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Keywords: Background and purpose: Post-hypoxic movement disorders and chronic post-
cardiac arrest, hypoxic- hypoxic myoclonus are rare complications after cardiac arrest in adults. Our
ischaemic study investigates the clinical spectrum, neuroimaging results, therapy and
encephalopathy, prognosis of these debilitating post-hypoxic sequelae.
intrathecal baclofen, Methods: This retrospective study included 72 patients from the neurological
levomepromazine, intensive care unit at a university hospital, who were diagnosed with hypoxic-
myoclonus, post-hypoxic ischaemic encephalopathy after cardiac arrest between January 2007 and
movement disorder September 2018. Clinical records were screened for occurrence of post-hypoxic

movement disorders and chronic post-hypoxic myoclonus. Affected patients
Received 3 March 2020 were further analysed for applied neuroprognostic tests, administered therapy
Accepted 7 May 2020 and treatment response, and the outcome of these movement disorders and
) neurological function.
52;;’; ;Z;nggggalzg{ 1937 Results: Nineteen out of 72 screened patients exhibited post-hypoxic motor
1947 ’ symptoms. Basal ganglia injury was the most likely neuroanatomical correlate
of movement disorders as indicated by T1 hyperintensities and hypometabo-
doi:10.1111/ene. 14326 lism of this region in magnetic resonance imaging and positron emission
tomography computed tomography. Levomepromazine and intrathecal baclo-
fen showed first promising and mostly prompt responses to control these post-
hypoxic movement disorders and even hyperkinetic storms. In contrast,
chronic post-hypoxic myoclonus best responded to co-application of clon-
azepam, levetiracetam and primidone. Remission rates of post-hypoxic move-
ment disorders and chronic post-hypoxic myoclonus were 58% and 50%,
respectively. Affected patients seemed to present a rather good recovery of
cognitive functions in contrast to the often more severe physical deficits.
Conclusions: Post-hypoxic movement disorders associated with pronounced
basal ganglia dysfunction might be efficiently controlled by levomepromazine
or intrathecal baclofen. Their occurrence might be an indicator for a more
unfavourable, but often not devastating, neurological outcome.
\
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Introduction

Sudden cardiac arrest is a frequent cause of death

——————————————————————————————————— with an incidence of 55/100 000 per year and survival
Correspondence: F. Scheibe, Department of Neurology, Charité —

Universitatsmedizin Berlin, Charitéplatz 1, 10117 Berlin, Germany
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rates of ~22% [1]. In a subpopulation of survivors,
recovery is severely compromised by the development
of rare hyperkinetic or hypokinetic motor symptoms
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comprising post-hypoxic movement disorder (PMD)
and/or chronic post-hypoxic myoclonus (CPM)
(Lance—Adams syndrome) [2,3]. The clinical spectrum
of PMD involves post-hypoxic dystonia, ballism,
choreoathetosis or akinetic-rigid syndrome [2] that
can exacerbate to therapy-resistant hyperkinetic
storms [4]. CPM presents with focal or generalized,
stimulus-sensitive myoclonic jerks beginning a couple
of days to weeks after cardiac arrest without reliable
correlate in electroencephalography (EEG) [5]. In con-
trast, acute post-hypoxic myoclonus occurs within the
first 24 h after cardiac arrest and displays typical
EEG findings [6].

The therapy of these often hard to treat movement
disorders still relies on smaller case studies. PMD treat-
ment is based on medications used for isolated and
combined dystonia (e.g. benzhexol, pimozide, tetra-
benazine) first described by Marsden et al. [7], but their
use is compromised by side effects and limited treat-
ment response. Other medications (e.g. opioids, benzo-
diazepines, clonidine, tiapride, trihexyphenidyl) have
been suggested over the last decades, but with inconsis-
tent results [8]. The current literature for therapy of
CPM recommends the application of anticonvulsants
like clonazepam, levetiracetam, piracetam and val-
proate leading to partial reduction of myoclonus, but
frequently incomplete symptom control [9].

