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Spinal cord stimulation (SCS) in trials involving external stimulation are easily conducted under local anesthesia. How-

ever, implantation of a permanent SCS system is painful, and can be intolerable in some patients. Epidural anesthesia can

be used to perform the SCS implantation without discomfort if the patient can localize the area of paresthesia. However,

little is known about epidural anesthesia for SCS. This paper reports 23 cases of permanent SCS with a cylindrical type

lead implanted under the epidural anesthesia. Epidural anesthesia was sufficient in 22 patients without discomfort and
significant complications. The remaining patient experienced incomplete epidural anesthesia and required additional an-
algesics to blunt the pain. All the leads were placed consistent with the patient’s report of paresthesia area under epidural
anesthesia. Thus, epidural anesthesia is an effective and safe method for the optimal placement of SCS to minimize the

discomfort for patients without impairing patients’ response to the intraoperative stimulation test.
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Spinal cord stimulation (SCS) is popular for the treatment
of a variety of chronic neuropathic pain syndromes, including
failed back surgery syndrome, complex regional pain syndrome,
peripheral vascular disease and angina pectoris [1,2]. SCS is
usually performed in two stages, with an external stimulator
used first, followed by permanent implantation. The trials can be
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easily conducted by placing a temporary percutaneous epidural
lead under the local anesthesia [3]. Permanent implantation is
a surgical procedure that is commonly performed under the
local anesthesia to enable intraoperative testing of paresthesia
corresponding to the painful area [4]. Some patients find this
method intolerable due to pain. Because the placement of SCS
under general anesthesia precludes the use of intraoperative test
stimulation, general anesthesia is not recommended [5].

Epidural anesthesia can be used to perform the SCS without
discomfort if a cooperative patient can localize the area of pares-
thesia. However, not much is known about epidural anesthesia
for SCS with a cylindrical type lead. This paper reports 23 cases
of epidural anesthesia for the permanent placement of SCS.

Case Report

A total of 23 patients with chronic intractable lower limb
pain who had permanent SCS with a cylindrical type under epi-
dural anesthesia between November 2010 and December 2013
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were included in the case series. The Institutional Review Board
of our hospital approved the study protocol. All patients had
previously undergone a successful SCS trial with percutaneous
electrodes for more than 3 days. A successful trial of SCS was
defined as pain reduction or the satisfaction rate > 50% with evi-
dence of increased activities. The percutaneous trial leads were
removed and discarded regardless of the success of the trial.

Written informed consent was obtained from each patient
the day before the permanent lead and the generator was placed.
Electrocardiogram, blood pressure and peripheral oxygen satu-
ration were routinely monitored throughout the procedure in
the operating room. The patient was placed in the lateral decu-
bitus position with the spine flexed for epidural anesthesia. Two
percent lidocaine was infiltrated around the needle puncture site
prior to the epidural anesthesia, which was induced by epidural
bolus injection at the L2-L3, L3-L4 or L4-L5 level with local
anesthetic solution in volumes from 10 to 30 ml to achieve the
sensory blockade of T10 or higher. The volume and dosage of
local anesthetics for epidural anesthesia were decided arbitrarily
by the discretion of the responsible anesthesiologist. The patient
was then arranged in the supine position and checked for the
anesthetic level using a blunt needle every 5 min. The patient
was placed prone with a pillow under the abdomen to reduce
lumbar lordosis after an appropriate sensory level of block was
obtained.

After the sterile skin preparation and draping was performed,
fluoroscopic anteroposterior (AP) imaging was used to identify
and mark vertebral segments and pedicles of L2, L3 and L4 with
a sterile marker. A 5 cm long longitudinal skin incision was
made aligning the centers of L2, L3 or L4 pedicle after the inci-
sion site was checked. A 14 gauge Tuohy needle was used for
the paramedian approach with C-arm fluoroscopic image. After
ensuring that the needle was positioned in the epidural space,
the guidewire was used to make insertion of the electrode easier.
The octode electrode lead (Advanced Neuromodulation System,
Planco, TX, USA) was carefully advanced through the needle to
one vertebral level above to the target placement, and then the
lead placement was determined by the patient response during
intraoperative stimulation. Successful stimulation was defined as
paresthesia development in the patients pain distribution area
as in the trial stimulation. Fluoroscopic images in both AP and
lateral views were taken after determining the placement of the
lead. If a second lead was required, the second epidural needle
was inserted inferior to the first needle. The second lead was
positioned after the first lead has been completely positioned.
After stylet and the needle were removed under fluoroscopic
guidance, the leads were meticulously anchored with a 2.0 non-
absorbable silk. Final fluoroscopic images in both AP and lateral
views at the end of this process were taken to ensure that lead
migration did not occur.
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A small incision was made in the flank below rib 12 for the
exit of the lead, and then a tunnel was made in the deep sub-
cutaneous fat by using a tunneling tool from the back incision.
The lead was pulled out towards the flank incision through the
passing straw. After irrigation of the lumbar incision area with a
mixed solution of normal saline and antibiotic, it was closed and
dressed.

