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ABSTRACT   
Background: Opioid use disorders in the United States have rapidly increased, yet little is 
known about the relationship between preoperative opioid duration and dose and patient 
outcomes after spine surgery. Likewise, the utility of preoperative opioid weaning is poorly 
understood. 
Objective: The purpose of this evidence-based clinical practice guideline is to determine if 
duration and dose of preoperative opioids or preoperative opioid weaning is associated with 
patient-reported outcomes or adverse events after elective spine surgery for degenerative 
conditions. 
Methods: A systematic review of the literature was performed using the National Library of 
Medicine/PubMed database and Embase for studies relevant to opioid use among adult patients 
undergoing spine surgery. Clinical studies evaluating preoperative duration, dose, and opioid 
weaning and outcomes were selected for review. 
Results: Forty-one of 845 studies met the inclusion criteria and none were Level I evidence. The 
use of any opioids before surgery was associated with longer postoperative opioid use, and 
longer duration of opioid use was associated with worse outcomes, such as higher complications, 
longer length of stay, higher costs, and increased utilization of resources. There is insufficient 
evidence to support the efficacy of opioid weaning on postoperative opioid use, improving 
outcome, or reducing adverse events after spine surgery.  
Conclusion: This evidence-based clinical guideline provides Grade B recommendations that 
preoperative opioid use and longer duration of preoperative opioid use are associated with 
chronic postoperative opioid use and worse outcome after spine surgery. Insufficient evidence 
supports the efficacy of an opioid wean before spine surgery (Grade I). 
 
RECOMMENDATIONS 
Question: 
1. Does duration of preoperative opioid use impact postoperative opioid use (duration, morphine 
milligram equivalents), patient-reported outcomes, or adverse events after spine surgery? 
Recommendations:  
Longer duration of opioid use before spine surgery is associated with worse outcomes (chronic 
postoperative opioid use, higher complications, increased length of stay, and higher costs and 
utilization of resources).  
Strength of Recommendation: Grade B 
 
Question: 



2. Does preoperative morphine milligram equivalents impact postoperative opioid use (duration, 
morphine milligram equivalents), patient-reported outcomes, or adverse events after spine 
surgery? 
Recommendations:  
Preoperative opioid use of any dose (yes/no) is associated with risk of longer duration of 
postoperative opioid use and worse clinical and patient-reported outcomes. 
Strength of Recommendation: Grade B 
 
Question:  
3. Does preoperative weaning of opioids impact postoperative opioid use (duration, morphine 
milligram equivalents), patient-reported outcomes, or adverse events after spine surgery? 
Recommendations:  
There is insufficient evidence to support the efficacy of opioid weaning on postoperative opioid 
use, improving outcomes, or reducing adverse events after spine surgery.  
Strength of Recommendation: Grade Insufficient 
 
INTRODUCTION 
Goals and Rationale 
This clinical guideline was created to improve patient care by outlining the appropriate 
information gathering and decision-making processes involved in the treatment of patients with 
perioperative spinal disease. Spinal surgical care is provided in many different settings by many 
different providers. This guideline was created as an educational tool to guide qualified 
physicians through a series of diagnostic and treatment decisions to improve the quality and 
efficiency of care. 
 
This guideline should not be construed as including all proper methods of care or excluding 
methods of care reasonably directed to obtaining the same results. The ultimate judgment 
regarding any specific procedure or treatment must be made in light of all circumstances 
presented by the patient and the needs and resources particular to the locality or institution. 
 
Spine surgeries are often performed to treat painful spinal conditions and rates of spine surgery 
have increased over time.1,2 From 2005 to 2014, opioid use disorders increased 6.47% annually 
in the United States and were reported 25% more often between 2010 and 2014 compared with 
2005 to 2009 among patients hospitalized for treatment of spinal conditions.3 In the current 
opioid crisis, provider prescribing practices and the effects of perioperative opioid use are under 
intense scrutiny. Despite increasing attention to opioid use, evidence to support best practice 
regarding preoperative opioid dose and duration in the management of patients with surgical 
degenerative spine disease is not well known. Likewise, the efficacy of preoperative opioid 
weaning is poorly understood, although this has been suggested as a potential intervention. 
 
The purpose of this work is to systematically review the literature to form evidence-based 
guidelines regarding the relationship between duration and dose of preoperative opioids and 
patient-reported outcomes and adverse events after elective spine surgery for degenerative 
conditions. We also review the literature regarding the association between preoperative opioid 
weaning and these outcomes. 
 



METHODS 
The guidelines task force initiated a systematic review of the literature and evidence-based 
guideline relevant to the preoperative treatment of patients with spinal disorders. Through 
objective evaluation of the evidence and transparency in the process of making 
recommendations, this evidence-based clinical practice guideline was developed for the 
diagnosis and treatment of adult patients with various spinal conditions. These guidelines are 
developed for educational purposes to assist practitioners in their clinical decision-making 
processes. Additional information about the methods used in this systematic review is provided 
below.  

 
Literature Search  
Task force members identified search terms/parameters and a medical librarian implemented the 
literature search, consistent with the literature search protocol (see Supplemental Digital Content 
1), using the National Library of Medicine/PubMed database and Embase for the period from 
1946 to September 20, 2019 using the search strategies provided in Supplemental Digital 
Content 1.   

 
Inclusion/Exclusion Criteria 
Articles were retrieved and included only if they met specific inclusion/exclusion criteria 
(Supplemental Digital Content 2). These criteria were also applied to articles provided by 
guideline task force members who supplemented the electronic database searches with articles 
from their own files. To reduce bias, these criteria were specified before conducting the literature 
searches. 

 
Rating Quality of Diagnostic Evidence 
The guideline task force used a modified version of the North American Spine Society’s (NASS) 
evidence-based guideline development methodology. The NASS methodology uses standardized 
levels of evidence (Supplemental Digital Content 3) and grades of recommendation 
(Supplemental Digital Content 4) to assist practitioners in easily understanding the strength of 
the evidence and recommendations within the guidelines. The levels of evidence range from 
Level I (high-quality randomized controlled trial) to Level IV (case series). Grades of 
recommendation indicate the strength of the recommendations made in the guideline based on 
the quality of the literature. Levels of evidence have specific criteria and are assigned to studies 
before developing recommendations. Recommendations are then graded based upon the level of 
evidence. To better understand how levels of evidence inform the grades of recommendation and 
the standard nomenclature used within the recommendations see Supplemental Digital Content 4. 
 
Guideline recommendations were written using a standard language that indicates the strength of 
the recommendation. “A” recommendations indicate a test or intervention is “recommended”; 
“B” recommendations “suggest” a test or intervention and “C” recommendations indicate a test 
or intervention or “is an option.” “I” or “Insufficient Evidence” statements clearly indicate that 
“there is insufficient evidence to make a recommendation for or against” a test or intervention. 
Task force consensus statements clearly state that “in the absence of reliable evidence, it is the 
task force’s opinion that” a test or intervention may be appropriate.  



 
In evaluating studies as to levels of evidence for this guideline, the study design was interpreted 
as establishing only a potential level of evidence. For example, a therapeutic study designed as a 
randomized controlled trial would be considered a potential Level I study. The study would then 
be further analyzed as to how well the study design was implemented and significant 
shortcomings in the execution of the study would be used to downgrade the levels of evidence 
for the study’s conclusions (see Supplemental Digital Content 5 for additional information and 
criteria). 
 
Revision Plans 
 
In accordance with the Institute of Medicine’s standards for developing clinical practice 
guidelines, the task force will monitor related publications after the release of this document and 
will revise the entire document and/or specific sections “if new evidence shows that a 
recommended intervention causes previously unknown substantial harm; that a new intervention 
is significantly superior to a previously recommended intervention from an efficacy or harms 
perspective; or that a recommendation can be applied to new populations.”4 In addition, the task 
force will confirm within 5 years from the date of publication that the content reflects current 
clinical practice and the available technologies for the evaluation and treatment for patients with 
perioperative spinal disease.  
 
RESULTS 
 
The literature search encompassed terms relevant to all chapters in this guideline series and 
yielded 6812 abstracts (5689 after duplicates were deleted). After a double-blind review, 845 
abstracts were identified as relevant to the PICO (patient/population, intervention, comparison, 
and outcomes) question(s). Task force members reviewed all abstracts yielded from the literature 
search and identified the literature for full text review and extraction, addressing the clinical 
questions, in accordance with the literature search protocol (Supplemental Digital Content 1). 
Task force members identified the best research evidence available to answer the targeted 
clinical questions. When Level I, II, and/or III literature was available to answer specific 
questions, the task force did not review Level IV studies.  
 
The task force selected 78 full-text articles for full text review. Of these, 37 were rejected for not 
meeting the inclusion criteria or for being off-topic. Forty-one articles were selected for 
systematic review (Supplemental Digital Content 6). 
 
DISCUSSION  
Question  
Does duration of preoperative opioid use impact postoperative opioid use (duration, morphine 
milligram equivalents), patient reported outcomes or adverse events after spine surgery? 
Recommendation 
Longer duration of opioid use before spine surgery is associated with worse outcomes (chronic 
postoperative opioid use, higher complications, increased length of stay, and higher costs and 
utilization of resources).  
Strength of Recommendation: Grade B 



 
Most studies met the criteria for Level II evidence and no studies met the criteria for Level I 
evidence. Preoperative opioid use was associated with postoperative opioid use after cervical 
fusion surgery,5,6 lumbar discectomy,7 and lumbar fusion surgery.7-9 While the literature varied 
on the definition of chronic opioid use, studies were similar in finding a significant association 
between duration of pre- and postoperative opioid use.  
 
Level II Evidence 
Cervical Fusion Surgery 
In patients undergoing cervical spine surgery, chronic opioid use before surgery was associated 
with chronic opioid use after surgery, although definitions of “chronic opioid use” varied by 
study. Harris et al6 defined chronic postoperative opioid use as ≥120 days of filled opioid 
prescriptions or ≥10 opioid prescriptions filled between 3 and 12 months after surgery. Among 
patients undergoing elective one or two level ACDF for degenerative diagnoses, they found that 
preoperative opioid use was strongly associated with chronic postoperative opioid use (odds ratio 
[OR] 5.7 [95% CI 5.3-6.2], P < .001). A history of drug abuse, depression, anxiety, and surgery 
in the western United States were also associated with chronic postoperative opioid use. 
Likewise, Karhade et al5 performed a chart review among patients undergoing ACDF at two 
academic medical centers and found that duration of preoperative opioid use of >180 days, 
antidepressant use, tobacco use, and Medicaid insurance were significant predictors of prolonged 
postoperative opioid use for at least 90 to 180 days after surgery. In the Humana database, 
Pugely et al10 also found that nearly half of preoperative opioid users continued to fill opioid 
prescriptions 1 year after anterior or posterior cervical fusions. Duration of preoperative opioid 
use was also associated with lower rates of return to work status, disability, and higher costs in a 
workers’ compensation population undergoing single-level cervical fusions. Short-term opioid 
users, defined as patients who received opioids for <3 months, were more likely to return to work 
in the first year after surgery compared with intermediate (3-6 months) and long-term (>6 
months) preoperative opioid users.11 Finally, Jain et al12 used the Humana commercial insurance 
database to study patients with opioid prescriptions for >6 months before cervical fusion surgery 
and outcomes. They found higher risk of 90-day wound complications, emergency department 
visits, and pain-related emergency department visits among patients with chronic preoperative 
opioid use. They also noted that patients with preoperative chronic use were more likely to have 
chronic longer-term opioid use (defined as opioid use ≤1 year after surgery), repeat cervical 
fusion surgery, and epidural or facet joint injections within the year after surgery.  
 
