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Abstract

Objective—We tested the hypothesis that there are readily classifiable electroencephalographic 

phenotypes of early post-anoxic multifocal myoclonus (PAMM) that develop after cardiac arrest.

Methods—We studied a cohort of consecutive comatose patients treated after cardiac arrest from 

January 2012 to February 2015. For patient with clinically evident myoclonus before awakening, 

two expert physicians reviewed and classified all EEG recordings. Major categories included: 

Pattern 1: Suppression-burst background with high-amplitude polyspikes in lock-step with 

myoclonic jerks; Pattern 2: Continuous background with narrow, vertex spike-wave discharges in 

lock-step with myoclonic jerks. Other patterns were subcortical myoclonus; and, unclassifiable. 

We compared population characteristics and outcomes across these electroencephalographic 

subtypes.

Results—Overall, 401 patients were included, of which 69 (16%) had early myoclonus. Among 

these patients, Pattern 1 was the most common, occurring in 48 patients (74%), whereas Pattern 2 

occurred in 8 patients (12%). The remaining patients had subcortical myoclonus (n=2, 3%) or 

other patterns (n=7, 11%). No patients with Pattern 1, subcortical myoclonus or other patterns 

survived with favorable outcome (Table 2). By contrast, 4 of 8 patients (50%) with Pattern 2 on 

EEG survived, and 4 of 4 (100%) of survivors had favorable outcomes despite remaining comatose 

for 1–2 weeks post-arrest

Interpretation—Early PAMM is common after cardiac arrest. We describe two distinct patterns 

with distinct prognostic significances. For patients with Pattern 1 EEGs, it may be appropriate to 

abandon our current clinical standard of aggressive therapy with conventional antiepileptic therapy 

in favor of early limitation of care or novel neuroprotective strategies.
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Introduction

Early post-anoxic multifocal myoclonus (PAMM) after cardiac arrest is common. Previous 

literature describes distinct clinical syndromes of post-anoxic myoclonus including 

myoclonic status epilepticus (MSE), subcortical myoclonus and the Lance Adams 

syndrome. MSE has historically been defined as repeated myoclonic motor manifestations in 

a comatose patient beginning within 24 hours of anoxic injury and electroencephalographic 

(EEG) findings of generalized polyspikes, spikes or sharp waves that are time-locked with 

clinical myoclonus, although the term “status epilepticus” may be a misnomer as PAMM 

bears little resemblance to myoclonic epilepsy or status epilepticus.1, 2 Subcortical 

myoclonus consists of myoclonic motor activity with no associated cortical EEG findings. 

The Lance Adams syndrome was first described in 1963 and is classically characterized by 

action myoclonus after awakening from anoxic injury, although modern critical care 

practices including routine use of sedative and antiepileptic drugs can mask signs of 

awakening and obscure this classic presentation.34, 5

The largest case series reported 40 subjects with PAMM before the modern era of post-arrest 

management, 83% of whom had a burst-suppressed background with generalized polyspikes 

and 13% of whom had epilepitiform discharges superimposed on a continuous background.2 

No patients survived, and the authors concluded that PAMM is an “agonal” phenomenon 

representing irreversibly, diffusely injured cortex and incompatible with meaningful 

recovery.2 Subsequent case reports describe patients with PAMM who have survived or and 

had favorable neurological recoveries.4, 6–8 It is unclear if post-arrest care has improved over 

time or if these survivors characterized in the literature as having “MSE” may actually have 

had early presentations of Lance Adams syndrome with awakening delayed by sedative 

drugs.

Based on clinical observation, we hypothesized that there are distinct 

electroencephalographic phenotypes of early post-anoxic myoclonus. We performed a large 

cohort study examining consecutive post-cardiac arrest patients with post-anoxic myoclonus 

to test this hypothesis.

Methods

Ethical Approval

All aspects of this study were approved by our Institutional Review Board and conducted 

with a waiver of informed consent because of minimal risk to subjects.

Patients and Setting

We examined a cohort of consecutive patients treated at a single academic medical center 

after cardiac arrest from January 2012 to February 2015. We excluded those who were 

awake in the first 6 hours of return of spontaneous circulation (ROSC); those who did not 

undergo EEG monitoring; those with arrest due to trauma, exsanguination or primary 

neurological catastrophe; and those transferred to our facility >48 hours after ROSC. Our 

Post-Cardiac Arrest Service (PCAS) cares for over 200 survivors of CA annually, 

representing over 90% of all post-arrest patients at our medical center, and we have 
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established hospital-wide care protocols including systematic use of targeted temperature 

management, continuous EEG, aggressive seizure control and best-practice critical care.9 It 

is our local standard of care to monitor all comatose post-arrest patients with continuous 

EEG until awakening, death, or 48–72 hours of monitoring without actionable findings.

