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Case Reports

Increasing Evidence for the Use of Sodium Oxybate in Multi-DrugResistant Lance–Adams Syndrome
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Abstract
Background: Treatment of posthypoxic myoclonus (PHM) can be a challenge in patients not responsive to first-line medications. PMH is a rare condition that has
a dramatic impact on patients’ quality of life. Refractory cases are not uncommon.
Case report: We report a patient with PHM non-responsive to conventional treatments who showed a dramatic improvement with sodium oxybate (SBX). Cases
of PHM treated with SBX reported in the literature were reviewed.
Discussion: Resting and stimulus-induced myoclonus respond robustly to SBX, with significant improvement in patients’ quality of life. SBX may be considered
in patients with PHM resistant to first-line medications.
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Introduction

inability to stand and a classic bouncing appearance when patients try
to ambulate.
Myoclonus in PHM can be cortical or subcortical (reticular reflex
myoclonus), and a combination of the two is often present in the same
patient.4 Although the pathophysiologic understanding of PHM is
incomplete, the serotoninergic and the gamma-aminobutyric acid-ergic
(GABAergic) systems seem to play a central role.5,6 Imaging and neurophysiological studies have been performed in order to characterize the
drivers of PHM.7,8,9,10,11 Combined neurophysiological recording confirmed abnormal electrical activities usually with a cortical origin, mostly
in the sensory motor area.12 The electrical activity of electroencephalogram (EEG) and electromyography (EMG) recordings is usually inconsistently time-locked, and epileptic features such as polyspike and spike-wave
activity are present in the majority of cases.13 However, imaging studies
are suggestive of not only a cortical involvement that has been mainly
reported in the frontal lobe, but also of the parietal and temporal lobes,

Posthypoxic myoclonus (PHM) is a rare but severe and disabling condition, affecting a relatively young population.1 First reported in 1939, it was
described more systematically only in 1963 when Lance and Adams
reported four patients who developed intention and action myoclonus
after sudden hypoxic encephalopathy.2 Since then, Lance–Adams syndrome (LAS), or chronic PHM, has been recognized as a well-defined
clinical syndrome, where ataxia, dysarthria, and gait abnormalities are
variably associated with intention, action, and/or stimulus-induced myoclonus.3 Usually, these neurologic symptoms improve slowly over time after
the initial insult, while myoclonus may persist, frequently severely affecting the quality of life of patients who have otherwise recovered.1
Classically, symptoms start within days or weeks after the causal event,
usually a cardiopulmonary arrest. LAS can present as generalized or multifocal myoclonus, mainly affecting the limbs and interfering with fine
motor skills. Negative myoclonus of the legs may be present, causing
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consistently with the involvement of the sensory motor area. Indeed,
metabolic abnormalities and restricted diffusion were reported also in
the cerebellum, thalamus, lenticular, and pontine nuclei.12 Thus, it is
possible that an impaired connectivity from subcortical areas is responsible for the abnormal cortical discharge that generates the myoclonus.
The treatment of PHM can be very challenging, limited by a paucity
of class I trials and the rarity of the condition. According to the literature, clonazepam, valproic acid, and levetiracetam are the most effective
treatments, usually used in combination.1,14 In refractory cases, administration of L-5-hydroxytryptophan (L-5-HTP), piracetam, lacosamide,
zonisamide, and agomelatine has been used.15,16,17,18 Deep brain stimulation (DBS) has been attempted in multi-drug-resistant patients, with
partially positive results upon targeting the globus pallidus internus
(GPi).19,20,21,22 In refractory cases, sodium oxybate (SBX) has been used
as well, with good results.
SBX is a sodium salt of γ-hydroxybutyrate that has been found to be
effective in ameliorating alcohol-responsive movement disorders. Currently,
it has been approved for the treatment of excessive daytime sleepiness and
cataplexy in narcolepsy in the United States, and also for the treatment of
alcohol dependency and acute alcohol withdrawal in some European countries. Promising results have been reported in patients with treatment-
refractory alcohol-responsive movement disorders, such as myoclonus
dystonia, essential tremor, spasmodic dysphonia, vocal tremor, and recently
also for excessive daytime sleepiness in Parkinson’s disease.23,24,25,26,27 The
most common adverse events described with SBX use are excessive sedation, respiratory impairment, and depression.
The benefit of alcohol in LAS was first reported in 1992, but few
cases have been described in the literature.28 Here we report a new
patient affected with PHM who was successfully treated with SBX. We
also review our experience and cases reported in the literature comparing their clinical outcome measures. The purpose of this study is to
bring together experience with SBX in PHM, as this drug represents a
potentially important option for patients who are severely affected and
refractory to treatment with other medications.

