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Introduction: In the PROMISE study, a multinational randomized controlled trial (RCT) of the effectiveness of spinal cord stim-
ulation (SCS) with multicolumn surgical leads as a treatment of low back pain, clinicians followed their usual practice. An early,
unplanned safety analysis revealed that the infection rate in Belgium (5/23), where trial duration was a median 21.5 days, was
significantly higher than the 1/64 rate observed in the other study countries (median 5.8 days, p < 0.01). This report reviews
infections observed in the PROMISE study after study completion.

Materials and Methods: For all infections related to SCS, we used descriptive statistics and tests of independent variables to
analyze potentially contributing factors (age, sex, coexisting medical conditions, tobacco use, lead type, and trial duration)
between subjects with infections versus those without. Cumulative incidence curves were created using the Kaplan–Meier
method and compared between the two strata using a log-rank test.

Results: Among nine (5.2%) infections in 174 subjects trialed, the only significant contributing factor to infection was trial dura-
tion: median 21 days (range 3–56) for those with infection vs. six days (1–41) for those without (p = 0.001; Wilcoxon rank-sum
test). The cumulative incidence of infection for subjects trialed >10 days was 24.1% vs. 1.4% for subjects trialed ≤10 days
(p < 0.001). After the protocol was amended to limit trial duration to 10 days, 14 infection-free trials were performed in Belgium.

Conclusions: Although not part of the preplanned analysis, our observation supports the hypothesis of a cause-effect relation-
ship between trial duration and the risk of infection and the conclusion that prolonged SCS trials should be avoided.
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INTRODUCTION

Early in the 50-year history of spinal cord stimulation (SCS),
screening trials were introduced as a way of identifying responders
before implantation of a complete system (1–3). This practice con-
tinues today, with most screening trials requiring temporary con-
nections from the internal lead(s) to an external pulse generator.
These connections heighten the risk of infection, and many clini-
cians have reported SCS infections related to the screening trial (4).
Nevertheless, guidelines propose that “… under appropriate infec-
tion control conditions, the staged trial and completion implant
pathway can be utilized in select patients without a significant
increase in infection rates” (4). This guideline, despite its apparent
goal of reassuring clinicians conducting screening trials, does not
define “significant increase.” For any patient, developing an infec-
tion during SCS treatment is a significant event that can forever
obviate any real or potential therapeutic benefit provided by SCS,
and an infection that becomes manifest only after implantation of
a complete system, precipitating its removal and possible replace-
ment, also substantially increases the cost of the therapy.
Investigators have yet to define the role that the length of a

screening trial with externalized components plays in supporting
or undermining “appropriate infection control (4).”
In the PROMISE study, a multinational randomized controlled trial

(RCT) that assessed the effectiveness of SCS with surgical leads
(Specify™ 5-6-5, Medtronic, Inc.) as a treatment of low back pain,
randomized 218 predominant back pain subjects to optimal medical
management (OMM) or SCS plus optimal medical management. At
six months, pain relief, health-related quality of life, and function
improved more in the SCS group than the OMM group (5). The pro-
tocol initially asked experienced clinicians to follow their usual prac-
tice for trialing and system implant, which included generally
accepted safeguards to minimize the risk of infection. The study
enrolled subjects starting in January 2013. By the end of September
2014, an early safety analysis revealed that the device-related infec-
tion rate in Belgium (5/23, 21.7%) was significantly higher than the
rate observed in the other eight study countries (1/64, 1.6%, Fisher’s
exact test, p < 0.01).
Belgium has a reimbursement requirement that, before being

deemed successful, SCS trials must last at least 28 days
(as opposed to the norm of approximately a week in other set-
tings); thus, the Belgium trial duration was a median 21.5 days
(standard deviation [SD] 11.9) vs. a median 5.8 days (SD 3.4,
Wilcoxon rank-sum test, p < 0.01) elsewhere. Based on that interim
analysis, the protocol was modified to restrict trial duration to
≤10 days, which aligned with U.S. labeling for trialing leads.
This report provides details about the infections observed in

the PROMISE study (5) along with analysis of all infections after
study close.