EEG acquisition and drug management

Our hospital has in-house EEG technologist coverage 24 hours a day. EEG recordings were 

started upon ICU arrival, an average of 6–8 hours after ROSC. We applied gold-plated cup 

electrodes to the scalp in the standard 10–20 International System of Electrode Placement 

and recorded data using XLTech Natus® Neuroworks digital video/EEG systems (Natus 

Medical Inc., Pleasanton, CA). Clinical care, including antiepileptic drug and sedation 

management, was carried out at the discretion of the treating clinician according to 

standardized treatment protocols. All continuous EEG data were recorded and archived as 

part of the electronic medical record.

EEG classification, covariates and outcomes

We maintain a prospective quality improvement database of consecutive post-arrest patients 

that includes clinical characteristics, including the development of any myoclonic 

movements. For patient with clinically evident PAMM, two expert physicians (an 

epileptologist and a neurointensivist, both specializing in anoxic brain injury) reviewed and 

classified all EEG recordings as one of four phenotypes:

• Pattern 1: Suppression-burst background with high-amplitude polyspikes 

in lock-step with myoclonic jerks (Figure 1);

• Pattern 2: Continuous background with narrow, vertex spike-wave 

discharges in lock-step with myoclonic jerks (Figures 2 and 3);

• Subcortical myoclonus (no epilepitiform discharges associated with 

myoclonic jerks); or,

• Other patterns of myoclonic status epilepticus not meeting the above 

classification system.

We examined all available EEG recordings for patients with myoclonus to describe the 

evolution of these patterns over time. We used Persyst v12 (Persyst Development Co., 

Prescott, AZ) to calculate baseline suppression ratio using standard processing engines. 

Briefly, the software breaks the EEG recording into 10-second epochs and calculates the 

total duration that epoch is “suppressed” (defined as a ≥0.5 seconds <3uV amplitude). Based 

on our previous work, we down-sampled these 10-second epoch, lead-by-lead data to 

calculate median whole brain suppression ratio during the first hour of EEG monitoring.10

For all patients, we abstracted standard clinical covariates from our existing database 

including age, gender, arrest location (in-hospital vs out-of-hospital), arrest rhythm 

(ventricular tachycardia or fibrillation (VT/VF) versus pulseless electrical activity (PEA) or 

asystole), use of targeted temperature management, and Pittsburgh Cardiac Arrest Category 

(PCAC). The PCAC is a validated clinical prediction tool that stratifies CA survivors by risk 
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of in-hospital death or neurological deterioration based on neurological examination and 

cardiopulmonary dysfunction in the first 6h after ROSC.11

Our primary outcome of interest was survival to hospital discharge, and our secondary 

outcome was functionally favorable survival, defined as discharge to home or acute 

rehabilitation.

Statistical methods

We summarized population characteristics using mean and standard deviation or number 

with corresponding percentages. We performed unadjusted logistic regression to test the 

association of candidate predictors with outcomes, then built an adjusted model including 

predictors with significant unadjusted with outcome at a level of P ≤0.1.

Results

A total of 683 patients were treated after cardiac arrest during the study period, of which 135 

were excluded for arrest due to trauma, exsanguination, or neurological catastrophe, 128 for 

awakening within 6 hours of arrest, and 19 for no available EEG data, leaving 401 patients 

with EEG data available for analysis. Overall, 131 of 401 patients (31%) survived and 70 

(17%) were discharged with a functionally favorable outcome (Table 1). Early myoclonus 

developed in 69 patients (16%), of which 4 had missing EEG records. Among those with 

myoclonus, 7 patients (10%) survived and 4 (6%) were discharged with functionally 

favorable survival. Pattern 1 was the most common EEG pattern among those with 

myoclonus, occurring in 48 patients (74%), whereas Pattern 2 occurred in 8 patients (12%). 