was severely debilitating, to the point that he required a PEG tube for
feeding. Based on the supposition that his myoclonus might be alcohol-responsive, he was admitted to the hospital for an observed initiation and titration with sodium oxybate (Xyrem). He was started on
Xyrem 1 g and then gradually increased up to 1.5, 2, and 2.5 g. He
showed a profound improvement in myoclonus in dose-dependent manner, experiencing benefit 30–45 minutes after dose administration. At
2 g, myoclonus at rest disappeared in 40 minutes, and he was able to sit
calmly in the chair. Action myoclonus was still present, but he was able
to hold and transfer objects, to brush and comb his hair, and to feed
himself (Video 1, segment 2). At present, he continues on Xyrem 2 g
four times daily. He responds to each dose within 30 minutes, with each
dose lasting about 3 hours. He is slowly improving. He is now able to
stand for a few seconds with assistance, and he is no longer PEG fed.

Case series
Case 1
A healthy 19-year-old man presented sudden shortness of breath
after bilateral spontaneous pneumothorax. On his way to the hospital,
he suffered a cardiac arrest and received cardiopulmonary resuscitation
(CPR) for about 6 minutes in the ambulance. He was resuscitated and
then admitted to the intensive care unit (ICU), where he developed seizures, autonomic storm, and continuous myoclonic jerks. Profound
myoclonus at rest and with action persisted upon his awakening
(Video 1, segment 1). Written informed consent was obtained for video
recording. Brain magnetic resonance imaging (MRI) showed bilateral
T2/FLAIR hyperintensity of putamen and caudate, with negative diffusion restriction. EEG showed severe generalized slowing, with no
events correlating with his jerks. After 4 months, resting and kinetic
myoclonic jerks were still present despite treatment with valproic acid
(1,000 mg), levetiracetam (1,000 mg), and zolpidem (5 mg). Previously,
he tried also lacosamide (300 mg) and clonazepam (4.5 mg). Myoclonus
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Video 1. Clinical Presentation of the Patient Described in the Paper
before and after Treatment with SBX. The first part of the video documents our patient’s baseline examination. There is prominent myoclonus at rest
and with action. The second part of the video presents the clinical outcome after
1 hour of administration of SBX 2 g. Myoclonus at rest is abolished, and there is
significant improvement of action myoclonus.
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Table 1. Demographic and Clinical Features of the Patient Reported in This Study and Previous Cases Described in the Literature
PHM
Case AOO onset
Reference number (y)
(d)

Leading
event

Duration
of hypoxic
event

Myoclonus Outcome
Treatments

SBX Persistence
Stimulus(regimen) of efficacy Resting induced Action Negative

Adverse
events

↓↓
↓↓
VA (1,000 mg), 2 g QID 3 hours
↓
↓
None
LEV (1,000 mg),
ZLP (5 mg)
↓↓
26
2
34
<1 Anesthesia
NA
CZM, VA, PBT, 2.5 g/4 3.5 hours ↓↓
↓ No effect dizziness
TPM, ZNS, LEV hours
↓↓
↓↓
↓
25
3
31
NA
Cardiac
NA
LEV 2,500 mg, 2 g TID 3.5–4
NA HA, asthma,
arrest
CZM 6 mg, PBT
hours
sedation
– drug
60 mg, ALPZ 0.5
and mild
overdose
mg, rabeprazole 20
disinhibition
mg, BACL 20 mg,
VA, TZ, PRM,
GPT, PX, PIR
30
4
61
NA
NA
NA
CZM, LEV, ZNS
2g
NA
↓a
↓↓a
↓↓a
NA
NA
a
a
30
5
39
NA
NA
NA
CZM, VA, LEV
2g
NA
↓
↓↓
↓↓a
NA
NA
30
6
62
NA
NA
NA
CZM, LEV, ZNS,
2g
NA
↓a
↓↓a
↓↓a
NA
NA
VA
30
7
38
NA
NA
NA
CZM, LEV, L-52g
NA
↓a
↓↓a
↓↓a
NA
NA
HTP, PBT, PIR,
TPM, VA
↓↓
29
8
16
1
Bilateral 7 minutes
PIR (36 g),
2 g every
NA
↓↓
↓ No effect Somnolence,
PNX
LEV (4,000 mg), 4 hours
GI distress
CZM (11.25 mg),
VA (2,200 mg)
5-HTP (1,200 mg)
Abbreviations: ALPZ, Alprazolam; AOO, age of onset; BACL, baclofen; CZM, clonazepam; GI, gastrointestinal; GPT, gabapentin; HA, headache;
LEV, levetiracetam; NA, not available; PBT, phenobarbital; PIR, piracetam; PRM, primidone; PX, paroxetine; TPM, topiramate; TZ, tizanidine;
VA, valproic acid; ZLP, zolpidem; ZNS, zonisamide.
a
Results expressed as average of cases reported in the paper.
This
case

