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Abstract

Objective: In this analysis, we examined differences between rechargeable and non-rechargeable

spinal cord stimulation (SCS) devices in patients with pain.

Methods: We conducted a retrospective, longitudinal claims data analysis using a German

research database comprising 5 million statutory insured patients (2012–2017). Outcomes of

demographics, patient pathways, and health care resource utilization (HCRU) in patients with

initial SCS were collected.

Results: Of 150 patients in the database, 73 (49%) received a rechargeable device and 77 (51%) a

non-rechargeable device. The average age was 62.5 years (51% female and 49% male patients).

A significant decrease over a 3-year follow-up was observed in analgesic prescriptions (�18%),

number of patient visits to a physician, and number of patients who were hospitalized.

HCRU-related figures for patients with non-rechargeable neurostimulators increased in the

last follow-up year whereas the group receiving rechargeable neurostimulators showed a

steady decrease.
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Conclusions: SCS seems to be an effective way for patients with chronic pain to decrease pain

and improve quality of life. Rechargeable devices seem to be superior to non-rechargeable

devices owing to greater longevity and were found to be associated with continuous reduction

of pain diagnoses, hospitalization, physician visits, and use of pain medication in our study.
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Introduction

The prevalence of adults with chronic pain
in Europe has been estimated to be approx-

imately 19%, which means roughly 16 mil-

lion patients in Germany are affected by

pain.1 Spinal cord stimulation (SCS) is a
therapy for patients with several forms of

pain, such as pain owing to neuropathy or

ischemia.2 International and German

guidelines consider chronic pain a primary
indication for SCS therapy and include

diagnoses like failed back surgery syn-

drome, back pain, and pain in the

extremities.
In SCS, the spinal cord is stimulated

using implantable systems consisting of

electrodes and neurostimulators. SCS sys-

tems can differ in terms of positioning of
the electrodes (anatomic or paresthesia-

based placement), product design, stimula-

tion type, and/or the required energy

consumption and its associated energy
supply. All systems have in common that

electrical impulses are delivered to the

spinal cord from a generator via electrode

(s) to achieve pain relief for the patient. A
variety of devices are available, with differ-

ent electrical frequencies. Low-frequency

neurostimulators are programmed to deliv-

er an electrical current between 40Hz and

100Hz whereas high-frequency systems

deliver currents up to 10 kHz.3 The implan-

tation of these systems can be carried out in

a one-step or a two-step procedure. The

one-step procedure involves implantation

of the electrode and the neurostimulator

in one operation. In the two-stage proce-

dure, the electrode is implanted and tested

over a period between 3 days and 3 weeks

using an external stimulator. If the test

phase (trial) is successful, the internal

pulse generator is then implanted.4

Neurostimulators can be distinguished

according to battery type, with recharge-

able (RC) and non-rechargeable (NRC)

devices. Systems based on 10 kHz are only

available as RC devices. NRC devices must

be explanted after a certain period and

replaced with a new device in an additional

surgical procedure. An RC neurostimulator

is recharged from the outside through the

skin. The lifetime of the battery varies

depending on the manufacturer, ranging

between 2 and 5 years.5 RC neurostimula-

tors can remain in the patient’s body for

approximately 10 to 25 years.6 Depending

on the lifespan of the device, studies have

deemed RC neurostimulators to be superior

even with there being a higher initial cost

than that for non-rechargeable devices.

These studies have highlighted the superior

cost-effectiveness and reduced risk of
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complications owing to less need to change

rechargeable neurostimulators.3,7

Although there are sufficient interna-

tional studies and available, data regarding

the cost-effectiveness of SCS therapy in

general and comparisons of RC and NRC

devices,8–10 there is a need for more data

regarding health care resource utilization

(HCRU), such as drug prescriptions, physi-

cian visits, and hospitalization, with use of

these devices. Therefore, the aim of this

analysis was to observe the patient path-

ways with an initial SCS therapy, focusing

on the two types of implantable pulse gen-

erator (IPG). A further goal was to explore

the development of HCRU outcomes with

SCS therapy and to compare these with

regard to RC and NRC IPGs.11

Methods

Study design and participants

Statutory health insurance (SHI) claims data

analysis. We conducted a retrospective

study using longitudinal claims data from

the research database of the Institute of

Applied Health Research (InGef), which

contains approximately 5 million member

records from over 60 SHIs nationwide.

