ognostication of Coma After Cardiac
rest and Therapeutic Hypothermia

Oddo

ing the introduction of therapeutic hypothermia and the implementation of
dardized post-resuscitation care, the number of patients who survive from
after cardiac arrest has significantly increased [1]. Previous 1o use of thera-
¢ hypothermia, clinical neurological examination at 72 hours was considered
gold standard for outcome prognostication of coma after cardiac arrest [2],
Bwever, therapeutic_hypothermia and the drugs used 1o induce therapeutic cool-
alter drug elimination and may significantly modify neurological (mainly mo-
% response [3. 4], thereby rendering clinical examination less relinble and poten-
2y msufficient, when used alone, 1o adequately predict the prognosis of coma
= cardiac arrest. Emerging evidence from independent centers demonstrates that
addition 10 neurological examination of other prognostic tools — mainly elec-
meephalography (EEG), somato-sensory evoked potentials (SSEP) and serum
an-specific enolase (NSE) — significantly improves prognostication of coma
cardiac arrest and therapeutic hypothermia. The implementation of such a
smodal prognostic approach into critical care practice should improve the care
atose cardine grrest patients.

(=)
t of Crincal Care Medicine, CHUV-Lausanne University Hospital
Ity of Biology and Medicine, University of Luusanne, Rue du Bugnon 46, BH 08.623,
1 | Lausanne, Switzerinnd
mauro, oddo@chuv.ch
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poar prognosis, with a 959, confidence interyal [CI] of 6-16) [5). This
confirmed previous findings from other groups who found that motor re
72 hours gave o false positive rate of 12% [4] and up 1o 244% [6] for pe
nosis, [mportantly, recovery of full motor reaction may take u

cardinc arrest and therapeutic hypothermia [3] and sedatives given dusisg

peutic hypothermia may also be a potentinl canfounder (4],

Brainstem Reflexes

Prognosis, according 10 recent studies [4-7].

EEG to Improve Prognostication After Cardiac Arrest
and Therapeutic Hypothermia

Analysis of Dynamic EEG Changes

n of therapeutic hypothermia, the value of EEG
f coma after cardiac arrest w
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ve patient during

ple of EEG reactiv-
mcreased frequency/reduced

s=piitude. The patient regained consciousness and had o good recovery

Bg.1 EEG resctivity. The figure shows the EEG recorded on one illustrati
Sepeutic hypothermin, 18 hours after cardine arrest. 1lustrated is an exam
= Upon stimulution (claps), the EEG background changes, i.c.,
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Emerging clinical evidence from several single center prospective studies sug-
gests that EEG may indeed improve coma prognostication after cardiac arrest in
patients treated with therapeutic hypothermia. Rundgren etal., in a preliminary
study using a simplified amplitude-integrated EEG approach, first demonstrated
that the presence of a continuous EEG pattern (as opposed to an EEG showing
flat periods and/or spontancous burst-suppression patterns) during the early hypo-
thermic phase was associated with regain of consciousness [10]. Using the same
approach, the ssme group more recently confirmed these findings in a larger
cohort [11]. The additive value of EEG patterns to prognosticate coma after car-
dinc arrest and therapeutic hypothermia was further confirmed by Fugate et al..
who showed that *malignant” EEG patterns consisting of burst-suppression/gen-
eralized suppression were associated with death [7]. Finally, when Tooking at ‘EL'
namic EEG changes, the presence of a non-reactive EEG background upon pain-
ful stimulation was also strongly associated with poor recovery [6, 7). On the
other hand, a reactive EEG background (Fig. 1) is a positive sign, which is often
associnted with a good recovery: our group found that all survivors had EEG
background reactivity, and the majority of them (74 %) had a favorable outcome
at 3 months [12]. Adding EEG to standard neurological examination significantly
improved outcome prediction as carly as 12-24 hours from cardiac arrest — during
therapeutic hypothermin — and increased the prediction of good outcome com-
pared to SSEP [12]. Other groups had similar results [13],

Seizures

Post-anoxic seizures/status epilepticus (including myoclonus status epilepticus) are
generally considered as malignant EEG patterns and are very often associated with
a poor outcome [7, 14-16], particularly when occurring in the early phase during
therapeutic hypothermia and sedation [12]. A subset of patients however who have

‘late” seizures (i.e., after the rewarming phusc) and display other ‘good’ signs
(including EEG reactivity and presence of brainstem reflexes) may survive e with
a good neurological recovery | 17]: these patients warrant aggressive unti-epileptic
thernpy.

