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Abstract

Introduction—As many as 30% of SCS patients fail to obtain long term pain coverage, even 

with the strictest parameters of a successful trial, unremarkable psychological assessment, and 

ideal placement of the permanent device. Why these patients either never receive adequate benefit 

or lose benefit remains elusive.

Methods—We perform a retrospective review of our prospective database of SCS patients 

undergoing surgery for routine indications. Six month post-operative follow-up data was available 

for 57 patients. Two providers who routinely saw the patients were asked to independently grade 

the patient’s outcome in a blinded fashion on a Global Outcome Ratings scale of 1 to 10, with 5 

being 50% improvement at six months post-operation. A score of less than 5 was deemed a 

failure. The impact of Body Mass Index (BMI), random drug screen results, workers’ 

compensation status, depression, and smoking were assessed.

Results—We report a phi correlation of 0.350 between smoking and failure (p=0.017). Smoking 

status is correlated with both lead migration revisions (phi =0.269) (p=0.044) and with revision 

due to new pain symptoms (phi=0.241) (p=0.072). Further, there is a trend of correlation 

(phi=0.289) between drug use and patients (n=3) who underwent device removal (p=0.045). In 

this cohort, worker’s compensation status, BMI, and depression did not impact outcome.

Conclusions—Tobacco use correlates with less success with SCS at 6-month follow-up. 

Whether that is because of issues with healing and our transmission of signals to the periphery 

warrants further exploration. This data provide further evidence that tobacco cessation is important 

to surgical results.
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Introduction

Chronic pain is a debilitating biological and psychological condition that affects nearly one 

third of the American population with an annual cost of $560 to $635 billion from associated 

health care costs and lost productivity (1). The crisis of prescription opioid drug 

overmedication has driven many pain physicians to seek alternative treatment modalities, 

such as spinal cord stimulation. Spinal cord stimulation (SCS) is an invasive technique used 

to provide relief of certain types of chronic pain when medical therapies fail. SCS results in 

meaningful pain relief for fifty to seventy-percent of well-selected patients and has minor 

rates of complications (2). Additionally SCS improves quality of life (3). However, while 

SCS can provide significant benefit for many patients, failures occur. These can include lead 

migration, onset of new pain symptoms, and other complaints causing patients to request 

lead explantation.

Previous studies have identified non-modifiable risk factors. Researchers have found a 

strong relationship between psychiatric co-morbidities and a poor response to SCS treatment 

(3). In one systematic review, 92.0% of studies exhibited a positive relationship between one 

or more psychological factors and poor treatment outcome (3). Evidence also suggests that 

longer pain duration prior to intervention was predictive of poorer outcomes (5). 

Additionally, SCS has been more successful in patients whose pain did not follow a surgical 

procedure than in patients who had multiple surgical procedures prior to their first implant 

(6). In patients who did have previous surgical procedures, a greater success rate was found 

when the duration of time to implantation was shorter (7). While non-modifiable risk factors 

are helpful in selecting SCS candidates and minimizing complications, data regarding 

modifiable risk factors may further add to this growing body of literature. In this study, we 

primarily consider modifiable factors that may lead to poor SCS outcomes presenting within 

6 months of operation..

Methods

All patients who were undergoing SCS surgery were offered participation in this IRB-

approved study. We prospectively collect data from all SCS patients. This study includes 

data from all consented patients who reached six-month follow up. Two providers who 

routinely saw the patients were asked to independently grade the patient’s outcome in a 

blinded fashion on a Global Outcome Ratings scale of 1 to 10, with 5 being 50% 

improvement at six months post-operation. This rating is determined based on patient’s post-

operative care visit at 6 months and takes into consideration patient’s level of pain, physical 

mobility and functional capacity, and overall satisfaction. This scale offers an overall rating 

of the patient’s surgical outcome. A score less than 5 was deemed a failure, based on the 

targeted 50% improvement with this therapy. Patients who required explantation for reasons 

other than infection were also considered failures. We report two infections following 

surgery. Demographic information, explantation, and revision statuses were also recorded.