Over the last few years, advances in medicine
including targeted temperature management increased
the frequency of successful resuscitation and survival
after cardiac arrest [1], probably resulting in consecu-
tive increases of PMD and CPM on intensive care
units (ICUs). There, patients are mostly treated by
intensivists who are often not familiar with these dis-
orders. Since these motor phenomena are often
regarded as poorly treatable, these patients are at
increased risk to be misjudged as having a poor prog-
nosis resulting in early end-of-life decisions with pre-
mature withdrawal or withholding of ICU therapy.

To obtain deeper insights into the pathophysiology,
treatment responses and outcome of patients with
chronic PMD including myoclonus, our study investi-
gated the clinical features, neuroimaging results, ther-
apy and prognosis of these movement disorders and
the neurological outcome of PMD/CPM patients after
cardiac arrest.

Materials and methods

Study design

This retrospective study included all patients treated
on the neurological ICU at Charité — University
Hospital Berlin (Germany) between January 2007 and

September 2018 who were diagnosed with hypoxic-is-
chaemic encephalopathy after cardiac arrest. Most
patients were referred from other Charité ICUs or
external hospitals for management of post-hypoxic
motor symptoms, for neuroprognostication and after
surviving the acute phase following cardiac arrest.
Records of all patients were analysed for demographic
data, overall survival and occurrence of PMD and
CPM. The classification into PMD, PMD + CPM and
CPM patients was chosen to allow a straightforward
differentiation of the respective motor phenomena
according to their semiology with respect to the differ-
ent treatment requirements. Patients with PMD and/
or CPM received more detailed chart review with
analysis of neuroprognostic testing (neuron-specific
enolase, EEG, somatosensory-evoked potentials, neu-
roimaging), applied therapy and treatment response,
as well as outcome assessment of movement disorders
and neurological function. Encephalitis panel testing
for 21 antigens of serum and cerebrospinal fluid
(CSF) samples were analysed by either Euroimmun
(Liibeck, Germany) or Labor Berlin (Berlin, Germany).

Neuroimaging studies

Computed tomography based grey/white matter ratios
were determined by a neuroradiologist as described
previously (a cut-off < 1.16 predicted poor outcome)
[10]. Magnetic resonance imaging (MRI) scans were
carried out on different MRI scanners (1.5 or 3 T,
Siemens, Erlangen, Germany) with standard clinical
imaging protocols (including T2w, diffusion weighted,
susceptibility weighted, and Tlw pre- and post-
contrast) and were analysed by experienced neuroradi-
ologists.

Cerebral positron emission tomography computed
tomography  (PET-CT) was performed  with
236 + 73 MBq of the glucose analogue F-18-fluo-
rodeoxyglucose on a Gemini TF16 PET/CT (Philips
Medical Systems, Best, The Netherlands). Spatial res-
olution in the reconstructed PET images was about
7 mm for full width at half maximum. Reconstructed
PET data were preprocessed as previously described
[11] and repeated with other reference regions, i.e.
whole brain parenchyma, pons and cerebellum, to
compare the effect of anaesthetics on the sensitivity of
statistical testing. Region-of-interest-wise calculation
of mean F-18-fluorodeoxyglucose uptake was derived
from the automatic anatomic labelling atlas using
masks of the caudate nucleus, anterior/posterior puta-
men, thalamus, pons, midbrain and medulla oblon-
gata. Each subject was compared against a group of
32 healthy controls on a voxel-by-voxel basis using
the two-sample ¢ test implemented in statistical
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parametric maps with age as covariate [11]. Cortical
areas and the cerebellum were excluded from voxel-
wise analysis due to the effects of anaesthetics.

