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Transcutaneous cranial electrical stimulation with Li-
moge’s currents (TCES) consists of high frequency, low
intensity currents which decreased anesthetic require-
ments during elective surgery. This action is likely to be
mediated by the release of central endogenous opioids.
In the present study, we hypothesized that TCES ap-
plied intraoperatively may decrease early postopera-
tive narcotic requirements. Thirty-nine ASA physical
status I and II patients undergoing elective abdominal
surgery were enrolled in this prospective, randomized,
double-blind, placebo-controlled study. Just before in-
duction of anesthesia, patients were connected to the
electrical stimulator and randomly allocated to be ei-
ther stimulated (TCES group, n = 20) or not (control
group, n = 19) during surgery. The managing anesthe-
siologist was unaware of which group the patient was
assigned. Postoperatively, patients were given a
patient-controlled analgesia (PCA) device delivering
buprenorphine for the first four postoperative hours.

The recorded variables included postoperative bu-
prenorphine requirements, pain scores (0-10 visual an-
alog scale [VAS]), sedation (0—4 scale), and intraopera-
tive isoflurane requirements. Patients were comparable
with respect to age, sex ratio, weight, duration of sur-
gery, intraoperative hemodynamics, fentanyl require-
ments, and time from skin closure to tracheal extuba-
tion. Buprenorphine requirements were significantly
reduced in the TCES group versus the control group
(2.36 vs 343 ug - kg~' - h™; P = 0.002). Intraoperative
isoflurane anesthetic requirements, as well as hourly
postoperative scores for pain and sedation, were the
same for the two groups. These data indicate that TCES
reduces narcotic requirements for early postoperative
analgesia. This technique might have potential to facil-
itate early postoperative analgesia in patients undergo-
ing elective abdominal surgery.

(Anesth Analg 1996;83:771-5)

plasticity and or nociceptor sensitivity may underly

postoperative hyperalgesia (1). Consequently, pre-
venting the functional changes in the central nervous
system by preemptive analgesia or other techniques
might be beneficial for surgical patients (2). Experi-
ments performed in humans have indicated that low
frequency electrical stimulation of the periaqueductal
gray matter induces the release of endogenous opioids
by depolarization of nerve endings, as assessed by the
increased immunoreactivity for p-endorphins in
ventricular fluid (3). This results in a rapid and

I t has been hypothesized that changes in neuronal
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prolonged pain relief which can be antagonized by
naloxone (4).

Several lines of evidence suggest that intraoperative
application of transcutaneous cranial electrical stimu-
lation with Limoge’s currents (TCES, a particular pat-
tern of electrostimulation consisting of high-frequency,
low-intensity alternative currents) may facilitate anal-
gesia in the early postoperative period. TCES en-
hances the action of opioids in the rat by 30%-40%
{5-7). Preliminary results of clinical studies including
many surgical patients also appeared promising.
TCES increases the analgesic potency of nitrous oxide
and reduces opioid requirements during minor sur-
gery by 30%-40% (8,9). These results suggest that
TCES applied intraoperatively may facilitate early
postoperative analgesia in surgical patients. The aim
of the present study was to investigate the effect of
intraoperative TCES application on buprenorphine re-
quirements for early postoperative analgesia in pa-
tients undergoing elective abdominal surgery.
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Table 1. Demographic Patient Data

TCES Control
(n = 20) n = 19)
Age (yr) 574 =3 624+ 2.6
Weight (kg) 754 + 48 724+ 4
Sex ratio (F/M) 7/13 8/11

Data are expressed as mean * sEM; no significant differences were ob-
served.
TCES = transcutaneous cranial electrical stimulation.