After the patient was placed in the left semilateral position,
sterile skin preparation and draping were performed again for
the implantation of the generator in the left abdomen. A trans-
verse incision about 5 cm long was made along the previously
marked line in the left lower abdominal region just below the
umbilicus level and subcutaneous pocket was created caudal
to the incision. It was tunneled subcutaneously between the
abdominal pocket site and the flank incision site. The lead was
pulled through the passing straw. The integrity of the system was
checked and the generator was positioned. The pocket site was
irrigated with a mixed solution of normal saline and antibiotic,
and sutured. Appropriate dressings covered all the wounds. The
SCS was turned on and tested again to ensure adequate coverage
of all painful areas after the patient had been completely recov-
ered from epidural anesthesia. SCS parameters were recorded
and compared at the trial (T0), permanent implant (T1) and
postoperative stimulation 3 days after surgery (T2). The pain in-
tensity was evaluated with a visual analogue scale (VAS) of 0 to
10 (where 0 means nothing and 10 represents the worst condi-
tion imaginable) before and after the permanent SCS implanta-
tion.

Twenty-three patients underwent epidural anesthesia for
permanent SCS implantation (Table 1). Epidural anesthesia was
sufficient to perform the implantation of the lead and generator
in 22 patients without interference with the intraoperative test
stimulation. Incomplete epidural anesthesia requiring an addi-

Table 1. Characteristics of Patients and Permanent SCS Implantation

Characteristics of Patients (n)

Sex (M/F) 21/2
Age (yr) 62.7 +14.8
Height (cm) 1647 +7.3
Weight (kg) 65.4+12.1
Interval between trial and permanent SCS (days) 152+ 6.7
Diagnosis (%)
Complex regional pain syndrome I 10 (43.5)
Complex regional pain syndrome II 2(8.7)
Failed back surgery syndrome 8(34.8)
Multiple sclerosis 1(4.3)
Atherosclerosis obliterans 2(8.7)
Number of permanent SCS leads (%)
1 14 (60.9)
2 9(39.1)
Duration of permanent SCS (min) 126.5+41.4
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Fig. 1. The electric current variables (mA) at the trial (T0), permanent
(T1) and postoperative stimulation 3 days after surgery (T2). There was
a significant difference between T0 and T1, and T1 and T2. *P < 0.001
TOvs. T1; P < 0.001 T1vs. T2.

tional dose of fentanyl 100 ug to control pain was experienced in
one case.

There was an interval of 15.2 + 6.7 days between the trial and
permanent SCS implantation. The patients” clinical character-
istics are presented in Tables 1 and 2. The average time of the
permanent SCS implantation was 126.5 + 41.4 min. The level of
sensory block was not recorded in five patients. The highest level
of the sensory block was the fourth thoracic segment (9.5%) and
the lowest level was tenth thoracic segment (4.8%), which pro-
vided sufficient analgesia for all SCS procedures. The epidural
local anesthetics included 2% lidocaine in three patients, 0.75%
ropivacaine in one patient and a mixed solution of 2% lidocaine
and 0.75% ropivacaine in 19 patients. The average volume of
local anesthesia was 16.4 + 4.3 ml (range 10-30). The incidence
of hypotension was 43.5% and the incidence of bradycardia was
30.4%. Hypotension and bradycardia were treated well with
volume expansion, ephedrine, phenylephrine or atropine. There
were no serious complications of epidural anesthesia.

