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Objective: The success of neurostimulation depends partly on the amount of coverage of 
the neurostimulation-induced paresthesia of the painful area. This is often achieved by asking 
feedback from patients intraoperatively. If sedation analgesia is used, it is important that the 
patient is comfortable during sedation and easily arousable. If the patient is not well sedated 
or experiences residual effects of the sedation during testing, this can directly influence the 
ideal placement of the leads and indirectly the long-term effect of the treatment. It is our 
hypothesis that the quality of the sedation is directly coupled to the adequacy of lead 
placement and in this way in the result of the treatment. Dexmedetomidine is known for 
its easy production of arousable sedation. The aim of the present study was to compare the 
long-term effect of using dexmedetomidine versus propofol during the implantation of 
a neurostimulator.
Materials and Methods: This is a post-trial follow-up analysis of the DexMedPro cohort. 
The primary outcome was global perceived effect (GPE). The secondary outcomes were the 
course of pain intensity, the emotional and physical functioning at the time of follow-up, and 
the course of neurostimulation treatment. In this study, we used the patient satisfaction with 
sedation as a measure for sedation quality.
Results: Regarding the GPE, no statistically significant differences were found between the 
experimental groups in either subscale (ie, recovery (p=0.82) and satisfaction with 
the neurostimulation treatment at follow-up (p=0.06)). The same was found regarding the 
secondary parameters. A correlation was found between patient satisfaction with sedation 
during the lead implantation (side effects and procedural recall) and satisfaction at follow-up.
Conclusion: Regarding the long-term efficacy of neurostimulation treatment, no statistically 
significant differences were found between the dexmedetomidine and the propofol group. We 
observed a trend towards greater satisfaction with the neurostimulation treatment at follow- 
up in the dexmedetomidine group, compared to the propofol group.
Keywords: dexmedetomidine, propofol, chronic pain, neurostimulation, follow-up, 
retrospective studies

Introduction
Spinal cord neurostimulation is a proven cost-effective treatment of chronic pain.1–3 

The success of this intervention partially relies on stimulation-induced paresthesia 
and the extent of its coverage of the painful area(s).4 Although, more recently, 
anatomical lead placement, which does not rely on paresthesia, has received 
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increasing attention with comparable outcomes, optimal 
paresthesia coverage is still often achieved by seeking 
feedback from patients intraoperatively.5 In our center, 
and elsewhere across Europe, the most common method 
of implantation is to apply sedation analgesia and wake up 
the patient during a test stimulation.

Optimal paresthesia coverage depends on the combina-
tion of stimulation parameters and the location of the 
lead(s) and it is achieved by using patients’ feedback. 
Placement of the leads is easier with an adequate sedation. 
However, reliable feedback can be obtained if the patient 
is arousable – preferably easily. Different sedation analge-
sia strategies can facilitate this in varying degrees.

The most commonly used sedation-analgesia regimen 
during a neurostimulation procedure in the Netherlands is 
the combination of propofol-remifentanil.6 Propofol is fre-
quently used partly because anesthesiologists have much 
experience with it. It provides a smooth and rapid induc-
tion and easily controllable and stable continuation of 
sedation, and its cost is relatively low.7 However, because 
propofol acts on the GABA receptors, difficulties may 
arise with regard to obtaining reliable feedback immedi-
ately after waking, due to the drowsiness of the patient.

Dexmedetomidine is an alpha-2 agonist with sedative, 
analgesic, and anxiolytic properties, known for its ability 
to produce arousable sedation in a moderately sedated 
patient, with spontaneous ventilation.8 Previous studies 
have reported promising results regarding the use of dex-
medetomidine in awake procedures, such as during an 
awake craniotomy and during the surgical implantation 
of paddle lead electrodes for neurostimulation through a -
laminectomy.9,10 In the DexMedPro trial, we compared 
dexmedetomidine with propofol during the implantation 
of a neurostimulator – as a sedative agent – in terms of 
patient satisfaction and safety. The results indicate higher 
satisfaction with sedation and an easier production of 
arousable sedation of patients who received dexmedetomi-
dine, compared to the propofol group. The results indi-
cated a safe and stable situation for both patient groups 
during the procedure.11

A sedation that is too shallow can cause discomfort for 
the patient and the implantation team, which is to the 
detriment of the placement technique of the leads. 
A poorly awake patient during testing can lead to an 
inadequate assessment of the position of the leads. Both 
can have a negative effect on the results in the long term. 
In other words, it is presumed that a more controllable 
agent, such as dexmedetomidine leads to better sedation 

and better arousability and indirect to better lead place-
ment with a better long-term effect. Therefore, our hypoth-
esis was that a high-quality sedation regimen 
(dexmedetomidine or propofol sedation), indicated by 
a subjective outcome measurement (ie, patient satisfaction 
with sedation) and an objective measurement (easy arou-
sability during the intervention) could have a long-term 
impact on pain intensity and the emotional and physical 
functioning of the patients. Hence, the aim of this retro-
spective study was to examine the extent to which long- 
term efficacy is associated with the sedation regimen 
(dexmedetomidine versus propofol) during the implanta-
tion of a neurostimulator. The outcome parameters were 
global perceived effect, pain course, physical and emo-
tional functioning, and course of neurostimulation treat-
ment in terms of complications.

