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Table 3
Additional differences between the patient population and their time to awakening.

Early awakeners (n = 69) Intermediate awakeners (n = 10) Late awakeners (n = 10)

911-ALS time mina 5 [2.25,9.75] (42) 5.5 [3.25,9] (4) 11 [8.7,17.7] (6)
Time  unknownb 27 (39%) 6 (60%) 4 (40%)

Witnessedb 65 (94%) 9 (90%) 8 (80%)
Unwitnessedb 4 (6%) 1 (10%) 2 (20%)

Hours  to awakeninga 9 [2,18] 60.5 [56,64.5] 126 [104.3,151]
Total  hospital daysa 8 [7,13] 14 [13,16] 24 [18,31]

CPC  ≤ 2 by day 30b 65 (94%) 9 (90%) 7 (70%)
CPC  ≥ 3 on day 30b 4 (6%) 1 (8%) 3 (30%)

CPC  ≤ 2 by day 90b 67 (97%) 10 (100%) 8 (80%)
CPC  ≥ 3 on day 90b 2 (3%) 0 (0%) 2 (20%)

ALS, advanced life support; OHCA, out of hospital cardiac arrest; CPC, Cerebral Performance Categories Scale.
a Data expressed as medians, interquartiles [IQR] and number of patients (n).
b Data expressed as number of patients and percentage (%).

Fig. 2. Time to awakening after rewarming. Dashed lines indicate the 48 and 72 h
timepoints.

As shown in Table 3, the time to regain consciousness for the
early awakeners was 9 [2,18] h (range 0–47), 60 [56,64] h (range
49–71) for the intermediate awakeners, and 126 [104,151] h (range
73–259) for the late awakeners. The hospital length of stay for the
early awakeners was 8 [7,13] days (range 4–38), 14 [13,16] days
(range 8–19) for the intermediate awakeners, and 24 [18,31] days
(range 6–38) for the late awakeners. Fig. 2 shows the time course
for awakening, as defined as alert and oriented to person, place, or
time, following treatment with therapeutic hypothermia and the
completion of rewarming to 37 ◦C. The longest time to awakening
observed in the TH treated group was 259 h after rewarming.

With univariant analysis there was a trend between the time to
awaking and 911-ALS time (p = 0.13). Cerebral Performance Cate-
gory (CPC) scores were analyzed at 30 days and 90 days after OHCA.
Of the 8 patients with a CPC score of ≥3 at 30 days after the OHCA,
4/8 improved to a CPC score of ≤2 by 90 days (Table 3). There was
a significant correlation between time to awakening and CPC score
30 days after OHCA (p = 0.02) but not 90 days after arrest (p = 0.06).
There was no correlation between 911-ALS time and CPC score 30
days (p = 0.46) or 90 days (p = 0.64) after arrest.

5. Discussion

Little is known about how long to pursue aggressive medical
management in OHCA patients treated with TH once rewarming
is completed. Neurological physical examinations are challenging
when these patients remain persistently unresponsive, especially
after a prolonged period of sedation. Neurological examinations
have not been reported to be predictive of who will ultimately

regain consciousness.3,8–11 There are many proposed markers of
poor prognosis; the absence of the pupillary light response, corneal
reflexes or motor response to pain, an elevated body tempera-
ture (>37 ◦C), the presence of myoclonus, status epilepticus, serum
neuron-specific enolase levels >33 !g L−1 at day 1–3 post-CPR, or
the bilateral absence of the N20 component of the somatosen-
sory evoked potential.3 However, numerous reports have surfaced
of patients with a poor prognosis who ultimately had a good
outcome.8,12

This case series was  motivated by an OHCA survivor at St. Cloud
Hospital who  had not regained consciousness one week after an
OHCA. He was  sent to a nursing home only to awaken nearly two
weeks after his OHCA and ask, “Why am I in a nursing home?” He
proceeded to take a taxi to the hospital where his chief complaint
to the emergency medicine physician was  shortness of breath. He
was fully functional. Based upon this unusual case we examined the
clinical outcomes from all patients after TH treatment and rewarm-
ing in an effort to better refine our decision-making processes for
this patient population. Our intent was  to try to determine the aver-
age time to awakening after rewarming following TH, to identify
any clinical markers that might be associated with late awakening,
and to use these observations to guide our decision making related
to when to consider withdrawing support in patients who remain
comatose after rewarming. At present, the decision to withdraw
life support is generally made with the patient’s family but is often
based on little clinical outcome data.3

