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Introduction

Chronic intractable pain affecting the orofacial area,
specifically termed “atypical odontalgia”, “phantom
tooth pain”, “the syndrome of oral complaint”, and
“atypical facial neuralgia”, still remains as a major
problem for both patients and clinicians, as the
efficacies of various conventional pain therapies, includ-
ing systemic analgesics and nerve blocks, have often
been inadequate and inconsistent [1]. Therefore, new
treatment modalities need to be explored.

Intravenous (i.v.) infusion of adenosine 5’-
triphosphate (ATP) has been used for a variety of clini-
cal indications [2]. There have been a few case reports
or studies suggesting that intravenous ATP can alleviate
neuropathic pain [3–5], as well as chronic intractable
pain of non-neuropathic origin [6].

The aims of the present open-label study were to
determine whether ATP could alleviate chronic
intractable orofacial pain of both neuropathic and non-
neuropathic origins, and if so, what type of orofacial
pain could respond to ATP.

Methods

Subjects

After receiving approval from the institutional clinical
research ethics committee and informed consent, we
enrolled 24 patients with chronic intractable orofacial
pain under treatment at the Orofacial Pain Center,
Tokyo Dental College Suidoubashi Hospital. Patients
eligible to take part in the study were those who suffered
from chronic intractable orofacial pain, which had been
present for 6 months or longer; rated 30mm or more on
a 100-mm visual analog scale (VAS); was unresponsive
or only temporarily responsive to conventional pain
therapies; and was attributable to one of the five typical
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orofacial pain syndromes, i.e., (1) temporomandibular
muscular pain (TMP) following repeated corrective pro-
cedures for malocclusion, (2) idiopathic burning pain of
the tongue (BPT), (3) neuropathic pain, with wide-
spread dysesthesia, due to inferior alveolar nerve dam-
age (NP post-IAND) occurring during extraction of the
third molar (wisdom) tooth, (4) postherpetic neuralgia
(PHN) involving the mandibular and/or maxillary
nerves, and (5) neuropathic pain following dental pulp
extirpation (pulpectomy), with or without subsequent
tooth extraction (NP post-PE, or NP post-PE,TE)
(Table 1). At least 4 consecutive patients were recruited
for each of the five typical orofacial pain syndromes. The
demographic data of the patients are presented in Table
1. Patients with known pregnancy, asthma, gout, or
heart block, or those who were taking methylxanthine
medications, were excluded.

At some time during the course of ambulatory treat-
ment at our institute and by the time of the ATP trial, all
the patients had received a ketamine test, which con-
sisted of two intravenous bolus injections of normal
saline as a placebo and three subsequent intravenous
bolus injections of ketamine 0.1mg·kg-1, given at inter-
vals of 5min; and the lidocaine test, which consisted of
two intravenous bolus injections of normal saline and a
subsequent intravenous bolus injection of lidocaine
1 mg·kg-1, given at intervals of 5 min, immediately
followed by the intravenous infusion of lidocaine
1 mg·kg-1 over 30 min [3,4]. Pain relief in a patient in
response to the test drug (ketamine or lidocaine) was
indicated by a 50% or more reduction in a VAS score
for spontaneous pain induced by the drug [4].

Patients were instructed not to take caffeine-
containing beverages for 24h before and after the trial.
Otherwise, there was no restriction on diet or daily
medications, including analgesics. Local anesthetic
infiltration and nerve blocks were not allowed on the
day of the ATP trial. However, if patients suffered intol-
erable pain 1h after the ATP infusion ended, these
maneuvers could be performed.

A venous line was established in the forearm and
lactated Ringer’s solution was infused at a rate of
30ml·h-1. Infusion of ATP (Adephos L; Kowa, Nagoya,
Japan) was started, using a syringe infusion pump.
Beginning from 40mg·kg-1·min-1, the infusion rate was
increased in increments of 20mg·kg-1·min-1 every 5 min
to a maximum of 100mg·kg-1·min-1, or until a maximum
tolerated dose, if lower, had been reached. Thereafter,
the infusion of ATP was continued, in principle, at a
constant rate for 120min. Throughout the infusion
period, 5-lead electrocardiogram (ECG), heart rate
(HR), noninvasive blood pressure (BP), and pulse oxim-
etry (SpO2

) were continuously monitored. If any adverse
effects occurred, the dose was reduced to the last given
dose, or further, until the adverse effects disappeared.

