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Postanoxic coma 

 

Postanoxic coma, also known as anoxic-ischemic coma, is a state of unconsciousness 

caused by global anoxia of the brain. The most common cause is primary cardiac arrest 

followed by successful cardiopulmonary resuscitation (CPR). Other causes include primary 

respiratory arrest, near-drowning, strangulation, and prolonged severe hypotension. 

Patients may recover consciousness after variable periods of time, or remain unconscious 

indefinitely.      

  

Survival and outcome after cardiac arrest 

 

The survival rate of out-of hospital and in-hospital cardiac arrest (OHCA and IHCA) is 

dependent on several different steps from immediate treatment at the site of the 

collapse, up to, and including treatment at the Intensive Care Unit (ICU). For OHCA, the 

Amsterdam Resuscitation Study (ARREST), which prospectively collected data in Noord-

Holland, showed a stable incidence rate of about 35 per 100,000 inhabitants per year and 

a substantial improvement of survival during a thirteen-year observation period
1
. In the 

period 1995-1997, the total survival rate was 9%, in 2005-2006 17% and in 2008 21%. This 

improvement was attributed to a change of the compression/ventilation ratio, 

implementation of the Automatic External Defibrillator (AED), on field administration of 

amiodarone, and treatment with hypothermia in the ICU. Of the patients who were 

discharged alive, almost 90% had a good outcome, defined as good recovery or moderate 

disability (see below). 

 

The international literature shows conflicting results about improvement of survival
2
. A 

recent meta-analysis of studies published between 1984 and 2008, involving more than 

140,000 patients from all over the world with OHCA showed no significant improvement 

of survival in three decades: survival to hospital discharge remained stable at about 8%
3
. 

More recent studies, however, do report improved survival
4-6

. 

 

Fewer reports are available for IHCA. A recently published report of a large registry in 

North America showed a survival rate of 18% to hospital discharge; 75% had a good 

outcome
7
. A retrospective study from Austria showed a survival rate of 36% with a good 

outcome
8
. Patients who received CPR in a hospital ward with monitoring (e.g. coronary 

care unit) had a better outcome than patients on regular wards or other locations, such as 

the radiology department.  
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Early prediction of outcome 

 

Patients who are successfully resuscitated after cardiac arrest are generally admitted to 

the ICU. During admission, 50-60% of these patients will die, mostly related to severe 

brain damage
9,10

. About 4% will survive with severe disability and 0.4% will remain in a 

vegetative state
9
. Therefore, it is important in daily clinical care to have prognostic 

variables available in the first few days which can indicate the outcome. This can reduce 

uncertainty in family members and treating physicians about prognosis and may prevent 

unjustified discontinuation or prolongation of treatment. 

 

Prognostic variables 

Several variables are associated with outcome, such as age, gender, initial rhythm, 

performance of bystander CPR, and duration of CPR. Data on these variables were 

collected in large groups and give only information on the prognosis on a group level, e.g. 

“older patients generally have a worse prognosis”. However, these variables fail to provide 

information about the prognosis in the individual patient.  

 

In 1965 already, Hockaday et al. reported about the prognostic value of 

electroencephalogram changes in individual patients after cardiac or respiratory arrest
11

. 

From the 1970s onwards, the prognostic value of neurologic examination was described in 

patient cohorts. A large prospective cohort study on prognostication in patients with 

postanoxic coma was published by Levy et al. in 1985
12

. This study provided algorithms 

using neurologic assessment at different time points after the event and was widely used 

in daily clinical practice. An important multicenter prospective cohort study was the 

PROPAC study (prognosis in postanoxic coma), which was performed in the Netherlands 

from 2000–2003
13

. This study included adult patients who were still in a coma 24 hours 

after CPR. The results of these and several other studies were used in the American 

Academy of Neurology Practice Parameter for the prediction of outcome in comatose 

survivors after CPR
14

. In this guideline a number of variables were identified as reliable 

predictors of a poor outcome (see algorithm in Figure 1), defined as death or vegetative 

state after 1 month; or death, vegetative state or severe disability after 6 months. A major 

drawback of the 2006 AAN Practice Parameter is that all data analyzed for the guideline 

were derived from studies in which patients were not treated with mild hypothermia after 

CPR.  

 

Induced hypothermia 

Treatment with hypothermia after CPR has been reported as early as 1959 by Benson et 

al.
15

. However, serious complications of moderate to deep hypothermia led to 
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abandonment of this therapy. In 2002, this treatment was reintroduced after two 

randomized controlled trials which showed a positive effect of treatment with mild 

hypothermia (32-34°C) on mortality and neurologic outcome in adult comatose survivors 

of OHCA
16,17

. Patients with ventricular fibrillation or ventricular tachycardia as initial 

rhythm and persistent coma after return of spontaneous circulation were included in 

these studies. Soon thereafter, this therapy was also applied to patients with asystole or 

pulseless electric activity as initial rhythm and to patients with IHCA. Nowadays, this 

treatment has become standard care in many countries and is part of all guidelines 

concerning post-cardiac arrest care
18,19

. The predictive value of prognostic variables might 

well be different in these patients because of the modified natural history of the brain 

injury after CPR or the use of sedative drugs administered during cooling
20-22

. Therefore, 

new data are needed to predict the outcome in patients who remain unconscious after 

hypothermia treatment.  

 

 

 

 

Figure 1 Algorithm for prognostication of comatose patients after cardiopulmonary resuscitation
14

. 

FPR = false-positive rate with 95% confidence intervals.  
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Some problems of outcome research in postanoxic coma 

 

Important problems in outcome research are the definition and validity of outcome 

measurements and the restriction of treatment in selected patients, i.e. patients with 

characteristics presumed to be predictive of poor outcome.  

 

Which outcome?  

Because reliable prediction of good outcome is less successful than that of poor outcome, 

most studies use poor outcome in analysis. In older studies, outcome after CPR has often 

simply been classified as “mortality”, “alive at ICU discharge” or “alive at hospital 

discharge”. In daily practice, these classifications are unhelpful, as the condition of 

patients who are discharged may vary from “recovered to previous level of functioning” to 

“permanent vegetative state”. Outcome measures should be chosen that are clinically 

meaningful, i.e. do not only answer the question of survival, but also that of remaining 

disability. “Severe disability” should only be regarded as “poor outcome” (combined with 

“death” and “vegetative state”) in studies with follow-up periods of at least six months. 

After such an interval no further improvement in severely disabled patients can be 

expected. In studies with shorter follow-up periods, poor outcome can only be defined as 

“death or vegetative state”. It is therefore imperative that studies use follow-up periods of 

at least six months to be clinically useful
23

.  

 

It is important to realize that the patients who are assessed to have made a “good 

recovery” are not always completely recovered. Prospective studies about the long-term 

prognosis in patients after CPR report cognitive problems in about 50% of the patients. 

Memory problems and problems with attention and executive functioning are the most 

common
24,25

. Quality of life after CPR is related to cognitive problems, fatigue, emotional 

problems, post-traumatic stress and difficulties in daily activities, which can be targeted in 

rehabilitation programs
26

. 

 

Self-fulfilling prophecy 

A well-known problem with studies investigating the reliability of diagnostic methods to 

predict a poor prognosis is the so-called self-fulfilling prophecy. The tendency to restrict 

treatment selectively in patients with characteristics presumed to predict poor outcome 

may lead to the false conclusion that such characteristics are indeed good predictors of 

poor outcome. Symptoms and signs ‘‘known’’ to be related to a poor outcome will lead to 

treatment restrictions and therefore will prove to be good predictors, as the treatment 

restriction in itself will at least contribute to the poor outcome. This is important to realize 

when interpreting literature. In the ideal study, treatment should not be limited or 
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withdrawn in any patient included in the study, but for ethical, practical and financial 

reasons such a study is impossible to conduct in daily clinical practice. A ‘second best’ type 

of study is one in which treatment restrictions are carefully recorded and reported for the 

interpretation of its results.  

 

A problem related to that of self-fulfilling prophecy is blinding of physicians for the results 

of tests that are evaluated for their prognostic predictive value. Ideally, results of the 

diagnostic tests are not available for the treating physicians so that the results will not 

influence their decisions about treatment restrictions. During data collection for research, 

however, results of neurologic examination and results of somatosensory evoked 

potentials (SEP) after rewarming are often disclosed to the treating physicians.  

 

Background and outline of this thesis 

 

Since 1998, research concerning prediction of outcome in patients with postanoxic coma 

has been conducted in the Academic Medical Center in collaboration with many other 

Dutch hospitals
13,27

. The last years, the main focus is on prediction of outcome in patients 

with postanoxic coma who are treated with hypothermia after CPR. Furthermore, less 

investigated clinical variables such as myoclonus and status epilepticus after CPR were 

subject of research. These themes are the main topics of this thesis.   

 

Two studies are focused on the hypothermia treatment itself: its implementation and 

methods used in the Netherlands (Chapter 2) and the effect of rewarming after 

hypothermia treatment and the development of fever on outcome (Chapter 3). In two 

studies the prediction of poor outcome in patients treated with hypothermia was 

evaluated: using SEPs already during hypothermia (a pilot study reported in Chapter 4); 

and using clinical variables, the biomarker neuron-specific enolase and SEPs (a larger 

national study, Chapter 5). Since SEPs play an important role in the prediction of poor 

outcome, some aspects of this technique were studied: the influence of hypothermia on 

characteristics of SEPs (Chapter 6) and the association between clinical variables and the 

absence or presence of SEPs in patients not treated with hypothermia (Chapter 7). Finally, 

two clinical variables of which the prognostic value is controversial were studied: 

myoclonus (Chapter 8) en status epilepticus (Chapter 9). A general discussion and 

summaries in English and Dutch are provided in Chapters 10-12.  
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Abstract 

 

Introduction 

Induction of hypothermia is generally accepted to increase survival of out-of-hospital 

cardiac arrest, but lack of initiation of this treatment has been frequently reported. When 

patients remain in coma after treatment with hypothermia, determination of prognosis is 

difficult. Furthermore, little is known about the methods used in clinical practice to predict 

outcome after cardiopulmonary resuscitation (CPR). The aim of the present survey was to 

evaluate self-reported implementation of hypothermia after CPR and the methods used to 

predict neurological outcome at Intensive Care Units (ICUs) in the Netherlands. 

 

Methods 

Between April 2008 and July 2008 an e-mail-invitation for an anonymous web-based 22-

question survey was sent to one physician of each ICU in the Netherlands. 

 

Results 

Of the 97 physicians surveyed, 74 (76%) responded. Thirty-seven (50%) responders always 

treated patients with hypothermia after CPR, 31 (42%) only when CPR fulfilled several 

criteria. The most important reason for not using hypothermia (six ICUs) was lack of 

equipment. Hemodynamic instability was the most cited reason for discontinuing 

treatment. Neurological outcome was predicted by clinical neurological examination 

(92%), cortical N20 responses of median nerve somatosensory evoked potentials (SEP) 

(94%), an electroencephalogram (56%) or serum levels of neuron-specific proteins (5%). 

 

Conclusions 

In the Netherlands, the use of therapeutic hypothermia after CPR is reported by 92% of 

ICUs which, compared to previous reports, is an exceedingly high percentage. Neurological 

outcome is reported to be predicted mainly by neurological examination and SEP or a 

combination of these and other assessments. The method used varies substantially 

between ICUs. 

 



Hypothermia and outcome-prediction in Dutch ICUs 

21 

Introduction 

 

Hypothermia 

As early as 1959, Benson et al. reported improved neurological outcome in patients 

treated with hypothermia after cardiopulmonary resuscitation (CPR)
1
. However, serious 

complications of moderate to deep hypothermia led to abandonment of this therapy. In 

2002, this treatment was reintroduced after two randomized controlled trials showed a 

positive effect on mortality and neurological outcome in adult comatose survivors of out-

of-hospital cardiac arrest (OHCA) for patients fulfilling specific criteria
2,3

. Soon thereafter, 

the guidelines of the International Liaison Committee on Resuscitation (ILCOR) and the 

American Heart Association (AHA) stated that patients admitted in coma after OHCA due 

to ventricular fibrillation (VF) should be treated with induced hypothermia (32–34°C) for 

12–24 h
4,5

. Both guidelines noted that hypothermia might also be beneficial for patients 

with initial non-VF rhythm or in-hospital cardiac arrest. Despite these guidelines, several 

surveys have been published in recent years showing low implementation rates of induced 

hypothermia after CPR in daily practice
6-10

. 

 

Prediction of neurological outcome 

The early prediction of neurological outcome after CPR is important so as to reduce the 

uncertainty for family members and treating physicians, as well as to prevent potentially 

unnecessary prolongation of intensive care treatment. In 2006, a practice parameter for 

the prediction of prognosis of postanoxic coma was published by the American Academy 

of Neurology
11

. Myoclonus status epilepticus, serum NSE >33 μg/l and bilateral absence of 

cortical N20 responses of median nerve somatosensory evoked potentials (SEP) 24 h after 

CPR, as well as absent pupillary light responses, corneal reflexes and absent or extensor 

motor response to pain after 72 h, were all considered as reliable predictors of a poor 

neurological outcome (death or vegetative state after 1 month; or death, vegetative state 

or severe disability after 6 months). The data collected for this practice parameter were of 

patients not treated with hypothermia; therefore, caution in using this parameter in 

current clinical practice seems justified. The methods currently being used in daily clinical 

practice to determine prognosis are unknown, apart from the results of a survey 

conducted in Norway
12

. 

 

The aim of this survey was to evaluate the use of induced hypothermia and the 

assessments used to predict neurological outcome in comatose patients after CPR in the 

Netherlands. 
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Methods 

 

Between April and July 2008 an e-mail-invitation for an anonymous web-based 22-

question survey was sent to 97 attending physicians, representing all ICUs in the 

Netherlands. To increase the response rate, a re-invitation was sent three times. The 

survey was developed and analyzed using SurveyMonkey (www.surveymonkey.com) and 

included multiple choice questions, multi-answer multiple choice questions and free-text 

fields for additional comments. The survey was divided into two parts. The first part 

contained questions regarding the structure of the hospital, the use of hypothermia in 

patients after CPR, selection of patients for treatment with hypothermia and methods 

used to induce and maintain hypothermia. The second part of this webbased survey 

consisted of a (multi-answer) question about methods used to predict neurological 

outcome in patients who remained in coma after CPR. Furthermore, in the survey four 

short cases were presented to determine the methods used to predict neurological 

outcome in different clinical situations. In these cases, hypothetical hemodynamically 

stable post-cardiac arrest patients were presented as having been evaluated with normal 

body temperature and suffering no effects of sedative drugs after treatment with 

hypothermia. Multiple choice questions were asked, with free-text fields for additional 

comments (Appendix). 

 

Results 

 

Out of a total of 97 surveys sent out, 74 (76%) physicians responded. The majority of the 

responders worked in non-academic hospitals and admitted more than 10 patients after 

CPR per year (Table 1). There were 23 non-responding ICUs, 19 small (≤6 ICU-beds) and 

four medium-sized units (8–12 ICU-beds).  

 

Therapeutic hypothermia 

Thirty-seven (50%) ICUs always used hypothermia and 31 (42%) only when CPR fulfilled 

several criteria (Table 2). Most cited criteria were type of initial rhythm at arrival of 

ambulance (58%) and time to return of spontaneous circulation (ROSC; 39%). Six small 

hospitals reported not using hypothermia, with lack of equipment as the main reason. In 

the hospitals which used hypothermia, all but one worked in accordance to a local 

protocol.  

 

Different methods for the induction and maintenance of hypothermia were reported. 

Hypothermia was maintained for 13–24 h in 55 (81%) hospitals; 10 (15%) treated patients 

for a longer period (25–36 h). Almost every hospital (97%) used sedative drugs during 
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hypothermia; different combinations of drugs were reported. Although 20 (29%) hospitals 

reported never discontinuing treatment with hypothermia, others stopped treatment 

when hemodynamic instability (62%), bleeding complications (6%) or cardiac arrhythmia 

(3%) occurred.  

 

 

Table 1 Characteristics of the 74 respondents 

 

Respondents, n (%)                                

   Non-academic hospitals         

   Academic hospitals  

 

66 

8 

 

(89) 

(11) 

Number of hospital beds, n (%) 

   < 250   

   250-499  

   > 499   

 

8 

34 

32 

 

(11) 

(46) 

(43) 

Fully equipped ICU-beds, n (%)  

   1-10   

   11-20   

   > 20     

 

42 

18 

14 

 

(57) 

(24) 

(19) 

Patients/yr admitted after CPR, n (%) 

   0-5                        

   6-10                     

   11-20                  

   > 20             

 

4 

13 

21 

36 

 

(5) 

(18) 

(28) 

(49) 

 

Percentage values were rounded to the nearest percentage point. ICU = Intensive Care Unit; CPR = 

cardiopulmonary resuscitation 

 

 

Prediction of neurological outcome 

Sixty-six (68%) answered the items concerning determination of neurological outcome. 

For unknown reasons, eight physicians did not complete this part of the survey. If a 

patient (normothermic, sedative drugs have worn off) remains comatose after CPR and 

treatment with hypothermia, prognosis was determined by using clinical neurological 

examination (92%), median nerve SEP (94%), electroencephalogram (56%) or serum levels 

of neuron-specific proteins, such as neuron-specific enolase or S100β (5%). Responses to 

the hypothetical clinical cases showed that in a comatose patient, 48 h after CPR, a 

bilaterally absent cortical response of the median nerve SEP was a reason to withdraw 

supportive treatment in 48/66 (73%) of the ICUs. The majority (89%) of the responders 

would, 72 h after CPR, perform a median nerve SEP in a patient with an extensor motor 
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response to pain or less (M1–2). If a patient had cortical responses of the median nerve 

SEP and abnormal flexion motor (M3) response, 72 h after CPR, 11% would withdraw 

supportive treatment, 52% would continue treatment and 38% would perform an 

electroencephalogram (Figure 1). Almost all (95%) responders would start anti-epileptic 

drugs when a postanoxic status epilepticus was diagnosed anywhere during the clinical 

course, either clinically or electroencephalographically. Thirty-two percent (32%) would 

continue anti-epileptic drugs and induce if needed until a burst-suppression 

electroencephalogram. The remaining 5% would withdraw supportive treatment. 

  

 

Table 2 Reported use of therapeutic hypothermia  

 

Use of therapeutic hypothermia, n = 74 (%)  

     Always  

     Depends on criteria 

       Never  

 

37 

31 

6 

 

(50) 

(42) 

(8) 

   Criteria, n = 31 (%) 

         Initial rhythm  

         Time of ROSC  

         Age                    

         Only OHCA 

         Other   

 

18 

12 

4 

4 

14 

 

(58) 

(39) 

(13) 

(13) 

(45) 

 

Induction of hypothermia, n = 68 (%)  

      Surface cooling                    

      Intravenous cold fluids             

      Cooling tent                          

      Intravascular cooling device         

 

 

60 

49 

2 

6 

 

 

(88) 

(72) 

(3) 

(9) 

 

Maintenance of hypothermia, n = 68 (%)  

      Surface cooling              

      Intravenous cold fluids 

      Cooling tent                                    

      Intravascular cooling device             

 

 

61 

15 

3 

6 

 

 

(87) 

(21) 

(4) 

(9) 

 

Temperature measurement, n = 68 (%) 

      Rectum                                            

      Bladder                                            

       Nose                                                        

 

 

53 

16 

11 

 

 

(78) 

(24) 

(16) 
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Table 2 continued 

 

 

Treatment duration, n = 68 (%) 

      <13 hours           

      13-24 hours            

      25-36 hours                  

 

 

 

 

3 

55 

10 

 

 

 

 

(4) 

(81) 

(15) 

 

Use of sedative drugs n = 68 (%) 

      Yes                                  

      Sometimes                    

      No                                   

      Unknown                        

 

 

64 

2 

1 

1 

 

 

(94) 

(3) 

(1) 

(1) 

 

Sedative drugs used, n = 68 (%) 

      Benzodiazepine and opioid       

      Propofol and opioid           

      Propofol                    

      Benzodiazepine          

       Other                             

       Unknown                        

 

 

34 

30 

11 

3 

2 

1 

 

 

(50) 

(44) 

(16) 

(4) 

(3) 

(1) 

 

Rewarming after hypothermia, n = 68 (%) 

      Passive                                              

      Active, ≤0.5°C Celsius/hr             

       Passive, active after 12 hrs       

 

 

41 

14 

13 

 

 

(60) 

(21) 

(19) 

 

Reasons to discontinue treatment, n = 68 (%) 

       Hemodynamic instability           

       None                                                   

       Ventilation related problems 

       Other                                   

 

 

42 

20 

1 

13 

 

 

(62) 

(29) 

(1) 

(19) 

 

Percentage values were rounded to the nearest percentage point 
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Figure 1 Determination of neurological outcome and treatment decisions in case of postanoxic 

status epilepticus; percentage values were rounded to the nearest percentage point. 

 

 

Discussion 

 

Therapeutic hypothermia 

The results of this survey show that therapeutic hypothermia after CPR is used in the 

majority of the ICUs in the Netherlands. However, there is no uniform policy concerning 

criteria, methods, duration and mode of rewarming. Compared to previous studies, the 

number of hospitals using hypothermia after CPR is exceedingly high. In 2006, results of an 

international survey were published
6
. Only 26% of United States (US) respondents and 

36% of non-US respondents had ever used therapeutic hypothermia. Recent surveys in 

Germany, United Kingdom and Canada showed similar percentages, varying from 24% to 

47%
7-10

. In 2007, an analysis of a nationwide prospective database of adults treated in ICUs 

in Finland after cardiac arrest found that 19/20 (95%) ICUs induced therapeutic 

hypothermia, but only in 28% of the patients admitted after CPR
13

. In our survey, no 

results were obtained about the precise percentage of patients treated with hypothermia 

after CPR. 
 

 

The variation in methods and duration of treatment with hypothermia found in this survey 

could possibly be explained by the lack of a national protocol and of clear evidence in 
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medical literature. In concordance with the previously mentioned surveys in Canada, 

United Kingdom and Germany, the majority of the Dutch ICUs also use a combination of 

surface cooling and intravenous cold fluids to induce and maintain hypothermia
8-10

. Lack 

of equipment was, in our study, the main reason for not having implemented hypothermia 

in daily practice. Other reasons mentioned in the literature were “unawareness or lack of 

evidence”, “lack of local or national protocol” and “logistic or technical difficulties”
6,8-10

. A 

recent study concluded that if all US physicians would adopt therapeutic hypothermia in 

patients with out-of-hospital cardiac arrest, 2298 additional patients per year could be 

expected to have a good neurological outcome
14

. This study emphasized the clinical 

importance of a broad implementation of treatment with hypothermia after CPR in daily 

practice. 

 

Prediction of neurological outcome 

The results of this survey show that Dutch ICUs do not use a uniform methodology to 

determine neurological outcome in postanoxic coma after treatment with hypothermia. 

Clinical neurological examination and median nerve SEP are used most often, followed by 

electroencephalogram. Serum levels of neuron-specific proteins are only used by a 

minority of the hospitals. Bilaterally absent cortical N20 responses in patients who 

regained normal body temperature but who had an extensor motor response or less 48 h 

after CPR led to treatment withdrawal by 73% of the respondents in this survey.  

 

As previously mentioned, the practice parameter of the American Academy of Neurology 

concluded that bilaterally absent cortical N20 responses of median nerve SEP reliably 

predict death or vegetative state
11

. This investigation could be done 24 h after CPR in 

comatose patients who are not treated with hypothermia. However, limited information is 

available about the reliability of the cortical responses if median nerve SEP is recorded 

during or shortly after hypothermia. Recent studies showed that a bilateral absence of 

cortical N20 responses in post-cardiac arrest patients recorded during hypothermia 

(16/107) was invariably correlated with a poor neurological outcome
15,16

. Sedative 

medication, administered to enable hypothermia, does not influence the reliability of 

cortical N20 responses of median nerve SEP
17,18

.  

 

The American parameter also stated that an absent or extensor motor response 72 h after 

CPR predicts death, vegetative state or severe disability after 6 months
11

. Also, for this 

recommendation, used data were collected in patients who were not treated with 

hypothermia and therefore did not receive sedative drugs. As the metabolism of sedative 

drugs is likely to be slowed down during hypothermia, this combination might influence 

the reliability of neurological examination 72 h after CPR
19

. A recent study of 37 initially 
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comatose patients treated with hypothermia after CPR showed that 2 of 14 patients with 

motor responses no better than extension at day 3 regained consciousness
20

. Therefore, 

the motor response at 72 h as sole predictor for outcome seems to be unreliable in 

patients treated with hypothermia.  

 

Until now, only limited data have been available concerning prognostication during 

hypothermia after cardiac arrest. Large prospective studies are necessary to obtain 

information about the prognostic reliability of SEP, neuron-specific enolase, magnetic 

resonance imaging and electroencephalogram during hypothermia.  

 

Status epilepticus in a comatose patient after CPR is correlated with a poor neurological 

outcome in approximately 90% of patients
21

. However, several case reports have been 

published reporting good neurological recovery
22-24

. This survey shows that treatment of 

postanoxic status epilepticus differs consistently between centers, with unknown impact 

on outcome. In the survey, we did not distinguish between a status epilepticus and a 

myoclonus status epilepticus. The practice parameter states that the latter has an 

invariably poor prognosis. However, data about interobserver variability of this condition, 

which is diagnosed solely on the clinical picture, are not available and cases with good 

recovery have been published
25,26

.  

 

Although our web-based survey was performed anonymously, a bias may have been 

introduced by underreporting of physicians who do not use therapeutic hypothermia. 

Another possible bias may have occurred by selecting only one physician representing an 

entire ICU. However, we assume that this study design was responsible for the final high 

response rate of 78%, which makes the interpretation of the results more confident. If we 

would assume that all non-responders do not use hypothermia, this still means that 68/97 

(70%) hospitals use hypothermia. Concerning the methods used to determine neurological 

outcome in patients with postanoxic coma, very little has been published. One Norwegian 

telephone survey in 25 ICUs reported the use of clinical neurological examination (100%), 

electroencephalogram (52%), biochemical markers (8%) and SEP (8%)
12

. Our survey, with 

results from 68 Dutch ICUs on this issue, certainly adds valuable information. 

 

Conclusion 

 

In the Netherlands, implementation of induced hypothermia after CPR is reported by 92% 

of the ICUs, which is an exceedingly high percentage. Dutch ICUs use a combination of 

methods to predict neurological outcome in comatose patients after CPR, primarily clinical 
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neurological examination and median nerve SEP. Substantial variability in methodology is 

found between different hospitals.  
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Appendix: Cases and questions 

 

1. A resuscitated patient, after regaining normal body temperature and the wearing off of sedative drugs, 

remains comatose. Which parameters would you use to predict neurological prognosis? 

 

a. clinical neurological examination 

b. electroencephalogram 

c. median nerve somatosensory evoked potentials 

d. serum levels of neuron-specific proteins, such as neuron-specific  

enolase or S100β 

 

2. A 65-year-old man has, 48 h after CPR, a Glasgow Coma Scale score of E1M2V1. He is hemodynamically stable 

without support and the effects of the sedative drugs have worn off. The cortical response of median nerve SEP 

is bilaterally absent. What would be your next step? 

 

a. withdrawal of supportive care 

b. continue treatment, without additional tests 

c. electroencephalogram 

d. assess the serum levels of neuron-specific proteins, such as 

neuron-specific enolase or S100β 

 

3. A 65-year-old man has, 72 h after CPR, a Glasgow Coma Scale score of E1M2V1. He is hemodynamically stable 

without support and the effects of the sedative drugs have worn off. Would you perform a SEP? 
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a. yes 

b. no 

 

4. A 65-year-old man has, 72 h after CPR, a Glasgow Coma Scale score of E1M3V1. He is hemodynamically stable 

without support and the effects of the sedative drugs have worn off. The cortical response of median nerve SEP 

is bilaterally present. What would be your next step? 

 

a. withdrawal of supportive care 

b. continue treatment, without additional tests 

c. electroencephalogram 

d. assess the serum levels of neuron-specific proteins, such as 

neuron-specific enolase or S100β 

 

5. If a comatose patient after CPR develops a status epilepticus, what would be your next step? 

 

a. withdrawal of supportive care 

b. treatment with anti-epileptic drugs 

c. treatment with anti-epileptic drugs, if necessary induction 

of burst-suppression electroencephalogram with propofol or 

pentobarbital 
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Abstract  

 

Introduction 

Treatment with hypothermia has been shown to improve outcome after cardiac arrest 

(CA). Current consensus is to rewarm at 0.25–0.5 °C/h and avoid fever. The aim of this 

study was to investigate whether active rewarming, the rate of rewarming or 

development of fever after treatment with hypothermia after CA was correlated with poor 

outcome. 