The remaining EEGs were consistent with subcortical myoclonus (n=2, 3%) or other 

patterns (n =7, 11%). Of the overall cohort, 101 (25%) had burst suppression with identical 

bursts (Table 1). Of these, 48 patients had myoclonus and Pattern 1; one patient had 

myoclonus with polyspike bursts that initially appeared to be Pattern 1 but ultimately 

evolved into a continuous background with moderate generalized slowing, little variability 

and no reactivity; and the remaining patients did not have myoclonus. No patient with 

identical bursts, regardless of the presence or absence of myoclonus, had a favorable 

outcome.

No patients with Pattern 1, subcortical or other patterns of PAMM survived with functionally 

favorable outcomes (Table 2). By contrast, 4 of 8 patients (50%) with Pattern 2 on EEG 

survived, and 4 of 4 (100%) of survivors had functionally favorable outcomes despite 

remaining comatose for 1–2 weeks post-arrest (Supplemental Table).

Among patients with Pattern 1, we appreciated a particular stereotyped pattern and evolution 

illustrated in Figure 1. On the initial day of EEG recording (Figure 1a), Pattern 1 was 

notable for a suppression burst background with bursts consisting of high amplitude 

polyspike and lock-step with clinically observed myoclonus. On further inspection of the 

bursts, specific features were appreciated. Burst were invariant in their morphology 

(“identical bursts”), with an abrupt onset of high amplitude mostly regular fast-frequency 

polyspikes that typically lasted < 0.5 seconds. These high amplitude polyspikes were 

followed by a rapid decrescendo in amplitude and replaced with irregular sharp waves and 
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disorganized theta delta rhythms. Clinical myoclonus was seen only at the high amplitude 

initiation of the bursts.

Pattern 1 predictably evolved over the subsequent 2–3 days after ROSC and appeared to 

have 4 distinct stages. The first stage was the initial suppression burst pattern. Over the next 

1 to 2 days, the polyspikes “softened” in character with a decrease in amplitude and variably 

lengthening duration (Figure 1b). Motor manifestations of myoclonus began to dissipate 

during this time. During this stage, the bursts continued to lengthen and became a uniform 

mixture of theta and delta rhythms with multifocal sharp waves (Figure 1c). Myoclonus was 

absent from this point onward. These changes, particularly the abatement of myoclonus, loss 

of polyspikes and lengthening of bursts, sometimes gave the recording the appearance of a 

developing background with a decrease in overall suppression. In other clinical contexts 

these findings might have been interpreted as hopeful sign. However, this background 

predictably and rapidly lost complexity and amplitude, progressing rapidly through a period 

of generalized periodic discharges (GPDs) (Figure 1d) to a suppressed recording or grossly 

attenuated background. This general progression was observed in 45 of 48 (94%) patients 

with Pattern 1 (Figure 4). In the remaining 3 patients, initial high-amplitude polyspikes 

evolved into intermittent, abrupt onset fast seizure activity superimposed on a suppressed 

background without associated myoclonus.

By contrast, Pattern 2 was also characterized by myoclonus in lock-step with epilepitiform 

discharges in the first hours after ROSC, but also had EEG features that were clearly distinct 

from Pattern 1. Pattern 2 was characterized by a continuous background with superimposed 

narrow spikes with a predominance over the parasagittal and midline regions (Figures 2a and 

3a). With time, the EEG developed more complex background rhythms of varying 

frequencies and variability, with little or no periodicity to the discharges (Figures 2b and 3b). 

The discharges persisted over time, and though initially not easily controlled with 

antiepileptic drugs (Supplemental Table) in time did become treatment responsive. Among 

those surviving to hospital discharge, the four patients with Pattern 2 ultimately fulfill 

diagnostic criteria for Lance Adams syndrome after awakening.

Overall, 7 EEG recordings could not be classified into one of these two categories. Four of 

these began with innocuous-appearing bursts without high-amplitude polyspikes that 

evolved into a continuous, low amplitude background with rhythmic delta slowing. Three 

had broad generalized periodic discharges (GPDs) that were extremely periodic and 

monotonous, superimposed on an initially continuous background that became attenuated 

and ultimately isoelectric. None of these patients survived to hospital discharge.

