
Background: Although spinal cord stimulation (SCS) therapy has been shown to be efficacious 
in various pain conditions, the ability for SCS therapy to maintain long-term efficacy has been 
questioned.  

Objective: The purpose of this study was to investigate whether a loss of efficacy (LOE) 
phenomenon exists with SCS therapy and to investigate if this phenomenon is more apparent in 
any specific patient population.

Study Design: A retrospective, observation chart review was conducted to evaluate the patient 
response to SCS therapy over time.   

Setting: Massachusetts General Hospital, Boston, Massachusetts.

Methods: Patients who received a SCS at the Massachusetts General Hospital, between January 
1, 2002 and December 31, 2012, were invited to participate. A total of 62 patients were included 
in this study. Various models were created to analyze pain score changes over time using 2-tailed 
statistical analysis. Additionally, one-way ANOVA and Pearson’s chi-square tests were used to 
determine if certain patient characteristics were associated with LOE.     

Results: Compared to the visual analog scale (VAS) score at one month after device implantation, 
pain scores increased 1.95 points after 2 years (95% CI: 1.06 to 2.84, P = < 0.001). There were 
no significant differences in baseline characteristics between the groups of patients who did and 
did not lose efficacy of their therapy. However, those who experienced LOE had a baseline SCS 
therapy VAS score 3.09 points lower than those who did not (95% CI: 1.69 to 4.48, P = < 0.001). 

Limitations: This study had several limitations including the retrospective nature of its design, 
confounders to VAS scores, small sample size, missing data points, and the evaluation of only 
conventional, low-frequency SCS therapy.  

Conclusions: Patients who received a SCS had a significant increase in VAS scores over time. Our 
data did not show any baseline patient characteristic that helped predict LOE. However, patients 
who have significant baseline response to therapy may be more likely to experience LOE.  
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brought the gate-control theory into the clinical 
realm when Shealy used the device and demonstrated 
significant pain relief without distortion of other 
sensory or motor functions in a cancer patient (2). 
Since then, clinical studies have shown the efficacy of 

The gate-control theory, proposed by Melzack 
and Wall in 1965, describes how stimulated 
large afferent fibers of the dorsal column are 

able to block ascending pain signals within the spinal 
cord (1). In 1967, spinal cord stimulator (SCS) therapy 
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data extracted at follow-up visits included patient de-
mographics (work and disability allowance status) and 
pain characteristics (VAS score and pain description).   

Defined Measurements

Baseline SCS VAS Score
The baseline SCS VAS score was defined as the VAS 

score recorded at the one-month post-implant follow-
up visit or as the first follow-up visit if the patient 
missed their initial appointments.

LOE
LOE was defined as an increase in VAS score equal 

to or greater than 20 mm (2 points) from the baseline 
VAS score on SCS therapy for at least 2 consecutive 
patient follow-up visits. A change in 20 mm (2 points) 
on the VAS has been validated as the difference where 
patients can clinically distinguish different levels of 
pain, the “minimum clinical important difference 
(MCID)” (18-22). An increased VAS score for 2 consecu-
tive patient follow-up visits was used in order to define 
LOE to ensure suboptimal pain coverage persisted and 
was not a result of acute events or temporary device 
malfunction.  

Statistical Analysis
All analyses were performed using SAS Version 9.4 

(SAS Institute, Inc., Cary, NC) and R statistical software 
(RStudio, Version 3.2.2; R Foundation for Statistical 
Computing, Vienne, Austria). Patient demographics 
and characteristics are reported in Table 1. Descriptive 
statistics were presented as mean (SD) or frequency 
counts (%), as appropriate. Since this was a retrospec-
tive cohort study, no a priori statistical power calcula-
tion was performed. The analysis was conducted on all 
available data.