Magnetic resonance imaging preprocessing and lesion
analysis

For patients with available non-contrast enhanced T1-
weighted MRI acquisitions (7 = 16), manual lesion
segmentation was performed using ITK-Snap (http://
www.itksnap.org) [12]. In these patients, MRI scans
were transformed to MNI 2009b NLIN ASYM space
using the advanced normalization pipeline of the in-
house LEAD-DBS toolbox version 2.3 (www.lead-db
s.org) [13]. The pipeline is specifically validated for
optimal transformation of subcortical nuclei and is
based on the symmetric image normalization method
(SyN) provided with the advanced normalization tools
(http://stnava.github.io/ANTs/). The derived normal-
ization was applied to the lesion segmentations and a
lesion heatmap was created by calculating voxel-wise
sums across patients. Statistical analyses by group-
wise comparison of signal alterations and lesion
topography on these images were not done, as acquisi-
tion parameters and scan time point with respect to
hypoxic and demographic parameters were very
heterogeneous. The imaging alterations shown may be
related to various factors.

Therapy regimen and treatment response

Since assessment of treatment response for applied
medications was complicated by the lack of movement
disorder severity scales/scores acknowledging the
requirements of critically ill ICU patients such as
sedation depth or artificial ventilation, the degree of
symptom control was evaluated by the following sim-
plified categories: (i) sufficient control (complete/
nearly complete symptom remission; termination of
sedation allowing weaning from the respirator), (ii)
moderate control (substantial symptom improvement;
moderate reduction of sedation), (iii) mild improve-
ment (slight symptom control; no/only mild reduction
of sedation), (iv) no effect and (v) worsening.

Outcome assessment

Long-term follow-up of PMD, CPM and final neuro-
logical outcome was performed by structured tele-
phone interview of patients and/or their legal
guardians, review of hospital records and inquiries of
the date of death from state authorities. A board-cer-
tified and ICU-experienced neurologist assessed
patients’ neurological status after ICU discharge by
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neurological outcome scores like the Barthel Index,
modified Rankin Scale, Glasgow Outcome Scale —
Extended and outcome of cognitive function. Severity
of cognitive dysfunction was classified as unresponsive
wakefulness syndrome, minimal conscious state
(MCS) or better than MCS and was evaluated by a
questionnaire with items of the Coma Recovery Scale
— Revised during a structured telephone interview [14]
and/or from information of readmission/discharge let-
ters. Intensity, onset and if applicable time point of
remission of PMD and/or CPM were recorded.

Statistical analysis

Data are presented as mean =+ standard deviation if
not otherwise specified. Differences in patient age, sex,
duration on ICU and duration of artificial ventilation
were statistically evaluated by Kruskal-Wallis analysis
with Dunn’s post hoc test. Statistical analysis of sur-
vival rates was performed by the log-rank test. P val-
ues < 0.05 were regarded as statistically significant.

Standard protocol approvals and patient consent
forms

The study was approved by our institutional ethics
committee. Patients and/or their legal guardians gave
their informed consent for participation in the study
and for publication.

Results

Patient characteristics and clinical spectrum of PMD
and CPM

Demographic data of the 72 identified patients with
hypoxic-ischaemic encephalopathy comprised a gender
ratio male/female of 54%/46% (n = 39/33), age at dis-
ease onset 55 £ 19 years; the overall survival rate
reached 36% (n = 26) during a median observation
period of 27 months (range 4-139 months) (Table 1).
As a subgroup, 26.4% of patients (n = 19) developed
PMD and/or CPM. These patients were subjected to
further analysis (Fig. 1): 6.9% exhibited PMD (n = 5),
9.7% PMD + CPM (n=7) and 9.7% isolated CPM
(n = 7). Patients with PMD and/or CPM showed a
variable, partly mixed clinical phenotype encompass-
ing CPM (n = 14), choreoathetosis (n = 9), dystonia
(n = 6), ballism (n =5) or parkinsonism (n = 2) that
exacerbated to therapy-refractory hyperkinetic storms
in 50% of PMD patients (n = 6). Patients with and
without movement disorders showed no differences
concerning age and gender distribution, but survival
rates of 63% of PMD/CPM patients (n = 12 of 19)
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Table 1 Characteristics of patient cohort