Approximately 90% of the German popu-

lation is insured in SHIs; therefore, the SHI

databases are an important data source.

Data on health claims are transferred

directly from health care providers to spe-
cialized data centers owned by the SHIs,
where all data are anonymized before
being entered into the research database.
Thus, the study sample is representative of
the German population in terms of age and
sex and is widely used for real-world evalu-
ation.12 The reporting of this study con-
forms to the RECORD statement.13

The aim of this investigation was to iden-
tify patients with an initial implantable neu-
rostimulator from the InGef research
database and to monitor them over a
period of 6 years (2012–2017). For this pur-
pose, insured persons from the database
with OPS codes 5-039.e0, 5-0339.e1, and
5-039.e2 (OPS-classification codes for oper-
ations and procedures) were included for
the pooled index years 2013/2014. Persons
without continuous insurance coverage
were excluded, to avoid loss to follow-up
and missing data. Figure 1 shows the com-
plete observation period. In the year prior
to the index, patients were not allowed to
have had any implantations, changes,
explants, or revisions of a stimulator. The
relevant OPS codes 5-039.e0, 5-0339.e,
5-039.e2, 5-039.f0, 5-039.f1, 5-039.f2,
5-039.b, and 5-039.d were used as exclusion
criteria. This study had 3 follow-up years
(FU1, FU2 and FU3), each with 365 days.
The study population was divided into
patients with an RC neurostimulator and
those with an NRC neurostimulator.

Figure 1. (a) Observation period and (b) flow of patients with initial implantable pulse generator (IPG)
implantation.
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Ethical approval and data protection. The anal-
ysis did not involve any decisions regarding
interventions or the omission of interven-
tions. Accordingly, institutional review
board/ethical approval and informed con-
sent from study participants for treatment
and publication were not required.
Moreover, all individual patient data are
anonymized in the research database to
comply with German data protection regu-
lations. Key figures based on patient num-
bers below five were not reported.

Data availability statement. To conduct
this study, the authors had access to aggre-
gated, anonymized health care data as per
the pre-defined study protocol. Owing to
the sensitivity of the data and data protec-
tion regulations, the analysis datasets of the
current study will not be shared or stored in
a public repository. Analysis datasets can
be accessed upon request from the
Institute for Applied Health Research
Berlin (InGef) (info@ingef.de), if required.

Outcomes and statistical analysis

To describe the study population, age- and
sex-specific information was collected for
patients with an initial neurostimulator.
Furthermore, patient characteristics were
determined using the underlying diagnoses,
according to the International Statistical
Classification of Diseases, 10th Revision,
German Modification (ICD-10-GM), at
the time of implantation of the neurostimu-
lator. For the observation period, the focus
was on the number of patients with HCRU.
Therefore, the number of patients with spe-
cific prescriptions for analgesics and antie-
pileptics were counted. Medications were
defined using the Anatomical Therapeutic
Chemical (ATC) classification system
codes. Another measured HCRU figure
was the number of patients who visited a
radiologist, orthopedist, neurosurgeon, or
anesthesiologist. Finally, patients with

hospitalization and pain-related hospitali-
zation were counted as well as the number
of days of sick leave in patients eligible.

The percentage of patients in the total
study population per observation year was
determined as part of the statistical evalua-
tion. Additionally, the percentage increase
and decrease between the follow-up years
was calculated for the patient groups.
Furthermore, we determined the percentage
increase and decrease for the period from
the year before implantation (T-1) to the
last year of follow-up (FU3). Significance
at a p-value of <0.05 was assessed using
the McNemar test for the time comparison
between T-1 and FU3 for HCRU variables.
For comparisons between the subgroups in
FU3, significance with a p-value of <0.05
was determined using the chi-square test.