 

Methods 

This retrospective cohort study included adult patients treated with hypothermia after CA 

and admitted to the intensive care unit between January 2006 and January 2009. The 

average rewarming rate from end of hypothermia treatment (passive rewarming) or start 

active rewarming until 36 °C was dichotomized in a high (≥0.5 °C/h) or normal rate (<0.5 

°C/h). Fever was defined as > 38 °C within 72 h after admission. Poor outcome was 

defined as death, vegetative state, or severe disability after 6 months. 

 

Results 

From 128 included patients, 56% had a poor outcome. Actively rewarmed patients (38%) 

had a higher risk for poor outcome, OR 2.14 (1.01–4.57), p < 0.05. However, this effect 

disappeared after adjustment for the confounders age and initial rhythm, OR 1.51 (0.64–

3.58). A poor outcome was found in 15/21 patients (71%) with a high rewarming rate, 

compared to 54/103 patients (52%) with a normal rewarming rate, OR 2.61 (0.88–7.73), p 

= 0.08. Fever was not associated with outcome, OR 0.64 (0.31–1.30), p = 0.22.  

 

Conclusions 

This study showed that patients who needed active rewarming after therapeutic 

hypothermia after CA did not have a higher risk for a poor outcome. In addition, neither 

speed of rewarming, nor development of fever had an effect on outcome.  
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Introduction 

 

Mild therapeutic hypothermia has been shown to decrease mortality and improve 

neurologic outcome in adult comatose survivors of out-of-hospital cardiac arrest (CA) with 

ventricular fibrillation (VF) as initial rhythm
1,2

. This treatment was soon thereafter 

incorporated in the international guidelines and has become standard care in many 

countries
3,4

.  

 

It has been suggested that slow rewarming or the need of active rewarming after 

hypothermia treatment are signs of extensive brain damage as impaired thermoregulation 

can be regarded as a failure of the hypothalamus to regulate body temperature
5,6

. The 

current recommendation is to rewarm the patients after therapeutic hypothermia at a 

rate of maximal 0.25-0.5 °C/h, but the optimal rewarming rate is unknown
3,7

.  

 

Another consensus in the current guidelines is that hyperthermia or fever should be 

avoided
3,4

, as hyperthermia is associated with increased cerebral injury in experimental 

models of forebrain ischemia or asphyxia
8-10

. In addition, hyperthermia could be a 

symptom of an infection or cell damage in the anterior region of the hypothalamus. In 

patients who were not treated with hypothermia after CA, development of fever occurred 

in up to 83% of the patients, which was associated with an unfavorable neurologic 

recovery and a prolonged length of stay on the intensive care unit (ICU)
11-17

. However, 

randomized controlled trials evaluating if treatment of fever in patients after CA could 

improve neurologic outcome are lacking.  

 

The aim of this study was to investigate whether active rewarming, the rate of rewarming 

or the development of fever after treatment with hypothermia after CA was correlated 

with a poor neurologic outcome. Our hypothesis was that active rewarming, a fast 

rewarming rate of ≥ 0.5°C/h, or development of fever would be associated with a poor 

outcome.   

 

Methods 

 

This retrospective cohort study was performed in a 30-bed mixed medical-surgical ICU 

(Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands). Adult 

patients, admitted to the ICU between January 2006 and January 2009 who were treated 

with hypothermia after primary CA, were included. Exclusion criteria for treatment with 

hypothermia according to our local protocol were signs of a cardiogenic shock (mean 

arterial pressure < 60mmHg despite use of inotropic drugs or cardiac index < 2.5 l/min/m
2
), 
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comatose state due to other causes than CA, and pre-existing diseases with a life 

expectancy of less than 6 months. Discontinuation of hypothermia treatment due to 

complications, such as cardiac arrhythmia (ventricular fibrillation, asystole or severe 

bradycardia) or hemodynamic instability, was an additional exclusion criterion.  

 

The following data were retrieved from our patient data management system (PDMS, 

Metavision, iMDsoft, Sassenheim, The Netherlands): age, gender, presenting rhythm, 

Acute Physiology and Chronic Health Evaluation II (APACHE II) score, ICU admission 

temperature, duration of hypothermia, date and time of target temperature, temperature 

at discontinuation of hypothermia, temperature at start and discontinuation of active 

rewarming, duration of active rewarming, date and time of return to normal body 

temperature (36°C), and development of fever (defined as body temperature above 38°C) 

within the first 72 h after admission.  

 

According to our local protocol, target temperature (32-34°C) was induced with 

intravenous infusion of 4°C Ringer’s lactate (maximum of 30 ml/kg) and maintained for 24 

h with surface cooling with the Blanketroll® II, Cincinatti Sub-Zero Medical, Cincinatti, Ohio, 

United States of America. Patient’s temperature was measured either via blood or 

pharyngeal probe. Active rewarming was indicated when patients did not reach normal 

body temperature after 12 h of passive rewarming. Every patient admitted after CA 

received a daily dose of paracetamol 4000 mg. The protocol did not contain treatment 

recommendations in case of development of fever after the hypothermia period.    

 

The period of rewarming was defined as the duration (h) from end of hypothermia 

treatment (passive rewarming group) or time of start active rewarming until normal body 

temperature. The average increase in body temperature per hour was calculated and 

dichotomized in a high rate of rewarming (defined as ≥ 0.5°C/h) or a normal rate of 

rewarming (defined as < 0.5°C/h).  

 

Neurologic outcome was assessed with the Glasgow Outcome Scale (GOS) 6 months after 

admission via a telephone interview with the patient, a legal representative or his/her 

general practitioner
18

. The primary outcome of the study was poor outcome, defined as 

death, vegetative state, or severe disability (GOS 1–3). As a secondary outcome we used 

mortality.  

 

Statistical analysis 

Patient characteristics were described according to their distribution. Variables were 

expressed as mean and standard deviation (normally distributed) or as medians and 
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interquartile ranges (IQR, not normally distributed). Categorical variables were expressed 

as percentages (n). Statistical significance was considered to be at p < 0.05. When 

appropriate, statistical uncertainty was expressed by 95% confidence intervals (CIs). 

Differences between baseline characteristics for the passive rewarming versus active 

rewarming group were calculated with the independent Student’s t-test, χ
2
-test or the 

Mann-Whitney U test. The goal of the primary analysis was to quantify the net effect of 

the application of active rewarming on outcome, controlling for other variables. 

Exploration of interaction (effect modification) and confounding was considered 

methodologically relevant. We first focused on the crude (uncorrected) effect of active 

rewarming (independent variable) on poor outcome (dependent variable). Then 

statistically (univariate analysis p ≤ 0.10) and clinically relevant covariates were added as 

an interaction term. If the interaction term appeared to be significant (p < 0.05), the 

relation between active rewarming and poor neurologic outcome could be different for 

various levels of the covariate. This would indicate the need for separate models for the 

levels of the covariate. If a significant interaction was not found, the model was examined 

for confounding. Confounding was defined as ≥ 10% change in the coefficient of the 

central determinant (active rewarming) as a consequence of adding a covariate. All 

analyses were performed with SPSS 18.1 (IBM Corporation, Armonk, New York, United 

States).  

 

Results 

 

A total of 136 patients were included. Eight patients were excluded from further analysis 

as treatment with hypothermia was prematurely ended due to complications, the majority 

due to cardiac arrhythmia or hemodynamic instability. Patient characteristics and 

differences between the active and passive rewarming group are presented in Table 1. 

The patients who needed active rewarming were significant older than those who 

rewarmed spontaneously (p < 0.01). A poor outcome was found in 72/128 patients (56%) 

of the complete group after 6 months. Mortality was 68/128 patients (53%). Age, APACHE 

II and initial rhythm were significant risk factors for poor outcome (Table 2). These factors 

were no effect modificators, but age and initial rhythm were both identified as 

confounders for active rewarming and the rewarming rate. Age, initial rhythm and 

APACHE II were confounders for development of fever.  

 

Active rewarming was performed in 49/128 patients (38%). The majority of the patients 

(31/49) needed active rewarming because normal body temperature was not achieved 

while rewarming spontaneously. Other reasons for active rewarming were hemodynamic 

instability, cardiac arrhythmia, temperature drop, expectation not to rewarm 
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spontaneously (all ≤ 3 patients), or unknown (13/49 patients). Binary logistic regression 

showed that patients who needed active rewarming had a higher chance for poor 

outcome, OR 2.14 (95% CI 1.01-4.57), p < 0.05 (Table 3). However, after adjustment for 

age and initial rhythm as confounders, this effect disappeared OR 1.51 (0.64-3.58), p = 

0.35. For mortality similar results were found, crude logistic regression analysis showed an 

OR 1.71 (0.82-3.57), p = 0.15. After adjustment for age, initial rhythm and APACHE II as 

confounders, the OR was 1.24 (0.51-3.00), p = 0.64. 

 

 

Table 1 Baseline characteristics 

 All patients  

(n = 128) 

Active rewarming  

(n = 49) 

Passive rewarming  

(n = 79) 

p-value 

Male, n (%) 97     (76) 34     (69) 63     (80) 0.18 

Age, mean (SD) 61.6  (13.2) 65.6  (12.9) 59.2  (12.9) < 0.01 

OHCA, n (%) 106   (83) 38     (78) 68      (86) 0.21 

First rhythm     

   VF/VT 95    (74) 32     (65) 63      (80) 0.16 

   Non-VF/VT 29    (23) 14     (29) 15      (19)  

   Missing 4      (3) 3       (6) 1        (1)  

APACHE II, median 

(IQR) 

26    (18-31) 26     (19-32) 25      (17-31) 0.37 

Admission 

temperature,  

median (IQR) 

35.1 (34.3-35.9) 34.8 (34.0-35.8) 35.3 (34.6-35.9) 0.06 

Length of ICU stay 

(days),  

median (IQR) 

5.0   (3.3-7.0) 5.0    (4.0-8.0) 5.0     (3.0-7.0) 0.25 

Outcome at 6 mo, n (%)     

   Death 68    (53) 30      (61) 38      (48)  

   Vegetative state 0      (0) 0        (0) 0        (0)  

   Severe disability 4      (3) 3        (6) 1        (1)  

   Moderate disability 15    (12) 7        (14) 8        (10)  

   Good recovery 38    (30) 8        (16) 30      (38)  

   Unknown 3      (2) 1         (2) 2        (3)  

 

SD = standard deviation; IQR = interquartile range; OHCA = out-of-hospital cardiac arrest; VF = 

ventricular fibrillation; VT = ventricular tachycardia; APACHE II = Acute Physiology And Chronic 

Health Evaluation II; ICU = Intensive Care Unit 
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Table 2 Potential risk factors influencing outcome 

 

 OR  (95% CI) p-value 

Female 1.03 (0.45-2.33) 0.95 

Age 1.04 (1.01-1.08) < 0.01 

IHCA 1.73 (0.65-4.60) 0.27 

APACHE II 1.10 (1.05-1.16) < 0.001 

Non-VF/VT 15.12 (3.39-67.40) < 0.001 

Admission 

temperature 

0.83 (0.62-1.10) 0.18 

 

OR = Odds ratio; CI = confidence interval; IHCA = In-hospital cardiac arrest; APACHE II = Acute 

Physiology and Chronic Health Evaluation II; VF = ventricular fibrillation; VT = ventricular tachycardia 

 

 

Table 3 Analysis of the influence of active rewarming 

 

 OR (95% CI) p-value 

Active rewarming 2.14 (1.01-4.57) 0.048 

Adjusted for age 1.74 (0.79-3.83) 0.17 

Adjusted for age and 

 VF/VT 

1.51 (0.64-3.58) 0.35 

 

OR = Odds ratio; CI = confidence interval; VF = ventricular fibrillation; VT = ventricular tachycardia 

 

 

The rewarming rate could not be calculated in 4 patients because of missing data. A high 

rewarming rate was present in 21/124 patients (17%), of whom 15 (71%) had a poor 

outcome and 1 patient was lost to follow-up. Of the 103 patients with a normal rewarming 

rate, 54 (52%) had a poor outcome and 2 patients were lost to follow-up. A high 

rewarming rate was not associated with a significant higher risk for poor outcome, OR 

2.61 (0.88-7.73), p = 0.08. After adjustment for age and initial rhythm, the OR was 2.27 

(0.69-7.46), p = 0.18. For mortality the OR was 2.29 (0.81-6.43), p = 0.12. After adjustment 

for age, the OR was 1.70 (0.58-4.96), p = 0.33.  

 

Patients who needed active rewarming had a higher chance to have a high rewarming rate, 

as in total 17/21 patients (81%) with a high rewarming rate were patients who needed 

active rewarming, OR 9.9 (3.1-31.7), p < 0.001.  
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Almost half of the patients (47%) developed fever within 72 h after admission. In the 

passive rewarming group, significantly more patients developed fever compared with the 

active rewarming group, 55% versus 35%, respectively (p = 0.03). Development of fever 

within 72 h after admission was not associated with poor outcome (OR 0.64 (0.31-1.30), p 

= 0.22), as well as after adjustment for the confounders age, initial rhythm and APACHE II 

(OR 0.94 (0.40-2.17), p = 0.88). Fever was also not associated with mortality (OR was 0.63 

(0.31-1.28), p = 0.20, after adjustment for the confounders the OR was 0.84 (0.36-1.96), p 

= 0.69). The median length of stay on the ICU was 5.0 days for patients with fever (IQR 4.0-

8.0), as well as for patients without fever (IQR 3.0-7.0), p = 0.17. 

 

Discussion 

 

This study showed that patients who needed active rewarming after therapeutic 

hypothermia after CA did not have a higher risk for a poor outcome. Univariate analysis 

showed a significant effect of active rewarming on outcome, but this effect could be 

contributed to age and/or initial rhythm. In addition, neither speed of rewarming, nor 

development of fever had an effect on outcome. However, the number of patients who 

had a high rewarming rate was very small and robust conclusions on the effect of rapid 

rewarming cannot be drawn from our study. Similar results were found for mortality. 

 

Treatment with therapeutic hypothermia is considered beneficial in patients after CA 

because induced hypothermia is associated with lower levels of proinflammatory 

cytokines and free radicals, reduced hyperexcitatory state, a lower cerebral metabolic rate, 

reduced permeability of the blood-brain barrier and anticoagulant effects
19

. Furthermore, 

lower temperatures possibly decrease intracranial pressure
19,20

. The hypothalamus is 

regarded to integrate and execute thermoregulatory responses to body or environment 

temperature changes. A structural lesion due to trauma, tumor or anoxia can lead to 

hypothermia
5,6

. Failure to rewarm after hypothermia treatment spontaneously is often 

interpreted as a sign of extensive brain damage, but studies to confirm or reject this 

assumption are lacking. In our study, patients who needed active rewarming had a higher 

risk for poor outcome, but after adjustment for age or initial rhythm, there was no 

association left. 

 

Patients who needed active rewarming in our study were significantly older compared to 

patients who rewarmed spontaneously. A possible explanation for this difference could be 

the altered thermoregulatory responses in older patients. The pathophysiology of this 

mechanism has not been fully elucidated, but reduced subcutaneous fat, peripheral 

vasoconstriction, cardiac output, and muscle mass are considered as contributors
21

.  
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Clinical studies about the optimal rewarming rate in patients treated with hypothermia 

after cardiac arrest are lacking, but current consensus is to rewarm patients at a maximum 

rate of 0.25-0.5 °C/h
3,4,7

. In experimental studies, rapid rewarming was associated with 

increased cerebral injury and cerebral metabolic rate
22-25

. There are clinical studies about 

the effects of rewarming in patients with cardiac surgery, stroke or traumatic brain injury, 

but the pathophysiology is different from the patients with primary cardiac arrest. Grigore 

et al. prospectively investigated the effect of rewarming rate in 165 patients after 

treatment with deep hypothermia (28-32°C) during cardiac surgery, and found worsened 

cognitive outcome in the fast rewarming group after 6 weeks using a multivariable linear 

regression analysis
26

. Other studies in patients who were treated with hypothermia after 

stroke or traumatic brain injury (TBI) showed that rewarming could cause an increase of 

intracranial pressure, but results for TBI patients are conflicting
20,27-29

. We found a trend 

towards an association with poor outcome in patients who rewarmed at ≥ 0.5 °C/h, but 

the number of patients who had a high rewarming rate was very small and after 

adjustment for confounders (age and initial rhythm), the trend disappeared.  

 

Another recommendation in the current guidelines is that hyperthermia or fever should 

be avoided
3,4

. Beside infections, hyperthermia can be a symptom of cell damage in the 

anterior hypothalamus. Experimental studies showed increased cerebral injury in models 

of forebrain ischemia or asphyxia with hyperthermia
8-10

. Important effects of fever are the 

induction of the inflammatory cascade and an increase of neuronal excitotoxicity with 

neurotransmitter release, free radical production, and increased intracellular glutamate 

concentrations
30

. Previous studies in patients not treated with hypothermia after CA 

showed that the 20-83% developed fever within 24-72 h after admission
11,13,14,16

. The 

definition of fever varied, but an association with poor outcome was found
11,14-17

. Zeiner 

et al. found an OR of 2.26 for each degree Celsius higher than 37 °C for poor outcome
15

. 

Diringer et al. found that an elevated body temperature was associated with 3.2 additional 

ICU days and 4.3 additional hospital days
12

. In our study, almost half of the patients had a 

temperature above 38°C within the first 72 h after admission. Fever was not associated 

with poor outcome, nor with length of ICU stay. Length of hospital stay was not 

investigated.  

 

In our study 56% of the patients had a poor outcome after 6 months, which is comparable 

with a large international prospective study of 975 patients of whom 54% had a poor 

outcome after 6-12 months
31

. A recent multicenter prospective cohort study performed in 

the Netherlands found a poor outcome in 53% of the patients after 6 months
32

.  
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A limitation of this study is the retrospective design and data were collected from one 

hospital. Therefore, the findings of this study could not be applied without any restraint 

into daily clinical practice. Our local protocol stated that active rewarming was indicated 

when patients did not reach normal body temperature after 12 h of passive rewarming. 

This implicated that the active rewarming and passive rewarming groups were not equal. 

It would have been better if these groups could be defined and differed from the 

beginning. A prospective randomized study investigating the effects of the method of 

rewarming and treatment of fever would address to the study questions. Such a study 

would be quite a challenge as large numbers of patients and strict treatment protocols 

would be needed.  

 

Another limitation is the number of patients included, especially the small number of 

patients with a high rewarming rate. This limits robust conclusions from this study due to 

a possible type II error.  

 

Many questions remain about the optimal method of hypothermia treatment in patients 

after CA. Currently, the optimal target temperature is studied in the international 

multicenter Target Temperature Management Study (NCT01020916), which investigates 

whether controlled temperature of 36°C has a similar effect as a controlled temperature 

of 33°C. Further studies should investigate the best methodology and rate of rewarming, 

fever treatment, optimal sedation regimens and best methods to monitor patients during 

hypothermia treatment.  

 

Conclusions 

 

This study showed that patients who needed active rewarming after therapeutic 

hypothermia after CA did not have a higher risk for a poor outcome. In addition, our 

results suggested that neither speed of rewarming, nor development of fever had an 

effect on outcome.  
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Abstract 

 

Objective 

In patients who remain in a coma after cardiopulmonary resuscitation (CPR), the bilateral 

absence of cortical N20 responses of median nerve somatosensory evoked potentials 

(SEP) 24 hours after admission invariably correlates with a poor neurologic outcome. 

Nowadays, CPR patients are treated with mild hypothermia, with simultaneously 

administered sedative drugs, hampering clinical neurologic assessment. We investigated 

whether SEP performed during hypothermia can reliably predict a poor neurologic 

outcome. 

 

Methods 

Between July 2006 and April 2008, this multicenter prospective cohort study included 

adult comatose patients admitted after CPR and treated with induced mild hypothermia 

(32–34°C). SEP was performed during hypothermia, and in patients who remained 

comatose after rewarming, a second SEP was performed. Neurologic outcome was 

assessed 30 days after admission with the Glasgow Outcome Scale. 

 

Results 

Seventy-seven consecutive patients were included in 2 hospitals. In 13 patients (17%), the 

cortical N20 response during hypothermia was bilaterally absent. In 9 of these 13 patients 

in whom SEP could be repeated during normothermia, the N20 response was also absent, 

yielding a positive predictive value of 1.00 (95% confidence interval [CI] 0.70–1.00). All 13 

patients with absent SEP during hypothermia had a poor neurologic outcome, yielding a 

positive predictive value of 1.00 (95% CI 0.77–1.00). 

 

Conclusions 

The results of this pilot study show that bilaterally absent cortical N20 responses of 

median nerve somatosensory evoked potentials performed during mild  hypothermia after 

resuscitation can predict a poor neurologic outcome. We started a larger multicenter 

prospective cohort study to confirm these results. 
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Introduction 

 

Prediction of neurologic outcome in comatose survivors of cardiopulmonary resuscitation 

(CPR) has been the subject of several studies in the last 2 decades. In comatose survivors 

of CPR, the bilateral absence of cortical N20 responses of the median nerve 

somatosensory evoked potentials (SEP) was invariably correlated with a poor neurologic 

outcome
1,2

. In 2002, 2 randomized controlled trials showed that induced mild 

hypothermia (32–34°C) decreases mortality and improves neurologic outcome in adult 

comatose survivors of out-of-hospital cardiac arrest with ventricular fibrillation as initial 

rhythm
3,4

. Soon thereafter, this treatment was incorporated in guidelines of the 

International Liaison Committee on Resuscitation and the American Heart Association
5,6

. 

The administration of sedative drugs during hypothermia hampers neurologic assessment 

and delays prediction of neurologic outcome, leading to uncertainty in family members 

and treating physicians and potentially unnecessary prolongation of intensive care unit 

treatment. The effect of reduced temperature on SEP responses in these patients is 

uncertain and therefore it is unknown whether this tool can be used for prognostication in 

this situation. The aim of this study was to investigate whether median nerve SEP during 

mild hypothermia can be used to predict neurologic outcome in comatose patients after 

CPR. 

 

Methods 

 

In this prospective cohort study in 2 centers, 1 academic and 1 teaching hospital, we 

included patients between July 2006 and April 2008. Comatose patients, admitted to the 

intensive care unit after CPR and treated with induced mild hypothermia (32–34°C), were 

included. Exclusion criteria were age < 18 years, confirmed brain death before treatment, 

concomitant traumatic brain injury, discontinuation of hypothermia due to complications, 

impossibility to perform SEP (during weekends), and absence of informed consent. 

 

Standard protocol approvals, registrations, and patient consents 

The protocol and consent procedures were approved by the ethics committees of the 2 

collaborating hospitals. Informed consent was obtained from a legal representative shortly 

after admission. When the patient regained consciousness and was able to judge his or 

her situation properly, informed consent was also obtained from the patient. 

 

The hypothesis of the study was that patients with a bilaterally absent cortical N20 

response of median nerve SEP during mild hypothermia also had absent cortical N20 

responses after regaining normothermia. A secondary hypothesis was that an absent SEP 
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during treatment with mild hypothermia is always correlated with a poor neurologic 

outcome. 

 

Primary endpoint was the result of SEP performed during normothermia. Secondary 

endpoint was neurologic outcome assessed with the Glasgow Outcome Scale (GOS), 30 

days after admission by telephone interview with the patient or his or her legal 

representative
7
. The interviewer was not aware of the SEP results. Poor outcome was 

defined as death or vegetative state (GOS 1–2). 

 

Somatosensory evoked potentials 

The left and right median nerve were stimulated at the wrist with a bipolar surface 

electrode with a repetition rate of 2 to 5 Hz and a stimulus duration of 0.2 msec. Filter 

bandpass was 3 Hz–2 kHz or 20 Hz–2 kHz. Two sets of 512 responses were averaged. 

Surface electrodes were placed at Erb’s point, cervical spine, and 3.0 cm posterior to C3 

and C4 according to the International 10–20 system. The results for the cortical N20 

response were documented as absent, present, or technically undeterminable. The 

median nerve SEP was defined as absent if the cortical N20 response was absent on both 

sides after left and right sided median nerve stimulation, in the presence of a cervical 

potential. The SEP was defined as present if the cortical N20 response was present at one 

or both sides. The results of hypothermic SEP were not available for treating physicians in 

order to avoid any influence on treatment decisions of the test results. In patients who 

remained in a coma after regaining normal body temperature and wearing off of sedative 

drugs, a second SEP was performed. The results of these normothermic SEP were 

disclosed to the treating physicians. In case of absent cortical responses in the 

normothermic SEP, supportive treatment was withdrawn, leading to death in hours to 

days. Additional data collected were gender, age, resuscitation characteristics, neurologic 

examination, and use of sedative drugs. 

 

Statistical analysis 

The primary endpoint was analyzed with descriptive statistics on the basis of 2x2 table 

with SEP during hypothermia and normothermia as absent or present. The secondary 

endpoint was identically analyzed with SEP during hypothermia and poor neurologic 

outcome as absent or present. Positive predictive values with their 95% confidence 

intervals (CI) were calculated. 
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Results 

 

Seventy-eight patients were included. One patient was excluded because he was 

diagnosed with a subarachnoid hemorrhage. None of the patients were lost to follow-up. 

The baseline characteristics and neurologic outcome are summarized in table 1. Thirty 

days after admission, 51 patients (66%) had a poor neurologic outcome (GOS 1–2). 

 

 

Table 1 Baseline characteristics and neurologic outcome 

 

Patients characteristics, n = 77 

Age, y, median (IQr) 65    (50-77) 

Gender, % (n)  

   Male 

   Female 

 

71    (55) 

29    (22) 

Time from collapse to start 

resuscitation, % (n)  

   No delay 

   1 to 5 min 

   6 to 10 min 

   11 to 20 min 

   Unknown 

 

 

41.6 (32) 

24.7 (19) 

15.6 (12) 

  2.6 (2) 

15.6 (12) 

Resuscitation duration, min, 

median (IQr) 

15    (10-35) 

GOS after 30 days, % (n) 

   1 Death 

   2 Vegetative state  

   3 Severe disability 

   4 Moderate disability 

   5 Good recovery 

 

66.2 (51) 

     0 (0)  

  6.5 (5) 

  6.5 (5) 

20.8 (16) 

Resuscitation cause, % (n) 

   Cardiac arrest 

   Hypoxemia 

   Unknown 

 

89.6 (69) 

  9.1 (7) 

  1.3 (1) 
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Table 1 continued 

 

Initial rhythm, % (n) 

   Ventricular fibrillation 

   Asystole 

   Bradycardia 

   PEA/EMD 

   Unknown 

 

 

 

66.2 (51) 

19.5 (15) 

  1.3 (1) 

  7.8 (6) 

  5.2 (4) 

 

IQr = interquartile range; GOS = Glasgow Outcome Scale; PEA = pulseless electrical activity; EMD = 

electromechanical dissociation  

 

The results of the SEP are shown in table 2. A total of 111 SEP were performed, 77 during 

hypothermia and 34 during normothermia. Two hypothermic SEP were undeterminable, 

due to technical shortcomings. Therefore, hypothermic SEP results of 75 patients were 

available for analysis. Median (interquartile range) duration from resuscitation to 

hypothermic SEP was 20 (14 –24) hours, to normothermic SEP 63 (49.5–90.5) hours. 

 

Table 2 Results of median nerve somatosensory evoked potentials (SEP) during hypothermia and 

normothermia 

 

SEP during hypothermia, n  

 

Body temperature in Celsius, °C, median (IQr)  

   N20 Present, % (n) 

   N20 Absent, % (n) 

   N20 Indeterminable, % (n) 

77  

 

32.7   (32.5-33.4) 

80.5   (62)  

16.9   (13)  

2.6     (2) 

Time from resuscitation to SEP during hypothermia 

(hours), median (IQr) 

 

20      (14-24) 

SEP during normothermia, n  

 

Body temperature in Celsius, °C, median (IQr)  

   N20 Present, % (n)  

   N20 Absent, % (n)  

   N20 Indeterminable, % (n)  

34  

 

37.0   (36.3-37.4) 

64.7   (22)  

29.4   (10)  

5.9     (2) 

Time from resuscitation to SEP during 

normothermia (hours), median (IQr) 

63      (49.5-90.5) 

 

IQr = interquartile range 
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The hypothermic SEP was absent in 13 patients (17%). Three of these 13 patients died 

before a repeated SEP could be performed. Therefore, in 10 patients the SEP was 

repeated during normothermia. One patient had an undeterminable result. The remaining 

9 SEP showed a bilaterally absent cortical N20 response in all, yielding a positive predictive 

value for the absence of SEP after rewarming of 1.00 (95% CI 0.70–1.00, table 3).  