PMD PMD + CPM CPM All PMD/CPM patients All patients

(n=15) (n="17) (n="17) (n=19) (n="172)
Patient age (years) 37 £ 14 46 + 21 45 + 23 43 + 19 55+ 19
Male, n (%) 3 (60) 5(71) 4 (57) 12 (63) 39 (54)
Survival, n (%) 5 (100) 3 (43) 4 (57) 12 (63)* 26 (36)
Duration on ICU (days) 148 + 93* 120 + 69 39 £ 15 97 + 76 n.a.
Duration of artificial ventilation 134 £ 103* 143 + 48* 35+ 18 102 + 78 n.a.
(days) (n=106)" (n=16)"

CPM, chronic post-hypoxic myoclonus; ICU, intensive care unit; n.a., detailed data were not available for a relevant proportion of patients;
PMD, post-hypoxic movement disorder. “Duration of artificial ventilation was not documented in two patients. “P < 0.05.

patients with hypoxic-ischemic encephalopathy
at neurointensive care unit (n = 72)

|

[ patients with PMD/CPM (n = 19)} {patients without PMD/CPM (n = 53ﬂ

[ PMD (n=5) ] [PMD and CPM (n=7)] {

CPM (n=7) ]

dystonia (n =6)
ballism (n = 5)

e o o o o o

myoclonus (n =14)
choreoathetosis (n =9)

parkinsonism (n =2)
hyperkinetic storms (n = 6)

Figure 1 Frequency of post-hypoxic motor symptoms.

greatly exceeded the survival of patients with hypoxic-
ischaemic encephalopathy without PMD/CPM (26%,
n =14 of 53, P = 0.005) (Table 1).

Patients with PMD had longer ICU stays than
patients with PMD + CPM or CPM (P = 0.0126) and
patients with PMD and PMD + CPM required longer
durations of artificial ventilation than CPM patients
(P =0.0072) (Table 1). The most frequent type of car-
diac arrest was ventricular fibrillation (n =9), fol-
lowed by asystole/pulseless electrical activity (n = 6)
and cardiac arrest during cardiothoracic surgery
(n = 3) (Table 2). The most common causes of cardiac
arrest were myocardial infarction (rn = 5), cardiotho-
racic surgery (n = 3) and pulmonary embolism (n = 2)
(Table 2). The detailed results from neuroprognostic
testing are presented in Table S1. CSF analysis was
carried out in 11 out of 19 patients at a median time
of 88 days (range 18-572 days) after cardiac arrest.
All CSF samples showed normal acute parameters.
The results of encephalitis panel testing of serum
(n=2) or serum and CSF (n =15) did not reveal a
concurrent autoimmune phenomenon as the cause of
movement disorders.

Neuroimaging results

Sixteen out of 19 PMD/CPM patients were investi-
gated by MRI (three patients had MRI contraindica-
tions) at a median time of 25 days (range 5-580 days)
after cardiac arrest (Table S1). Hypoxic brain damage
induced moderate to severe loss of cortical volume
with marked short-term progression, most prominent
in the temporal, frontal and occipital lobe and basal
ganglia. Moreover, post-hypoxic T1 hyperintensity of
the lenticular nucleus, most prominently in the poste-
rior parts of the putamen and pallidum, was observed
in 15 of 16 patients (Fig. 2a). Less commonly, striatal
T2/fluid-attenuated inversion recovery hyperintensity
was seen. Further lesion overlap analysis with aver-
aged T1 images (n = 16) showed marked hyperinten-
sity of the posterior putamen and the internal and
external pallidum. Signal alterations were accompa-
nied by and probably reflective of atrophy of the
entire lenticular and caudate nuclei (Fig. 2b).

