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Summary
Chapter 1 
General introduction and scope of the thesis
In this thesis the connection between the heart and the brain is investigated. This is 
done through the perspective of three medical disciplines: cardiology, neurology & 
critical care. While these are three very different specialisms, all three play a role in 
this interconnection. The main focus of this thesis is on out-of-hospital cardiac arrest 
with its associated treatment and underlying causes. We investigate the hemodynamic 
and metabolic consequences of the ailment and treatment. Outcome of this devastating 
mostly cardiac disease is closely linked with the brain as first described by Safar.1 We 
also take a side step to look at the reverse relationship between traumatic brain injury 
and the heart.

Chapter 2 
A: Hemodynamic consequences of mild therapeutic hypothermia after cardiac 
arrest 
Reviewing the evidence, there seems to be an abundance of reasons for implementing 
mild therapeutic hypothermia (MTH) in clinical practice. There are, however, side effects. 
Much of the knowledge on side effects of hypothermia has been gained from observations 
in accidental hypothermia. It can lead to loss of electrolytes (potassium, magnesium and 
phosphate) due to both increased urinary excretion and intracellular shift. These findings 
also have been confirmed in clinical studies on MTH.2,3 Electrolyte abnormalities may 
further affect cardiac performance. A large percentage of patients with out-of-hospital 
cardiac arrest (OHCA) have acute coronary syndromes and myocardial infarction. This 
may include cardiac function. Induced hypothermia may further interfere with cardiac 
function and influence haemodynamics after OHCA. As information on haemodynamic 
variables during MTH is scarce, we studied these in patients with OHCA admitted to our 
ICU. 

The treatment protocol that was implemented consisted of hypothermia induced via 
rapid infusion of 2 litres of cold isotonic saline (4 °C) followed by further induction and 
maintenance of cooling with the patient positioned between two water-cooled blankets 
(Blanketroll II, CSZ, Cincinnati, Ohio, USA). Temperature was measured continuously 
with an oesophageal temperature probe and used as feedback for the cooling device. 
After reaching the target temperature of 32.5 °C, patients were maintained at this 
temperature for 24 hours. After the maintenance phase, patients were rewarmed at a 
controlled rate of 0.3 °C per hour to reach a target temperature of 36 °C and sedation 
was discontinued. 

We demonstrated marked haemodynamic consequences in a cohort of 48 patients 
treated with MTH using a rigorous protocol, and found a marked reduction in heart rate. 
This beta-blocker-like effect may positively affect the volume of myocardium suffering 
from ischaemia or ischaemic injury. Lowering heart rate is a cornerstone of treatment 
in patients with acute coronary syndromes.4,5 However, in many patients after OHCA, 
b-blockers cannot be used, as low blood pressures are common in this group, for example 
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comprising 55% of patients in a large hypothermia study after cardiac arrest.6,7 

Despite induction of hypothermia with 2 litres of cold isotonic saline (4 °C), pulmonary 
artery pressures decreased. This is in line with previous research addressing the 
safety of infusion of ice-cold isotonic saline.8,9 This may suggest that many patients 
initially are hypovolaemic. We found an initial rise in urine output during MTH. This is 
often explained as cold diuresis, caused by peripheral vasoconstriction promoting 
subsequent higher central filling pressures.10 Others have suggested this could be due 
to nephrogenic diabetes insipidus due to decreased renal collecting tubular function 
during hypothermia.11 However, we feel these explanations are not very likely as diuresis 
was not excessive during the hypothermia maintenance phase. Another explanation may 
be that our rapid fluid induction had some influence only on early phase urine output. 
Marked cold diuresis during on going hypothermia treatment was not seen. It is difficult 
to analyse whether these results may have been influenced by acute tubular necrosis 
after cardiac arrest. We may conclude that high urine output or cold diuresis does not 
pose a relevant clinical problem. 