 

 

Table 3 Results of median nerve somatosensory evoked potentials (SEP) during hypothermia versus 

normothermia 

   

Normothermia 

 

  Absent SEP, n Present SEP, n Total, n 

 

Hypothermia Absent SEP, n 9 0 9 

Present SEP, n 1 22 23 

 Total, n 10 22 32 

 

Positive predictive value of absent hypothermic SEP for absent normothermic SEP 1.00 (95% 

confidence interval 0.70-1.00) 

 

 

All 13 patients with  an absent hypothermic SEP had a poor neurologic outcome, yielding a 

positive predictive value of 1.00 (95% CI 0.77–1.00, table 4). In 24 of the 62 patients with a 

present hypothermic SEP, a normothermic SEP was performed; 1 was undeterminable. 

The remaining 38 patients regained consciousness (n = 22) or died (n = 16) before a 

normothermic SEP could be performed. In 1 patient the SEP was present during 

hypothermia, but absent during normothermia. There was no significant difference in 

body temperature in patients with a present or absent SEP in both groups. 
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Table 4 Results of median nerve somatosensory evoked potentials (SEP) during hypothermia versus 

neurologic outcome  

 

 Poor outcome, n Good outcome, n Total, n 

Absent SEP, n 13 0 13 

Present SEP, n 36 26 62 

Total, n 49 26 75 

 

Positive predictive value of absent hypothermic SEP for poor outcome 1.00 (95% confidence interval 

0.77-1.00) 

 

 

Discussion 

 

The results of this study show that bilateral absence of the cortical N20 response of 

median nerve SEP during hypothermia seems to be a good predictor for absent cortical 

N20 responses after rewarming. An absent SEP during hypothermia may diminish 

uncertainty in family members and allow them to get accustomed to the idea that their 

beloved one will not wake up again. It also may lead to implementation of treatment 

restrictions. In normothermic comatose survivors after CPR, the bilateral absence of 

cortical N20 responses of the SEP has been shown to correlate invariably with a poor 

neurologic outcome and in the Netherlands a bilaterally absent SEP in normothermic 

patients leads to the withdrawal of supportive treatment
1,2

. Our results also show that the 

patients with an absent SEP during hypothermia always had a poor neurologic outcome. In 

one patient the cortical N20 response was present during hypothermia, but absent after 

regaining normal body temperature, when the SEP was repeated because of persisting 

coma. This SEP during hypothermia was performed only 4 hours after CPR. A possible 

explanation for this phenomenon might be ongoing cerebral injury after resuscitation with 

enhanced neuronal damage. The pathophysiology of postanoxic encephalopathy is not 

completely understood. It has been hypothesized that after a short period of 

hyperperfusion after successful CPR, there is 1.5–12 hours of “delayed hypoperfusion 

phase” with only 50% of normal cerebral blood flow
8
. This phase causes secondary 

ischemia, which leads to additional cerebral necrosis. The PROPAC study also reported 9 

patients with initially present SEP and an absent SEP in a later recording
2
. All these 

patients had a poor neurologic outcome. 



SEP during hypothermia after CPR 

55 

A limitation of our study is the relatively small number of bilaterally absent SEP (13/75, 

17%) during hypothermia. In another study, median nerve SEP were performed 24–28 

hours after CPR in 60 consecutive patients (30 in hypothermia group, 30 in normothermia 

group)
9
. In this study, only 3/30 SEP in the hypothermia group were absent and all 3 

patients had a poor neurologic outcome. 

 

Another limitation might be timing of SEP during hypothermia, which is often performed 

within 24 hours. Previous studies showed that within 24 hours after CPR, latency of the 

cortical N20 response can be prolonged and an absent SEP can be correlated with a good 

neurologic outcome in isolated cases
10,11

. However, in 3 series including 242 patients, 94 

patients with bilaterally absent cortical N20 responses of SEP recorded within 40 minutes 

to 24 hours after return of spontaneous circulation in patients after CPR invariably had a 

poor neurologic outcome
12-14

. Therefore, literature strongly supports the prognostic value 

of an early absent SEP after CPR. In this study, 75% of the hypothermic SEP were 

performed within 24 hours and in hypothermic conditions, but the bilateral absence of 

cortical N20 responses remains a reliable predictor of poor neurologic outcome.  

 

The hypothesis of the possible reliability of the results of SEP during body temperature 

between 32°C and 34°C was based on previous literature. Hypothermia is known to 

prolong the latency, due to slowing of nerve conduction along axons and synaptic delay, 

because of decreased membrane potential
15-20

. At lower temperatures conduction velocity 

in median nerve is likely to decrease 2 m/s/°C
21

. Significant lower nerve conduction 

velocities and longer latencies of the cortical N20 responses have been found in patients 

treated with hypothermia after CPR, compared to normothermia
9
. The cortical N20 

response disappears with body temperatures between 14.5°C and 29.6°C
20,22,23

. However, 

the exact effect of temperature on SEP results remains unclear. Many factors, such as rate 

of cooling, site of measuring temperature, and range of hypothermia may influence the 

correlation between decreasing temperature and increasing SEP latencies. The influence 

of hypothermia on the amplitude of the cortical N20 response has been reported as 

variable with tendency to decrease with decreasing temperature
15,17,19,23

. In this study, SEP 

latencies and amplitudes were not analyzed.  

 

In the 2 contributing hospitals, more liberal criteria for treatment with hypothermia after 

CPR are used compared to strict criteria of the previously mentioned international 

guidelines
5,6

. By including all patients in whom the treating physician decided to treat with 

hypothermia, regardless of the initial rhythm or the cause of cardiac arrest, the results of 

this study apply for the daily clinical situation in most Dutch hospitals
24

. 
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The Practice Parameter of the American Academy of Neurology “Prediction of outcome in 

comatose survivors after cardiopulmonary resuscitation” advises to use the median nerve 

SEP 24–72 hours after CPR to predict poor neurologic outcome
25

. This advice was based on 

research in patients with a normal body temperature, but our data show that the SEP can 

probably also be used during hypothermia.  
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Abstract 

 

Objective 

This study was designed to establish the reliability of neurologic examination, neuron-

specific enolase (NSE), and median nerve somatosensory-evoked potentials (SEPs) to 

predict poor outcome in patients treated with mild hypothermia after cardiopulmonary 

resuscitation (CPR). 

 

Methods 

This multicenter prospective cohort study included adult comatose patients admitted to 

the intensive care unit (ICU) after CPR and treated with hypothermia (32– 34°C). False-

positive rates (FPRs 1 - specificity) with their 95% confidence intervals (CIs) were 

calculated for pupillary light responses, corneal reflexes, and motor scores 72 hours after 

CPR; NSE levels at admission, 12 hours after reaching target temperature, and 36 hours 

and 48 hours after collapse; and SEPs during hypothermia and after rewarming. The 

primary outcome was poor outcome, defined as death, vegetative state, or severe 

disability (Glasgow Outcome Scale 1–3) after 6 months.  

 

Results 

Of 391 patients included, 53% had a poor outcome. Absent pupillary light responses (FPR 

1; 95% CI, 0–7) or absent corneal reflexes (FPR 4; 95% CI, 1–13) 72 hours after CPR, and 

absent SEPs during hypothermia (FPR 3; 95% CI, 1–7) and after rewarming (FPR 0; 95% CI, 

0–18) were reliable predictors. Motor scores 72 hours after CPR (FPR 10; 95% CI, 6–16) 

and NSE levels were not. 

 

Interpretation 

In patients with persisting coma after CPR and therapeutic hypothermia, use of motor 

score or NSE, as recommended in current guidelines, could possibly lead to inappropriate 

withdrawal of treatment. Poor outcomes can reliably be predicted by testing brainstem 

reflexes 72 hours after CPR and performing SEP. 
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Introduction 

 

The prediction of neurologic outcome in patients who remained in a coma after 

cardiopulmonary resuscitation (CPR) has been investigated extensively. The findings were 

summarized in a practice parameter of the American Academy of Neurology (AAN), 

published in 2006
1-4

. The algorithm for the prediction of poor outcome presented in this 

practice parameter had to be based on data collected in patients who were not treated 

with mild hypothermia after admission. However, this treatment has become standard 

care in many countries and is part of all guidelines
5,6

. Therefore, new data are needed to 

predict the outcome in patients who remain in a coma after hypothermia treatment. The 

predictive value of the standard diagnostic methods might well be different in these 

patients because of the modified natural history of the condition or the use of sedative 

drugs administered during cooling
7,8

. Several single-center series have been published, 

suggesting that the 2006 algorithm, indeed, cannot be used anymore
9-13

. The aim of our 

multicenter prospective cohort study was to investigate the reliability of diagnostic 

methods such as neurologic examination, serum concentrations of neuron-specific 

enolase (NSE), and median nerve somatosensory-evoked potentials (SEPs) to predict poor 

outcome in patients treated with mild hypothermia after in- and out-of-hospital CPR.  

 

Patients and Methods 

 

Patient Cohort and Procedures 

This multicenter prospective cohort study was performed in 10 Dutch mixed medical-

surgical intensive care units (ICUs) of 1 university-affiliated and 9 non–university-affiliated 

hospitals. The cohort included adult patients, admitted to the ICU, who remained in a 

coma after CPR, and who were treated with mild hypothermia. Exclusion criteria were 

preexisting diseases with a life expectancy of less than 6 months, severe disability before 

CPR, CPR due to hypovolemic shock, and absence of informed consent. The cooperating 

hospitals were not obligated to keep records of patients admitted after CPR who were not 

eligible for the study. Included patients were treated with hypothermia (32°C–34°C) in 

combination with sedative drugs in accordance with the local hospital’s protocol. Sedative 

drugs used were midazolam, propofol, and opiates. Patients who died during hypothermia 

treatment were not excluded from analyses. 

 

The research protocol and consent procedures were approved by the ethics committees 

of all collaborating hospitals. Informed consent was obtained from a legal representative 

shortly after the patient’s hospital admission. When the patient regained consciousness 
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and was able to judge the situation properly, informed consent was also obtained from 

the patient. 

 

Neurologic examination, consisting of the Glasgow Coma Scale (GCS) score and brainstem 

reflexes, was performed 48 and 72 hours after CPR by the attending ICU physician or a 

neurologist. 

 

Serum samples for determination of NSE levels were drawn on ICU admission, 12 hours 

after reaching the target temperature of 32°C to 34°C, and 36 and 48 hours after collapse. 

Samples were stored at -20°C for later analysis in a central laboratory (Radboud University 

Nijmegen Medical Center), using monoclonal 2-sided single-incubation 

immunoluminometric assay with a Liaison automated analyzer (DiaSorin, Saluggia, Italy). 

Results of serum NSE levels were not available to the treating physicians. 

 

Cortical N20 responses of median nerve SEPs were recorded with standard procedures 

during hypothermia
14

. A second SEP was performed in patients who remained in a coma 

after regaining normal body temperature and who were thought to have cleared all 

sedative drugs and metabolites. Recordings were assessed by the local clinical 

neurophysiologists and documented as ‘‘absent’’ (bilaterally absent cortical N20 

responses after left and right median nerve stimulation, in the presence of a cervical 

potential), ‘‘present’’ (cortical N20 response present on at least 1 side), or 

‘‘undeterminable’’ (technically insufficient recording). Undeterminable SEP results were 

considered as present. The results of the SEPs recorded during hypothermia were not 

disclosed to the treating physicians to avoid any influence of the test results on treatment 

decisions. If a second SEP was performed after the patient had regained a normal body 

temperature, the results were disclosed to the treating physicians and treatment decisions 

were recorded. 

 

Neurologic outcome was assessed with the Glasgow Outcome Scale (GOS), 1 week, 1 

month, and 6 months after admission via a telephone interview with the patient or a legal 

representative
15

. The primary outcome of the study was poor outcome, defined as death, 

vegetative state, or severe disability after 6 months (GOS 1–3). Secondary outcomes were 

death or vegetative state (GOS 1–2) 1 month after CPR and mortality after 1 week, 1 

month, and 6 months. The study protocol contained no guidelines for withholding or 

withdrawing treatment. These decisions were at the discretion of the treating physician. In 

the Netherlands the results of SEP in normothermic patients are used in most hospitals to 

predict prognosis and absent cortical responses are a reason to withdraw treatment
8
.  
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Additional data collected were gender, age, in- or out-ofhospital cardiac arrest, presenting 

rhythm (ventricular fibrillation [VF] or ventricular tachycardia [VT] vs asystole or pulseless 

electrical activity [PEA]), time from collapse to bystander basic life support, time from 

collapse to return of spontaneous circulation, previous medical history as described in the 

patient’s chart, duration of hypothermia, time of discontinuation of sedative drugs, use of 

sedative drugs or neuromuscular blocking agents during SEP, use of sedative drugs during 

neurologic examination, and reasons for limiting or withdrawing care. Scored reasons for 

treatment restrictions were divided into neurologic (options: neurologic examination, SEP 

result, or other neurologic reasons) and non-neurologic (options: cardiac/hemodynamic 

complications or other reasons). 

 

Statistical Analyses 

Patient characteristics were described according to their distribution. Variables were 

expressed as mean and standard deviation (continuous and normally distributed) or as 

medians and interquartile ranges (not normally distributed). Categorical variables were 

expressed as percentages (n). Differences between categorical variables were calculated 

by the χ2 test. The GOS was used as the reference variable for a patient’s outcome. The 

percentages of correct identification of patients with a poor outcome were expressed as 

sensitivity and specificity. The false-positive rate (FPR) was calculated as 1 minus 

specificity
16,17

. The FPR is considered a single proportion. Due to the low observed 

proportions, 95% confidence intervals (CIs) were calculated using the recommended 

method of the Confidence Interval Analysis software
18,19

. Sensitivity, specificity, and FPR 

were calculated for all predictors of neurologic outcome (72 hours: motor score, pupillary 

light responses, corneal reflexes; NSE at admission, during hypothermia, and 36 and 48 

hours after collapse; SEP during hypothermia and normothermia). Area under the receiver 

operating characteristic (ROC) curve was calculated for the NSE in relation to the GOS 

after 6 months. Statistical significance was considered to be at p < 0.05. When 

appropriate, statistical uncertainty was expressed by their 95% CIs. All analyses were 

performed with SPSS 18.1. 

 

Results 

 

Between December 2007 and August 2009, 391 patients were included. Characteristics of 

included patients are presented in Table 1. Outcome data after 1 and 6 months are 

presented in Table 2. After 6 months, 199 patients (51%) had died, 149 (75%) of whom 

died in the first week after admission. For these 149 patients, treatment was withdrawn in 

62% and restricted in 26% (‘‘do not resuscitate’’ orders and more extended limitations).  
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Table 1 Characteristics of the 391 patients 

 

Age, y, mean (SD) 64  (13.4) 

Gender, male % (n) 73.1   (286) 

Presenting rhythm, % (n) 

   VF or VT         

   Asystole or PEA    

   Missing    

 

76.5 

21.5   

2   

 

(299) 

(84) 

(8) 

Location of CPR, % (n) 

   OHCA       

   IHCA  

   Missing                          

 

86.7 

12.3 

1    

 

(339) 

(48) 

(4) 

Time collapse to bystander BLS, 

median (IQR) 

2 min  (0-5) 

Time collapse to ROSC, median (IQR) 20 min (11-30) 

Time from CPR to ≤ 34°C, median (IQR) 315 min  (218-450) 

Medical history, % 

   Myocardial infarction  

   Heart failure 

   Hypertension 

   Diabetes 

   COPD                              

 

21.5 

16.6 

26.3 

13.6   

10.5                     

 

 

BLS = basic life support; COPD = chronic obstructive pulmonary disease; CPR = cardiopulmonary 

resuscitation; IHCA = in-hospital cardiac arrest; IQR = interquartile range; OHCA = out-of-hospital 

cardiac arrest; PEA = pulseless electrical activity; ROSC = return of spontaneous circulation; SD = 

standard deviation; VF = ventricular fibrillation; VT = ventricular tachycardia. 

 

 

Poor outcome was found in 208 patients (53%) of the complete group after 6 months. 

Seventy-two percent of the patients who recovered had a good recovery. In patients who 

were admitted after out-of-hospital cardiac arrest, the percentage of patients with poor 

outcome was lower (52%) compared to admittance after in-hospital cardiac arrest (75%), a 

difference of -23% (p < 0.003). Patients with asystole or PEA as the presenting heart 

rhythm had a higher rate of poor outcome (83%) when compared with patients with 

VF/VT (47%, difference of -37%, p < 0.001). 
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Table 2 Outcomes 

 

Glasgow Outcome Scale,  

n (%) 

1 month 6 months 

Death 187   (48) 199   (51) 

Vegetative state  3       (1) 0       (0) 

Severe disability  40     (10) 9       (2) 

Moderate disability 121   (31) 49     (12) 

Good recovery  35     (9) 124   (32) 

Missing values 5       (1) 10     (3) 

 

 

Table 3 presents the results of the different diagnostic tools to predict poor outcome after 

6 months. For several reasons not all diagnostic methods were performed at all time 

points in all patients. Some patients died early after admission, so neurologic examination 

was not done at 72 hours and NSE samples were not taken after 48 hours. SEPs during 

hypothermia were not obtained outside office hours and many patients awoke after 

sedative drugs wore off, which made a second SEP unnecessary. Absent pupillary light 

responses and corneal reflexes were found in a small percentage of patients, 11% and 

18%, respectively, but were actually a reliable test for outcome prediction (FPR 1 and FPR 

4). Absent SEPs during hypothermia were found in 16% (43/263) of the recordings. Three 

patients of this group recovered to a good outcome. For a post hoc assessment, the 

original recordings were obtained and the traces were mixed with 10 other arbitrarily 

chosen SEP traces from patients after CPR. All 13 recordings were assessed by 2 blinded 

experienced neurophysiologists. They concluded that the 3 SEP recordings were 

undeterminable because there was too much noise in the registration. Correction of the 

results after this reassessment led to a FPR of 0 (95% CI, 0–3) for the SEP during 

hypothermia. 

  

In 100 patients, SEPs were performed both during hypothermia and normothermia. In 85 

patients, the results on both occasions were identical (20 absent, 65 not absent). In 2 

patients SEPs were absent during hypothermia, but not absent during normothermia. In 

13 patients SEPs were not absent during hypothermia, but absent during normothermia. 
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Information about treatment limitations was available from 42 patients in whom an 

absent SEP was found after rewarming. In 33 patients (79%) treatment was withdrawn 

and in 7 patients treatment was limited (‘‘do not resuscitate’’). All patients died, including 

the 2 patients in whom no treatment limitations were implemented.  

 

The figure presents the ROC curves of the NSE results at the different time points. The NSE 

levels taken 48 hours after collapse showed the largest area under the curve of 0.82 (95% 

CI, 0.77–0.86), which is considered a ‘‘good’’ diagnostic accuracy. The optimal cutoff value 

of NSE after 48 hours was 58.3 µg/liter with a specificity of 93% (sensitivity 27%); levels 

>81.8 µg/liter yielded a specificity of 100% (sensitivity 18%). 

 

 

 
Figure 1 ROC curve of NSE levels. X-axis: 1-Specificity; Y-axis: Sensitivity. NSE-curve AUC (95% CI). 

Curve A, NSE I, 0.59 (0.52–0.65). Curve B, NSE II, 0.65 (0.58–0.71). Curve C, NSE III, 0.77 (0.72–0.83). 

Curve D, NSE IV, 0.82 (0.77–0.86). AUC = area under the ROC curve; CI = confidence interval; NSE = 

neuron-specific enolase; NSE I = admission NSE; NSE II = 12-hour hypothermia NSE; NSE III = 36-hour 

NSE; NSE IV = 48-hour NSE; ROC = receiver operating characteristic. 

 

 

Discussion 

 

The results of this study show that absent pupillary light responses or absent corneal 

reflexes 72 hours after CPR or bilaterally absent cortical N20 responses in SEPs are reliable 

to predict a poor outcome in patients who are treated with mild hypothermia after CPR. 
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Study Population 

Fifty-three percent of the patients in this study had a poor outcome, which is comparable 

to other reports on patients treated with hypothermia after CPR. In recent single-center 

studies by Rossetti and colleagues (n = 111) and Samaniego and colleagues (n = 53), 77% 

and 60% of patients, respectively, treated with hypothermia after CPR had a poor 

outcome
11,12

. From 975 patients in the Hypothermia Registry, 54% showed a poor 

outcome (death, vegetative state, or severe disability) and in the 2 original studies on the 

effect of hypothermia poor outcome was found in 45% and 49%, respectively
20-22

. These 

different outcome figures may be explained by different inclusion criteria for treatment 

with hypothermia. The original hypothermia studies used very strict inclusion criteria, 

whereas hypothermia treatment is currently used in a less restricted group of patients
8,20

. 

In our study, inclusion bias may also have had a role. Physicians may have excluded 

patients who were regarded, for whatever reason, to have a very poor prognosis. Because 

we did not collect data on excluded patients, we cannot corroborate this assumption.  

 

Neurologic Examination 

Neurologic examination can be regarded as the foundation of clinical assessment and is 

always done as a first test in ICU patients who are expected to wake up after CPR. Absent 

pupillary light responses or corneal reflexes are found in a small number of patients 72 

hours after CPR, but they have been known to be reliable predictors of poor outcome
4
. 

This study confirms these findings in patients after hypothermia. Recently published 

single-center studies of patients treated with hypothermia after CPR and examined on day 

3 to day 5 reported a 100% mortality in 34 of 222 patients with absent pupillary light 

responses
10,12,13,23

. In 44 of 224 patients with absent corneal reflexes, 1 patient survived 

with a good neurologic outcome after 3 months. Furthermore, Rossetti and colleagues 

described data on 47 of 111 patients with at least 1 absent brainstem reflex (pupillary light 

responses, corneal reflexes, or oculocephalic reflex), of whom 2 had a good neurologic 

outcome
11

. However, these patients were examined between 36 and 72 hours after CPR. 

Studies in patients not treated with hypothermia showed that a motor score no better 

than extension 72 hours after CPR was a good predictor of poor outcome and this 

diagnostic test was incorporated into the AAN practice parameter
1,3,4

. Recent findings 

raised doubts about the reliability of the motor score in patients treated with 

hypothermia
10-12

. In 357 patients examined at 36 hours up to day 5 after CPR and treated 

with hypothermia, 146 had a motor response no better than extension
10-13,23

. The follow-

up period varied between the studies. One of the surviving patients died during admission, 

4 patients survived to hospital discharge, and 7 patients had a good neurologic outcome 

after at least 3 months. Based on these findings, combined with the FPR of 10 (95% CI, 6–

16) we have found, we conclude that the motor score at 72 hours should no longer be 
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used as a predictor in daily clinical practice. A possible explanation for this decrease in 

reliability of the motor score is the use of sedative drugs during hypothermia and the 

accompanying decrease in metabolism
24

. Poor motor scores after longer time intervals 

might still be predictive of poor outcome, but studies so far have not collected test results 

after 72 to 120 hours. 

 

NSE 

Although a systematic review suggested that an NSE serum level of >33 μg/liter is a 

reliable predictor in patients after CPR, data on several patients with good outcomes 

despite much higher NSE levels have since been reported
4,25

. This can probably be 

explained by different laboratory methods used to determine NSE levels and other clinical 

factors such as hemolysis, which can lead to high NSE levels unrelated to brain 

damage
26,27

. Data on NSE levels after hypothermia are again conflicting. Rundgren and 

colleagues reported NSE levels >28 μg/liter to be a reliable predictor, but Steffen and 

colleagues found that only NSE levels as high as 79 μg/liter had a 100% specificity
28,29

. 

Samaniego and colleagues and Fugate and colleagues reported that 53 of 118 patients had 

NSE levels >33µg/liter on days 1 to 3; 12 survived up to hospital discharge and 4 more 

patients had a good neurologic outcome (GOS 3–5) after 3 months
12,13

. The results of our 

study show that an NSE level >33 μg/liter does not reliably predict poor outcome after 

treatment with hypothermia and substantiates the much higher level of approximately 80 

μg/liter to be a better choice. 

 

SEPs 

Bilaterally absent cortical N20 responses after treatment with hypothermia were found in 

this and other studies to have a specificity of 100% and therefore an FPR of 0
11-13

. These 

encouraging results could easily lead to the impression that SEP is a perfect test, but 

Leithner and colleagues published a case report of a patient who recovered despite absent 

cortical N20 responses after treatment with hypothermia
30

. Zandbergen and colleagues 

already pointed out the dangers of interobserver variability
14

. Reducing the noise caused 

by technical equipment (eg, cooling devices, ventilator, electrical bed) in the ICU 

environment or muscle activity (by administration of neuromuscular junction blocking 

agents) is important. In case of uncertainty about the recordings, the clinician should 

assess the results as ‘‘undeterminable.’’ Our results suggest that SEP during hypothermia 

is a reliable predictor. This supports the results of previous studies, which described a 

poor outcome in 16 patients (of a total group of 107) with an absent SEP during 

hypothermia after CPR
31,32

. Whether SEP during hypothermia will be used in daily clinical 

practice remains questionable because treatment consequences during hypothermia will 

be limited. However, it could be used in a subset of patients to be informed about the 
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prognosis early during the ICU admission and prepare family members for the likely poor 

outcome.  

 

Our findings and those of other investigators should lead to changes in guidelines, 

especially because methods currently recommended are based on studies performed 

before the implementation of hypothermia. Some of these recommended methods are no 

longer reliable and could lead to incorrect treatment withdrawal. Although the FPRs of 

absent pupillary light responses, absent corneal reflexes, and absent SEPs suggest a robust 

reliability, physicians should realize that the CIs are wide, which leads to uncertainty. In 

daily clinical practice, decisions about prognostication in the individual patient should not 

be based on 1 test but rather on the full clinical condition.  

 

Self-Fulfilling Prophecy 

A well-known problem with studies investigating the reliability of diagnostic methods to 

predict a poor prognosis is the so-called self-fulfilling prophecy. The tendency to restrict 

treatment selectively in patients with characteristics presumed to predict poor outcome 

may lead to the false conclusion that such characteristics are indeed good predictors of 

poor outcome. Symptoms and signs ‘‘known’’ to be related to a poor outcome will lead to 

treatment restrictions and therefore will prove to be good predictors, as the treatment 

restriction in itself will lead to the poor outcome. In the ideal study, treatment should not 

be limited or withdrawn in any patient included in the study, but for ethical and financial 

reasons such a study is impossible to conduct in daily clinical practice. In our study, results 

of NSE levels and SEPs during hypothermia were not disclosed to the treating physicians. 

However, results of neurologic examination and SEPs after rewarming were disclosed and 

especially the SEP results led to limitation or withdrawal of treatment in a large 

percentage of patients with absent SEPs. Given the 79% withdrawal after absent SEPs 

after patients regained normal body temperature, we cannot conclude with complete 

certainty that this test is absolutely reliable to predict a poor outcome. 

  

In conclusion, in patients with persisting coma after CPR and treatment with hypothermia, 

motor scores 72 hours after CPR, and serum NSE levels are too unreliable for outcome 

prediction. Poor outcome can reliably be predicted with: (1) absent pupillary light 

responses or absent corneal reflexes 72 hours after CPR, or (2) bilateral absence of cortical 

N20 responses of the median nerve SEP. Based on the results of the SEP after rewarming, 

decisions about treatment limitations were made, which potentially have led to a self-

fulfilling prophecy. Physicians assessing SEP results should be aware of the major 

consequences of inaccurate decisions when recordings are hampered by ICU noise.  
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Abstract 

 

Objective 

To investigate the effect of mild hypothermia on conduction times and amplitudes of 

median nerve somatosensory evoked potentials (SEP) in patients after cardiopulmonary 

resuscitation (CPR). 

 

Methods 

Patients treated with hypothermia after CPR, who underwent SEP recording during 

hypothermia and after rewarming, were selected from a prospectively collected database. 

Latencies and amplitudes of N9 (peripheral conduction time, PCT), N13 and N20 were 

measured. The central conduction time (CCT) was defined as peak-peak latency N13- N20. 

Recordings of 25 patients were assessed by a second observer to determine the intraclass 

correlation coefficient (ICC). 

 

Results 

A total of 115 patients were included. Mean body temperature at SEP during hypothermia 

was 33.1°C (SD 0.8) and after rewarming 37.1°C (SD 0.8). Mean latencies of N9, N13 and 

N20 and mean CCT were significantly longer during hypothermia. There were no 

consistent differences in amplitudes. There was an almost perfect ICC for assessment of 

latencies and amplitudes. 

 

Conclusion 

This study shows that PCT and CCT of median nerve SEP are significantly prolonged during 

treatment with hypothermia after CPR compared with after rewarming. Amplitudes do 

not differ consistently.  
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Introduction 

 

In the last decade, the high reliability of median nerve somatosensory evoked potentials 

(SEP) in predicting poor outcome in comatose patients after cardiopulmonary 

resuscitation (CPR) has led to an increased use of this test in the Intensive Care Unit 

(ICU)
1,2

.  