Lumbar Surgery 
In patients undergoing lumbar spine surgery, chronic opioid use before surgery was associated 
with chronic opioid use after surgery. Again, definitions of “chronic opioid use” were not 
standardized across studies. Karhade et al7 performed a chart review among patients undergoing 
surgery for lumbar disc herniation at five medical centers. The predictors of sustained 
postoperative opioids for 90 to 180 days after surgery included use of instrumentation, duration 
of preoperative opioid prescription of >180 days, and diagnosis of depression. Qureshi et al13 
reported similar findings using the PearlDiver database. Preoperative opioid prescriptions were 
associated with long-term postoperative opioid prescriptions, defined as >3 months after lumbar 
discectomy (OR 3.4). Comorbidities, such as fibromyalgia, migraine disorder, depression, and 
smoking, were also associated with an increased odds of postoperative long-term opioid 



prescriptions. In a retrospective single-center study, Hockley et al14 compared minimally 
invasive and open transforaminal lumbar interbody fusion patients and found those undergoing 
minimally invasive surgery were less likely to report postoperative opioid use at the 3-month 
follow-up. Anderson et al8 studied chronic opioid therapy after lumbar fusion surgery among 
patients with Workman’s Compensation claims. In this Ohio claims database study, they found 
that chronic opioid use before surgery, defined as opioids analgesics supplied for >120 days 
during the year before lumbar fusion, was associated with chronic opioid use. Chronic 
postoperative use was defined as opioid prescriptions supplied for >1 year after the immediate 6-
weeks after surgery. 
 
Tank et al15 used the Nationwide Inpatient Sample to study patients with a diagnosis of opioid 
dependence (International Classification of Diseases, 9th revision, Clinical Modification codes 
304.0 for opioid-type dependence and 304.7 for combinations of opioid-type drug with any 
other) and duration of stay, costs, and surgical complications after elective primary or revision 1- 
or 2-level lumbar fusions. Opioid dependence was associated with a higher odds of prolonged 
duration of stay of ≥5 days, surgical complications, and higher costs. Kalakoti et al16 in the 
Humana claims database between 2007 and 2015, found that duration of preoperative opioid 
prescriptions within 3 months before surgery was significantly associated with opioid use 1 year 
after anterior or posterior lumbar fusions. Jain et al17 used the Humana claims database from 
2007 to 2016 and found that patients with a preoperative opioid prescription of >6 months had a 
higher risk of 90-day emergency department visits and readmissions, wound dehiscence and 
infection, and revision surgery within 1 year after posterior lumbar fusions. Finally, Connolly et 
al,9 using an Optum commercial health insurance claims database, also found that duration of 
preoperative opioid use, indication for refusion, and diagnosis of depression were associated with 
increased risks of long-term opioid use after lumbar fusion, defined as postoperative long-term 
use for ≥365 days after surgery. The preoperative use of opioids for ≥250 days before surgery 
was associated with an increased odds of postoperative long-term opioid use (OR 220 [95% CI 
149-326], P < .001).  
 
Level III Evidence 
 
Two Level III studies reported an association between duration of preoperative opioid use and 
postoperative outcomes. Rosenthal et al18 found that patients with opioid prescriptions 3 and 6 
months before spine surgery had a significantly increased risk of continued opioid use compared 
with patients with opioid prescriptions at 3 months before surgery or with no opioid prescriptions 
before surgery. Oleisky et al19 studied chronic opioid use in a degenerative cervical and lumbar 
elective spine surgery population and found that the Edlund and the Schoenfeld definitions of 
chronic opioid use had the highest predictive ability for postoperative opioid use. The Edlund 
definition accounts for duration and usage of opioids and the Schoenfeld definition accounts for 
duration; both were associated with postoperative opioid use, patient satisfaction, and patient-
reported disability and pain.  
 
Question  
Does preoperative morphine milligram equivalents impact postoperative opioid use (duration, 
morphine milligram equivalents), patient-reported outcomes or adverse events after spine 
surgery? 



Recommendations 
Preoperative opioid use of any dose (yes/no) is associated with risk of longer duration of 
postoperative opioid use and worse clinical and patient-reported outcomes. 
Strength of Recommendation: Grade B 
 
The overall goal of this section was to evaluate the association between preoperative opioid dose 
and postoperative opioid use, patient-reported outcomes, or adverse events after spine surgery. 
However, most studies evaluated the relationship between clinical outcome and any preoperative 
opioid use versus none, did not delineate by preoperative morphine milligram equivalents 
(MME), or used nonstandardized dosing descriptions such as “weak” and “strong” opioids. 
 
Most studies met the criteria for Level II evidence and no studies met the criteria for Level I 
evidence. The association between higher preoperative MME or weak versus strong opioid use 
before surgery and postoperative opioid use was inconsistent. In a Level II analysis of lumbar 
fusion surgery patients, Deyo et al20 linked the Oregon PDMP and the statewide hospital 
discharge registry and studied long-term postoperative opioid use. The cumulative opioid dose in 
the 7 months before surgery was the strongest predictor of long-term postoperative use, defined 
as ≥4 opioid fills in the 7 months after the index hospitalization with at least 3 of those more than 
30 days after hospitalization. Long-term preoperative use was associated with long-term 
postoperative use (OR 10.8 [95% CI 8.2-13.2]). The odds of long-term opioid use also increased 
with increasing preoperative dose, with an OR of 15.47 (95% CI 8.53-28.06) for a preoperative 
mean daily dose of >39 MMEs. In a Level II subanalysis of the control ACDF group for two 
randomized studies of cervical arthrodesis, Anderson et al21 found weak opioid use was 
significantly associated with lower odds of achieving a composite success score including NDI at 
24 months after surgery (presumably compared with no opioid use, although this was not directly 
stated). However, in a later and larger study by Kelly et al,22 no significant association was found 
between preoperative opioid strength and outcomes. Opioid use was self-reported on a patient 
questionnaire. “Weak” opioid use was defined as codeine, propoxyphene, and hydrocodone. 
“Strong” opioid use was defined as oxycodone, morphine, and meperidine. 
 
In a Level III analysis of patients undergoing cervical or lumbar surgery, Ahn et al23 reported no 
persistent postoperative opioid use difference between patients with any preoperative opioid use 
(yes/no) at either the first or second postoperative visits, 4 to 6 weeks or 8 to 12 weeks, after 
cervical or lumbar surgeries. However, patients with any preoperative opioid use reported 
significantly higher inpatient opioid consumption. All other studies consistently showed a 
significant association between any preoperative opioid use (yes/no) and postoperative opioid 
use and outcomes and are presented in the following sections. 
 
Level II Evidence 
Cervical Fusion Surgery 
Reid et al24 studied 1- to 3-level patients undergoing ACDF and found that opioid-tolerant 
patients, defined as patients who filled an opioid prescription within the 30-day preoperative 
period, were more likely to have chronic postoperative opioid use >90 days after surgery (OR 
4.42 [95% CI 2.02-9.63], P < .001). Lawrence et al25 reported a similar association between 
chronic preoperative opioid use (yes/no) and 2-year poor outcome as assessed using a 
modification of the Robinson criteria. Chronic preoperative opioid use was defined as patients 



using daily opioid pain medication for 6 months before surgery. Preoperative opioid use was also 
associated with increased iliac crest donor site pain at 1 and 2 weeks after ACDF.26 
 
Among a workers’ compensation population in Ohio who underwent single level anterior or 
posterior fusion surgeries, Faour et al11 reported an association between prolonged preoperative 
opioid use and a lower likelihood of return to work. Kalakoti et al27 used the Humana dataset to 
study preoperative chronic opioid use, defined as an active opioid prescription within 3 months 
of surgery, among patients undergoing anterior cervical, posterior cervical or C1-2 fusions. 
Preoperative chronic opioid use (yes/no) was significantly associated with 2-year reoperations, 
ED visits, epidural steroid and facet joint injections, and adverse events, including constipation, 
venous thromboembolism, acute renal failure, wound complications, infections, and neurologic 
complications. Preoperative chronic opioid use was also associated with prolonged postoperative 
opioid use at 2 years after surgery (OR 5.75 [95% CI 5.21-6.36], P < .001). 

 
Cervical and Lumbar Surgery 
Amraghani et al28 found patients reporting any preoperative opioid use had a lower odds of being 
independent from self-reported opioid use at 12 months after cervical or lumbar spine surgery 
compared with patients with no preoperative opioid use. 
 
Lumbar Surgery 
Six Level II studies focused on lumbar surgery and outcome. Any preoperative opioid use was 
consistently associated with higher risk of long-term opioid use after lumbar surgery. Lall et al29 
and Adogwa et al30 similarly reported that preoperative opioid use (dichotomized yes/no 
preoperative use) significantly predicted weeks to opioid cessation after lumbar fusion. Adogwa 
et al31 also reported any preoperative prescription for opioids in the 6 months before lumbar 
decompression and fusion surgery was associated with prolonged opioid use for >1 year after 
surgery.  
 
Villavicencio et al32 found patients with any preoperative opioid use before undergoing 
transforaminal lumbar interbody fusion surgery for degenerative conditions were significantly 
more likely than nonusers to report higher pain scores (visual analog scale) for low back, greater 
disability, and lower Medical Outcomes Study Survey Short Form 36 physical component 
summary scores 1 year after surgery. O’Donnell et al33 also reported preoperative opioid use was 
a significant predictor of lower return to work rates after lumbar discectomies among Ohio 
workers’ compensation patients.  
 
In the single study evaluating tramadol use, Hassan et al34 evaluated patients undergoing lumbar 
discectomy and found that preoperative tramadol abuse (meeting ≥1 Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition criteria for substance use disorders within a 12-month 
period) was associated with worse postoperative visual analog scale scores for the low back and 
lower limb, worse Prolo functional rating scale, and higher complications during the follow-
period than the nonuser control group. The tramadol group had a longer length of stay and was 
more likely to be using tramadol up to a year after surgery.  
 
Level III Evidence 
Cervical and Lumbar Surgery 



 
Any preoperative opioid use was associated with higher early postoperative patient-controlled 
analgesia morphine consumption in the first 3 days after lumbar spine surgery for degenerative 
changes.35 Five other Level III studies evaluated patients after cervical or lumbar spine surgeries. 
Armaghani et al36 reported that any preoperative opioid use was associated with worse 2-year 
outcomes (higher ODI or NDI scores, lower SF-12 and EQ-5D scores, and higher Numeric 
Rating Scale scores) compared with no use. Dunn et al37 reported that preoperative opioid use 
was associated with chronic postoperative opioid use 1 year after spine surgery. 
 
Hills et al38 used their institutional spine registry and the state’s Prescription Drug Monitoring 
Program data to study patient-reported outcomes after elective spine surgery. Preoperative 
chronic opioid use was defined as having an active prescription for opioids for >50% of the 
month for 3 consecutive months before surgery. Patients with any preoperative chronic opioid 
use had worse outcome at 1 year after surgery, with a higher odds of not achieving meaningful 
improvements in pain, function, and quality of life; higher odds of dissatisfaction with surgery; 
continued opioid use; and 90-day complications compared with patients without preoperative 
chronic opioid use. High preoperative opioid dosage >30 MMEs was significantly associated 
with postoperative chronic opioid use. Wick et al39 also evaluated registry data for patients 
undergoing cervical or lumbar spine surgery in a single spine center. The odds of achieving a 
minimum clinically important difference in outcome decreased significantly as morphine 
equianalgesic dose increased from 47.8 to 90 mg per day (95% CI 29.0-60.0 mg/day).  
 
Lumbar Surgery 
Level III studies were also congruent with Level II studies in reporting a significant association 
between any preoperative opioid use (yes/no) and long-term postoperative opioid use. Compared 
with patients without preoperative opioid use, Kanaan et al40 reported that patients with 
preoperative opioid use were associated with increased postoperative leg pain intensity 2 weeks 
after lumbar spine surgery. Wright et al41 defined chronic postoperative opioid use as a 
consecutive opioid prescription for >90 days within the first year after the lumbar discectomy or 
laminectomy surgery at a single center and found a significant association between preoperative 
and chronic postoperative opioid use. Albert et al42 noted that preoperative opioid use was 
associated with postoperative use among 37 patients with lumbar pseudoarthrosis. O’Connell et 
al43 reported a significant association between preoperative and postoperative opioid use among 
patients undergoing lumbar fusion surgery. 
 
