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Elevated B-Endorphin in Cerebrospinal Fluid After Electrical
Brain Stimulation: Artifact of Contrast Infusion?

Abstract. B-Endorphin-like immunoreactivity in cerebrospinal fluid was assayed
in 11 patients receiving electrical stimulation of the brain for chronic pain.
Immunoreactivity increased dramatically after contrast ventriculography prior to
stimulation. No further elevations were observed after stimulation. The magnitude
and time course of elevations were identical after placement of electrodes either in
the thalamus or in the periventricular gray matter. These results suggest that
previous findings of stimulation-induced elevation of B-endorphin-like immunoreac-
tivity in cerebrospinal fluid are attributable to an artifact of contrast ventriculog-

raphy.

Many studies have shown the effec-
tiveness of electrical stimulation of the
periventricular gray matter (PVG) (/-6)
and various areas of the thalamus or
internal capsule (7-9) for relief of chronic
pain in humans. The most popular neuro-
chemical hypothesis proposed to explain
this phenomenon suggests that the effect
of stimulation-produced analgesia (SPA)
in humans is mediated by release of
endogenous opiates. The hypothesis is
based on evidence suggesting that (i)
analgesia obtained through stimulation
of the PVG is effective only in patients
whose pain also responds to narcotics
(10), (ii) intraventricular B-endorphin in-
duces analgesia in patients (17), (iii)
cross-tolerance occurs between mor-
phine analgesia and SPA (12, 13), (iv)
naloxone reverses SPA-(/4), and (v) SPA
elevates levels of B-endorphin-like im-
munoreactivity (8-ELI) and methionine-
enkephalin-like immunoreactivity in ce-
rebrospinal fluid (CSF). However, sev-
eral investigators have reported only
slight or no reversal of SPA with nalox-
one administration (8, 15), and others
have found either no change or inconsist-
ent effects of PVG stimulation on CSF B-
ELI (5, 16).

We have utilized electrical stimulation
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of the brain to relieve chronic pain in
humans (/7) and have examined the ef-
fects of such stimulation on CSF B-ELI.
We report here our neurochemical re-
sults.

Four male and seven female patients
underwent implantation of stimulating
electrodes deep in the brain for a variety
of algetic states (Table 1). All patients
were completely free of opiate use at the
time of the two-stage surgical procedure
(17). Because some patients with pain of
peripheral origin respond to thalamic
stimulation as well as PVG stimulation
(9) and because repeated PVG stimula-
tion can lead to development of toler-
ance (1), all patients receiving a PVG
electrode also received a thalamic elec-
trode.

After insertion of a ventricular cathe-
ter into the frontal horn of the left lateral
ventricle a 2-ml control sample of CSF
was obtained. Metrizamide ventriculog-
raphy was then performed to visualize
the third ventricle and Sylvian aqueduct
(18). In patients receiving a PVG elec-
trode, target coordinates were 1 mm
posterior and inferior to the posterior
commissure and 1 mm lateral to the wall
of the third ventricle. The target for the
ventral posterior thalamic (VPT) elec-

trode was determined by the location of
the patient’s pain. For pain of the ex-
tremities or trunk the coordinates were 9
mm posterior, 10 to 12 mm lateral, and 2
to 5 mm dorsal to the midpoint of the
anterior commissure—posterior commis-
sure (AC-PC) line. Coordinates for facial
pain were 8 mm posterior, 8 mm lateral,
and 3 to 5 mm dorsal to midpoint of the
AC-PC line. These are the coordinates of
Adams and Hosobuchi (79). Immediately
after insertion of the first electrode (20),
but before stimulation was begun, a sec-
ond sample of CSF was obtained. Stimu-
lation was then begun and adjusted to
produce maximum relief of pain as re-
ported by the patient. Stimulation pa-
rameters arrived at through this method
were similar to those in previous studies
(4, 14). This stimulation was continued
for 15 minutes, and a third sample of
CSF was obtained. The second electrode
was then implanted. Immediately after
implantation of the second electrode a
fourth sample of CSF was obtained.
Stimulation was then begun, adjusted as
before, and continued for 15 minutes. A
final sample of CSF was obtained after
this stimulation. All samples were imme-
diately frozen on dry ice and stored at
—90°C until being assayed for B-ELI and
B-lipotropin (27).

