complica-
tions. A prospective observational study of noncardiac 
surgical diabetic patients found that patients with a pre-
operative HbA1c more than 7.0% had a greater mean 
(1.86 mM; 33.5 mg/dl) postoperative glucose concentra-
tion than those with HbA1c less than 7.0%.149 Compa-
rably, the results of a retrospective review of 468 patients 
who underwent gastric bypass demonstrated that poor 
preoperative glycemic control was associated with poor 
postoperative glycemic control. Moreover, a raised mean 
postoperative glucose concentration was independently 
associated with morbidity.150 Gustafsson et al.151 found 
that colorectal patients with a preoperative HbA1c more 
than 6.0% had higher mean postoperative glucose and 
C-reactive protein levels than patients with an HbA1c less 
than 6.0%. Postoperative complications were also greater 
in patients with an elevated HbA1c. Finally, an evaluation 
of a large sample (n = 141,680) of elderly patients hospi-
talized with acute myocardial infarction identified a dose–
response association between elevated admission glucose 
levels and greater risk of 30-day mortality in patients with-
out known diabetes.152 Although admission hyperglycemia 
is believed to be associated with risk, a follow-up study in 
16,871 acute myocardial infarction patients identified that 
mean hospitalization glucose, or persistent hyperglycemia, 
appears to be a better predictor of mortality risk.153


Importantly, presurgical nondiabetic patients represent a 
population that commonly experiences perturbation in glu-
cose metabolism before surgical insult. A large retrospective 
study of 39,434 noncardiac patients showed 10% of patients 
had undiagnosed diabetes mellitus and 11% impaired fast-
ing glucose before surgery.154 Furthermore, approximately 
26% of nondiabetic patients undergoing colorectal surgery 
were reported to have HbA1c more than 6.0%.151 Future 
studies should thus confirm that poor preoperative glyce-
mic control adversely affects outcomes of surgical patients. 
It would also be necessary to determine in specific surgical 


populations whether improved glycemic control reduces 
complications so that cutoff values for specific target popula-
tions, cost-effectiveness, and appropriate interventions can 
be established.


Prehabilitation: Using Nutrition, Exercise, and Stress-
reduction Strategies to Enhance Functional Capacity 
before Surgery
The American College of Surgeons identified functional 
health status as one of the 15 preoperative variables predict-
ing higher risk in colorectal surgery.155 Indeed, a number of 
retrospective and prospective observational studies using car-
diopulmonary exercise testing have found that exercise capac-
ity predicts complications after abdominal surgery.156,157 
The requirement for oxygen increases after surgery, and this 
oxygen demand must be met with an adequate physiologic 
reserve (ability of organs to function before exhaustion158) to 
increase cardiac output and oxygen delivery.159 Patients with 
reduced functional capacity are unable to sustain oxygen 
delivery at the required level, creating an oxygen debt and 
putting them at increased risk for complications after sur-
gery. For instance, elderly patients who scored below 11 ml/
kg/min on an anaerobic threshold test before surgery were 
found to have a mortality rate of 18%, whereas those who 
scored above 11 ml/kg/min were reported to have a mortal-
ity rate of 0.8%.160 Comparably, slower walking capacity 
before surgery, as measured by the 6MWT, is associated with 
increased postoperative complications after elective colorec-
tal resection.161


Likewise, identification of frailty before an operation 
might facilitate better care. Quantifying frailty can be done 
with a variety of measures, and no single measure has been 
identified as ideal.162 The most well-known and used measure 
is the frailty score developed by Fried, which identifies frailty 
as the presence of three or more out of five criteria—weight 
loss, exhaustion, weak grip strength, slow walking speed, 
and low physical activity. The Canadian Study of Health 
and Aging Frailty Index with the National Surgical Quality 
Improvement Program data set have identified 11 preopera-
tive variables that have been used to create a modified Frailty 
Index.163,164 Items present in the patient’s preoperative his-
tory are divided by the total 11 items used in the assessment 
to provide a sense of accumulated deficits from 0 (no items 
present) through 1.0 (all 11 items present). The risk of both 
mortality and morbidity has been found to increase for each 
unit increase in Frailty Index.164 Further research is required 
to refine and validate frailty scores for surgical risk as well 
as establish interventions to improve patient outcome. One 
such intervention might be prehabilitation.165


In theory, developing a functional reserve to withstand 
the stress of surgery, similar to training for a marathon, pro-
motes an earlier functional recovery. In point, observational 
evidence suggests that patients with higher preoperative lean 
body mass (reserve) are better able to cope with surgical stress, 
reporting reduced complications and earlier discharge.166–168 
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The effectiveness of a preoperative program, known as pre-
habilitation, is currently being evaluated. Prehabilitation165 
employs a multidisciplinary approach to modify behaviors 
that have an impact on postoperative recovery including 
smoking, mental wellness, obesity, poor glycemic control, 
reduced functional capacity, and malnutrition. Indeed, surgi-
cal complications are 12 times more likely to occur in obese 
patients, and preoperative smoking cessation decreases peri-
operative risk of both pulmonary complications and surgi-
cal site infections.83 The prehabilitation package is delivered 
at least 4 weeks before surgery as a multimodal intervention 
involving aerobic and resistance exercise and psychological, 
medical, and nutritional care with whey protein supplemen-
tation.43,169 Two recent RCTs suggest that prehabilitated 
colorectal surgical patients experience an earlier recovery of 
their functional walking capacity, as assessed with 6MWT, 
compared to standard43 and rehabilitation treatment.169 In 
fact, 84% of patients who received prehabilitation had recov-
ered baseline function by the eighth postoperative week,169 
while 62% of rehabilitated patients had recovered,169 and 
only 40% of those patients following standard care had 
returned to baseline function.43 Moreover, evidence suggests 
that patients who improve functional walking capacity over 
the preoperative waiting period have a better postoperative 
recovery, regardless of the type of intervention.170 By contrast, 
the patients who deteriorate by more than 20 m preopera-
tively experience a greater rate of complications.170 Patients 
must attain a 1.2 m per second gait to be functionally ambu-
latory in most urban communities,170,171 which works out to 
be approximately 60%170 of each patient’s predicted 6MWT 
value based on age and sex.172 It is for this reason that this 
value has begun to be used as an indicator of poor postop-
erative functional recovery in the colorectal population.169 
Although there is available evidence for the use of 6MWT as 
a measure of surgical recovery,41 further study on its preoper-
ative predictive value (and cutoff points) must be conducted.


Although ERP recommendations have been found to 
greatly benefit rates of morbidity and length of hospital 
stay, there is very little available evidence indicating that 
improved functional recovery can be achieved. Patients 
receiving standard care with or without ERP have been 
found to recover functional waking capacity at a similar 
rate. In fact, 41% of non-ERP patients recovered func-
tional walking capacity, measured with the 6MWT, 3 weeks 
after colorectal surgery,173 while a separate study indicated 
that 40% of ERP patients had recovered by 8 weeks after 
colorectal surgery.43 Although larger, multicentered trials 
are required to verify the effects of prehabilitation, a preha-
bilitation component may be a positive addition to current 
ERP protocols in the future.


Conclusions
Mobilization of energy reserves following surgery promotes 
hyperglycemia, which develops as a consequence of insu-
lin resistance coupled with an inappropriately high HGP. 


Proteolysis and lipolysis accelerate to provide precursors for 
gluconeogenesis. The resultant amino acid efflux also supports 
the synthesis of proteins involved in the immune response. 
Ultimately, an exacerbated response to surgical stress can lead to 
poor wound healing, infection, a compromised immune status, 
pulmonary complications, as well as breakdown of lean body 
tissue that contributes to the development of poor strength, 
reduced functionality, fatigue, and longer hospital stay. There 
is a strong realization that many of the consequences associ-
ated with surgical stress can be attenuated, thus facilitating the 
recovery process. Identification of areas of improvement and 
implementing adequate interventions that abates the response 
to surgical stress and promotes convalescence requires multi-
modal, multidisciplinary, collaborative strategies.


The anesthesiologist should encourage the use of carbo-
hydrate loading, as appropriate. Avoiding preoperative and 
prolonged fasting is an integral component in the achieve-
ment of postoperative anabolism due to preservation of 
energy reserves, promotion of insulin sensitivity, and main-
tenance of the structure and function of the gut. Future stud-
ies should examine the use of insulinotropic amino acids in 
combination with oral carbohydrates on both gastric empty-
ing rates and insulin resistance. Amino acids are the major 
determinant of whole body protein balance.


Early initiation of oral intake and optimal postoperative 
nutritional regimens are essential for early convalescence, but 
the effectiveness is certainly lost without the ability to toler-
ate and use the nutrients provided. The anesthesiologist can 
enhance nutritional outcome and promote early functional 
recovery by facilitating the tolerance to and utilization of oral 
nutrients. This is done by minimizing the use of opioids for 
pain relief and avoiding overhydration fluid strategies, which 
contribute to postoperative ileus. Moreover, epidural block-
ade with local anesthetics has been found to augment nutri-
ent modulation of catabolism and encourage normoglycemia. 


Table 3.  Four Potentially Modifiable Factors to Be Included in 
Preoperative Risk Assessments


Undernutrition: Nutritional repletion required
 NRS-20024: >5*
 SGA63: C
 Weight loss63: >10–15% within 6 months
 BMI63: <18 kg/m2


Poor functional capacity: Consider prehabilitation
 Six-minute walking test161,169: <60% of predicted*
Frailty: Consider prehabilitation
 Frailty index164: Increase in risk for each unit increase in this 


11-point frailty index
 Fried162: Frailty is identified by the presence of three or more 


components
Poor glycemic control: Appropriate intervention before surgery
 HbA1c157: >6%*


Predicted six-minute walk test is a calculation based on gender and 
age.169,172


* Based on little available evidence to identify preoperative cutoff value for 
surgical patients.
BMI = body mass index; HbA1c = glycated hemoglobin; NRS-2002 = nutri-
tional risk screening tool-2002; SGA = subjective global assessment.
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Future trials might investigate other modes of regional anal-
gesia (e.g., field block, infiltration, lidocaine infusion), under 
ERP care, to determine how nutrient metabolism and recovery 
of both traditional (e.g., length of hospital stay) and patient-
centered outcomes (e.g., functional capacity) are affected.


Integrated, multidisciplinary medical strategies, includ-
ing perioperative nutritional support, attenuate the meta-
bolic response to surgical stress and promote earlier patient 
recovery of major surgery. It is becoming increasingly evi-
dent that these interventions should begin preoperatively. 
The use of appropriate assessments, for instance, that include 
evaluations of nutritional, functional, and glycemic status 
before surgery permits patient-specific treatments that can 
improve metabolic status before surgical insult (table  3). 
Appropriate postoperative interventions can then maintain 
the effects gained from the preoperative interventions. It is 
therefore necessary that the anesthesiologist, as a periopera-
tive physician, becomes actively involved in facilitating these 
strategies.
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Bloomheart’s “Contact Thermometer” Patent: The McKesson Dermalor


From Toledo, Ohio, in April of 1938, inventor John L. Bloomheart filed for a U.S. patent on his “Contact 
Thermometer.” On March 26, 1940, he was granted U.S. Patent No. 2,195,019 (right), which noted that he had 
assigned his rights to Toledo’s Martha F. McKesson. She was the widow of Elmer I. McKesson, M.D., who had 
built much of his reputation on perioperative monitoring of patients’ vital signs. Using Bloomheart’s patent, the 
McKesson Appliance Company (plaque, top left) produced the wood-boxed “McKesson Dermalor” (middle left) 
for measuring skin or other contact temperature. Using “a Wheatstone bridge including an applicator tool having 
a high temperature-coefficient of resistance as a first leg thereof,” the Dermalor’s indicator needle swung through 
a “CENTIGRADE SCALE” (enlarged, bottom left) with 0.2 °C divisions of temperatures ranging from 20 to 42 °C 
or through the corresponding Fahrenheit range by divisions of 0.25 °F. Besides monitoring the temperature of 
human patients or veterinary subjects, the battery-operated Dermalor could be used for contact thermometry in 
the laboratory. (Copyright © the American Society of Anesthesiologists, Inc.)


George S. Bause, M.D., M.P.H., Honorary Curator, ASA’s Wood Library-Museum of Anesthesiology, 
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Perioperative malnutrition has proven to be challenging 
to define, diagnose, and treat. Despite these challenges, 
it is well known that suboptimal nutritional status is 


a strong independent predictor of poor postoperative out-
comes.1 Malnourished surgical patients have significantly 
higher postoperative mortality, morbidity, length of stay 
(LOS), readmission rates, and increased hospital costs.2–4 It is 
estimated that 24%–65% of patients undergoing surgery are 


at nutrition risk.3,5–7 Additionally, recent prospective observa-
tional data indicate that undernourished patients or patients 
at risk of malnutrition are twice as likely to be readmitted 
within 30 days after elective colorectal surgery.8 As defined by 
the National Surgical Quality Improvement Program, malnu-
trition is among the few modifiable preoperative risk factors 
associated with poor surgical outcomes, including mortality, 
in surgical patients.9,10 This risk of malnutrition is often most 


Perioperative malnutrition has proven to be challenging to define, diagnose, and treat. Despite 
these challenges, it is well known that suboptimal nutritional status is a strong independent pre-
dictor of poor postoperative outcomes. Although perioperative caregivers consistently express 
recognition of the importance of nutrition screening and optimization in the perioperative period, 
implementation of evidence-based perioperative nutrition guidelines and pathways in the United 
States has been quite limited and needs to be addressed in surgery-focused recommendations. 
The second Perioperative Quality Initiative brought together a group of international experts with 
the objective of providing consensus recommendations on this important topic with the goal 
of (1) developing guidelines for screening of nutritional status to identify patients at risk for 
adverse outcomes due to malnutrition; (2) address optimal methods of providing nutritional sup-
port and optimizing nutrition status preoperatively; and (3) identifying when and how to optimize 
nutrition delivery in the postoperative period. Discussion led to strong recommendations for 
implementation of routine preoperative nutrition screening to identify patients in need of preop-
erative nutrition optimization. Postoperatively, nutrition delivery should be restarted immediately 
after surgery. The key role of oral nutrition supplements, enteral nutrition, and parenteral nutri-
tion (implemented in that order) in most perioperative patients was advocated for with protein 
delivery being more important than total calorie delivery. Finally, the role of often-inadequate 
nutrition intake in the posthospital setting was discussed, and the role of postdischarge oral 
nutrition supplements was emphasized.  (Anesth Analg 2018;126:1883–95)
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significant after major gastrointestinal (GI) and oncologic 
surgery, groups commonly focused on in enhanced recov-
ery pathways (ERPs).2–4 Further, appropriate perioperative 
nutritional therapy has been shown to specifically improve 
perioperative outcomes in GI/oncologic surgery, where the 
greatest risk of baseline malnutrition risk (~65%) occurs.3,6,11 
In surgical patients overall, perioperative nutrition interven-
tions can improve surgical outcomes and reduce infectious 
morbidity and mortality.12 There is a long history of random-
ized controlled trials (RCTs) and meta-analyses demonstrating 
preoperative nutrition (regardless of route of administration) 
in malnourished patients before GI surgery reduces postop-
erative morbidity by 20%.13 Postoperative nutritional support 
is vital in maintaining nutritional status during the catabolic 
postoperative period and underscored by evidence for early 
and sustained feeding after surgery as part of ERP proto-
cols.14–16 In fact, the advancement of oral intake has been iden-
tified as an independent determinant of early recovery after 
colorectal surgery.17 Some of the most striking recent data on 
the role of nutrition delivery in the perioperative period have 
demonstrated in patients undergoing oncologic surgery in an 
ERP, delivery of nutrition on the first postoperative day is an 
independent predictor of postoperative survival at 5 years.18