Discussion

Post-anoxic multifocal myoclonus is common after cardiac arrest. Its clinical manifestations 

are easy to recognize, and for many years have been considered an ominous sign that is 

invariably associated with a poor prognosis.1, 2 Diverse EEG patterns occur in patients with 

PAMM including burst suppression, GPDs, clusters of periodic complexes and irregular 

bursts. The EEG background has been described to range from suppression to a fully 

continuous background.2 Despite multiple reports of favorable recovery after PAMM,4, 6–8 
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few studies offer a nuanced interpretation of specific electrographic subtypes and their 

prognostic significance. We describe two distinct EEG patterns in patients with PAMM that 

are consistent with what has previously been defined as MSE yet have very different 

prognostic significance. Myoclonus associated with what appears in this small cohort to 

evolve into the Lance Adams syndrome (Pattern 2) may develop early, many days before 

awakening from coma, yet portends a generally favorable prognosis. This phenotype appears 

to be rare in the post-anoxic coma cohort. By contrast, patients who develop early polyspike 

burst suppression with associated myoclonus (Pattern 1) do not survive with present therapy.

In Pattern 1, we observed a distinct burst discharge with a specific stereotyped morphology 

superimposed on a suppressed background. This pattern could be considered a subtype of 

the “identical burst pattern” described by Hofmeijer, et al., which was also associated with 

high mortality.12 Indeed, within our cohort there were no favorable outcomes in patients 

who had burst suppression with identical bursts, regardless of the presence or absence of a 

motor correlate. These identical bursts frequently evolve into GPDs as complexity and 

amplitude are lost over the first 2–3 days post-arrest (Figure 1C). Although GPDs are often 

seen in association with epileptic jerks in other patient populations, in this cohort periodic 

discharges seem to develop only after clinically apparent myoclonus has dissipated.

Many have hypothesized that PAMM is the result of diffuse cortical damage resulting in 

disinhibition of subcortical generators in the brainstem or thalamus.13 After cardiac arrest, 

cerebral energy supply-demand imbalance,12, 14 selective ischemic failure of excitatory 

synapses15 and deafferation of cortical neurons16 result not only in oscillation between 

bursts of cerebral activity and suppression but also loss of entropy with development of 

invariant burst morphology as we observe in Pattern 1.12 Thus, the combined manifestation 

of disinhibition of deep brain generators with loss of cortical network functionality resulting 

in relatively invariant or identical bursts reflects catastrophic cortical damage.12 The 

periodicity of bursts may be related to a “fusion” of neuronal processes causing increased 

excitatory interactions between neurons, or a subcortical or brainstem “pacemaker.” Cobb 

and Celesia proposed the concept of a stimulus or “event” leading to generation of bursts 

and likened this to an evoked potential generated in the cortex but triggered from 

extracerebral sensory pathways.17, 18 This concept of stimulus-induced bursting is intriguing 

given the observation in many post-arrest patients of stimulus-induced myoclonus.

By contrast, the Lance Adams syndrome is thought to develop after anoxic death of Purkinje 

cells in the fastigial nucleus of the cerebellum leading to loss of GABAergic tone, 

disinhibition of the reticular formation and synchronous firing of thalamic cells.21, 22 

Purkinje cells are exquisitely sensitive to anoxic injury, and may be lost despite cortical 

sparing. Thus, the Lance Adams syndrome may represent selective thalamic disinhibition in 

the absence of diffuse cortical damage, reflected in the relative normal EEG background 

these patients develop, with superimposed epilepitiform discharges and myoclonus that do 

not ultimately interfere with awakening or cognition. Pattern 2, which we propose may be 

the earliest manifestations of the Lance Adams syndrome, is characterized by a continuous 

background. This would suggest an intact cortical component of a complex cortical-

subcortical network. The presence or development of a continuous background is of 

prognostic importance in this pattern along with characteristics of the epileptiform 

Elmer et al. Page 6

Ann Neurol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



discharges. Development of a continuous EEG background after cardiac arrest is associated 

with regaining consciousness and favorable neurological outcome.23–25 The epileptiform 

discharges in these patients were not complex bursts, but rather single midline or parasagital 

spikes, implying a different generator than the bursts noted in Pattern 1. Finally, the Pattern 2 

patients were clinically more likely to respond to addition of anticonvulsant medication, 

suggesting a degree of intact neuronal membranes and receptors.