Although a reduction in cardiac index (10%) may lead to inadequate organ perfusion, 
during induced hypothermia we could not demonstrate that this lower cardiac output 
caused lower mixed venous oxygen saturation. This suggests that, parallel to the 
reduction in cardiac output, oxygen requirements and consumption were also lower 
due to the lower body temperature. In other words, during MTH, the workload for the 
injured heart may be lower due to lower resting energy metabolism associated with a 
lower body temperature.12 The findings of elevated lactate levels during hypothermia that 
normalize during rewarming could suggest tissue hypoperfusion. In contrast to this, we 
found normal mixed venous oxygen saturation levels. In addition, we could not find any 
correlations of elevated lactate levels during hypothermia with outcome. We hypothesize 
that hyperlactataemia may be related to hypothermia and is not deleterious or prognostic 
per se as hyperlactataemia has also been described during hypothermia in cardiac 
surgery patients.13

Chapter 2
B: Unexpected neurological deterioration after mild therapeutic hypothermia 
Relevant to the subject of induced mild therapeutic hypothermia is what exactly the 
mechanism behind the beneficial influence is. MTH has been a standard treatment since 
2003.14 Recent studies have shown no difference in outcome if patients are cooled to 33 
°C or 36 °C. Important factors determining outcome after out-of hospital cardiac arrest 
(OHCA) are primary and secondary brain damage. Neurological complications account 
for two thirds of deaths after initial resuscitation of OHCA patients.15 The development of 
mild therapeutic hypothermia as a treatment strategy has demonstrated the potential to 
improve neurological outcome.6,7

Apart from the evidence supporting hypothermia treatment as brain protection there is 
also overwhelming evidence suggesting that hyperthermia may be deleterious and can 
increase ischaemic damage to the brain following a primary insult. Animal experiments 
show that even delayed hyperthermia (up to 24 hours) can result in very enhanced 
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neurological damage after ischaemic insults.16,17 Prospective trials in stroke victims have 
also shown that fever (T > 37.9 °C) is an independent predictor of poor outcome (odds 
ratio 3.4).18

Fever is a risk factor for poor neurological outcome after cardiac arrest. How long this 
vulnerability of the brain lasts and the risk for neurological deterioration persists is not 
known. However our observations suggest that hyperthermia should be aggressively 
treated for several days after return to normothermia.

Chapter 3 
Early lactate clearance in patients after cardiopulmonary resuscitation after out 
of hospital cardiac arrest
During OHCA the body sustains a large oxygen deficit with an accompanying accumulation 
of lactate resulting from anaerobic metabolism. In contrast during sepsis lactate 
production is often not the result of generalized hypoxia but rather of increased adrenergic 
stress.19 Restoration of appropriate circulation enables many tissues to clear lactate by 
conversion back to glucose or by direct metabolism. After maximal exertion athletes can 
consume lactate at extremely high rates. It seems reasonable to assume that the post-
exertional decrease of lactate in athletes reflects the upper range of physiological lactate 
consumption.20 
In critically ill patients sustained elevated lactate levels are strongly associated with 
adverse outcome.21 The restoration of normal lactate levels and the rate at which 
this occurs is also correlated with outcomes.22-24 In septic patients presenting with 
hyperlactataemia (lactate level of > 4 mmol/L), a decrease in lactate levels of 10% after 
6 hours has been shown to be associated with favourable outcomes.25,26 In the setting of 
out-of-hospital cardiac arrest (OHCA) and after return of spontaneous circulation (ROSC) 
a target for lactate clearance of 10% per hour has been suggested.25,26

However, the kinetics of lactate clearance in the setting of OHCA resembles more those 
of athletes than of septic patients.
Patients presenting to the emergency department (ED) (2006-2014), at the University 
Medical Center Groningen (UMCG), after having experienced an OHCA were analysed. 
Arterial blood samples were routinely collected at the ED, cardiac catheterization lab 
and intensive care unit (ICU). Patients who achieved ROSC after CPR with an initial 
arterial lactate > 8 mmol/L and a minimum of two lactate measurements within the 
first two hours were included. Time 0 was taken as the first lactate measurement after 
ROSC. The absolute clearance in mmol/L per hour and the relative lactate clearance as 
a percentage of maximum lactate level in % per hour were determined for each patient 
with linear regression. 

We found no significant difference in the initial lactate level between survivors and non-
survivors. The mean absolute lactate clearance was 5.0 mmol/L per hour and the mean 
relative lactate clearance was 40.9% per hour. Both higher absolute and relative lactate 
clearance after ROSC were positively associated with hospital survival.