MATERIALS AND METHODS

All procedures were done following contemporary, generally
accepted practices to minimize the risk of infection, including but

not limited to sterile techniques and antibiotic prophylaxis. We
defined trial duration as the number of days from placement of
the trial lead to the trial completion date, when all system compo-
nents were internalized or removed permanently, and the postop-
erative period as 90 days following the subject’s first day of
trialing. If a subject had a second trial, the time to infection would
begin with the first day of the first trial.
We quantified all the postoperative infections that the PROMISE

study’s independent Clinical Events Committee deemed related
to SCS and analyzed potentially contributing factors including
age, sex, coexisting medical conditions, tobacco use, study coun-
try, lead type, and trial duration.

Statistical Analysis
We used descriptive statistics to summarize the demographic

information. A two-sample t-test (or Wilcoxon rank sum test
depending on the data normality) was used to compare the con-
tinuous variables, a Fisher’s exact test was used to compare cate-
gorical variables in patients with and without infection.
Cumulative incidence curves were created using the Kaplan–
Meier method and compared between the two strata using a log-
rank test. A p-value of <0.05 was considered statistically signifi-
cant. The validated statistical software package SAS (version 9.4)
was used for the analyses.

RESULTS

Of the 174 study subjects who had screening trials after ran-
domization or after the end of the randomized phase at
six months, the mean age was 53.4 years, 59.8% were female,
mean body mass index (BMI) was 30, 36.4% were currently using
tobacco, 11.0% had diabetes mellitus, and 2.3% had other risk fac-
tors for poor wound healing or infection (4) (Table 1).
In the 180 trials (six patients had two trials), percutaneous leads

intended for replacement with a surgical lead after a successful
trial were used in 58 patients (32.2%), and 122 patients (67.8%)
received surgical leads intended to become permanent if the trial
was successful. The mean trial duration was 8.1 days (SD 7.1,
median 6, range 0–56 days). Of the 180 trials, 29 lasted >10 days
(see Table 1).
Among the 174 subjects trialed, nine (5.2%) experienced a post-

operative infection: seven overt implant site infections with
wound breakdown, one implant site cellulitis, and one extradural
abscess. In four patients, the infection was identified after implan-
tation of the complete SCS system (see Table 2). Among these
nine subjects, eight (8/118, 6.8%) had surgical leads for the trial
and one (1/56, 1.8%) received a percutaneous lead(s).
When comparing contributing factors between those subjects

with infection vs. without infection, the only significant factor was
trial duration: median 21 days (range 3–56) for those with infec-
tion vs. 6 days (1–41) for those without (p = 0.001, Wilcoxon rank-
sum test). As presented in Table 1, the rate of infection was some-
what lower for percutaneous than paddle lead trials (1/55
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vs. 8/110), but this was not statistically significant (p = 0.275). Trial
duration overlapped in the groups of subjects with and without
postoperative infection, with some subjects with longer than aver-
age trial duration (up to 41 days) remaining infection free. As
shown in Fig. 1, the cumulative incidence of postoperative infec-
tion for subjects trialed >10 days was 24.1% (95% CI: 12.3–44.1%)
at 90 days vs. 1.4% (95% CI: 0.3–5.4%) for subjects trialed
≤10 days (p < 0.001, log-rank test).
As indicated in Table 2, postoperative infection onset fell into

three categories:
1. Infection was symptomatic at or prior to the end of the trial,

and the neurostimulator was not implanted (four subjects, three
from Belgium and one from France). One of these patients had an
apparent infection beginning on day 10 and was treated with

antibiotics for the remainder of an ultimately unsuccessful trial
lasting 56 days.
2. Infection was symptomatic after completion of the trial, and

the neurostimulator was not implanted (one subject).
3. Infection was symptomatic after the trial and complete sys-

tem implant; thus, the infection might have been related to the
trial or to the implantation (four subjects).
Before the protocol change, five infections were reported in

Belgium and one in Canada (trial duration of 27 days). After the
change, one infection each occurred in the United States, France,
and Spain (see Table 2), with none occurring among the last
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Table 1. Demographic and Trial Factors Relative to Postoperative Infection.