Results

Study population and demographics

From 2012 to 2017, the InGef research
database comprised 4.9 million people
with at least 1 insured day over the entire
period. Of the 3.1 million people who were
fully insured, 153 patients received implan-
tation of a neurostimulator in the index
years 2013/2014. The final study population
was 150 patients with an initial neurostimu-
lator; three patients had undergone a corre-
sponding procedure in the previous year.
Figure 1 shows the process of excluding
patients in the database and the resulting
target population. Of the 150 patients with
an initial neurostimulator, 77 patients
(51%) had an NRC neurostimulator and
73 patients (49%) had an RC one. In the
follow-up period, 6.7% of the study popu-
lation died (10 patients), five patients in
each subgroup.

The average age of patients was 62.5
(standard deviation �12) years. Patients
with an NRC device were, on average, 1
year older than patients with an RC
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device. The sex distribution was nearly bal-
anced with 51% women and 49% men. The
average age of female patients was 61.9
years, 1 year less than that of male patients.
A look at the subgroups revealed that most
women (55%) received an RC neurostimu-
lator and most men (58%) received an
NRC neurostimulator (Table 1).

When comparing care sectors, the
diagnoses of patients at the time of implan-
tation showed a heterogeneous picture.

Among inpatients, 49 patients (33%) were
diagnosed with post-laminectomy syn-
drome (M96.1) on the index day of
neurostimulator implantation. Among out-
patients, 104 patients (69%) were diagnosed
with unclassified pain (R52). Other frequent
diagnoses among outpatients were back
pain (64%) and other intervertebral disc
damage (49%). The different types of devi-
ces showed no significant differences
in terms of diagnosis among inpatients.

Table 1. Study population and patient characteristics.

SCS Total RC NRC

Total, n (%) 150 (100%) 73 (49%) 77 (51%)

Female sex, n (%) 76 (100%) 42 (55%) 34 (45%)

Male sex, n (%) 74 (100%) 31 (42%) 43 (58%)

Age (years), mean�SD; median 62.5�11.8; 62 61.9�11.1; 60 62.9�12.5; 63

Diagnosis at index date (IPG implantation), n (%)

Inpatient (main

or secondary

diagnosis) Outpatient

Total, n (%)

Pain, not elsewhere classified – R52 39 (26%) 104 (69%)

Back pain – M54 48 (32%) 96 (64%)

Other intervertebral disc damage – M51 10 (7%) 73 (49%)

Spondylosis – M47 10 (7%) 55 (37%)

Somatoform disorders – F45 14 (9%) 55 (37%)

Post-laminectomy syndrome, not elsewhere classified (FBSS) – M96.1 49 (33%) 33 (21%)

Mononeuropathies of lower limb – G57 15 (10%) 15 (10%)

Rechargeable IPG, n (%)

Pain, not elsewhere classified – R52 21 (29%) 56 (77%)

Back pain – M54 28 (38%) 54 (74%)

Other intervertebral disc damage – M51 <5 (�%) 40 (55%)

Spondylosis – M47 7 (10%) 31 (42%)

Somatoform disorders – F45 5 (7%) 31 (42%)

Post-laminectomy syndrome, not elsewhere classified (FBSS) – M96.1 27 (37%) 20 (27%)

Mononeuropathies of lower limb – G57 9 (12%) 8 (11%)

Non-rechargeable IPG, n (%)

Pain, not elsewhere classified – R52 18 (23%) 48 (62%)

Back pain – M54 20 (26%) 42 (55%)

Other intervertebral disc damage – M51 6 (8%) 33 (43%)

Spondylosis – M47 <5 (�%) 24 (31%)

Somatoform disorders – F45 9 (12%) 24 (31%)

Post-laminectomy syndrome, not elsewhere classified (FBSS) – M96.1 22 (29%) 13 (17%)

Mononeuropathies of lower limb – G57 6 (8%) 7 (9%)

RC, rechargeable; NRC, non-rechargeable; IPG, implantable pulse generator; SD, standard deviation; FBSS, failed back

surgery syndrome.
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In the outpatient sector, patients with
an RC device more frequently received
therapy-specific diagnoses.

Pathway

After the initial implantation of a neurosti-
mulator, 136 patients (91%) continued SCS
therapy until the end of the observation
period (Figure 2). Fourteen patients (9%;
7 with an RC and 7 with an NRC device)
ended SCS therapy, with removal of the
device and no further device implantation,
and 36 patients (24%) received a second
neurostimulator after the first initial
device was explanted. A third IPG was
implanted in five patients (3%) (Table 2).
Data showed that patients with an NRC
IPG had a higher rate of explantation (34
NRC vs. 15 RC).