Deformity Surgery 
Two Level III studies evaluated any preoperative opioid use (yes/no) and outcome after 
deformity surgery. Elsamadicy et al44 found that preoperative opioid users reported greater first 
postoperative pain scores but that the reduction in pain score from baseline to discharge was 
greater in the preoperative opioid users than nonusers. The preoperative opioid use group also 
had a greater number of first ambulatory steps compared with the nonuser group (103.8 ± 144.4 
feet vs 46.4 ± 84.0 feet, P = .034). Mesfin et al45 reported that preoperative opioid users had 
worse baseline ODI and SRS scores, but the mean improvement in ODI was similar between 
groups at 24 months of follow-up. In contrast, the mean improvement in SRS pain scores was 
significantly higher for the preoperative opioid user group at 24 months compared with the non–



opioid user group. Overall mean change in SRS scores, however, was not significantly different 
between groups. 
 
Question  
Does preoperative weaning of opioids decrease postoperative opioids use (duration, MMEs), 
patient reported outcomes, or adverse events after spine surgery? 
Recommendations:  
There is insufficient evidence to support the efficacy of opioid weaning on postoperative opioid 
use, improving outcome, or reducing adverse events after spine surgery.  
Strength of Recommendation: Grade Insufficient 
 
There was a single Level II study17 that met the inclusion criteria for this question, without any 
additional supporting studies. Patients in this study were taken off opioids for a 3- to 489-month 
prescription-free “drug holiday” before 1 or 2-level posterior lumbar fusion surgery and had risks 
of adverse outcomes, defined as emergency department visits, readmissions, and wound 
dehiscence and infection, that were similar to opioid-naïve patients, and lower than patients who 
had preoperative opioid prescriptions sustained for >6 months. 
 
Future Research 
This systematic review of the literature highlighted areas that need further research. The 
relationship between differences in preoperative opioid dose and clinical outcome should be 
clarified. Only 1 study evaluated tramadol, and the relationship between MMEs and outcome 
remains unclear. More research is needed regarding interventions to reduce postoperative 
adverse events. The impact of preoperative opioid weaning and a preoperative opioid-free period 
on clinical outcome and postoperative opioid requirement should also be studied.  
 
Conclusions 
Overall, the literature is consistent in reporting an association between preoperative opioid use 
and duration with chronic postoperative use of opioids and outcome. The definition of pre- and 
postoperative use and outcome, however, differed between studies. The literature supports higher 
complications, worse outcome, and lower return to work among patients who use preoperative 
opioids, and patients who use preoperative opioids for a prolonged period before surgery. In 
addition, there are limited data to support the efficacy of an opioid wean before spine surgery.  
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THORACIC FUSION*[TIAB] OR SPINE INTERBODY FUSION*[TIAB] OR LUMBAR 
INTERBODY FUSION*[TIAB] OR VERTEBRAL FUSION*[TIAB] OR 
THORACOLUMBAR FUSION*[TIAB] OR LUMBAR FUSION*[TIAB] OR TLIF/MITLIF 
FUSION*[TIAB] OR SPONDYLODES*[TIAB] OR SPONDYLOSYNDES*[TIAB] OR 
"TOTAL DISC REPLACEMENT"[MESH] OR DISC REPLACEMENT*[TIAB] OR DISK 
REPLACEMENT*[TIAB] OR DISC ARTHROPLAST*[TIAB] OR DISK 
ARTHROPLAST*[TIAB] OR "LUMBAR VERTEBRAE/SURGERY"[MESH] OR 
"THORACIC VERTEBRAE/SURGERY"[MESH] OR "CERVICAL 
VERTEBRAE/SURGERY"[MESH] OR "FORAMINOTOMY"[MESH] OR 
FORAMINOTOM*[TIAB] OR "LAMINECTOMY"[MESH] OR LAMINECTOM*[TIAB] OR 
HEMILAMINECTOM*[TIAB] OR LAMINOTOM*[TIAB] OR "SPINAL CORD 
COMPRESSION/SURGERY"[MESH] OR SPINAL DECOMPRESSION*[TIAB] OR SPINE 
DECOMPRESSION*[TIAB] OR SPINAL CORD DECOMPRESSION*[TIAB] OR LUMBAR 



DECOMPRESSION*[TIAB] OR THORACIC DECOMPRESSION*[TIAB] OR CERVICAL 
DECOMPRESSION*[TIAB] OR "LAMINOPLASTY"[MESH] OR LAMINOPLAST*[TIAB] 
OR LAMINAPLAST*[TIAB] OR "DISKECTOMY"[MESH] OR DISKECTOM*[TIAB] OR 
DISCECTOM*[TIAB] OR ACDF[TIAB] OR "INTERVERTEBRAL 
DISC/SURGERY"[MESH]) OR ((SPINE STABILIZATION*[TIAB] OR SPINE 
STABILISATION*[TIAB] OR SPINAL STABILIZATION*[TIAB] OR SPINAL 
STABILISATION*[TIAB]) AND (SURGERY*[TW] OR SURGERIES*[TW] OR 
SURGICAL*[TW])) OR (("DECOMPRESSION, SURGICAL"[MH:noexp] OR SURGICAL 
DECOMPRESSION OR DECOMPRESSION SURGER*[TIAB] OR "NEUROSURGICAL 
PROCEDURES"[MESH:noexp] OR "ELECTIVE SURGICAL PROCEDURES"[MESH]) AND 
(SPINE*[TW] OR SPINAL*[TW] OR VERTEBRAE[TW] OR LUMBAR*[TW] OR 
CERVICAL*[TW] OR THORACIC*[TW]))) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) AND (ADULT[MESH]))) NOT 
(EDITORIAL*[PT] OR LETTER*[PT] OR COMMENT*[PT]) AND (hasabstract[text] AND 
English[lang]))) OR (((PREDICTIVE VALUE OF TESTS[MH] OR HOUNSFIELD 
UNIT*[TIAB] OR "ABSORPTIOMETRY, PHOTON"[MESH] OR PHOTON 
ABSORPTIOMETR*[TIAB]) OR (X-RAY DENSITOMETR*[TIAB] OR X-RAY 
PHOTODENSITOMETR*[TIAB] OR XRAY DENSITOMETR*[TIAB] OR SINGLE-
PHOTON ABSORPTIOMETR*[TIAB] OR DUAL-ENERGY X-RAY ABSORPTIOMETRY 
SCAN*[TIAB] OR DXA[TIAB] OR DEXA[TIAB] OR DUAL-PHOTON 
ABSORPTIOMETR*[TIAB] OR DUAL-ENERGY RADIOGRAPHIC 
ABSORPTIOMETR*[TIAB] OR X-RAY ABSORPTIOMETR*[TIAB] OR DUAL-ENERGY 
X-RAY ABSORPTIOMETR*[TIAB] OR DPX ABSORPTIOMETR*[TIAB] OR DUAL X-
RAY ABSORPTIOMETR*[TIAB] OR DUAL EMISSION X RAY 
ABSORPTIOMETR*[TIAB] OR DUAL ENERGY ROENTGEN ABSORPTIOMETR*[TIAB] 
OR DUAL ENERGY XRAY ABSORPTIOMETR*[TIAB] OR DUAL XRAY 
ABSORPTIOMETR*[TIAB] OR DUALENERGY X RAY ABSORPTIOMETR*[TIAB] OR 
DUEL ENERGY X RAY ABSORPTIOMETR*[TIAB] OR BONE SCAN*[TIAB] OR 
QUANTITATIVE COMPUTED TOMOGRAPH*[TIAB] OR QCT[TIAB] OR (X-RAY 
COMPUTED TOMOGRAPH*[TIAB] OR COMPUTED X RAY TOMOGRAPH*[TIAB] OR 
X-RAY COMPUTER ASSISTED TOMOGRAPH*[TIAB] OR X-RAY COMPUTERIZED 
TOMOGRAPH*[TIAB] OR CT X RAY*[TIAB] OR TOMODENSITOMETR*[TIAB] OR 
COMPUTED X-RAY TOMOGRAPH*[TIAB] OR XRAY COMPUTED 
TOMOGRAPH*[TIAB] OR X-RAY CAT SCAN*[TIAB] OR TRANSMISSION COMPUTED 
TOMOGRAPH*[TIAB] OR X-RAY CT SCAN*[TIAB] OR X RAY COMPUTERIZED 
TOMOGRAPH*[TIAB] OR CINE-CT[TIAB] OR ELECTRON BEAM COMPUTED 
TOMOGRAPH*[TIAB] OR ELECTRON BEAM TOMOGRAPH*[TIAB] OR X-RAY 
COMPUTERIZED AXIAL TOMOGRAPH*[TIAB]) OR ("TOMOGRAPHY, X-RAY 
COMPUTED"[MESH:noexp] OR BONE DENSITY TEST*[TIAB] OR "DIAGNOSTIC 
TESTS, ROUTINE"[MESH] OR DIAGNOSTIC TEST*[TIAB] OR DIAGNOSTIC 
STUDY[TIAB] OR DIAGNOSTIC STUDIES[TIAB] OR "DIAGNOSTIC 
IMAGING"[MESH:noexp] OR DIAGNOSTIC IMAGING*[TW] OR "RISK 
ASSESSMENT"[MESH]))) AND ("OSTEOPOROSIS"[MESH] OR OSTEOPORO*[TW] OR 
OSTEOPEN*[TW] OR AGE-RELATED BONE LOSS*[TIAB] OR OSSEOUS 
DENSIT*[TIAB] OR "BONE DENSITY"[MESH] OR BONE DENSIT*[TIAB] OR BONE 