Infection n = 9 No infection n = 165 P-Value

Age in years, mean 53.4 (SD 8.8) 53.4 (SD 11.2) 0.999
Sex, n (%)
Female 6 (66.7) 98 (59.4) 0.742
Male 3 (33.3) 67 (40.6)

BMI, n (%)
BMI <= 30 6 (66.7) 91 (55.2) 0.733
BMI > 30 3 (33.3) 74 (44.9)

Immunodeficiency, n (%)
No 9 (100) 161 (97.6) 1.000
Yes 0 4 (2.4)

Diabetes mellitus, n (%)
No 8 (88.9) 147 (89.1) 1.000
Yes 1 (11.1) 18 (10.9)

Tobacco user, n (%)
No 4 (44.4) 107 (64.9) 0.288
Yes 5 (55.6) 58 (35.1)

Lead type, n (%)
Percutaneous 1 (11.1) 55 (33.3) 0.275
Surgical 8 (88.9) 110 (66.7)

Trial duration in days
Median 21 (range 3–56) 6 (range 1–41) 0.001
Mean 22.6 (SD 16.6) 7.4 (SD 5.4)
Trial ≤ 10 days, n (%) 2 (22.2) 143 (86.7) < 0.001
Trial > 10 days, n (%) 7 (77.8) 22 (13.3)

Table 2. Infection Timing, With Rows in Chronological Order by Date
That First Trial Commenced (With Top Row Earliest).

Screening
Trial Duration
(Days)

Time From
Trial Start to
Full Implant

Time From
Trial Start
to Infection

Belgium 13 34 53
Belgium 21 N/A 18
Belgium 29 N/A 29
Canada 27 27 52
Belgium 56 N/A 10
Belgium 36 N/A 58
USA* 3 16 66
France 7 N/A 7
Spain 11 12 21

*Percutaneous electrodes; the rest were surgical leads.
Figure 1. Cumulative incidence of postoperative infection for subjects with
trial duration ≤10 days versus >10 days. [Color figure can be viewed at
wileyonlinelibrary.com]
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14 trials performed in Belgium. None of the six patients with two
trials in the PROMISE study developed an infection.

DISCUSSION

Infection is an inherent risk with any invasive procedure, partic-
ularly when a foreign body is implanted; it occurred in 2.45–5% of
cases in large SCS series and meta-analyses and in up to 14% in
small series (6–11). Infection is the most common acute postsurgi-
cal SCS complication leading to removal of SCS equipment (12)
and, as removal is generally followed by replacement of the entire
system, is one of the more costly complications.
SCS infection risks might be affected by patient characteristics

(e.g., diabetes, obesity, immunodeficiency, and smoking) and by choice
of perioperative techniques (e.g., antisepsis, prophylactic antibiotics,
and trial protocols), and risk mitigation has been the subject of many
publications (4,13–18). Trial duration has been identified as an impor-
tant risk factor for infection (6,19). In a report on infection by Rudiger
and Thomson, Deer is quoted as saying “Obviously, the length of trial
with an exposed external lead may lead to an increase in infection.”
(20) The shortest trials, of course, are “on-table” trials culminating in
pulse generator implantation in a single stage, and one case series
involving such trials reported no infections among the 80 patients (21).
Until now, screening trials and their duration have not been