Brain PET-CT (n = 8) demonstrated hypometabo-
lism in the evaluated subcortical regions including the
left caudate nucleus, bilateral anterior and posterior

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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Table 2 Patient characteristics
Time Duration
Age at until Hypothermia  on ICU
No. CA Sex Type of CA Cause of CA ROSC < 34°C (days)
PMD 1 18 Ventricular fibrillation Unknown 35— Yes 150
50 min
2 27 F Not documented Status epilepticus/amitriptyline 30 min Yes 130
intoxication
340 F Ventricular fibrillation Unknown Unknown Yes 301
4 52 M PEA/asystolia Arterial lung embolism 25 min No 53
5 49 M Ventricular fibrillation Unknown 15— Yes 105
20 min
PMD + CPM 6 58 M  Ventricular fibrillation Unknown 60 min Yes 108
7 26 M Ventricular fibrillation Myocardial infarction 15— Yes 181
20 min
8 53 F Cardiothoracic surgery Bypass surgery with valve 85 min Yes (during 223
replacement/reconstruction surgery)
9 28 M Asystolia Unknown >30 min Yes 141
10 19 F Cardiothoracic surgery Fallot tetralogy 80 min Yes (during 114
surgery)
11 68 M Ventricular fibrillation Dilatative cardiomyopathy >25 min Yes 33
12 69 M Cardiothoracic surgery Stanford A/B aortal dissection 32 min Yes (during 43
surgery)
CPM 13 18 M Asystolia Myasthenic crisis with hypoxia- 6 min Yes 35
induced CA
14 33 F Asystolia/PEA Arterial lung embolism 25 min Yes 33
15 21 M Asystolia Strangulation on a fence Unknown Yes 37
16 83 F Asystolia/PEA Aspiration/myocardial infarction 27 min Yes 48
17 45 M Ventricular fibrillation Myocardial infarction 35 min Yes 66
18 55 M Ventricular fibrillation Myocardial infarction 15 min Yes 21
19 60 F Ventricular fibrillation Myocardial infarction 30- Yes 30
50 min

CA, cardiac arrest; CPM, chronic post-hypoxic myoclonus; F, female; ICU, intensive care unit; M, male; PEA, pulseless electrical activity;
PMD, post-hypoxic movement disorder; ROSC, return of spontaneous circulation.

putamen, thalamus and pons, compared to healthy
controls (P < 0.05) (Fig. 2¢c, Table S2).

Therapy of PMD and CPM

Post-hypoxic movement disorders could exacerbate to
life-threatening hyperkinetic storms, mostly presenting
as status dystonicus, partly associated with ballism
and/or choreoathetosis, but no patient developed a
post-anoxic myoclonic status. Initially, these patients
required sedation to prevent self-injury (haematoma/
skin abrasion, decannulation) by uncontrolled move-
ments. Final control of movement disorders allowing
sedation withdrawal was best achieved by the follow-
ing treatments (Fig. 3a, Table S3): choreoathetosis
and ballism were best controlled by tetrabenazine and
akinetic-rigid symptoms by levodopa/benserazide.
Levomepromazine was incidentally found to improve
dystonia and was applied in dosages of up to 250 mg/
day iv and 600 mg/day by mouth under QT. monitor-
ing with good cardiac tolerability. Levomepromazine
enabled complete or nearly complete symptom

remission in three patients (#2, 3, 5). Even in patients
with hyperkinetic storms (#1, 2, 3, 6, 7, 10), levome-
promazine terminated movement disorders in two
patients (#2, 3) and achieved moderate control in
three patients (#1, 6, 7). All PMD patients with lim-
ited treatment response (#1, 6, 7, 9) showed sufficient
control of PMD after exposure to intrathecal baclofen
by baclofen bump allowing termination of sedation
and even reduction or stopping of other co-medica-
tions. Patient #10 presented a ballistic storm that
could be controlled by tetrabenazine and clonazepam.
Other medication like clonidine, tiapride, tri-
hexyphenidyl, oral baclofen or tetrahydrocannabinol
achieved no or only minor improvement. Remarkably,
administration of typical and atypical neuroleptic
drugs like haloperidol and olanzapine resulted in mas-
sive exacerbation of dystonia (#3, 7).