When patients experienced chest pain/discomfort of
mild grade, however, the infusion rate was not reduced,
as far as patients could tolerate the symptom.

Prior to the ATP infusion, the quality and nature of
the spontaneous pain was described by each patient as
“tingling”, “piercing”, “shooting”, “pressing”, “dull”,
“sharp”, “aching”, “throbbing”, or “burning” (Table 1).
The intensity of spontaneous pain was assessed with a
100-mm VAS immediately before the start of the ATP
infusion (baseline, 0min), and then every 15min until
180 min after the start (i.e., 60min after the end) of the
infusion. Allodynia to soft brush-stroking on the most
painful area was assessed with a VAS at 0min and
180 min. The assessment of pain intensity was done
by the same investigator in all patients. Subsequent
changes in the intensity of spontaneous pain, as well as
finger-touch-evoked allodynia were self-assessed, and
the duration of subjective pain relief was reported by
patients. Patients were classified as responders if their
VAS score for spontaneous pain was decreased by 50%
or more at 180min, compared with the baseline. Other-
wise, the patient was classified as a non-responder.

Data values are presented as means ± SD, or medians
(ranges). Changes in HR, BP, and SpO2

 during ATP
infusion were examined with repeated-measures analy-
sis of variance (ANOVA). Changes in the VAS score
for spontaneous pain were analyzed with the Friedman
test, followed by the Dunn test for multiple compari-
sons of nonparametric data. Changes in the VAS score
for allodynia were tested with the Wilcoxon test.
Pairwise comparisons of other nonparametric data were
also analyzed with the Wilcoxon test. Frequency vari-
ables were compared using Fisher’s exact probability
test. P < 0.05 was considered statistically significant,
except where adjusted for multiple comparisons.

Results

Twenty-four patients, clinically diagnosed as having
TMP (n = 4), BPT (n = 4), NP post-IAND (n = 4), PHN
(n = 4), and NP post-PE or post-PE,TE (n = 8) par-
ticipated in the study. The demographic data, character-
istics of the pain, therapeutic modalities (including
ketamine and lidocaine) that had provided temporary
pain relief, changes in spontaneous pain VAS scores in
response to ATP, and the duration of pain relief in
ATP-responders are summarized in Table 1. By the
time of the ATP trial, 5 of the 8 patients with NP post-
PE had undergone tooth extraction (i.e., NP post-
PE,TE) because of persisting “odontalgia” despite
repeated root canal treatments, but the tooth extraction
did not induce pain relief. All of the 4 patients with
NP post-IAND, and 5 with NP post-PE,TE exhibited
brush-evoked as well as finger-touch-evoked allodynia
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at or around the site of tooth extraction. All 4 of
the patients with PHN presented with brush-evoked
and finger touch-evoked allodynia in the lesions
(Table 1).

During the ATP infusion, three patients experienced
transient or continuous chest pain/discomfort, which
did not accompany clinically relevant changes in ECG,
HR, BP, or SpO2

. However, the intravenous infusion of
ATP at a dose of 100mg·kg-1·min-1 over 120min was
completed in all participants without problematic ad-
verse effects. Significant changes in HR, BP, or SpO2

were not observed during and after ATP infusion (data
not shown).

