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Abstract
Spinal myoclonus (SM) is a rare neurologic movement disorder following neuraxial anesthesia (NA). SM following NA 
(SM-NA) has insufficient clinical information and its pathogenesis remains to be elucidated. The aim of this review article 
was to summarize the past cases and consider SM-NA pathophysiology. Based on our PubMed search, it was revealed that 
SM-NA develops within several hours after neuraxial local anesthetic (LA) administration and resolves in a day without 
leaving neurologic compilations. It occurs primarily in the lower extremities, but can sometimes spread upward and affect 
the upper extremities and trunk. Although statistical adjustments are indispensable, analysis of the previous cases provided 
important facts that seem to be related with the mechanism of SM-NA. The frequently used LAs for spinal anesthesia were 
hyperbaric. SM-NA occurrence was more frequent in women. After initiation of spinal anesthesia, intrathecal hyperbaric 
LA distributes cephalad. In the LA elimination process, the large concentration differences in intrathecal LA may induce 
the partially functioning spinal neurons, resulting in myoclonus generation. The morphological features of the lumbar spine 
in women can predispose to a higher LA concentration difference. SM-NA is an unpredictable and rare neural complication 
following NA and should be confirmed by basic experiments and large-scale researches.
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Introduction

Neuraxial anesthesia (NA), including spinal and epidural 
anesthesia, is a widely used technique [1, 2]. Some large-
scale clinical studies have reported severe neurologic com-
plications following NA; these include permanent paraple-
gia, hematoma, infection, and cauda equina syndrome [3, 4]. 
However, the minor and rare neural complications associ-
ated with NA have rarely been documented, resulting in a 
lack of related literature. Transient myoclonic involuntary 
movements of the extremities and trunk, which are typically 
referred to as spinal myoclonus (SM), rarely develop after 
NA [5].

Myoclonus refers to lightning-like involuntary muscle 
jerks that are brought about by brief electromyographic 

discharges [6–8]. Myoclonus is usually classified accord-
ing to either anatomic localization or etiology [6, 7]. Ana-
tomically, myoclonus can originate from either the central 
or peripheral nervous system. In the central nervous system, 
the location of origin is further subdivided into cortical, sub-
cortical, brain stem, and spinal cord [8]. SM is a movement 
disorder that arises from the spinal cord [6, 9–11] and is 
a rare neural complication that is infrequently encountered 
after NA.

The facts that are clearly known about SM following NA 
(SM-NA) are (1) SM-NA occurs within several hours after 
the initiation of NA and resolves in a day without neurologic 
compilations; (2) SM-NA typically develops in the lower 
extremities and often concurs with the myoclonus in the 
upper extremities; and (3) the pathophysiology of SM-NA 
remains speculative. We previously reported a case of 
SM-NA [5], but the number of past reported cases remains 
small [12–29] and the characteristics of the past SM-NA 
cases have not been described in detail. In the previous arti-
cles, NA has been considered to be directly responsible for 
the myoclonic involuntary movements that followed. How-
ever, SM-NA is not well recognized, probably because there 
is no chapter on NA-associated movement disorders in a 
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major anesthesia textbook [1]. Moreover, in neurology, NA 
is not included in the etiologic classification of myoclonus 
[6, 7, 30].

For the purpose of summarizing and characterizing past 
SM-NA cases, case reports on SM-NA were identified 
through a PubMed search and were selected carefully for 
discussion and review. Based on the evaluated case reports, 
the clinical picture and course of SM-NA were summarized 
to provide useful information for regional anesthesia prac-
tice and research on spinal neurology. In addition, we would 
like to add new considerations to the conventional SM-NA 
pathophysiology, which was hypothesized by the previous 
researchers.

Past case reports related to SM‑NA

We searched for the previous SM-NA-related articles in 
PubMed using the terms “anesthesia, spinal”; “anesthesia, 
epidural”; “spinal myoclonus”; “propriospinal myoclonus”; 
“spinal segmental myoclonus”; and “myoclonic involuntary 
movement”. Only English articles published before July 
2018 were reviewed. If an SM-NA-related article found in 
the reference list of the obtained articles was published on 
PubMed, it was also included for review.

