
D
ow

nloaded
from

https://journals.lw
w
.com

/anesthesia-analgesia
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3kN

c/D
V0IuZZd3Q

EP7/z7pyeuFL0av/nSXdriC
oQ

++VC
bY7vdZPgf3g==

on
09/07/2019

Downloadedfromhttps://journals.lww.com/anesthesia-analgesiabyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3kNc/DV0IuZZd3QEP7/z7pyeuFL0av/nSXdriCoQ++VCbY7vdZPgf3g==on09/07/2019

REGIONAL ANESTHESIA
SECTION EDITOR

DENISE J. WEDEL

The Placement of the Epidural Catheter at the Predicted
Site by Electrical Stimulation Test
Keiko Hayatsu, MD, Misao Tomita, MD, PhD, Hideyoshi Fujihara, MD, PhD,
Hiroshi Baba, MD, PhD, Tomohiro Yamakura, MD, PhD, Kiichiro Taga, MD, PhD, and
Koki Shimoji, MD, PhD, FRCA

Department of Anesthesiology, School of Medicine, Niigata University, Niigata, Japan

More accurate segmental and sagittal positioning of the
epidural catheter tip is required for the success of contin-
uous epidural analgesia, spinal cord monitoring, and per-
cutaneousepidural spinalcordstimulation.Weexamined
the usefulness of an electrical stimulation test for verifying
the proper placement of the epidural catheter tip at the
predicted site in the posterior epidural space by using a
locally developed epidural catheter with electrodes at its
tip. The test included the observation of segmental bilat-
eral muscle twitches and the patient’s report of feeling in
the region stimulated by moving the epidural catheter

electrode back and forth and changing the direction of the
bevel of the Tuohy needle. The success rate of midline
placement at the required spinal segment was signifi-
cantly more frequent (99%; P � 0.001) in the group (n �
289) receiving the electrical stimulation test compared
with the group (n � 277) not receiving the test (success
rate 57%). The results indicate the usefulness of this
method. We concluded that the electrical stimulation test
is effective for verifying the proper placement of the cath-
eter electrode tip.

(Anesth Analg 2001;93:1035–9)

The development of the catheter electrode has
made possible the monitoring of human spinal
cord function during an operation by recording

spinal cord potentials from the epidural space (1). We
developed this catheter electrode for multiple uses,
including monitoring of spinal cord potentials, mea-
surement epidural pressure and epidural tissue blood
flow, epidural spinal cord stimulation, and epidural
injection of drugs (2). Accurate insertion of the cathe-
ter electrode at the required site in the epidural space
is critical for these applications. We have been using
three methods to determine the proper placement of
the catheter electrodes in the posterior epidural space:
electrical stimulation test, radiographic examination,
and spinal cord potentials evoked by stimulation of
the segmental nerves (3,4). We report on the useful-
ness of the electrical stimulation test for verifying the
proper placement of the tip of the epidural catheter
electrodes at the predicted site in the posterior epi-
dural space.