The cross table shows that if there was a
device change after the start of therapy,
patients with an initial RC IPG kept the
same type of device whereas patients with
an initial NRC IPG mostly changed to an
RC device; therefore, most changes
occurred among patients with an initial
NRC device.

Most of the study population received
SCS therapy with a trial phase. A total of
118 patients (79%) received an electrode
first and the neurostimulator in a second
step after testing (Table 2). Thirty-two
patients (21%) had the electrode and IPG
implanted in the same procedure. The table
shows that 89% of patients receiving an

initial RC IPG went through a trial phase.

Eight patients (11%) received their RC IPG

in a single surgery. The rates of receiving a

one-step or two-step procedure differed

between group. Most patients with an ini-

tial NRC IPG (69%) received an electrode

and IPG during a trial phase, and the

number of patients that had a one-step pro-

cedure (24 patients, 31%) was three times

higher than the group with RC devices.

HCRU

Medications and prescriptions. In the total

study population, the number of patients

with a prescription for analgesics (ATC-

N02) decreased steadily (Table 3). A com-

parison between the year before the start of

SCS therapy (T-1) and the last observed

follow-up year (FU3) showed a percentage

decrease of �18% (p¼ 0.01). Among 113

patients (75%) in T-1, most analgesic pre-

scriptions were opioids (N02A). This

number decreased significantly to 76

patients (54%) in FU3 (�33%, p< 0.05).

Other analgesic and antipyretic prescrip-

tions decreased by �30% (p< 0.05) from

93 patients (62%) in the pre-index year

T-1 to 65 patients (46%) in FU3. With 70

patients, 47% of the study population

received antiepileptic prescriptions (N03A)

in T-1; this number showed a similar per-

centage decrease of �21%. Specific pre-

scriptions for gabapentin (N03AX12) and

pregabalin (N03AX16) both decreased by

Figure 2. (a) Patient pathway and (b) change from first to second implantable pulse generator (IPG).
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�28% between the years T-1 and FU3, but

this was not significant.
Comparing the two subgroups, a higher

percent decrease was observed for analgesic

and antiepileptic medications among

patients with RC neurostimulators.

Whereas analgesic prescriptions (N02)

decreased significantly by �22% (p< 0.05)

from T-1 to FU3 in the RC group, the per-

cent decrease in NRC patients was less pro-

nounced, with �15% (p¼ 0.10). The

percentage decrease in the number of

patients with opioid prescriptions (from

T-1 to FU3) was larger in the group with

RC devices (�36%, p< 0.05) than in the

group with NRC devices (�29%, p< 0.01)

(Figure 3). A comparison of subgroups in

FU3 only did not show significance. The

percentage decrease in antiepileptics was

larger in the group with RC neurostimula-

tors (�40%, p< 0.05) than in the NRC sub-

group (�3%); there was no significance

when comparing both subgroups in FU3.

The number of patients with prescriptions

for gabapentin and pregabalin was nearly

equal between subgroups in the pre-index

year T-1. Despite a small number of

patients, the decrease in FU3 appeared to

be stronger in the group with RC devices.

Physician visits. Table 3 shows that the

number of patients who visited a physician

decreased significantly from T-1 to FU3

across all specialties analyzed. The

strongest percentage decrease (�47%) was

observed for neurosurgery. The 87 patients
in the pre-index year T-1 dropped to 46

patients in the last follow-up year FU3

(p< 0.05). In T-1, 112 patients (75%) visit-
ed a radiologist; this number decreased to

65 patients in FU3, which corresponds to a

percentage decrease of �42% (p< 0.05).
With 92 (61%) patients, the second most-

visited specialists were orthopedists, and

this number showed a significant percent-

age decrease of �28% (p< 0.05). For anes-
thesiologists, the number of patients

decreased from an initial 57 patients in

T-1 to 38 patients in the last follow-up
year FU3 (�33%, p< 0.05).