After the first case report in 1979 [12], similar case 
reports have been indexed in PubMed. The criterion for 
SM-NA was defined as transient reversible myoclonic 
involuntary movements following NA. Cases suspected to 
have etiologies other than NA were excluded to precisely 

select the SM-NA cases. Those misclassified to have other 
etiologies were included for review if the clinical course 
of the movement disorder could be regarded as SM-NA. 
Upon searching for case reports in PubMed, we obtained 30 
English case reports related to SM-NA. Eleven case reports 
were excluded for reasons, such as the lack of presumable 
clinical information at the time of SM-NA occurrence [31]; 
suspicion of an organic disease or iatrogenic complications 
of NA [32–36]; use of neuraxial opioids for the long-term 
pain management of the cases [37–40]; and inclusion of 
a neonate [41]. Some misclassified cases of sleep-related 
myoclonus [13, 14], clonic convulsion due to epinephrine-
induced spinal ischemia [15], and opioid-induced myoclonic 
reaction [16] were included, because the background of the 
patients could be regarded as SM-NA. The 19 articles that 
described 23 cases with SM-NA are summarized in Tables 1 
and 2 and Fig. 1a, b.

Terminology

Possibly due to the extremely low incidence of SM-NA, 
none of the symptoms associated with SM-NA was clas-
sified as neural complications of NA [1, 2]. The number 
of review articles related to SM-NA was limited [17], and 
there was no specified official name for a movement dis-
order that was described as anesthesia-related myoclonic 
involuntary movements following NA. Since SM-NA has 
no standardized symptomatic name, the symptomatic names 
used in the title of the SM-NA case reports varied according 

Fig. 1   a Age-related sex difference in patients with spinal myo-
clonus following neuraxial anesthesia  (SM-NA). This figure shows 
the number of patients with SM-NA by age and sex. The vertical axis 
shows the number of patients. The horizontal axis shows the age. All 
patients younger than 60 years were women. The number of women 
decreased with increasing age. All men were over 60 years. One case 
(reference number [19]) that had no description of sex and age was 
excluded from this figure data. Case [14] is counted as one, and the 

number of patients is 21 in the graph. b Time of spinal myoclonus 
occurrence following neuraxial anesthesia, according to sex differ-
ence. This figure shows the number of patients with SM-NA accord-
ing to time of occurrence and sex. The vertical axis shows the number 
of patients. The horizontal axis shows the SM-NA time of occur-
rence. All patients in whom SM-NA occurred within an hour were 
men. One case (reference number [19]) had no description of sex
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to the author. In eligible case reports, myoclonic involuntary 
movements were described as SM [5, 18–23], propriospinal 
myoclonus [17, 24, 25], segmental SM [26], myoclonus-
like involuntary movement [27, 28], myoclonus [12, 29], 
periodic leg movement [13, 14], clonic convulsion [15], and 
myoclonic reaction [16].

SM-NA was first described in 1979 as myoclonus fol-
lowing spinal anesthesia [12]. That case report has been 
referenced in many subsequent case reports on SM-NA in 
the field of anesthesiology [5, 13, 15, 18–21, 28]. However, 
in recent years, it may have been appropriate to describe the 
myoclonic involuntary movements as SM-NA, because the 
origin of the myoclonus was considered to exist in the spinal 

Table 1   Summary of patients with spinal myoclonus following neuraxial anesthesia

In the “MOP” column, myoclonus is represented as “L” for the lower extremities, “U” for the upper extremities, and “T” for the muscles of the 
trunk
The “EF” column pertains to the corresponding treatment drug described in each article. “−” means sustained myoclonus; “±” means reduced 
myoclonus; and “+” means resolution of myoclonus
In case [14], the patient experienced repeated SM-NA
The numbers “1–4” following reference number [23] indicate the case number
AP approach, PO position at the time of puncture, BA baricity of intrathecal local solution, LAs local anesthetics, AD adjunct, IS injection site, 
MAL maximum anesthetic level, MOP myoclonus occurrence parts, LT laterality, OT occurrence time, DT disappearance time, EF effectiveness, 
Ref reference number, un not described or not inferable, Sp spinal anesthesia, Ep epidural anesthesia, Dec decubitus position, Sit sitting position, 
Iso isobaric local anesthetic (LA), Hyper hyperbaric LA, DIB dibucaine, LID lidocaine, BUP bupivacaine, PRI prilocaine, TET tetracaine, LEV 
levobupivacaine, Diam diamorphine, Epnp epinephrine, Fent fentanyl, Morp morphine, BL bilateral, UL unilateral, DZP diazepam, MDZ mida-
zolam, CNP clonazepam, TPT thiopental, MgS MgSO4, PPF propofol, VP valproate