Unfortunately, recent evidence reveals that significant 
deficiencies in nutritional screening and intervention in US 
colorectal and oncologic surgical patients with only ~1 in 
5 hospitals currently utilizing a formal nutrition screening 
process.19 This is surprising as 83% of US surgeons believe 
that existing data support preoperative nutrition optimiza-
tion to reduce perioperative complications.19 However, only 
~20% of US GI/oncologic surgery patients receive any nutri-
tional supplements in the preoperative or postoperative set-
ting.19 Overall US surgeons recognized both the importance 
of proper perioperative surgical nutritional support and the 
potential value to patient outcomes. Despite these beliefs, 
these data confirm poor implementation of evidence-based 
nutrition practices in major surgery.19


A summary of the current challenges and known ben-
efits of perioperative nutrition interventions are shown in 
Figure 1. The urgency of improving perioperative nutri-
tion practices is underscored by strong recommendations 
from international nutrition society guidelines endorsing 
perioperative nutrition optimization.21–24 However, lim-
ited surgical/perioperative society guidelines exist on 
how to optimally screen surgical patients for malnutri-
tion and optimize nutritional status in the perioperative 
period, particularly within an ERP. Thus, we sought to 
define and answer important questions related to periop-
erative nutrition in patients undergoing surgery within 
the context of an ERP.


METHODS/DESIGN
This consensus process utilized a modified Delphi method as 
described previously25 and processes detailed by the National 
Institute for Health and Care Excellence.26 The Perioperative 
Quality Initiative (POQI) is a previously described collabora-
tive of diverse international experts in anesthesia, nursing, 
nutrition, and surgery tasked to develop consensus-based 
recommendations in ERP.25,27 The format for grading of rec-
ommendations is included in Table 1. The participants in the 
POQI consensus meeting were recruited based on their exper-
tise in the principles of enhanced recovery after surgery/ERP 
and met in Stony Brook, New York, on December 2–3, 2016.


RESULTS


 • The formal consensus recommendations are 
described in Table 2.


 • Key perioperative nutrition questions addressed 
in this consensus statement are summarized in 
Supplemental Digital Content, Appendix 1, http://
links.lww.com/AA/C160.


 • A summary of key “take-away” recommendations is 
summarized in Figure 2.


Figure 1. Facts and data for perioperative nutrition screening and therapy. Data drawn from Awad and Lobo6, Williams and Wischmeyer19, and 
Philipson et al.20 R.I.P. indicates rest in peace.
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Preoperative Screening
Screening for malnutrition before major surgery is essen-
tial as it can identify patients at risk of malnutrition who 
may benefit from a nutritional intervention preoperatively. 
Numerous screening tools have been validated for use in 
already hospitalized patients, yet there is no consensus 
related to the optimal screening tool in the preoperative 
patient. After literature review, we developed and proposed 
the perioperative nutrition screen (PONS).


As shown in Figure 3, the PONS is a modified version 
of the malnutrition universal screening tool28 that has been 
altered for use perioperatively. The PONS determines the 
presence of nutrition risk based on a patient’s body mass 
index (BMI), recent changes in weight, reported recent 
decrease in dietary intake, and preoperative albumin level. 
In addition, the PONS includes evaluation of preoperative 
albumin level, as this is a predictor of postoperative compli-
cations, including morbidity/mortality.28–32


BMI assessment and recent unplanned weight loss are 
criteria used in several malnutrition screening tools.33,34 
A BMI level indicative of underweight (<18.5 kg/m2 for 
adults <65 years old) has been shown to increase postop-
erative complications in a variety of surgical patients.33–37 
The PONS uses a higher number (<20 kg/m2) for adults 
>65 years old because research indicates that the risk for all-
cause mortality increases starting at a BMI of 24 kg/m2 for 
this age population and doubles when BMI is <22 kg/m2 
for men and <20 kg/m2 for women.38 While this research 
was not related to surgical risk, it suggests that higher BMI 
threshold should be used when evaluating weight status of 
older adults. Regardless of BMI, unintentional weight loss 
has been associated with morbidity, functional decline, and 
negative postoperative outcomes.39,40 Reduced oral intake 
is determined by asking patients if they have been eating 
<50% of their normal diet in the preceding week. Similar 
questions related to reduced oral intake have been used in 
short nutrition screens with high sensitivity and specificity 
in validation studies.41,42


The PONS includes the use of albumin because it is inex-
pensive, commonly obtained in perioperative testing, and a 
strong predictor of surgical risk/mortality.10,32 While it has 
long utilized as an indicator of malnutrition, studies have 


shown that albumin is neither specific nor sensitive enough 
to be the optimal malnutrition marker in most patient popu-
lations.43 Until a better marker is available, we recommend 
its use as a component of the preoperative nutrition screen.


The PONS can be easily administered and incorporated 
into an electronic medical record for efficient communi-
cation. The intent is that the PONS can be administered 
quickly (<5 minutes) by nursing staff in surgical/preopera-
tive clinics and results will be instantly uploaded into elec-
tronic medical record, automatically triggering a nutrition 
intervention if 1 or more positive responses on the PONS 
score are recorded. Patients who are identified as being 
at high nutrition risk on screening should be referred to a 
Registered Dietitian Nutritionist for a complete nutrition 
assessment and intervention. In situations where referrals 
to Registered Dietitian Nutritionists are not possible, oral 
nutritional supplements (ONSs) are recommended and will 
be discussed in the following preoperative intervention 
section.


Please see Supplemental Digital Content, Appendix 2, 
http://links.lww.com/AA/C160, for discussion of future 
preoperative assessment techniques for sarcopenia and role 
of vitamin D in surgery. Please see Supplemental Digital 
Content, Appendix 3, http://links.lww.com/AA/C160, for 
discussion of obese patient considerations.


Preoperative Intervention
What Is the Role of Achieving Protein Delivery Goals in the 
Perioperative Period? Protein requirements are elevated in 
states of stress, such as surgery, to account for the added 
demands of hepatic acute phase proteins synthesis, the 
synthesis of proteins involved in immune function, and 
wound healing.44 Although optimal protein intakes for 
surgery are currently not clearly defined, nonsurgical 
nutrition guidelines suggest that stressed patients should 
consume at least 1.2–2.0 g of protein/kg/d.22


Whey protein and casein are among the best quality pro-
teins overall for muscle synthesis45 and to stimulate anabo-
lism in patients with advanced cancer.46 Several studies have 
identified that consuming 25–35 g of protein in a single meal 
maximally stimulates muscle protein synthesis.47 Based on 
the evidence of this ceiling effect, an equal distribution of 
daily dietary protein across meals has been proposed. The 
idea being that the anabolic response to a single dose of 
amino acids can be compounded when repeated multiple 
times per day.48 Given the emerging findings to support an 
even distribution of daily protein intake in healthy popula-
tions and the evidence that substantive high-quality amino 
acids are required to stimulate a typical anabolic response 
in cancer patients, it seems reasonable to suggest that daily 
protein requirements for cancer patients be met through 
moderate protein (~25–35 g) consumption at every meal.


When Should High-Protein ONSs, Enteral Nutrition, and 
Parenteral Nutrition Be Initiated Preoperatively? We 
recommend that patients who are screened as being at 
nutritional risk before major surgery receive preoperative 
ONSs for a period of at least 7 days. This may be achieved 
with either of the following: immunonutrition (IMN, 
containing arginine/fish oil) or high-protein ONSs (2–3× a 
day, minimum of 18 g protein/dose). When oral nutrition 


Table 1.  Format of Recommendations in POQI 
Guidelines (From NICE Guidelines)


Strength of Recommendationsa


Strength Definition
Strongly recommend Committee believes that the evidence is 


strong, supported by numerous high-quality 
prospective randomized trials.


Recommend Evidence supporting the practice is not as 
strong, based on high-quality prospective and 
retrospective studies. Committee feels that 
benefits of the intervention outweigh the risk 
for the majority of patients.


Consider There is a lack of quality research to make a 
recommendation. Committee feels that the 
practice is safe and likely to be effective 
based on expert opinion.


Abbreviations: NICE, National Institute for Health and Care Excellence; POQI, 
Perioperative Quality Initiative.
aBased on NICE guidelines for strength of recommendations.
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supplementation via oral nutritional supplement (ONS) is 
not possible, a dietician should be consulted and an enteral 
feeding tube be placed and home enteral nutrition (EN) 
initiated for a period of at least 7 days. If neither oral nutrition 
supplementation via ONS nor EN is possible or when 
protein/kcal requirement (>50% of recommended intake) 
cannot be adequately met by ONS/EN, we recommend 
preoperative parenteral nutrition (PN) to improve outcomes.


These recommendations are consistent with existing 
nutrition societal guidelines from the European Society 
for Parenteral and Enteral Nutrition guidelines indicat-
ing severely malnourished patients be supplemented via 
nutritional therapy before elective surgery.1 The duration 
of preoperative support needed varies in published guide-
lines from 7 to 14 days.1,21 However, even 5–7 days of pre-
operative nutrition therapy can lead to a 50% reduction in 
postoperative morbidity in malnourished patients.49 The 
optimal amount of time preoperative nutrition needed 
for malnourished patients and an objective measure of 


nutritional optimization need further study. Intriguingly, 
recent consensus recommendations from the recent North 
American Surgical Nutrition Summit suggested that “pre-
ventive” preoperative nutrition therapy and optimization 
involving “metabolic preparation” occur in all patients at 
risk of undernutrition, rather than simply just correcting 
deficiencies in severely undernourished patients.50 This 
recommendation is based on the concept that preoperative 
nutritional care should be introduced early for malnour-
ished and nonmalnourished patients to maintain opti-
mal nutritional status throughout the entire perioperative 
period.50 Further, Kuppinger et al51 showed that for patients 
undergoing abdominal surgery, lower food intake before 
hospital admission was an independent risk factor for post-
operative complications. It is possible in patients found to 
be malnourished as judged by PONS score components, 
such as >10% weight loss in past 3 months or reduced oral 
intake (<50%) in past 7 days, that surgery should consider 
being delayed until a reasonable period of compliance with 


Table 2.  Consensus Statements and Recommendations
Before Surgery
 1.  We recommend screening of nutritional status before major surgery using a simple screening tool (via electronic medical record where 


possible) (see suggested/example tools in manuscript).
 2.  We propose the PONS questions for clinic-based perioperative nutrition screening
   - Does the patient have a low BMI <18.5 kg/m2 (<20 in >65 y of age)?
   - Has the patient experienced a weight loss >10% in past 6 mo?
   - Has the patient had a reduced oral intake by >50% in the past week? (and/or)
   - Does the patient have a preoperative serum albumin <3.0 g/dL?
 3.  We recommend that if any screening questions in PONS score are positive for nutritional risk, that intervention and/or referral for formal 


nutrition assessment take place (see recommendation 6).
 4.  We suggest evaluation of lean body mass via CT scan, when available, to assist with nutritional risk prediction before surgery.
 5.  We recommend reaching an overall protein intake goal is more important than achieving a total calorie intake in the preoperative period with a 


recommended protein goal >1.2 g/kg/d.
 6.  We recommend that patients who are screened as being at nutritional risk before major surgery receive preoperative ONSs for a period of at 


least 7 d. This may be achieved with either of the following:
   - IMN formulas (containing arginine and fish oil)
   - High-protein ONS (2–3× a day, minimum of 18 g protein/dose)
 7.  We recommend that for patients who are screened as being at nutritional risk before major surgery, where oral nutrition supplementation via 


ONS is not possible, that a dietician be consulted and an enteral feeding tube be placed and home EN initiated for a period of at least 7 d.
 8.  If neither oral nutrition supplementation via ONS nor EN is possible, or when protein/kcal requirement (>50% of recommended intake) cannot 


be adequately met by ONS/EN, we recommend preoperative PN to improve outcomes
 9. Preoperative IMN should be considered for all patients undergoing elective major abdominal surgery.
10.  We recommend preoperative fasting from midnight be abandoned.
11.  In patients undergoing surgery who are considered to have minimal specific risk of aspiration, we encourage unrestricted access to solids for 


up to 8 h before anesthesia and clear fluids for oral intake up to 2 h before the induction of anesthesia.
12.  We recommend a preoperative carbohydrate drink containing at least 45 g of carbohydrate to improve insulin sensitivity (except in type I 


diabetics due to their insulin deficiency state). We suggest that complex carbohydrate (eg, maltodextrin) be used when available.


After Surgery
1.  We recommend that a high-protein diet (via diet or high-protein ONS) be initiated on the day of surgery in most cases, with exception of patients 


without bowel in continuity, with bowel ischemia, or persistent bowel obstruction. Traditional “clear liquid” and “full liquid” diets should not be 
routinely used.


2.  We recommend reaching an overall protein intake goal is more important than total calorie intake in the postoperative period.
3.  We recommend standardized protocols for postoperative nutrition support be instituted.
4.  IMN should be considered in all postoperative major abdominal surgical patients for at least 7 d.
5.  In patients who meet criteria for malnutrition, who are not anticipated to meet nutritional goals (>50% of protein/kcal) through oral intake, 


we recommend early EN or tube feeding within 24 h. Where goals are not met through EN, we recommend early PN, in combination with EN if 
possible.


6.  We recommend when using gastric residual volume’s as a marker of feeding tolerance, a cutoff of >500 mL should be used before tube feeds 
being suspended or tube feed/EN rate reduced.


7.  In patients started on EN and/or PN, we recommend continuation of EN or PN support for patients who are not able to take in at least 60% of 
their protein/kcal requirements via the oral route.


