
296 Journal of Pain and Symptom Management Vol. 13 No. 5 May 1997 

Original Article 

Spinal Cord Stimulation: 
A Valuable Treatment for Chronic 
Failed Back Surgery Patients 
Jacques  Devulder,  MD, Mar t ine  De Laat, MD, Mart ine  Van  Bastelaere,  MD, 

and  Geo rges  Rolly, MD, PhD 
Department of Anesthesia--Section Pain Clinic (I.D., M.D.L., M.V.B., G.L.), 
University Hospital of Gent, Gent, Belgium 

Abstract 
Spinal cord stimulation (SCS) has been used in the treatment of "chronic failed back 
surgery syndrome'for many years. To evaluate long-term results and cost effectiveness of 
SCS, we interviewed 69 patients treated during" a period of 13 years. Twenty-six patients 
stopped using SCS; there was no clear explanation for this unsatisfactory result in 10. 
Forty-three patients continued with the therapy and obtained good pain relief Electrode 
breakage either spontaneous or due to a procedure to obtain better stimulation paresthesias 
was more frequent in the radiofrequency-coupled system group than in the battery group 
(mean +_ SEM 2.81 + 2.0 versus 1.42 +_ 1.51, respectively; P = 0.0018). Ten patients 
obtained better pain relief than during the trial procedure. Some still need opioid 
analgesics, but I1 of the 16 who require these drugs obtained a synergistic effect when 
concomitantly using the stimulator. Eleven patients have returned to work. In our cent~,, 
the application of SCS costs on average $3660 per patient per year. Although this seems 
expensive, it may be a cost-effective treatment if  other therapies fail. J Pain Symptom 
Manage 1997;13:296-301. © U.S. Cancer Pain Relief Committee, 1997. 
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Introduction 
L u m b a r  d iscec tomy is fol lowed by unre-  

lieved sciatic pain  in 7%-15% of  patients. 1 
Pain may be difficult to treat  in this chronic 
failed back surgery syndrome (CFBSS). Insta- 
bility of  the lumbar  spine as an etiological fac- 
tor can be treated surgically. 2'3 In the absence 
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of  such instability or o ther  treatable problems,  
pain persists. Although some patients develop 
fibrosis in the a f fec ted  n e r v e  roo t  whe re  
before there had been a disc herniat ion,  there 
is not  always an association between epidural  
f ibrosis  a n d  sciat ica  in the  l u m b a r  pos t -  
discectomy syndrome. 4 Cooper  et al. found  
that  the per i radicular  fibrosis and vascular  
abnormali t ies associated with hernia ted inter- 
vertebral  discs can occur  without  inf lamma- 
tory cell infiltration and represent  an impor-  
tant  et iopathological  factor  predispos ing to 
intraneural  and perineural  fibrosis, and hence  
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to chronic pain symptoms, after disc hernia- 
tion. 5 Regardless of  the etiology of  the pain, 
some pat ients  are very disabled, and  their  
re turn  to work appears  impossible. 

Spinal cord stimulation (SCS) can be con- 
s idered if pain  persists despite conservative 
t rea tment  and there are no significant psycho- 
logical  a n t e c e d e n t s  or  com orb i d i t i e s .  We 
present  69 patients with CFBSS implanted with 
SCS, who were managed  over a per iod of 13 
years. These  pat ients  were assessed by the 
au thors  in t e rms  of  r e t u rn  to work,  d r u g  
intake, patients '  pain evaluation (using a ver- 
bal pain-rating scale), and medical  costs for 
each year they used the stimulator. We sought 
to conclude whether  SCS implants are worth- 
while and to examine the evolution of  their 
outcomes.  

Methods 
In our  depar tment ,  102 spinal cord stimula- 

tors have been  implanted during a per iod of  
13 years for the t rea tment  of  chronic pain. 
Stimulators were implanted in 69 patients with 
CFBSS. I m p l a n t a t i o n  was only c o n s i d e r e d  
when no o ther  surgical opt ion was seen as 
potentially curative. None of  the patients was 
psychologically impaired, and all had under- 
gone a trial stimulation with a t empora ry  elec- 
trode during a 2-week period. In our  country, 
a long trial per iod associated with sufficient 
pain relief is requested for r e imbursement  of  
the neurostimulator.  All patients obta ined con- 
s iderable pain  rel ief  dur ing  the trial. This 
relief was de te rmined  by a decline in the ver- 
bal pain score of  more  than 50%; an increase 
in daily activities; a decrease in d rug  intake, 
a n d / o r  an i m p r o v e m e n t  in s leep pa t t e rn .  
Implanta t ion  was not  done if the results of  
trial stimulations were poor. 