 

An important advantage of SEP is the diminished susceptibility to metabolic changes or 

sedative drugs compared to other prognosticators, such as neurologic examination or 

electroencephalography
3-5

. Muscle activity and interference of electric devices are known 

for their negative influence on the noise levels of SEP recording and increase the chance of 

misinterpretation. Administration of muscle relaxants and turning electric equipment off 

in order to reduce noise levels < 0.25 μV will improve the interobserver reliability
6
.  

 

Another possible pitfall is the effect of deep hypothermia on the SEP responses, which is 

predominantly investigated in patients during cardiothoracic surgery
7-11

. Nowadays, 

treatment with mild hypothermia (32-34°C) in patients admitted after CPR is part of 

international guidelines and it is widely implemented in the Netherlands
2,12,13

.  

 

Therefore, the aim of this study was to investigate the effect of mild hypothermia on 

peripheral and central conduction times and amplitudes of median nerve SEP recorded 

during and after hypothermia treatment in patients after CPR. 

 

Methods 

 

Patients were selected from the prospectively collected data of the “SEP during mild 

hypothermia after CPR”- and the “Prognosis of postanoxic coma after hypothermia” 

database
14,15

. The research protocol and consent procedures of these prospective 

multicenter cohort studies were approved by the ethics committees of all collaborating 

hospitals. Adult patients treated with hypothermia (32-34°C) after a non-traumatic CPR 

were included. Exclusion criteria were pre-existing diseases with a life expectancy of less 

than six months, severe disability before CPR, and no obtained informed consent. 

Informed consent was obtained from a legal representative shortly after the patient’s 

hospital admission. When the patient regained consciousness and was able to judge the 

situation properly, informed consent was also obtained from the patient. The present 

study included patients if a SEP was recorded during hypothermia and after rewarming. 
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The following data were collected from the databases: age, gender, duration of CPR, time 

to return of spontaneous circulation (ROSC), presenting rhythm (ventricular 

fibrillation/ventricular tachycardia versus pulseless electric activity/asystole), hypoxemia 

as cause of CPR, time from collapse to SEP recording, temperature during SEP recording, 

use of sedative drugs and neuromuscular blocking agents during SEP recording, and 

Glasgow Outcome Scale (GOS) after 30 days. Poor outcome was defined as death or 

vegetative state (GOS 1-2)
16

. 

 

Cortical N20 responses of median nerve SEP were recorded with standard procedures. In 

the study protocol, right and left median nerves were stimulated at the wrist by a bipolar 

surface electrode with a frequency of 3 to 5 Hz and a stimulus duration of 0.2 ms to 

produce a thumb twitch. Two sets of at least 512 responses were averaged. Filter band 

pass was from 3 Hz to 2 kHz or 20 Hz to 2kHz. Electrodes (Ag/AgCl) were placed at Erb’s 

point (N9), the cervical spine (C5-C7, N13), and CP3 and CP4 respectively, according to the 

international 10-20 system (N20). Fz or “linked ears” were used as reference. The 

electrode resistance was kept below 5 kOhm. The SEP after rewarming was performed in 

patients who remained in a coma after regaining normal body temperature and who were 

thought to have cleared all sedative drugs and metabolites. 

 

Printed copies from the SEP recordings (left and right; hypothermia and after rewarming) 

were requested from the hospitals. The recordings were blinded for date and 

temperature. The curves were assessed by the first author (AB), in case of doubt, curves 

were discussed with JK. Patients were excluded if the printed copies could not be 

retrieved. To calculate the intraclass correlation coefficient of assessment of latencies and 

amplitudes, SEP recordings of 25 randomly selected patients were independently assessed 

by a second observer (DL). 

 

Latencies (milliseconds, ms) and amplitudes (microvolt, μV) of N9 (peripheral conduction 

time), N13 and N20 were measured. The central conduction time (CCT) was defined as 

peak-peak latency N13-N20. The amplitudes of N9 and N13 were measured from baseline 

to peak. The amplitude of N20 was measured from peak P14 to peak N20. Due to the fact 

that the recordings were only available on printouts and enlargement of scales was 

impossible, “invisible” peaks could not reliably be assessed and were therefore scored as 

undeterminable. In case of too many artifacts, the recording was assessed as 

undeterminable. The undeterminable results were coded as missing values in the analyses. 

 

Primary outcome was defined as differences in latencies and amplitudes of the different 

SEP components between hypothermia and after rewarming in the same patient. 
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Statistical analysis 

Patient characteristics were described according to their distribution. Variables were 

expressed as mean and standard deviation (when normally distributed) or as medians and 

interquartile ranges (IQR, when not normally distributed). Categorical variables were 

expressed as percentages (n). Statistical significance was considered to be at p < 0.05. 

When appropriate, statistical uncertainty was expressed by 95% confidence intervals (CIs). 

Differences of SEP latencies and amplitudes between hypothermia and after rewarming 

for right-sided and left-sided stimulation were calculated with the dependent t-test or the 

Wilcoxon signed rank test. Furthermore, the correlation of time to SEP during 

hypothermia and latencies of N20 was calculated with the Pearson’s correlation 

coefficient. The intraclass correlation coefficient (ICC) was calculated to determine the 

interobserver agreement in measurement of latencies and amplitudes, and expressed as 

the kappa
17

. 

 

Results 

 

A total of 121 patients were included. Six patients were excluded because printed copies 

of SEP recordings during hypothermia and after rewarming could not be retrieved. 

Baseline characteristics are presented in Table 1. Ninety-six out of the remaining 115 

patients (83%) had a poor outcome at 30 days after CPR. Median time from CPR until 

recording of SEP during hypothermia was 21 hours (IQR 15-24) and 62 hours (IQR 49-77) 

until SEP after rewarming. The mean body temperature during SEP recording in the period 

of hypothermia was 33.1°C (SD 0.8) and after rewarming, 37.1°C (SD 0.8). There was no 

effect of the time from collapse to SEP during hypothermia on latency of N20 after right-

sided (r -0.05, p = 0.66) or after left-sided stimulation (r -0.17, p = 0.17). 

 

SEP latencies were normally distributed and are summarized in Table 2. Mean latencies of 

N9, N13 and N20 on both sides were significantly longer during hypothermia compared to 

those measured after rewarming. The mean CCT was significantly longer during 

hypothermia. 

 

The amplitudes were not normally distributed and are presented in Table 3. Significantly 

higher amplitudes were measured for the N9 after right-sided stimulation and the N13s on 

both sides during hypothermia compared to the amplitudes after rewarming. The 

amplitudes of the N20s did not differ. An example of SEP recordings during hypothermia 

and after rewarming in the same patient is shown in Figure 1. 
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Table 1 Baseline characteristics 

 Total, n = 115 

Male, n (%) 88     (77) 

Age, y, mean (SD) 65     (13) 

Presenting rhythm, n (%)  

   VF/VT 75     (65) 

   Non-VF/VT 38     (33) 

   Missing 2       (2) 

Duration CPR (min.), median 

(IQR) 

20     (12-30) 

Time to ROSC (min.), median 

(IQR) 

25     (16-40) 

GOS, n (%)  

   1 Death 94     (82) 

   2 Vegetative state 2       (2) 

   3 Severe disability 10     (9) 

   4 Moderate disability 6       (5) 

   5 Good recovery 3       (3) 

 

CPR = cardiopulmonary resuscitation; GOS = Glasgow Outcome Scale; IQR = interquartile range; 

ROSC = return of spontaneous circulation; SD = standard deviation; VF = ventricular fibrillation; VT = 

ventricular tachycardia 

 

Table 2 Latencies of N9, N13, N20 and the central conduction time of the median nerve 

somatosensory evoked potentials measured during hypothermia and after rewarming in the same 

patients.  

 

 n Hypothermia 

(ms) 

Normothermia 

(ms) 

Difference 

(ms) 

p value 

N9    RS stimulation 64 13.5   (1.4) 11.6   (1.3) 1.9   (1.7-2.1) < 0.001 

N9    LS stimulation 64 13.1   (1.6) 11.4   (1.4) 1.8   (1.5-2.0) < 0.001 

N13  RS stimulation 75 17.8   (1.7) 15.3   (1.5) 2.5   (2.2-2.8) < 0.001 

N13  LS stimulation 75 17.2   (1.6) 15.1   (1.5) 2.2   (1.9-2.4) < 0.001 

N20  RS stimulation 57 25.4   (1.9) 22.1   (1.7) 3.3   (2.9-3.7) < 0.001 

N20  LS stimulation 54 25.3   (2.2) 22.1   (1.9) 3.2   (2.8-3.6) < 0.001 

CCT RS stimulation 46 7.5     (0.9) 6.5     (1.0) 1.0   (0.7-1.3) < 0.001 

CCT LS stimulation 44 7.9     (1.0) 6.9     (1.0) 1.0   (0.6-1.3) < 0.001 

 

All values are expressed pairwised as mean values (standard deviation or 95% confidence intervals); 

p values were calculated with the dependent t-test. 

RS = right-sided; LS = left-sided; ms = milliseconds; CCT = central conduction time (latency N20 - N13) 
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Table 3 Amplitudes of N9, N13 and N20 of the median nerve somatosensory evoked potentials 

measured during hypothermia and after rewarming in the same patient group.  

 

 n* Hypothermia (µV) Normothermia (µV) p value 

N9 RS stimulation 62 1.3   (0.6-2.1) 1.0   (0.5-1.5) < 0.001 

N9 LS stimulation 63 1.2   (0.6-1.9) 1.1   (0.5-1.8) 0.21 

N13 RS stimulation 73 1.1   (0.4-1.6) 0.9   (0.3-1.3) < 0.001 

N13 LS stimulation 76 1.1   (0.5-1.8) 0.9   (0.4-1.5) < 0.001 

N20 RS stimulation 55 0.6   (0.4-1.3) 0.8   (0.4-1.8) 0.11 

N20 LS stimulation 51 0.8   (0.4-1.3) 0.8   (0.4-1.4) 0.28 

 

RS = right-sided; LS = left-sided; µV = microvolt  

*number of patients included in the analysis with the Wilcoxon signed rank test  

All values are expressed as median values (interquartile range); p values were calculated with the 

Wilcoxon signed rank test. 

 

 

The SEPs of 25 patients were assessed independently by two observers. The two observers 

disagreed in 11% of the latency and 12% of the amplitude components if the component 

was determinable or not. Overall, there was an almost perfect agreement for assessment 

of latencies, ICC 0.998 (95%CI 0.997-0.999), as well as for amplitudes, 0.94 (95%CI 0.90-

0.96)
17

.  

 

Discussion 

 

This study showed that peripheral and central conduction times of median nerve SEP were  

prolonged during treatment with hypothermia after CPR compared with recordings after 

rewarming in the same patient. Furthermore, the amplitudes of N13 were significantly 

higher during hypothermia. Other amplitudes did not differ consistently between 

hypothermia and after rewarming. 

 

Median nerve SEP is used for prognostication in comatose patients after CPR
1,2

. Bilaterally 

absent N20 cortical responses after treatment with hypothermia were found to have a 

specificity of 100% and therefore an FPR of 0
15,18-20

. However, Leithner et al. reported one 

patient, treated with hypothermia after CPR, who recovered despite absent cortical N20 

responses after rewarming
21

. Therefore, it is important to elucidate the influence of 

treatment with hypothermia after CPR on SEP recordings.  
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Figure 1 Example of somatosensory evoked potentials recordings of the median nerve in the same 

patient during treatment with hypothermia after cardiopulmonary resuscitation and after 

rewarming.  

Somatosensory evoked potentials recordings of the median nerve after right-sided stimulation 

during hypothermia (left) and after rewarming (right). From top to bottom: N9 (Erb’s point), N13 

(cervical spine), ipsilateral somatosensory cortex (CP4), contralateral somatosensory cortex (CP3), 

CP3-CP4. Latencies during hypothermia: N9 15.6 ms, N13 20.9 ms, N20 28.7 ms; Latencies after 

rewarming: N9 12.4 ms, N13 16.8 ms, N20 22.4 ms.    

 

 

In the original prospective cohort studies “SEP during mild hypothermia after CPR” and 

“Prognosis of postanoxic coma after hypothermia”, poor outcome after 30 days was found 

in 66% and 49%, respectively, which is similar to other studies in patients treated with 

hypothermia after CPR
14,15,19,20,22

. In the patients selected for this study, 83% had a poor 

outcome after 30 days. This difference is caused by selection of the patients, as a SEP after 

rewarming was only performed in patients who, after regaining normal body temperature 

and clearing of sedative drugs and metabolites, remained in a coma. 

 

Hypothermia is known to prolong the latency of SEP, due to slowing of nerve conduction 

along axons and synaptic delay, caused by decreased membrane potential
23,24

. At lower 

temperatures conduction velocity in the median nerve has been reported to decrease 

about 2 m/s/°C
23

. Most literature available describes the influence of deep hypothermia 

(11.4-30.1°C) on median nerve SEP when performed during hypothermic cardiopulmonary 
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bypass
7-11,25

. The cortical N20 response disappears with temperatures between 14.5 and 

29.6°C and latencies of peripheral and central components are prolonged
7-11,25,26

. There is 

one previous study on the influence of treatment with hypothermia after CPR on SEP 

latencies and amplitudes. Tiainen et al. found significant longer latencies of the N13 and 

N20 in the patient group treated with hypothermia (33.0°C) after CPR, compared to a 

patient group not treated with hypothermia (37.5°C) after CPR
27

. Also the CCT was 

significantly longer during hypothermia and the nerve conduction velocity was 

significantly lower in the hypothermia group (46.2 m/s vs. 53.5 m/s). This study confirmed 

these results in a larger group of patients. Furthermore, in this study latencies during 

hypothermia and after rewarming were compared within the same patient, which 

excluded influences of patient’s height or comorbidity, such as diabetes mellitus. Gendo et 

al. have shown that latencies of the cortical N20 response decreased about 2 ms within 24 

hours after CPR
28

. In our study, the median time to SEP during hypothermia was 21 hours 

and there was no influence of time from collapse to SEP on N20 latencies. 

 

Normal values of median nerve SEP latencies have been established in 50 subjects and 

were: 9.7 ms (SD 0.8) for N9, 13.5 ms for N13 (SD 0.9), and 19.0 ms (SD 1.0) for N20
29

. 

Tiainen et al. found N20 latencies of 20.5-21.0 ms in the patient group not treated with 

hypothermia after CPR, which is within the range of normal values
27

. However, in our 

study, N20 latencies after rewarming were at 3 SD above the normal values during 

normothermia. A possible explanation for this prolongation could be the ongoing 

influence of sedative drugs. In the Netherlands, an opioid in combination with midazolam 

or propofol are often administered during hypothermia and their metabolism is 

diminished due to lower temperatures
2,30

. However, the effects of these drugs on SEP 

recordings are considered to be minimal and are related to drug concentrations and 

maximal during peak concentrations after bolus delivery
3,5,31,32

. Another explanation could 

be that the selected patients in this study had more extensive brain damage leading to 

prolongation of latencies, as they were still in a coma after hypothermia treatment and 

subsequent rewarming. 

 

Studies on the influence of hypothermia on the amplitudes of SEP components have 

presented conflicting results, but most pointed towards an increase of the N9 amplitude, 

and a decrease in amplitude of the N13 and N20 amplitude with decreasing 

temperatures
7,8,11,26

. Tiainen et al. did not find differences in amplitudes of the N20 

responses between patients treated with hypothermia after CPR and patients not treated 

with hypothermia
27

. In the present study, higher amplitudes were measured for N13 

during hypothermia on both sides and for N9 only after right-sided stimulation. A possible 
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explanation could be that the hypothermia was not deep enough to cause consistent 

results. 

 

There is only one study on interobserver variation in interpretation of SEPs as absent or 

present, which showed a substantial interobserver agreement (k = 0.74), when noise 

levels were low (< 0.25 μV)
6
. We found an almost perfect agreement between two 

observers for measurement of latencies and amplitudes.  

 

An important limitation of this study is that available printed copies of the SEP curves 

were used for the assessment. This applies especially to the assessment of amplitudes. As 

different scales were used between the hospitals, these values might be less reliable. The 

assessment should ideally have been done on the monitor of the system used for 

recording, but this was not possible. 

 

In conclusion, this study showed that peripheral and central conduction times of median 

nerve SEP were prolonged during treatment with hypothermia after CPR compared with 

recordings after rewarming in the same patient. Furthermore, N20 latencies after 

rewarming remained longer in this patient group compared to the normal population. This 

is an important pitfall in assessing median nerve SEP in patients after CPR. 
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Abstract  

 

Background 

Bilateral absence of cortical N20 responses of median nerve somatosensory evoked 

potentials (SEP) predicts poor neurological outcome in postanoxic coma after 

cardiopulmonary resuscitation (CPR). Although SEP is easy to perform and available in 

most hospitals, it is worthwhile to know how neurological signs are associated with SEP 

results. The aim of this study was to investigate whether specific clinical neurological signs 

are associated with either an absent or a present median nerve SEP in patients after CPR.  

 

Methods 

Data from the previously published multicenter prospective cohort study PROPAC 

(prognosis in postanoxic coma, 2000–2003) were used. Neurological examination, 

consisting of Glasgow Coma Score (GCS) and brain stem reflexes, and SEP were performed 

24, 48, and 72 h after CPR. Positive predictive values for predicting absent and present 

SEP, as well as diagnostic accuracy were calculated.  

 

Results 

Data of 407 patients were included. Of the 781 SEPs performed, N20s were present in 401, 

bilaterally absent in 299, and 81 SEPs were technically undeterminable. The highest 

positive predictive values (0.63–0.91) for an absent SEP were found for absent pupillary 

light responses. The highest positive predictive values (0.71–0.83) for a present SEP were 

found for motor scores of withdrawal to painful stimuli or better. Multivariate analyses 

showed a fair diagnostic accuracy (0.78) for neurological examination in predicting an 

absent or present SEP at 48 or 72 h after CPR.  

 

Conclusions 

This study shows that neurological examination cannot reliably predict absent or present 

cortical N20 responses in median nerve SEPs in patients after CPR. 
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Introduction 

 

Prediction of neurological outcome in comatose survivors of cardiopulmonary 

resuscitation (CPR) has been the subject of several studies in the last three decades
1-7

. In 

2006, a practice parameter for the prediction of the outcome of postanoxic coma was 

published by the American Academy of Neurology
8
. Bilateral absence of cortical N20 

responses of median nerve somatosensory evoked potentials (SEP) 24 h after CPR, as well 

as absent pupillary light responses, absent corneal reflexes, and absent or extensor motor 

response to pain after 72 h, were all considered reliable predictors of a poor neurological 

outcome. In daily practice, a patient with postanoxic coma is examined by a neurologist 

before additional investigations are requested. Some clinical signs may be associated with 

the presence or absence of cortical N20 responses but to what extent is unknown. 

Knowledge of specific clinical signs that predict SEP results may optimize SEP requesting 

policy. 

 

Methods 

 

Data from the previously published multicenter prospective cohort study PROPAC 

(prognosis in postanoxic coma, 2000–2003) were used
5
. This study was performed before 

hypothermia was implemented in daily clinical practice. Adult patients who remained in a 

coma 24 h after CPR were included. Exclusion criteria were confirmed brain death after 24 

h, concomitant traumatic brain injury, life expectancy of no more than several months 

caused by pre-existent disease, and absence of informed consent from a legal 

representative. 

 

Neurological examination 

Neurological examination, consisting of Glasgow Coma Score (GCS; only motor and eye 

score) and brain stem reflexes (pupillary light responses and corneal reflexes) was 

performed in every patient 24, 48, and 72 h after CPR. For current analyses, eye and 

motor scores were dichotomized; E1 (no eye opening) versus E2–4 (eye opening to pain-

spontaneous eye opening) and M1–3 (no motor response-abnormal flexion to pain) versus 

M4–6 (withdrawal to pain-obeys commands). Pupillary light responses and corneal 

reflexes were defined as present if at least a unilateral response was present. Our 

hypothesis was that an eye score of E1, a motor score of M1–3, bilaterally absent corneal 

reflexes, or bilaterally absent pupillary light responses would all predict an absent SEP; and 

that an eye score of E2–4, a motor score of M4–6, present corneal reflexes, or present 

pupillary light responses would all predict a present SEP. Complete neurological 

examination consisted of eye score, motor score, pupillary light responses and corneal 
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reflexes. Our hypothesis was that the combination of an eye score of E1, a motor score of 

M1–3, bilaterally absent corneal reflexes, and bilaterally absent pupillary light responses 

reflexes would accurately predict an absent SEP; and that an eye score of E2–4, in 

combination with a motor score of M4–6, present corneal reflexes, and present pupillary 

light responses would accurately predict a present SEP. 

 

Somatosensory evoked potentials 

SEPs were recorded with standard procedures and were performed 24, 48, and 72 h after 

CPR
9
. Local clinical neurophysiologists in each contributing hospital assessed the 

recordings. The results for the cortical N20 response were documented as absent, 

present, or technically undeterminable. The median nerve SEP was defined as absent if 

the cortical N20 response was absent on both sides after left- and right-side median nerve 

stimulation, in the presence of a cervical potential. For logistical reasons, SEP was not 

always possible on weekends; if the 72 h SEP was due on a weekend day, the recording 

was postponed to Monday. SEPs with an undeterminable result were excluded from 

analysis. The results of 24 h and 48 h SEPs were not available for treating physicians in 

order to avoid any influence of the test results on treatment decisions. The results of the 

72 h SEP were disclosed to the treating physicians and if the SEP was absent, treatment 

was usually withdrawn. 

 

Statistical analysis 

Patient characteristics were summarized using descriptive statistics. Variables were 

expressed as mean and standard deviation, or when not normally distributed, as medians 

and inter-quartile ranges. The positive predictive values (PPV) for absent and present SEPs 

were calculated to indicate the proportion of the patients who have an SEP result as 

expected based on the neurological examination. We performed multivariable logistic 

regression analysis to relate the probability of an absent or present SEP to neurological 

examination (eye score, motor score, pupillary light responses, and corneal reflexes). 

Furthermore, the diagnostic accuracy (calculated as an area under the curve of a receiver 

operating characteristic curve) of neurological examination to predict an absent or present 

SEP was calculated. 

 

Statistical uncertainty was expressed by the 95% confidence limits when appropriate, with 

statistical significance defined as p ≤ 0.05. Analyses were performed by SPSS version 18.0 

(SPSS Inc. IBM). Differences between areas under the curve (AUC) were analyzed with 

STATA version 10. 
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Results 

 

Data of 407 patients were included, 67% were male and mean age was 63 years. The 

overall mortality was 89.7% (Table 1). A total of 781 SEPs were performed in this group, 

401 were present and 299 absent. The remaining 81 were technically undeterminable and 

were excluded from further analysis. At 24, 48, and 72 h after CPR, respectively, 231, 216 

and 253 SEPs were included. 

 

Table 1 Baseline characteristics 

 

Patients included, n 407  

Male % (n) 67 (273) 

Age, mean (SD)  63     (14) 

APACHE II score, mean (SD) 25.5   (8.8) 

Survival in days, median (IQr) 5        (3-11) 

Overall mortality, % (n) 89.7   (365) 

Mortality within 1 day, % (n) 4.7     (19) 

Mortality within 2 days, % (n) 7.9     (32) 

Mortality within 3 days, % (n) 17.2    (70) 

SEP after 24 hours 97 absent 134 present 

SEP after 48 hours 88 absent 128 present 

SEP after 72 hours 114 absent 139 present  

 

SEP = median nerve somatosensory evoked potentials; SD = standard deviation; IQr = interquartile 

range 

 

 

In patients with a withdrawal response to painful stimuli (M4), we found an absent SEP in 

19–31% at the different time points (Table 2). One patient localized painful stimuli at 48 h 

after CPR, but had an absent SEP. In patients with no motor response or extension to pain 

at 72 h after CPR, still 46% had a present SEP. Of the 60 patients with spontaneous eye 

opening, 22 had at least at once at the same moment an absent SEP. 



T
a

b
le

 2
 A

b
se

n
t 

a
n

d
 p

re
se

n
t 

S
E

P
s 

re
la

te
d

 t
o

 m
o

to
r 

sc
o

re
s 

a
t 

th
re

e
 t

im
e

 i
n

te
rv

a
ls

 a
ft

e
r 

C
P

R
 

  
2

4
 h

 a
ft

e
r 

C
P

R
 

 
 

4
8

 h
 a

ft
e

r 
C

P
R

 
 

 
7

2
 h

 a
ft

e
r 

C
P

R
 

 
 

M
o

to
r 

sc
o

re
 

N
u

m
b

e
r 

o
f 

p
a

ti
e

n
ts

 

A
b

se
n

t 
S

E
P

, 
 

n
 (

%
) 

P
re

se
n

t 
S

E
P

, 
 

n
 (

%
) 

N
u

m
b

e
r 

o
f 

p
a

ti
e

n
ts

  

A
b

se
n

t 
S

E
P

, 
 

n
 (

%
) 

P
re

se
n

t 
S

E
P

, 
 

n
 (

%
) 

N
u

m
b

e
r 

o
f 

p
a

ti
e

n
ts

 

A
b

se
n

t 
S

E
P

, 
 

n
 (

%
) 

P
re

se
n

t 
S

E
P

, 
 

n
 (

%
) 

1
 

1
4

1
 

6
5

 (
4

6
) 

7
6

 (
5

4
) 

1
3

3
 

6
3

 (
4

7
) 

7
0

 (
5

3
) 

1
3

2
 

7
1

 (
5

4
) 

6
1

 (
4

6
) 

2
 

2
0

 
1

4
 (

7
0

) 
6

 (
3

0
) 

1
6

 
9

 (
5

6
) 

7
 (

4
4

) 
3

4
 

1
9

 (
5

6
) 

1
5

 (
4

4
) 

3
 

3
1

 
7

  
(2

3
) 

2
4

 (
7

7
) 

2
3

 
8

 (
3

5
) 

1
5

 (
6

5
) 

3
1

 
1

1
 (

3
5

) 
2

0
 (

6
5

) 

4
 

3
5

 
1

1
 (

3
1

) 
2

4
 (

6
9

) 
3

1
 

6
 (

1
9

) 
2

5
 (

8
1

) 
3

9
 

8
 (

2
1

) 
3

1
 (

7
9

) 

5
 

3
 

0
 (

0
) 

3
 (

1
0

0
) 

8
 

1
 (

1
3

) 
7

 (
8

7
) 

3
 

0
 (

0
) 

3
 (

1
0

0
) 

6
 

0
 

0
 (

0
) 

0
 (

0
) 

1
 

0
 (

0
) 

1
 (

1
0

0
) 

4
 

0
 (

0
) 

4
 (

1
0

0
) 

 C
P

R
 =

 c
a

rd
io

p
u

lm
o

n
a

ry
 r

e
su

sc
it

a
ti

o
n

; 
S

E
P

 =
 m

e
d

ia
n

 n
e

rv
e

 s
o

m
a

to
se

n
so

ry
 e

v
o

k
e

d
 p

o
te

n
ti

a
ls
 

Chapter 7 

94



Predictive value of neurological examination for SEP 

95 

Absent pupillary light responses after 72 h were the best predictor of an absent SEP (PPV 

0.91 (0.79–0.96)) (Table 3). Motor score (M4–M6) after 48 and 72 h had the highest PPV 

for a present SEP (0.83 (0.68–0.91) and 0.83 (0.69–0.91)). All patients with M6 had present 

SEPs. 

 

 

Table 3 Positive predictive values for predicting an absent or present SEP in patients after CPR 

 

 
Positive predictive value  

for an absent SEP 

Positive predictive  value  

for a present SEP 

Motor score 24 h 0.45 (0.38-0.52) 0.71 (0.55-0.83) 

Motor score 48 h 0.47 (0.39-0.54) 0.83 (0.68-0.91) 

Motor score 72 h 0.51 (0.44-0.58) 0.83 (0.69-0.91) 

Eye score 24 h 0.44 (0.37-0.52) 0.67 (0.53-0.80) 

Eye score 48 h 0.44 (0.36-0.52) 0.65 (0.53-0.76) 

Eye score 72 h 0.54 (0.46-0.61) 0.75 (0.65-0.84) 

Pupillary light responses 24 h 0.63 (0.47-0.77) 0.62 (0.55-0.69) 

Pupillary light responses 48 h 0.86 (0.71-0.94) 0.69 (0.61-0.75) 

Pupillary light responses 72 h 0.91 (0.79-0.96) 0.65 (0.58-0.71) 

Corneal reflexes 24 h 0.63 (0.51-0.73) 0.67 (0.59-0.74) 

Corneal reflexes 48 h 0.74 (0.61-0.84) 0.72 (0.64-0.79) 

Corneal reflexes 72 h 0.77 (0.65-0.86) 0.67 (0.59-0.73) 

 

All values expressed with their 95% confidence limits  

SEP = median nerve somatosensory evoked potentials; CPR = cardiopulmonary resuscitation 

Positive predictive value for an absent or a present SEP = the proportion of the patients who have a 

SEP result as expected based on the neurological examination (eye score 1, motor score 1-3, 

bilaterally absent pupillary light responses or corneal reflexes for an absent SEP; eye score 2-4, 

motor score 4-6, present pupillary light responses or corneal reflexes for a present SEP).  