8.  We recommend posthospital high-protein ONS in all patients after major surgery to meet both calorie and protein needs, especially in the 
previously malnourished, elderly and sarcopenic patient.


Abbreviations: BMI, body mass index; CT, computed tomography; EN, enteral nutrition; IMN, immunonutrition; ONS, oral nutritional supplement; PONS, 
perioperative nutrition screen; PN, parenteral nutrition.
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preoperative nutrition therapy can be achieved. Although 
the optimal time period for preoperative optimization is 
yet to be determined, it is likely that at least 2 weeks (and 
perhaps 4 weeks or more) may be a reasonable timeframe 
as discussed in the high-risk nutrition pathway below. The 
risk of delaying surgery versus operating on a patient with 
known malnutrition must be carefully considered.


Nutrition Pathway in Low Nutrition Risk Perioperative Patients 
(ie, PONS <1 and Albumin [ALB] >3.0). Patients should be 
encouraged to take in healthy high-protein (with high-qual-
ity protein sources, such as eggs, fish, and lean meats/dairy) 
complex carbohydrate-rich diets preoperatively (Figure 4A). 
However, many patients will not be able to meet optimal 
suggested perioperative energy goals of 25 kcal/kg/d and 
1.5–2 g/kg/d of protein (~1 g/pound of ideal/adjusted 
body weight) from routine food intake.1,52 Thus, we encour-
age patients to take high-protein ONSs or IMN during the 
perioperative period unrelated to nutritional status.


Nutrition Pathway in Patients Found to Be at Nutrition Risk (ie, 
PONS >1 or ALB <3.0). In patients found to be at nutrition risk, 
we recommend high-protein ONS or IMN be given before sur-
gery (Figure 4B). This should have a goal of delivering at least 
1.2 g/kg/d total of protein. It is the consensus of the group 
that high-protein ONS should contain >18 g/protein/serving 
in a balanced formula. A reasonable goal for most patients is 
3 high-protein ONS servings per day. Previous data utiliz-
ing preoperative ONS demonstrated benefits on reduction 
of surgical-site infections in selected weight-losing patients.53 
Again, because many patients do not meet their energy needs 
from normal food, especially malnourished patients, it is the 
consensus of this consensus group to encourage the use of 
high-protein ONS or IMN. As patient compliance with ONS 
intake (2–3× a day) is essential for benefit, it is vital to empha-
size the key role of ONS in preoperative therapy.54 Further, 
cost-effectiveness of ONS in hospitalized patients has been 
shown in a recent large systematic review.55


When oral nutrition is unable to meet the protein and 
calorie requirements in malnourished patients, enteral 
supplementation should be preferred over PN whenever 
possible. In 800 patients with gastric cancer undergoing 
gastrectomy and with severe nutritional risk according 
to European Society for Parenteral and Enteral Nutrition 
definitions, the incidence of surgical-site infections was 
significantly lower in the group receiving adequate energy 
support via oral, EN, and/or PN for at least 10 days than in 
the group with inadequate/no support for <10 days (17.0% 
vs 45.4%; P = .00069). In multivariate analysis, nutritional 
therapy was an independent factor associated with fewer 
surgical-site infections (odds ratio, 0.14; 95% confidence 
interval [CI], 0.05–0.37; P = .0002).56 Preoperative PN should 
only be utilized in patients with malnutrition or nutritional 
risk where energy requirement cannot be adequately met 
by EN. A period of 7–14 days of PN is recommended. If PN 
is required to meet energy needs, it should be combined 
whenever possible with EN or ONS. For surgical patients, 
the benefits of nutritional therapy have been consistently 
shown in cases of severe undernutrition57–59 and confirmed 
by meta-analyses and expert consensus review.60,61 PN was 
found to reduce the rate of postoperative complications in 
malnourished patients.57–60 Patients in these studies were 
fed preoperatively for at least 7–10 days. The results of the 
meta-analysis by Braunschweig et al62 also favor PN for 
malnourished patients. A significantly lower mortality with 
a tendency toward lower rates of infection was also found in 
malnourished patients receiving PN in the meta-analysis by 
Heyland et al.61 In a later systematic review, which focused 
on patients undergoing GI surgery, preoperative PN statisti-
cally significantly reduced the risk for major complications 
from 45% to 28%.63


With regard to the timing of preoperative PN use, the 
benefits of preoperative PN for 7–15 days are most clearly 
shown in patients with documented malnutrition before 
major GI surgery.57,58 When PN is given for the 10 days pre-
operatively and continued for 9 days postoperatively, the 
complication rate is 30% lower versus no PN control group 
and there is a reduction in mortality.58 It is the opinion of 
the consensus group that in patients with significant nutri-
tional risk, the potential for increased benefit will justify the 
preoperative extension of preoperative hospitalization or 
outpatient PN delivery length to 10–14 days of PN deliv-
ery. To avoid refeeding syndrome in severely malnourished 
patients, PN calorie delivery should be increased in a step-
wise fashion (with dietician/pharmacist guidance) and 
laboratory and cardiac monitoring should be initiated with 
adequate precautions to replace potassium, magnesium, 
phosphate, and thiamine.64


Minimizing Preoperative Fasting and Role of 
Preoperative Oral Carbohydrate Loading
Perioperative fasting can exacerbate surgical stress response, 
aggravate insulin resistance, exaggerate protein losses, and 
impair GI function. Additionally, preoperative fasting is 
associated with a number of patient-centered consequences 
including thirst, hunger, headaches, and anxiety. It is now 
known that preoperative overnight fasting is unnecessary 
in most cases; clear fluids taken up until 2 hours before 
induction do not increase gastric volumes, therefore they 


Figure 2. Summary of key recommendations for perioperative nutri-
tion care. POQI indicates Perioperative Quality Initiative.







Copyright © 2018 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
1888   www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA


E  NARRATIVE REVIEW ARTICLE


pose no risk for aspiration, and in fact have been found to 
stimulate gastric emptying.50,65


Delivery of sufficient exogenous carbohydrate is con-
sidered the best method to induce a metabolically fed state 
preoperatively. Carbohydrate loading is accomplished with 
the consumption of 50 g carbohydrates as a clear liquid 2–3 
hours preoperatively and in some studies/centers 100 g the 
evening before. The use of preoperative carbohydrate-load-
ing strategies has been associated with a statistically signifi-
cant reduced LOS, especially in major abdominal surgery 
(mean difference, −1.66 days; 95% CI, −2.97 to −0.34).66 For 
best results, the dose 2–3 hours before surgery should be 
consumed within 5–10 minutes (not sipped over time) to 
enhance insulin secretion. The carbohydrate product most 
often studied contains maltodextrin as source of carbohy-
drate, and its low osmolality induces faster gastric empty-
ing. Direct comparisons with more simple sugar containing 
solutions (glucose) are not yet studied. However, there are 
significant data suggesting the negative impact of high 
versus low glycemic index meal on response of glucose, 
insulin, and glucagon.67 Overall, based on the low risk of 
harm, potentially improved nitrogen balance, better insulin 
sensitivity, and signal of reduced LOS in major abdominal 
surgery, we recommend the oral intake of carbohydrate-
containing solutions preoperatively and suggest solutions 
containing complex carbohydrates be used when available.


Role of Perioperative IMN
IMN has been proposed as a risk-reduction strategy in sur-
gical patients for over 25 years. Arginine, omega-3 fatty 
acid, and antioxidants are delivered in combination at high 
levels in various EN and ONS formulas. Conditionally 
essential arginine is rapidly depleted after surgical stress 
but can be supplemented with IMN.68 Arginine is important 
for activation of T lymphocytes, promotion of T-helper cells, 
phagocytosis, and respiratory burst generation.69 Arginine 
serves as a precursor to nitric oxide and proline; both are 
important to anastomotic and wound healing—nitric oxide 


promotes vasodilation and tissue oxygenation while pro-
line contributes to collagen deposition during healing. The 
omega-3 fatty acids docosahexaenoic acid and eicosapen-
taenoic acid play a wide range of anti-inflammatory roles, 
reducing oxidative injury, down-regulating arachidonic 
acid, and generating resolvins.70


IMN ingredients, timing, dose, and duration vary from 
study to study. The clinical effect targeted to the aforemen-
tioned pathways appears most profound when the nutri-
ents are used in combination. Most surgical IMN studies 
have applied either 5 days of preoperative supplementation 
and/or 7 days of supplementation postoperatively. Studies 
of single immunonutrients (ie, arginine alone) have not 
demonstrated the same level of benefit, suggesting syner-
gism of different components and complete nutrition deliv-
ery is crucial to IMN efficacy.70


Early studies strongly demonstrate that preoperative 
IMN reduced complications and LOS.71 A Cochrane Library 
analysis reported decreased total and infectious complica-
tions with the use of preoperative IMN.63 Evidence suggests 
that patients undergoing high-risk GI surgery were the 
most likely to benefit, possibly due to the higher periop-
erative risk of complication.72 Due to the large number of 
small to medium size trials, many conclusions have been 
drawn from meta-analyses. In their landmark meta-analy-
sis in 2011, Drover et al73 demonstrated a 40% reduction in 
perioperative infectious complications with IMN. The effect 
observed in this analysis was similar whether the IMN was 
given preoperatively only, pre- and postoperatively, or post-
operatively alone. Much has been written on the value of 
pre- versus postoperative IMN and there may be value to 
administration both before and after surgery. However, a 
recent meta-analysis suggested that preoperative only IMN 
did not improve outcomes when compared to preoperative 
isonitrogenous ONS.70 Additional meta-analyses have dem-
onstrated that postoperative IMN reduces infectious compli-
cations,72,74–77 including the recent analysis from Ljungqvist 
et al.72,74–77 One meta-analysis of early enteral postoperative 


Figure 3. PONS assessment tool. BMI indicates 
body mass index; PONS, preoperative nutrition 
score.
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IMN also demonstrated a reduction in anastomotic leaks.78 
Limitations of these data include many early IMN studies 
informing that these meta-analyses were not balanced with 
an isocaloric, isonitrogenous controls. Further, some later 
small randomized trials of IMN did not show benefit com-
pared to isonitrogenous formulas.79–81


Two studies of perioperative IMN have occurred in the 
context of ERP and have suggested benefit. The larger was a 
RCT of 264 patients that demonstrated a reduction in infec-
tious complications (23.8% vs 10.7%; P = .0007), particularly 
wound infections (16.4% vs 5.7%; P = .0008) with the use of 
IMN when compared to standard high-calorie supplements.82 
In a separate study of IMN compared to dietary advice with-
out supplementation by the same authors, wound infection 
rates in laparoscopic colectomy were significantly reduced 
with the use of IMN (11.5% vs 0%; P = .006).83


A major real-world quality improvement effort using 
preoperative IMN in 3375 patients in Washington state dem-
onstrated a reduction of 23% in the number of patients with 
a prolonged LOS (P = .05) in a covariate-matched analysis.84


The POQI-2 group was divided regarding the strength of 
their recommendation for IMN. Expert opinions based on 
interpretation of the evidence ranged from “recommend” 
to “suggest” and the finally agreed-upon consensus state-
ment to “consider” IMN. Overall there were many concerns 
about the quality of the overall evidence, including the age 
of many seminal IMN studies published in the early 2000s. 
There was also concern that older studies were not con-
trolled with isocaloric, isonitrogenous formulas.85 Overall, 
IMN study sample sizes are smaller, although a number of 
medium size trials (n = ~200–300) are published. Concerns 
were raised regarding the level of industry sponsorship 


Figure 4. Example of preoperative 
nutritional care pathways. A, Nutrition 
pathway for low nutrition risk patients. 
B, Nutrition pathway for high nutri-
tion risk patients, as defined by any 
positive response on the PONS score 
(currently utilized by Duke University 
Peri-Operative Optimization Team 
[POET] Nutrition Clinic). Alb indicates 
Albumin; IMN, immunonutrition; PAT, 
pre-anesthesia testing clinic; POET, 
perioperative enhancement team; 
PONS, preoperative nutrition score.
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in the literature and the potential biases these can carry. 
Without question, additional definitive clinical trials com-
paring IMN to high-protein ONS in the preoperative setting 
and preoperative IMN alone versus pre- and postoperative 
IMN versus postoperative IMN alone are needed.


Postoperative Nutrition
Early resumption of oral intake after surgery is now clearly 
realized to be safe86 and vital for optimizing postoperative 
outcomes. Early oral feeding immediately after major sur-
gery, including GI surgery, is associated with a decrease 
in postoperative complications, LOS, and costs.87,88 In fact, 
multiple meta-analyses now report that feeding within 24 
hours after GI surgery decreases mortality as well as major 
morbidities.15,16,89 Specifically, a systematic review and 
meta-analysis of the effects of early enteral feeding within 
24 hours of intestinal surgery (versus no feeding within 24 
hours) demonstrated a significant reduction in mortality 
(relative risk [RR], 0.42 [95% CI, 0.18–0.96]) and no benefit 
or harm related to anastomotic dehiscence (RR, 0.62 [95% 
CI, 0.3–1.28]) in the early fed group.89 Overall, early post-
operative feeding versus traditional withholding of feeding 
until return of bowel function was not found to contribute 
to anastomotic breakdown or increase risk of nausea after 
surgery.


As earlier stated, anabolism cannot be achieved in the 
postoperative period when glucose is administered alone 
without adequate protein delivery.90 Unfortunately, to this 
point, provision of calories alone has continued to be focused 
on in surgical nutrition messages.90 It is well known that 
inadequate protein intake is associated with loss of lean body 
mass, which impairs functional recovery and physical quality 
of life. Provision of protein, independent of whether energy 
or total calorie requirements are met, can maintain lean 
muscle mass and reduce the risk of subsequent frailty in the 
elderly.91,92 Finally, a key high-impact recent trial conducted 
in colorectal surgery patients within an enhanced recovery 
after surgery/ERP pathway demonstrated in patients receiv-
ing high-protein ONS postoperatively that consumption of 
>60% of protein needs over the first 3 postoperative days was 
associated with a 4.4-day reduction in LOS (P < .001).93


Thus, the group was in full consensus recommend-
ing that a high-protein diet (via diet or high-protein ONS) 
be initiated on the day of surgery in most cases, with the 
exception of patients with bowel not in continuity, bowel 
ischemia, or persistent bowel obstruction. Traditional “clear 
liquid” and “full liquid” diets should not be routinely used 
as they typically do not provide adequate nutrition or pro-
tein delivery. Further, the group emphasized that reaching 
the overall protein intake goal is more important than total 
calorie intake in the postoperative period.