The final SCS populat ion with p e r m a n e n t  
implanted electrodes comprised 102 patients. 
Fo r  this p a p e r  we only cons ide red  the 69 
pat ients  with CFBSS. Twenty-seven pat ients  
were implanted with a radiofrequency-coupled 
system (RF), and 42 received a bat tery  system. 
The  RF system was used if the pat ient  required 
a relatively high voltage (more than 4 V) or if  
the ampli tude needed  numerous  adjustments 
d e p e n d i n g  on the pa t i en t ' s  pos i t ion.  The  
older bat tery stimulators were equ ipped  with 
only two p r e p r o g r a m m e d  amplitudes. 

1 Name of the patient .............. implant date ............. 

2 DO you still use the stimulator?... Since when ....... and 

why? ....................................................... 

3 DO you obtain pain relief by using the stimulator? ......... 

4 How much pain relief do you obtain? 

4 poor < 30% ...... 1 almost very good 50-80% ..... 

3 little 30-50% ...... 0 Very good > 80% ...... 

2 good relief (50%) 

5 Do you still take other drugs? 

6 What drugs do you need? 

7 Do you obtain better pain relief by the stimulat~r ~Rd by 

using drugs? 

8 What activities can you perform? 

9 Can you return to work? 

i0 Did yOU obtain better pain relief during the trial 

procedure than now? 

Fig. 1. Questionnaire. 

To evaluate long-term effectiveness, an inde- 
penden t  reviewer te lephoned the 102 patients 
and asked about: activities such as return to 
work, st imulator use, effectiveness, and con- 
comitant  use of  pain-killing drugs (Figure 1). 
The  patients rated their pain relief using a ver- 
bal pain scale [0 = very good relief (more than 
80% relief); 1 = almost  very good  relief (50%- 
80%); 2 = good relief (50%); 3 = little relief 
(30%-50%);  and 4 = poo r  rel ief  (less than 
30%)].  A category score (0 = good pain relief, 
no need  for medication; 1 = good pain relief 
and the use of  non-opioid drugs; 2 = good 
pain relief and use of  "weak" opioid; 3 = good 
pain relief and the use of  "s t rong"  opioid; 4 = 
little pain relief; and 5 = s topped stimulation) 
was used for evaluation by the reviewer. The 
reviewer also asked about  patients '  pain relief 
du r ing  the trial p r o c e d u r e  and  the re l ief  
ob ta ined  now. I f  the s t imulat ion had  been  
stopped,  the reason for this was sought. 

We examined possible correlations between 
these outcomes and both the type of stimula- 
tor and the gender  of  the patients. We also 
a t t empted  to calculate the cost per  year for 
patients using the st imulator  and for  those 
who stopped. This amoun t  was obtained by 
calculating the costs of  the materials (battery 
system, electrode, etc.) and hospital stays for 
each patient. Hospital  stays for  implantat ion 
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Table 1 
Patient Population, Stimulator System, and Results 

Present  situation Re turn  to work 

Age (years) "Weak" 
System N Mean ___ SD In use Cont. Intermitt. opioids 

Battery SCS 42 52 _+9.8 28 18 10 7 3 
RF SCS 27 49.8-+9.1 15 14 1 4 1 
Total 69 43 32 11 11 4 

N, total number; SD, standard deviation; cont., continuous use; intermitt., intermittent use; RF SCS, radiofrequency-coupled SCS; 
SCS, spinal cord stimulation. 

were estimated as 14 days (trial procedure  
included) and as 3 days for electrode revision. 
Costs for battery replacements were calculated 
as a 1-day stay. Costs for drugs were not consid- 
ered, as they were used by stimulator users as 
well as by those who stopped stimulation. Sta- 
tistical analysis employed the non-parametric 
Spearman correlation and the non-parametric 
signs test. A P value less than 0.05 was consid- 
ered significant. 

Results 
The mean age of  the 69 patients with CFBSS 

and SCS was 51.1 _+ 9.6 years. The population 
comprised 34 women (age, 49.5 --+ 9.0 years) 
and 35 men (age, 52.7 -+ 9.9 years). There was 
no significant difference in age between the 
men and women (P = 0.15). Forty-two patients 
received a battery system (age: 52.0 _+ 9.8 
years), and 27 patients (age, 49.8 + 9.1 years) 
received a radiofrequency-coupled (RF) sys- 
t em (Table  1). N i n e t e e n  pa t i en t s  were  
implanted with Cordis neurostimulators (Cur- 
dis, Miami, US) (19/69); the remainder, who 
were treated since 1988, received Medtronic 
(Minneapolis Inc.) systems. 

Forty-three patients still used the stimulator 
(28 battery and 15 RF-coupled systems). The 
average period of  use was 4.9 + 3.3 years. No 

significant difference was found between the 
battery and the RF systems (P = 0.68). 