Methods
This study was approved by the Ethics Committee for
Human Study of the Niigata University Hospital. Pa-
tients who underwent placement of catheter elec-
trodes for spinal cord monitoring, percutaneous epi-
dural spinal cord stimulations, or continuous epidural
injections participated in this study. Before the proce-
dure, the objectives of the study and the details of the
procedure were fully explained to each patient, who
then signed an informed consent form. Each patient
was prospectively and randomly assigned to one of
the two groups: a group receiving the electrical stim-
ulation test (Stimulation group, n � 289) and a group
not receiving the electrical stimulation test (Nonstimu-
lation group, n � 277). The epidural catheter with
three orifices on the side and three platinum wire
electrodes was developed in our laboratory for multi-
ple applications (Fig. 1, left). The catheter electrodes
for the recording of spinal cord potentials were used
on all 566 patients. The procedures used to introduce
the catheter electrodes into the epidural space were
based on the technique of continuous epidural anes-
thesia (1). The patients were placed in the lateral po-
sition and flexed to open the interspaces of the ver-
tebral column. After making a skin wheal and asepti-
cally injecting 0.5% lidocaine (5 mL) over the side of
the selected spinous process, a 16-gauge Tuohy needle
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was inserted into the epidural space by using the
paramedian approach, with the bevel parallel to the
sagittal plane and targeting the predicted segment.
When the tip of the Tuohy needle was located in the
epidural space, the direction of the bevel was ad-
justed, and the catheter electrode was inserted approx-
imately 5 cm into the epidural space. The tip of the
catheter electrode and the skin electrode were con-
nected, respectively, to the negative and positive out-
lets of an electrical nerve stimulator (Fig. 1, right). The
electrical stimuli (0.5–5.0 V; 0.5 ms duration; 1.6–8.6
Hz) were applied through the catheter electrodes,
which were connected to a portable stimulator (Top®;
TOP Surgical Manufacturing Company, LTD, Tokyo,
Japan). When the stimuli produced bilateral muscle
twitches and patients reported paresthesia in the same
spinal segment associated with chronic pain, the cath-
eter electrode was left in position and fixed to the
patient’s skin with adhesive tape or sutures after the
Tuohy needle was removed. However, when the elec-
trical stimuli produced an unilateral muscle twitch or
patients reported paresthesia in a spinal segment dif-
ferent from the pain site, the position of the catheter
electrode was readjusted. This entailed changing the
direction of the needle bevel and advancing or with-
drawing the catheter electrode until the patient re-
ported paresthesia in the spinal segment associated
with pain and bilateral muscle twitches were ob-
served. These procedures lasted 5–15 min.

The position of the catheter electrode was confirmed
by a radiograph after the procedure. The spinal seg-
ment was defined by observing a radiograph photo-
graph (spinal vertebrae) and the Pernkopf atlas (5).
When the catheter tips were within 2 mm from the
midline in the antero-posterior view of a radiograph,
their positions were defined as posterior median (Ta-
ble 1) in the coronary plane. When the catheter tips
were placed within 5 mm from the posterior line of the
spinal canal (the anterior edge of the spine process) in
the lateral view of a radiograph, their positions were

termed posterolateral in the coronary plane. When the
catheter tips were located anteriorly in the spinal canal
and beyond 5 mm from the posterior line of the spinal
canal in the lateral view of a radiograph, their posi-
tions were defined as anterior or anterolateral. When
their tips were located outside the spinal canal, their
positions were diagnosed as outside (Table 1). When
discrepancies between the electrical stimulation test
and radiograph observation were found, 3 mL of the
radiopaque dye was injected through the epidural
catheter inserted.

In the Nonstimulation group, the catheter electrodes
were inserted into the epidural space of the proper
spinal segment as described previously and left with-
out stimulation.

Data are presented as mean � sd. Student’s t-tests,
2 � 2 contingency tables, and one-sided tests were
used for statistical analysis with SPSS version 7.5.2
(SPSS Inc., Chicago, IL). The �2 and Pearson correla-
tion tests were used to analyze the correlation of the
catheter locations. P � 0.05 was considered statisti-
cally significant.

Results
There were no significant differences (P � 0.1) in age,
sex, weight, or height between the Stimulation and
Nonstimulation groups (Table 2).

The success rate of proper segmental placement of
the catheter electrode was significantly more frequent
in the Stimulation group than in the Nonstimulation
group (P � 0.001) (Table 1). In the Nonstimulation
group, there were 11 cases in which the catheter elec-
trodes were misplaced: the electrodes went through
the intervertebral foramen and ended in the tissue
surrounding the epidural space. Two similar cases
were found on the first attempt in the Stimulation
group, in which electrical stimulation even with more
than 5 V did not produce a visible muscle twitch and

Figure 1. Left, schematic drawings of the tips (left) and bases (right) of epidural catheter electrodes used in the study. (A) An epidural catheter
with three coiled stainless steel wire electrodes attached. (B) An epidural catheter with three stainless wire electrodes attached and three side
orifices, developed in our laboratory for multiple applications (recording of spinal cord potentials, stimulation of the epidural spinal cord,
injection of drugs, and monitoring of epidural pressure). Right, photographic demonstration of the procedure for epidural electrical
stimulation test. The procedure used to insert the catheter electrode into the epidural space was based on the technique of continuous
epidural anesthesia.
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the patients reported a faint unilateral localized par-
esthesia. A radiographic image revealed the disloca-
tion of the catheter electrode from the epidural space.
On the second attempt, however, the catheter elec-
trode was moved into the proper epidural space. The
catheter electrodes could not be inserted into the epi-
dural space in two and three cases in the Stimulation
and Nonstimulation groups, respectively.