 

 

Due to low PPVs, i.e., close to 0.50, the eye score, motor score and pupillary light 

responses failed to discriminate SEP results in patients 24 h after CPR; only corneal 



Chapter 7 

 96 

reflexes were discriminative at 24 h for SEP results. Complete neurological examination at 

48 (0.78 (0.72–0.85)) and 72 h (0.78 (0.72–0.84)) had the best diagnostic accuracy for an 

absent, as well as a present SEP, but this values are only considered as ‘‘fair’’ (Table 4).  

 

 

Table 4 Diagnostic accuracy (as AUC) of neurological examination in predicting SEP results at 24, 48 

and 72 hours after CPR 

 

 AUC p value 

Absent SEP 24 h  0.67 (0.60-0.74)  < 0.001 

Absent SEP 48 h 0.78 (0.72-0.85)
 

< 0.001 

Absent SEP 72 h           0.78 (0.72-0.84)
 

< 0.001 

Present SEP 24 h 0.67 (0.60-0.74) < 0.001 

Present SEP 48 h 0.78 (0.72-0.85) < 0.001 

Present SEP 72 h 0.78 (0.72-0.84) < 0.001 

 

All values expressed with their 95% confidence limits  

AUC = area under the curve; SEP = median nerve somatosensory evoked potentials; CPR = 

cardiopulmonary resuscitation 

The probability of an eye score of E1, a motor score of M1-3, bilaterally absent corneal reflexes and 

bilaterally absent pupillary light responses reflexes for an absent SEP; the probability of an eye score 

of E2-4, a motor score of M4-6, present corneal reflexes and pupillary light responses for a present 

SEP.  

 

 

Discussion 

 

This study has shown that in patients with postanoxic coma, absent or present cortical 

N20 responses of median nerve SEP cannot be predicted reliably by neurological 

examination. Absent pupillary light responses after 72 h were the best predictors of an 

absent SEP and a motor score of withdrawal to pain or better after 48 and 72 h was the 

best predictor of a present SEP. Complete neurological examination at 48 and 72 h 

achieved the best diagnostic accuracy for an absent, as well as a present SEP, but this 

accuracy could only be considered as ‘‘fair’’. Therefore, when the clinical examination 

leaves doubt about the prognosis, the SEP has additional value. However, we should also 

realize that about half of the patients with a present SEP will still have a poor neurological 

outcome.  
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There is only one previous study on this subject
10

. In this study, results of the neurological 

examination and the EEG in 66 patients after cardiac arrest were retrospectively analyzed 

for their power to predict an absent SEP at day 3. Univariate analysis showed that absent 

pupillary light responses, absent corneal reflexes, myoclonus, or extensor or absent motor 

response to pain at day 1 (odds ratio (OR) 5.4–22.5) and day 3 (OR 7.9–22.6); and a 

malignant EEG at day 3 (OR 6.6) were all significantly associated with an absent SEP after 

72 h. After multivariate analysis, absent corneal reflexes, extensor or absent motor 

response to pain or myoclonus at day 1 (OR 2.7–20.2) and day 3 (OR 4.1–17.3) and absent 

pupillary light responses or malignant EEG at day 3 (OR 3.1–7.8) remained predictors for 

an absent SEP. At day 1, the combination of myoclonus, extensor, or absent motor 

response to pain and absent corneal reflexes had a diagnostic accuracy of 0.89. At day 3, 

the same three predictors, together with absent pupillary light responses and a malignant 

EEG, had a diagnostic accuracy of 0.92. 

 

The presence of spontaneous eye opening, but no tracking or blinking to commands, 

might reflect only subcortical activity (arousal) and does not necessarily imply the 

impending development of awareness. Therefore, it is assumed to be an unreliable 

prognosticator
11-13

. This finding was confirmed in our study, as 37% of the patients with 

spontaneous eye opening had at least once at the same moment an absent SEP. 

 

In our study, one patient who localized painful stimuli (M5) had an absent SEP 48 h after 

CPR. This was not expected, as localizing painful stimuli implies intact motor and sensory 

pathways
13

. The cortical N20 response is considered to be an activation of the primary 

somatosensory cortex following input from the thalamus. Delay or loss of the N20 peak 

implies an interruption of the connecting pathways between the cervicomedullary 

junction and the sensory cortex. Therefore, caution in interpreting SEPs should be taken in 

patients with focal brain lesions
12

. A possible explanation of our observation might be an 

overrating of the motor score. Previous studies have shown an excellent agreement for 

the inter-observer reliability of GCS (kappa 0.82–0.85), but only a ‘‘good’’ inter-observer 

agreement (kappa 0.63–0.77) for motor score alone
14,15

. The highest degree of inter-

observer agreement (0.86) for the motor score was obtained by neurology residents
14

. In 

our study, the neurological examination was also performed by other physicians than 

neurologists, which may have had a negative influence on the reliability of the results. 

 

Other important considerations regarding interpretation of the SEP results are the 

reproducibility of SEP results in anoxic/non-traumatic coma and the reliability of SEP 

during and after hypothermia treatment. Previous studies mentioned good reproducibility 

of the SEP results, tested by repeated measurements
5,16,17

. Inter-observer disagreement 
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was related to noise level and failure to strictly adhere to the guidelines. Reduction of 

noise level below 0.25 µV during recordings improved the mean kappa from 0.34 (fair) to 

0.74 (substantial)
9,18

. SEP recorded during hypothermia seems to be a reliable predictor of 

poor outcome
19,20

. Also, after treatment with hypothermia, SEP remains a reliable 

predictor, but some discussion arose after the publication of Leithner et al., who described 

one patient with an initial absent SEP after hypothermia treatment and good neurological 

outcome
7,21-24

. 

 

Patient characteristics of the population of our study might have influenced the results. 

The PROPAC study included patients who were in coma 24 h after CPR without the 

administration of any sedative drugs. This selection explains the high mortality, and it 

might also explain the high proportion of patients with absent SEPs, which makes our 

results more confident.  

 

A limitation of this study might be that the PROPAC study was performed before 

treatment with therapeutic hypothermia was routinely used. This may limit the usefulness 

of the results found in current clinical practice, as neurological examination is hampered 

by sedative medication administered during hypothermia
7,23,25

. However, in daily clinical 

practice, neurological examination will be performed after wearing off of sedative drugs 

and before requesting a SEP. Furthermore, sedative drugs such as propofol or midazolam 

only seem to cause marginal effects on latency and amplitude of the cortical N20 

responses
26-28

. 
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Abstract 

 

Background 

Acute posthypoxic myoclonus (PHM) can occur in patients admitted after 

cardiopulmonary resuscitation (CPR) and is considered to have a poor prognosis. The 

origin can be cortical and/or subcortical and this might be an important determinant for 

treatment options and prognosis. The aim of the study was to investigate whether acute 

PHM originates from cortical or subcortical structures, using somatosensory evoked 

potential (SEP) and electroencephalogram (EEG).  

 

Methods 

Patients with acute PHM (focal myoclonus or status myoclonus) within 72 hours after CPR 

were retrospectively selected from a multicenter cohort study. All patients were treated 

with hypothermia. Criteria for cortical origin of the myoclonus were: giant SEP potentials; 

or epileptic activity, status epilepticus, or generalized periodic discharges on the EEG (no 

back-averaging was used). Good outcome was defined as good recovery or moderate 

disability after 6 months. 

 

Results 

Acute PHM was reported in 79/391 patients (20%). SEPs were available in 51/79 patients 

and in 27 of them (53%) N20 potentials were present. Giant potentials were seen in 3 

patients. EEGs were available in 36/79 patients with 23/36 (64%) patients fulfilling criteria 

for a cortical origin. Nine patients (12%) had a good outcome. A broad variety of drugs was 

used for treatment.  

 

Conclusions 

The results of this study show that acute PHM originates from subcortical, as well as 

cortical structures. Outcome of patients admitted after CPR who develop acute PHM in 

this cohort was better than previously reported in literature. The broad variety of drugs 

used for treatment shows the existing uncertainty about optimal treatment.  
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Background 

 

Many patients remain comatose after successful cardiopulmonary resuscitation (CPR) due 

to brain damage caused by hypoxemia. Acute posthypoxic myoclonus (PHM) occurs in 

about 19-37% of these patients, typically within the first 24 hours after CPR, but 

knowledge about this illness is limited
1,2

. Acute PHM can be divided into status myoclonus 

and (multi)focal myoclonus. In daily practice different terms are used for status myoclonus, 

e.g. generalized myoclonus, myoclonus status, or myoclonic status epilepticus
1,3,4

. Wijdicks 

et al. defined status myoclonus as spontaneous or sound-sensitive, repetitive, irregular 

brief jerks in both face and limb present during most of the first day after CPR
1
. Specific 

EEG criteria were not mentioned. Focal myoclonus, such as platysmal myoclonus has also 

been reported in patients after CPR
4
. Most studies concerning acute PHM were performed 

before treatment with hypothermia after CPR was implemented. Nowadays, acute PHM is 

often suppressed during the first day after admission by the administration of sedative 

drugs or neuromuscular blocking agents during hypothermia treatment. Stimulus sensitive 

myoclonus often interferes with nursing of these patients, is deterrent to relatives, and is 

difficult to treat. No evidence based guidelines for treatment exist
5-7

. Lance-Adams 

syndrome, chronic PHM, also occurs in patients after CPR, but usually arises in the post-

intensive care unit period and it is mainly seen after hypoxia as primary cause of CPR
5,8

.  

 

Based on clinical and electrophysiological features, one can discriminate between a 

cortical and subcortical origin of myoclonus. Clinically, cortically generated myoclonus is 

mostly focal or multifocal and mainly affects parts of the body with a large cortical 

representation, such as hand and face. Subcortical myoclonus, especially reticular 

myoclonus, is generalized, predominantly affecting axial and proximal limbs. Both types of 

myoclonus can be stimulus sensitive
6,9-11

. Neurophysiologic investigations such as 

somatosensory evoked potential (SEP), electroencephalogram (EEG), electromyography 

(EMG), and EEG-EMG with back-averaging enable localization of the origin of myoclonus. 

Giant potentials on SEP recordings and epileptiform discharges or sharp/slow waves on 

the EEG suggest a cortical origin of the myoclonus
9,12,13

. In case of a subcortical origin of 

myoclonus, SEP is normal and there are no consistent abnormalities seen on the EEG
9,13

. 
 

 

The pathophysiology of acute PHM is poorly understood
4,5,11

. Literature suggests that 

acute PHM originates from subcortical and/or cortical structures
5,11

. A histological study in 

15 patients with status myoclonus after CPR and 11 patients without myoclonus showed 

significantly more neuronal loss in all cortical laminae in patients with myoclonus, the 

extent of anoxic-ischemic damage in the hippocampus and cerebellum was similar in both 

patient groups
1
.  
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For optimal treatment in patients with acute PHM, discrimination between cortical and 

subcortical origin of myoclonus would be helpful. Cortical myoclonus is primarily treated 

with levetiracetam or piracetam; subcortical myoclonus is usually treated with 

clonazepam
5-7,14

.  

 

The aim of this study was to investigate the origin of acute PHM in patients after CPR by 

retrospectively analyzing SEP and EEG recordings.  

 

Methods 

 

Data were collected from the database of the prospective multicenter cohort study 

PROgnosis after PostAnoxic Coma II (PROPACII study)
15

. In the PROPACII study 391 adult 

patients admitted after CPR were included between December 2007 and August 2009. All 

patients were treated with hypothermia. The research protocol and consent procedures of 

the PROPACII study were approved by the medical ethics committees of the Academic 

Medical Center (NL19644.018.07) and all collaborating hospitals: Medical Center 

Leeuwarden, Onze Lieve Vrouwe Gasthuis, St. Antonius Hospital, Rijnstate Hospital, 

Medical Center Alkmaar (METC Noord-Holland), Kennemer Gasthuis (METC Noord-

Holland), Spaarne Hospital (METC Noord-Holland), Reinier de Graaf Groep (METC 

Zuidwest Holland), and Sint Lucas Andreas Hospital. Informed consent was obtained from 

a legal representative shortly after the patient’s hospital admission. When the patient 

regained consciousness and was able to judge the situation properly, informed consent 

was also obtained from the patient. 

 

For the present study, patients reported to have focal myoclonus or status myoclonus at 

24-48 and/or 48-72 hours after CPR were considered to have acute PHM. Data from those 

patients were retrieved from the database. Myoclonus was scored on the case record 

form with no further differentiation of the severity and clinical characteristics; there was 

no score option for multifocal myoclonus. Patients who were scored to have both focal 

myoclonus and status myoclonus were considered to have status myoclonus. The 

following variables were used: gender, age, presenting cardiac rhythm, time to return of 

spontaneous circulation, medical history of epilepsy, use of sedative drugs or 

neuromuscular blocking agents during SEP.  

 

Neurologic outcome was assessed with the Glasgow Outcome Scale (GOS) after six 

month
16

. Good outcome was defined as GOS 4-5 (good recovery or moderate disability). 

At the time of data collection for this study, survivors were contacted by phone and asked 

if any form of myoclonus persisted.  
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Neurologic examination, including the motor score was performed 48 and 72 hours after 

CPR. In the PROPACII study, cortical N20 responses of median nerve SEP were recorded 

with standard procedures during office hours in patients who remained comatose after 

regaining normal body temperature
17

. For this study, SEP recordings were retrieved and 

assessed by JK. The SEP was documented as absent (bilaterally absent cortical N20 

responses after left and right median nerve stimulation, with present cervical potential), 

present (cortical N20 response present on at least one side) or undeterminable (technically 

insufficient recording). If the N20 was present, the amplitudes of the P27/N35 potentials 

(after right sided stimulation) were scored as < 2μV, 2-5 µV or > 5 µV. Left-right 

differences were scored. Giant potentials were defined as a P27/N35 potential > 5 µV. 

Absent SEPs were not further analyzed.  

 

An EEG was not a standard examination for the PROPACII study and therefore subject to 

physicians’ decision. Available EEG recordings were retrieved and evaluated by JH, all EEGs 

were recorded during normothermia. Presence of epileptic activity, status epilepticus, 

generalized periodic discharges, burst suppression, isoelectric/low voltage activity (< 

20μV), and background reactivity were scored. 

 

Neurophysiologic criteria for cortical origin of the myoclonus were giant SEP potentials or 

epileptic activity, status epilepticus, or generalized periodic discharges on the EEG. 

 

Medication administered for myoclonus or epileptic seizures was reported 48 and 72 

hours after CPR and categorized as: sodium valproate, clonazepam, other benzodiazepines, 

phenytoin, levetiracetam, and propofol. The clinical effect of the administered drugs was 

not evaluated.  

 

Statistical analysis  

Patient characteristics were summarized using descriptive statistics. Variables were 

expressed as mean and standard deviation, or when not normally distributed, as medians 

and inter-quartile ranges.  

 

Results 

 

In 79 of 391 (20%) patients, acute PHM (focal or status myoclonus) was reported by the 

physicians in the first 72 hours after CPR. The baseline characteristics and neurologic 

outcome are shown in Table 1. A good neurologic outcome was found in 9/77 (12%) 

patients after 6 months. Two patients were lost to follow-up. In these two patients, 1 

month follow-up showed a good recovery in one and moderate disability in the other. 
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There was a primary cardiac cause of CPR in 8/9 patients with a good outcome, from one 

patient the cause of CPR was missing. Almost all patients with a poor outcome died, one 

patient remained severely disabled. 

 

  

Table 1 Baseline characteristics  

 

Total number of patients, n 

 

79 

 

 

Age, y,  mean (SD) 67 (13) 

Male, n (%) 58 (73) 

Initial rhythm, n (%)   

   VF/VT 52 (66) 

   Other 26 (33) 

   Unknown 1 (1) 

Primary cause of CPR, n (%)   

   Cardiac  55 (70) 

   Hypoxic 8 (10) 

   Unknown 10 (13) 

   Missing 6 (8) 

Time from collapse to BLS, min, median, (IQR) 5 (1-10) 

Time to ROSC, min, median (IQR) 15 (10-25) 

Medical history of epilepsy, n (%)   

   Yes 2 (3) 

   No 77 (97) 

GOS after 6 months, n (%)   

   1 Death 67 (85) 

   2 Vegetative state 0 (0) 

   3 Severe disability 1 (1) 

   4 Moderate disability 2 (3) 

   5 Good recovery 7 (9) 

   Unknown 2 (3) 

 

SD = standard deviation; CPR = cardiopulmonary resuscitation; VF = ventricular fibrillation; VT = 

ventricular tachycardia; BLS = Basic Life Support; ROSC = return of spontaneous circulation; IQR = 

interquartile range; GOS = Glasgow Outcome Scale 
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In the first 24-48 hours acute PHM was found in 67 patients. In 30/67 (45%) patients, 

acute PHM persisted at 72 hours after CPR (Table 2). Twelve additional patients developed 

acute PHM between 48 and 72 hours. In the majority of the patients, acute PHM was 

reported as focal myoclonus (47/79 patients (59%)), of whom 8 patients (17%) had a good 

outcome. Status myoclonus was reported in 32/79 patients (41%), 1 patient survived and 

made a good recovery. We were able to contact 5 of all 10 survivors by phone, one patient 

reported that focal myoclonus in the oral and orbital region persisted, even at 21 months 

after CPR. The remaining four patients had no persistent myoclonus.   

 

 

Table 2 Acute posthypoxic myoclonus 

 

 Focal myoclonus Status myoclonus Total 

 n  (%)  n (%) n 

Present 24-48 h 44 (66) 23 (34) 67 

Present 48-72 h 23 (55) 19 (45) 42 

Present 24-48 h 

and 48-72 h 

20 (67) 10 (33) 30 

 

 

Table 3 Characteristics of the performed somatosensory evoked potentials 

 

Total number of performed  SEPs 51  

SEP result  n (%) 

    Present 27 (53) 

    Absent 19 (37) 

    Technically undeterminable 5 (10) 

Left-right difference   

   Yes 3 (11) 

   No 24 (89) 

Amplitude P27/N35   

    < 2 µV 21 (78) 

    2-5 µV 3 (11) 

    > 5 µV (giant potential) 3 (11) 

 

SEP = median nerve somatosensory evoked potentials 
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In 64/79 (81%) acute PHM patients, electrophysiological studies were performed. SEP was 

recorded after rewarming in 51 (65%) patients. The results are shown in Table 3. The 

majority of the patients had present SEPs, only 3 patients had a giant potential on the 

recordings. Sixty-three percent of the patients received medication during SEP recordings. 

The three patients with a giant SEP potential received phenytoin, or levetiracetam in 

combination with sodium valproate or phenytoin.  

 

 

Table 4 Characteristics of the performed electroencephalograms 

 

Total number of performed EEGs  36  

Epileptiform activity n (%) 

    Yes 12 (33) 

    No 24 (67) 

Status epilepticus   

    Yes 8 (22) 

    No 28 (78) 

Generalized periodic discharges   

    Yes 9 (25) 

    No 27 (75) 

Burst suppression   

    Yes 2 (6) 

    No 34 (94) 

Low voltage activity / isoelectric   

    Yes 2 (6) 

    No 34 (94) 

Background reactivity   

    Yes 3 (8) 

    No 30 (83) 

    Unable to assess  2 (6) 

    Missing 1 (3) 

 

EEG = electroencephalogram 

 

 

A total of 36 EEGs were made, results are shown in Table 4. In 23 patients (64%) EEG 

criteria for a cortical origin were fulfilled. Epileptiform activity and/or status epilepticus 

were seen in 18/36 patients (50%). Nine EEGs showed generalized periodic discharges; in 

4 also epileptiform activity was seen. Only 2 patients had a burst-suppression pattern on 

the EEG, both patients had a reported status myoclonus. No EEGs were performed in the 

two patients with known medical history of epilepsy. In two of the three patients with a 



Myoclonus after CPR 

111 

giant SEP potential, an EEG was performed. One EEG showed epileptic activity, the other a 

status epilepticus. Of the patients who underwent EEG recordings, three patients made a 

good recovery; none of the EEGs in these patients showed reactivity of the background, 

neither any of the scored EEG characteristics. The criteria for a cortical origin of the 

myoclonus were fulfilled in 24/64 (38%) patients in whom SEP and/or EEG was performed.    

 

A broad variety of medication was administered (Table 5). At 48 and 72 hours, 78% (52/67) 

and 71% (30/42) respectively of the acute PHM patients were treated with any drug. 

Phenytoin, clonazepam, and propofol were used most frequently. Less than half of the 

patients were treated with a combination of drugs.  

 

 

Table 5 Treatment of myoclonus 

 

Treatment 48 hours after CPR 

n = 52        (%) 

72 hours after CPR  

n = 30 (%) 

   Sodium valproate 14 (27)   5  (17) 

   Clonazepam 15 (29)   9  (30) 

   Other benzodiazepines 11 (21)   6 (20) 

   Phenytoin 15 (29) 11 (37) 

   Levetiracetam 10 (19)   8  (27) 

   Propofol 12 (23) 12 (40) 

   Combination 20 (38) 14  (47) 

   Unknown   1 (2)   0   (0) 

 

 

Discussion 

 

The results of this study show that acute PHM originates from subcortical, as well as 

cortical structures; in 38% of the patients, in whom neurophysiologic investigations were 

performed, strong evidence towards a cortical origin of the myoclonus was found. The 

limited clinical information on the signs of myoclonus due to the retrospective character 

of the study limits further conclusions. Our data also suggest that the outcome in patients 

with myoclonus after CPR, irrespective of their origin, is not invariably correlated with 

poor outcome as previously described in literature.  

 

To determine the origin of myoclonus, EEG and SEP recordings were used in this study. 

Only a very small number of patients had a giant SEP potential. A giant SEP potential is 

compatible with hyperexcitability of the sensorimotor cortex and proves the cortical origin 
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of myoclonus. These giant SEPs are especially found in patients with progressive 

myoclonic epilepsy. However, absence of a giant SEP potential does not rule out a cortical 

origin of the myoclonus
13

. A reason for the low number of giant potentials of SEPs could 

be the flattening effect of different antiepileptic drugs, such as clonazepam, levetiracetam 

and sodium valproate on the amplitude of the giant SEP response
18-20

. Many patients in 

our study were treated with these types of drugs during SEP registration, which probably 

has led to an underestimation of a cortical origin.  

 

Various EEG patterns in acute PHM patients are described in the literature; epileptic 

activity or sharp/slow waves on the EEG may suggest cortical origin, but does not proof 

it
9,12,13

. In 64% of the EEGs in our study, a cortical origin was suggested, as epileptic activity, 

status epilepticus, or generalized periodic discharges were seen
9
. Furthermore, bursts of 

generalized spikes and polyspikes or a burst suppression pattern are often found on EEG, 

which is thought to be consistent with severe neuronal injury
5
. Previous studies described 

a burst suppression pattern in 50-84% of patients with status myoclonus
1,3,4

. In our study, 

only 2/32 patients with status myoclonus had a burst suppression pattern. A possible 

explanation might be that the EEGs in our study were performed at different intervals 

after admission, which was previously studied by Thömke et al.. He showed that specific 

EEG-patterns in comatose patients with generalized myoclonus after CPR are often 

transient and change over time
3
.  

 

Rossetti et al. showed in a prospective cohort study of patients admitted after cardiac 

arrest and treated with hypothermia that 3/56 patients without EEG background reactivity 

survived until hospital discharge. None of these patients had a good outcome after 3-6 

months
21

. On the contrary with these findings, none of the 3 patients with EEG recordings 

and good outcome in our study showed background reactivity.  

 

A study limitation was that the performance of an EEG was subject to physicians’ decision. 

In The Netherlands, SEPs are usually performed before EEGs are requested and in case of 

bilaterally absent cortical N20 responses, the majority of the physicians will withdraw 

supportive ICU treatment, so no further investigations are performed
22

. This could have 

led to selection bias of patients in whom EEG was performed and it is possible that our 

results underestimate some of the EEG patterns in this type of patients.  

 

In general, the outcome in our acute PHM population was better than expected based on 

previous publications. Several cohort studies before and after the introduction of 

therapeutic hypothermia after CPR reported survival rates of 0-11% for patients with 

acute posthypoxic myoclonus or myoclonic status epilepticus, with poor outcome for all 



Myoclonus after CPR 

113 

survivors
1,3,4,23-27

. Two studies from the 1980s of Celesia et al. and Levy et al. have 

reported independent functioning rates similar to our study, in 1/13 (8%) and 2/21 (10%) 

patients respectively
28,29

. Recently, two studies in patients with myoclonus after cardiac 

arrest and treatment with hypothermia showed a good outcome in 3-10%
21,30

. A likely 

explanation for the difference in mortality between the studies is the definition used for 

acute PHM and status myoclonus. The original definition of status myoclonus by Wijdicks 

et al. included revelation within 24 hours. Nowadays, acute PHM might be suppressed 

during hypothermia treatment due to administration of sedative drugs. Another possible 

explanation might be the limited number of patients with myoclonus in the studies.  

 

Acute PHM is difficult to treat and knowledge about the origin in the brain could probably 

lead to better treatment and identification of patients with a more favorable outcome. In 

our study, various drugs were used for the treatment of acute PHM. This reflects the 

uncertainty about the best treatment for this syndrome
5,14

. In general, cortical myoclonus 

is primarily treated with levetiracetam or piracetam; subcortical myoclonus is usually 

treated with clonazepam
5-7,14

. Treatment with phenytoin, sodium valproate, phenobarbital 

or various benzodiazepines is often ineffective
1,3,25

. Propofol causes enhancement of 

gamma-amino butyric acid and has been successfully used as treatment of acute PHM
25,31

.  

 

A study limitation is the retrospective method used to select patients from the PROPACII 

study, which was designed to establish the validity of diagnostic methods to predict poor 

outcome in patients treated with mild hypothermia after CPR. The fact that not in all 

patients neurophysiologic tests were performed is also a limitation and might limit robust 

conclusions from this study. A study primarily investigating acute PHM should ideally 

contain video recording of the myoclonus in each patient, evaluation by blinded assessors 

and strict evaluation of the effect of standardized medication used. Furthermore, it should 

combine EEG and SEP recordings with EEG-EMG with back-averaging, as this last method 

can prove a cortical origin
13

. Future research with the above mentioned standardized 

observation techniques, more neurophysiologic tests, and randomized treatment groups 

are necessary to evaluate the effect of different treatment strategies. 

 

 

Conclusions 

 

Despite the limitations mentioned above we think that acute PHM originates from 

subcortical, as well as cortical structures and that the outcome of patients admitted after 

CPR who develop acute PHM might be better than previously reported. The broad variety 

of drugs used for treatment shows the existing uncertainty about optimal treatment.  
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Abstract 

 

Introduction 

Postanoxic status epilepticus (PSE) occurs in 9-35% of comatose patients after 

cardiopulmonary resuscitation (CPR). About 90-100% of these patients have a poor 

neurologic outcome. However, some patients recover, often after prolonged intensive 

treatment. The aim of this study was to investigate the clinical features and outcome of 

patients with a PSE, treated according to a prolonged intensive protocol.   

 

Methods 

This two-center study included adult patients after CPR with an electroencephalographic 

or a clinical PSE. Treatment consisted of the stepwise administration of benzodiazepines 

and anti-epileptic drugs (AEDs), and the induction of burst-suppression 

electroencephalogram (BS-EEG) with propofol (and midazolam) and barbiturates. Primary 

outcome measure was poor neurologic outcome, defined as death or vegetative state 

after 6 months.  

 

Results 

Between May 2007 and January 2012, 36 patients were treated according to the protocol. 

In 89% (32/36) PSE was diagnosed or confirmed on the EEG. The majority (25/36, 69%) 

received more than 1 AED. In 16/36 patients (44%) a BS-EEG was induced. After six 

months, two patients (6%) had a good neurologic outcome. 

 

Conclusions 

Good neurologic outcome in patients with PSE is possible, but extensive treatment might 

be needed to be successful. Until today only about 6% of patients recover. No specific 

clinical characteristics which predict a good outcome were found. Future studies should 

investigate which patient characteristics and additional diagnostics can help to identify the 

patients which will benefit most from such an extensive therapy.   
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Introduction 

 

Many patients remain unconscious after successful cardiopulmonary resuscitation (CPR) 

due to brain damage caused by hypoxemia. Postanoxic status epilepticus (PSE) occurs in 9-

35% of these patients and may contribute to the comatose state
1-3

. This condition is often 

a sign of extensive brain damage and 90-100% of the patients with a PSE have a poor 

neurologic outcome. However, some patients show a good recovery, often after 

prolonged intensive treatment
2,4,5

. In the Netherlands, a recent survey showed that almost 

all (95%) physicians at the intensive care unit (ICU) would start anti-epileptic drugs (AEDs) 

when PSE was diagnosed on either clinical grounds or on the electroencephalogram 

(EEG)
6
. About one third of the respondents would also treat more aggressively and induce 

a pattern of burst-suppression on the EEG if needed. Some respondents mentioned they 

would withdraw supportive treatment if PSE was diagnosed.  