The Role of SSEP

SSEP are usually performed to confirm a bad prognosis of coma after cardiac arrest
and therapeutic hypothermia. The predictive value of SSEP for poor prognosis has
indeed been confirmed in this setting by several recent studies [S-7]. Except in
very rare cases [ 18], bilateral absence of the N20 component is invariably associ-
ated with irreversible coma and poor ;n_gnosns s [19]. The main limitation of SSEP

is when predicting the potential for good recovery in patients who have an N20
component but show coma or impairment of consciousness. For patients in such
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a *gray zone' of uncertain prognosis, a multimodal approach (including neurolog-
ical examination, EEG and NSE) is strongly recommended: In this context, EEG
reactivity significantly improves prognostic accuracy, because those patients with
a reactive EEG background have a high chance of recovery [6, 12, 17],

Serum Neuron-Specific Enolase

Serum NSE is a marker of the severity of global brain ischemia and at present ap-
pears to be the biomarker with the highest prognostic value after cardiac arrest and
therapeutic hypothermia [20-22]. Before the therapeutic hypothermin era, serum
NSE levels above 33 ug/l 24-72 hours after cardiac arrest were strongly, although
not invarinbly, associated with poor prognosis [2, 3, 23], Tiainen ef al. however
showed in a randomized study of patients treated with therapeutic hypothermia
versus normothermia that hypothermia may significantly reduce serum NSE levels;
the decreasing levels of serum NSE suggest a selective attenuation of delayed neu-
ronal death by therapeutic hypothermia [24]. From a clinical standpoint, this study
indicates that applying one single cut-off level may potentially be misleading. This
suggestion has indeed been repeatedly shown by all recent studies in which the
predictive value of NSE was tested and compared 10 that of other prognostic
tools [25]. Much higher cut-off serum NSE values than 33 pg/l were necessary
to reach an false positive rate of 0% [20, 22, 26], with values as high as 78.9 pg/l
needed to predict a poor outcome with a specificity of 100% [26]. In a cohort of
61 consecutive comatose cardiac arrest patients treated with therapeutic hypother-
min, we found 5 subjects who survived (of whom 3 had a full recovery) despite peak
serum NSE >33 ug/l at 48-72 hours [22). In summary, as for all previous prognos-
tic tools, serum NSE should be integrated into a multimodal prognostic algorithm.

Multimodal Prognostic Algorithm

The implementation of therapeutic hypothermia and of standardized post-resus-
citation care has increased the number of patients who survive from acute coma
after cardiac arrest and have the potential for good long-term recovery. Among
early survivors, some still undergo carly death in the intensive care unit (ICL)
from post-cardiac arrest syndrome or refractory global brain dysfunction (absent
brainstem reflexes, early myoclonus. non-reactive EEG, absent bilateral N20,
highly elevated serum NSE levels) and irreversible coma. An increasing number
of patients survive the early 1CU phase after therapeutic hypothermia, and may
eventually awaken and recover. In these patients. neurological examination (par-
ticularly motor signs) may not be enough to adequately predict prognosis: Addi-
tional prognostic tools — particularly EEG, SSEP and NSE — are of great value to
improve early outcome prediction and avoid misleading prognostication (Fig. 2),
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Fig.2 Multimodul prognostication of coma after cardiac arrest and therapeutic hypothermia. The
figure Summarizes the timing afier cardiac arrest of all available tools to predict recovery from
coma. The prognostic performance is expressed as the false-positive rate for poor prognosis.
EEG: electroencephalography: SSEP: somato-sensary evoked potentials; ROC; receiver operat-
ing characteristic: NSE: neuron-specific enoluse

Perspectives and Areas for Future Clinical Investigation

Blood Biomarkers of Acute Cerebral Damage after Cardiac Arrest

Astrocytic soluble 100B protein (S-100B) levels have also been investigated for
prognosis after cardiac arrest and studies have shown an association between ele-
vated levels of S-100B in the blood within 24 hours from cardiac arrest and a poor
prognosis [25, 27]. S-100B may represent an alternative biomarker 10 NSE. Pre-
liminary studies have examined the value of other blood biomarkers, including
glial fibrillary acidic protein [28], neurofilament H [29] and procalcitonin [28].

Neuroimaging

cardine arrest and therapeutic h»pothcmun [30-33], Spatinl nnd temporal differ-
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ences in ADC may provide insight into mechanisms ol hypoxic-ischemic brain
injury and, hence, recovery [31, 33]. The ideal time window for prognostication
using diffusion MRI 1s_2-5 days after cardiac arrest: When comparing MRI in
this time window 1o neurological examination at 3 days. diffusion MRI improved
the sensitivity for predicting poor outcome by 38%. while maintaining 100 %
speaificity [32]. Imerestingly, when combining diffusion MRI with serum NSE,
ADC-based predictions identified an additional § poor outcome patients out of 14
with 48-h NSE levels less than 78.9 pg/l [34]. again illustrating the importance of
a multimodal approach for the prognostication of comatose cardiac arrest patients.

Auditory Evoked Potentials

The frontal cortex network of auditory discrimination is emerging as a valid tool to
assess cognitive function and recovery in humans with neuropsychiatric and neuro-
logical diseases [35]. This auditory-frontal cortical deficiency can be objectively
measured with the so-called mismatch negativity (MMN), Fischer et al. first re-
ported the value of MMN in comatose cardiac arrest patients not treated with
therapeutic hypothermia [36]. When performed after the acute phase, on average at
10 days from cardiac arrest, all patients in whom SSEP or auditory evoked poten-
tials were abolished did not awaken (1009 specificity). More importantly how-
ever, all patients in whom MMN was present did wake (100 % specificity); there-
fore, MMN was superior to SSEP for the prediction of awakening and had the best
specificity and positive predictive value for good recovery. Our group recently
focused on the prognostic value of automated auditory discrimination and MMN in
30 comatose cardiac arrest patients treated with therapeutic hypothermin in whom
evoked potentials were performed at two time points (during and after therapeutic
hypothermia). All patients (11/30) who displayed an early improvement in audi-
tory discrimination across the two recordings regained consciousness [37],