examined as a risk factor in a prospective study even though a large
retrospective case series reported that trials of >5 days resulted in
an average infection rate of 3.70% compared with a rate of 1.58%
for those trialed <5 days (p = 0.02) (8). Previous studies from Bel-
gium provide conflicting evidence, with one clinician suggesting
that the standard practice of 28–30 day trials “likely contributed to
the incidence rate of infection” of 8.8% (22), whereas the infection
rate in another, larger series, was 4.8%, only slightly higher than
what is considered normal (23). In 2018, surgical lead labeling was
clarified to say that the surgical leads used in this study are not indi-
cated for use in test stimulation outside of the operating room.
Experience with indwelling percutaneous devices, for example,

central venous lines and ventriculostomy catheters, teaches that
with time, the cumulative risk of infection for an individual patient
can only increase (24), as the pooled risk per catheter day does
not disappear over duration of treatment (25,26).
Even in cases when the patient did not become clinically infected,

investigators have found that explanted SCS trial leads are frequently
colonized with bacteria (27,28). Thus, discarding a trial lead that had
been connected to external equipment and implanting a new one
for chronic use might mitigate the risk of infection; indeed, a retro-
spective series by Simopoulos et al. found that the infection rate
was significantly lower with this approach than after implanting a
temporary external extension and retaining the lead in successful tri-
als (1.35 after discarding the trial lead versus 6.52% after retaining it,
p = 0.02) (29). We observed similar rates of infection (1.8% with tem-
porary percutaneous leads vs. 6.8% with retained surgical leads), but
with our smaller sample of 174 vs. 286 in the study by Simopoulos,
our difference was not statistically significant.

Limitations
Our finding of increased infection risk with prolonged trials was based

on real-world variations in trialing time, mainly driven by reimbursement
requirements. Put in other words, while this was an unplanned, addi-
tional analysis of RCT data, SCS trial time was not dictated as a part of
the study protocol. Thus, while our observation supports the existence

of an association, and even a hypothesis of cause and effect, it is impor-
tant to acknowledge potential confirmation bias.
Likewise, the fact that no further infection occurred in Belgium

after we proscribed prolonged trials should not be over-inter-
preted. It is possible that, having observed an unusually high
infection rate early in the trial, we simply observed regression to
the mean after we changed the protocol.
The protocol change that we undertook (and were obliged to

undertake, based on safety monitoring) alerted all centers not only
to our concern about trial duration but also to our concern about
infection in general. Awareness of this might have led to changes in
infection control practices at study centers, and these changes
(as opposed to the elimination of prolonged trials) might have
played a role in the observed improvement. Indeed, improvement
in SCS infection rates has been reported in nonrandomized case
series after additional infection control measures were implemented
(15,30). Perhaps this also reflects regression to the mean.
That said, we believe that the present report is a significant addi-

tion to the literature and suggests that trial duration should be min-
imized. A dedicated prospective study would be the best way to
address this question, but given sample size and funding require-
ments, it seems unlikely that such a study will be undertaken.

CONCLUSIONS

The PROMISE study incorporated the usual measures to mitigate
infection, but trial duration was initially dictated by investigator dis-
cretion and local practice. As the study proceeded, we noted that in
one country with a 28-day trial requirement, the rate of infection was
21.7%, exceeding the highest value in the literature and exceeding
by an order of magnitude the 1.6% rate in the rest of the study pop-
ulation. After limiting trial duration to 10 days, we observed a much
lower rate for the remainder of the study. Ultimately, the overall rate
of 5.2% was only slightly higher than what is considered normal.
This analysis of SCS trialing patterns supports the hypothesis of

a cause-effect relationship between trial duration and the risk of
infection and the practical conclusion that prolonged SCS trials
should be avoided to reduce this risk.
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on a 3-week trial period will soon be recognized as harmful. Furthermore,

since prolonged trial periods have little to support their use in predicting
long-term outcome, we really need to reflect and change.

Simon Thomson, MBBS
Basildon Essex, UK
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