The impact of body mass index (BMI), smoking status, illegal drug use, psychiatric factors, 

workman’s compensation status, past surgical history, and age was assessed were 

retrospectively assessed through examination of the history, physical, and pre-operative 
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psychological evaluation. A urine drug screen was obtained during pre-operative evaluation 

only. Analysis of collected data was performed using correlation analyses.

Results

Demographics of patients are included in Table 1. At six month follow of 57 patients, 5 

failures were documented with 3 devices explanted. This excludes 2 patients who underwent 

removal due to infection. Six devices necessitated revision- 4 secondary to the development 

of new pain (N=2 at internal pulse generator site, and N=2 in the region being treated due to 

the device) and 2 due to lost coverage after migration. Analysis reveals a significant 

correlation between smoking status and recreational drug use on patient outcomes.

Our cohort consisted of 20 smokers and 3 drug users. In smokers, 2 patients required 

explantation, 2 required revision due to migration, and 3 required revision due to onset of 

new pain.

Smoking status has an impact on both scores of failure on the global outcomes rating scale 

and revision status. Smoking status is correlated with failure (global outcome rating scale 

<5) in patients where phi=0.353 (p=0.017) (Figure 1). Smoking status is correlated with both 

lead migration revisions (phi =0.269) (p=0.044) and with revision due to new pain 

symptoms (phi=0.241) (p=0.072) (Figure 2). We note a trend of smoking correlating with 

depression in our patient population (R=0.240) (p=0.075). We did not find this trend of 

depression in our drug users.

Analysis did not reveal any significant impact of workers’ compensation status, BMI, age, 

history of back surgery, or depression on SCS patient outcomes at six-month follow-up.

Discussion

In this study, we aim to determine the causes of early SCS failure, defined as poor response 

to treatment within 6 months of implant. We found that smoking and illegal drug use 

significantly correlated with early SCS failure. We note a trend of depression in smokers 

within our patient pool. BMI, psychiatric factors, WC status, past surgical history, and age 

did not. Patients’ illegal drug use in our study included marijuana or cocaine. Though we 

routinely obtain urine drug screens on all our patients, we have typically not precluded 

surgery for marijuana use. In the patient that used cocaine, UDS at the time of surgery was 

negative.

Physiological factors

It is unclear whether smoking and illegal drug use led to early failure for the same reasons. 

Tobacco use is known to impede wound healing and to have many negative physiological 

effects. This has been supported in many retrospective studies. Researchers found that 

wound contraction is enhanced in smokers and this may occur due to alterations in 

myofibroblast function (8). Also, many studies concluded that smoking attenuates epidermal 

regeneration and neovascularization (8). Smoking also has a temporary detrimental 

vasoactive effect on peripheral tissue blood flow, oxygenation, and aerobe metabolism (8). 
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Healing is stunted, too, due to oxidative stress, which has been seen to affect the 

physiological, inflammatory, and proliferative healing response to smoking (8). 

Interestingly, smoking cessation will rapidly restore oxygen levels in the tissue but many 

other effects from smoking are irreversible. In conclusion, because smoking temporarily 

reduces tissue perfusion and oxygenation, impairs inflammatory cell functions and oxidative 

bactericidal mechanisms, and attenuates reparative cell functions including synthesis and 

deposition of collagen, smokers are at a greater risk for ineffective healing at the site of the 

lead and the pulse generator. It may also predispose to painful incisions (8).

Nicotine may specifically increase how painful smokers perceive stimuli. Though there is 

evidence of improved pain in non-smokers with spinal cord injury (SCI) pain, the impact on 

smokers is inconclusive. Musculoskeletal and neuropathic pain increase with nicotine 

exposure. Further, smoking has also been associated with increased levels of 

musculoskeletal pain in the limbs and backs of non-SCI patients (9).