Early lactate clearance after OHCA was much faster than the 10 %/hour reduction reported 
in successfully recovered septic patients and also above the 10 %/hour suggested in 
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the setting of cardiac arrest.25,27 Even though there was significant difference in lactate 
clearance between survivors and non-survivors, the overall relative lactate clearance 
was still shown to be much higher than 10% per hour. This indicates that if lactate is used 
to guide therapy in the setting of cardiac arrest, a higher target for lactate clearance is 
required.
In addition, our findings demonstrate a significant difference in absolute lactate 
clearance and relative lactate clearance between survivors and non-survivors of OHCA. 
As expected, survivors had higher clearance rates than non-survivors. Importantly, there 
was no difference between the initial lactate levels of both groups corroborating results 
shown elsewhere.22,23

Chapter 4
Long-term outcome of patients after out-of-hospital cardiac arrest in relation to 
treatment: a single centre study
Despite several advances in the field of resuscitation, the management of patients 
after out-of-hospital cardiac arrest (OHCA) can still be improved.28-32 Factors influencing 
outcome after OHCA are the initial rhythm, whether the arrest was witnessed or not, early 
good quality cardiopulmonary resuscitation (CPR), early defibrillation and organisation 
of care. Efforts have been undertaken to improve outcome after OHCA. Organisational 
measures, such as teaching CPR in courses and other initiatives to promote early 
bystander CPR 33-35, optimisation of emergency medical system responses 36 and 
systems to ensure very rapid access to automated external defibrillators 37, have been 
shown to improve outcome.38 Survival is most likely if the initial rhythm was ventricular 
fibrillation (VF) 39, which is most frequently caused by myocardial infarction due to 
coronary artery disease.39,40 In our region an ST-elevation myocardial infarction (STEMI) 
network was created in conjunction with ambulance services, the emergency, cardiology 
and intensive care departments. It involves a defined treatment plan for patients with 
return of spontaneous circulation (ROSC), the goal of which is to allocate definitive care 
as expediently as possible guided on the clinical signs and electrocardiographic (ECG) or 
echocardiographic signs of acute myocardial ischemia.

The University Medical Center Groningen is a tertiary referral hospital, which serves the 
northeastern part of the Netherlands. In this region it is the only hospital that performs 
PCI. With referral hospitals, this centre provides 24/7 emergency care in a region with 
750,000 inhabitants.41 In the case of an emergency, the closest ambulance is sent to 
the scene and when resuscitation is necessary a second ambulance is always sent as 
back up. Patients are then transported to the centre, especially when there is suspicion 
of coronary occlusion (e.g. VF or STEMI). There resuscitation is continued or post-
resuscitation care is given following advanced cardiovascular life support guidelines.42

We retrospectively studied all consecutive patients over 18 years of age admitted to our 
hospital after OHCA between January 2003 and August 2010. All patients were included 
in our analysis unless it was impossible to confirm OHCA or to define the initial rhythm. 
In a large group of consecutive patients treated within a STEMI network, outcome after 
OHCA remained poor. However, in patients with an initial rhythm of VF, who showed ROSC 
and were treated by immediate PCI outcome was good. In-hospital survival reached 66% 



135

Summary, discussion and future directions

and, even more remarkably, survival after discharge was 99% after five years. Therefore, 
the outcome is comparable to figures reported for patients with STEMI without cardiac 
arrest treated with PCI.43

Patients with poor cardiac function and co-morbidities might not regain ROSC or survive 
to hospital discharge. For our patients we found that survival was higher in patients 
with higher LVEF, a better GCS, higher pH values and lower glucose and lactate levels, 
in accordance with observations by others.44-46 Moreover, patients with an initial rhythm 
other than VF showed a lower rate of ROSC and decreased GCS scores at admission 
compared to patients with VF.

Therefore, treatment within a STEMI network might especially benefit patients with VF 
as the first observed rhythm. Patients presenting with another initial rhythm might have 
an underlying mechanism other than myocardial ischemia due to significant coronary 
occlusion. This is supported by the lower levels of cardiac markers such as troponin, 
creatine kinase and creatine kinase-MB in the no VF group. The lack of treatment options 
apart from defibrillation, MTH and supportive care may explain the poorer outcome of 
patients with another initial rhythm. Even after hospital discharge, survival is worse 
when compared to patients who presented with VF. The same was apparently the case 
for patients who underwent PCI, as they had better in-hospital survival as shown in the 
propensity matched score. This improved survival continued after hospital discharge. 
It could be that patients who did not undergo PCI were not amenable to treatment, 
explaining their poorer survival.

Neurological function, our secondary outcome measure, was also more favourable in 
these PCI treated patients. Thus, the chance of surviving after an initial VF with a good 
quality outcome is realistic.