The results of the effects of PVG and
VPT stimulation on CSF B-ELI are
shown in Fig. 1. Two groups are repre-
sented: those patients who received
PVG stimulation before VPT stimulation
and those patients who received either
VPT stimulation before PVG stimulation
or who received bilateral VPT stimula-
tion. The latter two (control) groups dif-
fer slightly, but both had VPT stimula-
tion first (and thus the first four of five
CSF samples were drawn under identical
conditions); therefore, the data on them
were combined for analysis. Two-way
analysis of variance with repeated mea-
sures revealed that neither the difference
between groups nor the interaction be-
tween groups and time was statistically
significant. Changes in the level of B-ELI
over time (collapsed across groups),
however, were significant [F(4,40) =
13.77, P < 0.01). Subsequent analysis of
this result with a rtest with repeated
measures demonstrated that B-ELI at
each time point significantly exceeded
control levels (P < 0.01 in each case)
(22). Therefore, as in previous studies,
these results demonstrate significant in-
creases in CSF B-ELI in patients receiv-
ing electrical stimulation of the brain for
chronic pain (2-4).

B-Lipotropin in CSF increased only 50
percent on average after contrast infu-
sion and did not change further with
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Table 1. Patient characteristics and electrode targets. Abbreviations: FLB, failed low back (includes patients with epidural fibrosis or
arachnoiditis); LB, low back; LLE, left lower extremity; and LUE, left upper extremity.

Electrode
Initials Sex Age Etiology of pain Location of pain 5
1
P.V. M 43 FLB; postcordotomy dysesthesia LB and LLE PVG VPT
G.Q. M 54 FLB; failed cervical laminectomy Cervical; LB PVG VPT
C.F. M 43 Causalgia LUE PVG VPT
0.C. F S5 Peripheral deafferentation LLE PVG VPT
J.L. F 50 Peripheral deafferentation Chest PVG VPT
J.V. F 56 Anesthesia dolorosa Right face PVG VPT
P.E. F 40 Atypical facial pain Right face PVG VPT
G.B. F 43 FLB LB and LLE PVG VPT
J.W. M 70 Thalamic pain Hemicorporal below neck VPT PVG
B.P. F 66 Peripheral deafferentation Bilateral perianal VPT VPT
M.V.H. F 63 Atypical facial pain Left face VPT VPT
G.Q. M 55 FLB; failed cervical laminectomy Cervical; LB VPT PVG

PVG or VPT stimulation. None of the
B-lipotropin alterations reached statisti-
cal significance. Furthermore, Pearson
product-moment correlation analysis of
the B-ELI and B-lipotropin results did
not reveal a significant correlation be-
tween the effects of stimulation on these
peptides (r = 0.06). Our control levels
and percent increases of B-ELI are simi-
lar to those reported previously. That
our baseline values are slightly lower
than those in a previous study (4) is
probably the result of increased specific-
ity of the assay. However, the data gath-
ered in this experiment, in which a CSF
sample was collected after contrast infu-
sion but before stimulation was begun,
lead to a very different conclusion than
that suggested previously. As shown by
Fig. 1, the increase in B-ELI occurred
before stimulation began. Moreover, -
ELI did not increase further after stimu-
lation but returned toward normal. Al-
though different contrast agents were
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metrizamlide stimulation
of ele1ctrode

used in previous studies (23), findings
discussed below suggest that this differ-
ence has no effect on the B-ELI results.

Anatomic specificity of the effect of
PVG stimulation on CSF B-ELI was
previously suggested by the observation
that patients receiving electrical stimula-
tion of the posterior internal capsule did
not have significant elevations of CSF 3-
ELI (4). However, in the present study
patients who received stimulation of the
VPT before PVG stimulation or stimula-
tion only of the VPT had not only the
same qualitative and quantitative eleva-
tion in B-ELI but also the same tempor-
al pattern of elevation. These results
strongly indicate that CSF B-ELI eleva-
tions occur prior to, and independent of,
electrical stimulation of the PVG. We
recently reported similar B-ELI eleva-
tions in lumbar CSF of patients receiving
only routine metrizamide myelography
by lumbar puncture (24).