Much work has been done recently to assist in standardizing critical care EEG 

terminology.26 A more sophisticated understanding of subtypes of PAMM may help 

clinicians avoid inaccurate neurological prognostication or inappropriate withdrawal of life-

sustaining therapies. It should be noted that no patients with Pattern 1 went on to experience 

favorable neurological outcomes, but these patients were cared for by clinicians who may 

have been influenced towards limitations in care based on these EEG findings. This creates 

the possibility of self-fulfilling prophecies, and we do not advocate withdrawal based solely 

on the development of PAMM with Pattern 1 morphology. A multi-modal approach is 

recommended.27 In contrast, we conclude that development of myoclonus with Pattern 2 

indicates that favorable neurological recovery is likely with a comprehensive post-arrest care 

bundle. If others replicate our finding that patients developing Pattern 1 do not survive with 

present therapy, particularly if replicated within a care system that does not withdraw life-

sustaining therapy, it may be appropriate to abandon our current clinical standard of 

aggressive therapy with conventional antiepileptic therapy in favor of early limitations of 

care or novel neuroprotective strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Dr. Elmer’s research time is supported by NIH grant 5K12HL109068.

References

1. Jumao-as A, Brenner RP. Myoclonic status epilepticus: a clinical and electroencephalographic study. 
Neurology. 1990 Aug; 40(8):1199–202. [PubMed: 2116605] 

2. Wijdicks EF, Parisi JE, Sharbrough FW. Prognostic value of myoclonus status in comatose survivors 
of cardiac arrest. Annals of neurology. 1994 Feb; 35(2):239–43. [PubMed: 8109907] 

3. Frucht S, Fahn S. The clinical spectrum of posthypoxic myoclonus. Mov Disord. 2000; 15(Suppl 1):
2–7. [PubMed: 10755265] 

4. Accardo J, De Lisi D, Lazzerini P, Primavera A. Good functional outcome after prolonged 
postanoxic comatose myoclonic status epilepticus in a patient who had undergone bone marrow 
transplantation. Case Rep Neurol Med. 2013; 2013:872127. [PubMed: 24368951] 

5. English WA, Giffin NJ, Nolan JP. Myoclonus after cardiac arrest: pitfalls in diagnosis and prognosis. 
Anaesthesia. 2009 Aug; 64(8):908–11. [PubMed: 19604197] 

6. Lucas JM, Cocchi MN, Salciccioli J, et al. Neurologic recovery after therapeutic hypothermia in 
patients with post-cardiac arrest myoclonus. Resuscitation. 2012 Feb; 83(2):265–9. [PubMed: 
21963817] 

Elmer et al. Page 7

Ann Neurol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Amorim E, Rittenberger JC, Baldwin ME, Callaway CW, Popescu A. Post Cardiac Arrest, S. 
Malignant EEG patterns in cardiac arrest patients treated with targeted temperature management 
who survive to hospital discharge. Resuscitation. 2015 May.90:127–32. [PubMed: 25779006] 

8. Milani P, Malissin I, Tran-Dinh YR, et al. Prognostic EEG patterns in patients resuscitated from 
cardiac arrest with particular focus on Generalized Periodic Epileptiform Discharges (GPEDs). 
Neurophysiol Clin. 2014 Apr; 44(2):153–64. [PubMed: 24930938] 

9. Rittenberger JC, Guyette FX, Tisherman SA, DeVita MA, Alvarez RJ, Callaway CW. Outcomes of a 
hospital-wide plan to improve care of comatose survivors of cardiac arrest. Resuscitation. 2008 
Nov; 79(2):198–204. [PubMed: 18951113] 

10. Elmer J, Gianakas JJ, Rittenberger JC, et al. Group-Based Trajectory Modeling of Suppression 
Ratio After Cardiac Arrest. Neurocritical care. 2016 Mar 31.

11. Rittenberger JC, Tisherman SA, Holm MB, Guyette FX, Callaway CW. An early, novel illness 
severity score to predict outcome after cardiac arrest. Resuscitation. 2011 Nov; 82(11):1399–404. 
[PubMed: 21756969] 

12. Hofmeijer J, Tjepkema-Cloostermans MC, van Putten MJ. Burst-suppression with identical bursts: 
a distinct EEG pattern with poor outcome in postanoxic coma. Clinical neurophysiology: official 
journal of the International Federation of Clinical Neurophysiology. 2014 May; 125(5):947–54. 
[PubMed: 24286857] 

13. Hallett M. Physiology of human posthypoxic myoclonus. Mov Disord. 2000; 15(Suppl 1):8–13. 
[PubMed: 10755266] 

14. Ching S, Purdon PL, Vijayan S, Kopell NJ, Brown EN. A neurophysiological-metabolic model for 
burst suppression. Proc Natl Acad Sci U S A. 2012 Feb 21; 109(8):3095–100. [PubMed: 
22323592] 

