can MH patients.”” Nevertheless, the prevalence of MH in
the Japanese population (13.7 per million) was comparable
with that in New York State (9.6 per million).” Although
several genes related to MH have been identified,>? there still
may be unknown genetic factors both in Japanese and West-
ern populations. The database may be useful not only for
determining MH prevalence in Japanese but also for suggest-
ing the existence of other undetected MH mechanisms. Fur-
ther studies should be conducted to elucidate other etiologies
of MH in any population.

Odur results also showed that men were three times more
likely to contrace MH than women. The prevalence of MH
was relatively high in patients aged younger than 30 yr com-
pared with those older than 30 yr. These results coincide with
recent Japanese and American reports.za’2 4

In the current study, the patient fatality rate was 5.9% (1
of 17 patients). The patient fatality rate in MH in the 1970s
was approximately 70%,® whereas a recent North American
study reported that of 291 events from 1987 to 2006, 8
(2.7%) resulted in cardiac arrest and 4 (1.4%) resulted in
death.?® In Japan, the patient fatality rate decreased over
time, from 42.3% during 1961-1984 to 15.0% during
1985-2004.>° A possible explanation for the recent decrease
in the death rate after MH is the improved system of moni-
toring and treatment. Widespread use of end-tidal carbon
dioxide monitors and continuous body temperature mea-
surement, with improved availability of dantrolene, could
have resulted in eatly detection and improved clinical conse-
quences of MH. In the current study, dantrolene was given
to only 11 of 17 MH patients. One possible reason is the
availability of dantrolene in Japanese facilities. A previous
Japanese study reported that 22.5% of hospitals had no stock
of dantrolene in their operating rooms and 3.0% of hospitals
had no stock on their premises.® Another reason may be that
six patients might have responded to other therapies (e.g.,
active cooling of the body), resulting in successful improve-
ment without dantrolene use. That there were no in-hospital
deaths in the six MH patients treated without dantrolene
might support this possibility.

ffiH Risk of Anesthetic Agents
In contrast to the New York database’ and others,'® the
unique advantage of the DPC database is that it can provide
comprehensive information on all drugs given to all inpa-
tients. We could identify the drugs given during anesthesia
not only in MH patients but also in all patients undergoing
general anesthesia. Therefore, the database enabled us to
make a statistical comparison of the rates of MH between
users and nonusers of problematic anesthetic agents.
Suxamethonium is a well-known triggering agent of MH.
After exposure to this agent, deterioration of calcium ho-
meostasis in the skeletal muscle cells may lead to muscle
contracture, metabolic failure, lactic acidosis, and heat pro-
duction.’® Suxamethonium had commonly been used in
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anesthetic induction for decades; however, use of this drug
has gradually decreased, and use of vecuronium and rocuro-
nium has gradually increased. Our results showed that suxa-
methonium was used in only 1.6% of all patients who un-
derwent general anesthesia, and the association between
suxamethonjum and MH could not be assessed because no
MH patient was found among suxamethonium users.

As well as suxamethonium, volatile anesthetics also are
considered triggering agents of MH. In vitro experiments,
animal models, and human case seties reports showed the
potential risk of sevoflurane for MH.>'® Our data showed
that sevoflurane was widely used and other volatile agents
were rarely used in Japan. Our epidemiologic study indicated
a relatively but not significantly high prevalence of MH in
sevoflurane users. There was no MH case with volatile anes-
thetics other than sevoflurane.

Nondepolarizing muscle relaxants are now considered to
be much safer than suxamethonium. However, limited evi-
dence suggested a possible MH risk with nondepolarizing
muscle relaxants. Several case reports suggested that severe
masseter muscle rigidity might have been occasionally in-
duced by administration of 2 nondepolarizing muscle relax-
ant.?>%” Severe masseter muscle rigidity was identified as an
early sign of generalized muscle rigidity and one of the signs
for evaluating the likelihood of MH.?® In practice, 32.7% of
Japanese MH patients showed severe masseter muscle rigid-
ity,” and 50% of Western patients with severe masseter
spasms were subsequently confirmed to be MH-susceptible
from muscle biopsies and contracture testing.>*~>* Based on
these limited data, in the current study, we hypothesized a
relationship between nondepolarizing muscle relaxants and
MH. The prevalence of MH in vecuronium users was rela-
tively low, and no MH patient was found among the pancu-
ronium users. Furthermore, use of rocuronium also was not
statistically or significantly associated with MH. Qur results
thus supported the conventional consideration that nonde-
polarizing muscle relaxants are safe; however, the current
study did not definitely eliminate a possible association of
increased MH occurrence with rocuronium because of a rel-
atively increased risk of MH. Our data might be useful in
suggesting to anesthesiologists the possibility of MH when
using rocuronium. We should continuously gather fol-
low-up data on the relationship among nondepolarizing
muscle relaxants and MH. Furthermore, future studies will
be necessary to investigate the direct relationship by means of
MH-susceptible muscle biopsy and contracture testing.