The patients could be clearly divided into 10 respond-
ers and 14 non-responders (Table 1, Figs. 1 and 2). In
the 14 non-responders, the VAS score for spontaneous
pain did not change with ATP (P > 0.05). In the 10
responders, the VAS score for spontaneous pain
decreased significantly, by 82 ± 15% (mean ± SD)
at 180 min, compared with the baseline at 0min
(P < 0.0001). During the infusion period, the decrease in

VAS scores progressed only slowly and reached statisti-
cal significance only at 90min and later (Fig. 2). In the
10 responders, the subjective relief of spontaneous pain
lasted for a median of 7h (range, 4–10h) after the infu-
sion ended (Table 1). The VAS score for brush-evoked
allodynia decreased by 50% or more in none of 6 non-
responders presenting with allodynia, and in these
patients the VAS score for allodynia did not decrease
significantly with ATP (P > 0.05). In contrast, the VAS
score for allodynia decreased by more than 50% in 7
responders in whom allodynia was present, and in
these patients the VAS score for allodynia decreased
significantly, by 74 ± 9% (mean ± SD) at 180min, com-
pared with the baseline (P < 0.0001). The anti-allodynic
effect of ATP lasted for a median of 12h (range, 4–26 h).
The anti-allodynic effect lasted significantly longer than
the analgesic effect on spontaneous pain (P = 0.043;
Table 1).

When the pain syndromes were classified into non-
neuropathic pain (TMP and BPT; n = 8) and neuro-
pathic pain (NP post-IAND, PHN, and NP post-PE or

Fig. 1. Changes in visual analog scale
(VAS) scores for spontaneous pain during
and after intravenous infusion of ATP in
individual patients. Changes in VAS
scores in individual responders and non-
responders are shown in black lines and
gray lines, respectively

Fig. 2. Changes in visual analog scale
(VAS) scores for spontaneous pain during
and after intravenous infusion of ATP in
the 10 responders and 14 non-responders.
Data values are shown as medians (bars),
25th and 75th percentiles (boxes), and
10th and 90th percentiles (whiskers). *P <
0.05 vs baseline at 0min
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post-PE,TE; n = 16), 10 of the 16 patients (62.5%) with
neuropathic pain, but none of the 8 patients (0%) with
non-neuropathic pain, responded to ATP (10/16 vs 0/8;
P = 0.0064; Table 1). Among those with neuropathic
pain, a response to ATP was recorded in all of the 8
patients with NP post-PE or post-PE,TE, but only in 2
of the 4 with PHN, and in none of the 4 with NP
post-IAND (Table 1). Eight of the 10 patients with
ketamine-responsive pain responded to ATP, whereas
only 2 of 14 patients with ketamine-unresponsive pain
responded to ATP (8/10 vs 2/14; P = 0.001; Table 1).
Ten of 11 patients presenting with spontaneous pain
of aching or throbbing nature responded to ATP,
whereas none of the 13 patients having pain of another
nature responded to ATP (10/11 vs 0/13; P < 0.0001;
Table 1).

Discussion

In the present study, responders and non-responders to
ATP could be clearly identified among patients with
chronic intractable orofacial pain. A substantial number
of patients with neuropathic pain responded to ATP,
whereas none of patients with chronic non-neuropathic
pain responded to ATP. More specifically, intravenous
ATP infusion showed clear signs of pain relief in pa-
tients suffering NP post-PE or post-PE,TE, which
would correspond to so-called “atypical odontalgia”
and “phantom tooth pain” [1]. In the ten responders,
VAS scores for spontaneous pain and allodynia de-
creased consistently and remarkably with ATP, by more
than 70%, indicating that ATP produced profound
analgesic and anti-allodynic effects in a subgroup
of patients with orofacial neuropathic pain. The pain-
relieving effect of intravenous ATP was slow in onset
and long in duration, outlasting the infusion period for
at least several hours. These results were in agreement
with those of previous studies in patients with PHN
[3,4].

Among patients with neuropathic pain, all of the
eight patients with NP post-PE or post-PE,TE re-
sponded dramatically to ATP. In contrast, none of the
four patients with NP post-IAND exhibiting regional
dysesthesia and only two of the four patients with PHN
responded to ATP. It is conceivable that the nerve
damage might have occurred only at a terminal nerve
branch in patients with NP post-PE or post-PE,TE,
while it might have been more serious and extensive,
occurring at the more proximal nerve trunk in those
with NP post-IAND and those with PHN. Such differ-
ences in the sites and grades of nerve damage may have
contributed to the different responses to ATP. Among
the four patients with PHN, only two patients experi-
enced pain relief with ATP. Reportedly, both periph-