Table 1 shows in detail where the tip of the catheter
electrode was located in the epidural space (i.e., in the
posterior median, posterolateral, or anterior epidural
space). The percentage of successful placements of the
catheter electrode near the midline in the posterior
epidural space (97.2%) was larger in the Stimulation
group than in the Nonstimulation group. Two and
three cases of dural puncture were reported in the
Stimulation and Nonstimulation groups, respectively.
The catheter electrodes could not be inserted into the
epidural space in these five patients. There were two
cases in the Stimulation group in which the location of
the catheter electrode was one segment rostral to the
predicted site, as verified by radiograph, despite the
observation of bilateral muscle twitches in the proper
spinal segment.

Three patients experienced only unilateral muscle
twitches although the tip of their catheter electrodes
was in the posterior epidural space near the midline,
as verified in the radiographic films and as shown for
one patient in Figure 2.

No major complications occurred, such as the break
of the epidural catheter, epidural hemorrhage, or cord
or nerve injuries.

Discussion
The results of our study indicate the reliability of the
electrical stimulation test for verifying the placement
of the epidural catheter tip at the predicted site. The
muscle twitch evoked by posterior epidural stimula-
tion is thought to be caused by activation of the spinal
rootlets (Group Ia and b fibers), which in turn provoke
the segmental motoneurons (6). Paresthesia evoked
by the stimulation seems to be caused by the activa-
tion of the dorsal column system (7).

Encouraged by the gate control theory advocated by
Melzack and Wall (8), analgesia by electrical nerve stim-
ulation became popular. Shealy et al. (9,10) successfully

Table 1. Locations of the Catheter Tip at the Predicted Segments and Coronary Plane in the Epidural Space in the
Stimulation and Nonstimulation Groups

Variable
Stimulation group
(group with EST)

Nonstimulation group
(group without EST)

No. patients 289 277
Predicted segment 287 (99%)* 155 (56%)
Unpredicted segment 0* 115 (45.3%)
Beyond the segment predicted 2 (0.7%) 7 (2.5%)
Below the segment predicted 0 (0%) 0 (0%)
Coronary plane/posterior mediana 281 (97.2%)* 15 (5.4%)

Posterolateralb 4 (1.4%)* 209 (75.5%)
Anterior/anterolateral 2 (0.7%)* 46 (0.7%)
Outsidec 2 (0.7%)d 7 (2.5%)

EST � electrical stimulation test of the epidural catheter tip.
a Posterior median is within 2 mm of the median line.
b Posterolateral is within 5 mm from posterior line of the spinal canal.
c Outside is out of the spinal canal.
d Readjustments were performed and eventually led to 0.
* P � 0.001 (�2 and the Pearson tests).

Table 2. Patient Characteristics (mean � sd or Number of Patients)

Variable
Stimulation group

(group with EST) (n � 289)
Nonstimulation group

(group without EST) (n � 277)

Age (yr) 58 � 15 56 � 12
Sex (M/F) 128/161 117/160
Weight (kg) 53 � 4 52 � 3
Height (cm) 159 � 5 156 � 4
Patients with chronic pain

Stimulation 259 0
Injection 19 256

Patients undergoing surgery
Monitoring 11 21

EST � electrical stimulation test. There were no significant differences between the groups in all variables.
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treated patients with chronic intractable pain by
surgically implanting electrodes on the dorsal cord sur-
face. However, this method requires a surgical operation
for implanting the electrodes, and several complications,
including arachnoiditis and spinal cord damage or
bleeding, have prevented this treatment from becoming
more widely used. Shimoji et al. (11,12) reported that
epidural spinal cord stimulation with a catheter elec-
trode inserted percutaneously had a pain-relieving effect
without major complications. Furthermore, low-
frequency electrical stimulation in the spinal epidural
space produced partial to complete pain relief in a ma-
jority of patients who experienced intractable pain (13).

A catheter electrode must be inserted into the posterior
epidural space near the midline to produce effective
analgesia through spinal cord stimulation (11–13) and to
attain effective segmental spinal cord potential monitor-
ing during surgery (14,15).

