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Abstract
Introduction:

Spinal cord stimulation (SCS), an FDA-approved therapy for chronic pain, uses paresthesia (low frequency SCS (LF-SCS)) or
paresthesia-free (high frequency SCS (HF-SCS)) systems, providing analgesia through partially-elucidated mechanisms, with
recent studies indicating a sexual dimorphism in pain pathogenesis. We aim to evaluate SCS therapy sex effects based on
paradigm, utilizing visual analog scores (VAS), perceived pain reduction (PPR), and opioid use.

Methods:

A retrospective cohort study of SCS patients implanted between 2004-2020 (n=237) was conducted. Descriptive statistics
and linear mixed methods analyses were used.

Results:

HF-SCS was implanted in 94 patients (40 females, 54 males), and LF-SCS in 143 (70 females, 73 males). At 3 months and 6
months, HF-SCS (p<0.001) and LF-SCS (p<0.005) had lower VAS scores compared to baseline (p<0.005), with no differences
across groups. PPR improved in both post-implantation (p<0.006) and at 3 months (p<0.004 respectively), compared to
baseline persisting to 6 (p<0.003) and 12 months (p<0.01) for HF-SCS, with signi�cantly better PPR for HF-SCS at 3
(p<0.008) and 6 (p<0.001) months compared to LF-SCS. LF-SCS patients used more opioids at every time point (p<0.05),
with no differences compared to baseline.

VAS for HF-SCS males, HF-SCS and LF-SCS females improved at 3 (p=0.001) and 6 months (p<0.05), and at 3 months for
LF-SCS males (p<0.001). Female HF-SCS had improved PPR at 3 (p=0.016) and 6 (p=0.022) months compared to baseline,
and at 6 (p=0.004) months compared to LF-SCS. Male HF-SCS and LF-SCS had improved PPR post-trial (p<0.05) and at 3
months (p<0.05), with HF-SCS having greater bene�t at 3 (p<0.05) and 6 (p<0.05) months. LF-SCS males but not females
used less opioids at 6 months (p=0.017) compared to baseline; however this effect did not persist.

On linear mixed model analyses, including age, sex and stimulator type, VAS decreased with age and at each timepoint, with
a trend towards increasing with sex, while PPR increased at 3 and 6 months and opioid use was decreased with HF-SCS use.

Discussion:

PPR at 3 and 6 months improved to a greater extent in HF-SCS. HF-SCS females had improved PPR at 3 and 6 months, and
only LF-SCS males used less opioids at 6 months, potentially indicating sex-based pathway. Future studies should further
elucidate differences in sex-based pathways and identify optimal SCS opioid-sparing paradigms for chronic pain patients.  

Introduction
Chronic pain, which is de�ned as pain persisting for more than six months, affects one in �ve Americans and can lead to
reduced mobility and function as well as depression anxiety and other psychosocial changes [1, 2]. The standard treatment
is medical management with a combination of non-steroid anti-in�ammatory drugs, muscle relaxants and opioids; however,
given the high risk for adverse outcomes with long-term opioid therapy, other alternatives are needed [3, 4].

One promising potential therapeutic for chronic pain; spinal cord stimulation (SCS), is indicated for chronic pain conditions
including Failed Back Surgery Syndrome (FBSS), Complex Regional Pain Syndrome (CRPS), radicular and nerve root pain,
postherpetic neuralgia, pain due to peripheral nerve injury, and intercostal neuralgia and phantom limb pain [5]. SCS systems
are implanted in the epidural space and deliver electrical pulses to decrease or block transmission of pain signals at spinal
segmental and supraspinal levels [6]. In traditional SCS, also known as low-frequency SCS (LF-SCS) or paresthesia-based
SCS, the electrical pulses range between 2-60Hz, most often in the 40-60Hz range [6–8]. But LF-SCS can be limited by



Page 3/17

anatomical restrictions that reduce or abolish coverage to certain targets, such as lower back and foot, while patient
tolerance of paresthesia and loss of e�cacy over time is common [9]. Paresthesia free SCS (PF-SCS), a relatively recent FDA
approved SCS paradigm known as high-frequency SCS (HF-SCS), that delivers 10,000Hz pulses consistently improves pain
relief (for up to 36 months) [10] and to a greater extent when compared to LF-SCS (for up to 2 years)[6, 11]. Both LF-SCS and
HF-SCS implantation is associated with decrease in opioid use [6, 12], reduced disability [13–15], while others have shown
and improved sleep [15, 16].