15. Dzhala V, Khalilov I, Ben-Ari Y, Khazipov R. Neuronal mechanisms of the anoxia-induced 
network oscillations in the rat hippocampus in vitro. J Physiol. 2001 Oct 15; 536(Pt 2):521–31. 
[PubMed: 11600686] 

16. Niedermeyer E, Sherman DL, Geocadin RJ, Hansen HC, Hanley DF. The burst-suppression 
electroencephalogram. Clin Electroencephalogr. 1999 Jul; 30(3):99–105. [PubMed: 10578472] 

17. Celesia GC. Pathophysiology of periodic EEG complexes in subacute sclerosing panencephalitis 
(SSPE). Electroencephalogr Clin Neurophysiol. 1973; 35:293–300. [PubMed: 4126180] 

18. Cobb, WA. Pathophysiological basis of abnormalities with various distribution in time. In: 
Remond, A., editor. Handbook of electroencephalography and clinical neurophysiology. 
Amsterdam: Elservier; 1976. p. 117-30.

19. Japaridze N, Muthuraman M, Reinicke C, et al. Neuronal Networks during Burst Suppression as 
Revealed by Source Analysis. PLoS One. 2015; 10(4):e0123807. [PubMed: 25927439] 

20. Gloor P, Kalabay O, Giard N. The electroencephalogram in diffuse electroencephalitis. 
Electroencephalographic correlates of grey and white matter lesions. Brain. 1968; 91:779–802.

21. Harper SJ, Wilkes RG. Posthypoxic myoclonus (the Lance-Adams syndrome) in the intensive care 
unit. Anaesthesia. 1991 Mar; 46(3):199–201. [PubMed: 2014897] 

22. Welsh JP, Yuen G, Placantonakis DG, et al. Why do Purkinje cells die so easily after global brain 
ischemia? Aldolase C, EAAT4, and the cerebellar contribution to posthypoxic myoclonus. Adv 
Neurol. 2002; 89:331–59. [PubMed: 11968459] 

23. Rundgren M, Westhall E, Cronberg T, Rosen I, Friberg H. Continuous amplitude-integrated 
electroencephalogram predicts outcome in hypothermia-treated cardiac arrest patients. Critical 
care medicine. 2010 Sep; 38(9):1838–44. [PubMed: 20562694] 

24. Hofmeijer J, Beernink TM, Bosch FH, Beishuizen A, Tjepkema-Cloostermans MC, van Putten MJ. 
Early EEG contributes to multimodal outcome prediction of postanoxic coma. Neurology. 2015 Jul 
14; 85(2):137–43. [PubMed: 26070341] 

25. Ruijter BJ, van Putten MJ, Hofmeijer J. Generalized epileptiform discharges in postanoxic 
encephalopathy: Quantitative characterization in relation to outcome. Epilepsia. 2015 Nov; 56(11):
1845–54. [PubMed: 26384469] 

26. Hirsch LJ, LaRoche SM, Gaspard N, et al. American Clinical Neurophysiology Society’s 
Standardized Critical Care EEG Terminology: 2012 version. Journal of clinical neurophysiology: 

Elmer et al. Page 8

Ann Neurol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



official publication of the American Electroencephalographic Society. 2013 Feb; 30(1):1–27. 
[PubMed: 23377439] 

27. Callaway CW, Donnino MW, Fink EL, et al. Part 8: Post-Cardiac Arrest Care: 2015 American 
Heart Association Guidelines Update for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care. Circulation. 2015 Nov 3; 132(18 Suppl 2):S465–82. [PubMed: 26472996] 

Elmer et al. Page 9

Ann Neurol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Elmer et al. Page 10

Ann Neurol. Author manuscript; available in PMC 2017 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
A) This is the initial recording for Pattern 1 on post-arrest day 0. Note the bursts of high 

amplitude polyspikes with rapid decrescendo in amplitude. Bursts are superimposed onto a 

suppressed background. Clinical myoclonus is apparent in lock-step with the initial 

polyspikes. B) Post-arrest-day 1, stage 2 of Pattern 1. Bursts lengthen in duration and high 

amplitude polyspikes are decreasing in amplitude. Background remains suppressed. C) 
Hospital day 2, Stage 3 of Pattern 1. Bursts are “softening” and have lost the polyspikes and 

variation in amplitude and variable frequencies, instead becoming more uniform in 
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frequency and amplitude. Periods of suppression are still appreciated. D) Hospital day 3, 