In conclusion, survival and neurological outcome in our patients resuscitated after VF 
and treated with PCI within a STEMI network was remarkably good. In our opinion these 
observations underscore the fact that the current chain of treatment allows optimal 
patient survival. However, there is insufficient good quality evidence about the outcome 
of immediate angiography and coronary intervention in patients with ROSC after OHCA of 
presumed cardiac aetiology. As the impact of this strategy on the utilisation of resources 
is significant, good quality randomised controlled trials are needed. In selected patients 
successfully resuscitated after OHCA of presumed cardiac aetiology, we believe that a 
more liberal application of angiography and coronary intervention may be considered in 
experienced acute cardiac referral centres.

Chapter 5 
Outcome after OHCA in the elderly
Although there have been many studies focused on outcome after OHCA.47-50 There have 
only been few studies that have focused on the elderly. Since older studies reported a 
dismal outcome in certain elderly patients groups after cardiopulmonary resuscitation 
(CPR) 51, there may be reluctance in instituting maximum treatment in this group for fear 
of generating greater numbers of survivors with bad functional outcomes.52 However 
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recent studies in other fields have shown encouraging results for the acute treatment of 
elderly patients.53,54

Despite similar percentage of patients regaining spontaneous circulation in both age 
groups outcome after OHCA for patients over 75 years was worse when compared to 
the results of the younger cohort, with a hospital survival rate that is 42% lower. When 
looking at markers for predicting outcome there were no differences in glucose, base 
excess and lactate levels.55-58

Surprisingly there was no difference in outcome related to initial rhythm. In younger 
patients initial rhythm is a strong predictor of survival as patients who present after VF 
have a better outcome. Survival after hospital discharge was also worse in the elderly 
patients. Neurological outcome however in elderly was good and similar to that of 
younger patients. Once discharged from hospital, the elderly patients had a reasonable 
50%-survival of 6.5 years, compared to matched controls.

Cardiac catherization was employed less frequently in the elderly patients. This may be 
explained partly by the lower cardiac markers found with CK, CK-MB and Troponin I levels 
being significantly lower in the elderly. This implies that acute coronary occlusion may be 
less important as a trigger for OHCA than in the younger cohort. This could be due to the 
higher incidence of secondary VF in this patient group. This is supported by the higher 
incidence of previous myocardial infarction in the group ≥ 75 were possible secondary 
rhythm disturbances may cause OHCA. This may also explain their poorer survival after 
hospital discharge, as their underlying pathology is less amenable to treatment.58,59

However when correcting for underlying factors performing a propensity matched analysis 
the use of CAG is lower in the higher age category, which could be due to bias.
Mild therapeutic hypothermia was employed equally in both groups despite the small 
difference of GCS at admission. Neurological outcome was better in the younger cohort. 
This could be due to a more susceptible brain since the incidence of stroke was higher in 
the elderly. However the mean for both groups falls in what is accepted as good outcome. 
Furthermore, the outcome means that 67% of elderly who survive have a CPC score of 1 
and can carry on leading an independent life. 

Despite similar rates of ROSC in elderly patients vs. younger patients, outcome after 
OHCA for elderly patients is worse with a survival rate that is approximate half that of 
younger patients. However the majority of elderly patients who survive have a CPC score 
of 1 and can carry on leading an independent life. The average life span for the mean 
aged patient in our study is still 6.72-8.59 years 60 and was comparable to the general 
population at this age.

Chapter 6
Mechanically ventilated STEMI patients; risk factors for mortality
Acute myocardial Infarction (AMI) is a life-threatening event and a major cause of death.61 
The diagnosis of ST-segment elevation myocardial infarction (STEMI) was found to be a 
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predictor of early mortality in the overall AMI population.43,62 Over the last decades, focus 
on the rapid percutaneous reperfusion of the occluded coronary vessel 63 resulted in a 
decrease in mortality.43,64 The in-hospital incidence of death in the overall STEMI population 
is estimated at 5-14% 64-66 and 1-year mortality at 10-20%.43,64,67,68 Patients with STEMI 
requiring mechanical ventilation have substantially higher in-hospital mortality rates (up 
to 50%) compared to patients with AMI that do not require mechanical ventilation.69-72 
Mechanical ventilation in the setting of STEMI is often required for supportive treatment 
in critically ill patients with cardiogenic shock, cardiac arrest, arrhythmias, and acute 
pulmonary edema. 