Given the recent discovery of sex-speci�c endogenous pain pathways [17], there is considerable interest in sex-based SCS
e�cacy. Preclinical models show that male allodynia can develop via a testosterone-dependent glial cell pathway [18] while
females utilize a T-cell-dependent mechanism (Figure 1)[19]. Clinically, females respond differently to analgesics while they
are more likely to have an SCS explanted due to inadequate pain relief compared to males; however, sex speci�c SCS
response remains understudied [20–23]. With few reports that identify interactions between sex and SCS we aimed to �ll
this knowledge gap through a single site (University of California San Diego), large (n=237) retrospective (2004-2020)
analyses that compared SCS paradigm (LF-SCS vs HF-SCS), e�cacy (pain relief and opiate sparing effects) across sex[24].

Methods
This study was approved by the institutional review board at the University of California San Diego (IRB#20031). A
retrospective chart review of patients who underwent LF-SCS and HF-SCS trials and implantation at the University of
California San Diego between October 2004 and February 2020 was performed (n=237). Patients who did not undergo
permanent implantation, patients without demographic data and those with multiple pain conditions requiring separate
treatment were excluded. Data regarding patient age, sex, primary diagnosis, type of SCS implant, revision, and explant were
collected. Outcome data were collected 3 months prior to trial (baseline), within 1-2 weeks after implantation (post-
implantation) and at 3, 6, and 12 months consisted of visual analogue scores (VAS) for pain (rated from 0 − 10), perceived
pain reduction attributable to the SCS (PPR, rated from 0 − 100 as a percentage), and opioid dosage converted into
morphine equivalents (continuous)[25].

Chi square test and Fisher exact test were used to analyze categorical data. Paired t-test was used to compare the raw pain
change between each time point and the baseline measurement. T-test was used to evaluate raw pain change between
stimulator types across each time point. Linear mixed models were used to account for repeated measures for each
outcome. Results were strati�ed by type of stimulation paradigm (LF-SCS vs HF-SCS) and sex. R statistical software version
4.1.1 was used for data analysis [26]. The dataset analyzed in this study is available from the corresponding author on
reasonable request.

Results
There were 237 patients total, of whom 143 patients were implanted with an LF-SCS and 94 who were implanted with an HF-
SCS (Table 1). Patients implanted with HF-SCS tended to be older (61.02±14.48 vs 54.07±15.05, p<0.001) and Non-Hispanic
(84% vs 77.6%, p=0.03). The most common primary indication for implant was FBSS in both groups (44.8% LF-SCS vs.
39.4% HF-SCS), followed by lumbar radiculopathy (21% LF-SCS vs. 21.3% HF-SCS), CRPS (16.1% LF-SCS vs. 7.4% HF-SCS)
and lumbar spondylosis (1.4% LF-SCS vs 14.9% HF-SCS).



Page 4/17

Table 1
Patient Characteristics by Type of Stimulator

  HF-SCS LF-SCS p-value

n 94 143  

Sex = Male (%) 54 ( 57.4) 70 ( 49.0) 0.251

Age (mean (SD)) 61.02 (14.48) 54.07 (15.05) <0.001

Ethnicity (%)     0.027

African American 0 ( 0.0) 2 ( 1.4)  

Caucasian 3 ( 3.2) 17 ( 11.9)  

Hispanic 9 ( 9.6) 5 ( 3.5)  

Non-Hispanic 79 ( 84.0) 111 ( 77.6)  

Unknown (Patient cannot or refuses to declare ethnicity) 3 ( 3.2) 8 ( 5.6)  

Marriage Status (%)     0.838

Married 60 ( 63.8) 89 ( 62.2)  

Other/Unknown 1 ( 1.1) 2 ( 1.4)  

Separated/Divorced 13 ( 13.8) 19 ( 13.3)  

Single 16 ( 17.0) 30 ( 21.0)  

Widowed 4 ( 4.3) 3 ( 2.1)  

Payor Name (%)     <0.001

Medicare 30 ( 31.9) 23 ( 16.1)  

None/Unknown 49 ( 52.1) 84 ( 58.7)  

Other Government 8 ( 8.5) 3 ( 2.1)  

Private Insurance 7 ( 7.4) 28 ( 19.6)  

Workman's Compensation 0 ( 0.0) 5 ( 3.5)  

Primary Diagnosis for Implant (%)     <0.001

Complex Regional Pain Syndrome 7 ( 7.4) 23 ( 16.1)  