Comparing the two subgroups, the

number of patients with an RC who visited
a specialist was slightly higher across all

physician groups. The percentage decrease

was stronger overall for the group of

patients with RC devices. The number of
physician visits among patients with NRC

neurostimulators began to increase again in

the last follow-up year (FU3) for radiology,
orthopedics, and neurosurgery. Comparing

T-1 to FU3, the percentage decrease was

significant in the RC group for radiology
(�52%, p< 0.05), orthopedics (�32%,

p< 0.05), and neurosurgery (�50%,

p< 0.05). In the group with NRC devices,

a significant percentage decrease could be
observed for radiology (�30%, p< 0.05)

and neurosurgery (�44%, p< 0.05).

Figure 3. HCRU opioid prescription and hospitalization. *p< 0.05.
SCS, spinal cord stimulation; IPG, implantable pulse generator; HCRU, health care resource utilization.
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Comparing the subgroups with each other
in FU3 showed no significance. The lowest
percentage decrease over the observation
time could be seen in the NRC group for
orthopedics (�24%).

Hospitalizations. With 142 patients, 95% of
the total study population was hospitalized
at least once in the year before initial SCS
therapy (T-1). This number decreased
steadily to 83 patients (59%) in the last
follow-up year FU3 (�42%, p< 0.05).
Patients hospitalized because of pain
showed a larger percentage decrease of
�72% (p< 0.05) over the same time
period. Accordingly, the number of patients
with pain-related hospitalization in T-1
decreased from 132 (88%) to 37 patients
(26%), as shown in Table 3. Comparing
the two subgroups, both figures showed a
stronger percentage decrease among
patients with RC devices. The number of
RC patients with hospitalization decreased
from 71 (97%) in T-1 to 37 (54%) in FU3
(�48%, p< 0.05) whereas the number of
hospitalized NRC patients decreased from
71 (92%) in T-1 to 46 (64%) in FU3
(�35%, p< 0.05) (Figure 3). Subgroup
comparisons in FU3 showed no signifi-
cance. Both patient groups had 66 patients
(RC¼ 90%; NRC¼ 86%) with pain-related
hospitalization in T-1; this number
decreased to 14 patients (21%) with RC
devices (�79%, p< 0.05) and 23 (32%)
patients with NRC devices (�65%,
p< 0.05). Subgroup comparisons in FU3
showed no significance. Patient numbers
started to increase again in the last follow-
up year (FU3) the group with NRC neuro-
stimulators only.

Of the total study population, 32
patients (21%) had an average number of
26 days of sick leave in T-1. After SCS ther-
apy start, this number showed a percent
decrease of �65% to an average of 9 sick
days in the last observation year (FU3).
Within each subgroup, the number of

patients with sick days was the same in T-
1. The percentage decrease of �64% in the
RC group was not very different to the
decrease of �67% in the NRC group
(Table 3).

Discussion

In the current study, we assessed the path-
way in patients with chronic pain treated
with SCS over a 3-year follow-up period
in a real-world setting. The study popula-
tion is representative of the German popu-
lation and is based on approximately 5
million member records from over 60
SHIs nationwide.12 The present study fur-
ther adds to the literature by comparing the
differences in HCRU with respect to use of
RC and NRC devices. In comparison with
the international literature on the topic of
SCS therapy, our study population was
older, with an average age of 62.5 years.
Regarding sex distribution, most reports
included slightly more female patients,
which corresponds to the findings of this
analysis.10,14,15 A systematic review by
Odonkor et al. encompassing 11 studies
found an average age of 56 years among
patients who underwent SCS, with 53%
being women.16 According to patient char-
acteristics and the widely accepted use of
the SHI claims dataset, which is representa-
tive of the German population, we can state
that the present findings are representative
for Germany.12

Our analysis showed that the study pop-
ulation received various diagnoses in the
inpatient and outpatient sectors at the
time of implantation. The large proportion
of unspecific or unclassifiable diagnoses in
the outpatient sector should be highlighted.
On the one hand, this could be owing to the
different manifestations of chronic pain; on
the other hand, this could also refer to the
absence of a specialist view on the underly-
ing disease in primary care. Except for post-
laminectomy syndrome, the number of

Luecke et al. 11



diagnoses specifically indicated for SCS
therapy was higher among outpatients
than inpatients. The diagnosis of failed
back surgery syndrome is often made after
a long period of pain experienced by
patients with multiple back surgeries and
after many visits to doctors. This pathway
may lead to patients arriving in the special-
ist inpatient sector shortly before implanta-
tion of a neurostimulator and receiving the
corresponding diagnosis, which yields the
indication for SCS therapy.