Conclusion

Prognostication of coma afier cardiac arrest and therapeutic hypothermin requires
o multimodal approach. Neurological examination remains the first step: Motor
response may be delayed up to S days after cardiac arrest because of the therapeu-
tic hypothermia and may not be sufficient to accurately predict prognosis in all
patients. The addition of EEG as a second step improves prognostic accuracy; in
particular, presence of an early (within 24 hours from cardine arrest) reactive EEG
background is u good sign whereas a non-reactive or burst-suppressed EEG pat-
tern is an ominous sign. Bilateral absence of N20 on SSEP at 24-48 hours is al-
most invariably associated with o poor prognosis and is helpful to confirm irre-
versible coma. Serum NSE at 48-72 hours may be useful to assess the severity of
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354 M. Oddo

acute brain damage; however, the cut-off values for poor prognosis are higher in
patients treated with thempeutic hypothermia, thus serum NSE should be used
only as a complementary tool and never alone. Diffusion MRI and auditory
evoked potentials provide new insight into the mechanisms of hypoxic-ischemic
brain injury and may improve the prediction of long-term recovery in comatose
survivors of cardiae arrest.
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Delayed Neuroprognostication After Cardiac
Arrest and Temperature Management

T.Cronberg, J. Horn, and N, Nielsen

Introduction

The majority of patients who reach the intensive care unit (ICU) following a car-
diac arrest are unconscious. For the comatose cardiac arrest survivor, the chances
for a good neurological recovery diminish with time after return of spontanecus
circulation (ROSC). Neurological assessment is usually performed within days
after cardine arrest as a foundation for decisions concerning limitation of care and
interventions. The clinical neurological examination is central in prognostication
and is usually combined with neurophysiological, neuroradiological and occasion-
ally biochemical investigations to estimate the extent of permanent brain injury.
The predictive values of the different methods have been investigated in numerous
trials and incorporated into clinical guidelines [1-3].

Treatment with mild hypothermia has been widely implemented as a neuropro-
tective strategy for cardiac arrest survivors, but may alter the recovery pattern and
the predictive value of prognostic markers. Current guidelines do not provide
specific instructions on how to evaluate hypothermia-treated patients but recom-
mend delayed prognostication [3] based on multiple instruments [1]. As & poor
prognosis statement usually results in withdrawal of supportive treatment and,
subsequently, death of the patient, the method for prognostication clearly has the
power to affect the outcome of clinical trials in comatose cardinc arrest survivors.
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This is particularly relevant whe
ture regimes.

In this review, we discuss how mild hypothermia may affect NEUroprognesti-
cation, how this issue was dealt with in previous trinls of cardinc arrest. and fi-
nally we present a novel model for delayed neurological prognostication applied
i a large ongoing trial on target temperature management after cardiae arrest,
the Target Temperature Management afler Qut-of-Hospital Cardiac Arrest Trigl
(TTM)-trial (NCT01020916),

n blinding is difficult, as with different tempern-

Cardiac Arrest

Out-of-hospital cardiac arrest is a common cause of mortality and morbidity in
the western world and in Europe it has an annual incidence of 38 cases per
100,000 inhabitants [4]. Although increased survival from all-rhythm out-of-hos-
pital cardiac arrest has been reported in several studies [5, 6], monality is still
approximately 90% for the whole group and at least 50 % following hospital ad-
mission [7, 8). Because of a high metabolic ratio and very limited energy reserves.
the brain is particularly vulneruble to circulatory arrest and ischemic damage oc-
curs after only a few minutes Consequently, brain injury accounts for two-thirds
of all deaths after admission 1o the [CU following out-of-hospital cardiac arrest [9]
and the majority of survivors suffer some degree of cognitive impairment [ 10].

Mild Hypothermia

Mild hypothermia to 33 °C has a robust neuroprotective effect in animal models of
global ischemia [11], Following one randomized [12] and one quasi-randomized
clinical trial [13] hypothermic treatment has been included in international gurde-
lines as & recommended thernpy for patients in coma after cardiac arrest [ 1]. How-
CVEL, a systematic review of previous trials concluded that the ¢
hypothermia is weak and that earlier irials were
potential systematic as well as random error [14]

vidence in favor of
associated with substantial risk of

Neuroprognostication After Cardiac Arrest

A global ischemic hrain imjury following cardiac arrest manifests itself as persist-
ing coma, myoclonic seizures and loss of brain stem reflexes, Pa
prove their level of consciousness after withdrs
stances usually have a good outcome

tients who im-
awal of sedative and analgesic sub-

[15]. For those who remain in coma, the
prognosis becomes gradually worse with increasing time from cardisc arrest, Re-
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covery of brain-stem functions, such as the pupillary light reflex, comeal reflex
and spontaneous breathing usually occurs during the first days after cardiac arrest,
This effect is also found in the majority of severely injured patients, Therefore,
bilateral lack of pupillary light reflexes or comeal reflexes has a high specificity
but low sensitivity for the prediction of a poor prognosis at 72 hours after cardinc
arrest [16, 17]. A complete loss of brain stem functions on the other hand might
signal complete bramn infarction and brain death [18].