To examine whether individuals experienced LOE 
to SCS therapy, several models were constructed. To 
accommodate the varying number of repeated mea-
sures across the patients, random intercepts models 
were used to analyze VAS changes over time. The 
models were adjusted for the following prespecified 
covariates: baseline pain, age, body mass index (BMI), 
gender, disability, and depression. To optimize statis-
tical power, 2 models were utilized. The first model 
takes into account only the first 2 years of follow-up 
data and the second model assesses the full 12 years of 
follow-up data. All hypothesis testing was 2-tailed with 
significance interpreted as P < 0.05. Additionally, one-

SCS therapy for several indications such as failed back 
surgery syndrome, chronic low back pain, and complex 
regional pain syndrome (3-10).  

Although SCS therapy has been shown to be ef-
ficacious in various pain conditions, the ability for 
SCS therapy to maintain long-term efficacy has been 
questioned. In fact, in clinical practice it has been recog-
nized that the efficacy of SCS therapy diminishes with 
time (10-15).  

The purpose of this study was to investigate if SCS 
therapy loses efficacy over time. The primary outcome 
of interest was the visual analog scale (VAS) score, which 
is a widely used scale for measuring pain (16-17). We 
hypothesized that VAS scores increase with SCS therapy 
over time due to loss of efficacy (LOE). The secondary 
outcome of interest was to assess if any baseline pa-
tient characteristics predisposed patients to being more 
likely to develop LOE of SCS therapy.   

Methods

This study was approved by the Massachusetts 
General Hospital Institutional Review Board, and all of 
the patients provided prior consent for the use of their 
medical records for research purposes.  

Study Participants
Patients who received a permanent SCS at the Mas-

sachusetts General Hospital were eligible to participate 
in this retrospective cohort study. We included patients 
aged 18 years and older who received a permanent SCS 
between January 1, 2002 and December 31, 2012. We 
excluded patients who were unable to be contacted, 
and thus could not provide consent for the study.  
Sixty-two patients met the inclusion criteria and were 
included in this study     

Data Collection
Baseline patient demographics and clinical char-

acteristics were extracted from electronic medical 
records at the time of SCS implantation and follow-up 
appointments. The data extracted at the time of SCS 
implantation including patient demographics, medical 
history, pain history (i.e., indications for SCS, location 
and character of pain, VAS score prior to implantation), 
and procedural characteristics.

Follow-up data were extracted, if available, at 
predefined time intervals post-implantation: 1 month, 
3 months, 6 months, 1 year, and then annually until 
either device removal, loss to follow-up, or patient 
records reached the current treatment periods. The 
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way ANOVA tests and Pearson’s chi-square tests were 
used to assess the differences in baseline characteristics 
between patients who experienced LOE and those who 
did not experience LOE in the device.

Results

Baseline Demographic Characteristics 
During the prespecified time period, 340 patients 

received a SCS at the Massachusetts General Hospital. 
Enrollment for the study is described in Fig. 1. The 
patient population consisted of 62 patients, balanced 
between genders (53.2% female, 46.8% male) with a 
mean age of 49.8 years and an average BMI of 29.7. The 
average VAS score prior to the time of SCS trial/implant 
was 6.52. Almost half of the patient population had a 
history of depression (43.3%) and were on disability al-
lowance (41.9%). The indications for SCS implantation 
included failed back surgery syndrome (43.6%), complex 
regional pain syndrome (25.8%), peripheral neuropathy 

refractory to conservative measures (8.1%), and chronic 
lumbar or cervical radiculopathy refractory to conserva-
tive measures (8.1%). Several rare indications included 
piriformis pain syndrome, occipital headaches, brachial 
plexus neuritis, post-traumatic neuropathic pain syn-
drome, Dercum’s disease (lipomatosis dolorosa), and 
uncontrolled pain secondary to multiple myeloma. 

The remaining overall baseline patient character-
istics for our study population can be found in Table 1.  