Role of High-Protein ONS, EN, and PN in the Postoperative 
Period. The type of nutrition support delivered in the 
postoperative setting is primarily determined by the 
patient’s ability to achieve calorie (25–30 kcal/kg/d) 
and protein (1.5–2 g/kg/d) goals and tolerance of oral 
intake.1,21,22,90 A practical approach derived from recent 
publications1,21,22,90,94 indicates that patients tolerating 50%–
100% of nutrition goals should receive high-protein ONS 


(2–3× a day) to meet protein needs. In patients consuming 
<50% via the oral route, EN via tube feeds should be given. 
PN should be utilized if >50% of protein/calories needs are 
not met via oral/EN for >7 days, even in well-nourished 
patients.


When oral nutrition is not tolerated or feasible, EN 
under guidance of a dietician should be initiated. Early EN 
within 24 hours of surgery versus later feeding has been 
clearly shown to reduce morbidity and mortality in 2 meta-
analyses (1 Cochrane systematic review).86,89 Another meta-
analysis comparing EN within 24 hours of GI surgery with 
traditional postoperative management demonstrated a 45% 
decrease in risk of overall postoperative complications. No 
differences in the incidence of anastomotic dehiscence were 
observed.15 Thus, in patients who meet criteria for malnutri-
tion and who are not anticipated to meet nutritional goals 
(>50% of protein/kcal) through oral intake, we recom-
mend early EN or tube feeding within 24 hours. Further, in 
patients started on EN and/or PN, we recommend continu-
ation of EN or PN support for patients who are not able to 
take in at least 60% of their protein/kcal requirements via 
the oral route. Finally, based on recent randomized clinical 
trial data and new clinical guidelines,22 we recommend that 
when using gastric residual volumes as a marker of feeding 
tolerance, a cutoff of >500 mL should be used before tube 
feeds are suspended or tube feed/EN rate reduced. Ideally, 
postoperative nutrition should continue for a minimum 
period of 4 weeks in malnourished patients (and perhaps 
longer depending on size of surgery and extent of malnu-
trition at presentation) and perhaps longer as described in 
the Role of Nutrition in Optimizing Recovery From Surgery 
Posthospital Discharge section below.


Role of PN in the Postoperative Period. In patients at risk for 
malnutrition (PONS >1 or ALB <3.0) where nutrition goals 
are not met via EN, we recommend early PN, in combina-
tion with EN if possible. This is based on data from meta-
analysis incorporating 27 studies in a meta-analysis of PN 
in surgical patients. These data showed a lower complica-
tion rate in patients receiving PN, especially in patients 
found at risk for malnutrition.61 An influence of PN on the 
mortality of surgical patients was not shown. Further, a 
meta-analysis by Braunschweig et al62 showed that in mal-
nourished patients, PN use resulted in a significantly lower 
mortality with a tendency toward lower rates of infection. 
Traditionally, concerns for infection risk have limited the 
use of PN to achieve optimal nutrition delivery. However, 
3 recent large randomized trials of PN in critical illness95–97 
(including a recent New England Journal of Medicine publica-
tion96) have clearly demonstrated that PN administration is 
no longer associated with any increased risk of infection.


Further, one of the recent large-scale multicenter studies 
investigated whether PN should be supplemented “early” 
(within 4 days) or “late” (after 7 days) in the event of impaired 
enteral tolerance.97 Late infections (postday 9) were reduced 
in the PN group versus EN alone. The results provide argu-
ments to initiate PN in malnourished patients and the acutely 
ill on day 4 at the latest.98 Overall, as stated recently by Awad 
and Lobo,6 “there is grade A evidence for use of PN in under-
nourished patients in whom EN is not feasible nor tolerated, 
and in patients with postoperative complications impairing 
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GI function.”1 This contributed to our recommendation to 
initiate early PN in patients at risk for malnutrition when 
goals are not met early via EN. Further, we recommend con-
tinuation of PN support for patients not able to take in at least 
60% of their protein/kcal requirements via the oral route. 
Finally, given the new availability of fish oil containing lipid 
formulations in the United States, there are data supporting 
a benefit of utilizing fish oil containing balanced lipid formu-
lations versus soy lipid alone in patients requiring postop-
erative total parenteral nutrition. These data from a recent 
systematic analysis in 23 RCTs, including 1502 surgical and 
intensive care unit (ICU) patients, demonstrated that fish oil 
containing lipids reduced LOS and infectious complications 
versus traditional soy-only lipids.99


Role of Nutrition in Optimizing Recovery From 
Surgery Posthospital Discharge
Even with initiation of preoperative nutritional support, 
patients who develop postoperative complications will con-
tinue to lose weight and are at risk for serious further deteri-
oration of nutritional status as was recently shown by Grass 
et al.100 These patients identified via preoperative nutritional 
screening clearly require continuing nutritional follow-up 
postdischarge. Further in a considerable number of patients 
after major GI surgery, oral calorie intake will be inadequate 
for a prolonged period with a significant risk for postop-
erative malnutrition, especially after discharge. In patients 
after ICU discharge, an observational study demonstrated 
an average spontaneous calorie intake of 700 kcal/d. This is 
far insufficient in the anabolic phase of rehabilitation when 
a caloric intake of 1.2–1.5× resting energy expenditure is 
recommended and thought to be required.101 It also empha-
sizes the importance of closely observing food intake in 
postoperative patients. In patients who have lost significant 
weight after surgery/illness, a considerable period of sig-
nificant increases in calorie and protein delivery is required 
for recovery.102 As stated by Ansel Keys, principal investiga-
tor of the legendary Minnesota Starvation Experiment after 
World War II,


Enough food must be supplied to allow tissues destroyed 
during starvation to be rebuilt . . . our experiments show in 
an adult no appreciable rehabilitation can take place on diet 
of 2000 calories/day. The proper level is more like 4000 kcal 
daily for some months.103


In this study of healthy, young men who sustained weight 
loss due to inadequate food intake (without the catabolic/
hypermetabolic effects of a surgical insult), recovery to a 
normal weight took an average of 4000 kcal/d for an aver-
age of 6 months to 2 years. Hence, the posthospital dis-
charge period after major surgery is an essential period 
where nutrition support is required to optimize outcomes.


Thus, we must ask ourselves if our postoperative patients 
will be able to consume adequate protein and calories to opti-
mally recover. As stated, data and experience have taught 
us in most cases the answer is no. Recovering postopera-
tive patients, especially elderly individuals, are challenged 
by decreased appetites, persistent nausea, constipation from 
opiates, and lack of education about how to optimize their 
diet.104 To address this, a large body of data demonstrates 
that high-protein ONS should be a fundamental part of our 


postoperative discharge care plan. Meta-analysis data in a 
range of hospitalized patients, including surgery patients, 
demonstrate that ONS reduces mortality, reduces hospital 
complications, reduces hospital readmissions, shortens LOS, 
and reduces hospital costs.55,105–107 A large hospital database 
analysis of ONS use in 724,000 patients matched with con-
trols not receiving ONS showed a 21% reduction in hospital 
LOS and for every $1 (United States) spent on ONS, $52.63 
was saved in hospital costs.20 Finally, a very recent large ran-
domized trial of 652 patients in 78 centers studied the effect 
of high-protein ONS with β-hydroxy β-methylbutyrate ver-
sus placebo ONS in elderly hospitalized patients at risk for 
malnutrition.108 Results demonstrated that high-protein ONS 
with β-hydroxy β-methylbutyrate reduced 90-day mortality 
by ~50% relative to placebo (4.8% vs 9.7%; RR, 0.49; 95% CI, 
0.27–0.90; P =  .018).108 As such, we suggest 4–8 weeks mini-
mum of postoperative HP-ONS in all patients having major 
surgery, and as long as 3–6 months postoperatively in more 
severely malnourished patients or those with prolonged 
postoperative or ICU stays. Further research focused on high-
risk postoperative patients is needed in this critical period of 
recovery.


For future research questions, please see Supplemental 
Digital Content, Appendix 4, http://links.lww.com/AA/
C160, for a full discussion. E
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ABSTRACT


Background: Patients are often concerned about the effects
of smoking on perioperative risk. However, effective advice
may be limited by the paucity of information about smoking
and perioperative risk. Thus, our goal was to determine the
effect of smoking on 30-day postoperative outcomes in non-
cardiac surgical patients.
Methods: We evaluated 635,265 patients from the Ameri-
can College of Surgeons National Surgical Quality Improve-
ment Program database; 520,242 patients met our inclusion
criteria. Of these patients, 103,795 were current smokers;
82,304 of the current smokers were propensity matched with
82,304 never-smoker controls. Matched current smokers
and never-smokers were compared on major and minor
composite morbidity outcomes and respective individual
outcomes.
Results: Current smokers were 1.38 (95% CI, 1.11–1.72)
times more likely to die than never smokers. Current smok-
ers also had significantly greater odds of pneumonia (odds
ratio [OR], 2.09; 95% CI, 1.80–2.43), unplanned intuba-
tion (OR, 1.87; 95% CI, 1.58–2.21), and mechanical ven-


tilation (OR, 1.53; 95% CI, 1.31–1.79). Current smokers
were significantly more likely to experience a cardiac arrest
(OR, 1.57; 95% CI, 1.10–2.25), myocardial infarction
(OR, 1.80; 95% CI, 1.11–2.92), and stroke (OR, 1.73; 95%
CI, 1.18–2.53). Current smokers also had significantly
higher odds of having superficial (OR, 1.30; 95% CI, 1.20–
1.42) and deep (OR, 1.42; 95% CI, 1.21–1.68) incisional
infections, sepsis (OR, 1.30; 95% CI, 1.15–1.46), organ
space infections (OR, 1.38; 95% CI, 1.20–1.60), and septic
shock (OR, 1.55; 95% CI, 1.29–1.87).
Conclusion: Our analysis indicates that smoking is associ-
ated with a higher likelihood of 30-day mortality and serious
postoperative complications. Quantification of increased
likelihood of 30-day mortality and a broad range of serious
smoking-related complications may enhance the clinician’s
ability to motivate smoking cessation in surgical patients.


I N the 20th century, smoking killed 100 million people
worldwide; currently, 5.4 million deaths each year are


related to smoking.‡‡ Smoking is associated with chronic
diseases, economic losses to society, and a substantial burden
on the healthcare system. Despite decreased smoking in re-
cent decades, tobacco use remains the leading preventable
cause of disease and death in the United States, causing ap-
proximately 443,000 deaths each year and costing approxi-
mately $157 billion in annual health-related economic
losses.1


* Associate Professor, ‡ Medical Student, # Professor and Vice-
chair, ** Professor and Chair, †† Assistant Professor, Department of
Outcomes Research, The Cleveland Clinic, Cleveland, Ohio;
† Staff Biostatistician � Biostatistician, Departments of Quantitative
Health Sciences and Outcomes Research, The Cleveland Clinic; §
Assistant Professor of Surgery, Department of Surgery, University of
Maryland School of Medicine, Baltimore, Maryland.


Received from the Department of Outcomes Research, The
Cleveland Clinic, Cleveland, Ohio. Submitted for publication May
11, 2010. Accepted for publication December 28, 2010. Support was
provided solely from institutional and/or departmental sources. The
American College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) and the hospitals participating in the
ACS-NSQIP are the source of the data used herein; they have not
verified and are not responsible for the statistical validity of the data
analysis or the conclusions derived by the authors.


Address correspondence to Dr. Turan: Department of Outcomes
Research, The Cleveland Clinic, 9500 Euclid Ave, P-77, Cleveland,
Ohio, 44195. alparslanturan@yahoo.com, turana@ccf.org, or
www.or.org. Information on purchasing reprints may be found at
www. anesthesiology.org or on the masthead page at the beginning
of this issue. ANESTHESIOLOGY’s articles are made freely accessible to
all readers, for personal use only, 6 months from the cover date of
the issue.


‡‡ World Health Organization Report on the Global Tobacco Epi-
demic: 2009. Available at: http://www.who.int/tobacco/mpower/
2009/mpower_report_2009_executive_summary_EN_11b.pdf. Ac-
cessed January 4, 2010.


Copyright © 2011, the American Society of Anesthesiologists, Inc. Lippincott
Williams & Wilkins. Anesthesiology 2011; 114: 837–46


What We Already Know about This Topic


• Although smoking worsens perioperative outcomes, the size
of this effect is not well described.


What This Article Tells Us That Is New


• In noncardiac surgical patients, smoking was associated with
a 40% increase odds of 30-day mortality and a 30–100%
increase odds of major morbidity, including surgical site infec-
tion, pneumonia, unplanned intubation, and septic shock.


� This article is accompanied by an Editorial View. Please see:
Katznelson R, Beattie WS: Perioperative smoking risk.
ANESTHESIOLOGY 2011; 114:734 – 6.


� Supplemental digital content is available for this article. Direct
URL citations appear in the printed text and are available in
both the HTML and PDF versions of this article. Links to the
digital files are provided in the HTML text of this article on the
Journal’s Web site (www.anesthesiology.org).


Anesthesiology, V 114 • No 4 April 2011837


Downloaded from anesthesiology.pubs.asahq.org by guest on 01/22/2020







Approximately 20% of adult Americans smoke cigarettes,
and at least that fraction of patients undergoing surgery are
current smokers.2 The fact that long-term smoking is harm-
ful is beyond question. Smoking is also thought to augment
the risk of poor postoperative outcomes, especially impaired
wound and tissue healing3–5 and cardiopulmonary compli-
cations.6,7 The extent to which smoking increases surgical
risk remains poorly characterized. The results of previous
studies6,8–10 have been inconclusive and limited by inade-
quate statistical power, restricting analysis to a single institu-
tion, with incomplete patient follow-up.


Thus, the current study tested the primary hypothesis that
smoking worsens a composite of major 30-day postoperative
morbidities in noncardiac surgical patients treated in 200 cen-
ters throughout the United States between January 1, 2005 and
December 31, 2008. We also tested the secondary hypotheses
that there is a dose–response relationship between amount of
tobacco consumption and both surgical complications and du-
ration of hospitalization.


Materials and Methods


This retrospective cohort study was based on data used from the
American College of Surgeons National Surgical Quality Im-
provement Program (ACS-NSQIP) that were acquired between
2005 and 2008. Institutional review board approval was ob-
tained from the Cleveland Clinic, Cleveland, Ohio. Data were
prospectively collected in a standardized manner, according to
strict definitions of preoperative characteristics, intraoperative
information, and postoperative outcomes. A dedicated surgical
clinical nurse reviewer collected data from computerized and
paper patient medical records, physicians’ office records, and
telephone interviews with patients. The accuracy and reproduc-
ibility of these data are well established.11,12


Study Population
We excluded patients with preoperative pneumonia, requir-
ing ventilator-assisted respiration at any time during the 48 h
preceding surgery; preoperative systemic sepsis (defined as sys-
temic inflammatory response syndrome, sepsis, or septic
shock); coma lasting longer than 24 h; central nervous system
tumor; disseminated cancer; open wound infection before
surgery; or bleeding disorders.