Little is known, however, about the risk factors for mortality in STEMI patients requiring 
mechanical ventilation, especially at long-term follow-up. Four cohort studies have 
identified predictors of mortality in the general AMI population 69-71,73, but nonetheless 
prediction of mortality among patients with STEMI requiring mechanical ventilation 
remains difficult. The aim of this study was to identify risk factors for mortality both at 
short and long-term follow-up in patients presenting with STEMI requiring mechanical 
ventilation.

From January 1st, 2009, to May 26th, 2013, clinical and angiographic data of all 
patients presenting with a STEMI at the University Medical Center Groningen (UMCG) 
were prospectively recorded in a dedicated registry. We combined the registry with the 
Dutch National Intensive Care Evaluation (NICE) registry to identify the STEMI patients 
admitted to the intensive care unit (ICU). All mechanically ventilated patients with STEMI 
as primary reason for ICU admittance were included.

The primary outcome of our study was to identify predictors of 30-day mortality. Secondary 
outcomes were to identify predictors of long-term mortality at 90 days, 1- and 2-year 
follow-up. During the inclusion period, 231 (9.7%) of all 2380 registered STEMI patients 
were admitted to the ICU. Nearly one third of the admitted patients were excluded, mainly 
due to admission after cardiothoracic surgery or a final diagnosis other than STEMI. In 
addition, long-term mortality was assessed up until May 23th, 2015. 

A total of 77 (49%) of the 157 mechanically ventilated patients died within 30 days. 
Demographic data, coronary risk factors and cardiovascular history were similar between 
survivors and non-survivors. Initial presentation with pulseless electric activity (PEA) or 
asystole was more often observed in patients who died (30% versus 1% among survivors; 
P < 0.01) and patients who died received an intra-aortic balloon pump more often during 
coronary angiography (56% versus 32%; P < 0.01). Of the survivors, 71 patients (89%) 
had a primary PCI compared with 65 patients (84%) of the non-survivors (P = 0.43). A 
considerable proportion of patients presenting with STEMI are admitted to the ICU: 231 
(9.7%) out of 2380 patients, and 157 (6.6%) required mechanical ventilation. Patient 
presenting with STEMI who need mechanical ventilation have the poorest prognosis of 
all STEMI patients and data of this these patients are scarce as they are usually excluded 
from randomised clinical trials. Our study presents detailed data regarding risk factors 
of mechanically ventilated STEMI patients. Mortality rate in these patients is 49% at 30 
days and increases to 52% at one-year follow-up. Mortality rates were higher in older 
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patients presenting with a severe arrhythmia (PEA or asystole), cardiogenic shock, a 
higher APACHE-IV score and larger myocardial infarct size.

Conclusion
A substantial number of patients with STEMI need mechanical ventilation: approximately 
1 out of every 15 patients with a STEMI. 30-day mortality is 49%, while only an additional 
8 patients die (10%) after having survived 30-days. Independent predictors of mortality 
are older age, initial rhythm of PEA or asystole, and admission with a cardiogenic shock, 
a higher APACHE-IV score and a larger myocardial infarct size. 

Chapter 7
Incidence of arrhythmia and sudden cardiac death in traumatic brain injury
Data on the occurrence of electrocardiographic (ECG) changes and arrhythmias in 
traumatic brain injury (TBI) patients are sparse.74-76 Most data are derived from case 
reports of patients with specific ECG changes, rather than data of populations of TBI 
patients.74,77-79 All patients with severe TBI admitted to the University Medical Center 
Groningen from January 2002 until June 2013 who fulfilled the criteria for Intracranial 
Pressure (ICP)-monitoring defined by the international guidelines 80 were included 
for analysis. These patients are part of a prospectively followed cohort of patients to 
determine predictive factors related to outcome.

In all patients a CT-scan was obtained directly after admission with a second CT-scan if 
clinical status deteriorated. All scans were classified according to the Marshall criteria.81 
Patients were monitored according to a standardized protocol including continuous 
blood pressure monitoring and pulse oximetry. For ICP-monitoring a ventricular catheter 
for simultaneous ICP reading and CSF drainage (neurovent-iFD-S from Raumedic) was 
used. ECGs were obtained within 48 hours of admission were analyzed with 12-leads 
ECGs recorded with Cardio Perfect equipment (Cardio Control, Delft, The Netherlands) 
and stored digitally after admission. Patients were admitted to the ICU with a standard 
regimen of sedatives and analgesics for ventilatory support.