Pain Scores over Time
Prior to implantation of the SCS, the average VAS 

score was 6.52 points (SD = 2.2). As a result of a decreas-
ing sample size as the time variable continued (see Fig. 
2), 2 models were created to report VAS changes over 
time. Model 1 was created to analyze only the first 2 
years of follow-up data, whereas Model 2 assessed all 
follow-up VAS scores.

From Model 1, a substantial increase in the mean 
VAS score over time was observed (see Fig. 3A). Com-

Overall Patient 
Population
(n = 64)

Patients Who Did NOT 
Experience LOE 

(n = 42)

Patients Who Did 
Experience LOE 

(n = 20)
P-Value

Age (yrs), mean (SD) 49.77 (13.0) 49.98 (12.6) 49.35 (13.9) 0.86

BMI, mean (SD) 29.67 (7.0) 29.23 (7.2) 30.61 (6.5) 0.49

VAS score, mean (SD) 6.52 (2.2) 6.60 (2.3) 6.33 (1.8) 0.67

Gender, n (%) 0.67

Female 33 (53.2%) 21 (50.0%) 12 (60.0%) 0.46

Male 29 (46.8%) 21 (50.0%) 8 (40.0%)

Medication Use for Depression, n 
(%)

No 34 (55.7%) 24 (58.5%) 10 (50.0%) 0.53

Yes 27 (44.3%) 17 (41.5%) 10 (50.0%)

Disability, n (%)

No 36 (58.1%) 23 (54.8%) 13 (65.0%) 0.45

Yes 26 (41.9%) 19 (45.2%) 7 (35.0%)

Pain Time, n (%)

Intermittent 21 (35.6%) 13 (32.5%) 8 (42.1%) 0.73

Constant 19 (32.2%) 14 (35.0%) 5 (26.3%)

Unspecified 19 (32.2%) 13 (32.5%) 6 (31.6%)

Pain Characteristic, n (%)

Neuropathic 32 (54.2%) 21 (52.5%) 11 (57.9%) 0.74

Nociceptive 8 (13.6%) 5 (12.5%) 3 (15.8%)

Unspecified Radicular Pain 8 (13.6%) 5 (12.5%) 3 (15.8%)

Neuropathic and Nociceptive 11 (18.6%) 9 (22.5%) 2 (10.5%)

Table 1. Overall Baseline Patient Characteristics

LOE = loss of efficacy; SD = standard deviation; VAS = visual analog scale 
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pared to the VAS score at one month (baseline SCS 
therapy VAS score), pain scores increased 0.62 VAS 
points at the 3-month follow-up (95%CI: -0.25 to 1.49, 
P =  0.157), 1.21 points at the 6-month follow-up (95% 
CI: 0.34 to 2.07 , P = 0.007), 1.37 points at the one-year 
follow-up (95% CI: 0.51 to 2.22, P = 0.002), and 1.95 
points at the 2-year follow-up (95% CI: 1.06 to 2.84, P 
= < 0.001). This trend supports the hypothesis that LOE 
to SCS therapy may develop over time. In Model 2 (Fig. 
3B), there was a VAS score increase of 0.01 points on 
average with every month that passed over the 12-year 
span (95% CI: 0.00 to 0.02, P = 0.017).

Fig. 1. Patient enrollment flow diagram.

Associations between LOE and Patient 
Characteristics or Pain Characteristics

An additional model, Model 3, was created to 
assess the relationships between LOE and baseline pa-
tient characteristics. For the purpose of this study, we 
artificially dichotomized patients into 2 groups: those 
who had LOE (as defined previously) and those who 
did not have LOE. Of note, 65.5% of patients did not 
experience LOE with their SCS therapy. In Model 3, the 
interaction between LOE and time was evaluated (see 
Fig. 4). The baseline efficacy of SCS therapy differed 
significantly between the LOE group and the non-LOE 
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group. Those who eventually experienced LOE had a 
baseline SCS VAS score 3.09 points lower than those 
who did not (95% CI: 1.69 to 4.48, P = < 0.001), even 
though the trial/pre-implantation VAS scores were only 
0.27 points different (P = 0.67) between the groups.  
However, at the one-year follow-up, those who expe-
rienced LOE had a VAS score of 1.57 points higher than 
those who did not (95% CI: 0.07 to 3.06, P = 0.040).  