Eleven patients returned to work. Fourteen 
used the stimulator as the only instrument to 
alleviate their pain (12 battery and 2 RF). 
Eleven pa t ien ts  used a n o n - o p i o i d  d r u g  
together with SCS, 16 patients used a "weak" 
opioid, and two a "strong" opioid together 
with the stimulator (Table 2). 

A positive correlation was found between 
the ca tegory  score and the pat ient ' s  pain 
evaluation (P = 0.014). This condition was not  
detected in the radiofrequency group alone (P 
-- 0.059). 

The electrodes were implanted at the level 
where the best stimulation paresthesias could 
be obtained. Forty-five electrodes were placed 
between the seventh and eleventh thoracic 
v e r t a b r a e .  At  first, the  e l e c t r o d e s  were  
implanted neurosurgically and fixed to the 
dura  to prevent  dislocation, and a "mini-  
l aminec tomy"  was necessary for  e lec t rode  
introduction. Later, with the Medtronic sys- 
tems, the electrodes were introduced, if pos- 
sible, percutaneously (27 of 69 cases). Neuro- 
su rg ica l  f ixa t ions  were  r e q u i r e d  w h e r e  
percutaneous introduction was too difficult. 

Multiple e lec t rode re in te rvent ions  were 
needed. The battery systems need significantly 
fewer electrode interventions than the RF sys- 

Table 2 
Patient Population, Stimulator System, and Results 

Pain t rea tment  
In te rmi t t en t  Cont inuous  

N Battel T RF use use 

Pain relief trial SCS versus now 

Better = Worse 

Only stimulator 14 
Stim. + non-opioid 11 
Stim. + "weak" opioid 16 
Stim. + strong opioid 2 
Total 43 

12 2 6 8 1 9 4 
6 5 2 9 5 4 2 
8 8 2 14 7 5 4 
2 0 0 2 1 1 0 

30 15 10 33 14 19 10 

SCS, spinal cord stimulation; Stim., stimulator. 
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Table 3 
Reinterventions (Electrode and Battery) and Continued Use Afterward 

Electrode reinterventions 
Still use the 

Patient New electrodes stimulator 

Battery system 25/42 60 19/25 
RF system 23/27 67 13/23 
Total 48/69 32/48 
Battery reinterventions Newbatteries 
Battery system 31/42 66 20 

RF, radiofrequency-coupled. 

terns (60 electrodes for 42 battery patients ver- 
sus 67 e lec t rodes  for 27 RF patients,  P = 
0.0018) (Table 3). The RF patients were those 
with poor  stimulation quality. They could only 
obtain paresthesias using higher amplitudes or 
by continuously changing their parameters.  
This might explain different reinterventions 
to obtain a bet ter  paresthesia overlap. The 
Spearman correlation showed no relationship 
between the frequency of  reintervention and 
the final category score (P = 0.8). As noted, 
there was no correlation between the category 
score and the patient  evaluation in the RF 
group;  this indica ted  that  r e in t e rven t ions  
could not  ameliorate patients' satisfaction for 
the RF group. 

We found a positive correlation between the 
durat ion of  SCS use and the category score (P 
= 0.0002). This relationship was less strong 
among female patients (P = 0.055). 

F o u r t e e n  of  the pat ients  still using the 
stimulator repor ted  that pain relief was better  
during the trial stimulation period than in the 
p re sen t  (14 /43) .  Conversely, ten pat ients  
repor ted  bet ter  pain relief than during the 
trial, and 19 described the same perceived 
degree of  pain relief as during the trial (Table 
2). Higher  category scores were associated 
with better pain relief in the present than dur- 
ing the trial (P = 0.014). There  was no appar- 
ent  correlation between the patient's age and 
the category score. With the RF system, how- 
ever, there appeared to be a slight negative 
correlation, the older the patient the worse 
the score (P-- 0.03). 

Twenty-six pat ients  no longer  used  the 
stimulator. Th ree  died of  ano the r  disease, 
three could not  be contacted, two obtained 
pain relief after or thopedic  back surgery, and 
two became pain free spontaneously and no 
longer needed  the device. Six patients never 
had the painful area adequately overlapped by 
stimulation paresthesias, which might explain 

the failure to obtain pain relief. Another ten 
patients, however, had good overlap but  never 
attained sufficient pain relief. Eleven patients 
r ep o r t ed  synergy in pain- relieving effects 
between the use of  SCS and a "weak" opioid. 

Our  populat ion of  69 patients totalled 341 
years of  neuro-stimulator use. In aggregate, 
each  year  of  s t imula t ion  cost  $3660 pe r  
patient. If we consider only those patients who 
continued to use the device, 1 year of  stimula- 
tion cost $3400. If we recalculate the cost and 
only consider the materials implanted in a day- 
surgery setting, the price could be reduced to 
$3030 for each patient each year and to $2730 
for every successful user. 