For epidural analgesia produced by local anesthetics,
the tip of the epidural catheter might be better located in
the posterior epidural space near the midline, although
this might not be crucial (16,17). A radiographic study
investigating the cause of continuous unilateral epidural
block in patients who received small doses of lumbar
epidural anesthesia showed that the location of the epi-
dural catheter was in the anterior epidural space (16).

Figure 2. Radiographic demonstration of
the position of the epidural catheter elec-
trode in one of three patients who experi-
enced only unilateral muscle twitches, al-
though the tip of the catheter electrode
was in the posterior epidural space near
midline, as verified by a radiograph. We
found epidural adhesions by using ra-
diopaque dye, intrathecal arachnoid fila-
ments, or both by microfiberscopy in these
cases. The diagnosis was postherpetic
neuralgia on the left T6 spinal segment in
this patient. Although the patient’s cathe-
ter electrode was located in the posterior
epidural space near the midline of the T6
segment, the patient experienced a muscle
twitch only on the right side. In this case,
epidural adhesion was found by ra-
diopaque dye. Furthermore, advanced ad-
hesive arachnoid filament around the T6
spinal cord segment was detected with an
intrathecal microfiberscope. Top, radio-
graph photograph and its hand drawing,
respectively, of the anteroposterior view;
bottom, radiograph photograph and hand
drawing, respectively, of the lateral view.
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This study also showed that a bilateral epidural block
was produced when the epidural catheter was located in
the epidural space near the midline.

This study demonstrated that the electrical stimula-
tion test is effective for verifying the proper placement
of the catheter electrode tip in the posterior epidural
space near the midline. However, the location of the
catheter electrode differed between the findings by
electrical stimulation test and those by a radiograph in
two cases. Epidural adhesion by inflammation or du-
ral traction by severe deformity of the spine seem to
have contributed to the difference in the functional
and anatomic electrode locations (18). Thus, the cath-
eter electrode confirmed to be in the middle posterior
epidural space by a radiograph might not always
stimulate the dorsal column.

The electrical stimulation test used in this study has a
few disadvantages. First, including those reported in this
study, it is very difficult to insert the epidural catheter
electrode into the predicted site of the epidural space
and verify the location by using the electrical stimulation
test in cases of severe epidural adhesion. It is also pos-
sible that epidural adhesion causes spatial change in
epidural impedance, leading to uneven distribution of
electrical current. Second, the bilateral muscle twitch
alone cannot be used to determine whether the catheter
electrode is in the posterior epidural space or in the
anterior epidural space. Spinal cord potential recording
(3,13) or radiograph examination might be required for
such determination (15). Third, experienced techniques
should be required for the proper insertion of the Tuohy
needle into the posterior epidural space, back and forth
movements of the catheter electrode without damaging
the epidural catheter, and readjustment of the bevel of
the Tuohy needle.

From the clinical point of view, the most valuable
application of our methods might be for epidural dorsal
column stimulation, because the placement of the cath-
eter electrode at the predicted site (segmentally and me-
dially) is believed to be crucial (11,15). Our methods
made it possible to approach to the predicted site by
observation of the segmental muscle twitches and by the
patient’s complaint of paresthesia in response to epi-
dural dorsal column stimulation. We could also direct
the tip of the catheter slightly to the affected site (pain
region) again by observation of the bilateral segmental
muscle twitches and by the patient’s complaints.

The next valuable clinical application of our meth-
ods might be the epidural recordings of segmental
spinal cord potentials for monitoring the spinal func-
tions or for pharmacologic studies. Displacement of
the catheter tip out of the epidural space could also be
monitored by this method (19), which might also be of
value for injection of a local anesthetic in addition to
the above-mentioned applications. The anatomic po-
sition of the catheter should be determined by a ra-
diograph. However, even though the bilateral muscle

twitches that coincided with the patient’s complaint
occurred in the predicted segment, verification by a
radiograph of the catheter tip was dissociated with
these clinical observations in two patients (one seg-
ment rostral), as shown in Table 1. However, even
though the tips of the catheters were midline in the
posterior epidural space, as verified by a radiograph,
epidural stimulation caused only unilateral muscle
twitches in three patients (Fig. 2), seemingly caused by
epidural and subarachnoid adhesions, leading to elec-
trical unevenness or unilateral neuritis by herpesvirus.
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