No. Patient Neuraxial Anesthesia Myoclonus Signs Treatment Ref

Sex Age AP PO BA LAs AD IS MAL MOP LT OT DT Drugs EF

1 M 81 Sp Dec Iso DIB none L3/4 T6 L BL < 1 h < 12 h none none [13]
2 M 86 Sp Dec Iso LID none L3/4 T6 L, U BL < 1 h < 12 h none none [14]
3 M 90 Sp un Hyper BUP none L3/4 T8 L UL < 1 h < 12 h none none [23]-1
4 M 63 Sp Sit Hyper BUP none L3/4 un L BL < 1 h un DZP − [21]
5 M 67 Sp un Hyper BUP Diam L4/5 T8 L UL 1–2 h un MDZ un [23]-4
6 F 52 Sp Sit Hyper PRI none L3/4 T8 L BL 1–2 h < 12 h DZP ± [18]
7 F 35 Sp Dec Hyper BUP Epnp L3/4 T10 L, U BL 1–2 h < 12 h MDZ CNP ± [20]
8 F 64 Sp un Hyper BUP none L3/4 T6 L un 1–2 h < 12 h none none [23]-2
9 F 53 Sp un Hyper BUP Diam L3/4 T6 L un 1–2 h < 12 h MDZ un [23]-3
10 F 35 Sp Dec Hyper BUP Fent L2/3 T3 U BL 1–2 h < 12 h MDZ + [27]
11 un un Sp un Iso BUP none L4/5 un L BL 1–2 h < 12 h DZP TPT − [19]
12 F 45 Sp Dec Hyper LID Epnp L3/4 T6 L, T BL 2–3 h < 12 h DZP + [15]
13 F 36 Sp Dec Hyper BUP none L4/5 T6 L UL 2–3 h < 12 h none none [22]
14 F 33 Sp Dec Hyper BUP none L3/4 T2 L BL 2–3 h < 12 h none none [5]
15 F 56 Sp Dec Hyper BUP none L4/5 un L BL 2–3 h < 12 h none none [26]
16 F 28 Sp un Hyper BUP Morp L3/4 T5 L, U, T BL 2–3 h 6 weeks MgS PPF − [17]
17 F 53 Sp Sit Hyper BUP Diam L3/4 T6 L BL 3–4 h < 12 h MDZ + [29]
18 F 57 Sp Dec Hyper TET Epnp L3/4 T8 L BL 4 h < < 24 h DZP ± [12]
19 F 77 Sp Dec Iso BUP none L2/3 un L, U, T BL 4 h < 4 days CNP VP − [24]
20 M 86 Ep none none LID none T8/9 T4-11 L BL < 1 h < 12 h none none [14]
21 F 30 Ep none none LEV LID none L3/4 T4 L, U BL 1–2 h < 12 h MDZ ± [28]
22 F 24 Ep none none LID BUP Fent un un L, U, T BL 4 h < < 12 h none none [16]
23 F 32 Ep none none LID BUP Fent un un L, U BL 4 h < < 24 h none none [25]

Table 2   Indications of neuraxial anesthesia in patients with a history 
of spinal myoclonus following neuraxial anesthesia

The number “2” following the reference number [23] indicates the 
case number
NA neuraxial anesthesia, SM-NA spinal myoclonus following neurax-
ial anesthesia

History Number of 
cases

References

Uneventful NA 6 [5, 12, 17, 18, 27, 29]
Repeated SM-NA 3 [13, 14, 20]
Non-repeated SM-NA 2 [23]-2, [5]
Sporadic SM-NA 1 [5]
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cord and the myoclonic involuntary movements occurred in 
patients who underwent epidural anesthesia [14, 16, 25, 28]. 
Although SM is neurologically classified into the segmental 
and propriospinal types [6], “SM”, rather than “segmental 
SM” or “propriospinal myoclonus”, seems to be a better 
higher level category name. In this review article, myoclonic 
involuntary movements following NA were comprehensively 
referred to as SM-NA.