Neurological prognostication is usually based on repeated clinical neurological
examinations and electrophysiological investigations (clectroencephalography
[EEG] and somatosensory-evoked potentials [SSEP]). It may be further supported
by neuroradiological examinations (computed tomography [CT] and magnetic
resonance imaging [MRI]) and biomarkers (neuron specific enolase [NSE] in
particular) but the evidence for these methods is less solid [1, 2], Because the
specificity of clinical and neurophysiological findings increases with time, a well-
founded judgment of prognosis can usually be made at 72 hours after cardiac
arrestin a patient who has not been treated with hypothermia [2. 16]. Hypothermic
therapy has been found to make a clinical neurological examination less relinble
[19-21], possibly related to increased use [18) und decreased clearance [22] of
sedative medication. Delaved neuroprognostication has, therefore, been recom-
mended in patients treated with hypothermia [3].

SSEPs are less sensitive to sedative medication than are EEGs and a bilateral
loss of the cortical N20-potential at 24 hours or more sfter cardiac arrest, predicts
4 poor outcome with a very high accuracy [17, 23]. The high specificity of SSEP
appears to be retained for hypothermia-treated patients if the examination is per-
formed after rewarming, but sporadic false predictions have been reported with
SSEP performed during hypothermia 120}, and even after rewarming [24]. Fur-
thermore, interobserver variability in the interpretation of SSEPs has been re-
ported [25].

Severcly pathological EEG-pattemns, including burst-suppression. generalized
status epilepticus and a-coma, are associated with a poor prognosis nfler cardiac
arrest. The EEG-pattern is very sensitive 1o sedative medication and fiilse predic-
tions may therefore occur [2], The prognostic mplications of the supposedly
pathological EEG-patterns are not fully known. Specifically. the occurrence of
postanoxic status epilepticus has been reponted in some patients with good out-
come following hypothermia-treated cardiac arrest [26]. '

Status myoclonus, 1, ¢., generalized mvoclonic seizures for more than 30 min-
utes and usually occurring in facial and axial limb musculuture, has been consid-
ered a_reliable_predictor of a poor prognosis if it oceurs within 24 hours after car-
diac arrest of a primary cardiac origin [27]. After the introduction of hypothermia,
survival with good outcome despite carly status myoclonus has been reported [28]
A small fraction of cardinc arrest patients develop a total brain infarction with
massive edema leading to hemiation and may be dingnosed as brain dead [18].
The accuracy of clinical tests to diagnose brain death in cardiac arrest Survivors
treated with hypothermia has recently been questioned [29],
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Neuroprognostication and Outcome of Clinical Trials

The neurological assessment of prognosis following cardiac arrest is critical for
outcome because a *poor-prognosis-statement’ often leads to withdrawal of life-
sustaining treatment and death of the pauent. Early prognostication after hypo-
thermia-treated cardiac arrest is ussociated with a high rate of false predictions of
poor outcome [30]. It has recently been suggested that prognostication that is
performed too early may have introduced bias into clinical trials of neuroproiec-
tive strategies after cardiac arrest and, thus, may have led to negative results, be-
cause a delayed recovery process may have been missed [31 |.

Neuroprognostication in Previous Cardiac Arrest Trials

The Brain Resuscitation afier Cardiac Arrest Trial (BRCT) | [32] and BRCT 11[33]
studies were conducted prior to the introduction of hypothermin and included coma-
tose adult cardiac arrest patients. BRCT | studied the effects of thiopentone and
BRCT II the experimental calcium entry-blocker, lidoflazine. The reports of both
studies do not describe any rules for treatment decisions in patients who remained in
coma due to severe brain injury. In 1994, Edgren et al. [16] used the 262 patients
from the BRCT | study to investigate whether it was possible to reliably predict
4 permanent vegetative state a few days after cardiac arrest. Variation in treatment
of patients who remained in coma existed in this group, as the authors report in the
results: “For ethical and economic reasons It Was not possible to require indefinite
intensive care in the protocol, and local variations in decision making were permit-
ted. Although most patients were given unlimited therapy, some in the Scandina-
vian centers were changed to intermediate care as early as 2-5 days afier cardiac
arrest.” No further details on treatment limitation or withdrawal were reported
In 2002, the Hypothermia afier Cardiac Arrest (HACA) [12] group and Bernard
etal [13] reported on the positive effects of treatment with hypothermia after
cardiac arrest. After enrolment of 275 patients, the HACA study stopped inclusion
because of a lower than expected inclusion rate. Of the included patients, 132 died
during follow-up. In the manuscript on this study, nothing is described on how
decisions on treatment limitations or withdrawal were made. In the Bemard study,
acuve life support was withdrawn from mast patients who remained deeply coma-
tose at 72 hours. Patients with an uncertain prognosis underwent tracheostomy and
were discharged from the ICU. OF the 84 included patients, 45 died during follow-
up. The cause of death was cardiac failure n nine, brain-death was dingnosed in
both groups in one patient. The remaining deaths (34) resulted from severe ney-
rologic injury and withdrawal of all active therapy. In the discussion, the authors
state “this was always n consensus decision of the treating medical and nursing
staff, made in consultation with the family of the patient”. Which dingnostic meth-
ods were used and how the results of these tests were weighed in treptment de
sions is not described.