Cranial Neuropathy 2 ( 2.1) 5 ( 3.5)  

Failed Back Surgery Syndrome 37 ( 39.4) 64 ( 44.8)  

Lumbar Radiculopathy 20 ( 21.3) 30 ( 21.0)  

Lumbar Spondylosis 14 ( 14.9) 2 ( 1.4)  

Neuropathic Pain 7 ( 7.4) 17 ( 11.9)  

Other Chronic Pain 7 ( 7.4) 2 ( 1.4)  

Revision or Explant (%) 25 ( 17.5) 15 ( 16.0) 0.897

Patient status (%)     0.016

Alive 78 ( 83.0) 120 ( 83.9)  
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  HF-SCS LF-SCS p-value

Deceased 0 ( 0.0) 9 ( 6.3)  

Unknown 16 ( 17.0) 14 ( 9.8)  

HF-SCS and LF-SCS patients had signi�cantly lower VAS compared to baseline at 3 months (HF-SCS 4.25±2.3, p<0.001; LF-
SCS 4.87±2.48, p<0.001) and 6 months (HF-SCS 4.91±2.42, p<0.001; LF-SCS 5.71±2.17, p=0.005) after implantation;
however this effect did not survive to 12 months and there were no differences across the two groups (3 months p=0.18, 6
months p=0.13, Figure 2a, Table 2). Both HF-SCS and LF-SCS had better PPR post-implantation (HF-SCS 55.41±27.54),
p=0.006; LF-SCS 48.17±29.84, p<0.001) and at 3 months (HF-SCS 61.18±25.35, p<0.001; LF-SCS 47.93±28.12, p=0.004);
however this effect was sustained to 6 (HF-SCS 58.38±26.54, p=0.003; LF-SCS 33.70±25.94, p=0.09) and 12 months (HF-
SCS 57.17±28.44, p<0.001; LF-SCS 42.50±26.75, p=0.052) only for the HF-SCS group. In addition, HF-SCS patients had
signi�cantly improved PPR compared to LF-SCS patients at 3 and 6 months (p=0.008, p<0.001 respectively, Figure 2b).
There were no differences in opioid use in HF-SCS or LF-SCS patients compared to baseline; however patients with LF-SCS
required signi�cantly more opioids compared to HF-SCS at every time point (baseline 105.44±118.49 LF-SCS vs.
41.45±60.27 HF-SCS, p<0.001; post-implantation 107.91±142.99 LF-SCS vs. 35.15±51.72 HF-SCS, p<0.001; 3 months
110.23±197.08 LF-SCS vs 47.63±97.28 HF-SCS, p=0.027; 6 months 112.98±142.97 LF-SCS vs. 19.67±24.96 HF-SCS,
p<0.001 and 12 months 106.03±146.08 LF-SCS vs. 33.92±48.66 HF-SCS, p=0.014). Nine patients died during this study, all
of whom were in the LF-SCS group. There were no differences in sex (49% LF-SCS vs. 57.4% HF-SCS, p=0.25), marriage
status (p=0.84), and revisions or explants (16% LF-SCS vs. 17.5% HF-SCS, p=0.89) between the two groups.
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Table 2
Visual analog scale scores, perceived pain reduction and opioid use by type of stimulator. P-values are based on paired
t-test between baseline and each individual time point based on stimulator type. *p-value compares HF-SCS to LF-SCS

at a given time point

  HF-SCS p-value LF-SCS p-value *p-value across

VAS Scores (mean (SD))          

Baseline 6.61 (1.85)   6.31 (2.09)   0.26

Post-Implantation 6.01 (2.22) 0.09 5.73 (2.34) 0.061 0.47

3 Months Post Implant 4.25 (2.3) <0.001 4.87 (2.48) <0.001 0.18

6 Months Post Implant 4.91 (2.42) <0.001 5.71 (2.17) 0.005 0.127

12 Months Post Implant 5.52 (2.39) 0.16 5.69 (1.87) 0.15 0.81

Perceived Pain Reduction (mean (SD))          

Baseline 31.74 (26.31)   31.21 (29.91)   0.99

Post-Implantation 55.41 (27.54) 0.006 48.17 (29.84) <0.001 0.09

3 Months Post Implant 61.18 (25.35) <0.001 47.93 (28.12) 0.004 0.008

6 Months Post Implant 58.38 (26.54) 0.003 33.70 (25.94) 0.09 <0.001

12 Months Post Implant 57.17 (28.44) 0.01 42.50 (26.75) 0.052 0.067

Morphine mili-Equivalents (mean (SD))          