MINERAL CONTENT*[TIAB]) AND ((("SPINE/SURGERY"[MESH] OR SPINE 
SURGER*[TIAB] OR SPINAL SURGER*[TIAB] OR SPINE PROCEDURE*[TIAB] OR 
"SPINAL FUSION"[MESH] OR SPINAL FUSION*[TIAB] OR SPINE FUSION*[TIAB] OR 
CERVICAL FUSION*[TIAB] OR THORACIC FUSION*[TIAB] OR SPINE INTERBODY 
FUSION*[TIAB] OR LUMBAR INTERBODY FUSION*[TIAB] OR VERTEBRAL 
FUSION*[TIAB] OR THORACOLUMBAR FUSION*[TIAB] OR LUMBAR 
FUSION*[TIAB] OR TLIF/MITLIF FUSION*[TIAB] OR SPONDYLODES*[TIAB] OR 
SPONDYLOSYNDES*[TIAB] OR "TOTAL DISC REPLACEMENT"[MESH] OR DISC 
REPLACEMENT*[TIAB] OR DISK REPLACEMENT*[TIAB] OR DISC 
ARTHROPLAST*[TIAB] OR DISK ARTHROPLAST*[TIAB] OR "LUMBAR 
VERTEBRAE/SURGERY"[MESH] OR "THORACIC VERTEBRAE/SURGERY"[MESH] OR 
"CERVICAL VERTEBRAE/SURGERY"[MESH] OR "FORAMINOTOMY"[MESH] OR 
FORAMINOTOM*[TIAB] OR "LAMINECTOMY"[MESH] OR LAMINECTOM*[TIAB] OR 
HEMILAMINECTOM*[TIAB] OR LAMINOTOM*[TIAB] OR "SPINAL CORD 
COMPRESSION/SURGERY"[MESH] OR SPINAL DECOMPRESSION*[TIAB] OR SPINE 
DECOMPRESSION*[TIAB] OR SPINAL CORD DECOMPRESSION*[TIAB] OR LUMBAR 
DECOMPRESSION*[TIAB] OR THORACIC DECOMPRESSION*[TIAB] OR CERVICAL 
DECOMPRESSION*[TIAB] OR "LAMINOPLASTY"[MESH] OR LAMINOPLAST*[TIAB] 
OR LAMINAPLAST*[TIAB] OR "DISKECTOMY"[MESH] OR DISKECTOM*[TIAB] OR 
DISCECTOM*[TIAB] OR ACDF[TIAB] OR "INTERVERTEBRAL 
DISC/SURGERY"[MESH]) OR ((SPINE STABILIZATION*[TIAB] OR SPINE 
STABILISATION*[TIAB] OR SPINAL STABILIZATION*[TIAB] OR SPINAL 
STABILISATION*[TIAB]) AND (SURGERY*[TW] OR SURGERIES*[TW] OR 
SURGICAL*[TW])) OR (("DECOMPRESSION, SURGICAL"[MH:noexp] OR SURGICAL 
DECOMPRESSION OR DECOMPRESSION SURGER*[TIAB] OR "NEUROSURGICAL 
PROCEDURES"[MESH:noexp] OR "ELECTIVE SURGICAL PROCEDURES"[MESH]) AND 
(SPINE*[TW] OR SPINAL*[TW] OR VERTEBRAE[TW] OR LUMBAR*[TW] OR 
CERVICAL*[TW] OR THORACIC*[TW]))) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) AND (ADULT[MESH]))) NOT 
(EDITORIAL*[PT] OR LETTER*[PT] OR COMMENT*[PT]) AND (hasabstract[text] AND 
English[lang]))) OR (((("SPINE/SURGERY"[MESH] OR SPINE SURGER*[TIAB] OR 
SPINAL SURGER*[TIAB] OR SPINE PROCEDURE*[TIAB] OR "SPINAL 
FUSION"[MESH] OR SPINAL FUSION*[TIAB] OR SPINE FUSION*[TIAB] OR 
CERVICAL FUSION*[TIAB] OR THORACIC FUSION*[TIAB] OR SPINE INTERBODY 
FUSION*[TIAB] OR LUMBAR INTERBODY FUSION*[TIAB] OR VERTEBRAL 
FUSION*[TIAB] OR THORACOLUMBAR FUSION*[TIAB] OR LUMBAR 
FUSION*[TIAB] OR TLIF/MITLIF FUSION*[TIAB] OR SPONDYLODES*[TIAB] OR 
SPONDYLOSYNDES*[TIAB] OR "TOTAL DISC REPLACEMENT"[MESH] OR DISC 
REPLACEMENT*[TIAB] OR DISK REPLACEMENT*[TIAB] OR DISC 
ARTHROPLAST*[TIAB] OR DISK ARTHROPLAST*[TIAB] OR "LUMBAR 
VERTEBRAE/SURGERY"[MESH] OR "THORACIC VERTEBRAE/SURGERY"[MESH] OR 
"CERVICAL VERTEBRAE/SURGERY"[MESH] OR "FORAMINOTOMY"[MESH] OR 
FORAMINOTOM*[TIAB] OR "LAMINECTOMY"[MESH] OR LAMINECTOM*[TIAB] OR 
HEMILAMINECTOM*[TIAB] OR LAMINOTOM*[TIAB] OR "SPINAL CORD 
COMPRESSION/SURGERY"[MESH] OR SPINAL DECOMPRESSION*[TIAB] OR SPINE 



DECOMPRESSION*[TIAB] OR SPINAL CORD DECOMPRESSION*[TIAB] OR LUMBAR 
DECOMPRESSION*[TIAB] OR THORACIC DECOMPRESSION*[TIAB] OR CERVICAL 
DECOMPRESSION*[TIAB] OR "LAMINOPLASTY"[MESH] OR LAMINOPLAST*[TIAB] 
OR LAMINAPLAST*[TIAB] OR "DISKECTOMY"[MESH] OR DISKECTOM*[TIAB] OR 
DISCECTOM*[TIAB] OR ACDF[TIAB] OR "INTERVERTEBRAL 
DISC/SURGERY"[MESH]) OR ((SPINE STABILIZATION*[TIAB] OR SPINE 
STABILISATION*[TIAB] OR SPINAL STABILIZATION*[TIAB] OR SPINAL 
STABILISATION*[TIAB]) AND (SURGERY*[TW] OR SURGERIES*[TW] OR 
SURGICAL*[TW])) OR (("DECOMPRESSION, SURGICAL"[MH:noexp] OR SURGICAL 
DECOMPRESSION OR DECOMPRESSION SURGER*[TIAB] OR "NEUROSURGICAL 
PROCEDURES"[MESH:noexp] OR "ELECTIVE SURGICAL PROCEDURES"[MESH]) AND 
(SPINE*[TW] OR SPINAL*[TW] OR VERTEBRAE[TW] OR LUMBAR*[TW] OR 
CERVICAL*[TW] OR THORACIC*[TW]))) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) AND (ADULT[MESH]))) NOT 
(EDITORIAL*[PT] OR LETTER*[PT] OR COMMENT*[PT]) AND (hasabstract[text] AND 
English[lang])) AND (CHARLSON COMORBIDITY INDEX[TIAB] OR CHARLSON CO-
MORBIDITY INDEX[TIAB] OR QUAN ADAPTATION*[TIAB] OR ELIXHAUSER 
COMORBIDITY INDEX[TIAB] OR ARISCAT[TIAB] OR CHARLESTON COMORBIDITY 
INDEX*[TIAB] OR AMERICAN SOCIETY OF ANESTHESIOLOGISTS PHYSICAL 
STATUS CLASSIFICATION*[TIAB] OR MODIFIED CHARLESTON COMORBIDITY 
INDEX*[TIAB] OR MCCI[TIAB] OR FRAILTY INDEX*[TIAB])) OR 
(((("SPINE/SURGERY"[MESH] OR SPINE SURGER*[TIAB] OR SPINAL SURGER*[TIAB] 
OR SPINE PROCEDURE*[TIAB] OR "SPINAL FUSION"[MESH] OR SPINAL 
FUSION*[TIAB] OR SPINE FUSION*[TIAB] OR CERVICAL FUSION*[TIAB] OR 
THORACIC FUSION*[TIAB] OR SPINE INTERBODY FUSION*[TIAB] OR LUMBAR 
INTERBODY FUSION*[TIAB] OR VERTEBRAL FUSION*[TIAB] OR 
THORACOLUMBAR FUSION*[TIAB] OR LUMBAR FUSION*[TIAB] OR TLIF/MITLIF 
FUSION*[TIAB] OR SPONDYLODES*[TIAB] OR SPONDYLOSYNDES*[TIAB] OR 
"TOTAL DISC REPLACEMENT"[MESH] OR DISC REPLACEMENT*[TIAB] OR DISK 
REPLACEMENT*[TIAB] OR DISC ARTHROPLAST*[TIAB] OR DISK 
ARTHROPLAST*[TIAB] OR "LUMBAR VERTEBRAE/SURGERY"[MESH] OR 
"THORACIC VERTEBRAE/SURGERY"[MESH] OR "CERVICAL 
VERTEBRAE/SURGERY"[MESH] OR "FORAMINOTOMY"[MESH] OR 
FORAMINOTOM*[TIAB] OR "LAMINECTOMY"[MESH] OR LAMINECTOM*[TIAB] OR 
HEMILAMINECTOM*[TIAB] OR LAMINOTOM*[TIAB] OR "SPINAL CORD 
COMPRESSION/SURGERY"[MESH] OR SPINAL DECOMPRESSION*[TIAB] OR SPINE 
DECOMPRESSION*[TIAB] OR SPINAL CORD DECOMPRESSION*[TIAB] OR LUMBAR 
DECOMPRESSION*[TIAB] OR THORACIC DECOMPRESSION*[TIAB] OR CERVICAL 
DECOMPRESSION*[TIAB] OR "LAMINOPLASTY"[MESH] OR LAMINOPLAST*[TIAB] 
OR LAMINAPLAST*[TIAB] OR "DISKECTOMY"[MESH] OR DISKECTOM*[TIAB] OR 
DISCECTOM*[TIAB] OR ACDF[TIAB] OR "INTERVERTEBRAL 
DISC/SURGERY"[MESH]) OR ((SPINE STABILIZATION*[TIAB] OR SPINE 
STABILISATION*[TIAB] OR SPINAL STABILIZATION*[TIAB] OR SPINAL 
STABILISATION*[TIAB]) AND (SURGERY*[TW] OR SURGERIES*[TW] OR 
SURGICAL*[TW])) OR (("DECOMPRESSION, SURGICAL"[MH:noexp] OR SURGICAL 



DECOMPRESSION OR DECOMPRESSION SURGER*[TIAB] OR "NEUROSURGICAL 
PROCEDURES"[MESH:noexp] OR "ELECTIVE SURGICAL PROCEDURES"[MESH]) AND 
(SPINE*[TW] OR SPINAL*[TW] OR VERTEBRAE[TW] OR LUMBAR*[TW] OR 
CERVICAL*[TW] OR THORACIC*[TW]))) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) AND (ADULT[MESH]))) NOT 
(EDITORIAL*[PT] OR LETTER*[PT] OR COMMENT*[PT]) AND (hasabstract[text] AND 
English[lang])) AND ((PULMONARY ADVERSE EVENT*[TIAB] OR LUNG ADVERSE 
EVENT*[TIAB] OR LUNG COMPLICATION*[TIAB] OR RESPIRATORY ADVERSE 
EVENT*[TIAB]) OR (("Respiratory Distress Syndrome, Adult"[Mesh] OR ADULT 
RESPIRATORY DISTRESS SYNDROME*[TIAB] OR ARDS[TIAB] OR LUNG 
SHOCK[TIAB] OR Acute Respiratory Distress Syndrome[TIAB]) OR ("Pneumonia"[Mesh] OR 
PNEUMONIA*[TIAB] OR PNEUMONIT*[TIAB] OR PULMONARY INFLAMMAT*[TIAB] 
OR LUNG INFLAMMAT*[TIAB]) OR ("Pulmonary Embolism"[Mesh] OR PULMONARY 
EMBOLI*[TIAB] OR PULMONARY THROMBOEMBOLI*[TIAB] OR PULMONARY 
INFARCTION*[TW]) OR ("Pleural Effusion"[Mesh] OR PLEURAL EFFUSION*[TIAB]) OR 
("Pneumothorax"[Mesh] OR PNEUMOTHORAX*[TIAB]) OR ("Pulmonary Edema"[Mesh] OR 
PULMONARY EDEMA*[TIAB] OR WET LUNG*[TIAB]) OR (PULMONARY 
EFFUSION*[TIAB]) OR (RE-INTUBAT*[TIAB]) OR ("Respiratory Insufficiency"[Mesh] OR 
RESPIRATORY INSUFFICIENC*[TIAB] OR RESPIRATORY FAILURE*[TIAB] OR 
Ventilatory Depression*[TIAB]) OR (("Lung Diseases"[Mesh] OR LUNG DISEASE*[TIAB]) 
AND EXACERBAT*[TIAB]) OR (REINTUBAT*[TIAB]) OR (PROLONGED 
INTUBATION*[TIAB] OR "INTUBATION/ADVERSE EFFECTS"[MESH] OR 
"INTUBATION/COMPLICATIONS"[MESH] OR "INTUBATION/MORTALITY"[MESH]) 
OR (PULMONARY COMPLICATION*[TIAB]) OR (RESPIRATORY 
COMPLICATION*[TIAB] OR LUNG COLLAPS*[TIAB] OR PULMONARY 
COLLAPS*[TIAB] OR RESPIRATORY COMPROMISE*[TIAB] AND PULMONARY 
INFECTION*[TIAB] OR LUNG INFECTION*[TIAB] OR RESPIRATORY 
INFECTION*[TIAB])))) OR (((("SPINE/SURGERY"[MESH] OR SPINE SURGER*[TIAB] 
OR SPINAL SURGER*[TIAB] OR SPINE PROCEDURE*[TIAB] OR "SPINAL 
FUSION"[MESH] OR SPINAL FUSION*[TIAB] OR SPINE FUSION*[TIAB] OR 
CERVICAL FUSION*[TIAB] OR THORACIC FUSION*[TIAB] OR SPINE INTERBODY 
FUSION*[TIAB] OR LUMBAR INTERBODY FUSION*[TIAB] OR VERTEBRAL 
FUSION*[TIAB] OR THORACOLUMBAR FUSION*[TIAB] OR LUMBAR 
FUSION*[TIAB] OR TLIF/MITLIF FUSION*[TIAB] OR SPONDYLODES*[TIAB] OR 
SPONDYLOSYNDES*[TIAB] OR "TOTAL DISC REPLACEMENT"[MESH] OR DISC 
REPLACEMENT*[TIAB] OR DISK REPLACEMENT*[TIAB] OR DISC 
ARTHROPLAST*[TIAB] OR DISK ARTHROPLAST*[TIAB] OR "LUMBAR 
VERTEBRAE/SURGERY"[MESH] OR "THORACIC VERTEBRAE/SURGERY"[MESH] OR 
"CERVICAL VERTEBRAE/SURGERY"[MESH] OR "FORAMINOTOMY"[MESH] OR 
FORAMINOTOM*[TIAB] OR "LAMINECTOMY"[MESH] OR LAMINECTOM*[TIAB] OR 
HEMILAMINECTOM*[TIAB] OR LAMINOTOM*[TIAB] OR "SPINAL CORD 
COMPRESSION/SURGERY"[MESH] OR SPINAL DECOMPRESSION*[TIAB] OR SPINE 
DECOMPRESSION*[TIAB] OR SPINAL CORD DECOMPRESSION*[TIAB] OR LUMBAR 
DECOMPRESSION*[TIAB] OR THORACIC DECOMPRESSION*[TIAB] OR CERVICAL 
DECOMPRESSION*[TIAB] OR "LAMINOPLASTY"[MESH] OR LAMINOPLAST*[TIAB] 