Whether propofol can induce MH or not remains con-
troversial.''™** Our epidemiologic data showed a relatively
low prevalence of MH in propofol users and did not support
an association between propofol and MH.

We should consider the possible effect of inhalation of
residual volatile agents in the anesthetic circuits. Technical
recommendations for the management of patients known to
be MH-susceptible include: having clean anesthesia equip-
ment and delivery of 10 [/min oxygen flow through the
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equipment for more than 5 min preoperatively; removal of
volatile agents from the equipment; and having a fresh car-
bon dioxide absorbent in the canister or nonrebreathing sys-
tem.>> We found three MH patients without exposure to
suxamethonium and any volatile anesthetics. It is possible
that they might have been accidentally exposed to residual
volatile agents in the anesthesia equipment.

Limitations

Several limitations should be acknowledged. The first limi-
tation is related to the use of an administrative claims data-
base. Generally, the recorded diagnoses in such databases are
less well validated than those in planned prospective surveys.
However, several advantages of the data submission processes
in the DPC database, such as physician-dependent diagnosis
reporting, requirement of data entry viz a strict data format,
and mandatory submission linked with reimbursement,
maximized the accuracy and consistency of reporting. Sec-
ond, given the anonymous nature of the database, it is not
possible to determine whether the same individual has been
noted to have MH more than once during multiple admis-
sions. Third, the database does not include information on
patients” signs and symptoms or laboratory data; thus, we
could not evaluate the validity of MH diagnosis and the
severity of each individual MH episode. Underreporting or
biased reporting (withholding sensitive cases) could lead to
underestimation of MH events. Fourth, although the data-
base included 40% of acute-care inpatients in Japan, partic-
ipation in the DPC system was voluntary for each hospital,
and patient selection was not based on a random sampling
method. The database only included data between July and
December, and such a time restriction will cause inaccurate
estimation of the incidence of several diseases that show sea-
sonal variation. However, to our knowledge, the occurrence
of MH is unlikely to show seasonal variation, and this time
restriction should have litte affect. Finally, it was not possi-
ble to perform a multivariate analysis to examine the concur-
rent effect of multiple factors, including patient characteris-
tics and drugs used, because of the extreme rarity of MH
occurrence. Data should be continuously compiled, and fur-
ther analysis with larger numbers of cases is necessary.
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We present a case of complex regional pain syndrome (CRPS), in which symptoms, including burning pain and severe allodynia,
were alleviated by using a regional intravenous nerve blockade (Bier block) combined with physiotherapy, but reappeared following
an epileptic seizure. Symptoms disappeared again following control of epileptic discharges, as revealed by single-photon emission
computed tomography (SPECT) and electroencephalography (EEG) results. Although systemic toxicity of a local anesthetic
applied by Bier block was suspected as a cause of the first seizure, the patient did not present any other toxic symptoms, and
seizures repeatedly occurred after Bier block cessation; the patient was then diagnosed as having temporal symptomatic epilepsy.
This case suggests that symptoms of CRPS may be sustained by abnormal brain conditions, and our findings contribute to the
understanding of how the central nervous system participates in maintaining pain and allodynia associated with CRPS.

1. Introduction

Complex regional pain syndrome (CRPS) causes extreme
pain. Dysfunctions of the peripheral nervous system, includ-
ing the sensory and sympathetic nervous systems, are typi-
cally considered to sustain CRPS. The central nervous system
(CNS) has also been reported to play an important role
in CRPS emergence and maintenance [1]. Although many
clinical studies on CRPS and studies using animal models
have been conducted, the pathophysiological mechanism of
CRPS is not vet clear [2-5]. Here, we report.a case of a CRPS
patient whose pain was improved by a regional intravenous
nerve blockade combined with physiotherapy; however,
CRPS relapsed into intolerable pain and severe allodynia
following an epileptic seizure. Recurrent CRPS then rapidly
improved through the control of epileptic discharges. During
epileptic episodes, we investigated the CRPS patient using
single-photon emission computed tomography (SPECT) and
electroencephalography (EEG). Our findings may contribute

to the understanding of how the CNS participates in
maintaining CRPS-related pain and allodynia.