Baseline 41.45 (60.27)   105.44 (118.49)   <0.001

Post-Implantation 35.15 (51.72) 0.99 107.91 (142.99) 0.8 <0.001

3 Months Post Implant 47.63 (97.28) 0.21 110.23 (197.08) 0.35 0.027

6 Months Post Implant 19.67 (24.96) 0.12 112.98 (142.97) 0.79 <0.001

12 Months Post Implant 33.92 (48.66) 0.15 106.03 (146.08) 0.36 0.014

Sex Subset Analysis
There were 73 females implanted with LF-SCS and 40 with HF-SCS (Table 3). The females implanted with HF-SCS tended to
be older (53.70±14.98 LF-SCS vs 65.03±12.60 HF-SCS, p<0.001). LF-SCS females had improved VAS scores post-trial
(5.78±2.44, p=0.04) compared to baseline, and both HF-SCS and LF-SCS patients had improved VAS at 3 (HF-SCS
4.38±2.32, p<0.001; LF-SCS 5.16±2.56, p=0.001) and 6 (HF-SCS 5.35±2.03, p=0.023; LF-SCS 6.03±1.92, p=0.032) months,
which did not survive to 12 months (HF-SCS 5.89±2.29, p=0.37; LF-SCS 5.82±1.91, p=0.35), and there were no differences in
VAS between HF-SCS and LF-SCS females (Figure 3a).
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Table 3
Patient Characteristics by Type of Stimulator and Sex

  Female   Male  

  HF-SCS LF-SCS p-val HF-SCS LF-SCS p-val

n 40 73   54 70  

Age (mean (SD)) 65.03
(12.60)

53.70
(14.98)

<0.001 58.06
(15.17)

54.46
(15.21)

0.193

Ethnicity (%)     0.62     0.031

African American 0 (0.0) 1 ( 1.4)   0 ( 0.0) 1 ( 1.4)  

Caucasian 2 (5.0) 5 (6.8)   1 ( 1.9) 12 ( 17.1)  

Hispanic 1 ( 2.5) 1 ( 1.4)   8 ( 14.8) 4 ( 5.7)  

Non-Hispanic 37 (92.5) 63 (86.3)   42 (77.8) 48 ( 68.6)  

Unknown (Patient cannot or refuses to
declare ethnicity)

0 (0.0) 3 (4.1)   3 (5.6) 5 ( 7.1)  

Marriage Status (%)     0.73     0.79

Married 24 ( 60.0) 42 (57.5)   36 ( 66.7) 47 ( 67.1)  

Other/Unknown 0 ( 0.0) 0 ( 0.0)   1 ( 1.9) 2 ( 2.9)  

Separated/Divorced 8 ( 20.0) 14 ( 19.2)   5 ( 9.3) 5 ( 7.1)  

Single 5 ( 12.5) 14 ( 19.2)   11 ( 20.4) 16 ( 22.9)  

Widowed 3 ( 7.5) 3 ( 4.1)   1 ( 1.9) 0 ( 0.0)  

Insurance Type (%)     0.07     0.018

Medicare 15 ( 37.5) 12 ( 16.4)   15 ( 27.8) 11 ( 15.7)  

None/Unknown 19 ( 47.5) 39 ( 53.4)   30 ( 55.6) 45 ( 64.3)  

Other Government 1 ( 2.5) 1 ( 1.4)   7 ( 13.0) 2 ( 2.9)  

Private Insurance 5 ( 12.5) 18 ( 24.7)   2 ( 3.7) 10 ( 14.3)  

Workman's Compensation 0 ( 0.0) 3 ( 4.1)   0 ( 0.0) 2 ( 2.9)  

Primary Diagnosis for Implant (%)     0.25     0.006

Complex Regional Pain Syndrome 4 ( 10.0) 13 ( 17.8)   3 ( 5.6) 10 ( 14.3)  

Cranial Neuropathy 1 ( 2.5) 2 ( 2.7)   1 ( 1.9) 3 ( 4.3)  

Failed Back Surgery Syndrome 18 ( 45.0) 32 ( 43.8)   19 ( 35.2) 32 ( 45.7)  

Lumbar Radiculopathy 8 ( 20.0) 15 ( 20.5)   12 ( 22.2) 15 ( 21.4)  