Current smokers were defined in the ACS-NSQIP data-
base as “patients who reported smoking cigarettes in the year
before admission for surgery.” Patients who smoked cigars or
pipes or used chewing tobacco were not included. In addi-
tion, patients reported the amount of smoking in terms of
pack-years. Never smokers were defined as those who reported
not smoking in the previous year and also reported 0 lifetime
pack-years (i.e., excluding those with a missing value for
lifetime pack-years). Outcomes were defined according to
the ACS-NSQIP report of any major morbidity and report of
any minor morbidity (table 1).


Statistical Analysis
Primary Outcome. We first assessed the crude (unadjusted)
association between smoking status and a collapsed compos-
ite (any versus none) of major morbidities, a collapsed com-
posite of minor morbidities, and individual major and minor
morbidities, using logistic regression.


For our primary analyses, we assessed the relationship
between smoking and postoperative morbidity after propen-
sity matching current smokers to never smokers on the avail-
able baseline confounding variables. We distinguished con-
founders (i.e., variables potentially affecting both smoking
status and outcome) from mediator variables (i.e., variables
such as history of chronic obstructive pulmonary disease,
which might be caused by smoking and mediate the effect of
smoking on outcome). Therefore, we matched on available
baseline variables but not on variables deemed to potentially
lie on the causal pathway between smoking and outcome.
The following 14 conditions were deemed a priori to poten-
tially mediate part of the effect of smoking on outcome:
history of transient ischemic attacks, history of myocardial
infarction, history of angina, history of revascularization/am-
putation, previous cardiac surgery, previous percutaneous
coronary intervention, history of severe obstructive pulmo-
nary disease, cerebrovascular accident/stroke with neurologic
deficit, cerebrovascular accident/stroke with no neurologic
deficit, hypertension requiring medication, hemiplegia, dys-
pnea, chemotherapy, and radiotherapy.


Reported current smokers (within 1 yr before admission
for surgery) were matched to reported never smokers using
propensity matching.13 We first estimated the propensity
score (probability of being a smoker) for each patient using
logistic regression based on the values of all covariables
deemed to be potential confounders (except race and current
procedural terminology code, which were exactly matched in
the next step). We grouped each current procedural termi-
nology code into 1 of 244 mutually exclusive clinically ap-


Table 1. Individual Morbidities


Major Morbidity Minor Morbidity


30-d Mortality Superficial Surgical
Site Infection


Organ Space Surgical
Site Infection


Deep Incisional Surgical
Site Infection


Pneumonia Wound Disruption
Unplanned Intubation Renal Insufficiency
Pulmonary Embolism Urinary Tract Infection
Ventilator �48 h
Stroke/Cerebrovascular


Accident


Deep Venous Thrombosis/
Thrombophlebitis


Coma �24 h
Cardiac Arrest
Myocardial Infarction
Bleeding, Transfusions


�5 U
Sepsis
Septic Shock
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propriate categories using the Agency for Healthcare Re-
search and Quality’s clinical classification software for
services and procedures. Next, a 1-to-1 greedy matching al-
gorithm (SAS macro: gmatch)§§ was used for the matching.
Successful current to never smoker matches were then re-
stricted to patients with the same race and Agency for
Healthcare Research and Quality clinical classification soft-
ware for services and procedures category, with estimated
propensity scores within 0.001 U of one another. A single
imputation based on all baseline variables were used for body
mass index, which was missing for 2.2% of all patients.


The balance between current and never smokers on
matched variables before and after matching was assessed
using the standardized difference (i.e., the difference in
means or proportions/pooled SD). The standardized differ-
ence enables direct comparison of the balance between
groups independent of the sample size, in contrast to a P
value resulting from an appropriate statistical test. Cohen14


proposed guidelines of 0.2, 0.5, and 0.8 to represent small,
medium, and large standardized differences, respectively, in
absolute values. To account for even minimal potential con-
founding, we prespecified a conservative criterion of greater
than 0.1 absolute standardized difference as an indication of
imbalance. Such variables were entered into the multivari-
able model comparing matched current with never smokers
on outcomes to adjust for any residual imbalance.


Matched current and never smokers were compared on
the major and minor collapsed composite morbidity out-
comes and individual outcome components using logistic
regression. Models were fit both with and without adjust-
ment for the a priori–specified mediator covariables. Analysis
without adjustment for the mediator variables was intended
to estimate the overall effect of smoking to the extent possible
in a nonrandomized study. Analysis adjusting for the mediator
variables was intended to isolate the individual contributions of
the specified mediator variables on outcome and any residual
effect of smoking (see table, Supplemental Digital Content 1,
http://links.lww.com/ALN/A674). Supplemental Digital Con-
tent 2 (figure, http://links.lww.com/ALN/A675) distinguishes
a confounding variable (a cause of both the exposure and out-
come) from a mediator variable (a variable in the causal pathway
between an exposure and outcome). The fit of each model was
assessed by the Hosmer and Lemeshow goodness-of-fit test.15


Finally, although all components of our major morbidity
composite are serious events (table 1), they would not likely
be considered by researchers or patients to have exactly the
same severity in the typical manifestation. Therefore, we
conducted a sensitivity analysis to assess the relationship be-
tween smoking and our major morbidity composite, in
which we weighed each component by a clinical severity


weight. Weights were determined as the average score for
that component (range, 1–100, with 100 being the most
severe) among three otherwise noninvolved anesthesiolo-
gists. A multivariate (i.e., multiple outcomes per subject)
generalized estimating equations model was used to estimate
a common effect odds ratio (OR) across the components
while applying the severity weights.16


Secondary Outcomes. For current smokers, we assessed the
relationship between amount of tobacco consumed, measured
in pack-years, and the collapsed composite any major morbidity
outcome using multivariable logistic regression, adjusting for all
potential confounders used for propensity matching. The lin-
earity of the relationship was visually assessed by plotting the
estimated logit (i.e., log[probability]/[1�probability]) of the
outcome as a function of tobacco consumption, using a gener-
alized additive model (univariable logistic regression incorporat-
ing a smooth [thin-plate regression spline] term for amount of
tobacco consumed, with the smoothing parameter obtained via
cross-validation).


The relationship between amount of tobacco consumed and
outcome was also assessed by comparing tobacco consumption
amount categories of current with never smokers, again adjust-
ing for all confounders used for propensity matching.


SAS software version 9.2 for UNIX (SAS Institute Inc.,
Cary, NC) and R software version 2.8.1 for Windows (The R
Foundation for Statistical Computing, Vienna, Austria)
were used for all statistical analyses. We adjusted for multiple
comparisons using Bonferroni correction.


Results
There were 635,265 surgical cases available within the ACS-
NSQIP database. We excluded patients who did not meet our
inclusion and exclusion criteria (remaining patients, 520,242)
or were current nonsmokers with missing or nonzero value of
pack-years. Among the remaining 391,006 patients, 103,795
(26.5%) were current smokers and 287,211 (73.5%) were never
smokers. Figure 1 shows details of the types and numbers of
exclusions. Definitions of major morbidities, as defined in
NSQIP, are also shown in Supplemental Digital Content 3
(table, http://links.lww.com/ALN/A676).


In an unadjusted analysis, smoking was associated with in-
creased odds of any major morbidity: OR, 1.72 (95% CI, 1.67–
1.78; P � 0.0001; table 2 and Supplemental Digital Content 4,
table, http://links.lww.com/ALN/A677). Smoking was simi-
larly associated with any minor morbidity: OR, 1.35 (95% CI,
1.31–1.40; P � 0.0001; table 2 and Supplemental Digital Con-
tent 4, table, http://links.lww.com/ALN/A677). However, an
imbalance on many important baseline variables confirmed that
adjustment for potential confounding covariables was necessary
(table 3, left). For example, current smokers were more likely to
be male, to be alcohol users, and to have more severe American
Society of Anesthesiologist physical status (standardized differ-
ence greater than 0.20).


Among 520,242 patients, 505,632 (97.2%) had com-
plete data for the primary covariable-adjusted analysis com-


§§ Bergstralh E, Kosanke J: Gmatch SAS program, Mayo Clinic
Division of Biomedical Statistics and Informatics. Rochester, Mayo
Clinic (HSR CodeXchange), 2003. Computerized matching of cases to
controls using the greedy matching algorithm with a fixed number of
controls per case. Available at: http://mayoresearch.mayo.edu/mayo/
research/biostat/sasmacros.cfm. Accessed December 1, 2010.
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paring reported current and never smokers. Among 14,610
patients (2.8%) who had at least one missing covariable
value, 11,227 (77%) were only missing body mass index,
which was imputed using a single imputation from all avail-
able data before performing the propensity score matching.
Thus, only 0.65% of patients (3,383 of 520,242) were ex-
cluded from consideration in the propensity score matching
because of missing covariable values.


We successfully propensity matched 82,304 current
smokers (79% of the total) with 82,304 controls for a total of
164,608 patients. Our propensity-matched subset retained
93 (78%) of 120 categories before matching the Agency for
Healthcare Research and Quality’s clinical classification soft-
ware for services and procedures categories (Supplemental
Digital Content 5, table, http://links.lww.com/ALN/A678).
The 27 (22%) unmatched Agency for Healthcare Research


and Quality’s clinical classification software for services and
procedures categories represented only 0.1% of current
smokers (n � 118). As seen in the standardized differences in
table 3, right, covariables were much better balanced as a
result of propensity matching. However, age was slightly
unbalanced between current and never smokers, with a stan-
dardized difference of �0.11; thus, we adjusted for age when
comparing current with never smokers on outcomes.


In the propensity-matched subset, smoking was indepen-
dently associated with increased odds of any major morbidity
after adjusting for both age only and age and the mediator
covariables (P � 0.0001 for both, table 2); the corresponding
estimated ORs (95% CIs) (smoker vs. never smoker) were
1.40 (1.33–1.47) and 1.27 (1.21–1.34), respectively. In the
model without the mediator covariable adjustment, the
smoking OR assesses the overall association between smok-


Fig. 1. Types and numbers of exclusions of the available surgical cases (2005–2008) within the American College of Surgeons
National Surgical Quality Improvement Program (ACS-NSQIP) database.
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ing and outcome, including the effects through the expected
mediator variables and any unmeasured variables (table 2); in
the model adjusting for age and mediator covariables esti-
mates the “residual” effect of smoking after removing the
effects of the mediator variables on the outcome. The differ-
ence between the two ORs (1.40 vs. 1.27) is our best estima-
tion of how much smoking-related disease mediates the ef-
fect of smoking on major morbidity. On the log odds scale,
approximately 29% of the observed overall smoking effect
was explained by the prespecified mediator variables.


Our severity-weighted common effect OR (95% CI) for
smokers versus never smokers in the sensitivity analysis was
1.45 (1.37–1.54), similar to the primary analysis estimate of
1.40 (1.33–1.47).


Results were similar for minor complications. Smoking
was independently associated with increased odds of any mi-
nor morbidity when adjusting for both age only and age and
the mediator covariables (P � 0.0001 for both, table 2).


For individual major morbidities, smoking status was inde-
pendently associated with higher risk of 30-day mortality, organ
space surgical site infection, pneumonia, unplanned intubation,
ventilation for longer than 48 h, cerebrovascular accident/
stroke, cardiac arrest, myocardial infarction, sepsis, and septic
shock, after adjusting for age (fig. 2 and Supplemental Digital
Content 1, table, left, http://links.lww.com/ALN/A674). Fur-
thermore, after removing the purported effects of smoking
via the mediator variables (i.e., by adjusting for age and
the mediator covariables), smoking remained associated
with higher risk of organ space surgical site infection,


pneumonia, unplanned intubation, ventilation for longer
than 48 h, stroke/cerebrovascular accident, sepsis, and
septic shock (Supplemental Digital Content 1, table,
right, http://links.lww.com/ALN/A674).


For the 56,903 matched current smokers with a non-
missing value of pack-years (69% of the matched 82,304
current smokers), the logit of the estimated probability of any
major morbidity (without covariable adjustment) increases
rather linearly with increased amounts of tobacco consumed
but begins to taper as pack-years reach approximately 30 (fig.
3). In a multivariable dose–response analysis for current
smokers, the odds of having any major morbidity increased
linearly and quadratically with amount of smoking after ad-
justing for covariables. Therefore, we do not report an overall
dose–response OR for pack-years of smoking.


We also grouped the 56,903 current smokers with a non-
missing value of pack-years into four categories based on the
quartiles of reported pack-years and compared them with the
82,304 never smokers on any major morbidity in a multi-
variable analysis. Current smokers in the four pack-year
quartiles reported smoking a median (quartile 1–quartile 3)
of 6 (3–10), 17 (15–20), 30 (28–37), and 60 (50–75) pack-
years, respectively. The odds of major morbidity did not
differ significantly between light smokers (1–10 pack-years)
and never smokers (P � 0.12), whereas the odds versus never
smokers were significantly greater in all patients who smoked
for longer than 10 pack-years (fig. 4) (P � 0.001 for all).
Finally, within current smokers, there were no significant
differences between the second, third, and fourth pack-year


Table 2. Summary of Associations between Smoking Status and Any Major or Minor Morbidity


Analysis (Current Smokers/
Never Smokers)


Incidence, No. (%)
Model


Adjustment* OR (95% CI)†
P


ValueCurrent Smokers Never Smokers


Any major morbidity
Crude Association (Unmatched)


(103,795/287,211)
5,575 (5.4) 9,161 (3.2) Unadjusted 1.72 (1.67–1.78) �.0001


Propensity-matching Analyses
(82,304/82,304)


3,688 (4.5) 3,013 (3.7) Age 1.40 (1.33–1.47) �.0001
Age and “Mediator”


Covariables‡
1.27 (1.21–1.34) �.0001


Any minor morbidity
Crude Association (Unmatched)


(103,795/287,211)
6,029 (5.8) 12519 (4.4) Unadjusted 1.35 (1.31–1.40) �.0001


Propensity-matching Analyses
(82,304/82,304)


4,493 (5.5) 3,875 (4.7) Age 1.22 (1.17–1.28) �.0001
Age and “Mediator”


Covariables‡
1.18 (1.13–1.24) �.0001


Collapsed outcomes: any major or minor morbidity, 1 vs. none (0).
* Adjusted in logistic regression comparing the propensity-matched current smokers with never smokers on outcome. † Logistic
regression: ratio of the odds of any major or minor morbidity for current vs. never smokers. The Hosmer and Lemeshow (H–L)
goodness-of-fit chi-square statistics and P values were as follows: for any major morbidity, age, 46 (df � 9) and P�0.0001; and age
and “mediator” covariables, 14.4 (df � 9) and P�0.11; and any minor morbidity, age, 17.1 (df � 9) and P�0.047; and age and
“mediator” covariables, 22.5 (df � 9) and P�0.01. The H–L results detect lack of fit in some models. However, with such a large sample
size, subtle lack of fit can be detected. The expected and observed frequencies were well balanced for all models. ‡ The following
conditions were believed to, at least in part, mediate the smoking effect (i.e., were not confounders): history of transient ischemic
attacks, history of myocardial infarction, history of angina, history of revascularization/amputation, previous cardiac surgery, previous
percutaneous coronary intervention, history of chronic obstructive pulmonary disease, cerebrovascular accident/stroke with neurologic
deficit, cerebral vascular accident/stroke with no neurologic deficit, hypertension requiring medication, hemiplegia, dyspnea, chemo-
therapy, and radiotherapy. All other baseline variables were considered to be potential confounders.
OR � odds ratio.
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quartiles, but the odds of morbidity were significantly higher
than for the first quartile. The Bonferroni-corrected signifi-
cance criterion for this hypothesis was 0.005 because of the
10 pairwise comparisons (i.e., 0.05/10).