 

Evidence based guidelines for treatment of PSE are lacking and uncertainty exists among 

clinicians on what to do with this condition
7
. We developed a local protocol with an 

intensive treatment regimen. The aim of this study was to investigate the clinical features 

and outcome of patients with a PSE, treated according to this prolonged intensive 

protocol.   

 

Methods 

 

This study was performed in two Dutch mixed medical-surgical ICUs of one university-

affiliated and one large teaching hospital. The cohort included adult patients, admitted to 

the ICU after CPR, who had a clinically and/or electroencephalographically diagnosed 

status epilepticus and no exclusion criteria. Indication for performance of an EEG and 

diagnosis of clinically PSE was on discretion of the treating physicians. Exclusion criteria 

were status myoclonus (defined as extensive myoclonus in the face and limbs), presence 

of a non-neurologic reason to withdraw treatment, known allergy for one of the AEDs in 

the protocol, pre-existing diseases with a life expectancy of less than 6 months or severe 

disability before CPR. The research protocol was approved by the ethics committee of the 

Academic Medical Center. No informed consent from the patient or legal representatives 

was needed to participate in this study, as a standard treatment protocol for status 

epilepticus was used.  

  

Neurologic examination around the time of diagnosed PSE consisted of the Glasgow Coma 

Scale and brainstem reflexes. Determination of a status epilepticus could be either clinical 
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and/or on EEG. Time of diagnosis was defined as time of administration of the first dose of 

AEDs. 

 

A flow chart of the treatment protocol is shown in Figure 1. First, patients identified to 

have PSE were treated with phenytoin and a benzodiazepine. If this treatment was 

unsuccessful, a second AED (valproic acid or levetiracetam) was added and a burst-

suppression EEG (BS-EEG) was induced for 24 hours with intravenous administration of 

propofol. The maximum dose of propofol was 8 mg/kg/hour, as higher doses increase the 

risk of propofol infusion syndrome
8
. If necessary, intravenous midazolam was added to 

reach the BS-EEG. When the PSE returned after 24 hours of burst-suppression and 

subsequent discontinuation of propofol (and midazolam), BS-EEG was induced for 72 

hours with a barbiturate (pentobarbital or thiopental). EEGs were performed at different 

time points during the entire treatment protocol. Often, continuous EEG monitoring was 

applied during induction of BS-EEG. Serum levels of AEDs and barbiturates were 

monitored. The study protocol contained no guidelines for limitations or withdrawing of 

treatment. These decisions were at the discretion of the treating physician and data on 

these decisions were collected. Reasons for treatment restrictions were divided into 

neurologic and non-neurologic. 

 

EEG results were collected from the description and conclusion as described by the local 

neurophysiologist. EEGs were not reassessed for this study. EEG-data documented were: 

presence/absence of status epilepticus on the initial and last performed EEG; 

disappearance of status epilepticus on at least one follow-up EEG; presence/absence of 

background reactivity on the initial EEG and presence of background reactivity on any 

follow-up EEG. Stimulus induced rhythmic periodic or ictal discharges (SIRPIDs) were not 

considered as background reactivity.  

 

Additional data collected were gender, age, in- or out-of-hospital cardiac arrest, 

presenting rhythm (ventricular fibrillation or ventricular tachycardia versus asystole or 

pulseless electrical activity), performed basic life support, time from collapse to return of 

spontaneous circulation, previous medical history as described in the patient’s chart, 

duration of hypothermia, neurologic examination, and results of median nerve 

somatosensory evoked potentials (SEP).  

 

Neurologic outcome was assessed with the Glasgow Outcome Scale (GOS) 1 month and 6 

months after admission
9
. The primary outcome of the study was poor outcome, defined as 

death or vegetative state (GOS 1–2) after 6 months.  
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Statistical analysis 

Patient characteristics were described according to their distribution. Variables were 

expressed as mean and standard deviation (normally distributed) or as medians and 

interquartile ranges (IQR, not normally distributed). Categorical variables were expressed 

as percentages (n). Statistical significance was considered to be at p < 0.05.  

 

Figure 1 Treatment protocol of postanoxic status epilepticus 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PSE = postanoxic status epilepticus; CPR = cardiopulmonary resuscitation; EEG = 

electroencephalogram; BS-EEG = burst-suppression electroencephalogram; AED = anti-epileptic drug  

STEP 1 

Benzodiazepine AND phenytoin 

 

Benzodiazepine 

- Lorazepam 4 mg IV, up to 12 mg/24 h 

- Midazolam 10 mg IV, repeated doses or continuous administration up to maximum 60 mg/24 h 

Phenytoin, loading dose 10-15 mg/kg IV, further administration based on serum levels (including free 

fraction level) 

STEP 2 

Induction of 24 h BS-EEG with propofol (add midazolam if necessary) AND second AED 

 

Propofol, maximum 8 mg/kg/h 

Midazolam, 0.3-0.5 mg/kg/h  

Second AED 

- Levetiracetam, maintenance dose 500 mg IV 2dd, increase if necessary 

- Valproic acid, loading dose 10-20 mg/kg, total maintenance dose 15 mg/kg/24h IV/oral (and 

check serum levels of phenytoin, including free fraction level) 

Persistent PSE, clinically or on repeated EEG (after a maximum of 24 h) 

Persistent PSE, clinically or on repeated EEG after discontinuation of propofol (and midazolam) 

PSE after non-traumatic CPR 

STEP 3 

Induction of 72 h BS-EEG with barbiturates with continuation of AEDs 

STEP 2 

Induction of 24 h BS-EEG with propofol (add midazolam if necessary) AND second AED 

 

Propofol, maximum 8 mg/kg/h 

Midazolam, 0.3-0.5 mg/kg/h  

Second AED 

- Levetiracetam, maintenance dose 500 mg IV 2dd, increase if necessary 

- Valproic acid, loading dose 10-20 mg/kg, total maintenance dose 15 mg/kg/24h IV/oral (and 

check serum levels of phenytoin, including free fraction level) 

Persistent PSE, clinically or on repeated EEG after discontinuation of propofol (and midazolam) 
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Results  

 

Between May 2007 and January 2012, 39 patients with PSE were included. In three 

patients, the physicians decided not to treat the status epilepticus, due to concomitant 

comorbidity and/or advanced age. These patients were excluded from further analyses. 

Baseline characteristics of included patients are presented in Table 1. In 89% (32/36) 

patients, treatment with hypothermia (32°C–34°C) during 24 hours was induced according 

to the local hospital’s protocol. One patient had a previous medical history of epilepsy 

with a tonic-clonic seizure, seven years prior to admission. In 32 patients (89%), SEP was 

performed at a median duration of 3.0 days after CPR (IQR 2.0-3.8). N20 responses were 

bilaterally absent in 2 patients after which treatment was withdrawn. After six months, 

only three patients were alive, two patients (6%) with a good outcome and one patient in 

a vegetative state.  

 

PSE was diagnosed after a median duration of 2 days (range 0-5 days) after CPR. Clinical 

signs of PSE were present in 89% (32/36) and are summarized in Table 2. Rhythmic jerks or 

myoclonus were present in 78%. In 89% (32/36) PSE was diagnosed or confirmed on the 

EEG. One patient underwent EEG recording after start of treatment for clinically suspected 

PSE. In one patient the EEG showed a generalized epileptic seizure during an episode of 

chewing, but not a status epilepticus. In two patients, clinically PSE was suspected, but no 

EEG was performed, both patients died.   

 

Figure 2 summarizes the treatment regimens in all patients. All but one patient received 

benzodiazepines at least once, with a maintenance dose of benzodiazepines in 66% 

(23/35). All patients received at least one AED. A combination of two or three AEDs was 

administered in 69% (25/36), most commonly phenytoin with levetiracetam (Table 3). No 

patient received more than three different AEDs. At least one serum level of phenytoin 

was determined in 61% (20/33). In a minority of the patients serum levels of valproic acid 

(1 of 7) or levetiracetam (6 of 24) were measured.  

 

In 16/36 patients (44%) a BS-EEG was induced. Fifteen patients received propofol (if 

needed in combination with midazolam). In six patients subsequently a BS-EEG was 

induced with barbiturates. One patient did not receive propofol for induction of a BS-EEG, 

but was immediately treated with barbiturate for induction of a BS-EEG. An additional 

patient, in whom the treating physicians considered induction of a BS-EEG, propofol was 

contraindicated because of hemodynamic instability.    
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A follow-up EEG was performed in 31 of the 32 patients with a PSE on the initial EEG. In 

20/31 patients (65%) resolution of the PSE on EEG was achieved at least once during 

follow-up EEG recordings and in 13/31 patients (42%) on the last performed EEG during 

admission. Background reactivity in the initial EEG was evaluated in 26/36 patients. In 20 

patients background reactivity was absent. Six patients (25%) had background reactivity 

on the initial EEG, all died. In another 6 patients, background reactivity was initially 

absent, but recurred on at least one follow-up EEG. Two of these patients had a good 

outcome after 6 months.   

 

 

Table 1 Baseline characteristics 

 

n = 36   

Age, y, mean (SD)  64  (14) 

Male, % (n) 78 (28) 

OHCA, % (n) 94 (34) 

Initial rhythm, % (n)    

- VF/VT 69 (25) 

- Asystole/PEA 31 (11) 

Time from collapse to ROSC, median (IQR) 20 min (15-24) 

Treatment with hypothermia, % (n) 89 (32) 

Duration of hypothermia, median (IQR) 24 hrs (24-25) 

Median nerve SEP, % (n)   

- N20 present  81 (29) 

- Bilaterally absent N20s 6 (2) 

- Undeterminable 3 (1) 

- Not performed 11 (4) 

Glasgow Outcome Scale after 6 months, % (n)   

- Death 92 (33) 

- Vegetative state 3 (1) 

- Severe disability 0 (0) 

- Moderate disability 6 (2) 

- Good recovery 0 (0) 

- Missing values 0 (0) 

 

SD = standard deviation; OHCA = out-of-hospital cardiac arrest; VF = ventricular fibrillation; VT = 

ventricular tachycardia; PEA = pulseless electrical activity; ROSC = return of spontaneous circulation; 

IQR = interquartile range; SEP = somatosensory evoked potentials 
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Table 2 Clinical signs of postanoxic status epilepticus 

 

Clinical signs, n = 36    

   Yes, % (n) 89 (32) 

- forced eye deviation 19 (7) 

- nystagmoid eye movements/ 

         opsoclonus/ocular bobbing 

19 (7) 

- rhythmic jerks/myoclonus 78 (28) 

   face 58 (21) 

   eyelids 28 (10) 

   trunk 14 (5) 

   upper limb(s) 47 (17) 

   lower limb(s) 42 (15) 

   chewing/yawning 6 (2) 

   No, % (n) 11 (4) 

 

 

Table 3 Treatment with anti-epileptic drugs 

  

First anti-epileptic drug, % (n) 100 (36) 

- Phenytoin, % (n) 86 (31) 

- Valproic acid, % (n) 11 (4) 

- Levetiracetam, % (n) 3 (1) 

Second anti-epileptic drug, % (n) 69 (25) 

- Phenytoin, % (n) 6 (2) 

- Valproic acid, % (n) 8 (3) 

- Levetiracetam, % (n) 56 (20) 

Third anti-epileptic drug, % (n) 17 (6) 

- Levetiracetam, % (n) 8 (3) 

- Propofol, % (n) 8 (3) 

 

 

Any treatment limitation was agreed upon in 92% (34/36) of the patients at a median 

duration of 4 days (IQR 2-6) after CPR. Eventually, treatment was withdrawn in 28 patients 

at a median of 6 days (IQR 4-8) after CPR. The main reason for treatment limitation or 

withdrawal was the poor neurologic prognosis. 
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Figure 2 Outcome at 6 months after CPR for patients with postanoxic status epilepticus at different 

treatment stages 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

CPR = cardiopulmonary resuscitation; AED = anti-epileptic drug; BS-EEG = burst-suppression 

electroencephalogram 

 

 

 

 

3 patients received no treatment and were excluded from further analysis 

11 patients received no further treatment steps� all died 

25 patients received further treatment 

 

25 patients were treated with at least a second AED  

36 patients were treated 

 

35 patients received at least once a benzodiazepine and at least one AED  

- of whom 23 patients received a maintenance dose of benzodiazepine 

1 patient received at least one AED, but no benzodiazepine 

9 patients received no further treatment steps � 8 died, 1 patient had a good outcome  

16 patients received further treatment 

 

16 patients received at least a second AED and induction of BS-EEG 

- 5 propofol  

- 4 propofol and midazolam 

- 1 barbiturates 

- 6 propofol (and midazolam) followed by barbiturates  

39 postanoxic status epilepticus after non-traumatic CPR 

15 patients died, 1 patient was in a vegetative state, and 1 patient had a good outcome 
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Table 4 Characteristics of the two patients with postanoxic status epilepticus and good outcome 

after 6 months 

 Patient 1 Patient 2 

Age, y 31 38 

Gender Male Male 

Rhythm VF Asystole 

Previous medical history of epilepsy No No 

Time from collapse to ROSC, min. 20 40  

Hypothermia treatment Yes Yes 

Pupillary light responses Unknown  Present 

Corneal reflexes Present Present 

Motor response at PSE None (sedative drugs) None 

SEP Present Present 

Days from CPR to PSE 2 2 

Clinical signs Forced eye deviation, rhythmic 

jerks face, upper/lower limbs 

Chewing on tube 

SE on EEG Yes No 

Background reactivity on first EEG No No 

AED clonazepam, phenytoin, LEV, 

propofol, propofol BS-EEG  

(≥1 day), thiopental BS-EEG 

VPA, phenytoin, LEV; 

Recurrent PSE at day 

8: FEN, LEV, 

continuous  

clonazepam IV  

Awake, days after CPR 23  13 

GOS after 6 months Moderate disability Moderate disability 

 

VF = ventricular fibrillation; ROSC = return of spontaneous circulation; PSE = postanoxic status 

epilepticus; SEP = somatosensory evoked potentials; CPR = cardiopulmonary resuscitation; EEG = 

electroencephalogram; AED = anti-epileptic drugs; LEV = levetiracetam; VPA = valproic acid; BS-EEG 

= burst-suppression electroencephalogram; GOS = Glasgow Outcome Scale 

 

 

Discussion 

 

The results of this study show that a good outcome after PSE is possible in a small 

percentage (6%) of the patients. Extensive treatment with multiple AEDs and induction of 

BS-EEG might be needed to be successful. The success rate of 6% is low. Patient 

characteristics which implicate a higher chance for good outcome could not be identified. 

No increase of severely disabled patients or patients within a permanent vegetative state 

was found.   
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The baseline characteristics of the patients with PSE in this study are comparable with the 

general patient population after CPR
10,11

. Rossetti et al. described a post-CPR patient 

cohort from the period 1999-2008
2
. PSE was diagnosed in 35% (63/181) of the patients 

who underwent neurologic evaluation including EEG. Six patients survived beyond 

vegetative state, one of them died 18 days after CPR due to sepsis. Four patients (6%) 

were moderately disabled or made a full recovery after 6 months, which is a percentage of 

good recovery similar to the results of our study. The two patients with a good outcome 

after 6 months were relatively young compared to the average age of the population.  

 

Our treatment protocol is consistent with recently published guidelines for the treatment 

of SE
12,13

. The maximal dose of propofol in our study protocol was 8 mg/kg/h. This is 

higher than the recommended maximum of 5 mg/kg/h, but we considered this safe as the 

period of administration was shorter than 48 hours
8,14

. Our protocol recommended to stay 

alert on development of metabolic acidosis and check serum levels of creatinine 

phosphate kinase. Well-designed clinical trials investigating effectiveness of treatment in 

patients with PSE are lacking. This study reflects the need for extensive treatment of 

patients with PSE to obtain neurologic recovery. Administration of only one AED will not 

be sufficient. However, the full clinical condition of the patient (e.g. age, comorbidity, 

functional status before cardiac arrest) should be reviewed before considering such an 

intensive treatment with possible side effects, a prolonged ICU stay, and a small chance of 

recovery.  

 

A well-known problem in diagnosing PSE is the interpretation of the EEG on the ICU. There 

is an ongoing discussion about which EEG patterns correspond to an 

electroencephalographically status epilepticus
15-17

. In addition, a substantial interobserver 

variability exists in determining EEG patterns in intensive care patients
18

. A recent study 

showed only a moderate agreement for the presence of rhythmic or periodic patterns and 

a slight to fair agreement for other patterns
19

. When a clinical correlation with EEG 

abnormalities is lacking, the EEG criteria (ACNS) for a non-convulsive status epilepticus can 

be helpful. However, these criteria are specific, but not sensitive possibly leading to an 

under diagnosis of PSE in these complex patients
15

. Uncertainty remains about which EEG 

patterns warrant treatment
16

. There are insufficient data of EEG characteristics implicating 

a high chance of recovery of consciousness and survival with moderate or no disabilities. 

Rossetti et al. showed that all patients with a good outcome after PSE had background 

reactivity on the EEG
2
. In contrast with these findings, in our study no background 

reactivity was found on the initial EEG of both patients with a good outcome. 
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Studies evaluating continuous EEG monitoring showed that electrographic seizures or 

epileptiform activity are common during hypothermia and/or rewarming after CPR
20,21

. 

Early intervention for treatment of seizures increases successful control rate
22

. In addition, 

increased seizure duration of status epilepticus, with other etiologies, is associated with 

higher mortality
23

. There are currently no studies available comparing results of routine 

EEG (at specific times) with continuous EEG and subsequently, the influence on outcome 

in patients with PSE. Future research should focus on which EEG patterns during 

hypothermia and rewarming warrant treatment and investigate its effectiveness.    

 

An important limitation of this study is the small number of patients who received 

prolonged intensive treatment, including induction of a burst-suppression EEG. The 

presumed poor outcome of the severe postanoxic encephalopathy and presence of 

comorbidity led to treatment limitations in many of the patients. Patients were diagnosed 

with PSE at a median duration of 2 days after CPR and withdrawal of further treatment 

was agreed upon after a median duration of 6 days, so treatment was not withdrawn 

immediately. In the ideal study, PSE treatment should not be limited or withdrawn in any 

patient, but for ethical and financial reasons such a study is impossible to conduct in daily 

clinical practice. There is the risk of an inclusion bias, as patients who were diagnosed with 

a PSE but did not receive any treatment for this condition were not included in this study. 

It is plausible that in this population outcome is even worse. Patients with a nonconvulsive 

status epilepticus were included in this study, but this condition was not registered as a 

separate entity in the dataset. There is, however, discussion about this diagnosis and often 

subtle signs of epilepsy can be found on thorough examination. 

 

In conclusion, good neurologic outcome in patients with PSE is possible, but extensive 

treatment might be needed to be successful. Until today only about 6% of patients 

recover. No specific clinical characteristics which predict a good outcome were found. 

Future studies should investigate which patient characteristics and additional diagnostics 

can help to identify the patients which will benefit most from such an extensive therapy.  
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Prediction of outcome 

 

The studies described in this thesis show that a reliable prognosis of a poor outcome is 

possible in patients with postanoxic coma who have been treated with hypothermia after 

cardiopulmonary resuscitation (CPR), but current international guidelines need to be 

revised. Use of those guidelines could lead to incorrect treatment withdrawal. It is also 

clear that there are some important pitfalls of which clinicians involved in making a 

prognosis should be aware. In this general discussion, current knowledge about 

prognostication in postanoxic coma after hypothermia and potential neuroprotective 

strategies will be described. Also future challenges will be addressed.  

 

Several important issues should be kept in mind when reading this discussion. First, most 

patients described in literature about prognostication after CPR are patients with a 

primary cardiac cause for the cerebral anoxia-ischemia. This limits conclusions about 

prognostication in patients with postanoxic coma from other causes. Second, the patient 

population admitted to the intensive care unit (ICU) after CPR has changed over the last 

decades and the mortality rate has decreased dramatically. Previously, patients who woke 

up shortly after CPR were directly admitted to the coronary care unit and were therefore 

not included in cohort studies on ICU patients. Nowadays, almost all patients are treated 

with hypothermia on the ICU, which leads to different case mix in ICU cohort studies and 

partly explains the improved survival in ICU populations.  

 

Neurologic examination 

Neurologic examination is always done as a first test in ICU patients who are expected to 

wake up after CPR. Although the false-positive rates (FPRs) of “absent pupillary light 

responses together with absent corneal reflexes” suggest a robust reliability in patients 

treated with hypothermia, physicians should realize that the confidence intervals (CIs) are 

wide, which leads to uncertainty. Future studies should provide more information about 

the “exact” reliability.  

 

The most remarkable finding in patients treated with hypothermia is the unreliability of an 

absent or extensor motor response (M1 or M2) at 72 hours. In the PROgnosis in 

PostAnoxic Coma II study (PROPACII), 14% of the patients with a M1 or M2 three days 

after CPR had a good outcome after 6 months
1
. A possible explanation for this decrease in 

reliability of the motor score is the use of sedative drugs and neuromuscular blocking 

agents during hypothermia. Hypothermia decreases metabolism and, therefore, reduces 

clearance of sedative drugs and neuromuscular blocking agents
2
. Physicians on the ICU 

should preferably use sedative drugs and neuromuscular blocking agents with a short half-
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life during hypothermia in the lowest possible dosage. But even then, one should realize 

that after discontinuation metabolites of these drugs still might influence neurological 

examination. The motor score should therefore not be used anymore as a predictor of 

poor outcome in this patient group. 

 

Information about the value of motor scores examined later than 72 hours after CPR is 

sparse. Most studies evaluated the prognostic value of motor score until 72 hours after 

CPR. A retrospective study of Bisschops et al. reported the predictive value of motor 

scores up to 7 days after CPR. In this study, 13% (1/8) with a M1 or M2 at day 7 awoke and 

had a favorable outcome
3
. Future large prospective cohort studies should investigate the 

predictive value of neurologic examination, especially motor scores, at longer time 

intervals, e.g. at 5, 7, 10, and 14 days in patients with uncertain outcome at 72 hours after 

CPR.  

 

The Glasgow Coma Scale (GCS) is the most widely used coma score. It consists of an eye, 

motor and verbal score. It was initially designed to assess level of consciousness after 

traumatic brain injury
4
. The verbal score cannot be defined in intubated and mechanically 

ventilated patients. The interobserver agreement for the GCS has been reported 

variable
5,6

. The accurate use of the scale has been shown to increase with the user’s 

experience. Inexperienced users have been shown to make consistent errors
7
. A recently 

developed coma scale is the Full Outline of UnResponsiveness (FOUR) score
8
. It 

incorporates eye opening and eye movements, brainstem reflexes, respiration patterns, 

motor responses, and specific ways to assess comprehension to a command. This scale 

gives more specific information about the clinical condition of the patient in coma at the 

ICU and interobserver agreement has been found to be good to excellent
6,9,10

. The FOUR 

score seems useful to predict outcome after CPR, but further prospective (multicenter) 

studies are necessary to confirm these preliminary results
11

.    

 

In 9-35% of the patients after CPR, a postanoxic status epilepticus (PSE) may contribute to 

the comatose state. In most patients, this condition is a sign of extensive brain damage 

and 90-100% of the patients with a PSE had a poor outcome. However, some patients 

show a good recovery, often after prolonged intensive treatment
12-15

. No evidence is 

available to guide (non)treatment decisions and clinicians are uncertain about what to do 

with this condition in patients after CPR
16

. Future research should focus on patient 

characteristics and electroencephalography (EEG) patterns which may identify patients 

who will benefit from prolonged intensive treatment. Furthermore, as continuous EEG 

monitoring during hypothermia and rewarming increasingly will be implemented in daily 

practice, effectiveness of (early) treatment should be investigated (see below).  
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Clinical neurophysiology 

Somatosensory evoked potentials 

Bilateral absence of median nerve somatosensory evoked potentials (SEPs) after 

rewarming was shown to have a good prognostic reliability in the PROPACII and other 

studies. This could easily lead to the impression that SEP after rewarming is a perfect test. 

However, there are two points that should be addressed. The results of SEP after 

rewarming were disclosed to treating physicians, which limits robust conclusions due to 

the possibility of a self-fulfilling prophecy (see Chapter 1). Furthermore, sporadic cases 

have been published with good outcome despite absent cortical N20 responses, one after 

treatment with hypothermia and subsequent rewarming and one without hypothermia 

treatment
17,18

. In my opinion, until more cases with detailed documentation are reported, 

SEP after rewarming remains a reliable prognosticator.  

 

An important advantage of SEP is the low susceptibility to metabolic changes or sedative 

drugs compared to other prognosticators, such as neurologic examination or 

electroencephalography. However, there are some well-known pitfalls. Muscle activity 

and interference of electric devices are known to increase the noise levels of SEP 

recording, with a concomitant increase in the possibility of misinterpretation. 

Administration of muscle relaxants and turning electric equipment off in order to reduce 

noise levels to < 0.25 μV will improve the interobserver reliability from “fair” to 

“substantial agreement”
19

. Another possible pitfall is the effect of hypothermia on the SEP 

responses. Most literature available describes the influence of deep hypothermia (11.4-

30.1ºC) on median nerve SEP when performed during hypothermic cardiopulmonary 

bypass
20-25

. The cortical N20 response disappears with temperatures between 14.5 and 

29.6ºC and latencies of peripheral and central components are prolonged
20-26

. These 

changes, however, may be less prominent with the mild hypothermia (32-34°C), as used in 

patients after CPR. We demonstrated an increase of both peripheral and central 

conduction times during treatment with mild hypothermia compared with the recordings 

in the same patient after rewarming. We also found that amplitudes did not differ 

consistently between hypothermia SEP and SEP after rewarming. Furthermore, we 

demonstrated that absent SEP responses during hypothermia predict the absence of SEP 

responses after rewarming.  

 

The clinician interpreting the SEP registration in patients after CPR should be aware of all 

these problems. The results of the SEP strongly contribute to the decision of the treating 

team to limit or withdraw treatment. In case of uncertainty about the recordings, the 

clinician should assess the results as ‘‘undeterminable’’.  
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Electroencephalogram 

Electroencephalographic studies include routine EEG and continuous EEG (cEEG). An 

important limitation of EEG is the substantial interobserver variability in determining EEG 

patterns in intensive care patients
27

. One study showed only a moderate agreement for 

the presence of rhythmic or periodic patterns and a slight to fair agreement for other 

patterns
28

. Hypothermia itself can influence EEG patterns with appearance of unilateral or 

bilateral periodic complexes and burst suppression
29

. Studies with routine EEG have 

shown that an isoelectric EEG or a low-voltage EEG (< 20 µV) is a reliable predictor for a 

poor outcome. Any confounders, such as hypothermia, (ongoing) effects of sedative drugs, 

intoxication, hypotension, or metabolic disturbances have to be excluded. 

 

A rather new development is cEEG monitoring in post-CPR patients. There are two goals of 

applying cEEG: identification of cEEG patterns in relation with good or poor outcome; and 

early identification of (non-)convulsive seizures/status epilepticus to start treatment. 

Rundgren et al. showed that more than half of the patients after CPR with a flat cEEG 

during hypothermia treatment had a continuous pattern on the cEEG at rewarming
30

. A 

continuous pattern on the cEEG was strongly associated with regaining consciousness
30,31

. 

 

Studies evaluating cEEG monitoring showed that electrographic seizures or epileptiform 

activity are common during hypothermia and/or rewarming
32,33

. There are currently no 

studies available comparing results of routine EEG (at specific times) with cEEG and 

subsequently, the influence on outcome. Future research should focus on which cEEG 

patterns during hypothermia and rewarming warrant treatment and its effectiveness; and 

which patterns are correlated with good or poor outcome.    

 

Neuron-specific enolase and other biomarkers 

Serum neuron-specific enolase (NSE) is the most extensively investigated biomarker in 

patients after CPR and hypothermia. Data on the prognostic reliability of NSE are 

conflicting and NSE does not seem to be as “neuron-specific” as suggested. Reported NSE 

levels above which a poor outcome could be predicted reliably, range from 28-85 

μg/liter
1,34-36

. Other important technical restrictions of use of NSE in daily clinical practice 

are different reference levels among laboratory methods and increased NSE levels due to 

blood hemolysis
37,38

.  