Methods

This study was approved by the Committee of Ethics
for Human Research from the Groupe Hospitalier
Bichat-Claude Bernard. Thirty-nine ASA physical sta-
tus I and II patients scheduled for elective abdominal
surgery gave written, informed consent to participate
in the study. Demographic data are displayed in Table
1. Patients older than 75 yr, with a history of neuro-
logic and/or psychiatric disorder, with chronic ob-
structive pulmonary disease or scheduled for major
surgery with intraoperative blood loss expected to be
greater than 2000 mL were excluded from the proto-
col. Premedication consisted of lorazepam (0.03 mg/
kg) given on the evening prior to surgery. Upon ar-
rival in the operating room, a frontal electrode and
two posterior electrodes located behind the mastoid
bones were placed on the patients” heads. Electrodes
were connected to an electric generator via one of four
encoded indiscernible cables numbered 1 to 4, only
two of which conveyed electric currents. Patients were
randomly allocated to be either stimulated (TCES
group) or not (control group) from this time until the
trachea was extubated. The delay between the connec-
tion of patients to the device and the induction of
anesthesia never exceeded 15 min.

In the TCES group, the delivered currents consisted
of high frequency bursts of bidirectional balanced cur-
rents (166 kHz) applied for 4 ms at 100 Hz. In each
cycle, the current wave consisted of a nonsquare bi-
phasic sequence where the current was positive for
2 us and negative for 4 us. Because the average inten-
sity was 0 and the frequency of stimulation was high,
the possibility of electrode burns due to electrolysis
was eliminated. The current intensity averaged 220-
250 mA depending on the resistance of the individual
patient’s head. In the control group, patients were
connected to the generator, but not stimulated. Pa-
tients were unable to discern actual versus sham
TCES.

In the operating room, the usual monitors were
used and resultant data recorded every 3 min. Anes-
thesia was induced with thiopental (6 mg/kg), fenta-
nyl (2 ug/kg), and vecuronium (0.1 mg/kg). After
tracheal intubation, the circuit was closed and venti-
lation with 50% N,O in oxygen was controlled to
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maintain an ETco, between 33 and 36 mm Hg. Addi-
tional fentanyl (1 ug/kg) was administered every 60
min until at least 1 h before skin closure. Isoflurane
was administered either when systolic blood pressure
was more than —15% of preanesthetic value or when
heart rate was more rapid than +15% of that recorded
before induction of anesthesia. Additional boluses of
vecuronium (0.02 mg/kg) were delivered to maintain
the T4:T1 ratio to less than 10%. At the end of surgery,
the residual effect of muscle relaxants was antago-
nized with neostigmine (2.5 mg) and atropine (1 mg)
intravenously (IV) and the trachea was extubated. The
total dose of fentanyl (ug * kg™"' - h™") and the isoflu-
rane requirements (mean end-tidal concentration)
were calculated for each patient.

Upon arrival in the recovery room, a computerized,
patient-controlled analgesia (PCA) device was used to
deliver IV buprenorphine (50-ug boluses, 30-min lock-
out) during the first four postoperative hours and
patients were supplemented with nasal oxygen (3 L/
min). Metoclopramide was administered when at least
one episode of vomiting occurred. The following vari-
ables were collected hourly from the first to the sixth
postoperative hour by a blinded investigator: rest pain
scores, assessed by a visual analog scale (VAS), from
0 = no pain to 10 = worst pain; sedation, from 0 = not
arousable to 4 = awake, tense; the buprenorphine
requirements (ug * kg ' - h™"); and the occurrence of
undesirable side effects (arterial hemoglobin satura-
tion less than 95%, hypotension, nausea and
vomiting).

Data are expressed as mean * sgM. Quantitative
data were compared by the analysis of variance fol-
lowed by the Student’s unpaired t-test corrected for
the number of comparisons. The x* test was used for
comparison of proportions. A P value less than 0.05
was considered the threshold for significance.

Results

Patients were comparable with respect to age, sex
ratio, weight, and duration of surgery (Table 1). In all
cases, skin incision consisted of a medial abdominal
incision which did not extend superiorly to the xi-
phoid. Intraoperative hemodynamics (heart rate and
systolic blood pressure), fentanyl requirements, and
time from skin closure to extubation were comparable
between the two groups (Table 2). Similarly, mean
end-tidal isoflurane concentrations were nonsignifi-
cantly different between the two groups.
Postoperative VAS rest pain scores were not differ-
ent between the two groups (Figure 1). No episode of
arterial desaturation less than 95% Sao, was recorded
in the two groups during the first six postoperative
hours. Also, no episode of vomiting requiring specific
antiemetic therapy was recorded. Mild sedation was
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Table 2. Intraoperative Variables