Clinical signs and symptoms

Myoclonic jerks are simple and rapid and may occur singly 
or repetitively [8, 42]. The signs described in the previous 
articles were considered to be consistent with those myo-
clonus signs. In the SM-NA cases, the typical symptoms 
were initially mild myoclonic involuntary movements that 
changed to jerky movements with increasing frequency and 
amplitude [5, 12, 14, 15, 18, 19, 26, 29]. The frequency 
and amplitude of the myoclonus were changed regularly 
or irregularly. In the severe type of SM-NA, the myoclonic 
involuntary movements increased in frequency to over 20 
times per minute and developed largely, as if dancing [12] or 
riding a bicycle [5]. All of the SM-NA patients had no acute 
or chronic underlying neurologic disease. Furthermore, the 
patient’s consciousness remained intact during the SM-NA. 
SM-NA developed in the muscles innervated by the spinal 
nerves, and none had been observed to develop in the cranial 
nerve area. The signs of SM-NA developed in the extremi-
ties and trunk, especially in the lower extremities that were 
directly affected by local anesthetic (LA). Therefore, the 
generators of SM-NA likely exist in the spinal cord.

Onset and duration

In 19 of 23 cases (82.6%), the myoclonic involuntary move-
ments started within 4 h after the injection of LA into the 
intrathecal or epidural space (Table 1). In the 19 patients who 
received spinal anesthesia, the onset of SM-NA was within 3 h 
in 16 cases (84.2%) and may have been related to the LA onset 
of action. The symptoms of SM-NA gradually resolved and 
the patients regained voluntary movement with the disappear-
ance of the anesthetic effect. In 19 cases (82.6%), the patients 
recovered from SM-NA within a day (Table 1); whereas in 
two cases, minimal myoclonic involuntary movements atypi-
cally continued for longer than a day [17, 24]. The myoclonus 
period from the onset of symptoms to the disappearance of 
the symptoms overlapped with the period considered to be 
under NA. Intrathecal LAs have been naturally considered 
to be responsible for the myoclonus. Therefore, all the arti-
cles related to SM-NA speculated that intrathecal LAs might 
induce SM-NA. After full recovery from SM-NA, none of the 

patients experienced a relapse of the myoclonic involuntary 
movements.

Types of myoclonus: segmental 
and propriospinal

Myoclonic involuntary movements occurred only in the 
lower extremities in 14 cases (60.9%); in both the upper and 
lower extremities in seven cases (30.4%); in only the upper 
extremities in one case (4.3%); and in the trunk muscles and 
muscles in the extremities in four cases (17.4%) (Table 1). 
SM is classified into the segmental and propriospinal types 
[6, 7]. The segmental type of SM typically originates within 
a few or several adjacent spinal segments of the spinal cord, 
whereas the propriospinal type of SM refers to myoclonic 
involuntary movements that involve muscles innervated 
by many different segments [6, 7, 9, 11, 30]. The neural 
network of the propriospinal pathway localizes within the 
spinal cord and ascends and descends along the long axis 
of the spinal cord to interconnect multiple transverse and 
longitudinal segments, which are thought to coordinate the 
forelimb and hind limb movements during locomotion in 
quadrupeds. The propriospinal route is considered a stimula-
tion transmission pathway among multiple spinal segments 
through which abnormal impulses originating from the 
lumbar spinal cord ascend and spread upward, resulting in 
myoclonic involuntary movements of the upper extremities 
and trunk [6, 9, 11, 30, 43]. Although the localization and 
function of the propriospinal pathway have yet to be eluci-
dated in humans [6, 11], myoclonic involuntary movements 
in the upper extremities or trunk following NA may be an 
indirect evidence of the functional existence of a proprio-
spinal pathway in humans.