Best treatment results for therapy of CPM (Fig. 3b)
were obtained after co-application of clonazepam,
levetiracetam and primidone, partly supplemented by
lacosamide (sufficient control » = 5, moderate control
n =7, mild/no effect n = 1). The addition of valproate

© 2020 The Authors. European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology
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Figure 2 (a) Axial T1-weighted cerebral MR images of three patients (#1, 2, 6) demonstrated striatal and/or pallidal T1 hyperintensi-
ties. (b) Group level visualization of T1 hyperintensities. The left panel shows the MNI 2009b NLIN ASYM template at the height of
the largest diameter of the internal segment of the pallidum. The distal atlas [31] is overlaid for orientation. The middle panel shows
the averaged T1 signal across patients (7 = 16). Note the inverse relation of the T1 signal in the posterior part of the lenticular
nucleus, spanning putamen, external and internal segment of the pallidum. Furthermore, relevant basal ganglia atrophy also of the
caudate head can be appreciated. Finally, the right panel shows a heatmap of lesion location (colour map codes for the number of
overlapping lesions across patients) that overlaps with the region of average T1 hyperintensity in the middle panel. (¢) PET-CT com-
parison of eight patients against 32 healthy controls identified hypometabolism of the left caudate nuclei, bilateral putamen, thalamus
and pons (P < 0.05, family-wise, error corrected). Results are plotted on a brain F-18-fluorodeoxyglucose-PET template without/with

age as covariate in the left/right panel, respectively. [Colour figure can be viewed at wileyonlinelibrary.com]

(n = 6), piracetam (n =4) or carbamazepine (n = 2)
was less effective and resulted in only mild or no
improvement.

Neurological outcome and prognosis of PMD and CPM

In all, 58% of PMD patients (n = 7 of 12) and even
66% of all patients with hyperkinetic storms (n = 4 of
6) yielded complete remission of symptoms at a med-
ian time period of 3 months (range 1-15 months)
after cardiac arrest allowing discontinuation of PMD
therapy (Table 3). Five patients had persisting PMD

sufficiently controlled by medication over a median
follow-up time of 13 months (range 4-62 months).
CPM was in remission in 50% of patients (n = 7 of
14) after a median time of 3 months (range 1-
6 months) and persisted in seven further patients dur-
ing a median observation time of 18 months (range 3—
62 months). The neurological outcome of the 19
PMD and/or CPM patients was associated with a dis-
abling but not always devastating outcome (Table 3,
Table S1). One patient reached a favourable outcome
with a modified Rankin Scale (mRS) score of 3, 58%
(n=11) had residual severe disability (mRS 4, n = 5;

(a) Therapy of posthypoxic movement disorder (PMD)

Patient # Sedation — Exacerbation phase Medication - Acute and stabilisation phase
PRO | MID LMZ | DXM | SUF BAI LMP | TBZ CLz MO CcLo TIA THP LB BAO | THC | QUT HP OLA
1
2
B ]
4
5
6
7 —
8
9
10
11
12

(b) Therapy of chronic posthypoxic myoclonus (CPM)

Patient # Sedation — Exacerbation phase Medication — Acute and stabilisation phase Sufficient control
Moderate control
PRO | MID | LMZ | DXM | SUF | CLZ | LEV | PRI LAC | VPA | PIR CBZ | BAI Mild improvement
6 No effect
7 Worsening
: Medication not applied
10
11
12
13
14
15
16
17
18
19