2. Case Report

A 65-year-old woman with aortic regurgitation following
infectious endocarditis had undergone twice aortic valve
replacement procedures within 2 months. After the second
operation, more than 3 weeks were required before she could
be weaned from intensive treatment, including artificial
ventilation and sedative drug administration. Following
recovery from heart failure, sedative drug administration was
discontinued. The patient’s clouded consciousness persisted
for several days, but she did not show signs of epilepsy. At that
time, a computed tomography (CT) scan of the brain showed
a diffuse lacunar infarction but no distinct lesion. As the
patient’s consciousness increased, she complained of intense
pain and allodynia originating from the neck and radiating to
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FiGure 1: 99™-HMPAO-SPECT images acquired during a seizure and 10 days later. (a) and (c) show relative hyperperfusion in the right
parietal lobe (arrow) and both thalami (dotted arrows) and relative hypoperfusion in the left prefrontal and parietal lobes (arrow heads)
during a seizure. (b) and (d) are the same axial slices as (a) and (c), respectively, obtained 10 days after the final seizure. In (b) and (d),
relative hyperperfusion and hypoperfusion are not noted, as bilateral symmetrical cerebral perfusion has been normalized.

her left hand. The patient was treated with oral nonsteroidal
anti-inflammatory drugs, but no favorable effects were
observed. Her pain worsened, and she consulted our pain
clinic 3 months after the second operation. She showed no
signs and symptoms of neurological complications, except
for pain and allodynia, before and after the cardiovascular
surgeries.

During the first examination at our pain clinic, she com-
plained of spontaneous burning pain and severe allodynia
from her neck to her hand; her left hand was swollen, pale,
and hot. We diagnosed her condition as complex regional
pain syndrome (CRPS) [6] and began treatment, although
the initiating injury was unknown. Because she was being
administered anticoagulant therapy, many of the available
neural blockades could not be used, except for a regional
intravenous nerve blockade (Bier block, with 20 mL of 0.5%
lidocaine). This neural blockade was performed 4 times per
week concurrently with oral administration of a tricyclic
antidepressant, nortriptyline (20 mg); this treatment resulted
in the gradual reduction of pain and allodynia, which allowed
the patient to receive physiotherapy. One month after treat-
ment, pain and allodynia symptoms were nearly eliminated

and swelling had also diminished. Additionally, her upper
limb motor disturbance was significantly improved.

One hour after the 18th Bier block, the patient suddenly
experienced a major epileptic seizure and lost conscious-
ness during physiotherapy. This was the first time in the
patient’s life that a seizure episode had occurred. Intravenous
administration of diazepam followed by thiamylal was used
to control the seizure. An emergency CT scan of the
brain showed no distinct lesions, which was confirmed by
magnetic resonance imaging (MRI). The following day, the
patient regained consciousness and complained of burning
pain and severe allodynia localized in her left upper limb;
subsequently, there was a recurrence of other CRPS symp-
toms (swelling, skin temperature escalation, and paleness).
Despite regular intravenous administration of phenytoin,
seizures occurred several times over the following 3 days,
which occasionally required additional administrations of
intravenous diazepam or thiamylal, and consciousness was
again lost. When the patient was partially asleep due to
intravenous anticonvulsants, she executed escaping move-
ments for noxious stimulations on various healthy body
parts but did not respond to noxious and tactile stimulations
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on the left upper limb, suggesting an absence of hyperalgesia
and allodynia. After 3 days, her consciousness was fully
recovered and no seizure episodes occurred. The patient
had no further complaints of burning pain or allodynia.
SPECT examinations, using 99™-Tc-hexamethyl-propylene
amine oxime (HMPAO), were performed during the seizure
period and 10 days later (Figure 1). The first image, obtained
during a seizure, showed relative hyperperfusion in the right
parietal lobe and both thalami and relative hypoperfusion
in the left frontal and parietal lobes (Figures 1(a) and 1(c)),
which improved after 10 days (Figures 1(b) and 1(d)). Elec-
troencephalography (EEG) examinations were also carried
out immediately following a seizure and 2 weeks later. EEG
readings immediately following a seizure showed irregular
and sporadic spiked waves in the left temporal lobe, followed
by spikes in both the temporal lobes. Clinically, the patient
showed an intermittent left upper limb spasm, although
obvious epileptic discharges were not noted on EEG readings
after the 3-day seizure episodes. Although postictal EEG
readings occasionally displayed irregular spiked waves in the
left posterior parietal and temporal lobes, the patient did
not show epileptic symptoms. Clinical symptoms suggested
that spiked waves were not related to the intermittent left
upper limb spasm. On the basis of the SPECT and EEG
findings, our neurologist diagnosed the patient as having
temporal symptomatic epilepsy focused in the right parietal
lobe. Her recovery was uneventful, and pain and allodynia
nearly disappeared, although her skin color remained pale
and her hand remained hot.

We obtained her consent to report her progress in
accordance with the Declaration of Helsinki.