Lumbar Spondylosis 5 ( 12.5) 1 ( 1.4)   9 ( 16.7) 1 ( 1.4)  

Neuropathic Pain 3 ( 7.5) 9 ( 12.3)   4 ( 7.4) 8 ( 11.4)  

Other Chronic Pain 1 ( 2.5) 1 ( 1.4)   6 ( 11.1) 1 ( 1.4)  

Revision or Explant (%) 6 ( 15.0) 17 ( 23.3) 0.42 9 ( 16.7) 8 ( 11.4) 0.564

Patient Status (%)     0.036     0.198
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  Female   Male  

Alive 33 ( 82.5) 64 ( 87.7)   45 ( 83.3) 56 ( 80.0)  

Deceased 0 ( 0.0) 5 ( 6.8)   0 ( 0.0) 4 ( 5.7)  

Unknown 7 ( 17.5) 4 ( 5.5)   9 ( 16.7) 10 (14.3)  

Females with HF-SCS had greater PPR compared to baseline at 3 months (HF-SCS 60.71±24.91, p=0.016; LF-SCS
48.45±26.63, p=0.053), and 6 months (HF-SCS 63.19±28.02, p=0.022; LF-SCS 33.54±28.11, p=0.11), without improvement
at 12 months (HF-SCS 59.64±28.79, p=0.053; LF-SCS 44.72±29.28, p=0.18; Table 4, Figure 3c). In addition, HF-SCS females
had signi�cantly better PPR scores at 6 months compared to LF-SCS females (p=0.004). While there were no differences in
HF-SCS and LF-SCS females comparing each time point to baseline, LF-SCS females required signi�cantly more opioids
compared to HF-SCS at baseline (HF-SCS 28.52±29.13; LF-SCS 95.99±93.76, p=0.003), post-trial (HF-SCS 25.77±25.3; LF-
SCS 103.84±147.40, p=0.001), 3 months (HF-SCS 28.93±34.52; LF-SCS 89.06±99.04, p=0.006), and 6 months (HF-SCS
22.05±30.7; LF-SCS 129.1±166.53, p=0.011), with a trend for higher opioid use for LF-SCS patients at 12 months (HF-SCS
25.69±28.55; LF-SCS 118.63±140.99, p=0.064; Figure 3e). There were no differences in ethnicity (p=0.62), marriage status
(p=0.73), insurance type (p=0.07), primary implant diagnosis (p=0.25) or revision/explant (p=0.42) between the female HF-
SCS and LF-SCS patients.
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Table 4
Visual analog scale scores, perceived pain reduction and opioid use by type of stimulator. P-values are based on paired t-test

between baseline and each individual time point based on stimulator type. *p-value compares HF-SCS to LF-SCS for the
speci�c sex at a given time point

  Female Male

  HF-
SCS

p-val LF-SCS p-val p-
val*

HF-SCS p-val LF-SCS p-val p-
val*

VAS Scores
(mean
(SD))

                   

Baseline 6.77
(2.03)

  6.62 (2.13)   0.67 6.49
(1.73)

  5.93
(2.01)

  0.13

Post-Trial 6.00
(2.46)

0.13 5.78 (2.44) 0.04 0.68 6.01
(2.05)

0.139 5.68
(2.24)

0.74 0.52

3 Months
Post
Implant

4.38
(2.32)

<0.001 5.16 (2.56) 0.001 0.26 4.14
(2.32)

<0.001 4.46
(2.34)

<0.001 0.66

6 Months
Post
Implant

5.35
(2.03)

0.023 6.03 (1.92) 0.032 0.32 4.38
(2.78)

0.018 5.32
(2.42)

0.074 0.25

12 Months
Post
Implant

5.89
(2.29)

0.37 5.82 (1.91) 0.35 0.74 5.35
(2.6)

0.22 5.50
(1.83)

0.27 0.99

Perceived
Pain
Reduction

                   

Baseline 29.82
(30.23)

  28.65(30.54)   0.96 34
(23.32)

  34.09
(29.38)

  0.96

Post-Trial 57.03
(32.26)

0.053 45.11
(31.54)

0.014 0.12 54.19
(23.50)

0.049 51.10
(28.13)

0.023 0.45

3 Months
Post
Implant

60.71
(24.91)

0.016 48.45
(26.63)

0.053 0.12 61.47
(25.98)

0.009 47.29
(30.26)

0.033 0.034

6 Months
Post
Implant

63.19
(28.02)