Ci-



John Vogel


John Vogel


John Vogel


John Vogel



al for
 life-
1vpo-
ns of
at s
Dlec-

Delayed Neuroprognosﬂmnon After Cardiac Atrest and Temperature Management 879

More recently, a pilo study on the effect of high dose erythropoietin was re-
ported [34], Nothing is reported about treatment decisions and prognostication in
this study, The protocol of the currently ongoing phase [1] study (clinicullrinls.gov
identifier NCT 00999583) is nat clear abour the dingnostics used for prognostica-
tion and rules for limitation or withdrawal of treatment.

Is There an Optimal Time-Point for Neuroprognostlcation
After Cardiac Arrest?

Before the mtroduction of hypothermia as i treatment Strategy, relatively strong
evidence supported the 72 hoyr lime-point after cardiae arrest as a reasonnble
moment for prognostication [2, 16]. By this time, the majority of patients with a
favorable Prognosis will have woken and the risk of a falge prediction from clinj.
cal findings (absent or extensor motor response to pain, bilaterally absent pupillary
or comeal reflexes) or test results (absence of N20-potential on SSEP) will pe
minimal, Hy othermia appears 1o have effects on the reliability of the clinical
neurological examinating and possibly other methods of Neuroprognostication g
well. Whether this is 4 result of an gltered FECOVery process or o protracted effec
of sedative drugs is not clear. Evidence from further studies will, therefore, need
1o accumulate until g new algorithm for prognostication afer hymlhcmlin-lmutcd
cardiac arrest can be formulated,

When therapeutic hypothermia for cardiac arrest was introduced at the Skane
Univcrsit_\- Hospital in Lund (2003), decisions were made (0 postpone neurological
Prognostication for patients who remain in comy until 72 after rewarming 1o
fccount for a possibly delayed recovery process. In a repart of this strategy, 529
of hypothermia-treated patients awoke hefore Prognostication, 17 % died carly and
31 % were still in coma 72 K after rewarming (4.5 days after cardiac arrest) [35].
Only 6/34 patients who were in coma at prognostication awoke at some time-point
and 28/34 remained in coma until death, In the majority of the deceased patients,
clinical, neurophysiological, biochemical (NSE) and heuroradiological findings
Supported a massive brain injury and this was confirmed by Post-mortem exuaming-
tions. However, g sub-group of 8/34 patients with low-range NSE (<2 ug/) was
identified. All examined patients had normal MRI (5/8) and normal SSEPs (6/8).

handicap (Cerebral Performance Category [CPC] 3), Whether more active treat-
ment would benefit the sub-group of cardine arrest patients with status epilepticus
has never been tested in clinical trials, but several suthors have reported o pro-
lon ~phase with subse. uent good outcome [36, 37], which is m accor-
dance with our OWn recent experience of four patients (T Cronberg, unpublished
observations),

From a clinical trig| perspective, the idea| Wwould be 1o refrain from prognosticn-
tion and await the natural course of the postanoxic encephalopathy, However, this

All had a generalized Status epilepticus pattern on EEG and a lack of motor or
S \ * 2 S g
EXIensor response 1o pain. Only one patient recovered and witf; a neurological
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approach has practical and ethical limitations. When prognostication is done ar
72 hours after rew arming, i.¢., 4 10 5 days afie

r cardiac arrest, almost all palients
breathe spontancously afier withdrawal of supportive care and extubation, These
patients usunlly die during the follow g 1-2 weeks. mainly due to respiratory

complications (1 Dragancea, persanal communication). If 4 high le

vel of care is
maintained and no treatment limitations are implemented. the majonity of patients

who remain in coma up to several days can be expected to end up in g persistent
Vegetative state.

Given the uncertainty about the

optimal moment after cardiac arrest for prog-
nostication and the serjous consequences if the window of oppartunity for with-
drawal of care is missed. the time-point of prognostication in a modemn cardiac
arrest-trial needs 1o be conservative enough to allow recoy ery of patients and strict
enough to avoid innecessary resource utilization and possible suffering,

The Target Temperature Management Trial

In an attempt to better iny estigate the optimal farget iemperature management
strategy for comatose survivors after cardiac arrest, the TTM-trial w as launched in
November 2010, In the trinl, outcomes of surviy al, neurological function and safe-
ty are compared for two strict target temperatures of 33 °C and 36 C for

24 hours
after retum of spontane

ous circulation, with a minimum follow up of 180 days,
The sample size will be 850 (o Y50 patients with cardiac

diac origin and according to current inclusion rutes, the i
2013. The aims when designing the TTM-trial WEre 10 investigate temperature
management in g sufficiently large and general population with two lemperature
regimes both avoiding fever and where possible sources of bias would be mini-
mized. A standardized and transparent protocol for prognostication and with-

drawal of life Sustamning treatment was regarded as one of the ke
a low-risk-of-bias tral,

arrest of presumed car-
al will be finished mid-

Y components of

Neuroprognostication in the TTM-Trial

The principles of neurological prognostication for
trial have been protocolized [38]. A manual is available and mvestigators have
been instructed concemning principles of progunostication af iny estigator meetings,
The following overruling principles have been adopted:

patients enrolled in the TTM-

l. The person who performs the prognostication has to be
tion,

- All patients have to be regarded as if the
33°C

3. Rules for prognostication are 1o be conservative.

blinded to the mterven-

e

Y were treated with hypothermia to
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As a general principle, all patients in the trinl will be actively treated until
72 hours after the end of the intervention period/rewarming. Neurological prog-
nostication is performed at this time-point or later for all patients who remain
unconscious. Earlier prognostication Is indicated if: (1) the patient becomes brain
dead: (2) the patient has an early myoclonus status: or (3) if there are strong ethi-
cal reasons to withdraw intensive care.