Awakening generally takes place within 3 days after CPR, and
neurologic impairment is often anticipated when awakening is fur-
ther delayed.3 However, in the current case series approximately
20% of the long-term survivors remained comatose and intubated
48 h after rewarming. Upon review of all cases treated with TH who
eventually regained consciousness, 81/89 patients had favorable
neurological function (CPC ≤ 2) 30 days after OHCA. By 90 days 4/8
with poor CPC scores had made a substantial recovery and their CPC
scores were ≤2. Thus, 95.5% of all patients and 90% of the interme-
diate or late awakeners had favorable neurological function 90 days
after OHCA. These observations suggest that better diagnostic and
prognostic tools are critically needed before withdrawing medical
support.13

Based upon these new observations, we further examined some
of the clinical characteristics of the patients and the circumstances
surrounding their OHCA in an effort to gain some insight into what
clinical criteria might predict a positive outcome. Similar to clin-
ical characteristics and circumstances that are known to result in
an increased likelihood for favorable prognosis after OHCA in gen-
eral, in this case series 8/10 patients who were late awakeners had
an initial heart rhythm of ventricular fibrillation, nearly all had a
witnessed arrest, and many received bystander CPR. The time from
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• YPO	  =	  %	  29.3	  CENTRAL ILLUSTRATION NSE for Prognostication After Cardiac Arrest

Stammet, P. et al. J Am Coll Cardiol. 2015; 65(19):2104–14.

After an out-of-hospital cardiac arrest (OHCA), neuron-specific enolase (NSE) is released by dying neurons into the blood stream. NSE values determined in blood
samples taken at 24, 48, and 72 h after cardiac arrest can guide prognostication after OHCA. No significant difference between target temperature groups was noticed in
NSE levels. When taken at these time points, NSE levels, divided into quartiles, showed that survival was significantly lower with higher NSE levels as seen in the Kaplan-
Meier curves of pooled data from both target temperature groups.
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Letter to the Editor

High levels of neuron-specific enolase after CPR and good clini-
cal outcome

Sir,

Recent studies have suggested that neuron-specific enolase
(NSE) is a helpful predictor of outcome for initially comatose
patients after cardiopulmonary resuscitation (CPR), particularly in
the case of poor outcomes. To avoid withdrawal of support in
patients who have a plausible chance of recovery, it is essential that
such a test has a near zero rate of false positives for determining a
poor prognosis.1

From data determined in 227 unconscious patients after CPR
it was concluded that peak serum NSE concentration exceed-
ing 80 ng ml−1 is a highly specific but only moderately sensitive
marker for a poor neurological outcome.2 In another prospec-
tive, multicenter study, an NSE level of more than 33 ng ml−1,
sampled between 1 and 3 days after cardiac arrest in 231
patients, was strongly predictive of a poor outcome with no false
positives.3

We challenge the reliability of these cut-off values because
we recently encountered two patients after CPR who recovered
with good neurological outcome despite a maximal NSE concen-
tration of 72 ng ml−1 and 98 ng ml−1, respectively (NSE enzyme
immunoassay kit, Roche Molecular Biochemicals, Mannheim, Ger-
many) (Fig. 1).

Both patients were in cardiogenic shock. Initial manage-
ment of both included percutaneous coronary intervention (PCI),
antiplatelet drugs and therapeutic hypothermia. Neither patient
had any neoplastic disorder known to be associated with increased
NSE levels.

Fig. 1. Course of neuron-specific enolase after cardiopulmonary resuscitation.

Good neurological outcomes have been associated with PCI as
well as myocardial apoptosis or therapeutic hypothermia after CPR,
but observed NSE levels were around only 25 ng ml−1.

An association between haemolysis rate and an increase in NSE
serum levels was first described by Pahlmann et al.4 It has also
been shown, that the level of NSE is influenced by an alteration
of thrombocytes and other peripheral blood cells.5 However, our
patients were not treated with a mechanical circulatory assist sys-
tem or renal replacement therapy. The blood samples did not show
any signs of haemolysis.

Therefore we would caution clinicians about relying on NSE
when deciding on withdrawal of clinical support in comatose
patients after CPR. Further prospective studies are highly required
to evaluate an exact sensitivity and specificity of the NSE
value.
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Prognoz	  göstergeleri	  

• Nörolojik	  muayene	  
• Elektrofizyolojik	  değerlendirme	  
• Biyogöstergeler	  
• Beyin	  görüntüleme	  yöntemleri	  

•  SDGD	  sonrası	  ilk	  1	  saate	  BT	  çekilen	  ve	  TTM	  
uygulanan	  51	  hasta	  (2009	  -‐2011)	  