Observing the pathway of the 150
patients included in this study, a clear
majority (136 patients, 91%) continued
SCS therapy until the end of observation.
This included 36 patients (24%) who
changed the type of neurostimulator
(regardless of their individual reasons).
This result supports the effectiveness of
SCS therapy in general.

A recent chart review17 suggests that the
rates of explantation among patients using
RC devices are similar to those with NRC
devices with a follow-up of at least 12
months. However, in our analysis of a rep-
resentative sample of the German popula-
tion12 with no restriction to specific study
centers, we observed patients for 3 years of
follow-up and found that most changes
occurred in patients with an NRC (27)
device. Additionally, if a change occurred,
most patients (n¼24) had an RC neurosti-
mulator implanted as a second device. As
part of a cost–benefit analysis conducted by
Hornberger et al.,10 device changes were
aligned to the different lifecycles of the
two IPG types. Whereas RC neurostimula-
tors were reported to last 10 to 25 years,
NRC generators had battery depletion
after an average of 4 years, which is consid-
ered a primary driver of device change.18,19

Therefore, it may be concluded that our
results showing that more NRC patients
changed device is linked to the shorter life-
cycles of NRC devices. Moreover, when
comparing the implantation of RC and

NRC devices, economic evaluations
should be considered. A recently published
study20 using the same patient sample
showed that costs for patients with RC
devices decreased after implantation where-
as costs for patients with NRC devices
increased 3 years after implantation, sug-
gesting the benefits of RC devices. This
confirms the findings of Hornberger et al.10

The German guidelines for SCS in
patients with chronic pain recommend the
two-step procedure for implantation of a
stimulation system.7,21 However, recent evi-
dence from the United Kingdom22 suggests
that, whereas a trial phase may have diag-
nostic utility, a trial is not superior in terms
of patient outcomes or cost-effectiveness.
As we observed, in most cases (79%) of ini-
tial SCS therapy, the procedures followed
the guidelines. Still, 32 patients (21%)
received their SCS system in one-step sur-
gery, and 24 of those patients received an
NRC device.

Declining patient numbers in various
areas of HCRU in general (medication,
physician visits, hospitalization) speaks to
the effectiveness of SCS therapy. In line
with previous findings on concomitant
reductions in medication consumption,19

this study identified a significant percentage
decrease in the number of patients with pre-
scriptions for analgesics from T-1 to FU3
(�18%, p¼ 0.01). It can be assumed that
pain medication will not be completely
stopped after the start of SCS therapy
because it might still have an effect in
patients from a psychological perspective.
Nevertheless, a significant, strong reduction
in the number of patients with opioid pre-
scriptions (�33%, p< 0.05) is an important
finding because it may show improvement
in patient quality of life owing to reduced
opioid-induced adverse effects and the risk
of misuse. Because the time horizon of this
analysis comprised 3 years during the post-
implantation period, our findings empha-
size and add to results regarding opioid
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reduction after SCS therapy, such as those
reported by Dougherty et al. and Al-Kaisy
et al. who used a shorter post-observation
period of 12 months.23,24 In both patient
groups in our study, the percentage
decrease in the number of patients with
opioid prescriptions from pre-implantation
to the last follow-up year was significant.
Patients with an RC device showed a stron-
ger decrease of �36% (p< 0.001) than
patients with an NRC neurostimulator
(�29%, p¼ 0.01). Comparisons of the two
patient groups in FU3 showed no
significance.