In the study protocol. it is defined that: “the neurological evaluation will be
based on a clinical neurological examination (including Glasgow Coma Scale [GCS)
maotor score, pupillary and corneal reflexes), median nerve SSEP and EEG™. A con-
ventional EEG is performed in all unconscious patients 12-36 h after rewarming
and SSEP at 48-72 h after rewarming at centers where this technique is available
In addition. information from neuroimaging (MRI and CT) may be used but can-
not constitute the sole reason for withdrawal of intensive care. Biochemical mark-
ers for brain damage should not be used for prognostication for patients included
in the TTM-trinl. Instead a biobank is collected for later analyses.

One of the following recommendations should be made by the physician per-
forming prognostication:

o Continue active intensive care
e Do not escalate intensive care
o Withdraw intensive care

Findings allowing for discontinuation of life suppornt have been specified in the
protocol (Box 1). In the case-record-form, findings from all examinations, recom-
mendations and decisions are recorded.

Box 1

2. Earl mymlonnsmms' (=24 h from sustained return of spontancous
absence of N20 peak on somatosensory-evoked
potenﬁnl(SSBP)aﬁa'tewmn
3. Seventy-two hours after rewarming: Glasgow Coma Scale-motor (GCS-
in eral absence of N20 peak on SSEP performed 48~
” bomu'ﬁ?mwummg.crlum.
4. Seventy-two hours after end of intervention period: Treatment refractory
status epilepticus* and GCS-M (-2,

# Generalized myoclonic seizures in faee und extremities and continuous for & minimum
of 30 min.

* Status epilepticus defined by electroencephalogram (EEG) as sequences (> 105) of repet-
itive epileptiform discharges with an amplitude > 50 pV and a medium frequency > 1 Hz,
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Rationale for Prognostication in the TTM-Trial

Despite intermational and national guidelines, the practice of neurological prognos-
tication and withdrawal of |ife support varies considerably and may often adhere
poorly to recommendations (30, 39]. By strictly regulating the time for pPrognosti-
cation and criteria allow ing for withdrawal of life support we aimed 10 avoid false
and premature predictions. The majority of patients with a favorable prognosis
will wake up during the first three days after cardiac arrest [16] and we decided 10
Postpone prognostication an extra 1.5 days 10 account for the effects of sedation
during cooling and » possible delay in the recov Iy process by hypothermia. Re-
cently published studies have showed that although awakening itself may not ac-
tually be delayed by hypothermia [40], effects of sedation probably explain why
clinical examination gt 72 h afiter the arrest is |ess relinble afier hypothermia-treated
cardiac arrest [18]. Clinical examinations may still he unreliable ar 4.5 days after
cardine arrest and data supporting this time-point are admittedly scarce. Therefore,
an extensor or absent motor response to pain at 4.5 davs must be combined with
absent SSEPs or treatment refractory statys epilepticus to allow for withdrawal of
life susmiTing treatment in the TTM-trial and, if any of these rwo conditions, is
not fulfilled, at least an extra day of observation is demanded
We have defined minimal therapeutic efforts 1o define starys epilepticus treat-
ment as refractory, but we recognize that there may be potential for recoy ery in
some patients if more dggressive treatment and/or s longer observation time are
allowed. Clearly, this is an arca where more know ledge is urgently needed, More-
over, the TTM-protocol defines w hen withdrawal of Jife Sustamning treatment is
allowed but the decisions are made by the treating physician and continued inten-
SIVC care is always an option
Most intensivists would consider it unethical to continue intensive care in a pa-
tent with generalized myoclonus after cardiae arrest, but false predictions may
occur from statys myoclonus both with and without hypothermia [28]. To solye
this dilemma, we cmnbnwdc:\nrl)_- myoclonus status with another strong predictor,
SSEP. and allowed for SSEP 10 be performed carlier in patients with status myo-
clonus, immedintely after rewarming. Early Prognostication s also allowed for the
small fraction of patients who become brain-dead and they should be dingnosed
according to national legislation, However, we recommend rthat the clinjcal diag-
nosis of brain death should be avoided during the firs
and that radiological ey idence of hemnintion and loss ¢

t 24 hours afler resuscitition
f intracerebral blood flow is
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may become evident only after the patient has arrived in the 1CU,

Several recently published reviews deal with the issue of neuroprognostication
after cardiac arrest in the era of hypothermia treatment [4143] and detail the
reliability of individual prognostic instruments. From the large amounts of com-
parative data in the TTM-trigl, we will be able to learn how different prognostic
instruments are affected by cooling. Until we learn more, it is the authors” opinion
that & reasonable clinical praxis is to delay prognostication and to avoid decisions
to withdraw care based salely on clinical findings and use the model outlined in

Box 1. In our expertence, such an approach has not resulted in patients with
chronic vegetative state [35].