Discussion


Comprehensive warnings about the dangers of tobacco can
change attitudes toward smoking, especially among patients
about to undergo surgery.17 Thus, the preoperative period is an
excellent opportunity to address the health risks associated with


smoking and studies show that patients frequently request in-
formation on the effects of smoking on the risks of anesthesia
and surgery. Furthermore, smoking cessation therapy seems to
be effective in increasing preoperative spontaneous abstinence,
so the preoperative period might represent a high-impact op-
portunity for smoking cessation (i.e., a “teachable moment”).18


Consequently, the American Society of Anesthesiology has im-
plemented a smoking cessation initiative with the goal of en-
couraging anesthesiologists to advise their patients to quit smok-
ing and refer them to expert resources.�� Our current results
contribute to this strategy because they show, in a large data set,
how smoking compromises surgical outcomes.


Among the current surgical patient population in the
ACS-NSQIP database, approximately 26.5% were current


�� Statement on Smoking Cessation, Committee of Origin: Task
Force on Smoking Cessation: 2008. Available at: http://www.
asahq.org/patientEducation/smoking_cessation.htm. Accessed Jan-
uary 4, 2010.


Table 3. Summary Statistics of Baseline Characteristics


Variable*


All Patients Matched Patients


Current
Smokers


(n � 103,795)


Never
Smokers


(n � 287,211) D†


Current
Smokers


(n � 82,304)


Never
Smokers


(n � 82,304) D†


Male sex‡ 45.9 35 0.22 41 43.5 �0.05
Race 0.19 0.00


White 71.5 68.8 75 75
Asian 1.1 2.6 0.8 0.8
Black 12 9.4 10.2 10.2
Hispanic 5.6 9.1 5.2 5.2


Age, y§ 49.9 � 15.1 52.4 � 17.5 �0.16 49.1 � 15.0 50.9 � 17.8 �0.11
Body Mass Index, kg/m2�# 27 (24–33) 28 (24–34) �0.13 28 (24–33) 28 (24–33) 0.03
Alcohol Use 5.5 1.1 0.25 2.1 1.9 0.02
Diabetes Mellitus 10.6 11 �0.01 10.1 10.7 �0.02
Health Status, Independent


Before Illness** 99 98 0.04 99 99 0.01
Before Surgery 97 97 0.03 98 98 0.01


Congestive Heart Failure 0.5 0.3 0.02 0.3 0.3 0.00
Ascites 0.7 0.5 0.02 0.6 0.6 0.00
Esophageal Varices 0.1 0.1 0.02 0.1 0.1 0.00
Acute Renal Failure 0.2 0.2 0.01 0.1 0.1 0.00
Undergoing Dialysis (Preoperatively) 1.3 1.2 0.01 1.1 1.2 �0.01
Paraplegia 0.3 0.3 0.01 0.3 0.3 0.00
Quadriplegia 0 0.1 �0.01 0 0 0.00
Steroid Use for Chronic Condition 2.2 2.3 �0.01 2.3 2.4 �0.01
�10% Body Weight Loss 2.8 1.5 0.09 2.3 2 0.02
Inpatient (vs. Outpatient) Surgery 61 56 0.11 58 59 �0.01
Admitted Directly from Home 98 99 �0.04 98 98 0.01
ASA Status Classification§†† 2.4 � 0.7 2.2 � 0.7 0.33 2.3 � 0.6 2.3 � 0.7 �0.06
Emergency Case 9 8.8 0.01 9.1 8.7 0.01
General Anesthesia (vs. Other) 92 91 0.06 92 92 0.02
Do Not Resuscitate Status 0.3 0.3 �0.01 0.2 0.2 0.00
Rest Pain/Gangrene 2.2 0.4 0.16 0.4 0.7 �0.04
Impaired Sensorium 0.2 0.1 0.01 0.1 0.1 0.00
Transfusion �4 U before Surgery 0.1 0.1 0.00 0.1 0.1 0.00


Data are given as percentage of each group unless otherwise indicated.
* Alcohol use indicates �2 drinks/day during the 2 weeks before admission; congestive heart failure, during the 30 days before surgery;
and � 10% body weight loss, during the past 6 months. † D � standardized difference (difference in means or proportions/pooled SD)
reported to assess the covariable balance before and after matching between current and never smokers. D � 0.1 in absolute value
indicates slight imbalance/potential confounding. ‡ Missing values for 0.005% of patients. § Data are given as mean � SD. � Missing
values for 2.9% of patients (values were imputed before performing the propensity score matching). # Data are given as median (quartile
1–quartile 3). ** Missing values for 0.4% of patients. †† Missing values for 0.5% of patients.
ASA � American Society of Anesthesiologists.
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smokers, which well exceeds the 20% national average,2,19


presumably because smoking causes complications that re-
quire surgery or reflect that the definition we used of “current
smoking” differs from that used to calculate national smok-
ing prevalence. We found that smokers undergoing noncar-
diac surgery had an estimated 40% increased odds of devel-
oping major morbidity and mortality within 30 days of
surgery over never smokers, representing a modest difference
in the actual percentage with the major morbidity. For ex-
ample, the odds of pneumonia were doubled; the odds of


experiencing an unplanned intubation were 1.9 times higher;
and the odds of experiencing postoperative ventilation last-
ing longer than 48 h were approximately 50% increased.
However, because the incidence of these complications was
low, the increase in the absolute percentage of complications
was modest.


It is not surprising that pulmonary problems predomi-
nate, given that smoking impairs mucus transport; provokes
goblet cell hyperplasia, causing stimulation of mucus over-
production20; impairs pulmonary macrophage function21;
and increases bronchial reactivity by stimulation of airway


Fig. 2. Propensity matching analyses: major morbidity results. Odds ratios (confidence intervals [CIs]) of smokers (in previous
year) versus never smokers for any major complication (collapsed) and each individual major complication, adjusting for patient
age (imbalanced confounder after propensity matching). The CIs for the individual major complications were adjusted using
Bonferroni correction. CVA � cerebrovascular accident; SSI � surgical site infection.


Fig. 3. Plot of logit (i.e., log [probability]/1 � probability) of
postoperative composite major morbidity versus tobacco
consumption amount for current smokers undergoing non-
cardiac surgery treated between 2005 and 2008 (n � 56,903
matched current smokers with a nonmissing value of pack-
years). Logits were estimated using a generalized additive
model (logistic regression with a smoothing term), without
any covariable adjustment.


Fig. 4. Association with amount of smoking. Plot of odds ratio
(95% confidence interval [CI]) of smoking amount categories
versus never smoker for having major complication(s), with ad-
justment for all confounders used for propensity matching. The
CIs were adjusted for multiple comparisons by using Bonferroni
correction.
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inflammation.22 The available data related to smoking are
mixed but suggest a modest increase in risk for postoperative
pulmonary complications among current smokers.23 Our
findings are consistent with those of previous studies6,9,24


that report a significant association between smoking and
postoperative respiratory complications in various types of
surgical procedures.


Although it is reasonably well established that smoking
promotes the development of cardiovascular disease, the re-
lationship between smoking and perioperative cardiovascu-
lar complications remains controversial.25 Most stud-
ies6,10,26,27 have been unable to identify preoperative
smoking status as an independent risk factor for cardiac
events during or after either cardiac or noncardiac surgery.
However, most studies were also fairly small and focused on
specific types of surgery, making it difficult to generalize the
results. In contrast to previous reports, we observed a statis-
tically significant increase in cardiovascular complications: in
our large data set, smokers had 57% increased odds of expe-
riencing 30-day postoperative cardiac arrest, 80% increased
odds of experiencing a myocardial infarction, and 73% in-
creased odds of experiencing stroke. Our results are sup-
ported by the observation that preoperative smoking absti-
nence improves postoperative cardiovascular outcomes in
patients undergoing general and orthopedic surgery.28


Surgeons have long recognized that smoking impairs
healing of certain surgical wounds.29–31 This is not surpris-
ing because smoking provokes peripheral arterial disease, and
some of the constituents of cigarette smoke, such as the va-
soconstrictors nicotine and carbon monoxide, compromise
immune function and reduce tissue oxygenation.32–34 Tissue
oxygenation is the main predictor of wound healing. Low
tissue oxygenation is associated with impaired wound heal-
ing and increased incidence of surgical wound infections.35


Neumayer et al.36 included the data from Veterans Affairs
medical centers with data from the ACS and determined that
smoking was independently associated with surgical site in-
fections. As in previous studies, we observed that smokers
undergoing noncardiac surgery had 30% increased odds of
superficial and 42% increased odds of deep incisional infec-
tions; more seriously, we also observed 30% increased odds
of sepsis, 38% increased odds of organ space infections, and
55% increased odds of septic shock. Finally, there were 61%
increased odds of wound disruption in smokers. Thus, our
results contribute to the evidence that smoking impairs heal-
ing and augments the risk of surgical site infection.


The risk of major complications in patients who smoked
1–10 pack-years did not differ from never smokers. Con-
versely, the complication risk was similar in patients who
smoked 11–22, 23–40, and more than 40 pack-years. This is
consistent with the results of previous studies,37–39 in which
exposure rates above certain levels produced minimal further
risk of complications.


In nonrandomized studies dealing with long-term expo-
sures, it is crucial to distinguish between confounding vari-


ables (i.e., those thought to be causes of both the outcome
and the exposure [smoking]) and mediator variables (i.e.,
those purported to lie on the causal pathway between the
exposure and outcome, such as chronic obstructive pulmo-
nary disease and other smoking-related comorbidities). Pro-
pensity matching smokers and never smokers on mediator
variables, in addition to confounders, would “match away”
the long-term effects of smoking that occur through the me-
diator variables. Therefore, we propensity matched smokers
and never smokers only on a priori–defined confounding
variables. We were then able to assess the relative contribu-
tions of the a priori–defined mediator variables and any re-
sidual smoking effect on outcome. We found that the odds of
major morbidity were 40% higher in smokers than never
smokers when the mediator variables were not included in
the model, versus 27% higher when the mediator variables
were included. Thus, approximately 29% of the observed
overall smoking effect (on the log OR scale) was explained by
the mediator variables and 71% was explained by either the
smoking variable itself, independent of the measured mor-
bidities caused by smoking; or, more likely, by a combination
of unmeasured factors, measurement error, and potential re-
porting bias.


An advantage of using the ACS-NSQIP registry is that it
includes pooled data from numerous academic and nonaca-
demic institutions throughout the country. The ACS-
NSQIP registry provides a large sample size and good gener-
alizability. Furthermore, inclusion criteria are uniform and
reliability is enhanced by uniform data collection and audit-
ing. However, as with any database, there are limitations to
this registry, which we will highlight.


It is impossible to randomize smoking status in a prospec-
tive controlled manner. Thus, we used epidemiologic tools to
evaluate registry data. However, there are distinct limitations
to retrospective analysis of quality improvement registries.
For example, exposure to cigarette smoke in our study was
self-reported. Therefore, recall bias is a potential concern,
although previous work40 indicates that smokers accurately
report the details of their habit. Another limitation of our
study is that exact smoking history in the weeks and days
before surgery is not recorded in the ACS-NSQIP database.
For example, the current smokers may have quit nearly a year
before their surgery. Similarly, we do not know the extent to
which smoking habits changed before or after surgery. Thus,
our study likely underestimates the adverse effects of periop-
erative smoking to the extent that patients restricted or elim-
inated smoking just before or after surgery. For these reasons,
our ORs for the overall effects of smoking may well be un-
derestimates of the true impact of smoking on perioperative
outcomes.


The ACS-NSQIP database has missing values for non-
trivial numbers of patients for smoking status and pack-years
of smoking, either of which may have resulted in overestima-
tion or underestimation of the true relationship between
smoking and the major morbidity. Nevertheless, sensitivity
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analysis did not identify any substantial differences in base-
line variables or outcomes between smokers who had a non-
missing versus a missing value of smoking pack-years. An-
other limitation of the current study is the obverse of a
healthy user effect; smokers also engage in other activities
that are hazardous to health, including alcohol abuse, lack of
primary care, and inadequate access to screening. Although
some of these factors were included in our propensity match-
ing, there are additional uncorrected factors.


We were unable to adjust for the type of hospital (e.g., rural
vs. urban or teaching vs. nonteaching), skill level of surgeons, or
variations in surgical approaches used within a common proce-
dure code. The inability to adjust for these variables might have
confounded the relationship between smoking status and out-
come in our study. Our study also includes a heterogeneous set
of surgical procedures that carry a wide range of risk. Although
we matched on procedure, we cannot conclude that the smok-
ing effect is consistent across the procedures, because this was
not assessed; in addition, it would be difficult to assess with so
many different procedures.


Components of a composite outcome should ideally have
identical clinical importance, frequency, and treatment ef-
fect, although not always attainable in practice.41 Our com-
posite is heterogeneous in that it includes several organ sys-
tems that might directly or indirectly be affected by smoking.
Frequencies across components were similar (i.e., each of the
individual components occurred in less than 1.5% of the
never smokers). In addition, all of the chosen components
represent serious events, although with mortality included,
they cannot be claimed to be of equal severity. Our sensitivity
analysis, in which we incorporated clinical severity ratings of
three staff anesthesiologists to the assessment of smoking,
and our major morbidity composite gave results similar to
the main analysis.