1

19

<1

Bilateral
PNX

6 min

Subsequently, he has undergone DBS of the GPi, with continued
improvement.
Other cases
Published cases of PHM treated with SBX are summarized in
Table 1.25,26,29,30 The mean age of onset of PHM was 40.1 years (range
16–62 years). In these patients, the leading event was represented by cardiac
arrest, bilateral spontaneous pneumothorax, and anesthesia-induced
hypoxia. In most instances, patients suffered a prolonged anoxic insult, up
to 7 minutes. The onset of myoclonus usually occurred within 24 hours
after the leading event, as soon as sedation was discontinued. Brain imaging
was available only in two of the reported cases, showing mild atrophy in one
patient (case 2), while hyperintensity of the basal ganglia (caudate, putamen,
and pallidum) in T1- and T2-weighted images was present in the other
case, as typically seen in hypoxic damage (case 8).
All patients, except case 4, were treated with levetiracetam, clonazepam, and valproic acid, plus a combination of other benzodiazepine
(alprazolam), sedatives (zolpidem), antiepileptic drugs (e.g., phenobarbital, piracetam, topiramate, gabapentin, zonisamide, and primidone), and
muscle relaxants (tizanidine and baclofen). Cases 7 and 8 were treated
Tremor and Other Hyperkinetic Movements
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Figure 1. Graphic Representation of the Outcome Measure of
the UMRS before and after Treatment with Sodium Oxybate
(SBX).The average of the scores for the six sections of the UMRS was calculated from patient data available in the literature. Scores were calculated
before and after treatment with the most effective dose of SBX for each
patient. Pre- and post-treatment average scores are reported next to
each vector. Subscore for each patient and dosages of SBX are reported in
Table 2.
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Table 2. Outcome Measures
Sodium Oxybate Dosage
0g