The interaction between LOE and baseline demo-
graphics and pain characteristics of the 2 groups was 
analyzed. There were no significant differences in 
baseline characteristics between the group of patients 
who experienced LOE of SCS therapy and the group of 
patients who did not (see Table 1). 

discussion

This retrospective cohort study suggests patients 
experience LOE to SCS therapy. VAS scores continually 
increased as more time progressed from SCS implanta-
tion, with a significant increase in VAS scores starting 
at 6 months post-implantation. Patients who eventually 

experienced LOE of their SCS therapy initially experi-
enced significantly more pain relief compared to those 
who do not experience LOE. However, this pain relief 

Fig. 2. Sample size over time.
*Frequency is defined as the number of observed VAS scores 
(sample size) reported at each time-point.

Fig. 3. VAS score over time from Model 1 (A) and Model 2 
(B).

Fig. 4. VAS score over time in LOE vs non-LOE groups.
LOE = loss of efficacy
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did not persist and pain scores became significantly 
higher than those without LOE within one year. There 
were no significant differences in baseline characteris-
tics to predict which patients will eventually experience 
LOE of their SCS therapy.  

Previous studies have demonstrated that effective 
pain control with SCS decreases with time (5,10-15). 
Results from an earlier systematic review demonstrated 
at one year, 62% of patients had successful pain relief 
but at 5 and 10 years after SCS implantation, the success 
rate fell to 53% and 35 % respectively (13). In a similar 
study, patients reported significantly higher 30- and 
48-month pain scores compared to their 24-month pain 
scores after the initiation of SCS therapy (14). More re-
cently, a prospective study of 36 patients demonstrated 
an overall decrease in VAS scores with SCS but observed 
a linear increase in the VAS score after 1 and 2 years of 
follow-up (P = 0.03) (10). However, VAS scores were still 
significantly lower than pre-SCS therapy. Interestingly, 
previous randomized controlled trials have demonstrat-
ed a significant drop-off in SCS response at 6 months 
post-implantation, however those who maintained 
response remained relatively stable after the 6-month 
period (4,7). Findings from this current study support 
not only a decrease in effective pain control with time 
(Fig. 3A, 3B), but also a stable pain control pattern af-
ter the 6-month follow-up period (Fig. 4) as previously 
described. While this study supports previous results, it 
also describes a pattern of pain scores within the first 6 
months which might help predict which patients expe-
rience LOE of SCS therapy.  

When comparing the LOE and non-LOE cohorts, 
there was a significant difference in baseline SCS effi-
cacy in the LOE cohort even though the pre-implant VAS 
scores did not vary significantly. Since the baseline char-
acteristics between the 2 groups are statistically similar, 
we can only speculate causes for this difference such as 
a possible larger placebo effect, differences in patient 
expectations, or underlying psychological characteristics 
such as catastrophizing. Other possible mechanisms for 
this increase in VAS scores include underlying disease 
progression, change in paresthesia coverage with time 
due to device migration or malfunction, changes in 
microenvironment surrounding the active electrodes 
leading to the development of high impedances, the de-
velopment of new pain conditions or clinical condition 
associated with chronic pain, or functional improvement 
leading to activities that increase pain.  

The data from this study demonstrated a trend 
which may allow clinicians to have a better indication 

of which patients may eventually experience LOE of 
SCS therapy. Patients who experienced LOE had a sig-
nificant initial response to SCS therapy, but then shortly 
began to observe a rapid increase in the VAS score over 
one year. The data suggests if a patient experiences this 
rapid and drastic improvement in their pain control 
with SCS therapy, they may be more likely to eventually 
have LOE of SCS therapy. Therefore, if this trend is seen, 
the use of alternative pain management strategies may 
be useful to supplement SCS therapy to treat their in-
creasing pain severity. Conversely, patients who do not 
have a rapid response to SCS therapy are less likely to 
eventually experience LOE of SCS therapy and experi-
ence longer periods of decreased pain before returning 
to their pre-SCS VAS score.  