NA approach: spinal and epidural

Among the 23 cases of SM-NA, 19 (82.6%) occurred follow-
ing lumbar spinal anesthesia and 4 (17.4%) occurred follow-
ing epidural anesthesia (Table 1). The amount of a LA used 
for epidural anesthesia may be higher than that used for spi-
nal anesthesia. Although the proportion of LAs detected in 
cerebrospinal fluid (CSF) after epidural administration was 
less than 20%, a LA administered in the epidural space could 
penetrate the intrathecal space [1]. The LA transported from 
the epidural space to the intrathecal space was speculated 
to affect the spinal cord and result in SM-NA [12, 25, 28].

Local anesthetics

Amide-type LAs, such as dibucaine, lidocaine, bupivacaine, 
prilocaine, and levobupivacaine, were used in 22 cases 
(95.7%), whereas an ester-type LA, such as tetracaine, was 
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used in only one case. Although bupivacaine was used for spi-
nal and epidural anesthesia in 16 cases (69.6%) (Table 1), there 
was no literature on the occurrence rate of SM-NA accord-
ing to the frequency of LA use. Therefore, the specific LA 
and additive that were most responsible for SM-NA remain 
unclear. When focusing on baricity, 15 of the 19 (78.9%) 
patients who developed SM-NA after spinal anesthesia 
received intrathecal hyperbaric LAs. Furthermore, 12 of 13 
(92.3%) women who developed SM-NA after spinal anesthesia 
received hyperbaric LAs.

Sex difference

Although statistical adjustments are necessary, a simple 
summary revealed that 16 of the 22 patients (72.7%) were 
women (Table 1). The relationship between sex differences 
and SM-NA occurrence has never been addressed in the 
previous case reports. Sorting cases by sex and age showed 
that age-related sex differences may also be implicated in 
the incidence of SM-NA (Fig. 1a). The numbers of SM-NA 
patients categorized by age and sex and by the time of occur-
rence and sex are shown in Fig. 1a, b, respectively. Based on 
these results, the SM-NA incidence seemed to have sex dif-
ferences. The particular results include (1) of the 21 SM-NA 
patients, 14 (66.7%) were under the age of 60 years, and all 
were women (Fig. 1a); (2) 6 of the 23 (26.1%) SM-NA cases 
were men (Table 1), and all of male SM-NA patients were 
over the age of 60 years (Fig. 1a); and (3) of the 23 SM-NA 
cases, 5 (21.7%) developed SM-NA within an hour and all 
of them were men (Fig. 1b).

Examinations

No abnormal findings were confirmed in the electrophysi-
ological examination, radiologic imaging tests, and blood 
examination. Furthermore, the electroencephalogram 
revealed no abnormal findings in the middle of the SM-NA 
event [16, 17, 24] and after recovery from SM-NA [13, 19, 
26]. These results likely indicate that SM-NA generation is 
located outside of the cortex. Although the causes of SM 
were once considered to be tumors, infections, trauma, and 
degenerative disease [29], organic diseases were completely 
differentiated from SM-NA through clinical examination. 
There may be no useful clinical examinations to elucidate 
the underlying mechanism of SM-NA.

Hypothesis on the pathophysiology 
of SM‑NA

In the field of anesthesiology, basic studies on the discharge 
generation and the spinal cord transmission pathway that 
elucidated the mechanism of SM-NA are few. In the field of 

neurology, the first case report on SM-NA in 1979 described 
the estimated mechanisms of SM-NA generation [12]; since 
then, subsequent case reports on SM-NA in the field of anes-
thesiology have quoted or described SM-NA mechanisms 
that were similar to the myoclonus mechanism initially 
hypothesized by Fox, based on Cohen’s animal experiment 
results. Intrathecal LAs penetrate the spinal cord and are dis-
tributed heterogeneously in each anatomical section within 
the spinal cord [44]. LAs are distributed at higher concentra-
tions in the lateral and posterior funiculi than in the CSF. On 
the other hand, LAs are distributed in the anterior funiculus, 
posterior horn, and anterior horn at lower concentrations 
than that in the CSF. During elimination of intrathecal LAs, 
anesthetic-sensitive and non-sensitive areas may coexist 
within the spinal cord, resulting in the generation of SM-NA. 
Among several authors, the common observations regarding 
the mechanisms of SM-NA generation include the coexist-
ence of reduced activity in the suprasegmental descend-
ing inhibitory pathway, increased excitability of inhibitory 
interneurons, and the abnormal hyperexcitation produced by 
the recovery of α-motor neurons in the anterior horn [5, 12, 
18, 20, 25, 28, 29].