In summary, our analysis of a large well-validated registry
indicates that smoking is associated with higher perioperative
risk for cardiopulmonary, wound-related, and infectious
complications. Previous studies indicate that surgery is a
teachable moment for smoking cessation and is associated
with an increased likelihood of success. Our results enhance
motivation for smoking cessation in general by demonstrat-
ing that the risks of serious adverse outcomes are higher in the
month after surgery, although the increased risk may moti-
vate abstinence; these data do not permit us to evaluate the
potential effects of abstinence on risk.
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Abstract
Objective: Investigation of the effects of preoperative physical therapy on pulmonary function and 
physical performance before and after upper abdominal surgery.
Design: Non-blind randomized controlled trial.
Setting: Tertiary public hospital and private university, São Paulo state, Brazil.
Subjects: Thirty-two patients undergoing abdominal surgery.
Interventions: Patients were randomly assigned to receive physical therapy, with respiratory and global 
exercises, 2–3 weeks before surgery (treatment group; n = 16) or await operation without engaging in 
practicing (control group; n = 16). After surgery, a physical therapy protocol was administered to all 
subjects until the seventh postoperative day.
Main measures: Pulmonary function outcome variables were inspiratory and expiratory strength, 
respiratory muscle endurance and spirometry, and physical performance outcome variables were 
the functional independence measure and 6-minute walk test distance. Any postoperative pulmonary 
complications were recorded.
Results: There were no between-group differences at randomization. In the preoperative period, patients 
in the intervention group had higher inspiratory strength and respiratory muscle endurance than controls 
(88 cmH2O versus 64 cmH2O and 28 cmH2O versus 23 cmH2O, respectively; P < 0.05). On the seventh 


Article


Corresponding author:
Silvia Maria de Toledo Piza Soares, Faculdade de Fisioterapia, 
CCV, Pontifícia Universidade Católica de Campinas, Rua Dom 
Pedro I, 424 apt R54, Campinas, SP 13073-003, Brazil. 
Email: stpsoares@terra.com.br



http://crossmark.crossref.org/dialog/?doi=10.1177%2F0269215512471063&domain=pdf&date_stamp=2013-02-12





Soares et al. 617


postoperative day, in addition to inspiratory force and respiratory muscle endurance, the intervention 
group showed better results than controls in the functional independence measure score (118 versus 
95) and 6-minute walk test distance (368.5 m versus 223 m), all P < 0.05. Postoperative pulmonary 
complications occurred in 11 patients in the control group and five in the intervention group (P = 0.03).
Conclusion: Preoperative physical therapy improved pulmonary function and physical performance in 
the pre- and postoperative periods among patients undergoing upper abdominal surgery.


Keywords
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Introduction


The postoperative period of abdominal surgery is 
associated with respiratory muscle dysfunction 
and impaired physical capacity, which, in turn, are 
associated with the development of postoperative 
pulmonary complications.1–3


Anesthesia, the trauma of surgery, and the condi-
tions inherent to the postoperative period (such as 
incisions, drains, and catheters) have an impact on 
the respiratory mechanics and mobility of patients.4,5 
The first postoperative days are associated with lim-
ited upright mobilization, fatigue, and restrictive ven-
tilatory defects, among other functional disorders.6–9


Physical therapy, including respiratory and 
motor exercises, can aid patient recovery after 
laparotomy.10–12 However, its effect on the preven-
tion of postoperative pulmonary complications 
after abdominal surgery remains unclear.13,14


Conversely, the preoperative period provides an 
opportunity to encourage and possibly improve 
physical performance in patients who are awaiting 
elective surgery.15 This concept, known as preha-
bilitation, has been the object of studies in patients 
undergoing orthopedic16 and colorectal surgery,17 
and its aim is to speed postoperative recovery by 
means of preoperative interventions.


Respiratory muscle training, a procedure consis-
tent with this concept, has been shown to reduce 
the risk of postoperative pulmonary complications 
and shorten length of hospital stay after cardiotho-
racic surgery,18,19 and is associated with a reduction 
in the rate of atelectasis after abdominal surgery.20 


In addition, preoperative aerobic fitness programs 
have been studied as a potential strategy for miti-
gating postoperative impairment of functional 
capacity21,22 and reducing the incidence of pulmo-
nary complications after surgery.15


Therefore, the objective of this study was to com-
pare, in a sample of adults awaiting upper abdominal 
surgery, the extent to which a preoperative physical 
therapy intervention consisting of respiratory and 
general functional exercises improves pulmonary 
function and functional physical performance versus 
no preoperative intervention at time of surgery and 
at 7 and 30 days postoperatively.


Methods


This was a prospective, randomized, controlled trial 
conducted at a private university and a tertiary public 
hospital in the state of São Paulo, Brazil. The study 
protocol was approved by the institutional Human 
Subject Research Ethics Committee and added to the 
Brazilian clinical trials registry (REBEC – www.
ensaiosclinicos.gov.br identifier RBR-73vbv8).


Patients were recruited from the outpatient 
specialist clinic of a medical school department 
of digestive surgery. Inclusion criteria were elec-
tive open abdominal surgery (defined as opening 
of the peritoneal cavity), waiting period of at 
least 2 weeks, no prior surgical intervention for 
esophageal, gastric, or biliary tract resection, age 
≥ 40 years, and acceptable physical condition 
(permitting pulmonary function and walk tests). 
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Exclusion criteria were cerebrovascular disease, 
use of immunosuppressants within 30 days of 
surgery, cardiovascular instability, and physical 
therapy within the 8 weeks preceding study 
enrollment.


All participants were referred by surgeons for 
physical therapy follow-up during the pre- and 
postoperative periods as part of a multidisciplinary 
surgical team. Patient inclusion and exclusion crite-
ria were checked, and patients were informed of the 
study objectives and asked for their informed con-
sent. The day of admission to the study was defined 
as the day of first patient assessment, usually 2 to 3 
weeks before surgery (baseline data). After stratifi-
cation by surgical site (esophagus, stomach, or 
biliary tract), participants were randomly allocated, 
by means of sealed envelope randomization, to the 
treatment or control groups. Subjects allocated to 
the treatment group received preoperative physical 
therapy, whereas the control group received no pre-
operative physical therapy intervention. At the end 
of 2 to 3 preoperative weeks, all patients were 
admitted to the hospital, and immediate preopera-
tive outcome measures were assessed within the 
first 24 hours before surgery (preoperative data). In 
the postoperative period, a physical therapy proto-
col was implemented in both groups and followed 
until the seventh postoperative day or hospital dis-
charge (when the length of stay was <7 days). Three 
assessments were conducted in the postoperative 
period: within the first 24 hours after surgery (24-
hour postoperative data), on the seventh postopera-
tive day or at hospital discharge when the length of 
stay was < 7 days (7-day postoperative data), and on 
the 30th postoperative day (30-day postoperative 
data). Neither patients nor physical therapists were 
blinded to group assignment, and the investigators 
responsible for data collection were aware of 
allocation.


Interventions
All treatment-group subjects received preoperative 
physical therapy during the 2 to 3 weeks preceding 
their surgical procedure. The protocol consisted 
of two supervised 50-minute physical therapy ses-
sions per week, which consisted of stretching 


exercises, trunk rotation (dissociation of the pelvis 
and shoulder girdle), deep breathing, respiratory 
muscle training, active upper and lower extremity 
exercises, walking, and relaxation. Patients also 
received guidance and training on coughing and 
huffing. For respiratory muscle training, patients 
were trained to use an inspiratory threshold-loading 
device (Threshold IMT, Respironics, NJ, USA), 
for 15 minutes daily. The initial load was set at 
20% of their maximal inspiratory pressure, mea-
sured at baseline. This was increased by 2 cmH2O/
week in the preoperative period, as described by 
Dronkers et al.20 The walking portion of the proto-
col consisted of a 10-minute walk on flat ground. 
Speed was required to be faster than that of a ran-
dom leisurely walk, and was limited by perceived 
dyspnea, never exceeding level 15 on the Borg 
Scale of rate perceived exertion.23 Patients were 
instructed to avoid running, and were allowed to 
slow their pace if necessary to complete the activ-
ity in no less than 10 minutes. Respiratory muscle 
training and walking were carried out once daily, at 
home, at a predefined time, four times a week, 
scheduled not to coincide with supervised physical 
therapy sessions. All patients reported full adher-
ence with these recommended activities, which 
was corroborated by progressive improvement in 
ability to carry out related exercises during super-
vised physical therapy.


Control group patients did not receive any physi-
cal therapy intervention in the preoperative period. 
They were instructed to wait for medical staff to call 
regarding hospital admission (within 2 to 3 weeks) 
and surgery.


Postoperative physical therapy consisted of a 
standardized protocol which was applied to both 
groups until the seventh postoperative day. All 
patients received daily physical therapy (one 
45-minute session), which consisted of deep breath-
ing exercises followed by coughing or huffing. 
Chest maneuvers were used to aid airway clearance 
when necessary, as determined by pulmonary 
auscultation. This was followed by active upper and 
lower extremity exercises (similar to those used in 
the preoperative protocol), performed in the seated 
position. All subjects were encouraged to sit out of 
bed (within 24 hours of surgery) and walk at least 
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10 minutes a day (starting on the second postopera-
tive day) if stable. All participants were encouraged 
to repeat the respiratory, coughing, and limb mobi-
lization exercises performed during the physical 
therapy session once daily, without the presence of 
the therapist.


When subjects were under mechanical ventila-
tion, the physical therapy protocol was followed 
whenever patients were hemodynamically stable, 
with exercises adapted to their current clinical 
condition. Ventilator weaning was carried out by 
intensive care unit professionals. When length of 
stay exceeded 7 days, postoperative care was 
handed over to the hospital’s physical therapy ser-
vice (one daily session on average).


Measures
Data on operative time, American Society of 
Anesthesiologists functional classification,24 sever-
ity of condition on the first postoperative day 
(Acute Physiology and Chronic Health Evaluation 
II (APACHE II)), and postoperative pulmonary 
complications were collected for between-group 
comparisons. Postoperative pulmonary complica-
tions, defined as pulmonary complications treated 
and noted in medical records until the seventh 
postoperative day, were: (1) respiratory failure, as 
characterized by a need for endotracheal intubation 
and mechanical ventilation; (2) atelectasis, pleural 
effusion, or pneumothorax, as diagnosed on chest 
radiographs; or (3) pneumonia, on the basis of 
clinical, laboratory, and imaging findings and insti-
tution of antibiotic therapy.


Pulmonary function assessment consisted of 
measurement of respiratory muscle strength and 
endurance, followed by spirometry. Respiratory 
muscle strength was determined by maximal 
inspiratory and expiratory pressures, reflecting the 
inspiratory and expiratory muscle force, respectively. 
Measures were obtained with an aneroid manometer 
(Comercial Médica, São Paulo, Brazil), calibrated 
in cmH2O. The procedure was carried out in 
accordance with American Thoracic Society and 
European Respiratory Society recommendations.25 
Maximal inspiratory pressure and maximal expi-
ratory pressure were derived from the residual 


volume and total lung capacity, respectively. 
Absolute values were compared with predicted 
values for the Brazilian population.26 Respiratory 
muscle endurance was measured by incremental 
threshold loading following the protocol described 
by Dronkers et al.20 The initial load was set at 30% 
of the maximal inspiratory pressure, as measured 
during the corresponding assessment, and resis-
tance was gradually increased by 10% of maximal 
inspiratory pressure every 2 minutes. Endurance 
was expressed as the highest pressure (in cmH2O) 
that could be sustained for 2 minutes without inter-
rupting inspiration. Lung volumes and capacities 
were measured with a portable spirometer (KoKo, 
Ferraris Respiratory, Louisville, CO, USA). Slow 
and forced vital capacity maneuvers were performed 
in accordance with American Thoracic Society and 
European Respiratory Society recommendations.27 
Slow vital capacity was used to calculate vital 
capacity and inspiratory capacity, and forced vital 
capacity to determine the forced expiratory volume 
in the first second and forced vital capacity. Results 
were expressed as absolute values and as percent-
ages of predicted reference values.28


The functional independence measure and dis-
tance on the 6-minute walk test were used for 
assessment of functional performance. The func-
tional independence measure,29 validated for use in 
Brazil,30 enabled assessment of functional capacity 
for the activities of daily living (self-care, sphinc-
ter control, mobility/transferring, locomotion, 
communication, and social cognition). The over-
all score was interpreted as complete dependence 
(18 points), moderate modified dependence (19–
60 points), mild modified dependence (61–103 
points), or complete independence (104–126 
points). The 6-minute walk test was performed 
along a 30-meter hallway, in accordance with 
international standards, for assessment of physical 
capacity.31 The distance in meters was recorded 
and compared with values predicted for the 
Brazilian population.32


All measurements were obtained at all five 
assessments (baseline, preoperative, and 24 hours, 7 
days, and 30 days after surgery), except for the 
6-minute walk test, which was not performed 24 
hours after surgery.
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Statistical analysis
Data were analyzed using the SPSS v. 17.0 software 
package (SPSS Inc., Chicago, IL, USA). Medians 
and interquartile ranges were used for descriptive 
analyses of quantitative variables due to the skew-
ness of most variables. Hence, non-parametric tests 
were deemed more adequate for statistical analysis. 
Between-group (treatment group versus control 
group) comparisons were performed with the 
Mann–Whitney U test (for quantitative variables) 
or the chi-squared test (for categorical variables). 
Fisher’s exact test was used when the prerequisites 
for use of the chi-squared test were not met.


The Wilcoxon test was used for comparisons 
between baseline measurements and predicted val-
ues, as well as between preoperative measurements 
and predicted values. The Friedman test was used 
for within-group comparisons among the five pre-
determined assessments, followed by the post-hoc 
Wilcoxon signed ranks test with Bonferroni cor-
rection for comparison among the various permu-
tations of the two study groups.


A normal approximation of the binomial dis-
tribution with single probability of success of 0.5 
was also applied for calculation of binomial 
probabilities.


The significance level was set at 0.05, except for 
post-hoc analysis, in which the significance level 
was set at 0.005 or 0.0083 after Bonferroni correc-
tion, depending on the number of comparisons.


Results


Thirty-seven patients were included in the study. 
Of these, 28 completed assessment on the  
30th postoperative day (Figure 1). Preoperative 
data were collected for all subjects (n = 32). 
However, in the postoperative period, some mea-
sures were not recorded due to lack of acceptance 
or reproducibility levels or to the presence of 
mechanical ventilation.


Table 1 describes key sample and surgery char-
acteristics. There were no significant between-
group differences at baseline.