OR LAMINAPLAST*[TIAB] OR "DISKECTOMY"[MESH] OR DISKECTOM*[TIAB] OR 
DISCECTOM*[TIAB] OR ACDF[TIAB] OR "INTERVERTEBRAL 
DISC/SURGERY"[MESH]) OR ((SPINE STABILIZATION*[TIAB] OR SPINE 
STABILISATION*[TIAB] OR SPINAL STABILIZATION*[TIAB] OR SPINAL 
STABILISATION*[TIAB]) AND (SURGERY*[TW] OR SURGERIES*[TW] OR 
SURGICAL*[TW])) OR (("DECOMPRESSION, SURGICAL"[MH:noexp] OR SURGICAL 
DECOMPRESSION OR DECOMPRESSION SURGER*[TIAB] OR "NEUROSURGICAL 
PROCEDURES"[MESH:noexp] OR "ELECTIVE SURGICAL PROCEDURES"[MESH]) AND 
(SPINE*[TW] OR SPINAL*[TW] OR VERTEBRAE[TW] OR LUMBAR*[TW] OR 
CERVICAL*[TW] OR THORACIC*[TW]))) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) NOT (("CHILD"[MESH] OR 
"ADOLESCENT"[MESH] OR "INFANT"[MESH]) AND (ADULT[MESH]))) NOT 
(EDITORIAL*[PT] OR LETTER*[PT] OR COMMENT*[PT]) AND (hasabstract[text] AND 
English[lang])) AND ("REOPERATION"[MESH] OR REOPERAT*[TIAB] OR SURGICAL 
REVISION[TIAB] OR REVISION SURGERY[TIAB] OR REVISION SURGERIES[TIAB] 
OR REPEAT SURGERY[TIAB] OR RE-OPERAT*[TIAB] OR "SECOND-LOOK 
SURGERY"[MESH] OR SECOND LOOK SURGER*[TIAB] OR INFECTION*[TW] OR 
INFECTED[TIAB]) AND ((SMOKING*[TW] OR VAPING[TW] OR "TOBACCO 
USE"[MESH] OR TOBACCO USE*[TIAB] OR TOBACCO CONSUMPTION*[TIAB]) OR 
("BODY MASS INDEX"[MESH] OR BODY MASS INDEX*[TIAB] OR BMI[TIAB] OR 
QUETELET INDEX*[TIAB] OR "Obesity"[Mesh] OR OBES*[TIAB] OR "Overweight"[Mesh] 
OR OVERWEIGHT*[TIAB]) OR ("GLYCATED HEMOGLOBIN A"[MESH] OR 
GLYCATED HEMOGLOBIN A[TIAB] OR "HB A1A+B"[TIAB] OR HBA1[TIAB] OR HB 
A1[TIAB] OR GLYCOHEMOGLOBIN A[TIAB] OR "HEMOGLOBIN A(1)"[TIAB] OR HB 
A1A-2[TIAB] OR GLYCATED A1A-2 HEMOGLOBIN[TIAB] OR GLYCOSYLATED A1A-1 
HEMOGLOBIN[TIAB] OR HB A1A-1[TIAB] OR GLYCATED A1B HEMOGLOBIN[TIAB] 
OR HB A1B[TIAB] OR GLYCOSYLATED A1B HEMOGLOBIN[TIAB] OR GLYCATED 
HEMOGLOBINS[TIAB] OR GLYCOSYLATED HEMOGLOBIN[TIAB] OR A1C*[TW] OR 
HBA1C*[TIAB] OR "DIABETES MELLITUS"[MESH] OR DIABET*[TW] OR GLUCOSE 
CONTROL*[TIAB] OR BLOOD SUGAR*[TIAB] OR GLYCEMIC CONTROL*[TIAB]))) OR 
((((ACRYLFENTANYL[TW] OR ALFENTANIL[TW] OR ALPHAPRODINE[TW] OR 
BETA-CASOMORPHINS[TW] OR BUPRENORPHINE*[TW] OR BUTORPHANOL[TW] 
OR CARFENTANIL[TW] OR CODEINE[TW] OR CROTONYLFENTANYL[TW] OR 
CYCLOPROPYLFENTANYL[TW] OR DERMORPHIN[TW] OR DESOMORPHINE[TW] 
OR DEXTROMORAMIDE[TW] OR DEXTROPROPOXYPHENE[TW] OR DEZOCINE[TW] 
OR DIHYDROCODEINE[TW] OR DIHYDROMORPHINE[TW] OR 
DIPHENOXYLATE[TW] OR ENDOMORPHIN 1[TW] OR ENDOMORPHIN 2[TW] OR 
ESEROLINE[TW] OR ETHYLKETOCYCLAZOCINE[TW] OR ETHYLMORPHINE[TW] 
OR ETORPHINE[TW] OR FENTANYL[TW] OR HEROIN[TW] OR HYDROCODONE[TW] 
OR HYDROMORPHONE[TW] OR KETOBEMIDONE[TW] OR LEVORPHANOL[TW] OR 
LOFENTANIL[TW] OR MEPERIDINE[TW] OR MEPTAZINOL[TW] OR 
METHADONE[TW] OR METHADYL ACETATE[TW] OR MORPHINE[TW] OR 
NALBUPHINE[TW] OR NOCISTATIN[TW] OR NORMETHADONE[TW] OR O-
DEMETHYLTRAMADOL[TW] OR OPIUM[TW] OR OXYCODONE[TW] OR 
OXYMORPHONE[TW] OR PARACYMETHADOL[TW] OR PENTAZOCINE[TW] OR 
PHENAZOCINE[TW] OR PHENOPERIDINE[TW] OR PIRINITRAMIDE[TW] OR 



PROMEDOL[TW] OR PROTOPINE[TW] OR REMIFENTANIL[TW] OR 
SUFENTANIL[TW] OR TAPENTADOL[TW] OR TILIDINE[TW] OR TRAMADOL[TW]) 
OR ("ANALGESICS, OPIOID"[PHARMACOLOGICAL ACTION]) OR ("ANALGESICS, 
OPIOID"[MESH] OR OPIOID*[TW] OR OPIATE*[TW])) OR (NARCOTIC*[TW])) AND 
((("SPINE/SURGERY"[MESH] OR SPINE SURGER*[TIAB] OR SPINAL SURGER*[TIAB] 
OR SPINE PROCEDURE*[TIAB] OR "SPINAL FUSION"[MESH] OR SPINAL 
FUSION*[TIAB] OR SPINE FUSION*[TIAB] OR CERVICAL FUSION*[TIAB] OR 
THORACIC FUSION*[TIAB] OR SPINE INTERBODY FUSION*[TIAB] OR LUMBAR 
INTERBODY FUSION*[TIAB] OR VERTEBRAL FUSION*[TIAB] OR 
THORACOLUMBAR FUSION*[TIAB] OR LUMBAR FUSION*[TIAB] OR TLIF/MITLIF 
FUSION*[TIAB] OR SPONDYLODES*[TIAB] OR SPONDYLOSYNDES*[TIAB] OR 
"TOTAL DISC REPLACEMENT"[MESH] OR DISC REPLACEMENT*[TIAB] OR DISK 
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'spinal cord decompression'/exp OR 'spinal cord decompression':ti,ab OR 'spinal 
decompression':ti,ab OR 'spinal cord compression surgery':ti,ab OR 'spinal compression 
surgery':ti,ab OR 'lumbar decompression':ti,ab OR 'thoracic decompression':ti,ab OR 'cervical 
decompression':ti,ab OR 'spine stabilization'/exp OR 'spine stabilisation':ti,ab OR 'spine 
fixation':ti,ab OR (('spinal stabilisation':ti,ab OR 'spinal stabilization':ti,ab) AND 
(surger*:ti,ab,de OR surgical*:ti,ab,de)) OR ('decompression surgery'/de AND (spine*:ti,ab,de 
OR spinal:ti,ab,de)) OR 'spinal cord surgery'/de OR ('spine'/exp AND 'surgery'/lnk)) AND 
[embase]/lim NOT ([embase]/lim AND [medline]/lim) AND ('article'/it OR 'article in press'/it 
OR 'review'/it) NOT ('animal'/exp NOT ('animal'/exp AND 'human'/exp)) NOT ('juvenile'/exp 
NOT ('juvenile'/exp AND 'adult'/exp)) AND [english]/lim NOT ('editorial'/exp OR 'letter'/exp) 
AND [abstracts]/lim NOT 'case report'/exp AND ('osteoporosis'/exp OR 'osteoporo*':ti,ab OR 
'age-related bone loss':ti,ab OR 'pathologic decalcification':ti,ab OR 'osteopenia'/exp OR 
osteopen*:ti,ab OR 'bone density'/exp OR 'bone density':ti,ab OR 'bone mineral density':ti,ab OR 
'osseous density':ti,ab OR 'bone mineral content':ti,ab) AND ('osteoporosis'/exp AND ('drug 
therapy'/lnk OR 'therapy'/lnk) OR 'bone morphogenetic protein'/exp OR 'bone morphogenetic 
protein':ti,ab OR 'bone morphogenic protein':ti,ab OR ('anabolic agent'/exp AND ('drug 
therapy'/lnk OR 'therapy'/lnk)) OR 'anabolic therapy':ti,ab OR 'anabolic treatment':ti,ab OR 
'antiosteoporotic agent'/exp OR 'antiosteoporotic agent':ti,ab OR 'anti-osteoporotic agent':ti,ab 
OR 'bone density conservation agent'/exp OR 'bone density conservation agent':ti,ab OR 
'antiresorptive agent'/exp OR 'abaloparatide'/exp OR 'abaloparatide':ti,ab OR eladynos:ti,ab OR 
tymlos:ti,ab OR ('parathyroid hormone derivative'/exp AND ('drug therapy'/lnk OR 
'therapy'/lnk)) OR 'parathyroid hormone therapy':ti,ab OR 'bisphosphonic acid derivative'/exp 
OR 'bisphosphonic acid derivative':ti,ab OR diphosphonate*:ti,ab OR bisphosphonate*:ti,ab OR 