Therapeutic drugs

Recovery from SM-NA was spontaneous in 10 (43.5%) cases 
and needed drug treatment in 13 (56.5%) cases. Table 1 
shows the anticonvulsant drugs that have been used empiri-
cally for the treatment of SM-NA [6, 10]. In drug-effective 
cases, it is necessary to evaluate whether the medication 
actually resolved the SM-NA, because the resolution of 
SM-NA might have been spontaneous and coincided with 
the disappearance of the LA effects. However, some reports 
concluded that benzodiazepines were effective or semi-effec-
tive for rapid suppression of SM-NA (Table 1). Therefore, 
benzodiazepine may be considered a recommended drug 
for the treatment of SM-NA. However, there were SM-NA 
cases in which benzodiazepine was administered prior to the 
occurrence of SM-NA as an anesthetic premedication [18, 
20, 22, 26] or as a sedative following the induction of NA 
[5, 12, 17]. Prior benzodiazepine administration may bring 
about few prophylactic effects against SM-NA [5].

Differential diagnoses

To accurately review SM-NA, the differential diagnoses are 
important. In particular, myoclonic involuntary movements 
with long-term use of neuraxial high-dose opioid therapy 
(NHOT) and drug-induced dystonic movements should be 
differentiated from SM-NA [5].
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Neuraxial opioids are known to have side effects of 
drug-induced-myoclonus, especially when administered 
for a long period or at a high dose for pain control [37–40]. 
Because of similar movements, NHOT-associated myo-
clonus can be misunderstood as the same category of 
movement disorder. Although SM-NA was often described 
to manifest as large movements [5, 12, 14, 15, 18, 19, 26, 
29], the myoclonus associated with NHOT seemed to be 
rarely described as large [37–40].

Some perioperative antiemetics act as dopamine recep-
tor-blocking agents and possibly induce dystonic move-
ments that are referred to as extrapyramidal syndromes, 
which are typically classified into three types of involun-
tary movements, including acute dystonia, Parkinsonism, 
and akathisia [45–48]. Compared with dystonia, myo-
clonus is faster and not complex [8]. Although the signs of 
SM-NA are lightning-like muscle jerks that often develop 
in the extremities, the symptoms of dystonic movement 
are characterized by sustained muscle contractions that 
cause abnormal twisting-like movements and postures, 
which may affect the facial muscles and can manifest as 
generalized signs involving the trunk and limbs [45–48].

Unpredictability of SM‑NA occurrence 
and NA indications

Table 2 shows the relationship between NA history and 
SM-NA. According to the case reports that recorded the 
past histories of patients with NA, six SM-NA patients 
had previously undergone uneventful spinal anesthesia. 
Recurrent SM-NA after the next NA did not develop in 
two SM-NA patients, but developed in three patients. 
Furthermore, we previously reported a patient who spo-
radically encountered SM-NA only upon the second of the 
three series of spinal anesthesia [5]. The onset of SM-NA 
varied and lacked consistency among the reports. These 
findings suggested that SM-NA occurrence may be unpre-
dictable. Therefore, considering the relationship between 
NA and SM-NA, there were three useful clinical points 
in considering the NA indications. First, the occurrence 
of SM-NA was difficult to predict [5]. Second, a history 
of uneventful spinal anesthesia did not guarantee normal 
recovery without SM-NA after the next NA [5]. Third, 
it is currently uncertain whether a history of SM-NA is 
a risk factor for repeated SM-NA. Although a history of 
SM-NA may not be a contraindication for a repeat NA [5], 
recurrence of SM-NA was considered to be within 1 year 
of the first episode [13, 14, 20]. When NA is planned for 
patients who have experienced SM-NA within the past 
1 year, it is advisable to prepare for SM-NA or to choose 
other anesthetic methods.