At baseline, all subjects presented maximal 
inspiratory pressure, maximal expiratory pressure 


and 6-minute walk test distances significantly below 
predicted values for the Brazilian population (P < 
0.05). Median absolute (interquartile range) and 
predicted values (interquartile range) were, respec-
tively: 62 (48–76) cmH2O and 100 (83–111) cmH2O 
for maximal inspiratory pressures, 78 (61–99) 
cmH2O and 109 (81–120) cmH2O for maximal 
expiratory pressure, and 489.5 (434.8–525.3) meters 
and 538.6 (514.3–568.2) meters for 6-minute walk 
test distance.


Respiratory muscle function. In the preoperative 
period, eight out of 16 patients in the control group 
exhibited a decline in maximal inspiratory pressure 
as compared with baseline (P = 0.196), whereas in 
the treatment group 12 patients experienced an 
increase in maximal inspiratory pressure in relation 
to baseline (P = 0.028), and all others remained at 
their baseline values.


Table 2 shows strength and respiratory muscle 
endurance (cmH2O) for subjects who completed all 
assessments over the course of the study. On the sev-
enth postoperative day, maximal inspiratory pres-
sure (expressed as percentage of predicted value) 
was significantly higher in the treatment group (65% 
of predicted value) than in the control group (47% of 
predicted value), P < 0.05 (data not shown).


In both groups, maximal expiratory pressure 
remained practically unchanged in the preoperative 
period and declined in the postoperative period (no 
difference between groups).


Spirometry. Preoperatively, lung volumes and 
capacities remained statistically unchanged in both 
groups. Slow vital capacity and inspiratory capacity 
declined in the postoperative period in both groups 
(Table 2).


Functional independence measure. The overall 
functional independence measure score of con-
trols corresponded to mild modified dependence, 
whereas in the treatment group it was indicative 
of complete independence (Table 3). Seven days 
after surgery, however, subscores for the  
self-care, mobility and locomotion categories 
were significantly higher in the treatment group 
(P < 0.05).
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Six-minute walk test. In the preoperative period, 
13 of 16 patients in the treatment group had 
increased their walking distance from baseline, 
whereas in the control group 13 of 16 had experi-
enced a decline in walking distance over the same 
period (P = 0.009). Data from eight of 13 subjects 


in the control group and 12 of 15 in the treatment 
group who completed the walk test at all predefined 
assessments are shown in Table 3.


Postoperative pulmonary complications. By the sev-
enth postoperative day, 11 patients in the control 
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Figure 1. Trial flow diagram.
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group and five in the treatment group had experi-
enced postoperative pulmonary complications (P = 
0.034). In the control group, hospital records indi-
cated atelectasis (n = 2), atelectasis with pleural 
effusion (n = 2), atelectasis with pneumonia (n = 1), 
pneumonia with respiratory failure (n = 4), pleural 
effusion with pneumothorax (n = 1), and pleural 
effusion (n = 1). The postoperative pulmonary com-
plications noted in treatment group subjects were 
atelectasis (n = 2), pneumonia (n = 1), pleural effu-
sion (n = 1), and respiratory failure (n = 1).


Discussion


Our main findings revealed that (1) in the preop-
erative period, patients who had engaged in 


respiratory and motor exercises had inspiratory 
strength and respiratory muscle endurance superior 
to patients who did not receive the program, as 
well as better 6-minute walk test distances; (2) on 
the seventh postoperative day, maximal inspiratory 
pressure, respiratory muscle endurance, functional 
independence measure and 6-minute walk test 
distance were significantly greater among patients 
who received preoperative physical therapy; and 
(3) in the first week after surgery, treatment group 
patients experienced fewer postoperative pulmo-
nary complications.


The waiting period for elective surgery is highly 
detrimental to the physical and emotional condition 
of the patient. Improvement of health status in this 
period is a challenge, particularly in patients await-
ing oncologic surgery, due to a tendency to abstain 


Table 1. Sample profile and surgical data.


Patient and procedure characteristics Group


 Treatment (n = 16) Control (n = 16)


Age, years (median) 58.5 (51.3–63.5) 55.0 (49.3–64.3)
Female-to-male ratio 8/8  7/9
BMI, kg/m2 (median) 23.6 (19.7–25.9) 24.2 (21.3–28.4)
History of smoking (y/n) 9/7 11/5
History of alcohol intake (y/n)  6/10  7/9
Cancer diagnosis (y/n) 12/4 13/3
Pulmonary function (median)  
 FVC, % predicted 99.5 (94.0–122.3) 107.0 (102.0–112.0)
 FEV1, % predicted 99.0 (76.3–117.3) 106.0 (89.0–112.0)
Surgical site of main intervention (n)  
 Stomach 5 4
 Esophagus 6 7
 Biliary tract 5 5
Intraoperative resection extended to more than one 
segment (y/n)


 9/7  6/10


Operative time, min (median) 270.0 (150.0–320.0) 270.0 (201.3–398.8)
ASA classification (median) 2.0 (1.8–2.0) 2.0 (2.0–2.0)
Apache II score (median) 9.0 (6.3–10.5) 7.5 (5.0–9.8)
Reintervention before 30th PO day (y/n)  4/12  3/13
Time from baseline to surgery, weeks (median) 2.5 (2.0–3.0) 2.0 (2.0–3.0)
Time from surgery to hospital discharge, days (median) 8.5 (4.8–12.3) 8.5 (6.5–17.3)


ASA, American Society of Anesthesiologists; BMI, body mass index; FEV1, forced expiratory volume in the first second; FVC, forced 
vital capacity; PO, postoperative.
Values expressed as median (interquartile range) or number of patients (y/n).
Control group versus treatment group, P > 0.05 for all variables.
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from physical strain.33 In the present study, 78% of 
participants had a diagnosis of gastrointestinal tract 
neoplasm.


The optimal time for intervention prior to surgery 
is limited and varies across studies. A period of 2–3 
weeks was chosen for this trial due to the routine of 
the institution. Similar waits have been reported for 
cardiothoracic18,34 and abdominal surgery.22


Clinical trials of preoperative respiratory muscle 
training have revealed less decline in inspiratory 


muscle strength after laparotomy,35,36 which 
explains speculation as to a potential effect in the 
reduction of postoperative pulmonary complica-
tions. Respiratory muscle training was included as 
an add-on to other exercises, and treatment group 
subjects exhibited inspiratory strength and respira-
tory muscle endurance superior to controls in the 
preoperative period. Nevertheless, both groups 
experienced a decline in respiratory muscle perfor-
mance after surgery. By the seventh postoperative 


Table 2. Data on respiratory muscle and pulmonary function.


Values on Treatment group Control group Between-group


 Median (IQR) Median (IQR) P-valuee


MIP (cmH2O) n = 12 n = 7  
 Baseline 62 (50–83) 72 (40–76) 0.691
 Preoperative period 88 (66–103) 64 (40–84) 0.049
 24 hours after surgery 34 (21–63)b 40 (28–48) 0.418
 7 days after surgery 60 (53–85) 52 (36–60)c 0.053
 30 days after surgery 78 (60–92)d 64 (28–64) 0.042
RME (cmH2O) n = 10 n = 5  
 Baseline 18 (17–22) 21 (11–24) 0.220
 Preoperative period 28 (22–32)a 23 (12–28) 0.006
 24 hours after surgery 13 (9–21)b 10 (8–13) 0.053
 7 days after surgery 22 (20–23)c 13 (11–19) 0.010
 30 days after surgery 26 (17–29)d 17 (10–18) 0.013
SVC (liters) n = 11 n = 6  
 Baseline 3.7 (3.1–4.6) 3.8 (3.2–4.1) 0.326
 Preoperative period 4.0 (3.0–4.7) 3.5 (3.2–4.0) 0.417
 24 hours after surgery 2.0 (1.7–2.3)b 1.8 (1.6–1.9) 0.229
 7 days after surgery 2.4 (1.9–3.3)c 2.4 (2.0–3.0)c 0.456
 30 days after surgery 3.1 (2.5–4.4)d 3.2 (2.8–3.4) 0.901
IC (liters) n = 11 n = 6  
 Baseline 2.5 (2.1–2.9) 3.3 (2.7–3.5) 0.637
 Preoperative period 2.7 (2.3–3.0) 3.0 (2.5–3.4) 0.910
 24 hours after surgery 1.5 (1.1–2.0)b 1.4 (1.4–1.5) 0.618
 7 days after surgery 1.9 (1.4–2.2)c 2.1 (1.6–2.6)c 0.589
 30 days after surgery 2.6 (1.6–2.8)d 2.5 (1.9–3.0) 0.901


IC, inspiratory capacity; IQR, interquartile range; MIP, maximum inspiratory pressure; RME, respiratory muscle endurance;  
SVC, slow vital capacity.
aPreoperative period versus baseline.
b24 hours after surgery versus preoperative period.
c7 days after surgery versus preoperative period.
d30 days after surgery versus 24 hours after surgery.
a–dFriedman test (post-hoc Wilcoxon signed ranks test with Bonferroni correction resulting in a significance level of P < 0.005).
eMann–Whitney U test.
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day, inspiratory muscle strength and endurance 
were once again superior in the treatment group. 
Respiratory muscle endurance measures are inter-
esting and valuable markers of the postoperative 
behavior of lung mechanics in surgical patients. 
Anesthesia and surgical manipulation reduce 
residual functional capacity; this, compounded by a 
decrease in pulmonary compliance, increases the 
elastic work of the lung and contributes to eleva-
tions in respiratory rate.37 Therefore, improvement 
of respiratory muscle endurance is an investment 
towards maintenance of proper ventilatory capacity 
in the postoperative period. We believe that respira-
tory muscle endurance behavior before and after 
surgery may have contributed to a lower incidence 
of postoperative pulmonary complications in the 
treatment group.


Neither group exhibited any significant changes 
in spirometric parameters preoperatively, but these 
parameters were significantly reduced postopera-
tively. Decreases in lung volumes and capacities, to 
approximately 40% of preoperative values, have 
even been reported after laparoscopy.38


The time required for postoperative recovery of 
baseline functional capacity is long, and the clinical 
course of postoperative functional recovery varies 
according to the measure used for assessment;39 
hence our use of the functional independence mea-
sure and 6-minute walk test. In the preoperative 
period, all participants were classified as function-
ally independent. In the first 24 hours after surgery, 
however, all – in both groups – were completely 
dependent. Over the course of the postoperative 
period, both groups exhibited improvement in func-
tional capacity, but this improvement was superior 
in the treatment group. These findings suggest that 
treatment group patients mounted a response against 
the mobility challenges posed by postoperative 
tubes and catheters, possibly because they had been 
motivated and engaged in recovery of their physical 
fitness since the preoperative period.


The 6-minute walk test has been validated for 
use in the preoperative40 and postoperative41 periods 
as a measure of recovery and physical capacity. The 
test is not merely a walking activity, but a trial of 
muscle and aerobic endurance, coordination, and 


Table 3. Functional independence measure score and 6-minute walk test distance.


Values on Treatment group Control group Between-group


 Median (IQR) Median (IQR) P-valuef


Total FIM score n = 15 n = 13  
Baseline 126 (124–126) 125 (121–126) 0.309
Preoperative period 126 (120–126) 125 (121–126) 0.349
24 hours after surgery 49 (41–94)a 44 (28–48)a 0.104
7 days after surgery 118 (102–123)bc 95 (64–110)bc 0.018
30 days after surgery 125 (119–126)d 117 (80–123)d 0.085
6MWT distance n = 12 n = 8  
Baseline 472.0 (440.7–537.3) 501.5 (459.3–513.5) 0.985
Preoperative period 514.4 (460.8–557.5) 441.5 (412.3–505.9) 0.105
7 days after surgery 368.5 (272.3–408.5)b 223.0 (186.7–318.3) 0.025
30 days after surgery 486.0 (392.3–562.3)e 447.3 (373.7–465.8) 0.107


FIM, functional independence measure; IQR, interquartile range; 6MWT, 6-minute walk test.
a24 hours after surgery versus preoperative period.
b7 days after surgery versus preoperative period.
c7 days after surgery versus 24 hours after surgery.
d30 days after surgery versus 24 hours after surgery.
e30 days after surgery versus 7 days after surgery.
a–eFriedman test (post-hoc Wilcoxon signed ranks test with Bonferroni correction, resulting in a significance level of P < 0.008).
fMann–Whitney U test.







Soares et al. 625


capacity at a level consistent with the activities of 
daily living. In the preoperative period, 13 (81%) 
treatment group patients had an increased 6-minute 
walk test distance in relation to their baseline dis-
tance; in seven of these subjects, the difference 
exceeded 30 meters. Furthermore, on the seventh 
postoperative day, the 6-minute walk test distance 
reached 64% of predicted value in the treatment 
group, versus 44% in the control group. This differ-
ence appears clinically relevant.


Our preoperative physical therapy program 
used low-intensity exercises, which constitutes the 
first limitation of the study. However, in a previ-
ous study of patients scheduled to undergo colec-
tomy, those who followed a regimen of walking 
and breathing exercises had better postoperative 
functional capacity than those who followed a sta-
tionary cycling regimen.21 An intensive training 
program was found to provide no physical per-
formance benefit over home exercises in a sample 
of oncologic patients undergoing abdominal 
surgery.22 Therefore, use of a preoperative physical 
therapy protocol, even one lacking high-intensity 
exercise, may have improved patients’ functional 
status by mitigating preoperative inactivity. This, 
in turn, facilitated patient adherence and commit-
ment to the proposed treatment. The second limi-
tation consists of the sample size and number of 
participants who completed all variables and all 
assessments. However, this issue has been reported 
in other studies of preoperative interventions.20,22 
This trial did not use a blind design, which leads to 
the possibility of bias in functional independence 
measure assessment, because these scores depend 
on investigator observations. However, the 6-minute 
walk test was also adopted, and walking distance 
is an objective, observer-independent measure. 
Further limitations include the duration of post-
operative physical therapy, the heterogeneity of 
the surgical procedures performed, and the lack of 
a strict protocol for assessment of postoperative 
pulmonary complications.


We conclude that patients who receive preopera-
tive physical therapy before undergoing abdominal 
surgery exhibit better pulmonary function and func-
tional physical performance, both before and after 
the operation, than subjects not receiving such an 


intervention preoperatively. Further studies should 
be carried out to investigate different preoperative 
exercise protocols, so that a greater number of 
patients can benefit from these interventions.


Clinical messages


• Patients awaiting abdominal surgery may 
improve respiratory muscle function and 
physical fitness preoperatively by follow-
ing a protocol of respiratory and general 
functional exercises.


• Patients who receive physical therapy pre-
operatively have improved postoperative 
functional independence and experience 
fewer pulmonary complications.
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