This study had several limitations including the 
retrospective nature of its design, confounders to VAS 
scores, small sample size, missing data-points, and the 
evaluation of only conventional, low-frequency SCS 
therapy. The retrospective nature of this study did not 
allow control for several confounders including mul-
tiple underlying pain conditions and the progression 
of the primary condition. VAS scores were obtained 
from medical records during SCS therapy follow-up 
appointments but this may not entirely represent the 
pain relating to the target condition the SCS therapy 
is treating. Since many patients with chronic pain have 
multiple pain conditions, the accurate rating of VAS 
scores for a single pain entity is difficult. Worsening of 
the underlying pain condition is another confounder 
since this often is of a gradual nature, which could be 
unnoticed by the patient. Therefore, we could not rule 
out the issue of disease progression causing increased 
VAS scores. Furthermore, VAS scores are highly variable 
and can be influenced by many aspects of treatment, 
such as changes in pain medication use and other treat-
ment modalities, which were not accurately recorded 
during follow-up data. A small sample size also limited 
the length of our statistical models. Patients had to be 
contacted via mail and/or phone to be informed about 
this study and for staff to obtain consent. Many pa-
tients who received a SCS were unable to be contacted 
because of  an incorrect address, disconnected phone 
number, study staff was unable to make direct contact 
(after 3 unreturned voicemails and mailings), or the 
patient was deceased; 15 patients also denied consent. 
As a result, the patient cohort was not large enough 
to extend our primary model to a follow-up period of 
5 – 6 years or more as other SCS therapy efficacy analy-
ses have done (13,15). Another limitation of our study 
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included missing data-points. The data were collected 
at predefined time intervals post-SCS implantation. The 
majority of patients had at least one missing data-point 
in their chart review. Some patients may not return for 
follow-up appointments due to LOE, adequate pain cov-
erage, or length of follow-up between appointments. 
While there are several methods to handle missing data 
such as multiple imputation (MI) or last observation 
carried forward (LOCF), we deemed these methods in-
appropriate for our analysis due to lack of sample size, 
which could lead to misinterpretation of the data (23). 
Therefore, we chose a follow-up period of 24 months 
for our primary model to ensure adequate sample size 
to make meaningful inferences. While Model 2 (Fig. 
3B) does interpret data up to 12 years of follow-up, 
the declining sample size of data-points beyond the 24 
months used for the primary model may be clinically ir-
relevant. Finally, this study only included conventional, 
low-frequency, paresthesia-based SCS therapy. Newer 
high-energy sub-perception SCS devices and programs, 
such as high-frequency (10 kHz) SCS devices and “burst” 
stimulation, were not evaluated in this study as a result 
of the predefined time period. Although, the newer 
systems have been shown to maintain efficacy at 24 
months, long-term data is not available (7,24).  

This study was one of the first studies to directly 
analyze loss of SCS therapy efficacy over time based 
on VAS scores as the primary outcome. Patients who 
received SCS therapy had a significant increase in VAS 
scores as time progressed. Our data did not show any 

differences in baseline patient characteristics that could 
help predict if a patient may or may not experience 
LOE of SCS therapy. However, our data from a single 
large academic institution suggests that patients who 
have a significant response to SCS therapy immediately 
after implantation may be more likely to eventually 
develop LOE to the therapy. While the study design 
created several limitations, this study does provide data 
that could have clinical implications on pain manage-
ment. Therefore, it should be utilized as a hypothesis-
generating foundation to encourage future research to 
better understand the possible etiologies to this LOE 
phenomenon. 
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