Discussion

There is no fundamental research, showing that LAs act on 
spinal neurons and produce myoclonus, and the pathophys-
iology of SM-NA remains speculative until now. Although 
there had been no reports on the relationship between sta-
tistically adjusted SM-NA occurrence and LA use rates, 
three points may be highlighted from the clinical informa-
tion gathered from the previous articles to discuss about 
the SM-NA pathophysiology. First, in women who experi-
enced SM following spinal anesthesia, the frequently used 
LAs were hyperbaric. Second, the occurrence of SM-NA 
was more frequent in women. Third, unpredictable occur-
rence may be a clinical characteristic of SM-NA.

The characteristics of SM-NA clarified in this summary 
did not contradict and can even reinforce the conventional 
hypothesis on SM-NA pathophysiology. The intrathecal 
distribution of hyperbaric LA depends on gravity. When 
using a hyperbaric LA for spinal anesthesia, the intrath-
ecal LA spreads immediately after laying a patient in a 
supine position. Compared with isobaric LAs, hyperbaric 
LAs are immediately distributed cephalad from the injec-
tion site. As a result, the drug concentration is low in the 
lumbar intrathecal space near the puncture site and high 
in the intrathecal space around the spinal cord [49]. There 
is a significant morphologic difference in the shape of the 
lumbar spine between women and men. Compared with 
the lumbar spine in men, the lumbar spine in women has 
three features that can influence the intrathecal LA distri-
bution and concentration: (1) the lumbar spine lordosis is 
more curved; (2) the lumbar spine curve length is shorter 
from the bottom edge of the T12 vertebral body to the top 
edge of the sacrum; and (3) the peak of the lumbar spine 
lordosis is located more caudally [50]. During elimina-
tion of intrathecal LA, a large concentration difference 
may lead to the different spinal neural function recovery, 
resulting in a functional discrepancy between the thoracic 
and lumbar spinal neurons. This mechanism is considered 
to reinforce the Fox’s myoclonus mechanism that had been 
quoted by many previous researchers. However, due to 
multiple factors affecting intrathecal LA distribution [1], 
precise prediction of intrathecal LA concentration differ-
ences is difficult. This uncertainty on the intrathecal LA 
concentration difference may be related to the unpredict-
able occurrence of SM-NA.

Even if the reinforced Fox’s mechanism seemed likely 
feasible, the intrathecal LA concentration difference can-
not be completely explained in all of the SM-NA cases, as 
described below. For example, some elderly men devel-
oped SM-NA relatively early, immediately after intrathe-
cal administration [13, 23]. Moreover, there were atypical 
cases reported, such as a 63-year-old man with unbearable 
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pain in the perineal region [21] and two women with pro-
longed myoclonic symptoms [17, 24]. Furthermore, the 
relationship between SM-NA occurrence and age-related 
sex difference is difficult to explain. Other several experi-
mental results on the sex differences in the human spinal 
cord [51–54] may elucidate other mechanisms and factors 
that are beyond this discussion.

To fully elucidate the details of SM-NA, a large number 
of patients and significant research costs will be required, 
potentially rendering a prospective large-scale survey on 
SM-NA impractical. On the other hand, a large-scale sur-
vey on SM-NA is expected in clinical anesthetic practice to 
specifically identify the clinical characteristics of SM-NA. 
Basic research in spinal anesthetic neurology may also be 
necessary to confirm the mechanism of SM-NA generation.

In summary, SM-NA is defined as intrathecal LA-induced 
transient myoclonic involuntary movements following NA 
and is a rare neurologic complication of NA. SM-NA may 
occur unpredictably and may develop more often in women 
who undergo spinal anesthesia with hyperbaric LA. SM-NA 
unexpectedly occurred within several hours after LA admin-
istration and can be expected to spontaneously resolve within 
a day, without paralysis sequelae. The myoclonus typically 
occurred in the lower extremities but sometimes in the upper 
extremities and trunk. The movements sometimes manifest 
as large in frequency and amplitude. Benzodiazepine may 
be a recommended drug for a patient suffering from severe 
SM-NA. At present, the pathophysiology of SM-NA remains 
speculative and needs fundamental research.
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