TCES Control
(n = 20) (n=19)
Total fentanyl dose 132 £0.07 139=*0.1
(ng/kg)
Duration of surgery 147 = 9.6 168 £ 17.6
(min)
Duration of anesthesia 168 = 10 192 + 18.2
(min)
Time from skin closure 18 = 6.1 36 +13.5
to extubation {(min)
Heart rate (bpm)
Control 8128 82+32
Tracheal intubation 7o+ 2.6 76+ 24
Surgical incision 73+£29 7127
Skin closure 77 =32 76 3.1
Systolic blood pressure
(mm Hg)
Control 148 = 5.1 141 + 6.2
Tracheal intubation 123 +49 11342
Surgical incision 121 = 3.5 120 = 5.6
Skin closure 125 = 2.7 121 + 3.3
Isoflurane (mean end- 077 £0.08 0.86 = 0.11
tidal %)

Data are expressed as mean * sEM.

Fentanyl was administered at a 1-pg/ kg dose every 60 min. The managing
anesthesiologist was unaware of which group the patient was assigned to. No
significant differences were observed.

TCES = transcutaneous cranial electrical stimulation.

noted in both groups. There was a highly significant
reduction of cumulative buprenorphine requirements
in the TCES group compared with the control group
(236 £ 0.19 vs 343 = 0.29 ug - kg™ ' - h™%; P = 0.002;
Table 3). At each postoperative hour, patients required
less buprenorphine in the TCES group. However, the
difference in buprenorphine consumption achieved
statistical significance only at the third and fourth
postoperative hours (Table 3). All patients were dis-
charged uneventfully from the recovery room at the
sixth postoperative hour.

Discussion

In the present study, intraoperative application of
TCES produced a significant decrease in early postop-
erative buprenorphine requirements after elective ab-
dominal surgery without causing adverse effects.
Mathematical analysis of Limoge's currents based
on the Fourier series indicates that this complex pat-
tern of stimulation allows deep penetration of the
electric field into the brain (10). The dielectric proper-
ties of biologic tissue convert the high frequency cur-
rent in situ into a combination of a direct and a low
frequency current. The latter is thought to depolarize
nerve terminals located in medial brain areas and to
elicit the release of endorphins and/or enkephalins.
This hypothesis is supported by the reduction of hal-
othane minimum alveolar anesthetic concentration in
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Figure 1. Histograms of the postoperative pain scores measured by
a visual analog scale (VAS) in transcutaneous cranial electrical
stimulation (TCES) and control groups, from 0 to the sixth postop-
erative hour (HO-Hs).

Table 3. Buprenorphine Consumption

Postoperative
hours (H) TCES Control
H1 1.35 = 0.15 1.57 £ 0.13
H2 0.90 = 0.16 1.21 =0.18
H3 0.60 = 0.15 1.10 £ 0.16*
H4 0.60 = 0.18 1.00 = 0.15*
Total dose 2.36 =0.19 3.43 £ 0.29+
(ug kg™ +h™h

Data are expressed as mean = SEM.

TCES = transcutaneous cranial electrical stimulation.
* P < 005

+P < 0.01.

rats by TCES, which is reversed by naloxone and
potentiated by the enkephalinase inhibitor thiorphan
(11). In the experimental studies in which TCES was
used in rats, no macroscopic brain damage has been
detected (5-7,11). No undesirable side effects attribut-
able to TCES occurred in the clinical studies (8,9).
Although a limited number of patients was in-
cluded in this randomized, double-blind, placebo-
controlled study, they were comparable with respect
to demographic characteristics, duration of surgery,
intraoperative hemodynamic variations and fentanyl
requirements, and time from skin closure to extuba-
tion. Also, the duration of connection to the electrical
generator was not significantly different in each
group. TCES applied under the same experimental
conditions decreases the fentanyl dose by 30%-40%
during neuroleptanesthesia for minor surgical proce-
dures (9). In the present study, intraoperative applica-
tion of TCES failed to significantly decrease isoflurane
requirements in patients undergoing elective abdom-
inal surgery. However, the data suggest a trend to-
ward lower isoflurane requirements in the TCES
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group. In a previous study in which a similar but not
identical study design was used, a significant effect of
TCES was reported after only 20 min of application,
since under these conditions, nitrous oxide potency
was increased by 30%-40% in anesthetized patients
(8). In contrast, experimental data suggest that a three-
hour period of stimulation is necessary to produce a
significant {30%—40%) reduction of minimum alveolar
anesthetic concentration of halothane in rats (11). The
limited number of patients included in this study does
not allow us to adequately address the relationship
between the duration of stimulation and the decrease
in isoflurane requirements. However, it can be specu-
lated that TCES applied three hours preoperatively to
surgical patients might have produced a further de-
crease in isoflurane requirements.