1g

2g

Patient Number in
Reference the Original Paper

2.5 g

3g

4g

/

25

18

Scores

Section 1 (Patient Questionnaire)
26

1

33

/

31

25

1

33

/

/

/

31

/

29

1

60

60

58

48

/

/

8

/

3

1

Section 2 (Myoclonus at Rest)
26

1

21

/

25

1

3

3

0

0

3

/

29

1

128

120

41

0

/

/

/

1

1

Section 3 (Stimulus Sensitivity)
26

1

12

/

5

25

1

8

3

1

2

3

/

29

1

17

17

15

10

/

/

Section 4 (Myoclonus with Action)
26

1

108

/

70

/

64

53

25

1

29

1

108

96

64

54

86

/

112

112

66

40

/

/

Section 5 (Functional Tests)
26

1

20

/

10

/

8

7

25

1

20

20

13

12

15

/

29

1

20

20

19

14

/

/

2

2

Section 6 (Global Disability Score)
26

1

3

/

2

/

25

1

4

3

3

2

3

/

29

1

4

4

4

2

/

/

Note: Scores for the different sections of the Unified Myoclonus Rating Scale (UMRS) that were available in the literature are reported
in the table. Different doses of SBX were tested in each patient. The scores for the different dosages administered to each patient are
reported. Section 1 (patient questionnaire): range 0–44; Section 2 (myoclonus at rest): range 0–108; Section 3 (stimulus sensitivity): range
0–17; Section 4 (myoclonus with action): range 0–160; Section 5 (functional tests): range 0–28; Section 6 (global disability score): range 0–4.
also with 5-hydroxytroptophane while in another case (case 3) paroxetine
was attempted. Despite these various combinations of treatments, myoclonus remained refractory and severe. In seven out of eight patients
(cases 2–7), symptoms were alcohol responsive. The treatment refractory
nature and alcohol responsivity lead to the decision to try SBX.
In all patients, myoclonus was noted to improve in dose-dependent
manner. The results were evaluated in the majority of the cases through
standardized scales (i.e., Unified Myoclonus Rating Scale – UMRS) and
review of videos31 (Figure 1). Stimulus-induced myoclonus significantly
decreased in all cases, while improvement in resting and action myoclonus varied between patients (Table 2). Negative myoclonus was less
Tremor and Other Hyperkinetic Movements
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responsive to treatment, although physiologic confirmation of this effect
was lacking. SBX was slowly titrated in all patients, increasing each dose
by 0.5–1 g every 2 weeks in order to maximize the tolerability of the
medication, reduce adverse events, and establish the minimally effective
dose. The average dose required by this cohort of patients was 2 g three
to four times daily, with the effect of each dose lasting for 3–4 hours on
average. Latency from the onset of myoclonus to treatment did not
seem to affect the efficacy of the treatment. No serious adverse events
were reported, while asthma and sedation were reported in few cases
(cases 2 and 3). All patients and their caregivers were aware of the kinetics of the medication.
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Discussion

We are aware of the limitation of the reported observations given
the small number of subjects of this cohort and the lack of placebo-controlled trials. However, the outcomes of the reported cases are
very promising, and they should open the way for further studies
with larger cohort of subjects in order to better define the extent of
the response to SBX in PHM and formulate guidelines.

After posthypoxic insult, severe and debilitating myoclonus can be
present in 30–40% cases and can severely affect the quality of life of
those who survive life-threatening cardiopulmonary arrests.29 The
treatment of PHM is often challenging. Patients often recover their
cognitive abilities, and they and their families experience significant
frustration and anxiety over the unpredictability and empiric nature
of available treatments. Patience is required to titrate and adjust
medication dosing in order to find a combination that will best
address individual patient’s needs.32 Of available treatments, antiepileptic drugs, benzodiazepines, L-5-HTP, agomelatine, and GPi DBS
have been attempted with promising results.32 However, some cases
of PHM can be resistant to available combinations of medications.
SBX may represent a promising option for these treatment refractory patients.
SBX is a precursor of GABA that easily crosses the blood–brain barrier and modulates the GABA-A receptors.33 Our patient experienced
improvement in resting and stimulus-induced myoclonus, and moderate
improvement in action myoclonus, allowing him to regain a satisfactory
degree of autonomy in many of his daily activities (such as eating, washing himself, and manipulating small objects, as well as standing) that
were completely lost prior to treatment. Other patients reported in the
literature have experienced similar benefit.25,29,30
We are aware of the open-label nature of this experience, with the
inherent bias for placebo response. Nevertheless, the often-dramatic
nature of the response and the clear pharmacokinetics support the
potential efficacy of SBX in PHM. In our opinion, SBX should not be
used as a first-line agent in PHM, as many patients will obtain adequate
benefit from available medications such as clonazepam, levetiracetam,
valproic acid, and zonisamide. In patients who do not respond to these
agents, SBX may be proposed as a possible treatment. In all the cases
reported in the literature, SBX was initially tested as an add-on treatment. Should SBX be effective, discontinuation or dosage modification
of other medications can be considered, especially in case of side effects.
However, in the majority of cases, patients with PHM will remain on
polytherapy. An observed alcohol challenge can be very helpful in documenting responsivity, and also convincing the patient’s family and care
team about the merit of this approach. However, this is not strictly
required in order to start the treatment with SBX. Indeed, in severely
refractory patients with PHM, in the attempt to better treat patients’
symptoms it should be worth considering SBX even if an alcohol
responsivity has not been clearly documented. Wherever possible, videotaped evaluations using the UMRS should be performed before and
1 hour after dose initiation in order to document tolerability and efficacy. Starting with a twice-daily dose regimen is wise, at low dose (1 g
per dose). In the hospital setting, individual dosing can be increased
quickly, even daily, by 0.5 g increments. If the response is robust, and
tolerability is satisfactory, dosing can be changed to thrice daily. Longterm use generally is characterized by continuation in prior efficacy and
tolerability. In patients who are still severely disabled by myoclonus,
SBX may be used as a bridge to consider more invasive treatments, such
as deep brain stimulation.
Tremor and Other Hyperkinetic Movements
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