 

Other reported biomarkers are S100beta, glial fibrillary acid protein, brain derived 

neurotrophic factor, blood ammonia and serum procalcitonin. A relatively new biomarker 

is neurofilament heavy chain. A recently published study showed a correlation of 

neurofilament levels with outcome at 2 and 36 hours after cardiac arrest, but elevated 
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plasma levels were also found in patients with a good outcome
39

. Furthermore, a 

substantial part of the cohort had neurologic comorbidities, which might already lead to 

an elevated plasma neurofilament level. In conclusion, there are far too few data to draw 

firm conclusions, but due to the limitations of each biomarker, it seems unlikely that one 

of these will be reliable enough to use for prognostication in the individual patient. 

 

Imaging 

Imaging in ICU-patients, especially when they are hemodynamically unstable, encounters 

practical problems of transportation. Furthermore, interpretation from literature is made 

difficult by the small numbers of patients studied, and differences in timing of imaging.  

 

A computed tomography (CT-)scan is often performed on admission to exclude other 

causes for the collapse, such as subarachnoid hemorrhage which occurs in 4-16% of the 

patients with CPR
40,41

. Furthermore, it can reveal information about traumatic brain injury 

caused by the fall. In patients with postanoxic coma the CT-scan can show brain edema 

with diffuse swelling and loss of differentiation between grey and white matter. In my 

opinion, the role of standard CT, except for exclusion of other causes of the comatose 

state, is limited.  

 

Magnetic resonance imaging (MRI) techniques may be a more promising method. Practical 

problems, such as duration of scanning and availability of MRI-compatible ventilators, are 

more prominent when compared with performance of a standard CT. MRI can show 

abnormalities in different time frames after CPR. DWI/ADC imaging can show acute 

ischemia within the first 24 hours, as abnormalities on T2/FLAIR sequences often appear 

thereafter
42

. Greer et al. recently showed a high sensitivity for DWI abnormalities and 

prediction of poor outcome, but a low specificity of only 46%
43.

 Another problem is the 

inter-observer reliability, which is only moderate
43

.  

 

Literature on this subject is limited and imaging alone should not be used for 

prognostication. Future research should prospectively investigate the prognostic reliability 

of MRI at different time points and sequences at fixed time points after CPR, for example 

at day 1 or 2 and day 7. This would elucidate if any additional information on functional 

outcome will be provided, but it has to be realized that in many hospitals an MRI is 

impossible in ventilated ICU patients because of all the technical problems with the large 

magnetic field.  
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Improvement of outcome 

 

Research concerning prediction of outcome in patients with postanoxic coma after CPR is 

constantly on the move, as new potential treatment options are introduced and evaluated. 

This might lead to different outcome in these patients and might also affect reliability of 

prognostic variables. Already mentioned examples of measures which attribute to 

improvement of outcome are change of the compression/ventilation ratio, 

implementation of the Automatic External Defibrillator (AED), on field administration of 

amiodarone, and treatment with therapeutic hypothermia.  

 

After successful CPR, a complex pathophysiological process occurs. The term post-cardiac 

arrest syndrome includes four components on which (potential) treatment should be 

focused: post-cardiac arrest brain injury, post-cardiac arrest myocardial dysfunction, 

systemic ischemia/reperfusion response, and persistent precipitating pathology. This 

section will discuss some important subjects of current research of different treatment 

options in the post-CPR period with regard to neuroprotection.  

 

Target Temperature Management 

Hypothermia treatment 

Treatment with hypothermia is considered beneficial in patients after CPR because 

hypothermia is associated with lower levels of proinflammatory cytokines and free 

radicals, a reduced hyperexcitatory state of the brain, a lower cerebral metabolic rate, 

reduced permeability of the blood-brain barrier and anticoagulant effects. Lower 

temperatures may also decrease intracranial pressure. After the publication of two 

positive randomized controlled trials this treatment was soon incorporated in the 

international guidelines and has become standard care in many countries. However, a 

recent systematic review concluded that the evidence is still inconclusive, even in patients 

with ventricular fibrillation/ventricular tachycardia as initial rhythms and out-of-hospital 

CPR
44

. The major limitation of the existing literature is the occurrence of untreated fever 

in the control patient and the poor methodological quality of the studies. Controlled 

normothermia might be as effective, or even more effective, since the potential side 

effects of hypothermia will be diminished. Currently, the optimal target temperature is 

studied in the international multicenter Target Temperature Management Study 

(NCT01020916), which investigates whether a controlled temperature of 36°C has a 

similar effect as a controlled temperature of 33°C
45

.  
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Rewarming and fever  

The current recommendation is to rewarm the patients after therapeutic hypothermia at a 

rate of maximal 0.25-0.5 °C/h, but the optimal rewarming rate is unknown. A recent study 

(177 patients) showed that longer duration of passive rewarming was associated with 

increased in-hospital mortality
46

. Our retrospective study showed that patients who 

needed active rewarming after therapeutic hypothermia did not have a higher risk for a 

poor outcome when compared to patients who rewarmed spontaneously. In addition, 

speed of rewarming had no effect on outcome. However, the number of patients with a 

high rewarming rate was very small which limited robust conclusions.  

 

Another consensus in the current guidelines is that hyperthermia or fever should be 

avoided. In patients who were not treated with hypothermia after CPR, fever occurred in 

up to 83% and was associated with an unfavorable neurologic recovery and a prolonged 

length of stay on ICU. In the two studies concerning patients treated with hypothermia 

after CPR, fever was found in 47-76% of the patients. However, in these patients, it was 

not associated with in-hospital mortality, nor with poor outcome after 6 months
46,47

. 

 

Future research should investigate the optimal rate of rewarming, the possible benefits of 

fever treatment, different sedation regimens and the best methods to monitor patients 

during hypothermia and rewarming. In daily practice, such studies would be quite a 

challenge as large numbers of patients and strict treatment protocols will be needed.  

 

Other methods of neuroprotection 

Controlled re-oxygenation 

As adenosine triphosphate production needs oxygen, one could assume that immediate 

restoration of the oxygen supply is very important after return of spontaneous circulation. 

Animal studies, however, indicate that hyperoxemia in the initial phase of reperfusion 

exacerbates neuronal damage due to free radical production and mitochondrial injury. 

Clinical data are conflicting. One retrospective study, using data from a large clinical 

registry, found significant higher in-hospital mortality for the hyperoxemia group
48

. This 

study had significant limitations and further research is necessary to establish optimal 

oxygenation strategies
49,50

. Current consensus is to aim for normoxemia and to avoid 

hypoxemia. 

 

Helium 

Helium inhalation has shown promising results in reducing ischemia and reperfusion injury 

with reduction of cerebral and myocardial infarct volumes in animal studies
51-54

. 

Preliminary results of a safety and feasibility study in patients after CPR showed that 
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helium ventilation can be applied safely to patients after CPR
55

. Further research with this 

potential therapeutic agent is needed.   

 

Erythropoietin 

Erythropoietin (EPO) had neuroprotective qualities in animal studies and was shown to be 

safe in a pilot study in patients after stroke
56

. A subsequent randomized clinical trial 

showed no benefits and an unexplained higher mortality rate in patients who received 

EPO, especially in those who were also treated with recombinant tissue plasminogen 

activator (rtPA)
57

. A recent animal study confirmed the negative effect of the combination 

of EPO with rtPA
58

. Other clinical studies of EPO in patients with subarachnoid 

hemorrhage (phase II trial) and severe traumatic brain injury (prospective observational 

study) did show beneficial effects
59,60

. In cardiac arrest patients, only one matched control 

study was performed
61

. In total 18 patients were treated. A higher survival rate was found, 

which did not significantly differ with the control group. Potential side effects of EPO were 

elevated platelet count (with coronary vascular thrombosis in 1 case). Currently, the same 

research group investigates the efficacy EPO after cardiac arrest in a randomized 

multicenter single-blinded trial comparing early high dose of EPO with standard care 

(NCT00999583).   

 

Other 

Thiopentone has shown to be neuroprotective in animal models, but a large clinical trial 

showed no benefit. Also magnesium, diazepam, calcium channel inhibition, or 

glucocorticoids did not show an improvement in outcome
62,63

. Future research should 

investigate the role of potentially neuroprotective agents in the prevention of reperfusion 

injury and improvement of outcome after CPR.  

 

Outcome research and guidelines 

 

As previously mentioned, research concerning prediction of outcome in patients with 

postanoxic coma after CPR is constantly on the move, as new potential treatment options 

are introduced and evaluated. New treatments may not only modify the clinical course of 

the condition, but may also change the predictive values of prognostic variables, as we 

have demonstrated for poor motor responses in patients treated with hypothermia. 

Future research should ideally consist of large prospective clinical trials, which could 

investigate both potentially effective treatments and prognostic variables in the same 

group. In such studies, to avoid self-fulfilling prophecy, limited use of treatment 

restrictions would be preferable.  
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A related problem is that of the continuing update of prognostic guidelines. For instance, 

the results of studies performed in the last five years in patients treated with hypothermia 

after CPR, such as the studies described in this thesis, should lead to changes in 

international guidelines. Methods currently recommended are based on studies 

performed before the implementation of hypothermia. Some of these recommended 

methods are no longer reliable and could lead to incorrect treatment withdrawal. In 2011 

a new Dutch national guideline “Prognosis of postanoxic coma” was presented. This 

guideline discusses prognostic variables of a poor outcome for patients after CPR with and 

without subsequent hypothermia treatment
64

. Although the FPRs of “absent pupillary light 

responses together with absent corneal reflexes” or “absent SEP after rewarming” suggest 

a robust reliability in patients treated with hypothermia, physicians should realize that the 

CIs are wide, which may lead to uncertainty. In daily clinical practice, decisions about 

prognostication in the individual patient should not be based on one single test but rather 

on a multi-modality approach
65

. In patients with an uncertain outcome after neurologic 

and neurophysiologic testing, other clinical variables such as age, comorbidity, pre-existing 

clinical condition, multiple organ failure, etc. should be taken into account when decisions 

on treatment limitations are considered. The ongoing search for “a perfect test” to predict 

outcome in patients after CPR seems a utopia. Every test has its own limitations due to the 

technique, artifacts, influences of drugs, or interobserver agreement and withdrawal of 

therapy in patients with a poor prognosis.  
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Introduction 

 

Postanoxic coma, also known as anoxic-ischemic coma, is a state of unconsciousness 

caused by global anoxia of the brain. The most common cause is primary cardiac arrest 

followed by successful cardiopulmonary resuscitation (CPR). Other causes include primary 

respiratory arrest, near-drowning, strangulation, and prolonged severe hypotension. 

Patients may recover consciousness after variable periods of time, or remain unconscious 

indefinitely. The main focus of this thesis is on prediction of outcome in patients with 

postanoxic coma who are treated with hypothermia after CPR. Furthermore, less 

investigated clinical variables such as myoclonus and status epilepticus after CPR were 

subject of research. 

 

Thesis 

 

Chapter 1 provides an introduction about survival and outcome after cardiac arrest, early 

prediction of outcome, and discusses some problems of outcome research in postanoxic 

coma.  

 

It is important in daily clinical care to have prognostic variables available in the first few 

days of admission, which can indicate the outcome. This can reduce uncertainty in family 

members and treating physicians about prognosis and may prevent unjustified 

discontinuation or prolongation of treatment. A frequently used international guideline 

for the prediction of outcome in comatose survivors after CPR is the American Academy of 

Neurology Practice Parameter. A major drawback of this guideline is that all data were 

derived from studies in which patients were not treated with mild hypothermia. This 

treatment nowadays has become standard care in many countries and is part of all 

guidelines concerning post-cardiac arrest care.  

 

To determine outcome, measures should be chosen that are clinically meaningful. “Severe 

disability” should only be regarded as “poor outcome” (combined with “death” and 

“vegetative state”) in studies with follow-up periods of at least six months. After such an 

interval, no further improvement in severely disabled patients can be expected. In studies 

with shorter follow-up periods, poor outcome can only be defined as “death or vegetative 

state”. It is therefore imperative that studies use follow-up periods of at least six months 

to be clinically useful.  

 

A well-known problem with studies investigating the reliability of diagnostic methods to 

predict a poor prognosis is the so-called self-fulfilling prophecy. The tendency to restrict 
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treatment selectively in patients with characteristics presumed to predict a poor outcome 

may lead to the false conclusion that such characteristics are indeed good predictors of 

poor outcome. A problem related to that of self-fulfilling prophecy is blinding of physicians 

for the results of tests that are evaluated for their prognostic predictive value. Ideally, 

results of the diagnostic tests are not available for the treating physicians so that the 

results will not influence their decisions about treatment restrictions. During data 

collection for research,  results of neurologic examination and additional tests are often 

disclosed to the treating physicians.  

 

We performed two studies that focused on hypothermia treatment itself. Chapter 2 

shows the results of our web-based survey, performed in 2008. In this survey one 

physician of each Intensive Care Unit (ICU) in the Netherlands was invited to participate. A 

response rate of 76% was achieved. Treatment with hypothermia after CPR was 

implemented in 92% of the ICUs, which, compared to previous reports, was an 

exceedingly high percentage. Neurologic outcome was predominantly predicted by clinical 

neurologic examination (92%) and cortical N20 responses of somatosensory evoked 

potentials (SEP) (94%). Also performance of an electroencephalogram (EEG) (56%) and 

determination of serum levels of neuron-specific proteins (5%) were used for outcome 

prediction. The method used varied substantially between ICUs. 

 

Chapter 3 reports the results of our retrospective study about the effect of active 

rewarming, rate of rewarming or development of fever after treatment with hypothermia 

after cardiac arrest. Actively rewarmed patients had a higher risk for poor outcome, 

however, this effect disappeared after adjustment for the confounders age and initial 

rhythm. In addition, our results suggested that neither speed of rewarming, nor 

development of fever had an effect on outcome.  

  

In the next two chapters, the results of two studies concerning prediction of poor 

outcome in patients treated with hypothermia are reported. In Chapter 4 the results of 

the pilot study (2006 until 2008) are presented. This study was performed at the Onze 

Lieve Vrouwe Gasthuis and the Academic Medical Center (Amsterdam, the Netherlands). 

We investigated whether an absent SEP during hypothermia can reliably predict an absent 

SEP during normothermia, as well as a poor outcome. The results show that bilaterally 

absent cortical N20 responses of median nerve SEP performed during hypothermia can 

predict similar results in SEP recorded during normothermia. All patients with an absent 

SEP during hypothermia had a poor outcome.  
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In Chapter 5 we described the results of the PROgnosis after PostAnoxic Coma II 

(PROPACII)-study, a multicenter prospective cohort study which was performed in 10 

Dutch ICUs (2007 until 2009). We investigated the role of neurologic examination, the 

biomarker neuron-specific enolase (NSE) and SEPs in prognostication after CPR and 

hypothermia. In total 391 adult comatose patients admitted to the ICU after CPR and 

treated with hypothermia were included. About half of the patients had a poor outcome 

after 6 months, of whom a small minority were severely disabled (4%). Our results showed 

that use of motor scores 72 hours after CPR or serum NSE levels, as recommended in 

current guidelines, are too unreliable for outcome prediction in patients with persisting 

coma after CPR and treatment with hypothermia. This could possibly lead to inappropriate 

withdrawal of treatment. We also showed that poor outcome can reliably be predicted 

with: (1) absent pupillary light responses or absent corneal reflexes 72 hours after CPR, or 

(2) bilateral absence of cortical N20 responses of the median nerve SEP. An important 

limitation of this study was that based on the results of the SEP after rewarming, decisions 

about treatment limitations were made, which potentially have led to a self-fulfilling 

prophecy. Furthermore, physicians assessing SEP results should be aware of the major 

consequences of inaccurate decisions when recordings are hampered by ICU noise. 

 

Since SEPs play an important role in the prediction of poor outcome, some aspects of this 

technique were studied. We investigated the influence of hypothermia on conduction 

times and amplitudes of SEP components in patients after CPR and these results are 

presented in Chapter 6. Latencies and amplitudes of N9 (peripheral conduction time, PCT), 

N13 and N20 were measured. The central conduction time (CCT) was defined as peak-

peak latency N13-N20. Mean latencies of N9, N13 and N20 and mean CCT were 

significantly longer during hypothermia compared with recordings after rewarming in the 

same patient. Furthermore, we found that N20 latencies after rewarming remained longer 

in this patient group compared to the normal population. This is an important pitfall in 

assessing median nerve SEP in patients after CPR. There were no consistent differences in 

amplitudes.  

 

Also the association between clinical variables and the absence or presence of SEPs in 

patients not treated with hypothermia was explored. These results are described in 

Chapter 7. We used data from the multicenter prospective cohort study “PROPAC” 

(PROgnosis in PostAnoxic Coma, 2000–2003). Neurologic examination, consisting of 

Glasgow Coma Score and brain stem reflexes, and SEP were performed 24, 48, and 72 

hours after CPR. The results of this study showed that neurologic examination cannot 

reliably predict absent or present cortical N20 responses in median nerve SEPs in patients 

after CPR. 
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Finally, two clinical variables of which the prognostic value is controversial were studied. 

Chapter 8 presents the results of our study, which investigated whether acute posthypoxic 

myoclonus (PHM) originates from cortical or subcortical structures, using SEP and EEG. 

Patients with acute PHM (focal myoclonus or status myoclonus) within 72 hours after CPR 

were retrospectively selected from the PROPACII study. Criteria for cortical origin of the 

myoclonus were: giant SEP potentials; or epileptic activity, status epilepticus, or 

generalized periodic discharges on the EEG (no back-averaging was used). The results of 

this study show that acute PHM originates from subcortical, as well as cortical structures. 

Outcome of patients admitted after CPR who develop acute PHM in this cohort was better 

than previously reported in literature. The broad variety of drugs used for treatment 

shows the existing uncertainty about optimal treatment.  

 

Clinical features and outcome of patients with postanoxic status epilepticus (PSE), treated 

according to a prolonged intensive protocol were studied in Chapter 9. This study was 

performed two centers, St. Antonius Hospital (Nieuwegein, the Netherlands) and 

Academic Medical Center (Amsterdam, the Netherlands). Thirty-six patients after CPR with 

an electroencephalographic or a clinical PSE were included. Good outcome was found in 2 

patient (6%). Treatment consisted of the stepwise administration of benzodiazepines and 

anti-epileptic drugs (AEDs), and the induction of burst-suppression EEG with propofol (and 

midazolam) and barbiturates. The majority received more than one AED. In <50% of the 

patients a BS-EEG was induced. Patient characteristics which implicate a higher chance for 

good outcome could not be identified. Our results were comparable to other case series, 

about 6% of patients recover. Future studies should investigate which patient 

characteristics and additional diagnostics can help to identify the patients which will 

benefit most from such an extensive therapy.   

 

Conclusion  

 

The studies described in this thesis show that a reliable prognosis of a poor outcome is 

possible in patients with postanoxic coma who have been treated with hypothermia after 

cardiopulmonary resuscitation (CPR), but current international guidelines need to be 

revised. Use of those guidelines could lead to incorrect treatment withdrawal. It is also 

clear that there are some important pitfalls of which clinicians involved in making a 

prognosis should be aware. In Chapter 10, the general discussion, current knowledge and 

future challenges about prognostication in postanoxic coma after hypothermia concerning 

neurologic examination, SEP, EEG, biomarkers, and imaging are described. Furthermore, 

different aspects of target temperature management and other potential neuroprotective 

strategies are pointed out. New treatments may not only modify the clinical course of the 
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condition, but may also change the predictive values of prognostic variables, as we have 

demonstrated for poor motor responses in patients treated with hypothermia. Future 

research should ideally consist of large prospective clinical trials, which could investigate 

both potentially effective  treatments and prognostic variables in the same group. In such 

studies, to avoid self-fulfilling prophecy, limited use of treatment restrictions would be 

preferable. A related problem is that of the continuing update of prognostic guidelines. 

Methods currently recommended are based on studies performed before the 

implementation of hypothermia. Some of these recommended methods are no longer 

reliable and could lead to incorrect treatment withdrawal. In 2011 a new Dutch national 

guideline “Prognosis of postanoxic coma” was presented. This guideline discusses 

prognostic variables of a poor outcome for patients after CPR with and without 

subsequent hypothermia treatment. In daily clinical practice, decisions about 

prognostication in the individual patient should not be based on one single test but rather 

on a multi-modality approach. In patients with an uncertain outcome after neurologic and 

neurophysiologic testing, other clinical variables such as age, comorbidity, pre-existing 

clinical condition, multiple organ failure, etc. should be taken into account when decisions 

on treatment limitations are considered. The ongoing search for “a perfect test” to predict 

outcome in patients after CPR seems a utopia. Every test has its own limitations due to the 

technique, artifacts, influences of drugs, or interobserver agreement and withdrawal of 

therapy in patients with a poor prognosis. 
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Introductie 

 

Post-anoxisch coma, of anoxisch-ischemisch coma, is een vorm van bewusteloosheid die 

wordt veroorzaakt door globale anoxie of ischemie van de hersenen. De meest 

voorkomende oorzaak van post-anoxisch coma is een hartstilstand. Andere, minder vaak 

voorkomende, oorzaken zijn ademhalingsstilstand, bijna-verdrinking, wurging en 

langdurige periodes met een zeer lage bloeddruk. In sommige gevallen herstelt het 

bewustzijn van patiënten na korte of langere duur van de bewusteloosheid, in andere 

gevallen gebeurt dit niet en blijven patiënten voor altijd in coma. Het hoofdonderwerp van 

dit proefschrift is in hoeverre deze uitkomst valt te voorspellen bij patiënten met een 

post-anoxisch coma die na reanimatie worden gekoeld. Tevens wordt aandacht 

geschonken aan andere, en tot nu toe weinig onderzochte, neurologische fenomenen na 

reanimatie, zoals myocloniëen en status epilepticus.  

 

Proefschrift 

 

Hoofdstuk 1 vormt de introductie van dit proefschrift. Het beschrijft de kans op overleving 

en de mate van neurologisch herstel na reanimatie, de mogelijkheden van het vroeg 

kunnen voorspellen van de neurologische uitkomst en bediscussieert de problematiek 

rondom het wetenschappelijk onderzoek dat zich richt op het voorspellen van de uitkomst 

bij patiënten met een post-anoxisch coma na reanimatie.   

 

Het is voor de dagelijkse klinische praktijk belangrijk om prognostische factoren te hebben 

die in een zo vroeg mogelijk stadium de uitkomst van patiënten na reanimatie kunnen 

voorspellen. Dit kan immers de onzekerheid over het toekomstige herstel bij zowel 

familieleden als behandelend artsen wegnemen, en voorkomt het onnodig lang 

voortzetten van medisch zinloos handelen of het onterecht staken van de behandeling. Op 

dit moment is de American Academy of Neurology Practice Parameter een veelgebruikte 

internationale richtlijn om de uitkomst bij comateuze patiënten na reanimatie te 

voorspellen. Een belangrijke beperking van deze richtlijn is echter dat deze is gebaseerd 

op onderzoeksgegevens uit de tijd dat patiënten na reanimatie nog niet werden gekoeld. 

Inmiddels wordt koelen na reanimatie, ook wel hypothermie na reanimatie geheten, 

toegepast in veel landen en maakt het onderdeel uit van internationale 

behandelingsrichtlijnen voor patiënten opgenomen na een hartstilstand. 

  

Bij het verrichten van wetenschappelijk onderzoek dienen veelgebruikte 

onderzoeksuitkomstmaten, zoals “goede uitkomst” en “slechte uitkomst”, ook klinisch 

relevant te zijn. “Ernstig gehandicapt” mag, samen met “dood” en “vegetatieve toestand”, 
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pas als “slechte uitkomst” worden gecategoriseerd indien de follow-up van het onderzoek 

minstens zes maanden bedraagt. Tot die tijd bestaat er immers nog de mogelijkheid van 

neurologisch herstel. Wetenschappelijk onderzoek op dit gebied dient derhalve een 

follow-up van ten minste zes maanden te hanteren om uiteindelijk klinisch relevante 

resultaten te kunnen genereren.  

 

Een ander bekend probleem bij het doen van onderzoek dat zich richt op het voorspellen 

van een slechte uitkomst is de zogenaamde “selffulfilling prophecy”: de tendens in de 

dagelijkse klinische praktijk om de behandeling te beperken bij patiënten met kenmerken 

die waarschijnlijk correleren met een slechte uitkomst vergroot de kans dat deze 

patiënten behandelbeperkingen krijgen, en daarmee de kans om abusievelijk te 

concluderen dat deze kenmerken dus inderdaad correleren met een slechte uitkomst. Een 

hieraan gerelateerd probleem is het blinderen van de behandelende artsen voor de 

resultaten van diagnostische testen die geëvalueerd worden op hun voorspellende 

waarde. Idealiter zouden de resultaten niet bekend moeten zijn bij de behandelende 

artsen, om te voorkomen dat deze tot behandelbeperkingen leiden. In de praktijk is dit 

echter vaak niet het geval.  

 

We hebben twee onderzoeken verricht die zich richtten op de behandeling met 

hypothermie na reanimatie. Hoofdstuk 2 bespreekt de resultaten van een internet-

enquête uit 2008 over de toepassing van behandeling met hypothermie op Intensive Care 

(IC) afdelingen in Nederland.  In totaal participeerde 76% van alle IC’s. Behandeling met 

hypothermie na reanimatie werd toegepast op 92% van de IC’s, hetgeen in vergelijking 

met onderzoek uit andere landen, een zeer hoog percentage was. Het voorspellen van de 

neurologische uitkomst gebeurde voornamelijk middels het klinisch neurologisch 

onderzoek (92%) en de somatosensorische evoked potentials (SSEP) (94%). In mindere 

mate werden electro-encephalografie (EEG) (56%) en de serum-bepaling van neuron-

specifieke eiwitten (5%) toegepast. De gekozen methoden varieerden aanzienlijk tussen 

de verschillende IC’s.  

 

In Hoofdstuk 3 worden de resultaten gepresenteerd van ons retrospectieve onderzoek 

naar de effecten van actief opwarmen, de snelheid van opwarmen en het optreden van 

koorts op de uitkomst van patiënten behandeld met hypothermie na reanimatie. Actief 

opgewarmde patiënten bleken een slechtere prognose te hebben dan niet-actief 

opgewarmde patiënten, maar dit statistische verschil verdween na correctie voor de 

confounders leeftijd en initieel hartritme. De snelheid van opwarmen en het ontwikkelen 

van koorts leken ook geen invloed te hebben op de neurologische uitkomst.  
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In de volgende twee hoofdstukken worden de resultaten gepresenteerd van twee 

onderzoeken die zich richtten op het voorspellen van een slechte uitkomst bij patiënten 

na reanimatie en behandeling met hypothermie. Hoofdstuk 4 beschrijft het pilot 

onderzoek, dat van 2006 tot 2008 werd verricht in het Onze Lieve Vrouwe Gasthuis en het 

Academisch Medisch Centrum, te Amsterdam. We onderzochten of een afwezige SSEP 

tijdens koelen een betrouwbare voorspeller vormt voor enerzijds een afwezige SSEP na 

opwarmen, en voor anderzijds een slechte uitkomst. De resultaten toonden dat als de 

corticale N20 respons van de nervus medianus SSEP beiderzijds afwezig is tijdens de fase 

waarin de patiënt gekoeld wordt, deze afwezig blijft nadat de patiënt weer opgewarmd is. 

Bovendien hadden alle patiënten met een beiderzijds afwezige SSEP gedurende koelen 

een slechte neurologische uitkomst.  

 

In Hoofdstuk 5 worden de resultaten beschreven van de PROgnosis after PostAnoxic Coma 

II (PROPACII)-studie, een multicenter, prospectief cohortonderzoek dat plaatsvond van 

2007 tot 2009 op tien Nederlandse IC’s. We onderzochten de prognostische waarde van 

het neurologisch onderzoek, de biochemische marker neuron-specifiek enolase (NSE) en 

de SSEP bij 391 volwassen patiënten die werden behandeld met hypothermie na 

reanimatie. Ongeveer de helft van alle patiënten had na zes maanden een slechte 

neurologische uitkomst: het overgrote deel hiervan was overleden, slechts 4% was ernstig 

gehandicapt en er waren geen patiënten in een vegetatieve toestand. Voor het 

voorspellen van een slechte uitkomst bleken volgende variabelen, in tegenstelling tot de 

geldende internationale richtlijnen, niet betrouwbaar te zijn: (1) motorische score van het 

neurologisch onderzoek 72 uur na reanimatie, en (2) de serumconcentratie van NSE. Dit 

zou dus kunnen betekenen dat er momenteel bij sommige patiënten op basis van 

inadequate gronden wordt besloten de behandeling te staken. De volgende waarden 

bleken wel betrouwbare voorspellers van slechte neurologische uitkomst: (1) beiderzijds 

afwezige pupilreacties op licht of beiderzijds afwezige corneareflexen 72 uur na 

reanimatie, (2) beiderzijds afwezige corticale N20 responsen van de nervus medianus 

SSEP. Een belangrijke beperking van het onderzoek was dat een afwezige SSEP na 

opwarmen leidde tot het instellen van behandelbeperkingen door het medisch team. 