Conclusion

Timing of nedroprognostication and decisions on further life-
are crucial for outcome after cardine arrest. Hypothermia and concomitant sedation
make a clinical neurological examination less reliable even at 72 h afier cardiac
arrest. We therefore recommend Postponing neuroprognostication further until at
least 72 |y W and in the proposed model s liberal use of adjunctive
methods 10 support a decision on withdrawal of intensive care is advocated. In the
model, the EEG has a central role to diagnose and adequarely treat status epilepti-
cus, while SSEP may be used to allow for earlier withdrawal in patients with statys

myoclonus or confirm POOr prognosis at 72 h afier rewanming. Neuroimaping is not
a part of the model other than to give further support

for a clinical diagnosis of
brain-death, The role of biomarkers for heuroprognostication after cardisc arrest is

currently unclear but a large biobank is being created within the TTM trinl. In fu-
ture cardiac arrest trals, it is imperative 10 protocolize uming and methods for
prognostication to avoid possible bias and imbalances among study groups.

sustaining therapies

References

I, Deakin CD, Nolan P, Soar ) et al (20109 European Resuscitution Council Guidelines for
Resuscitation 2010 Section 4. Adult advanced life support. Resuscitation 81:)305-1352
Wijdicks EF, Hijcra A, Young GB, Bassetti CL, Wiche & (2006) Pmctice parameter- predic.
hon of outcome in comutose survivors afler cardiopulmonary resuseitution tan evidence-

based review): report of the Quality Standards Subcommittee of the American Academy of
Neurology, Neurology 67:203-210

ctal (2010) Pan 9: post-cardiac arrest care: 2010
Amernican Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Circulation 122:5768-$786



John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



I.Cronberg et al.

\wood C, Eisenberg MS, Herlitz J Rea TD (2005) Incidence of EMS-treated
pital cardiac arrest Europe. Resuscitation 67:75-80

Adiclsson A, Hollenberg J, Karlsson T et al (
CPR in out-of-hospitul shockable arthythmi
dictors of improved outcome Experience
97:1391-1396

Lund-Kordahl 1, Olusveengen T™, Lorem T, Samdal M, Wik L,
outcome atter out-of-hospital cardiac arrest by st
of Survival; quality of sdvancad lifi
81422426

Herlitz J, Engdahl J, Svensson L,
differences in 1-month survis

out-of-hos-

2011) Increase in survival and bysunder
#: bystunder CPR and female gender are pre-
s from Sweden in an |8-year perspective. Heart

Sunde K (2010) Improving
engthening weak links of the local Chain
suppert and post-resuscitation care. Resuscitation

Angquist KA, Silfy erstolpe J, Holmberg S (2006) Major
al between hospitals in Sweden wmong initial survi
of-hospital cardiac arrest. Resuscitation 70 404409

Langhelle A, Tyvold $S. Lexow K, Hapnes SA, Sunde K, Sicen PA (2003) In-hospital
factars sssociated with tmproved outcome after out-of-hospital cardiae urrest. A comparison
between four regions in Norway, Resuscitation $6:247 263
Laver S, Farrow C, Turmner D, Nolan J (2004) Mode of death aft
care unit following cardlac arrest Intensive Care Med 302126 2128

Cronberg T, Lilia G. Rundgren M, Friberg H. Widner H (2009) Long-term neurological
Outcame after cardiac arrest and therapeutic hypothermis. Resuscitation 80: 1191123

Che D. Li L, Kopil CM, Lis Z. Guo W, Neumar RW
thermia onset and duration on survival
cardiae srrest. Crit Care Med 39:1423
The Hypothermin after Cardise Arrest Study Crroup (2002
improve the neurologic outcome ufter cardine arrest, N En
Bemard SA, Gray TW, Buist MD et al (2002
haspital cardine srrest with induced hy
Nielsen N, Friberg H. Gluud C. He
arrest should be funther evaluated
annlysis and trial sequential

Vors of out

cr .ninn.x-mn 10 an intensive

(2011) Impact of therapeutic hypo-

newrologic function, and neurodegenenmtion
1430

alter

) Mild therapeutic hypothermia to
gl J Med 346:549-550
) Treatment of comatose Survivors of out.of-
pothermia. N Engl J Med 346.557-343
titz J, Wetterslev J (2011) Hypothermin after candi
A systematic review of mndomised wmials with mety.
analysis. Int J Cardiol 151:333-341
Schefold JC, Siorm C, Kruger A, Ploper CJ, Hasper D (2009) The Glasgow Comm Score is
4 predictor of good outcome in cardiac arrest patients trented with therapeutic hypothermia.
Resuscitation 80:658-66]
Edgren E, Hedstrand U, Kelsey S, Sutton-Tyrrell K. Safar P (1993) Assessment of neuro.
logical prognosis m comatose survivors of cardise srrest. BRCT | Study Group. Luncet
343:1055-1059
Zandbergen EG, Hijdra A. Koelman JH et al (2006) Predicrion of
first 3 days of postanoxic coma. Neurology 66:62-68
Samaniego EA, Mlvnash M, Caulfield AF, Eyngom I, Wijiman CA (201 1} Sedution con-
founds outcome prediction in cardiae arrest survivors treated with hypothermin. Neurocrit
Care 15:113-119
Al Thenayan E, Savard M. Sharpe M, Noron [
nedrologic outcome after induced mi
7115351437
Bouwes A, Binnekade JM. Kuiper MA e al (2012) P
hypothermia: A prospective cohort study
Rossetti AO, Oddo M Logroscino G,
arrest and hypothermia: o prospective study. Ann Newurol 67:301-307
Tononici MA, Kochanek PM. Poloyac SM (2007) Effects of hypothermin on drug disposi-
tion, metsbolism, and response: A focus of hypothermin-mediated alterations on the cyto-
chrome P430 enzyme system, Crit Care Med 35:2196-2204
Zandbergen EG, de Haan RJ. Stoutenbeek CP, Koelman JH. Hijdra A (1998) Systematic re-
view of early prediction of poor outcome in anoxic-ischaemic coma. Lancet 352/ 1808 1512