'diphosphonic acid derivative':ti,ab OR 'alendronic acid':ti,ab,de OR 'aminobutanediphosphonic 
acid':ti,ab,de OR 'aminohexanediphosphonic acid':ti,ab,de OR 'aminopropanediphosphonic 
acid':ti,ab,de OR belfosdil:ti,ab,de OR 'butedronate technetium tc 99m':ti,ab,de OR 'butedronic 
acid':ti,ab,de OR 'calcium carbonate':ti,ab,de OR cangrelor:ti,ab,de OR 'clodronic acid':ti,ab,de 
OR 'etidronic acid':ti,ab,de OR 'ibandronic acid':ti,ab,de OR 'incadronic acid':ti,ab,de OR 
'lidadronic acid':ti,ab,de OR 'medronic acid':ti,ab,de OR 'minodronic acid':ti,ab,de OR 'neridronic 
acid':ti,ab,de OR 'olpadronic acid':ti,ab,de OR 'pamidronic acid':ti,ab,de OR 'risedronic 
acid':ti,ab,de OR 'tiludronic acid':ti,ab,de OR 'zoledronic acid':ti,ab,de OR alendronate:ti,ab OR 
fosamax*:ti,ab OR cl2mdp:ti,ab OR 'mk-271':ti,ab OR clodronate*:ti,ab OR bonefos*:ti,ab OR 
'hydroxyethylidene diphosphonic acid':ti,ab OR etidronate*:ti,ab OR 
ethanehydroxydiphosphonate*:ti,ab OR xidifon:ti,ab OR xydiphone:ti,ab OR xidiphon:ti,ab OR 
didronel:ti,ab OR ibandronate:ti,ab OR boniva:ti,ab OR bonviva:ti,ab OR 'rpr 102289a':ti,ab,de 
OR bondronat*:ti,ab,de OR 'bm 21.0955':ti,ab,de OR 'bm 210955':ti,ab,de OR 'bm-
21.0955':ti,ab,de OR 'bm21.0955':ti,ab,de OR 'bm-210955':ti,ab,de OR pamidronate:ti,ab,de OR 
ahprbp:ti,ab,de OR aminopropanehydroxydiphosphonate:ti,ab,de OR amidronate:ti,ab,de OR 
pamidronate*:ti,ab OR aredia:ti,ab OR atelvia:ti,ab OR actonel:ti,ab OR risedronate:ti,ab OR 
'technetium 99m'/exp OR 'technetium 99m':ti,ab OR 'medronate technetium tc 99m'/exp OR 
'medronate technetium tc 99m':ti,ab OR '99mtc-mdp':ti,ab OR 'tc-99m mdp':ti,ab OR 
zolendrate:ti,ab OR 'cgp 42446a':ti,ab OR 'cgp 42446':ti,ab OR zometa:ti,ab OR 'antiresorptive 
agent':ti,ab OR 'bone resorption inhibitor':ti,ab OR 'bone resorption inhibitory agent':ti,ab OR 
'antiresorptive drug':ti,ab OR (('25 hydroxyergocalciferol'/exp OR '25 
hydroxyergocalciferol':ti,ab OR ercalcidiol:ti,ab OR hydroxycalciferol:ti,ab OR '25 
hydroxycalciferol':ti,ab OR 25) AND 'hydroxyvitamin d 2':ti,ab) OR '25 hydroxyvitamin d2':ti,ab 
OR '25-hydroxyvitamin d 2':ti,ab OR 'alfacalcidol'/exp OR 'alfacalcidol':ti,ab OR '1 
hydroxycholecalciferol':ti,ab OR '1 hydroxycolecalciferol':ti,ab OR '1 hydroxyvitamin d3':ti,ab 
OR '1alpha hydroxycholecalciferol':ti,ab OR '1alpha hydroxycolecalciferol':ti,ab OR '1alpha 
hydroxyvitamin d 3':ti,ab OR '1alpha hydroxyvitamin d3':ti,ab OR alfarol:ti,ab OR 'alpha 
calcidiol':ti,ab OR 'alpha calcidol':ti,ab OR 'alpha d3':ti,ab OR alphacalcidol:ti,ab OR 
einsalpha:ti,ab OR etalpha:ti,ab OR 'one alpha':ti,ab OR 'one-alpha':ti,ab OR 'onealfa':ti,ab OR 
oxidevite:ti,ab OR oxydevit:ti,ab OR unalfa:ti,ab OR unalpha:ti,ab OR 'bazedoxifene'/exp OR 
'bazedoxifene':ti,ab OR conbriza:ti,ab OR 'calcifediol'/exp OR 'calcifediol':ti,ab OR '25 hydroxy 
vitamin d 3':ti,ab OR '25 hydroxycholecalciferol':ti,ab OR '25 hydroxycolecalciferol':ti,ab OR '25 
hydroxyvitamin d 3':ti,ab OR '25 hydroxyvitamin d3':ti,ab OR '25-hydroxycholecalciferol':ti,ab 
OR calderol:ti,ab OR dedrogyl:ti,ab OR delakmin:ti,ab OR didrogyl:ti,ab OR dydrogil:ti,ab OR 
hidroferol:ti,ab OR rayaldee:ti,ab OR 'u 32070':ti,ab OR u32070:ti,ab OR 'calcitonin 
derivative'/exp OR calcitonin:ti,ab OR 'thyrocalcitonin derivative':ti,ab OR 'calcitriol'/exp OR 
'calcitriol':ti,ab OR calcijex:ti,ab OR (((((((1 AND alpha AND 25 AND dihydroxyvitamin AND 
d AND 3:ti,ab OR 25) AND dihydroxyvitamin AND d3:ti,ab OR 1alpha) AND 25 AND 
dihydroxycolecalciferol:ti,ab OR bocatriol:ti,ab OR bonky:ti,ab OR cabone:ti,ab OR 
calcijex:ti,ab OR caraben) AND sc:ti,ab OR cicarol:ti,ab OR citrihexal:ti,ab OR decostriol:ti,ab 
OR difix:ti,ab OR dn) AND 101:ti,ab OR dn101:ti,ab OR ecatrol:ti,ab OR ecatrol) AND f:ti,ab 
OR hitrol:ti,ab OR kolkatriol:ti,ab OR kosteo:ti,ab OR lemytriol:ti,ab OR meditrol:ti,ab OR 
osteotriol:ti,ab OR poscal:ti,ab OR renatriol:ti,ab OR rexamat:ti,ab OR ro) AND 21 AND 
5535:ti,ab) OR rocaltrol:ti,ab OR roical:ti,ab OR rolsical:ti,ab OR silkis:ti,ab OR sitriol:ti,ab OR 
soltriol:ti,ab OR tariol:ti,ab OR tirocal:ti,ab OR triocalcit:ti,ab OR vectical:ti,ab OR 
'colecalciferol derivative'/exp OR colecalciferol*:ti,ab OR 'vitamin d3':ti,ab OR 'vitamin d2':ti,ab 



OR 'vitamin d':ti,ab OR 'cholecalciferol derivative'/exp OR cholecalciferol:ti,ab OR 
cimadronate:ti,ab OR 'denosumab'/exp OR 'denosumab':ti,ab OR 'amg 162':ti,ab OR 
amg162:ti,ab OR amgiva:ti,ab OR prolia:ti,ab OR xgeva:ti,ab OR (('dihydrotachysterol'/exp OR 
'dihydrotachysterol':ti,ab OR 'a.t.10':ti,ab OR antitanil:ti,ab OR antitetanin:ti,ab OR 
antitetanine:ti,ab OR 'at 10':ti,ab OR 'at-10':ti,ab OR at10:ti,ab OR atecen:ti,ab OR calcamin:ti,ab 
OR calcamine:ti,ab OR calcinosefaktor:ti,ab OR 'dht intensol':ti,ab OR dichistrolum:ti,ab OR 
dichysterol:ti,ab OR dichystrol:ti,ab OR dihydral:ti,ab OR dihydrotachysterin:ti,ab OR 
dihydrotachysterine:ti,ab OR 'dihydrotachysterol 2':ti,ab OR 'dihydrotachysterol 3':ti,ab OR 
dikystrol:ti,ab OR dygratyl:ti,ab OR hytakerol:ti,ab OR manipal:ti,ab OR parterol:ti,ab OR 
tachidon:ti,ab OR tachysterol,) AND dihydro:ti,ab) OR tachystin:ti,ab OR tachystine:ti,ab OR 
tachystol:ti,ab OR tetilan:ti,ab OR 'ed 71':ti,ab OR ed71:ti,ab OR 'ergocalciferol derivative'/exp 
OR ergocalciferol*:ti,ab OR 'hydroxycolecalciferol'/exp OR 'hydroxycolecalciferol':ti,ab OR 
hydroxycholecalciferol:ti,ab OR hydroxycholecalciferols:ti,ab OR 'nandrolone decanoate'/exp 
OR 'nandrolone decanoate':ti,ab OR retabolic:ti,ab OR retabolil:ti,ab OR 'deca-durabolin':ti,ab 
OR kabolin:ti,ab OR 'raloxifene'/exp OR 'raloxifene':ti,ab OR bonmax:ti,ab OR celvista:ti,ab OR 
evista:ti,ab OR keoxifene:ti,ab OR loxar:ti,ab OR loxifen:ti,ab OR 'ly 139481':ti,ab OR 'ly 
156758':ti,ab OR ly139481:ti,ab OR ly156758:ti,ab OR optruma:ti,ab OR raxeto:ti,ab OR 
'strontium ranelate'/exp OR 'strontium ranelate':ti,ab OR osseor:ti,ab OR protelos:ti,ab OR 
protos:ti,ab OR 'ranelate strontium':ti,ab OR 'ranelic acid distrontium salt':ti,ab OR 's 12911':ti,ab 
OR 's 12911 2':ti,ab OR s12911:ti,ab OR 's12911 2':ti,ab OR 'tamoxifen'/exp OR 'tamoxifen':ti,ab 
OR ebefen:ti,ab OR kessar:ti,ab OR 'nsc 180973':ti,ab OR tamoplac:ti,ab OR tamoxasta:ti,ab OR 
tamoxifene:ti,ab OR teriparatide:ti,ab OR 'hpth (1-34)':ti,ab OR 'human parathyroid hormone (1-
34)':ti,ab OR parathar:ti,ab OR forteo:ti,ab OR 'toremifene'/exp OR 'toremifene':ti,ab OR 
estrimex:ti,ab OR fareston:ti,ab OR 'fc 1157 a':ti,ab OR 'fc 1157a':ti,ab OR fc1157a:ti,ab OR 
'vitamin d'/exp OR evenity:ti,ab OR 'amg-78':ti,ab OR 'cdp 7851':ti,ab OR 'romosozumab'/exp 
OR 'romosozumab':ti,ab OR 'calcium supplementation'/exp OR 'calcium supplementation':ti,ab 
OR 'calcium supplement':ti,ab OR ('calcium'/exp AND 'drug therapy'/lnk))) 
  



Supplemental Digital Content 2. Inclusion Criteria 
Articles that did not meet the following criteria, for the purposes of this evidence-based clinical 
practice guideline, were excluded. To be included as evidence in the guideline, an article had to 
be a report of a study that: 

• Investigated patients with cervical spine surgery, thoracic spine surgery, and lumbar 
spine surgery; 

• Excluded patients with tumor, trauma, or infections;  
• Included patients ≥18 years of age; 
• Were studies that enrolled ≥80% of cervical spine surgery, thoracic spine surgery, and 

lumbar spine surgery (we include studies with mixed patient populations if they report 
results separately for each group/patient population); 

• Was a full article report of a clinical study; 
• Was not a medical records review, meeting abstract, historical article, editorial, letter, or 

commentary; 
• Appeared in a peer-reviewed publication or a registry report; 
• Enrolled a minimum of 20 patients; 
• Was of humans; 
• Was published in or after 1946; 
• Quantitatively presented results; 
• Was not an in vitro study; 
• Was not a biomechanical study; 
• Was not performed on cadavers; 
• Was published in English; 
• Was not a systematic review, meta-analysis, or guideline developed by others.1 

 
Systematic reviews or meta-analyses conducted by others, or guidelines developed by others 
were not included as evidence to support this review due to the differences in article 
inclusion/exclusion criteria specified compared with the criteria specified by the Guidelines Task 
Force. Although these articles were not included as evidence to support the review, these articles 
were recalled for full-text review for the Guidelines Task Force to conduct manual searches of 
the bibliographies. 
 