Mogelijk heeft dit een negatieve invloed gehad op de uiteindelijke neurologische 

uitkomst, eerder beschreven als de selffulfilling prophecy. Dit onderstreept het belang van 

een buitengewoon zorgvuldige analyse van de aan- of afwezigheid van de SSEP na 

reanimatie. Temeer omdat dit neurofysiologische onderzoek gevoelig is voor storing ten 

gevolge van IC-apparatuur. 

 

Aangezien SSEPs in de dagelijkse medische praktijk rondom reanimatie-patiënten vaak 

zo’n beslissende rol spelen, worden in de Hoofdstukken 6 en 7 een aantal aspecten van dit 
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onderzoek opgehelderd. In Hoofdstuk 6 worden de effecten van hypothermie op de 

amplitude en geleidingstijden van het SSEP onderzoek in reanimatie-patiënten 

geanalyseerd. De latentietijden en amplitudes van de N9 (=perifere geleidingstijd), N13 en  

corticale N20 responsen van de nervus medianus SSEP werden gemeten in dezelfde 

patiënt tijdens hypothermie en na opwarmen. De centrale geleidingstijd werd 

gedefinieerd als N13-N20. Tijdens hypothermie waren de gemiddelde latentietijden van 

de N9, N13 en N20 responsen en de gemiddelde centrale geleidingstijd significant langer 

dan na opwarmen. Tevens bleven de latentietijden van de N20 ook na opwarmen langer 

dan bij de normale populatie. Neurologen en neurofysiologen dienen op de hoede te zijn 

voor dit fenomeen indien zij SSEPs beoordelen van reanimatie-patiënten. Wat betreft de 

amplitudes werden geen consistente verschillen gevonden.  

Hoofdstuk 7 beschrijft de associatie tussen klinische variabelen en de aan- of afwezigheid 

van SSEPs in reanimatie-patiënten die niet gekoeld werden. Hiervoor werden de data 

geanalyseerd van het eerder uitgevoerde multicenter, prospectieve cohortonderzoek 

PROgnosis in PostAnoxic Coma (PROPAC) uit 2000–2003. Tijdens dit onderzoek werden 

het neurologisch onderzoek (Glasgow Coma Score en hersenstamreflexen) en SSEP 

onderzoek 24, 48 en 72 uur na reanimatie verricht. De data-analyse toont dat het 

neurologisch onderzoek geen betrouwbare voorspeller is voor het aan- of afwezig zijn van 

de corticale N20 responsen van de nervus medianus SSEP. 

 

In de laatste twee onderzoeken worden twee klinische variabelen bestudeerd waarvan de 

prognostische waarde vooralsnog controversieel is, namelijk myoclonus en status 

epilepticus. Hoofdstuk 8 behelst de vraag of acute posthypoxische myoclonus (PHM) in de 

cortex of vanuit subcorticale structuren ontstaat. Hiertoe werden de SSEPs en EEGs 

geanalyseerd van patiënten uit het PROPACII onderzoek die binnen 72 uur na reanimatie 

acute PHM (focale myoclonus of status myoclonus) ontwikkelden. De criteria voor 

corticale origine van acute PHM waren reuzenpotentialen bij de SSEP of epileptische 

activiteit, status epilepticus of gegeneraliseerde periodieke ontladingen op het EEG (er 

werd geen “back-averaging” gebruikt). De resultaten van dit onderzoek toonden dat acute 

PHM in zowel subcorticale als corticale structuren ontstaat. In vergelijking met de 

medische literatuur, was de neurologische uitkomst van dit cohort reanimatie-patiënten 

met acute PMH overigens beter. De optimale behandeling van acute PHM na reanimatie is 

vooralsnog onbekend, hetgeen wordt geïllustreerd door de vele verschillende 

medicamenteuze therapieën die in dit cohort werden gegeven.   

Hoofdstuk 9 beschrijft de klinische eigenschappen en neurologische uitkomst van 

patiënten met een post-anoxische status epilepticus (PSE), die langdurig en intensief 

werden behandeld volgens een protocol. Het onderzoek werd verricht in twee 

ziekenhuizen, het Sint Antonius Ziekenhuis in Nieuwegein en het Academisch Medisch 
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Centrum in Amsterdam. Er werden 36 reanimatie-patiënten geïncludeerd met een 

elektroencefalografisch of klinische PSE. Twee patiënten hadden een goede uitkomst (6%). 

Het behandelprotocol bestond uit stapsgewijze toediening van benzodiazepines en anti-

epileptica, en het induceren van een “burst-suppressie” patroon op het EEG met propofol 

(en midazolam) en barbituraten. De meerderheid van de patiënten kreeg meer dan één 

anti-epilepticum, bij minder dan de helft van de patiënten werd een “burst-suppressie” 

patroon op het EEG geïnduceerd. Het bleek in dit onderzoek niet mogelijk om specifieke 

patiënteigenschappen te identificeren die een goede neurologische uitkomst voorspelden. 

Onze resultaten waren vergelijkbaar met de medische literatuur, ongeveer 6% van de 

patiënten heeft een goede uitkomst. Toekomstig onderzoek op dit gebied dient zich te 

richten op de vraag of bepaalde patiënteigenschappen en/of aanvullende diagnostische 

testen kunnen helpen bij het selecteren van de patiënten die het meest baat hebben bij 

een dergelijk intensief behandelprotocol.   

 

Conclusie 

  

De in dit proefschrift beschreven onderzoeken tonen aan dat het mogelijk is om op 

betrouwbare wijze een slechte neurologische uitkomst te voorspellen bij patiënten in een 

post-anoxisch coma, die behandeld zijn geweest met hypothermie na reanimatie. Echter, 

de huidige internationale richtlijnen dienen aangepast te worden, omdat anders het risico 

bestaat dat de behandeling wordt gestaakt bij patiënten die een kans hebben op goede 

uitkomst. Bovendien zijn er meerdere valkuilen waar de behandelend artsen die 

betrokken zijn bij het inschatten van deze neurologische uitkomst voor moeten waken. In 

het afsluitende Hoofdstuk 10 van dit proefschrift wordt uitgebreid stilgestaan bij de 

huidige inzichten en toekomstige uitdagingen rondom het voorspellen van de 

neurologische uitkomst bij patiënten met post-anoxisch coma na behandeling met 

hypothermie na reanimatie. De reeds eerder genoemde variabelen zoals het neurologisch 

onderzoek, SSEP, EEG en NSE komen aan bod, evenals andere biomarkers en 

beeldvormende technieken. Ook verschillende aspecten van het bereiken van de juiste 

temperatuur en andere mogelijke neuroprotectieve technieken worden bediscussieerd. 

Nieuwe behandeltechnieken zullen niet alleen het klinisch beloop van patiënten in een 

post-anoxisch coma beïnvloeden, maar ook de voorspellende waarde van de huidige 

toegepaste variabelen veranderen; in dit proefschrift toonden wij immers aan dat een 

slechte motorische respons in patiënten behandeld met hypothermie niet meer 

betrouwbaar bleek. Toekomstig onderzoek op het gebied van post-anoxisch coma zou 

idealiter bestaan uit prospectief klinisch onderzoek waarin nieuwe 

behandelingstechnieken en prognostische variabelen in dezelfde patiëntengroepen wordt 

bestudeerd. Het opleggen van behandelbeperkingen zou zoveel mogelijk beperkt dienen 
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te worden, om de eerdere genoemde selffulfilling prophecy te voorkomen. Een ander 

aandachtpunt is het up-to-date houden van internationale prognose-richtlijnen. De 

huidige methoden zijn gebaseerd op resultaten van onderzoeken die dateren van de 

periode toen reanimatie-patiënten nog niet gekoeld werden. Sommige van de 

geadviseerde methoden zijn inmiddels niet meer betrouwbaar en kunnen resulteren in 

het onterecht staken van de medische behandeling. In 2011 is een nieuwe Nederlandse 

richtlijn verschenen over prognose-bepaling in post-anoxische patiënten, “Prognose van 

post-anoxisch coma”. Deze richtlijn bediscussieert de betrouwbare prognostische 

variabelen voor een slechte neurologische uitkomst in zowel ongekoelde als gekoelde 

reanimatie-patiënten. Beslissingen over de prognose van individuele patiënten dienen in 

de dagelijkse medische praktijk niet te gebeuren op basis van één enkele test, maar bij 

voorkeur op basis van meerdere modaliteiten. Bij patiënten voor wie ook na genoemde 

neurologische en neurofysiologische testen onzekerheid blijft bestaan over de uitkomst, 

dienen aanvullende variabelen zoals leeftijd, comorbiditeit, aanwezigheid van multipel 

orgaan falen, pre-existente klinische conditie, etc. meegewogen te worden als 

behandelbeperkingen overwogen worden. De zoektocht naar een “perfecte test” voor het 

voorspellen van de uitkomst in patiënten na reanimatie lijkt een utopie. Elk onderzoek 

heeft zijn eigen beperkingen, door de techniek, artefacten, invloeden van toegediende 

medicatie, of door een niet-optimale interobserver betrouwbaarheid en staken van 

behandeling bij patiënten met een slechte prognose. 
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Dankwoord 

 

In 2008 startte ik tijdens mij opleiding tot neuroloog in het Sint Lucas Andreas Ziekenhuis 

het onderzoek dat nu in de vorm van dit proefschrift voor u ligt. Maar alles kan alleen 

maar samen, daarom wil ik graag jullie allemaal bedanken voor de mooie jaren!  

 

Allereerst was dit klinisch wetenschappelijk onderzoek op de intensive care niet mogelijk 

geweest zonder toestemming van de wettelijk vertegenwoordigers, veelal familie, van de 

opgenomen patiënten, verkerend in grote onzekerheid over de toekomst. Ik ben hen daar 

zeer dankbaar voor.  

 

Mijn promotor, Prof. dr. M.B. Vroom. Beste Margreeth, in 2007 deed ik mijn deelstage 

Intensive Care op jouw afdeling, waarbij ik jou leerde kennen als een toegewijde dokter en 

hoofd van de afdeling. Vanaf 2011 heb ik ruim een jaar op de afdeling deel uitgemaakt van 

het onderzoeksteam. De vanzelfsprekendheid waarmee het belang van wetenschappelijk 

onderzoek is geïntegreerd op de afdeling is een groot goed.   

 

Mijn co-promotor, Dr. J. Horn. “Ha Janneke”, zo begonnen mijn emails meestal. De (eerste) 

klus is geklaard. Naast de deadlines, presentaties, aanvragen, studentenprojecten, 

vertalingen, etc., etc., etc., hebben we ook samen congressen bezocht. Lund, Seattle, maar 

ook het korte tripje naar Leuven zijn daarvan mooie voorbeelden. De liefde voor goede 

koffiebars en mooie restaurants delen we zeker, jouw schoenenpassie misschien wat 

minder. Ik denk dat de snelheid en efficiëntie van onze besprekingen zeer hoog ligt, maar 

daarmee niet afdoend aan de kwaliteit. Als geen ander weet jij zaken kort en bondig 

samen te vatten. Jouw tactiek was altijd te roepen dat ik maar vroeg naar huis moest gaan, 

waardoor ik langer bleef... Ook verbleef ik in de eerste paar jaar een dag per week bij jou 

op de kamer, wat een goede basis legde.  

 

Mijn co-promotor, Dr. A. Hijdra. Beste Albert, wat een eer dat jij mijn copromotor bent en 

dat je ook na jouw pensioen altijd klaar stond om mee te denken en filosoferen over de 

projecten en resultaten. Mooie herinneringen hebben we ook aan het heerlijke en 

gezellige diner bij Willy en jou thuis.  

 

Graag wil ik de commissieleden, bestaande uit Prof. dr. J.G. van Dijk, Prof. dr. A.B.J. 

Groeneveld, Prof. dr. E. de Jonge, Prof. dr. R.J. de Haan, Prof. dr. J.J. Piek en Prof. dr. M. 

Vermeulen bedanken voor het beoordelen van het manuscript en de bereidheid zitting te 

nemen in de promotiecommissie. 
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Academisch Medisch Centrum 

Afdeling Intensive Care. Beste verpleegkundigen, naast de intensieve klinische zorg die 

jullie 24 uur per dag 7 dagen per week leveren aan de patiënt en naasten, staan jullie open 

voor nieuwe klinische studies, is jullie bijdrage daaraan onmisbaar en zijn jullie 

geïnteresseerd in de resultaten, chapeau! Beste Mary-Ann, bedankt voor je steun bij 

allerhande zaken (die ik ook nog eens vrijwel meteen gerealiseerd wilde hebben…)! Ook 

wil ik alle intensivisten, fellows en arts-assistenten bedanken voor hun bijdrage en 

gezelligheid. Dr. R. Tepaske. Beste Robert, gedurende een paar jaar waren we minstens 

één dag per week kamergenoten, bedankt voor je gastvrijheid! Dr. D.A. Dongelmans. 

Beste Dave, bedankt voor al je waardevolle adviezen (soms ongevraagd) en…het is een 

donkerrode auto geworden.  

Onderzoekers en studenten. Beste mede-onderzoekers: Robin Harmsen, Roosmarijn van 

Hooijdonk, Jan-Hendrik Leopold, Marleen Straat, Pieter-Roel Tuinman, Tineke Winters en 

Esther Witteveen van de groep “boven” en Hamid Aslami, Friso de Beer, Charlotte 

Beurskens, Gerie Glas, Geartsje Jongsma, Jessica Hegeman, Ilse Kuipers, Koen van der 

Sluijs, Anita Tuip, Lonneke van der Vught, Maryse Wiewel van de groep “beneden”, 

bedankt voor de samenwerking en heel veel succes! Lieuwe Bos, Sabrine Hemmes en Luuk 

Wieske, roommates van het afgelopen jaar. Bedankt voor de goede sfeer, hard werken en 

elkaar zoveel mogelijk helpen waar maar nodig is. Dat waren de heersende gedachten en 

leidde tot een hoge productiviteit! Gelukkig delen we ook hetzelfde gevoel voor humor! 

Heel veel succes in de komende jaren met het afmaken van jullie proefschriften, ik ben 

ervan overtuigd dat het prachtexemplaren zullen gaan worden.  

Beste Patty Doesborg, Daan van Poppelen, Laure Robillard en Pim Thewissen, jullie 

projecten hebben allemaal geleid tot een mooi verslag, bij twee van jullie tot een reeds 

gepubliceerd artikel en bij één van jullie tot een te publiceren artikel. Bedankt voor jullie 

inzet en succes voor de toekomst! Patty, jij bent nog bezig met een mooi internationaal 

onderzoeksproject op de Intensive Care, zet ‘m op! 

P. Middelhoek en M. Mechielsen. Beste Pauline en Margreet, bedankt voor jullie inzet als 

onderzoeksverpleegkundigen. Dr. F. Paulus en A.L.I.P. van der Veen. Lieve Frederique en 

Annelou, dames, bedankt voor jullie professionele steun tijdens de verschillende studies, 

maar natuurlijk ook voor de tips van leuke websites, zwangerschapsweetjes, etc.   

Dr. J.M. Binnekade. Beste Jan, naast medeauteur van meerdere manuscripten ook 

statistisch gezien een significante steun en toeverlaat! Bedankt voor je geduld als ik toch 

weer iets had bedacht…!  

Neurologen en arts-assistenten Neurologie. Zeer bedankt voor jullie inzet voor de PROPAC 

II- en STER-studie!  

Afdeling Klinische Neurofysiologie. Beste laboranten, bedankt voor het laatste stukje 

klinische neurofysiologie van mijn opleiding tot neuroloog en jullie inzet bij de 
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verschillende onderzoeksprojecten. Dwar, ik kan mij niet voorstellen dat jij er niet bij bent 

om samen met ons het glas te heffen en te toosten op het resultaat. We zullen toosten op 

jou. Dr. J.H.T.M. Koelman. Beste Hans, bedankt voor je bijdrage aan de verschillende 

hoofdstukken. Hopelijk kunnen we in de toekomst meer projecten ten uitvoer gaan 

brengen. Dr. A.F. van Rootselaar. Beste Fleur, bedankt voor de fijne samenwerking tot nu 

toe, we gaan er gewoon mee door! 

 

Graag wil ik alle deelnemende ziekenhuizen met iedereen van de Intensive Care 

afdelingen, afdelingen Neurologie en Klinische Neurofysiologie en klinisch chemisch 

laboratoria bedanken voor hun inzet tijdens de PROPACII-studie, zonder jullie geen 

voltooiing van dit project (Medisch Centrum Leeuwarden, Leeuwarden; Onze Lieve 

Vrouwe Gasthuis, Amsterdam; Medisch Centrum Alkmaar, Alkmaar; Rijnstate Ziekenhuis, 

Arnhem; Sint Antonius Ziekenhuis, Nieuwegein; Kennemer Gasthuis, Haarlem; Spaarne 

Ziekenhuis, Hoofddorp; Reinier de Graaf Groep, Delft; Sint Lucas Andreas Ziekenhuis, 

Amsterdam; Universitair Medisch Centrum St Radboud, Nijmegen). Met ook speciale dank 

aan de volgende mensen: Drs. S.S. den Boer, Dr. B.M. van Geel, Carolien Haazer, Matty 

Koopmans, Lenny Kranstauber-van Wijngaarden, Dr. I.A. Meynaar, Monique Raaijmakers, 

Saskia Rijkenberg, Vanessa Sai-a-Tjin, Dr. O.J.M. Vogels, Kim Vooys-Bakker, Drs. M.C. de 

Vries, Christine M. Wallenborg, Dr. M. Weisfelt.   

 

Dr. M.A. Kuiper. Beste Michael, onze samenwerking begon met het enquêteproject, 

bedankt voor je bijdrage aan de verschillende hoofdstukken.  

Dr. E.G.J. Zandbergen. Beste Eveline, wat een eer om in jouw voetsporen te hebben 

mogen treden en de PROPAC II te hebben mogen doen. Wie weet wat de toekomst voor 

gezamenlijke projecten brengt! 

 

Afdeling Neurologie en Klinische Neurofysiologie, Sint Antonius Ziekenhuis, Nieuwegein. 

Dr. S.C. Tromp, Dr. L.L. Teunissen, Dr. H.S. Biemond. Beste Selma, Laurien en Hazra, 

bedankt voor de warme samenwerking met jullie, wordt vervolgd…  

 

Alle andere medeauteurs wil ik hier ook bedanken voor hun enthousiasme en voor het 

meeschrijven en -denken aan de verschillende manuscripten: Frank H. Bosch, Björn M. van 

Geel, Alexander W. den Hartog, Jaap G. Imanse, Elly L. van der Kooi, Bas M. Kors, D. Martin 

Laman, Anne-Cornélie J.M. de Pont, Ivo N. van Schaik, Marcus J. Schultz, Marina A.J. 

Tijssen, Arnoud C. Toornvliet, Bart W. Verbaan, Marcel M. Verbeek, Durk F. Zandstra. 
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Sint Lucas Andreas Ziekenhuis 

Afdeling Neurologie. Een groot deel van de periode waarin ik mij bezig hield met het 

proefschrift, was ik tevens werkzaam op de afdeling Neurologie van het Sint Lucas 

Andreas Ziekenhuis, inmiddels samengegaan met de afdeling Neurologie van het Zaans 

Medisch Centrum.  

Mijn opleiders neurologie Dr. J.A.L. Vanneste en Prof. dr. H.C. Weinstein.  

Beste Jan, ik herinner mij nog goed dat je mij op een woensdagavond opbelde en mij 

vroeg om bij jou in opleiding te komen, ik kon niet meer slapen van vreugde! In de jaren 

die daarop volgden bracht jij naast de grote kennis van de neurologie ook als Bourgondiër 

en kunstliefhebber kennis over. Het Palaver op vrijdagmiddag, het diner bij La Sirène, het 

Amstel Hotel, de lunch in Leeuwarden. Je weet hoe zeer ik het waardeer dat je er vandaag 

bij bent.  

Beste Henry, opleider in het laatste gedeelte van mijn specialisatie. Bedankt voor de 

leerzame jaren! Ik vertelde je tijdens een afdelingsuitje dat ik in het AMC 

promotieonderzoek ging doen en ook dat dat betekende dat ik daar één dag in de week 

fysiek aanwezig wilde zijn, wat mijn opleiding zou verlengen. En het werd geregeld! Ook jij 

ging naar het AAN-congres in Seattle. Je vond het maar niets dat ik ergens in een hostel 

zat, naast een groot verkoopterrein van tweedehands auto’s, en wilde mij na een 

groepsdiner absoluut veilig thuisbrengen. 

Dr. D.M. Laman en Dr. A.A.J. Hilgevoord. Beste Martin, je bent vanaf het begin af aan altijd 

enthousiast geweest over het onderwerp van dit proefschrift en met dezelfde energie heb 

je ook meegedaan. Beste Ton, wij zijn nog niet klaar!  

Overige (oud-)stafleden: Dr. R.M. van den Berg-Vos, Dr. W.M.J. Bosboom, Dr. J.L.M. van 

Hellenberg-Hubar, Dr. J.P.M. Hillegers, Drs. A. Koppenaal, Dr. W.H.J.P. Linssen, Drs. B.C. ter 

Meulen, Drs. E.J. Wouda, Dr. A.M.M. Vlaar. Bedankt voor de opleiding en jullie 

belangstelling voor dit project.  

Mijn voormalige collega-arts-assistenten: Barbera, Irene, Elles, Judith, Roeland, Ekkehart, 

Narender, Jons, Raymond, Mascha, Fransje, Joost, Bertjan, Melanie, Teun, Karien, Frank, 

Myrthe, Sander, Linda, Tanja, Suzanne, Jorunn, Jooske, Caspar en Hella. Borrels, 

kerstshoppen in Londen, Loosdrecht, Babinski’s, Biemondcongressen, congres in Lissabon, 

etc., etc., etc. Wat hebben we mooie tijden beleefd en wat is het altijd weer gezellig om 

elkaar te zien! 

Afdeling Klinische Neurofysiologie. Lieve laboranten, bedankt voor het gezellige en 

leerzame jaar bij jullie!        

Secretariaat Neurologie. Wilma en Dudu, bedankt voor jullie steun en altijd warme 

belangstelling.   

Polikliniek Neurologie, Afdeling Neurologie B8, Afdeling Spoedeisende Hulp, Afdeling 

Radiologie. Zorg voor de patiënt is teamwork, bedankt!  
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Onze Lieve Vrouwe Gasthuis 

Afdeling Neurologie. Beste neurologen, Dr. J.L.W. Bosboom, Drs. J. Imanse, Dr. N.F. Kalkers, 

Dr. V.I.H. Kwa, Prof. Dr. P. Portegies, Drs. G. Tiessens, Dr. J. Visser, beste arts-assistenten, 

medewerkers polikliniek Neurologie, medewerkers secretariaat Neurologie, 

verpleegkundigen en andere medewerkers van C7, laboranten en andere medewerkers 

van de afdeling Klinische Neurofysiologie: Bedankt voor het warme welkom en de goede, 

open sfeer!  

 

Lieve vrienden en vriendinnen, bedankt voor het vertrouwen en de vriendschap, elkaar 

steunen en altijd proberen om samen de mooie en verdrietige momenten te delen. Het is 

mij zeer dierbaar.  

 

Mijn paranimfen Vanessa van der Linde en Melanie Bos. Lieve Vanessa, we kennen elkaar 

al sinds de middelbare schooltijd, maar vriendinnen werden we eigenlijk pas in de 

studententijd. Liefde voor muziek en gezelligheid waren ingrediënten voor menig avondje 

uit en door jouw connecties binnen de totaal andere wereld van online media kwam ik 

ook nog eens ergens op een VIP-guestlist te staan! Jij was ook één van mijn getuigen bij 

ons geregistreerde partnerschap. Bijzonder dat je nu ook mijn paranimf bent. Heerlijke 

etentjes en mooie films hebben we achter de rug en er zullen nog vele volgen!  

Lieve Melanie, oftewel Bos, samen hebben we de opleiding gedaan, samen hebben we 

jouw huis/huizen gespot. In 2007 heb ik dankbaar gebruik gemaakt van jouw gastvrijheid 

en een periode bij jou op de Admiraal de Ruijterweg gewoond. Inmiddels werk je in 

Leeuwarden, maar blijven we regelmatig een gaatje in de agenda vinden om wat af te 

spreken. Dan dineren we heerlijk (en neem jij weer een überhippe jurk voor Lena mee!). 

Wat fijn dat je vandaag mijn paranimf bent!        

 

Maria Mestrom & Jaap Wemerman en Herman van den Munckhof & Joep Madern. Lieve 

schoonouders, fijn dat jullie mij zo’n warm welkom in de familie hebben gegeven met al 

vele mooie herinneringen van momenten samen.  

 

Familie van den Munckhof-Elbertse, Lieve Caroline, Michel, Govert en Justus, vanaf de 

eerste ontmoeting bij een toneelstuk in het Fijnhout Theater hebben we al vele 

momenten samen gedeeld en dat is mij zeer dierbaar.  

 

Familie Bouwes. Mirella, Maarten en Tobias. Lief broertje, wat hebben we eigenlijk veel 

samen gedaan, van eindexamen doen tot vakanties naar Parijs en Istanbul. En dat samen 

vakantie vieren is na die tijd niet verdwenen. Leuk om binnenkort weer eens met zijn allen 
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naar een mooie kindvriendelijke bestemming te gaan! En ik vond het een eer om getuige 

te zijn geweest op jullie mooie bruiloft! 

 

Mijn lieve ouders, Cor en Nel Bouwes, allereerst bedankt voor de fijne jeugd die ik heb 

gehad, de basis van het leven. Motiveren, stimuleren, maar ook af en toe op de rem 

trappen. Veel zorgen hadden jullie tijdens de Interrail-reizen samen met Sietske, twee 

blonde jonge meiden met de backpack door heel Europa, maar ik mocht! Na vakanties 

met z’n vieren, binnenkort met zijn achten, ik ben benieuwd! Heel erg bedankt voor jullie 

oprechte interesse in mijn onderzoek. En minstens zo bedankt voor jullie steun rondom de 

verhuizing, en voor de ingelaste extra opa-en-oma-dagen van de laatste tijd! Ik hoop dat 

we nog vele jaren kunnen vullen met mooie momenten.   

 

Mijn twee lieverds, Pepijn en Lena. Lieve Lena, onze prachtige dochter, jij kan je later 

natuurlijk helemaal niets herinneren van de proefschrifttijden van je ouders, zeker het 

laatste half jaar kwam je elke keer als de laptop werd gepakt hoopvol aanrennen met als 

doel een filmpje van Bollo (de Beer) of Minnie (Mouse) te mogen bekijken en regelmatig 

ben ik daarvoor gezwicht. Je bent een grote lieverd, vol van enthousiasme om dingen te 

ondernemen, het kan niet gek genoeg! Lieve Pepijn, de laatste woorden zijn voor jou, heel 

erg bedankt voor wie je bent, en dat je er bent. Het enthousiasme en de liefde die we 

delen vormen een stabiele en mooie basis. “We gaan ervoor”, zeiden we tegen elkaar. En 

dat doen we. Iedere dag!  
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Curriculum vitae 

 

Aline Bouwes was born on November 10
th

 1978 in Hoorn. In 1997 she finished secondary 

school at the Atlas College, Openbare Scholengemeenschap West-Friesland, Hoorn. She 

then started Medical School at the Vrije Universiteit Amsterdam (VU). In 2001 she did a 

clinical internship at the Faculty Hospital Královské Vinohrady, Prague, Czech Republic. 

Later that year, she travelled to Quito (Ecuador) to do volunteer work at the Emergency 

Department of Hospital Pablo Arthuro Suárez.  

 

She finished her clinical rotations at the VU medical center and graduated from Medical 

School with honors in 2004. She did an elective clinical rotation at the Department of 

Neurosurgery of the VU medical center in Amsterdam under supervision of Prof Dr Peter 

Vandertop, followed by a short period as a resident not in training at the same 

department. She then started her neurology residency program under supervision of Dr 

Jan Vanneste in the Sint Lucas Andreas Hospital. During the second part of her residency 

program, she was supervised by Prof Dr Henry Weinstein.  

 

From 2008, she started her PhD research at Prof Dr Margreeth Vroom’s Department of 

Intensive Care of the Academic Medical Center in Amsterdam, under supervision of Dr 

Janneke Horn and Dr Albert Hijdra. In 2011, she finished her neurology residency program 

and did one year of full-time research at the Intensive Care. Currently, she is temporarily 

working as a neurologist in the Onze Lieve Vrouwe Gasthuis in Amsterdam.  

 

Together with Pepijn and Lena, she lives in Watergang. 

 

 