eral and central pathophysiological mechanisms can
contribute to neuropathic pain including PHN, and the
relative contributions of peripheral and central mecha-
nisms to the pathophysiology of neuropathic pain may
vary between neuropathic patients [7–9], as may be sug-
gested by interindividual variability in the responses of
neuropathic pain to ketamine and lidocaine [8]. In pre-
vious studies, patients with ketamine-responsive PHN
pain were much more likely to respond to ATP, com-
pared to those with ketamine-unresponsive, lidocaine-
responsive PHN pain, suggesting that PHN pain
involving N-methyl-d-aspartic acid (NMDA) receptor
activation and central sensitization is much more likely
to respond to ATP, compared to PHN pain due to hy-
perexcitability or ectopic firing of damaged peripheral
nerves [3,4]. As a result of such inter-individual differ-
ences in pain mechanisms, response to ATP may vary
even between PHN patients. The response of neuro-
pathic pain to ATP may thus vary between patients,
being affected by various factors such as the type, stage,
site, and grade of nerve damage and subsequent patho-
physiological neuronal changes.

The analgesic property of intravenous ATP demon-
strated in the present and previous clinical studies
[3–6] appearred to be in contrast to the algogenic or
pronociceptive property of peripherally or spinally ad-
ministered ATP, shown in experimental studies [10]. It
is quite conceivable that the analgesic effects of intrave-
nous ATP observed in the present study are those of
adenosine via A1 receptor activation, because ATP
is extremely rapidly converted to adenosine by
ectoenzymes when given intravenously [2,11,12]. There-
fore, the present analgesic activities of intravenous
ATP appear to be consistent and in agreement with the
alleviation of neuropathic pain with intravenous
adenosine [13–18].

It has been reported that ATP infusion, at
160mg·kg-1·min-1, causes angina-like chest pain in most
conscious subjects [19]. It is known, however, that such
chest symptoms result not from actual myocardial is-
chemia, but from the direct activation/sensitization of
nociceptive afferents by adenosine compounds, and
these symptoms resolve spontaneously, or immediately
after stopping the infusion or reducing infusion rates
[13–15,19], reflecting the extremely short plasma half-
life of ATP and adenosine (less than seconds) [2,11,12].
Therefore, intravenous infusions of ATP can be per-
formed quite safely [19]. In the present study, the infu-
sion of ATP, at 100mg·kg-1·min-1 over 120min, was
well tolerated by all 24 participants, although some
patients experienced chest pain/discomfort during the
infusion.

In the present study, we used ATP at 100mg·kg-1·min-1,
which could produce chest pain/discomfort in some
subjects, for several reasons. First, data from four
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clinical studies on the intraoperative use of adenosine
suggest that the potency and duration of adenosine-
induced postoperative analgesia are dependent
on the adenosine dose, ranging from 80 to 292 ±
82mg·kg-1·min-1 [20–23], suggesting that adenosine com-
pounds at higher doses would provide greater pain relief.
Second, in our initial experience with ATP therapy in
two patients with ATP-responsive NP post-PE,TE, ATP
at 100mg·kg-1·min-1 or more provided more profound
and more prolonged pain relief, compared with ATP at
80mg·kg-1·min-1 or less (unpublished data). Third, in a
series of previous studies in healthy volunteers, ATP at
100mg·kg-1·min-1 produced significant analgesia to tooth
pulp electrical stimulation and potentiated the sedative
effect of midazolam, without producing any noticeable
adverse effects [24]. Fourth, studies on the analgesic
effects of adenosine have most commonly employed
adenosine doses of 50–80mg·kg-1·min-1 [13–
17,20,21,25,26], which would correspond to ATP doses
of 75–120mg·kg-1·min-1, given the 1.5 times greater mo-
lecular weight of ATP than adenosine, suggesting that
ATP at 100mg·kg-1·min-1 would be appropriate for pain
therapy.

