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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. 
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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 