3. Discussion

The initiating injury causing CRPS symptoms in our patient
was unknown. We speculated that an unconfirmed brachial
plexus injury induced by a median sternotomy [7] and/or
prolonged immobilization by sedative drug administration
[8, 9] may have been a trigger. Furthermore, pain and allody-
nia may have been derived from disturbed cerebral function,
possibly related to the use of heart-lung machines on 2
occasions and for many hours, and infectious endocarditis,
which can induce epileptic seizures. Ictal pain related to an
epileptic seizure has been noted in approximately 3% of
reported epilepsy cases, typically involving an entire limb, a
part of a limb, or hemibody [10-12]. Ictal allodynia-related
epileptic seizures have been reported in only 2 cases, and both
were in children [13, 14].

This is the first known case of successfully treated CRPS
revived by an epileptic seizure. Following the first seizure, we
suspected systemic toxicity of the local anesthetic (lidocaine,
100mg) applied by Bier block. However, the anesthetic
may not have been responsible for the seizures because the
first seizure occurred one hour after Bier block, and the
patient did not present symptoms of systemic toxicity to local
anesthetics (e.g., change in speech pattern, lightheadedness,
dizziness, or agitation) before the seizure, and seizures
recurred several times for 3 days following Bier block

cessation. The patient’s SPECT and EEG abnormal findings
were primarily concentrated to the temporal and parietal
lobes, whereas epileptic discharges induced by systemic
toxicity of local anesthetics are known to generally originate
from nonspecific regions of the brain. The patient was
therefore diagnosed with temporal symptomatic epilepsy.

A previous report of a brain tumor case suggested that
epileptic discharges involved in the main pain pathways (i.e.,
primary and secondary somatosensory cortices (SI, SII),
insula, and amygdale) can cause ictal pain and allodynia [13].
A congenital epilepsy case report suggested that deregulation
of pain control established by relative hypoperfusion in the
thalamus may play an important role in causing ictal pain
and allodynia [14]. Furthermore, acute CRPS is reported
to be related to hyperperfusion in the thalamus [15]. On
the basis of these findings, we considered that the epileptic
discharges noted on the EEG readings and subsequent hyper-
and hypoperfusion in the specific brain regions, as revealed
by 99™-HMPAO SPECT, originated from the right parietal
lobe, which includes the two main pain pathway regions
(i.e., SI and SII); hyperfusion and hypofusion then spread
over the entire brain, including other regions in the pain
pathways (i.e., thalamus, anterior cingulate cortex, insula,
and amygdala), during the seizure. This abnormal brain con-
dition likely resulted in pain and allodynia. Further, recent
advancements in functional brain imaging revealed that the
anterior insula, which is strongly associated with autonomic
nervous function, is reorganized in CRPS patients [16].
For our patient, abnormal autonomic-like symptoms (i.e.,
edema, skin discoloration, and skin temperature asymmetry)
were revived by epileptic seizures. This may be related to
reorganization of autonomic cerebral regions. In the present
case, the second episode of CRPS symptoms occurred
immediately after the first epileptic seizure episode and then
rapidly disappeared with the control of epileptic discharges,
although we administered antiepileptic medications, which
has little potential to improve neuropathic pain. We therefore
concluded that epileptic discharges relapsed into CRPS.
Alternatively, we speculate that repeated seizures contributed
to improvement of the second bout of CRPS symptoms.
For epileptic seizure and pain relief, it has been reported
that electroconvulsive therapy (ECT) can be used as an
alternative treatment for chronic neuropathic pain [17].
In ECT, epileptic seizures are necessary for pain relief, as
fewer seizures are related to a reduced analgesic effect. A
possible mechanism of ECT for pain relief may involve
alteration of neurotransmitter levels in cerebrospinal fluid,
resulting in pain perception modulation. Therefore, we
cannot completely rule out the possibility that repeated
seizure episodes may have improved the second occurrence
of CRPS symptoms.

In conclusion, the present case suggests that a patho-
physiological condition(s), such as epileptic discharge and/or
abnormal brain perfusion, can repeatedly trigger ictal pain,
allodynia, and other signs and symptoms of CRPS when
brain regions participating in pain perception have been sen-
sitized. However, why abnormal autonomic-like symptoms
of CRPS remain after controlling epileptic discharges and
improvement of pain and allodynia is unclear.



4. Conclusion

We present a case of CRPS in which the symptoms of
burning pain and severe allodynia were once resolved but
returned following an epileptic seizure. These symptoms
disappeared following the control of epileptic discharges.
This suggests that CRPS symptoms may be sustained by ab-
normall brain conditions, and our results contribute to the
understanding of how the CNS participates in maintaining
pain and allodynia associated with CRPS.
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