•  CPC	  1	  ve	  2	  iyi	  prognoz	  göstergesi	  
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Review

fi brillation), and the benefi t of a routine brain CT on 
admission should be balanced with the potential delay in 
starting TTM and post-resuscitation care.77 CT indications 
of brain hypoxia include loss of or reduced grey–white 
matter discrimination and sulcal oedema or eff acement. 
Loss of grey–white matter discrimination within 2 h of 
cardiac arrest seems a reliable predictor of poor outcome 
(FPR 0% [95% CI 0–12]); inter-observer concordance is 
good, but identifi cation of survivors is poor (positive 
predictive value 37% [9–75]).78 Investigators of a 
multicentre study79 of patients undergoing hypothermic 
TTM after cardiac arrest noted that, although reduced 
grey–white matter ratios could predict poor outcome with 
an FPR of 0%, sensitivity was extremely low (3·5–6·0%); 
further more, inclusion of CT fi ndings in a multivariable 
model with other prognosticators did not improve the 
accuracy of outcome prediction. These results were in 
accordance with a previous study, which reported an FPR 
of 0% (0–4), sensitivity of 14–20%, and moderate-to-good 
inter-rater agreement.75

Brain MRI
MRI has higher resolution than CT, so allows for easier 
identifi cation of structural abnormalities in the 
neocortex, deep grey nuclei, and hippocampi. Although 
the superiority of MRI to CT for outcome prediction has 
not been shown in a clinical trial, many investigations 
have focused on the use of MRI (particularly diff usion-
weighted MRI) in this setting. In patients with a poor 
outcome, occipital and mid-temporal cortex and the 
putamen can show restricted diff usion, suggestive of 
cytotoxic oedema.76 Findings from quantitative 
assessments of the association of poor outcome and 
analysis of diff usion-weighted MRI (fi gure 4) across 
diff erent brain areas have shown an FPR of 0% 

(95% CI 0–22) for predicting poor outcome with MRI, 
with excellent inter-rater agreement.80,81 Investigators of a 
retrospective multicentre study in the USA, assessing the 
association of apparent diff usion coeffi  cient on MRI with 
poor outcome, reported a slightly poorer performance, 
however, noting an FPR of 9% (2–25)].82 This fi nding is 
similar to the results from a large retrospective 
multicentre study from Korea,83 where an FPR for poor 
outcome of 7% (2–18) was reported. However, diff usion-
weighted MRI did not do as well in another study,84 in 
which a very high FPR (54% [26–80]) was reported. 
Furthermore, absence of diff usion changes does not 
consistently predict a good outcome (positive predictive 
values 73% [45–92]80 or 75% [63–85]83). It is recommended 
that MRI be done between 24–48 h and 7 days after 
cardiac arrest.85

In view of the low level of evidence,86 diff use structural 
signs of post-anoxic injury observed with either brain CT 
or MRI seem less robust predictors of outcome than 
brainstem refl exes and electrophysiological fi ndings.18 
Diffi  culties inherent to transportation to the scanner of 
patients who are critically ill, and the still unclear 
prognostic value of imaging techniques (especially when 
assessed only qualitatively), explain why imaging 
remains optional in most prognostication algorithms.18,87–89 
In practice, we recommend brain CT for investigation of 
a cerebral cause of cardiac arrest if the cause is otherwise 
unknown. Brain MRI can be considered in centres with 
appropriate resources and expertise to complement 
multimodal assessments in patients who, despite lacking 
prognostic signs of poor outcome with clinical, 
electrophysiological, and blood tests, are in persistent 
coma after several days.

Prognostication in practice
The optimum prognostic method
Clinical examination is mandatory in every patient, and 
electrophysiology is strongly recommended. Even if 
pupillary light refl exes are absent at 72 h, we believe that 
either EEG or sensory evoked potential recording are 
necessary to substantiate prognostication of poor recovery. 
Evidence suggests that EEG might be superior to sensory 
evoked potential recording for predicting poor outcome 
because of its higher sensitivity.36 EEG also allows for more 
accurate forecast of good recovery and higher accuracy 
regarding poor prognosis than sensory evoked potentials, 
and is able to identify seizure-associated activity. Additional 
investigative methods might be useful to corroborate 
clinical and electrophysiological assessments according to 
local practices and available resources. Available prognostic 
methods are summarised in tables 1 and 2; most are better 
able to accuratly predict poor prognosis that good.

The optimum timing
Although EEG done 12–24 h after cardiac arrest can be 
informative, multimodal assessment, including clinical 
examination and electro physiological studies (EEG, 

Figure 4: Diff usion-weighted MRI of a 70-year-old female patient in a coma 7 days after a cardiac arrest of 
respiratory origin
(A) Transversal view of mesencephalon and temporal-occipital regions. (B) Transversal view of fronto-parieto-occipital 
regions. Hyperintensities showing reduced water diff usion are mostly seen in posterior cortical regions and 
hippocampi (green arrows). 
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•  Difüzyon	  ağırlıklı	  
görüntülemede	  korteks	  
veya	  bazal	  ganglionlarda	  
hiperintensite	  