Although buprenorphine has been used success-
fully for postoperative pain control, it also has some
drawbacks when used for IV PCA (12-15). Its associ-
ation and dissociation constants from opioid receptors
are slow, and consequently, its onset of action is rather
slow, its duration of effect prolonged, and its action
difficult to reverse by naloxone (16). In addition, the
number of boluses delivered is expected to be less
than that required with a short-acting opioid, which
might make it more difficult to demonstrate a signif-
icant difference in postoperative narcotic consumption
between the two groups. However, we used this drug
because it can be administered by a PCA device and is
routinely administered postoperatively to patients in
our institution. Consequently, only 50-ug boluses
were allowed, and the duration of the lock-out inter-
val was 30 minutes. Except from mild sedation, no
undesirable side effect attributable to buprenorphine
was observed in the present study.

The effect of intraoperative TCES on postoperative
opioid requirements for analgesia remains to be estab-
lished. Our findings indicate that TCES applied intra-
operatively significantly decreases the early buprenor-
phine analgesic demand. The VAS pain scores
achieved by the patients in the recovery room were
similar, and show that buprenorphine was efficient in
reducing postoperative pain. The absence of signifi-
cant differences in the pain scores suggests that the
quality of postoperative analgesia was similar in the
two groups.

There are several possible explanations for the facil-
itative effects of TCES on early postoperative analge-
sia. First of all, experimental data suggest that TCES
may act by enhancing the action of narcotics at opioid
receptors. Indeed, after a three-hour period of electri-
cal stimulation, TCES enhanced the effect of systemi-
cally administered morphine on tail-flick latency in
rats (5). However, in the present study, buprenorphine
was administered after cessation of TCES application,
which makes this hypothesis unlikely. Alternatively,
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TCES could stimulate the release of endogenous opi-
oids from enkephalin and/or endorphin-enriched
brain structures. Electrical stimulation of the periaq-
ueductal gray matter with low frequency currents pro-
duces rapid, long-lasting, naloxone-sensitive analgesia
in humans that is associated with increased immuno-
reactivity for B-endorphins in ventricular fluid (3,4).
Moreover, these peptides are involved in long-lasting,
naloxone-sensitive analgesia (17-20). Administration
of enkephalinase inhibitors also increases analgesia
produced by low frequency transcranial stimulation in
rats (21). On the other hand, data obtained from clin-
ical trials also support the involvement of endogenous
opioids in the analgesic effects of TCES. Stanley et al.
(8) observed that N,O elicits residual analgesia in
surgical patients stimulated intraoperatively, while
this was not the case in nonstimulated patients. Also
consistent with this hypothesis, we observed that the
reduction in postoperative analgesic demand in-
creased with time. Other hypotheses such as the acti-
vation by TCES of specific descending pathways re-
sulting in analgesia in the spinal cord, or changes in
synaptic plasticity remain to be investigated.

Our results suggest that TCES may have potential to
facilitate postoperative analgesia after elective abdom-
inal surgery. However, the place of this technique in
routine anesthesia needs further study. Questions to
be answered include whether intraoperative TCES fa-
cilitates postoperative analgesia during a longer pe-
riod of time than the first four postoperative hours,
whether TCES applied preoperatively affects the re-
quirements for volatile anesthetics as well as the in-
fluence of this technique on the time-course of the
postoperative recovery of psychomotor brain
functions.

The authors thank Anne Hufschmitt, MD (Schering Plough) for
kindly supplying the buprenorphine and Hélene Vlaicos (Abbott)
for the gift of the PCA device.
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