0.022 3.54 (28.11) 0.11 0.004 53.46
(24.61)

0.09 33.86
(24.00)

0.60 0.027

12 Months
Post
Implant

59.64
(28.79)

0.053 44.72
(29.28)

0.18 0.22 53.33
(29.16)

0.19 40.00
(24.29)

0.18 0.23

Morphine
mili-
Equivalents

                   

Baseline 28.52
(29.13)

  95.99
(93.76)

  0.003 49.89
(73.36)

  115.77
(140.92)

  0.053

Post-Trial 25.77
(25.3)

0.78 103.84
(147.40)

0.45 0.001 42.59
(65.11)

0.25 112.16
(139.25)

0.86 0.006

3 Months
Post
Implant

28.93
(34.52)

0.11 89.06
(99.04)

0.48 0.006 58.54
(119.22)

0.37 134.37
(267.58)

0.87 0.19
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  Female Male

6 Months
Post
Implant

22.05
(30.7)

0.45 129.1
(166.53)

0.12 0.011 17.50
(19.45)

0.21 96.52
(113.5)

0.017 0.01

12 Months
Post
Implant

25.69
(28.55)

0.83 118.63
(140.99)

0.071 0.064 39.62
(59.27)

0.23 92.82
(151.8)

0.10 0.13

Seventy males were implanted with LF-SCS and 54 with HF-SCS. There were more Hispanic patients in the HF-SCS group
(14.8% vs 5.7%, p=0.03). LF-SCS patients had more private insurance compared to HF-SCS (14.3% vs 3.7%), while HF-SCS
had more Medicare (27.8% vs. 15.7%) or other governmental insurance (13% vs. 2.9%, p=0.018). LF-SCS patients had more
FBSS (45.7% vs 35.2%) and CRPS (14.3% vs 5.6%), while lumbar spondylosis was more common in HF-SCS (16.7% vs 1.4%,
p=0.006).

HF-SCS and LF-SCS males had improved VAS scores at 3 months (HF-SCS 4.14±2.32, p<0.001; LF-SCS 4.46±2.34, p<0.001)
compared to baseline, which persisted to 6 months only for HF-SCS (HF-SCS 4.38±2.78, p=0.018; LF-SCS 5.32±2.42,
p=0.074), and did not survive to 12 months (HF-SCS 5.35±2.6, p=0.022; LF-SCS 5.50±1.83, p=0.27), with no differences
across groups (Figure 3b). PPR was improved among HF-SCS and LF-SCS males post-trial (HF-SCS 54.19±23.50, p=0.049;
LF-SCS 51.10±28.13, p=0.023) and at 3 months (HF-SCS 61.47±25.98, p=0.009; LF-SCS 47.29±30.26, p=0.033) compared to
baseline (Figure 3d). Furthermore, HF-SCS males had signi�cantly better PPR at 3 (p=0.034) and 6 months (HF-SCS
53.46±24.61, p=0.09; LF-SCS 33.86±24.00, p=0.60) compared to LF-SCS males which did not survive to 12 months (HF-SCS
53.33±29.16, p=0.19; LF-SCS 40.00±24.29, p=0.18; p=0.23 across).

LF-SCS males had signi�cant reduction it opioid use at 6 months (LF-SCS 96.52±113.5, p=0.017) compared to baseline, but
this was not present at other time points, or among HF-SCS (6 months HF-SCS 17.50±19.45 p=0.21) patients. In addition,
LF-SCS males required signi�cantly more opioids compared to HF-SCS post-trial (HF-SCS 42.59±65.11; LF-SCS
112.16±139.25, p=0.006), and at 6 months (p=0.01) but not at 3 (HF-SCS 58.54±119.22; LF-SCS 134.37±267.58, p=0.19)
and 12 months (HF-SCS 39.62±59.27; LF-SCS 92.82±151.8, p=0.13, Figure 3e). There were no differences in age (p=0.19),
marriage status (0.79), revision/explant (p=0.56) between the male HF-SCS and LF-SCS patients.

Linear Mixed Model
In the linear mixed model including age, sex, stimulator type, and time, VAS decreased with age (-0.015, 95% CI -0.0003-(-
0.03), p=0.047), at each time point, with the strongest effects seen at 3 months, (post implantation -0.14, 95%CI -0.21-(-1.16),
3 months -1.1, 95%CI -1.09-(-2.12); 6 months -1.0, 95%CI -0.33-(-1.41), 12 months -0.26, 95%CI -0.24-(-1.43), p<0.001), and a
trend towards increasing for female sex (0.44, 95%CI -0.003-0.88, p=0.053), with a trend towards signi�cant interaction
between stimulator type and time (p=0.068).