Figure 3 Applied pharmacotherapy and evaluation of treatment responses for (a) PMD and (b) CPM. Left side, anaesthetic medica-
tion to suppress hyperkinetic storms; right side, medication for final control of motor symptoms. BAI, intrathecal baclofen; BAO, oral
baclofen; CBZ, carbamazepine; CLO, clonidine; CLZ, clonazepam; DXM, dexmedetomidine; HP, haloperidol; LAC, lacosamide; LB,
levodopa/benserazide; LEV, levetiracetam; LMP, levomepromazine; LMZ, lormetazepam; MID, midazolam; MO, morphine/opioids;
OLA, olanzapine; PIR, piracetam; PRI, primidone; PRO, propofol; QUT, quetiapine; SUF, sufentanil; TBZ, tetrabenazine; THC,
tetrahydrocannabinol; THP, trihexyphenidyl; TIA, tiapride; VPA, valproate. [Colour figure can be viewed at wileyonlinelibrary.com|]
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5 = % é i mRS 5, n = 6) and 37% (n = 7) died during a median
E f EER observation period of 17 months (range 3-
s = § —§ g 62 months). Nonetheless, partial restoration of every-
; _ g S0 i day life abilities was reached in 37% of patients
= < o g Z3 (n=7) as measured by the Barthel Index (score
% :; ; E ; é g % % g between 20 and 90 points). In contrast, cognitive func-
‘g S ?,; g § S EE gﬁg tion showed better recovery, and 47% of patients
Eloa «oZ<ao T 2 ; S (n=9) emerged from MCS, 21"/? (n = 4) remained in
- v B el % &) 3-5 é MCS, whereas 32% (n = 6) persisted in an unrespon-
§D = % = “§' E g 2 g sive wakefulness syndrome.
% o | 2 5 :qé é ‘; é . .
ZE|E © = £ gné ?g Discussion
£2 = o o 1 LUI« z é E Our study investigated hypoxia-induced movement
. ; o E E‘% disorders after cardiac arrest and revealed that (i)
é & g é é; these phenomena are currently under-reported as indi-
g 282 g = cated by PMD and CPM frequencies of 16.7% and
z T A E g g2 19.4%, (ii) their occurrence is associated with struc-
U o E :- dé ] tural basal ganglia dysfunction, (iii) levomepromazine
2 3 (:E %E and intrathecal baclofen might be promising novel
% g ﬁé ) 7; % treatment approaches to control PMD and (iv) their
% A % Za3ET occurrence could be a surrogate marker for a better
g2z ‘ 2 % é ,aga %" recovery of cognitive function, but more severe physi-
g9 g 8L cal disabilities.
- | & t f g ?g z 2 Current literature indicates that secondary move-
; v A S 5 % 58 ment disorders, especially combined dystonia and
5 % g g E_‘é g hyperkinetic storms, predominantly occur in children
A | A = = 2 3 g or younger adults with dyskinetic cerebral palsy [15],
q‘s, § i 2 [f traumatic brain injury, encephalitis, cerebral ischaemia
E n 2 2 g or haemorrhage [16]. In contrast, our study could not
e e <2588 confirm a statistically significant age-specific effect of
z S 3 £é 2 §§ PMD manifestation after cardiac arrest which might
© M 2 g 8 %“5 be related to the inclusion of only adults and the
5 £ g é g ks small sample size of the cohort.
ke 1 ; E ;ﬁ é Pathophysiological concepts of PMD originate
g A % g £ 3 g mostly from isolated dystonia and focus on differences
é E 7 ’g & £ 3 of vascular supply, high oxidative metabolism, loss of
1, - é’ g inhibition, altered sensory gating and impaired plastic-
E E g £ éﬂ g2 ity of basal ganglia—thalamo—cprtical circgits [17].
%ﬂ 3 2 i g : 2 % Since global hypoxia during cardiac arrest injures sev-
% & 8 550 £ = eral brain regions involved in movement control,
E s § 5 + = A g § PMD probably reflects a neuronal network disorder
% S & & 1 EE g = = with variable phenotypes depending on the injury pat-
22,2 2 z g 2 E z tern of affected neuroanatomical structures [18].
5| & % Z 2:@ g5 ¢ In line with the literature results, our MRI data
% 2 i 2 2 = § § a“:‘z e revealed most prominent hypoxia-induced brain dam-
g _g %’E —g g ﬁ é z § age in the putamen and pallidum and less pronounced
R £l 2 % §:§ ‘i = in the caudate nucle.n and thalamus [19].. Hhowe\{er,
3 © o = 8 8 Z g with the present archival dataset with varying imaging
£ -7 £ 20 2 = time points and sequence parameters, it was impossi-
S é% E—m E ble to interpret these findings with respect to the
; ; § % % % patients’ phenomenology. In the absence of a post-hy-
% s % EE(% §§ E poxic non-movemenF disorders cor%t‘rol group, 1t can
- 4 »EE %0 only be stated that signal abnormalities were probably
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associated with hypoxic neural injury of subcortical
nuclei. In correspondence to MRI data, this first
PET-CT case series in PMD identified hypometabo-
lism in the putamen, thalamus and left caudate
nucleus.