 

 

 

 

 

 

1The guideline task force did not include systematic reviews, guidelines or meta-analyses conducted by others. These documents are developed 
using different inclusion criteria than those specified in this guideline; therefore, they may include studies that do not meet the inclusion criteria 
specific in this guideline. In cases where these types of documents’ abstract suggested relevance to the guideline’s recommendations, the task 
force searched their bibliographies for additional studies. 



Supplemental Digital Content 3.  
Criteria grading the evidence 
 
The task force used the criteria provided below to identify the strengths and weaknesses of the 
studies included in this guideline. Studies containing deficiencies were downgraded 1 level (no 
further downgrading allowed, unless so severe that study had to be excluded). Studies with no 
deficiencies based on study design and contained clinical information that dramatically altered 
current medical perceptions of topic were upgraded.  
 

1. Baseline study design (i.e., therapeutic, diagnostic, prognostic) determined to assign 
initial level of evidence.  
 

2. Therapeutic studies reviewed for following deficiencies:  
• Failure to provide a power calculation for a randomized controlled trial (RCT);  
• High degree of variance or heterogeneity in patient populations with respect to 

presenting diagnosis/demographics or treatments applied;  
• Less than 80% of patient follow-up;  
• Failure to utilize validated outcomes instrument; 
• No statistical analysis of results; 
• Crossover rate between treatment groups of greater than 20%; 
• Inadequate reporting of baseline demographic data;  
• Small patient cohorts (relative to observed effects);  
• Failure to describe method of randomization;  
• Failure to provide flowchart following patients through course of study (RCT); 
• Failure to account for patients lost to follow-up;  
• Lack of independent post-treatment assessment (e.g., clinical, fusion status, etc.);  
• Utilization of inferior control group: 

• Historical controls 
• Simultaneous application of intervention and control within same 

patient  
• Failure to standardize surgical/intervention technique;  
• Inadequate radiographic technique to determine fusion status (e.g., static 

radiographs for instrumented fusion).  
 

3.  Methodology of diagnostic studies reviewed for following deficiencies:  
• Failure to determine specificity and sensitivity;  
• Failure to determine inter- and intraobserver reliability;  
• Failure to provide correlation coefficient in the form of kappa values.  

 
4.  Methodology of prognostic studies reviewed for following deficiencies:  

• High degree of variance or heterogeneity in patient populations with respect to 
presenting diagnosis/demographics or treatments applied;  

• Failure to appropriately define and assess independent and dependent variables 
(e.g., failure to use validated outcome measures when available).  



Rating evidence quality. Levels of evidence for primary research questiona 
 
Types of Studies 

 Therapeutic studies: 
Investigating the results 
of treatment 

Prognostic studies: 
Investigating the effect 
of a patient 
characteristic on the 
outcome of disease 

Diagnostic studies: 
Investigating a 
diagnostic test 

Economic and decision 
analyses: Developing an 
economic or decision model 

Level I • High-quality randomized 
trial with statistically 
significant difference or no 
statistically significant 
difference but narrow 
confidence intervals 

• Systematic reviewb of 
Level I RCTs (and 
study results were 
homogeneousc) 

• High-quality 
prospective studyd (all 
patients were enrolled 
at the same point in 
their disease with 
≥80% follow-up 
of enrolled 
patients) 

• Systematic reviewb 
of Level I studies 

• Testing of previously 
developed diagnostic 
criteria on consecutive 
patients (with 
universally applied 
reference gold 
standard) 

• Systematic reviewb of 
Level I studies 

• Sensible costs and 
alternatives; values obtained 
from many studies with 
multiway sensitivity 
analyses 

• Systematic reviewb of Level 
I studies 



Level II • Lesser quality RCT (e.g., 
<80% follow-up, no 
blinding, or improper 
randomization) 

• Prospectived 
comparative studye 

• Systematic reviewb of 
Level II studies or Level I 
studies with inconsistent 
results 

• Retrospectivef study 
• Untreated 

control subjects 
from an RCT 

• Lesser quality 
prospective study 
(e.g., patients enrolled 
at different points in 
their disease or <80% 
follow-up) 

• Systematic reviewb 
of Level II studies 

 

 

 

 

• Development of 
diagnostic criteria on 
consecutive patients 
(with universally 
applied reference 
criterion standard) 

• Systematic reviewb of 
Level II studies 

• Sensible costs and 
alternatives; values obtained 
from limited studies with 
multiway sensitivity 
analyses 

• Systematic reviewb of Level 
II studies 

Level III • Case control studyg 
• Retrospectivef 

comparative studye 
• Systematic reviewb of 

Level III studies 

• Case control studyg • Study of 
nonconsecutive 
patients without 
consistently applied 
reference criterion 
standard 

• Systematic reviewb of 
Level III studies 

• Analyses based on limited 
alternatives and costs and 
poor estimates 

• Systematic reviewb of Level 
III studies 

Level IV Case seriesh Case series • Case-control study 
• Poor reference 

standard 

• Analyses with no sensitivity 
analyses 

 
RCT, randomized controlled trial. 
aA complete assessment of quality of individual studies requires critical appraisal of all aspects of the study design. 
bA combination of results from ≥2 previous studies. 
cStudies provided consistent results. 
dStudy was started before the first patient enrolled. 
ePatients treated one way (e.g., instrumented arthrodesis) compared with a group of patients treated in another way 
(e.g., uninstrumented arthrodesis) at the same institution. 
fStudy was started after the first patient enrolled. 



gPatients identified for the study based on their outcome, called “cases” (e.g., pseudoarthrosis) are compared with those 
who did not have outcome, called “controls” (e.g., successful fusion). 
hPatients treated one way with no comparison group of patients treated in another way. 



Supplemental Digital Content 4. Linking levels of evidence to grades of recommendation 
 
Grade of 
Recommendation  

Standard Language  Levels of Evidence  

A  Recommended  ≥2 consistent Level I studies  
B  Suggested  One Level I study with 

additional supporting 
Level II or III studies  

≥2 consistent Level II 
or III studies  

C  Is an option  One Level I, II, or III 
study with supporting 
Level IV studies  

≥2 consistent Level IV 
studies  

I (insufficient or 
conflicting 
evidence)  

Insufficient evidence to 
make recommendation 
for or against  

A single Level I, II, III, 
or IV study without 
other supporting 
evidence  

≥1 study with 
inconsistent findings*  

  
*Note that in the presence of multiple consistent studies, and a single outlying, inconsistent 
study, the grade of recommendation will be based on the level of the consistent studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



Supplemental Digital Content 5. PRISMA Flowchart 

 
*In addition to duplicate removal, we also removed strictly animal or children/adolescent studies 
not identified by search strategy and case reports dealing with 1 to 2 persons as encountered. 
 
 
 
 
 



Supplemental Digital Content 6. Evidence tables 
 
PICO 
Question 

Author, Year Type of 
Evidence 

Study Type Level of 
Evidence 

Reviewer’s Conclusions 

1 Anderson et 
al, 20158 

Prognostic Retrospective 
comparative 

 Study shows that preoperative does 
impact postoperative 
outcome. Higher preoperative 
opioid load (P < .001) and duration 
of use (P < .001) were positively 
associated with higher 
postoperative rates of COT 

II 

1 Connolly et 
al, 20179 

Prognostic Retrospective 
comparative 

II This study affirms and shows that 
quartiles of opioid use duration 
before surgery associated with 
outcome 

1 Faour et al, 
201711 

Prognostic Retrospective 
comparative 

II Affirms, not PRO but RTW. 
Prolonged preoperative opioid use 
was a negative predictor of 
successful RTW status (OR 0.73 
[95% CI 0.55-0.98]; P = .04). 
Answers PICO questions 1 
and 2 

1 Harris et al, 
20206 

Prognostic Retrospective 
comparative 

II This study concluded that 
predicted preoperative impacted 
postoperative factors associated 
with the highest risk for chronic 
opioid use were preoperative 
opioid use (OR 5.7) 

1 Jain et al, 
201917 

Prognostic Retrospective 
comparative 

II The study affirms. This study 
includes duration and 3-month 
opioid-free period/wean. Patients 
with a preoperative opioid 
prescription for ≤3 months before a 
major arthroplasty or a 1- or 2-
level lumbar fusion had a similar 
risk of adverse outcomes as opioid-
naïve patients. While >6 months of 
opioid use was associated with a 
higher risk of adverse outcomes, a 
3-month prescription-free period 
before the surgery appeared to 
mitigate this risk for chronic users. 
Answers PICO questions 1 and 3 



1 Jain et al, 
201812 

Prognostic Retrospective 
comparative 

II 

 

Preoperative impact outcome: 
preoperative opioid use among 
patients who underwent cervical 
fusion increases complication 
rates, postoperative opioid usage, 
health care resource use, and costs 

1 Kalakoti et al, 
201816 

Prognostic Retrospective 
comparative 

II This study affirms and defines 
duration defined as Rx within 3 
months of surgery. Approximately 
one-third patients chronically use 
opioids before lumbar arthrodesis 
and nearly half of the preoperative 
OUs will continue to use at 1 year 

1 Karhade et 
al, 20195 

Prognostic Retrospective 
comparative 

II This study confirms the association 
between preoperative opioid 
prescription duration with 
postoperative opioid use, as well as 
an association between 
antidepressant use, tobacco use, 
and Medicaid insurance and 
postoperative opioid use. The 
authors also found that longer 
duration of opioid prescriptions 
before surgery was associated with 
postoperative opioid prescriptions. 
Among opioid-naïve patients, the 
rate of postoperative opioid 
prescription was 87 (4.3%). 
Among patients with <180 days of 
preoperative opioid prescription, 
the rate of postoperative opioid 
prescription was 57 (16.7%) and 
among patients with >180 days of 
continuous preoperative opioid 
prescription, the rate of 
postoperative opioid prescription 
was 126 (34.2%) 

1 Karhade et 
al, 20197 

Prognostic Retrospective 
other 

II The study shows that preoperative 
use impacts duration—the 3 most 
important predictors were 
instrumentation, duration of 
preoperative opioid prescription, 
and comorbidity of depression 



1 Oleisky et al, 
201919 

Prognostic Retrospective 
comparative 

III Downgraded because of 
heterogeneity. Although the PICOs 
were not the primary aim of the 
study, it showed the Edlund 
definition, accounting for duration 
and dosage, had the highest 
predictive ability for postoperative 
opioid use (77.5%), followed by 
Schoenfeld (75.7%), CDC 
(72.6%), and Svendsen (59.9%-
72.5%) definitions. Answers PICO 
questions 1 and 2 

1 Rosenthal et 
al, 201918 

Prognostic Retrospective 
comparative 

III Downgraded because of 
heterogeneity, affirms duration 

1 Tank et al, 
201815 

Prognostic Retrospective 
comparative 

II PICO not directly answered; 
opioid dependence is associated 
with prolonged length of stay in 
lumbar fusion, as well as higher 
costs and higher frequencies of 
surgical complications 

2 Adogwa et al, 
201930 

Prognostic Retrospective 
comparative 

II Study affirms, although PICO not 
directly answered; page E694; 
preop associated with postop 

2 Adogwa et 
al, 201931 

Prognostic Retrospective 
comparative 

II Study affirms and showed 
preoperative opioid use associated 
with prolonged postoperative use 

2 Ahn et al, 
201623 

Prognostic Retrospective 
comparative 

III Downgraded because of 
heterogeneity. Study is negative, 
PICOs are not directly answered; 
there was no difference in 
narcotics dependence according to 
preoperative narcotic utilization 
(adjusted P = .798; Fig 4C) 