In our cohort of patients with severe TBI ECG changes were very often seen, in 70% 
of patients, and arrhythmias were observed in 1 out of 5 patients. In comparison to 
the existing literature we observed far more ECG abnormalities.74 In the current study 
no relation between biomarkers of ischaemic heart disease (troponin, CPK) and the 
occurrence of ECG abnormalities was found. Since only a few patients had a history of 
cardiovascular disease it is unlikely that all ECG abnormalities had a primarily cardiac 
cause. Furthermore, only 25% of patients showed elevated troponin levels and just 24% 
showed elevated CK-MB-levels during the ICU stay. In addition, these cardiac biomarkers 
were not related to arrhythmia or ECG abnormalities. Likewise the observed hypokalemia 
and hypomagnesaemia were not related to incidence of arrhythmia, and therefore the 
observed arrhythmia cannot be contributed to abnormal electrolyte levels. In the current 
study, increasing TIL was related to an increased incidence of arrhythmias but not the 
occurrence of ECG abnormalities. It is suggested that these arrhythmias occurring with 
intensified ICP treatment might represent severity of injury instead of specific cardiac 
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complications. This is supported by the fact that there was no correlation between 
increasing TIL levels and increased levels of cardiac enzymes. We did not find any 
significant differences in mortality of patients with ECG abnormalities or arrhythmias 
compared to those without these cardiac abnormalities. The estimated incidence of 
sudden in-hospital-cardiac arrest of was 2%. Since additional factors were present in 
at least nine patients, the estimated contribution of cardiac death to fatal outcome 
of traumatic brain injury in our study was 11%, a small but not insignificant number. 
Therefore, it is suggested that while cardiac complications of TBI are present they do not 
constitute a major contributing factor to mortality.

Future directions
Outcome after OHCA is dependant on several factors both outside and inside our abilities 
of optimization. Fast ROSC, fast resolving of the underlying cause of OHCA and good post-
resuscitation care are within the scope of opportunities for improvement of care. There 
has been continued interest in resuscitation courses for the general public. Additionally 
the widespread availability of AEDs coupled with systems that alert nearby members of 
the public to the occurrence of OHCA can lead to shorter response times and earlier start 
of BLS.

The implementation of a STEMI network can further lead to improvements in outcome. 
Expedient diagnostic procedures such as forwarding of ECG cut down on time to devising 
a treatment plan. (Post-) resuscitation care requires a multidisciplinary approach. (Post-) 
resuscitation care is started on scene by the ambulance services by ALS, safeguarding 
oh an airway and rapid transportation. After arrival in-hospital the interdepartmental 
organisation is also critical.82 Rapid transportation and /or diagnostic procedures 
coupled with rapid optimization of the clinical condition of the patient require cooperation 
between the emergency, anaesthesia / critical care, cardiology and sometimes neurology 
department. Outcome for patients with OHCA varies depending on the hospital to which 
they are admitted 83 and there is some evidence that mortality is lower among those 
admitted to hospitals that treat a high volume of post-cardiac arrest patients.84 And 
perhaps, since an ECG is not 100% predictive of STEMI, all patients should be relegated to 
hospitals that are best suited for caring for patients with OHCA, therapeutic hypothermia, 
24/7 PCI facilities and advanced neurological investigations should al be on hand.31,41,58

This is already the case with the organization of trauma care. Patients with traumatic 
brain injury are automatically triaged to a level I trauma centre. Cerebral perfusion is 
one of the most important factors related to outcome in TBI patients as it probably is 
for patients after OHCA, research into this field has been few and suggestions have 
been made that there may be a state of hyperperfusion after OHCA 85 or hypoperfusion 
leading to bad outcome.86 Since these results seem to be diametrically opposed more 
research is needed to evaluate cerebral perfusion and devise if there is an optimum 
level in the individual patient to which treatment should be tailored. In TBI patients, 
cardiac sequlae are no linked to outcome, and more information is needed on possible 
concomitant echocardiographic abnormalities influencing outcome. More insight into 
ECG abnormalities coupled with data on cardiac function may yet lead to increased 
interest and necessity of more aggressive treatment in both patient categories.
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There have been multiple recent advances in the care of patients with OHCA. The 
development of STEMI networks advances in therapeutic hypothermia and emergency 
post-OHCA Coronary interventions has been shown to drastically improve the outcomes 
of patients after OHCA. 

Questions that still remain are the optimum temperature management for post-
resuscitation care. Perhaps in the future a study can be undertaken comparing 36 °C 
vs. fever control. More and more there is appreciation that OHCA is a survivable event 
with a good chance of neurologically intact survival.
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