Discussion 
Applying electrical cu r ren t  to the spinal 

cord was first described by Shealy et al. 6 The 
CFBSS was one of  the first indications for such 
treatment.  Later, SCS was used for various 
other  indications, such as mo to r  disorders, 
cancer pain, and ischemic pain. 7q2 The physi- 
ological mechanisms of  SCS remain obscure, 
although the gate control theory of  Wall and 
Melzack a t tempted  to explain the induced 
analgesia, a'~ It has been  shown that various 
neurotransmitters are released during stimula- 
tion, and, depending upon the condition, this 
re lease might  expla in  its effects. 14-19 For  
example, gamma-aminobutyric acid (GABA) is 
p robably  im p o r t an t  for  pain re l ief  and is 
released in the dorsal horn  by electrical spinal 
cord stimulation. 17 

Questions remain about whether  the use of  
SCS is a rational investment for patients with 
CFBSS, a v e r  complex pain syndrome. Patients 
may have nerve destruction, and frequently 
there is fibrosis a round  the affected nerve 
root. 5 As in all chronic pain syndromes, psy- 
chological impai rment  can be present  and 
may be an important  prognostic factor for the 



300 Devulder et al. 17ol. 13 No. 5 May 1997 

success o f  SCS in ch ron ic  back and  leg 
pain.  9°-22 Such  complex i t i e s  c o m p l i c a t e  

efforts to predict the outcome of  this tech- 
nique. Nevertheless, the implantation of  a SCS 
system is a nondest ruct ive  technique,  and 
moreover, a prospective study has shown that 
SCS can yield better outcomes in this syn- 
drome than reopera t ionY 

Our results also show that SCS can relieve 
pain adequately and allow some patients to 
return to work. Some patients gained relief 
from the electrical stimulation alone, and oth- 
ers apparently experienced synergistic effects 
fi-om SCS and opioids. Analgesia due to sys- 
temic opioids is believed to be partly the result 
of  the activation of  medullary neurons project- 
ing to the spinal cord, 24 which might explain 
the observed synergy. 

In our center, the long-term use of SCS is 
expensive. The high cost cannot be explained 
by longer hospital stays, as surgery in a 1-day 
setting also costs $3030 per patient. Much of 
the expense comes from electrode reinterven- 
tions, especially the cost of  materials. This 
observation suggests that only those patients 
with stable stimulation parameters should be 
implanted. In this context, we can agree with 
observations by North et al. about the superi- 
ority of  mul t i channe l  stimulators. 25 These 
devices provide the opportunity to change the 
electrode combinations so that optimal pares- 
thesia conditions can be achieved. 

We cannot precisely explain the finding of  
better category scores in men than women. 
We can only speculate that our observations 
correspond with the report  by Wright et al. 
that elderly women are at greater risk of  lower 
back pain than are men. m We also found that 
women in the RF group obtained a worse cat- 
egory score than men. Their mean age was 
greater than that of  the men, but the differ- 
ence was not  statistically significant (P-- 0.11). 
Nevertheless, we judge that age may be a nega- 
tive prognostic factor. 

The apprec ia t ion  o f  pain rel ief  du r ing  
stimulation may vary as a function of  time. In 
some patients, we can assume that tolerance is 
present, especially in those no longer experi- 
encing pain relief, but  others observed the 
contrary effect. This subjective feeling might 
have been influenced by natural healing, as 
two patients did not need the stimulator after 
a few years. 

It is obvious, considering the costs involved, 
that strict criteria for patient selection should 
be maintained. SCS should only be used if sur- 
gery is contraindicated and would produce a 
yet more  negative outcome. In two of  our  
patients, SCS was insufficient, and final relief 
was obtained by surgical reintervention (one 
decompressive laminectomy and one fixation 
of  the vertebrae). In these cases, SCS would be 
a waste of money in the long term. We also 
note that whenever SCS analgesia becomes 
poor  but is not  correlated with bad paresthesia 
overlap, the patients stop using the stimula- 
tion. 

We found an increase in the cost when fail- 
ures were taken into account. A patient who 
benefits from the stimulation costs $3400 as 
compared with $3660 for the whole SCS popu- 
lation studied. Burchiel et al. also found that 
patients who report  poor  pain relief soon after 
implant substantially increase the cost /benefi t  
ratio of  the procedure as a whole, e° We found 
the same result, but still argue that SCS should 
not be abandoned immediately if poor  analge- 
sia is the result of  bad paresthesia overlap. 
Reinterventions are indicated as long they can 
improve the quality of the stimulation pares- 
thesias. The bat tery systems may be more  
attractive in this regard, as reintervention is 
statistically less frequent than for the RF sys- 
tems. 
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