2 Albert et al, 
200042 

Prognostic Retrospective 
comparative 
case series 

III This study was downgraded 
because of the small population 
and PICOs were not directly 
addressed. The study was 
affirmative. The presence of ≥1 
abnormal neurologic findings and 
significant narcotic use before 
surgery significantly increased the 
chance of a patient’s outcome 
being functional 
failure 



2 Anderson et 
al, 200921 

Prognostic Retrospective 
comparative 

II Study affirms. This study shows 
“weak” narcotic use a predictor in 
subanalysis 

2 Armaghani 
et al, 201636 

Prognostic Retrospective 
comparative 

III Downgraded because of 
heterogeneity. The study showed 
diabetes and preoperative opioid 
use were independent predictors 
of decreased SF-12 scores, 
decreased EQ-5D scores, 
increased ODI or NDI scores, and 
increased NRS scores (P < .05) 

2 Armaghani et 
al, 201626 

Prognostic Retrospective 
case control 

II The study shows preoperative 
assessment affects outcomes. 
Linear regression analysis 
demonstrated that preoperative 
opioid use was an independent risk 
factor for increased donor site pain 
at 1 and 2 weeks (P < .05) 

2 Armaghani et 
al, 201428 

Prognostic Retrospective 
comparative 

II Downgraded because of 
heterogeneity. Greater 
preoperative opioid use before 
undergoing spine surgery predicts 
increased immediate postoperative 
opioid demand and decreased 
incidence of postoperative opioid 
independence 

2 Deyo et al, 
201820 

Prognostic Retrospective 
comparative 

II The study affirms. In 
multivariable models, the 
strongest predictor of long-term 
postoperative use was cumulative 
preoperative opioid dose (OR 
15.47 [95% CI 8.53-28.06] in the 
highest quartile) 

2 Dunn et al, 
201837 

Prognostic Retrospective 
comparative 

III Downgraded because of 
heterogeneity. The study shows an 
impact, although not directly 
answering the PICO question 

2 Elsamadicy et 
al, 201944 

Prognostic Retrospective 
comparative 

III Study shows preoperative use of 
narcotics may impact patient 
perception of pain and 
improvement after complex spinal 
fusions (≥5 levels). This study was 
downgraded because of 
heterogeneity, and because 
smoking and depression were not 
treated differently statistically 



2 Faour et al, 
201711 

Prognostic Retrospective 
comparative 

II Affirms, not PRO but RTW. 
Prolonged preoperative opioid use 
was a negative predictor of 
successful RTW status (OR 0.73 
[95% CI 0.55-0.98]; P = .04). 
Answers PICO questions 1 and 2 

2 Hassan 
Hashisha et al, 
201934 

Prognostic Prospective 
comparative 

II This study shows an impact on 
outcomes. Tramadol abuse before 
lumbar discectomy was found to 
be associated with continued 
tramadol abuse after surgery and 
worse functional outcomes after 
surgery 

2 Hills et al, 
201938 

Prognostic Retrospective 
comparative 

III Study affirms, downgraded 
because of heterogeneity. High 
preoperative opioid dosage was 
only associated with postoperative 
chronic opioid use (adjusted OR 
4.9 [95% CI 3-7.9]) 

2 Hockley et al, 
201914 

Prognostic Retrospective 
comparative 

II 

 

This study affirms using a 
subanalysis finding that patients 
who underwent an open TLIF with 
a history of preoperative opioid 
use are significantly more likely 
to remain on opioids at 6-week 
follow-up (87% vs 65%, P = 
.027), 3-month follow-up (63% vs 
31%, P = .008), and 6-month 
follow-up (50% vs 21%, P = .018) 
compared with MIS TLIF 

2 Kalakoti et al, 
201927 

Prognostic Retrospective 
comparative 

II Study affirms and shows chronic 
opioid therapy 3 months 
preoperatively; preoperative 
chronic opioid therapy is a 
modifiable risk factor that is 
strongly associated with prolonged 
postoperative opioid use 

2 Kanaan et al, 
201540 

Prognostic Retrospective 
case series 

III The study was downgraded 
because of heterogeneity. The 
study did show an impact, 
although the PICO was not 
directly addressed. Diagnosis and 
preoperative use of opioids were 
the only significant predictors for 
postoperative leg pain (P = .007 
and .042, respectively) in the 



model with preoperative leg pain 
intensity controlled (Table 4). 
Patients with a diagnosis of 
spondylolisthesis are likely to 
have 0.62 points (95% CI −0.360 
to 1.59) higher leg pain on VAS 
scale. Patients with preoperative 
use of opioids are likely to have 
more leg pain by 0.78 points 
(95% CI −0.51 to 2.07). The 
model explained 25.6% of the 
variation in postoperative leg pain 

2 Kelly et al, 
201522 

Prognostic Retrospective 
comparative 

II Study is negative and looks at 
strong vs weak opioids; 
preoperative opioid strength did 
not adversely affect outcomes in 
this analysis 

2 Lall et al, 
201829 

Prognostic Prospective  
other 

II The study affirms. This study was 
downgraded because follow-up 
was not reported. The PICO was 
not directly answered; among 
preoperative patient 
characteristics, only preoperative 
opioid use significantly predicted 
weeks to opioid cessation (β = 
0.466; P = .005) 

2 Lawrence et 
al, 200825 

Prognostic Retrospective 
comparative 

II The study affirms: daily basis for 
>6 months preoperatively; chronic 
narcotic use before cervical 
arthrodesis was found to be 
associated with continued narcotic 
use after surgery and worse 
functional outcomes after surgery 

2 Mesfin et al, 
201445 

Prognostic Retrospective 
comparative 

III Downgrade because of 
heterogeneity. The preoperative 
duration was not noted. These 
findings differ from other studies. 
The narcotic group had 
significantly greater 
improvements in SRS pain scores 
vs the no narcotic group 

2 O’Connell et 
al, 201843 

Prognostic Retrospective 
comparative 

III Downgrade because of 
heterogeneity. This study affirms 
although, PICO is not directly 
answered; preoperative opioids 



2 O’Donnell et 
al, 201833 

Prognostic Retrospective 
comparative 

II The study affirms duration 

2 Oleisky et al, 
201919 

Prognostic Retrospective 
comparative 

III Downgraded because of 
heterogeneity. Although the 
PICOs were not the primary aim 
of the study, it showed the Edlund 
definition, accounting for duration 
and dosage, had the highest 
predictive ability for postoperative 
opioid use (77.5%), followed by 
Schoenfeld (75.7%), CDC 
(72.6%), and Svendsen (59.9% to 
72.5%) definitions. Answers 
PICO questions 1 and 2 

2 Pugely et al,10 
2018 

Prognostic Retrospective 
comparative 

II Preoperative is defined as filled 
rx within 3 months of surgery. 
Postoperative opioid use fell 
dramatically during the first 3 
months in NOU, but nearly half 
of the preoperative OUs will 
remain on narcotics at 1 year 
postoperatively 

2 Qureshi et al, 
201813 

Prognostic Retrospective 
comparative 

II The study showed an impact: 
preoperative narcotic use had the 
largest effect on odds of 
postoperative prescription (OR 3.4) 

2 Reid et al, 
201924 

Prognostic Retrospective 
other 

II This study affirms and shows that 
increased 30-day opioid utilization 
was associated with surgery in the 
prelaw period, preoperative opioid 
exposure, preoperative 
benzodiazepine exposure, and 
number of levels fused (all P < 
.05). Chronic (>90 day) opioid 
requirements were associated with 
preoperative opioid exposure (OR 
4.42, P < .001) but not with pre-
/postlaw status (P > .05) 

2 Tuna et al, 
201835 

Prognostic Prospective 
comparative 

III Downgraded because of 
heterogeneity. Study shows that 
preoperative impacts 
postoperative chronic opiate-
consuming patients received more 
morphine within the first 3 
postoperative days when 
compared with non–opioid- 



consuming patients 
2 Villavicencio 

et al, 201732 
Prognostic Retrospective 

comparative 
II This study was downgraded 

because follow up was not 
reported. This study affirms, but 
PICOs not directly answered. The 
use of opioid medications to 
control pain before patients 
underwent lumbar fusion for 
degenerative lumbar conditions 
was associated with less favorable 
clinical outcomes postoperatively 

2 Wick et al, 
201839 

Prognostic Retrospective 
comparative 

III The study was downgraded 
because of heterogeneity. The 
study does show and impact 
(affirm). MEQ: the final logistic 
regression model demonstrated that 
MCID achievement decreased 
significantly when mean 
preoperative MEA dose exceeded 
47.8 mg/d, with a 95% credible 
interval of 29.0-60.0 mg/d 

2 Wright et al, 
201941 

Prognostic Retrospective 
comparative 

III No preop MEQ or duration or 
wean. PICO was not the primary 
aim of the study. The study showed 
discharge prescription dose 
exceeding 120 mg/day is 
independently associated with 
opioid dependence following spine 
surgery. The study was 
downgraded because of 
heterogeneity 

3 Jain et al, 
201917 

Prognostic Retrospective 
comparative 

II The study affirms. This study 
includes duration and 3-month 
opioid-free period/wean. Patients 
with a preoperative opioid 
prescription for ≤3 months before 
a major arthroplasty or a 1- or 2-
level lumbar fusion had a similar 
risk of adverse outcomes as 
opioid-naïve patients. While >6 
months of opioid use was 
associated with a higher risk of 
adverse outcomes, a 3-month 
prescription-free period before 
the surgery appeared to mitigate 
this risk for chronic users. 



Answers PICO questions 1 and 3 

 
CDC, Centers for Disease Control and Prevention; CI, confidence interval; EQ-5D, EuroQol 5D 
health-related quality of life survey; MCID, minimal clinically important difference; MEA, 
morphine equianalgesic dose; MEQ, minimum equivalent dose; MIS, minimally invasive; NDI, 
Neck Disability Index; NOU, non–opioid user; NRS, numeric rating scale; ODI Oswestry 
Disability Index; OR, odds ratio; OU, opiod user; PICO, patient/population, intervention, 
comparison, and outcomes; PRO, patient reported outcomes; RTW, return to work; SF-12, 
Medical Outcomes Study Survey Short Form 12; SRS, Scoliosis Research Society; TLIF, 
transforaminal lumbar interbody fusion, VAS, visual analog scale. 
 
 
 
 
 
 
 
 
 
 

 
 


	CONGRESS OF NEUROLOGICAL SURGEONS SYSTEMATIC REVIEW AND
	EVIDENCE-BASED GUIDELINES FOR PERIOPERATIVE SPINE: PREOPERATIVE OPIOID EVALUATION
	Sponsored by: Congress of Neurological Surgeons (CNS) and the Section on Disorders of the Spine and Peripheral Nerves
	Endorsement: Reviewed for evidence-based integrity and endorsed by the American Association of Neurological Surgeons (AANS) and Congress of Neurological Surgeons (CNS)
	Authors:
	Departmental and institutional affiliations:

	INTRODUCTION
	Goals and Rationale
	MethodS
	The guidelines task force initiated a systematic review of the literature and evidence-based guideline relevant to the preoperative treatment of patients with spinal disorders. Through objective evaluation of the evidence and transparency in the proce...
	Literature Search
	Rating Quality of Diagnostic Evidence

	In evaluating studies as to levels of evidence for this guideline, the study design was interpreted as establishing only a potential level of evidence. For example, a therapeutic study designed as a randomized controlled trial would be considered a po...
	Revision Plans

	DISCUSSION
	Future Research
	Conclusions
	Search Strategies used for all PICO questions

	Supplemental Digital Content 3.
	Criteria grading the evidence
	Rating evidence quality. Levels of evidence for primary research questiona
	Supplemental Digital Content 4. Linking levels of evidence to grades of recommendation
	*Note that in the presence of multiple consistent studies, and a single outlying, inconsistent study, the grade of recommendation will be based on the level of the consistent studies.
	Supplemental Digital Content 5. PRISMA Flowchart
	Supplemental Digital Content 6. Evidence tables