In the same model for PPR, 3 months (4.23, 95%CI 0.71-7.78) and 6 months (6.17, 95%CI 2.37-9.99) were associated with
higher PPR (p<0.001), while HF-SCS was associated with lower PPR (-4.95, 95%CI -8.36- (-1.5), p=0.005), and there was a
signi�cant interaction between stimulator type and time (p=0.027).

Finally, in the same model for opioid use, HF-SCS was associated with lower opioid use (-70.02, 95%CI -23.75- (-116.294),
p=0<0.001), without signi�cant effect of age, sex, time or the interaction between time and stimulator type.

Discussion
This single center retrospective study found signi�cant improvement in VAS at 3 and 6 months which is no longer present at
12 months. LF-SCS and HF-SCS patients had improved PPR post-implantation and at 3 months, which persisted to 6 and 12
months for HF-SCS patients only. Furthermore, patients with HF-SCS have better pain control according to PPR at 3 and 6
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months compared to the LF-SCS group. Some of these differences might be attributed to sex as only HF-SCS females had
improved PPR at 3 and 6 months compared to baseline, while both HF-SCS and LF-SCS males had improvement post-trial
and at 3 months. Furthermore HF-SCS males had signi�cantly better PPR at 3 and 6 months compared to LF-SCS males
while this was only present at 6 months for females. Overall LF-SCS patients used signi�cantly more opioids at each time
point compared to those with HF-SCS; however LF-SCS males used less opioids at 6 months, further indicating some
differences in sex-based pathways. Finally, on linear mixed model analyses, including age, sex and stimulator type, VAS
decreased with age and at each timepoint, with a trend towards increasing with sex, while PPR increased at 3 and 6 months
and opioid use was decreased with HF-SCS use.

Similarly to another retrospective SCS study, we did not �nd sustained decrease in VAS at the 12 month endpoint [27]. This
is in contrast to prior clinical trials which note consistent decrease in VAS up to twelve [6, 28] and twenty-four months [29].
This difference may be due to clinical trial methodology and patient population recruited for these trials. While we do not
have patient satisfaction data, prior studies demonstrate high satisfaction even without long-term SCS e�cacy [30].

Next, when compared to LF-SCS, patients with HF-SCS had signi�cant improvement in PPR, but not VAS at 3 and 6 months.
These �ndings are in agreement with some smaller studies. De Andres et al. found no difference in pain numerical rating
scale score at all time points, although the study was limited to FBSS patients [28]. A crossover study also found no
difference between LF-SCS and paresthesia-free SCS although this study utilized 1kHz paradigms rather than 10khz [31]. In
contrast, a randomized controlled trial found signi�cantly greater decrease in VAS for HF-SCS compared to LF-SCS
persisting to 12, which was extended to 24 months with the same �nding [6, 11]. While other studies did not evaluate PPR,
we used it in addition to VAS in order to distinguish from other potential pain the patient may be having at the time of visit,
unrelated to the focus of SCS treatment (e.x. migraine). This difference in pain response to LF-SCS and HF-SCS may be
somewhat attributed to sex, as supported by signi�cant decreases in PPR among females implanted with HF-SCS but not
LF-SCS. Furthermore, when accounting for age, time and stimulator type, there was a trend for higher VAS among females.
Prior literature reported that females were more likely to have an SCS explanted than males, due to inadequate pain relief
and possibly worsening depression associated with pain [21, 23].

However, few studies have reported on sex-based differences in SCS e�cacy. Kumar et al., found that females had better
chances of SCS trial success, and improved pain relief in the �rst year; however, long-term, males had a higher success rate
[32]. In contrast, a case series reported a trend towards a greater percentage of females �nding relief from SCS but this
difference was not statistically signi�cant [33]. Similarly, a recent retrospective study found no differences in pain relief
between males and females implanted with HF-SCS [23]. Most recently, Mekhail et al. found no differences in self-reported
pain by sex at 6 and 12 months following SCS implantation [24]. Furthermore, a meta-analysis including 59 studies found
no differences in pain relief according to sex [34]. The sex differences found here might be attributed to HF-SCS given the
hormonal effects on pain [35] and immune mediators that suggest that males and females have different underlying
pathophysiology of chronic pain [19].