Regarding key HCRU figures, a similar
pattern could be observed for medication,
physician visits, and hospitalization. Unlike
the RC group, patients with an NRC device
showed no steady decrease in all these var-
iables. Over the entire observation period,
the percentage decrease among RC patients
with antiepileptic prescriptions was steady
and stronger than that among NRC
patients (�40%, p¼ 0.01 vs.� 3%). NRC
patient numbers started to increase in the
last observed follow-up year (FU3), which
was observed for pregabalin and gabapen-
tin as well. The number of patients with
physician visits showed similar tendencies.
In FU3, the number of patients with NRC
neurostimulators increased for visits to
radiologists, orthopedists, and neurosur-
geons whereas the steady decrease in RC
patients was significant over time
(p< 0.05) (radiology �52%, orthopedics
32%, neurosurgery �50%). A similar
increase in patient numbers at the last
follow-up year (FU3) was observed for
NRC patients with hospitalization in gener-
al and specific pain-related hospitalization.
The percentage decrease in the total study
population for hospitalization (�42%) and
pain-related hospitalization (�72%) was
significant over time. Despite the increases
in the NRC group, the percentage decrease
was significant in both subgroups over time
(RC hospitalization �48%, pain-related

hospitalization 79% vs. NRC hospitaliza-
tion �35%, pain-related hospitalization
�65%). In comparing the two subgroups
regarding all HCRU key figures, no signif-
icance was found. Although a reduction in
the number of days of sick leave showed
that SCS therapy seemed to restore the abil-
ity to work in all patient groups, we still
have the impression that the similar
increases for the investigated HCRU figures
was connected to the shorter IPG lifecycle
of NRC devices and therefore to a loss of
pain relief.

Strengths and limitations

This study’s main strength is its longitudi-
nal design and the multitude of available
endpoints in this representative sample of
the German population selected from
among approximately 5 million member
records.12 Moreover, the data were not lim-
ited to single-center studies and thus pro-
vide valuable insights into the reality of
the care of patients with chronic pain
treated with SCS. To gain insight into the
pathway at the start of SCS therapy,
patients with existing devices were exclud-
ed. We analyzed patients 1 year prior to and
3 years after initial implantation of an IPG.
However, patients may have received a
device before the study period, which
could not be assessed within the timeframe
of this study. Additionally, the analysis did
not include an in-depth investigation of
patients’ medical history. Decisions for or
against an RC device can therefore not be
directly understood. Factors such as the
number of back operations before starting
therapy or patient compliance can influence
both doctors and patients in their choice of
device type. Patients were not assigned to a
specific device within a controlled study set-
ting; rather, we observed and described the
reality of care in Germany. Hence, there
may be underlying factors influencing the
treatment decision, which could not be

Luecke et al. 13



assessed in this study. Furthermore, even
though data from over 5 million member
records were included, the number of
patients with SCS therapy and within each
subgroup was limited to 150 patients, which
may limit the measured effects of key
HCRU figures with a small sample size.
Last, when comparing RC and NRC devi-
ces, it is important to note that systems
using 10 kHz are only available for RC
devices. In Germany, systems with a 10-
kHz frequency became available for a
large number of patients after 2016, that
is, after the index time in this study.
However, differences between devices
according to frequency, programmability,
and stimulation type could not be assessed
in this study because this information was
unavailable based on coding data. Any
patient with a device, independent of the
device type, was included in the study.

Conclusion

SCS seems to be an effective therapy for
patients with chronic pain. The large
number of patients continuing SCS therapy
may indicate that this intervention has a
positive effect on the burden of disease;
only 9% discontinued therapy in this
study. This is reinforced by previous find-
ings from both prospective and retrospec-
tive studies where SCS relieved chronic pain
in multiple contexts, improving patients’
functioning and quality of life.25–30 RC
IPGs appear to have an advantage as they
are the preferred IPG, taking into account
initial implantation and implantation after
the initial device was explanted, i.e.,
changes from an NRC to an RC device.
Patients with an RC IPG showed steady
improvement in pain-related outcomes;
NRC IPGs seemed to have a more limited
effect as patients had increased visits to spe-
cialists and hospitalizations during the last
follow-up year (FU3). Overall, our findings

suggest a positive impact of SCS therapy on
patients’ lives that may help to restore
patients’ ability to work.

This real-world data analysis connects
findings of clinical and cost-effectiveness
studies assessing SCS in general and the
examined types of neurostimulators. These
real-world data confirm the effectiveness of
pain therapy with SCS and a more sus-
tained effect with RC neurostimulators.
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