The role of marijuana and cocaine on early failure is less clear. Marijuana has been linked 

with impaired neural connectivity in specific brain regions including the precuneus and 

fimbria, an area of the hippocampus (10). These brain areas are important because they are 

involved in functions that require a high degree of integration and are involved in learning 

and memory respectively and may alter how external stimuli are perceived. Cocaine directly 

affects the hypothalamus and affects the cerebral arteries, which can lead to vasoconstriction 

both in the brain and in the periphery (11) Studies suggest that cocaine users are at risk of 

experiencing decreased pain tolerance (12). Further investigation is needed into how drug 

use affects physiological factors associated with early SCS failure.

Psychological factors

Both drug use and smoking correlate with depression and anxiety, which are independent 

risk factors for poorer SCS outcomes (3). We noted a trend that our smokers had more 

depression. However, other factors are also likely to predispose patients dependent on 

substances to have difficulties with surgery. Marijuana, for instance impairs cognitive and 

motor functions and can lead to a lack of motivation and the inability to pay attention (10). 

Further, providing drug users with appropriate care is difficult because of sometimes 

aggressive and/or manipulative behaviors. Personality disorders are often comorbid (13).

When patients are in chronic pain, it is difficult to ask them to reduce euphoria producing 

substances that are often used to self-medicate pain and psychological issues. Further work 

needs to be done to identify the impact of additional counseling and psychiatric services in 

this patient population to reduce reliance on substances and improve SCS outcomes.

Anecdotal evidence from hospital-based tobacco cessation consult service reveals many 

patients are receptive to forming quit plans. Often, these patients have many prior failed quit 

attempts due to limited knowledge and training. A short, educational dialogue which 

includes strategies for behavioral modification and nicotine replacement therapy options 

frequently inspires these patients to renew their efforts to quit smoking and increases their 

chances for success. A three-minute physician dialogue yields a 10.2% statistically 

significant increase in cessation rates (14). However, while 89 % of surgical residents 
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inquire about smoking status, only 38% feel prepared to counsel their patients (15). This 

suggests a need for continued tobacco cessation training for residents.

We acknowledge that our study is limited by sample size making our results suggestive 

rather than conclusive. Our hope is that this data may be used to further physician-patient 

dialogue and be helpful for future systemic reviews. Additionally, we rely on patients 

reporting smoking status to practitioner that may result in underreporting. Finally, drug 

screens are only performed before surgery and may not capture illegal drug use occurring 

during the recovery process.

Conclusion

Tobacco and recreational drug use correlates with early failure of SCS by 6 months. We 

suspect these substances lead to failure both due to psychological and physiological factors, 

which differ, based on substance. Further research is needed on the effects of marijuana and 

cocaine on wound healing, and if poor wound healing leads to less SCS success. Our 

findings allow physicians to better counsel patients regarding tobacco and drug cessation 

prior to surgery.
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Figure 1. 
Smokers compose 80% of the failure group and 33% of success group. Smoking status is 

correlated with failure (global outcome rating scale <5) in patients where phi=0.353 

(p=0.017).
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Figure 2. 
Smokers compose only 31% of non-revision patients. They compose 100% of patients 

requiring revision due to migration and 75% of patients undergoing revision due to new pain 

symptoms. Smoking status is correlated with both lead migration revisions (phi =0.269) 

(p=0.044) and with revision due to new pain symptoms (phi=0.241) (p=0.072)
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Table 1

Patient demographics including surgery indication and lead location where failure is based on Global Outcome 

Ratings Scale of less than 5 and success is greater than 5.

FAILURE SUCCESS

AGE Mean +Range 47.8+ 25.0 51.2 + 53

GENDER Male: Female 3:7 20:27

LEAD LOCATION Cervical % 50% 13.5%

Thoracic% 50% 78.4%

Hybrid% 0% 8.1%

INDICATION FBSS % 60% 37.8%

CRPS % 20% 37.8%

Neuritis % 20% 24.3%
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