All the leads were placed according to the patient’s report of
paresthesia coverage when stimulations of spinal cord were cre-
ated under the epidural anesthesia. The electric current variables
(mA) needed to reproduce paresthesias at T0, T1 and T2 were
1.87 +£1.02, 5.27 £ 2.13 and 2.47 + 0.86, respectively. The electri-
cal current intensity at T1 was significantly higher than those
at TO (P < 0.001) and T2 (P < 0.001) when compared with each
other (Fig. 1). The frequency (Hz) at T0, T1 and T2 ranged from
30 to 60, and the pulse width (us) at TO, T1 and T2 ranged from
200 to 300. All patients experienced pain improvement (Table 2)
and the average pain intensity (VAS) scores were 8.6 + 0.6 and 3.6
+ 0.6 before and after SCS implantation.
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Discussion

It has been generally considered that adequate paresthesias
may not be obtained if the nerve roots or the spinal cord are
blocked by epidural anesthesia. However, this report demon-
strates that successful epidural anesthesia in SCS implantation
without disturbing perception. During the procedures, epidural
anesthesia provided a satisfactory analgesic effect, with the ex-
ception of one patient who felt pain, which was controlled by
intravenous fentanyl 100 ug. Hypotension and bradycardia were
the most common cardiovascular changes during the epidural
anesthesia for SCS, requiring careful managements of blood
pressure and heart rate.

SCS can be used for a variety of anesthetic techniques in-
cluding local anesthesia, local anesthesia with sedation, spinal
anesthesia, epidural anesthesia, monitored anesthesia care and
general anesthesia [4]. SCS is generally performed under local
anesthetic infiltration with or without sedation considering in-
traoperative test stimulation. Local anesthesia does not prevent
the patients from suffering significant discomfort and stress,
and occasionally some patients have to abandon the procedures
[6]. Increased administration of sedatives and analgesics in the
prone position may cause airway problems and respiratory de-
pression [7]. Excessive sedation and general anesthesia prevent
the patient from responding to the distribution of paresthesias
for optimal positioning of the lead [8].

The findings of the present study correspond well with those
of several previous studies. Garcia-Pérez et al. [5] reported that
epidural anesthesia is suitable for identification of paresthesia in
the optimal placement of the SCS leads. Zhang et al. [4] suggest-
ed that patient’s perception of paresthesias during intraoperative
testing is reliable, consistent and correlates well with the postop-
erative stimulation. Epidural anesthesia was an effective and safe
method for the placement of SCS in those studies, because it al-
lowed the physician to promptly observe the patients’ perception
of electrical stimulus over the range of areas with pain, followed
by inducing pain relief.

The SCS devices used in this report have two distinct features
from those of mentioned in two previous studies. Eight-channel
cylindrical type electrodes with the constant current system
were used in this report, whereas the two prior studies used
paddle type leads with constant voltage system. Eight-channel
cylindrical type electrodes are less invasive than the paddle type
electrodes as they do not entail resection and removal of verte-
bral tissue [9]. However, the paddle type electrodes have better
electrical conduction properties due to larger surface contact ar-
eas and unidirectional stimulating poles, and may be associated
with a lower rate of migration as compared with cylindrical type
electrodes [10,11]. Our cases demonstrate that the cylindrical
type lead can also achieve sufficient paresthesia for the intraop-
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erative stimulation under epidural anesthesia despite its weaker
conductivity than the paddle type. The constant current SCS
system provides a constant current flow with the change of volt-
age in response to impedance, while the constant voltage SCS
system provides constant voltage and variable current according
to impedance [12]. This is the first report on the epidural anes-
thesia for SCS implantation using cylindrical type leads with a
constant current.

This report indicates the absence of a decline of paresthesia
by epidural anesthesia, with no interference with the intraop-
erative stimulation test for the optimal placement of SCS leads.
Although the stimulation intensity required to evoke optimal
paresthesia was significantly higher than both trial tests and
postoperative stimulation intensity in this report, adequate par-
esthesia was obtained in all patients under epidural anesthesia.
This result was similar to previous reports, which proposed that
the intraoperative voltage is significantly higher under epidural
anesthesia because some of the superficial posterior column
fibers may also be blocked by the anesthetic drugs diffusing [4,
5]. The local anesthetics, which are deposited into the epidural
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