Materials and Methods
This is a post-trial follow-up (PTFU) study of the DexMedPro 
trial (October 2015-April 2018; NL52755.078.15). This study 
was approved by the medical ethical committee of the 
Erasmus Medical Center in Rotterdam in March 2018.

Study Design
A retrospective cohort study.

Subjects and Treatment
Sixty-nine patients with an indication of a spinal cord 
neurostimulator were included in our previous 
DexMedPro trial. The aim of that trial was to examine 
whether the use of propofol versus dexmedetomidine as 
a sedative, leads to differences regarding patient satisfac-
tion, ease of arousable sedation, and hemodynamic vari-
ables, during the percutaneous lead implantation of 
a neurostimulator. Subjects underwent an SCS trial (1–2 
weeks) or an all in one procedure. Trial success was 
defined by the implanter and defined as 50% or more 
pain relief. Spinal cord stimulation (Medtronic, 
Minneapolis, USA; ABBOTT, Plano TX, USA; Nevro, 
Redwood city, USA) with 1–2 octrodes, conventional 
40–80 Hz stimulation, Burst 5x 500Hz/40Hz or 10KHz 
respectively or DRG stimulation (ABBOTT, Plano TX, 
USA) 1–4 DRG quads, conventional 10–20 Hz, recharge-
able or recharge free all to the implanters clinical decision. 
Details regarding intra operative and postoperative data, 
dose of medication, indication for procedure, duration of 
procedure, level of sedation of the drugs are provided in 
the article about the DexMedPro trial.10
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The participants in this current PTFU study were those 
included in the DexMedPro trial and provided a written 
informed consent. Patients were excluded from current 
analysis if they had received an extra lead to the existing 
neurostimulation system and/or if they had had a negative 
trial period. Furthermore, patients who had undergone an 
explant were excluded as well.

Outcome Parameters
All patients were evaluated by a review of the routine clinical 
records from the first intake at the department of Pain 
Medicine of the Erasmus Medical Center. Patient records, 
patient demographics, pain diagnosis, and device specifics 
are to be found in the article about the DexMedPro trial.

The outcome parameters were measured 
a questionnaire administered by telephone in the period 
from January to February 2020. The primary outcome 
parameter was global perceived effect, measured by the 
global perceived effect questionnaire (GPE), see Table 1,12 

at the time of the telephone interview, regardless of the 
duration of therapy to date. The secondary outcome para-
meters were pain course (measured by the NRS pain 
score), emotional functioning (measured by the Hospital 
Anxiety Depression Scale [HADS]), physical functioning 
(measured by the Short Form Health Survey [RAND-36]), 

and treatment course (measured by the occurrence of 
complications, see Table 2, based on the categorization 
used by Pope et al).13

Statistical Analysis
Descriptive statistics were used to determine the frequen-
cies of the demographic variables and the outcome para-
meters and to describe measures of central tendency and 
variability, depending on the shape of their distribution.

Using the Shapiro Wilk test all parameters appeared to 
be skewly distributed. Therefore, the measure for the cen-
tral tendency is presented as the median and the measure 
for the dispersion as the midspread, ie the InterQuartile 
Range (IQR: Q1 –Q3). To be able to analyse a difference 
over time in pain level between the experimental groups, 
the difference between the preoperative pain and the pain 
at the time of the interview was calculated. Differences 
between the experimental groups in the continuous para-
meters were analysed using the Independent-Samples 
Mann–Whitney U-Test. Spearman’s rank correlation coef-
ficient was used to test the degree of association between 
continuous variables. The difference in the proportion of 
the complications that did occur in the experimental 
groups was tested using the Fisher’s exact test (two- 
sided). The difference in the length of time between the 
implantation until the completion of the questionnaire may 
have had an effect on the level of outcome parameters. 
Therefore, we performed our analyses by dividing each 
experimental group into two groups using the median of 
the aforementioned length of time as the grouping criter-
ion. Differences in the groups thus created were tested 
using the Independent-Samples Kruskal–Wallis Test. For 
all statistics, α was set at the traditional level of 0.05 level. 
Analyses were performed using IBM SPSS Statistics 22.