Lastly, while opioid use was higher among patients with LF-SCS, opioid dosage didn’t change signi�cantly among HF-SCS or
LF-SCS throughout the observed period. This is in contradisctinction with results from studies that found not only a
decrease in opioid use in over half of patients, but apparently also found that approximately 30% of patients stopped taking
opioids all together [15, 16, 27]. Prior studies found that decrease in opioid use is traditionally greater among HF-SCS
patients [6] and is estimated to be around 25 morphine mili-equivalents [27]; however this difference in opioid use decrease
was not signi�cant in a meta-analysis [36]. Furthermore, a recent study suggests that opioid use continues to signi�cantly
decrease beyond 12 months [37]. It is unclear why our patient population did not experience a decrease in opioid dosage or
why HF-SCS patients were on a signi�cantly lower dose of opioids from the beginning; however it is possible that this is in
part due to LF-SCS being an older patient cohort (prior to FDA approval of HF-SCS), in particular patients who were routinely
treated with higher dosages prior the opioid epidemic.
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There are several limitations to this study. First, this study was conducted at a single tertiary-care institution, and there may
be site speci�c baseline differences among this cohort. Next, we utilized self-reported VAS as a measure of e�cacy and did
not have the ability to look at functional status that may be a better representation of both objective and subjective
components of pain [38]. Furthermore, not all patients �lled out VAS scores and PPR at every visit; however we believe these
data are missing at random. Third, we extracted morphine mili-equivalent doses from our electronic health record, and it is
possible that the patients may have had additional outside opioid prescriptions, both prior to and following SCS
implantation.

Some strengths of this study include a real-world analysis of SCS over ten years that re�ect clinical practice, strati�ed both
by sex and type of stimulator. Despite this being a single center study, our population size is comparable to those seen in
seminal SCS studies.

Conclusion
Across all patients, HF-SCS was more effective at improving PPR and was associated with less opioid use compared to LF-
SCS. Females with HF-SCS demonstrated signi�cant improvement in PPR at 3 and 6 months compared to baseline, while
this was not seen in LF-SCS females. In addition, among males PPR was signi�cantly better for HF-SCS at 3 and 6 months
while this was only present at 6 months for females. Finally, LF-SCS males used more opioids post-trial and at 6 months,
while females used more opioids post-trial, at 3 and 6 months, potentially indicating some differences in sex-based
pathways. Further studies are needed to evaluate the impact of SCS paradigm on pain control and opioid use between the
two sexes.
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Figure 1

Sex-based differences in pain pathways. In the male model, microglia are activated to transmit pain, mediated by
testosterone levels, while in the female model, the pain pathway is T-cell mediated. If a male has low testosterone levels, the
pain pathway switches to the T-cell mediated pathway. Conversely, if a female takes exogenous testosterone, or if she has
low T-cell levels, the pain pathway will switch to the microglia pathway.

Figure 2

Visual Analog Scale Pain Scores, Perceived Pain Reduction and Morphine Equivalent Daily Dose based on Type of Spinal
Cord Stimulator
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2a. Visual analog scale pain score distribution by type of stimulator post-trial, 3 months after implant, 6 months after
implant and 12 months after implant

2b. Perceived pain reduction distribution by type of stimulator post-trial, 3 months after implant, 6 months after implant and
12 months after implant

2c. Opioid use in morphine miliequivalents by type of stimulator post-trial, 3 months after implant, 6 months after implant
and 12 months after implant

Figure 3

Visual Analog Scale Pain Scores, Perceived Pain Reduction and Morphine Equivalent Daily Dose based on Type of Spinal
Cord Stimulator and Sex

3a. Visual analog scale pain score distribution by type of stimulator post-trial, 3 months after implant, 6 months after
implant and 12 months after implant in females

3b. Visual analog scale pain score distribution by type of stimulator post-trial, 3 months after implant, 6 months after
implant and 12 months after implant in males

3c. Perceived pain reduction distribution by type of stimulator post-trial, 3 months after implant, 6 months after implant and
12 months after implant in females

3d. Perceived pain reduction distribution by type of stimulator post-trial, 3 months after implant, 6 months after implant and
12 months after implant in males

3e. Opioid use in morphine miliequivalents by type of stimulator post-trial, 3 months after implant, 6 months after implant
and 12 months after implant in females

3f. Opioid use in morphine miliequivalents by type of stimulator post-trial, 3 months after implant, 6 months after implant
and 12 months after implant in males