Stage 4 of Pattern 1. Amplitude and variability rapidly decrease, ultimately progressing to a 

featureless, attenuated background. (30mm/second, 10uV/mm, bipolar longitudinal 

montage)
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Figure 2. 
A) Post-arrest day 0, recording suggestive of Pattern 2 with a continuous background of 

various frequencies and narrow spikes and polyspikes with midline with a parasagittal 

predominance. Myoclonus observed with spikes. B) Recording taken 1 month after arrest, 

with persistent parasagittal spike-wave discharges and action myoclonus typical of Lance 

Adams syndrome. Note improved background rhythms
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Figure 3. 
A) Post-arrest day 0, another example of Pattern 2 with continuous background though of 

low amplitude with narrow small polyspikes. B) Post-arrst day 4, persistent spike-wave 

discharges with persistent myoclonus indicative of a patient likely to fulfill criteria for Lance 

Adams syndrome after awakening.
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Figure 4. 
The progression of patients with PAMM and Pattern 1 on their initial EEG is generally 

predictable, although a minority of patients do go on to develop fast seizure activity on the 

second and third day of monitoring.
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Table 1

Population characteristics, treatments and outcomes

Characteristic Overall comatose post-arrest cohort (n = 401) Clinical myoclonus cohort (n = 69)

Age, years 58 ± 17 56 ± 16

Female 170 (41) 22 (32)

Out-of-hospital arrest 320 (77) 58 (84)

Shockable rhythm 118 (28) 17 (25)

Pittsburgh Cardiac Arrest Category

 2 83 (20) 10 (14)

 3 49 (12) 3 (4)

 4 224 (53) 47 (68)

 Unknown 64 (15) 9 (13)

Survived 131 (31) 7 (10)

Favorable outcome* 70 (53) 4 (57)

Length of stay, days&

 Survivors 17 [12 – 26] 19 [10 – 29]

 Non-survivors 4 [2 – 6] 4 [3 – 6]

Initial EEG findings

 Background

 Suppressed 89 (22) 5 (7)

 Burst suppressed 140 (35) 52 (84)

 Continuous 172 (43) 8 (12)

 Superimposed patterns

 Ictal burst morphology

  Identical bursts 101 (25) 49 (71)

  Non-identical ictal bursts 7 (2) 2 (3)

 Seizures 13 (3) 2 (3)

 Periodic discharges (GPDs, LPDs) 16 (4) 2 (3)

 Non-periodic sharp waves 33 (8) 8 (12)

 Nothing malignant 231 (58) 2 (3)

Antiepileptic drug use

 Propofol 239 (57) 55 (80)

 Midazolam 190 (45) 60 (87)

 Valproic acid 128 (30) 52 (75)

 Levetiracetam 173 (41) 59 (86)

 Phenytoin 77 (18) 29 (42)

 Lacosamide 16 (4) 7 (10)

 Phenobarbital 12 (3) 6 (7)

 Total number of agents 2 ± 1 4 ± 1

Data are presented as means ± standard deviation or numbers with corresponding percentages, unless otherwise noted.

*
Reported as percentage of survivors
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&
Data presented as median with interquartile ranges
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Table 2

Incidence and outcomes of electroencephalographic myoclonus subtypes

Characteristic

Pattern

1 2 3 4

Description Malignant PAMM Possible precursor to Lance Adams Subcortical Other

Background Burst suppressed Continuous, although may be 
suppressed early Variable Variable

Suppression ratio, median 
[IQR] 83 [53 – 97] 52 [38 – 82] 91 [89 – 94] 28 [8 – 60]

Discharges Identical high amplitude 
polyspike-wave bursts Vertex spike-wave discharges None

Variable, often 
periodic 

discharges or 
seizures

Treatment responsive? No Yes N/A No

Prevalence 48/69 70% (57 – 80%) 8/69 12% (5% – 22%) 2/69 2% (0 – 
10%)

7/69 10% (4 – 
20%)

Survival* 2/48 3% (0 – 14%) 4/8 50% (16 – 84%) 0/2 0% (0 – 
84%) 1/71 4% (0 – 58%)

Favorable outcome*,& 0/2 0% (0 – 8%) 4/4 100% (40 – 100%) 0/0 N/A 0/1 0% (0 – 98%)

*
Fisher’s exact P <0.001 across levels

&
Favorable outcome is expressed as percent of survivors
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