Several explanations could account

*—epyG > VPT

O—O VPT > PVG or
bilateral VPT

Fig. 1. Concentration
of CSF B-ELI in pa-
tients receiving elec-
trical stimulation of
the PVG before stim-
ulation of the VPT
and in patients stimu-
lated in the reverse
order or given bilater-
al stimulation of the
VPT. Collection of
CSF samples and
times of specific ma-
nipulations are indi-
cated. Values are
? * means * standard er-
Begin Stop rors.

stimulation
of ele‘zctrode

T T T
Sample No. 1 2 3
Minutes (o] 30 50
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for these results. First, because stress
has been reported to elevate CSF B-ELI
(25), it is possible that the surgical proce-
dure alone is sufficiently stressful to ele-
vate B-ELI. Second, electrical stimula-
tion of the brain might result in elevation
of CSF B-lipotropin that, because of the
assay cross-reactivity, would appear as
B-ELI. Third, the contrast medium
might induce the release of B-endorphin
by direct irritation of periventricular tis-
sues. Finally, the contrast medium might
directly interfere with the assay, thereby
falsely causing the appearance of elevat-
ed B-ELI. In vitro assays cause us to
favor the final explanation. Using minute
quantities of any of four commonly used
contrast agents [Amipaque, Renograffin,
Conray, or Pantopaque (26)], we can
accurately reproduce the in vivo results
reported above (27).

Several other observations support
our suggestion that the contrast agent,
not PVG stimulation or B-lipotropin, is
responsible for the observed increases in
CSF B-ELI. First, additional assays in
one patient (J.V.) indicate that CSF B-
ELI is elevated to levels similar to those
reported above within 1 minute of con-
trast infusion. Such a rapid increase
would be inconsistent with a physiologi-
cal effect of stimulation (since no stimu-
lation occurred), an irritative effect, and
even a stress effect (since the control
sample was taken just 1 minute before
this sample and the surgical preparation
had already been completed). Second,
although one patient (J.W.) required gen-
eral anesthesia, which should have re-
duced the conscious stress component,
his CSF B-ELI followed the same pat-
tern as all the others. Third, a localized
cutaneous infection made it necessary to
remove the electrodes from one patient
(G.Q.) after approximately 4 months of
successful pain control. When reimplant-
ing his electrodes we reversed the se-
quence of implantation. His CSF B-ELI
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levels were virtually identical in the two
procedures. Fourth, B-lipotropin in the
same CSF samples was elevated only
insignificantly after contrast infusion,
and was not correlated with B-ELI with-
in or between samples. Finally, Martin-
Rodriguez and Obrador (5) reported no
increase—or, at best, inconsistent
changes—in CSF ‘‘endorphin-activity”’
after PVG stimulation in samples drawn
from three patients with Ommaya reser-
voirs (and therefore not subject to inter-
ference from contrast infusion) (28). Ho-
sobuchi et al. (29) reported significant
elevations of B-ELI in Ommaya CSF
samples from three patients receiving
PVG stimulation who had been treated
with tryptophan and who were not toler-
ant of the analgesic effects of PVG stimu-
lation. Patients who were tolerant of
stimulation (and not tryptophan-treated)
did not have stimulation-induced eleva-
tions. However, tryptophan-treated pa-
tients are not comparable to drug-free
patients, and thus the relevance of this
observation to our results and those of
Martin-Rodriguez and Obrador is un-
clear.

In summary, we have demonstrated
increases in CSF B-ELI after brain stim-
ulation that are similar in magnitude to
those reported previously. The number
of patients, location and etiology of pain,
surgical procedures, stereotaxic coordi-
nates, and stimulation parameters in our
study and the previous studies were all
similar. Furthermore, all the patients
were experiencing 50 to 100 percent re-
lief of their pain and all received iodine-
laden contrast medium for ventriculog-
raphy. It appears that a direct effect of
the contrast medium on the assay, not
electrical stimulation, is responsible for
the elevated B-ELI. It should be noted
that these findings do not reflect poten-
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tial changes in CSF methionine-enkepha-
lin-like immunoreactivity after stimula-
tion. Such changes have been reported in
chronic pain patients receiving PVG
stimulation. Since the radioimmuno-
assay data were replicated by bioassay in
this study, the results presumably are
reliable. Furthermore, our data do not
enable us to state unequivocally that
PVG stimulation does not increase CSF
B-endorphin. It is possible that small
increases did occur but were masked by
the larger contrast-mediated interference
with the B-ELI assay. What can be sug-
gested, however, is that neither our re-
sults nor the previous observations sup-
port the hypothesis that increases in CSF
B-endorphin occur after PVG stimulation
alone.
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