In the present study, in agreement with the results
of previous studies [3,4], ketamine-responsive pain
was more likely to respond to ATP than ketamine-
unresponsive pain, suggesting that chronic neuropathic
pain involving NMDA receptor mechanisms is more
likely to respond to ATP. It is difficult to understand
why ATP or adenosine was capable of relieving neuro-
pathic pain, in particular, ketamine-responsive neuro-
pathic pain. However, it is well known that the
activation of NMDA receptors by excitatory amino ac-
ids (e.g., glutamate) plays a crucial role in central sensi-
tization and the development of neuropathic pain
symptoms [27], and therefore, the noncompetitive
NMDA receptor antagonist ketamine is effective in re-
lieving neuropathic pain in a substantial number of pa-
tients [3,4,8]. In the spinal cord, glutamate is involved
in nociceptive transmission by activating a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
receptors and in nociceptive facilitation and central sen-
sitization by activating NMDA receptors, while adenos-
ine leads to the suppression of nociception by the
activation of pre- and postsynaptic adenosine A1 recep-
tors [27,28]. The spinal application of excitatory neu-
rotransmitters such as NMDA and substance P causes
the release of adenosine from the spinal cord [28]. Also,
in the brain, excitatory amino acids such as glutamate
and NMDA stimulate NMDA as well as non-NMDA
glutamate receptors, which, in turn, induce the release
of adenosine [29]. Adenosine subsequently inhibits neu-
ral activity via A1 receptor activation by presynaptically
inhibiting the release of neurotransmitters, including
glutamate, and by postsynaptically hyperpolarizing

transmission neurons [27,28]. In addition, adenosine
postsynaptically inhibits NMDA receptors via A1 or
A2A receptor activation [30,31]. Probably by these
mechanisms, exogenous adenosine, and ATP given in-
travenously, can exert a significant inhibitory modula-
tory effect on neuropathic pain.

The continuous spontaneous pain experienced by
patients with neuropathic pain is described as being felt
in the skin, and muscles and/or bone, including the teeth
[32]. When the pain is felt to lie in muscle or bone, it is
generally described with words like “cramping”, “ach-
ing”, “throbbing”, and “crushing”. When it is felt to
arise from the skin, the reports are usually of “burning”,
“cutting”, “pricking”, and “stabbing” [32]. In the
present study, patients with pain of an “aching” or
“throbbing” nature that mimicked pain arising from
deep somatic organs were more likely to respond to
ATP than those with pain of another nature, although
the reason for this was not clear.

One limitation of the present study was that even in
patients with ATP-responsive neuropathic pain, the an-
algesic and anti-allodynic effects of ATP lasted for only
10h and 26 h, respectively, at longest. However, a num-
ber of studies have shown that even a single treatment
with adenosine, ATP, or other adenosine analogs can
provide permanent (lasting for more than months)
and complete abolition of spontaneous pain and/or
allodynia in some patients with neuropathic pain [3,15–
17,33]. Actually, in our recent double-blind study with
ATP, complete abolition of spontaneous pain and/or
allodynia lasting for more than 15 months was achieved
with a single session of ATP therapy in 2 out of 12
patients with NP post-PE,TE [34]. In addition, patients
experiencing pain relief with adenosine or ATP lasting
for days (>48h) are not rare [4,13–15,17,18], and such
patients are considered to be good candidates for re-
petitive treatment with adenosine or ATP infusion [15],
which may provide progressively improving pain relief
[5,18]. Further, one study has revealed that a significant
reduction in the mean pain scale persisted for at least 2
weeks after a single session of adenosine infusion in
23 patients with adenosine-responsive neuropathic pain
[17]. Therefore, ATP or adenosine infusion therapy
appears to warrant at least one trial in patients with
neuropathic pain in whom currently available pain
therapies have only limited effects.

In conclusion, intravenous ATP could provide pro-
found and prolonged pain relief in a subgroup of pa-
tients with neuropathic pain affecting the orofacial area.
In particular, neuropathic pain following pulpectomy
with or without subsequent tooth extraction was highly
responsive to ATP. Intravenous ATP infusion may pro-
vide improvement in the pain condition and quality of
life in a subgroup of patients with chronic intractable
neuropathic pain affecting the orofacial area.
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