Table 1 Seven-Point Scale of the Global Perceived Effect (GPE) 
Questionnaire

Global Perceived Effect

1. How would you rate the course of your 

recovery since the start of this study?

1. Completely 

recovered
2. Much improved
3. Slightly improved

4. Not changed

5. Slightly worse
6. Much worse

7. Worse than ever

2. How satisfied are you with the 

neurostimulation treatment?

1. Absolutely 

satisfied

2. Very satisfied
3. Slightly satisfied

4. Not satisfied nor 

dissatisfied
5. Somewhat 

dissatisfied

6. Very dissatisfied
7. Absolutely 

dissatisfied

Table 2 Long-Term Complications

Complications

Battery replacement
Complications requiring surgical intervention

Lead migration

Surgical site pain
Battery site pain

Fractured lead(s)

Lead revision
Infection

Seroma
Erosion

Epidural hematoma
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Results
Following approval, 69 patients were included in the 
DexMedPro trial. If patients had had a negative trial period 
(n=7), received an extra lead (n=2), or died (n=2), they were 
excluded from current analysis. Nine patients underwent an 
explant of the neurostimulation system. We have no data for 
five patients because they could not be reached by telephone (3 
patients from the dexmedetomidine group and 2 patients from 
the propofol group). The remaining 44 patients were analysed.

The median number of days from implantation until 
completion of the questionnaire was 883 [IQR 706–1214] 
in the dexmedetomidine group and 837.5 [IQR 756.5– 
1104.5] in the propofol group (p=0.73).

Regarding the subscale recovery of the GPE scale, the 
scores of the dexmedetomidine group (median 2.0 [IQR 
2.0–3.0]) did not differ from those of the propofol group 
(median 2.0 [IQR 2.0–3.0])(p=0.82). A trend was found in 
the subscale satisfaction in favor of the dexmedetomidine 
group (dexmedetomidine group median 2.0 [IQR 1.0–3.0] 
vs propofol group median 2.0 [IQR 2.0–3.0](p=0.06)).

We found a statistically significant negative correlation 
between the subscale satisfaction with neurostimulation 
treatment of the GPE and the subscale side effects of 
patient satisfaction with sedation index (PSSI) during the 
neurostimulation intervention administered at the end of 
the procedure and measured during the previous 
DexMedPro trial (r = −0.32; p=0.035). This indicates 
that greater patient satisfaction in terms of side effects is 
associated with greater satisfaction with the effect of neu-
rostimulation treatment reported at follow-up. Although 
not statistically significant, there was also a correlation 
identified between the subscale procedural recall of the 
PSSI and both subscales of the GPE (ie, satisfaction (r= 
−0.27; p=0.08) and recovery (r=−0.30; p=0.05)). The data 

suggest that greater patient satisfaction with sedation (pro-
cedural recall) is associated with greater satisfaction 
reported at follow-up with the effect of the treatment.

No correlation was found between the number of titra-
tion adjustments and the reported overall effect of the 
procedure in terms of satisfaction and recovery (GPE).

The preoperative pain score was compared with the 
pain score at follow-up. The median pain difference in 
the dexmedetomidine group was 1.7 [IQR 0.9–3.9] versus 
1.5 [IQR 0.75–3.4] in the propofol group. No significant 
difference was found between the experimental groups in 
the difference between the level of preoperative pain and 
that at the time of the follow up (p=0.45).

Regarding the depression subscale of the HADS question-
naire, the median score was 6.0 [IQR 3.0–10.0] in the dexme-
detomidine group versus 4.0 [IQR 1.5–7.0] in the propofol 
group. This indicates a trend towards more depression com-
plaints in the dexmedetomidine group (p=0.07).

The median score for the anxiety subscale was 4.0 
[IQR 1.0–7.0] in the dexmedetomidine group versus 5.0 
[IQR 2.5–7.0] in the propofol group, implying no statisti-
cally significant difference between the median scores 
between both groups (p=0.95).

The same applied to the total median score on the 
HADS: 9.0 [IQR 5.0–15.0] in the dexmedetomidine 
group versus 8.0 [IQR 5.0–13.5]) in the propofol group 
(p=0.30).

Furthermore, no significant differences in the RAND- 
36 domains were found between the experimental groups, 
see Table 3.

The occurrence of complications was analysed from 
the day of implantation to the time at which the question-
naire was obtained or the moment of explant (see Table 4). 
There were no complications registered regarding infec-
tion, seroma, erosion, or epidural hematoma.