Currently, the therapy of PMD remains empiric
and is often frustrating in clinical practice. Our study
identified levomepromazine as a promising drug for
treatment of post-hypoxic dystonia. Its mode of
action remains speculative, but seems to rely on its
capacity to inhibit serotonin SHT,4 and o,-adrenergic
receptors, different dopamine receptors, H; receptors
and muscarinic acetylcholine receptors [20,21]. In view
of missing clinical trials and considering our clinical
observations as class IV evidence, the following treat-
ment regimen is recommended: dystonia can be trea-
ted with levomepromazine, choreoathetosis/ballism
with tetrabenazine and akinetic-rigid syndromes with
levodopa/benserazide. These mostly stimulus-sensitive
movement disorders can reach further improvement
by co-administration of opioids and benzodiazepines
resulting in modification of sensory input control. The
therapy of hyperkinetic storms requires a multistep
concept. (i) Patients with predominant dystonia
should first receive levomepromazine in combination
with sedation (midazolam/propofol, sufentanil) and
where appropriate (e.g. in the case of coexisting
choreoathetosis/ballism)  supplemented by tetra-
benazine. (ii)) Addition of opioids and benzodiazepines
can further improve symptoms by reduction of sen-
sory threshold. (iii) Medications like tiapride, tri-
hexyphenidyl, oral baclofen or others can be
optionally applied within the first 4 weeks. (iv)
Patients with insufficient sedation withdrawal during
this time, prominent dystonia or coexisting spasticity
should be considered for intrathecal baclofen testing
followed by baclofen pump implantation in the case
of a positive therapeutic response. The suspected
mechanism of intrathecal baclofen in dystonia hypoth-
esizes potential inhibition of excessive stimulation in
supplementary motor and premotor cortex by thala-
mic efferents [22]. The therapeutic effect of intrathecal
baclofen has been reported in patients with dyskinetic
cerebral palsy [22], but so far in only one adult patient
with hypoxic-ischaemic encephalopathy after cardiac
arrest [23].

Due to a selection bias, survival rates of our cohort
after cardiac arrest were higher compared to the liter-
ature since many patients were referred after surviving
the initial phase after cardiac arrest. Interestingly,
PMD and CPM presented an unexpected favourable
prognosis with remission rates > 50%, but their value
on prediction of neurological prognosis of hypoxic-is-
chaemic encephalopathy is currently unclear.

Nonetheless, the neurological outcome of the patients
was rather unfavourable, but not devastating as previ-
ously thought. Noteworthy, it is also reported that
10% of patients with acute post-hypoxic myoclonus
could reach good outcomes [24] indicating that post-
hypoxic motor phenomena should not be considered
as a sign of futility in general. This assumption should
be reserved to patients with additional unfavourable
neuroprognostic parameters (e.g. acute post-hypoxic
myoclonic status) in line with current neuroprognostic
guidelines after cardiac arrest [25-27].

The limitations of this study comprise the retrospec-
tive study design, small sample size and single centre
experience. Also, clinical classification of the respec-
tive motor phenomena can be very challenging since
the distinct clinical semiologies can be hard to distin-
guish and underlie a certain inter-rater variability,
especially in acute post-hypoxic myoclonus [28,29].
Assessment of therapy response was impaired by an
observer bias and the use of a non-validated scale
since standard movement disorder severity scales like
the Burke-Fahn-Marsden dystonia rating scale [30]
are not eligible in the ICU setting.

Conclusions

Post-hypoxic movement disorders after cardiac arrest
are under-reported phenomena most probably related
to basal ganglia dysfunction. Levomepromazine and
intrathecal baclofen showed first promising results to
treat these often therapy-refractory movement disor-
ders, but our findings warrant prospective clinical tri-
als and further imaging studies to improve the
scientific foundation and therapeutic management of
these disabling movement disorders.
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