ac

POOr outeome within the

Young B (2008) Predictors of poor
Id hypothermin following cardine arrest Neurology

rognosis of coma afler therapentic
Ann Newrol 71:2206-212

Kaplan PW (2010) Prognostication after cardioac
B £




1E<hvs-
tander
€ pre-
Heuart
oving
Chain
ttion

Mujor
T out-

spital
1501

nsiyve
gical

ypo-
afier

@ to

t-0f-

Delayed Neuroprognostication After Cardiac Arrest and Temperature Management 885

36,

3%

38

19
40,

4]

43

24

Leithner C, Ploner CJ, Hasper D, Storm € (2010) Does hypothermia influence the predic-
tive value of bilateral absent N20 after cardiae arrest? Neurology 74:963-969

Zuandbergen EG, Hijdra A. de Haan RS et ul (2006) Interobserver varistion in the interprets-
tion of SSEPs in anoxic-ischoemic coma. Clin Neurophysiol 117:1529-1535

Rossetti AO, Oddo M, Liaudet L. Kaplan PW (2009) Predictors of awakening from
postanoxic status epllepticus ufter therapeutic hypothermia. Neurology 72:744-749
Wijdicks EF, Pansi JE, Sharbrough FW (1994) Prognostic value of myoclonus status in
comatose survivors of cardiane arrest, Ann Nenrol 35:239.243

Lucas JM, Cocchi MN, Sulciccioli J et al (2012) Neurologic recovery after therapeutic
hypothermia in patients with post-cardiac arrest myoclonus, Resuscitation 83:265-269
Webbh AC, Swmuels OB (2011) Reversible brain death after cardiopulmonary arrest and
mduced hypothermin. Crit Care Med 39;1538-1542

Permun SM, Kirkpatrick IN, Reitsma AM et al (2012) Timing ol neuroprognostication In
posteardiac arrest therpeutic hypothermin. Crit Care Med 40:719-724

Geocadin RG, Peberdy MA. Lazar RM (2012) Poor survival after cardiae arrest resuscit-
tion: a self-fulfilling prophecy or biologic destiny? Crit Care Med 40:979-980

Brain Resuscitution Clinical Trial | Study Group (1986) Randomized clinical study of thio-
pental loading in comatose survivors of cardine arrest. N Engl ) Med 314:397403

. Brain Resuscitation Climeal Trinl 11 Study Group (1991) A randomized clinical study of

4 calcium-entry blocker (lidoflazing) in the treatment of comatose survivors of cardiac ar-
rest. N Engl J Med 324:1225-1231

+ Cariou A, Claessens YE, Pene F et al (2008) Early high-dose erythropoictin therapy and

hypothermin afier out-of-hospitsl cardiac arrest- 2 matched coatrol study. Resuscitation
T76:397-404

. Cronberg T, Rundgren M, Westhall E et ul (2011) Neuron-specific ennlase correlates with

other prognostic markers after cardine arrest Neurnlogy 77;:623-630

Hovland A, Niclsen EW. Kluver I, Solvesen R (2006) EEG should be performed during
induced hypothermia, Resusciation 68:143-146

Sunde K. Dunlop O, Rostrup M, Sandberg M, Sjoholm H, Jacobsen D (2006) Determination
of prognosis after cardine arrest may be more difficult after introduction of therapeutic
hypothermin. Resuscitation 69;29-32

Niclsen N, Wettersley J, Al-Subaie N et al (2012) Target lempernture management after
out-of-hospital cardiae arrest - a rundomized, parallel-group, assessor-blinded ¢linical trial-
rationale and design, Am Heart J 163:541-548

Busch M, Soreide E (2008) Prognostication afler out-of-hospital cardiac arrest, o ¢hnieal
survey, Scand J Truwma Resuse Emerg Med 16:9

Fugate JE, Wijdicks EF, White RD, Rabinstein AA (2011) Does thempeutic hypothermin
affect time to awakening in cardiac arrest survivors? Newrology 77:1346-1350

Blondin NA, Greer DM (2011) Neurologic prognosis in cardisc arest patients treated with
therapeutic hypothermin. Neurologist 17:241-248

Friberg H, Rundgren M, Westhall E, Nielsen N, Cronberg T (2013) Continuous evaluation
of neurological prognosis afler cardiac arrest, Acta Annesthesiol Scand $7:6-15

Oddo M, Rosserti AO (2011) Predicting neurofogical outcome after eardine arrest, Curr
Opin Crit Care 17:254-259