Table 3 Median and IQR (Q1 – Q3) for the Subscales of the RAND 36 by Experimental Group. Scale Scores Were Calculated Using 
the SF-36 Scoring System

Dexmedetomidine Group (n=23) Propofol Group (n=21) p

Physical functioning 50 (20–60) 35 (22.5–60) 0.84
Social functioning 50 (25–62.5) 50 (37.5–68.75) 0.64

Role limitations – physical 0 (0–25) 0 (0–25) 0.78

Role limitations – emotional 100 (33.3–100) 100 (66.7–100) 0.91
Mental health 80 (64–88) 80 (66–84) 0.47

Vitality 45 (25–55) 40 (32.5–55) 0.97

Pain 44.9 (22.4–55.1) 44.9 (22.4–47.0) 0.96
General health 45 (25–65) 40 (30–60) 0.48

Change in health 50 (50–75) 50 (37.5–75) 0.87
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Median number of complications per patient in the dexme-
detomidine group is 1.0 (IQR 0–2.0) and in the propofol group 
1.0 (IQR 0–1.0) (p = 0.11). The proportion of patients with one 
or more complications did not differ significantly between the 
dexmedetomidine group and the propofol group (p= 0.12).

The difference in the length of time between the 
implantation until the completion of the questionnaire 
may have had an effect on the level of outcome para-
meters. The results of these analyses did not differ from 
the previously performed.

Discussion
In the DexMedPro trial, the satisfaction of the patients 
who received dexmedetomidine as a sedative during the 
implantation of a neurostimulator was found to be signifi-
cantly higher compared to those who received propofol. In 
addition, dexmedetomidine provided an easier arousability 
than propofol. Given these differences, we were interested 
in whether better sedation and easier arousability would 
lead to better long-term effects of the neurostimulation 
procedure in the dexmedetomidine group, possibly due to 
a more targeted placement of the leads in this group.

In this follow-up trial, performed in January and 
February 2020, no significant differences were found between 
the dexmedetomidine group and the propofol group regarding 
all outcome parameters (ie, global perceived effect, pain 
course, complaints of anxiety and depression, physical func-
tioning, and treatment course). Nevertheless, it is notable that 
more surgical site pain occurred in the dexmedetomidine group 
than the propofol group (five vs zero patients with surgical site 
pain). We have no plausible explanation for this other than this 
result is coincidental.

Furthermore, an association between greater patient 
satisfaction with sedation (subscale procedural recall) and 
greater satisfaction reported at follow-up is reported. Since 
this association is a trend (P > 0.05 < 0.10) a sturdy 
appreciation of this association is not justified in our 

opinion. This is due to the fact that no correction for 
multiple comparisons has been made, which inherently 
leads to an increased chance of erroneous findings.

In addition, it is worth mentioning that patients in both 
groups remain, even after a relatively long time, quite satisfied 
with the neurostimulation treatment (median satisfaction score 
2.0 [IQR 2.0–3.0]), which means that they on average were 
very satisfied (see the classification in Table 1).

Limitations
Several limitations of this study should be mentioned. This was 
a retrospective cohort study in which the results could be 
biased by patients’ memory and a possible response shift 
leading to a reduced internal validity. The more so, given the 
relatively long period between the implantation and the com-
pletion of the questionnaire. The statistical power was most 
likely negatively affected due to the many exclusions. 
However, we have no reason to assume that the missings 
were selective since they were equally spread across the 
groups. Furthermore, data from the medical charts were lost 
during the follow-up because they had not been recorded in 
a standardised manner and some data were missing. In addi-
tion, we did not adjust the error rate α for multiple testing 
because it would have reduced the power of the tests even 
more.

Conclusions
Regarding the long-term efficacy of neurostimulation treat-
ment, based on the indirect influence of better sedation result-
ing in better lead placement during a paresthesia based 
implantation, in terms of global perceived effect, pain course, 
and physical and emotional functioning, no statistically sig-
nificant differences were found between the dexmedetomidine 
and the propofol group. We found a trend towards greater 
satisfaction (subscale of GPE) in the dexmedetomidine 
group, compared to the propofol group. A correlation was 
found between patient satisfaction with sedation during 

Table 4 Complications That Occurred by Group, Multiple Complications Were Possible per Patient

Dexmedetomidine Group (n=23) Propofol Group (n=21)

Patients with complications 17 (74%) 11 (52%)
Battery replacement 2 (9%) 2 (10%)

Complications requiring surgical intervention 3 (13%) 3 (14%)

Migration 4 (17%) 2 (10%)
Surgical site pain 5 (22%) 0 (0%)

Battery site pain 12 (52%) 10 (48%)

Lead revision 4 (17) 1 (5%)
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neurostimulation intervention (side effects and procedural 
recall) and satisfaction with the neurostimulation treatment at 
follow-up.
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