•  Az	  sayıda	  ve	  düşük	  
düzeyde	  kanıt	  

•  Yalnız	  diğer	  göstergelerle	  
birlikte	  kullanılmalı	  

•  111	  hasta,	  TTM	  sonrası	  

•  Nörolojik	  muayene,	  EEG	  ve	  SSEP	  (TTM	  sonrası,	  

normotermide	  ve	  sedasyon	  kesilince)	  

•  3	  ve	  6.	  ayda	  nörolojik	  durum	  (CPC)	  
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•  Retrospek6f	  
•  224	  hasta;	  82’sinde	  
olumlu	  prognoz	  

•  GWR	  +	  48.saat	  serum	  
NSE	  birlikte	  
değerlendirilmesi	  
sensi6viteyi	  arwrmış	  

Crit	  Care	  Med	  2014;	  42:1340–1347	  

•  134	  hasta;	  KPArrest	  sonrası	  TTM	  
•  72	  hastada	  kötü	  prognoz	  (%	  54)	  	  	  	  	  (62	  ölüm)	  
•  62	  hastada	  iyi	  prognoz	  (CPC	  1	  -‐2)	  
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Summary of changes since 2010 guidelines

In 2010, post-resuscitation care was incorporated into the
Advanced Life Support section of the European Resuscitation Coun-
cil (ERC) Guidelines.1 The ERC and the European Society of Intensive
Care Medicine (ESICM) have collaborated to produce these post-
resuscitation care guidelines, which recognise the importance of
high-quality post-resuscitation care as a vital link in the Chain of
Survival.2 These post-resuscitation care guidelines are being co-
published in Resuscitation and Intensive Care Medicine.

The most important changes in post-resuscitation care since
2010 include:

• There is a greater emphasis on the need for urgent coronary
catheterisation and percutaneous coronary intervention (PCI) fol-
lowing out-of-hospital cardiac arrest of likely cardiac cause.

• Targeted temperature management remains important but there
is now an option to target a temperature of 36 ◦C instead of the
previously recommended 32–34 ◦C.

! This article is being published simultaneously in Resuscitation and Intensive
Care Medicine.
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• Prognostication is now undertaken using a multimodal strategy
and there is emphasis on allowing sufficient time for neurological
recovery and to enable sedatives to be cleared.

• A novel section has been added which addresses rehabilitation
after survival from a cardiac arrest. Recommendations include the
systematic organisation of follow-up care, which should include
screening for potential cognitive and emotional impairments and
provision of information.

The international consensus on cardiopulmonary
resuscitation science and the guidelines process

The International Liaison Committee on Resuscitation (ILCOR,
www.ilcor.org) includes representatives from the American Heart
Association (AHA), the European Resuscitation Council (ERC), the
Heart and Stroke Foundation of Canada (HSFC), the Australian and
New Zealand Committee on Resuscitation (ANZCOR), the Resusci-
tation Council of Southern Africa (RCSA), the Inter-American Heart
Foundation (IAHF), and the Resuscitation Council of Asia (RCA).
Since 2000, researchers from the ILCOR member councils have
evaluated resuscitation science in 5-yearly cycles. The most recent
International Consensus Conference was  held in Dallas in February
2015 and the published conclusions and recommendations from
this process form the basis of the ERC Guidelines 2015 and for
these ERC-ESICM post-resuscitation care guidelines. During the
three years leading up to this conference, 250 evidence reviewers

http://dx.doi.org/10.1016/j.resuscitation.2015.07.018
0300-9572/© 2015 European Resuscitation Council. Published by Elsevier Ireland Ltd. All rights reserved.

Büyük	  olasılıkla	  kötü	  
prognoz	  

(YPO<%5,	  %95	  GA	  dar	  

Büyük	  olasılıkla	  
kötü	  prognoz	  

Diğer	  nedenleri,	  özellikle	  rezidüel	  sedasyonu	  dışlayınız	  

BT
	  

SedaTf	  ajanlar	  
Kas	  gevşeTciler	  
Hipotermi	  
Şiddetli	  hT	  
Hipoglisemi	  
Metabolik	  bozukluklar	  
Solunumsal	  bozukluklar	  

(1)	  TTM	  uygulanmamış	  hastalarda	  
SDGD’den	  ≥24	  saat	  sonra	  

SONUÇ	  

•  Kardiyopulmoner	  arrest	  sonrası	  prognoz	  
nörolojik	  hasarın	  ağırlığına	  bağlıdır	  

•  Hipotermi	  prognoza	  bakış	  açısını	  değiş6rmiş6r	  
•  Hipotermi	  ile	  ilaçların	  etkisi	  uzamaktadır	  
•  Prognoz	  değerlendirmesi	  normotermiden	  en	  az	  
72	  saat	  sonra	  yapılmalıdır	  

•  Birden	  fazla	  prognos6k	  gösterge	  kullanılmalıdır	  

Teşekkür	  ederim…	  


