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16.1 Effectiveness of Therapeutic Hypothermia

Over a decade has passed since the publication on the New England Journal of
Medicine of the landmark studies that led to widespread clinical application of
therapeutic hypothermia (TH) [1, 2]. After decades of clinical research, finally we
found evidence in two randomized clinical trials (RCTs) of an intervention
improving neurological outcome at hospital discharge. Indeed the largest RCT, the
European study ‘‘Hypothermia After Cardiac Arrest’’ (HACA-Trial) unprece-
dentedly detected a survival benefit at 6 months after hospital discharge [1]. Both
RCTs enrolled unconscious victims of cardiac arrest (CA) presenting with a
shockable rhythm [1, 2].

Moreover in the same years a single center feasibility study looked at cooling
patients in asystole or pulseless electrical activity (PEA) [3]. A subsequent meta-
analysis was published that pooled the two RCTs and a feasibility study on cooling
with a refrigerated head cap [4]. The results provided an astonishingly low number
needed to treat only six patients to observe a benefit of hypothermia on both short-
and long-term effects—i.e., improved neurological outcome and survival at hos-
pital discharge and 6 months later.
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As mentioned, these results are not trivial when considering that there are only
three treatments supported by sound evidence in the field of cardiopulmonary
resuscitation (CPR): (1) chest compressions and ventilation, (2) defibrillation for
ventricular fibrillation (VF) or pulseless ventricular tachycardia (VT), and now (3)
mild TH (range 32–34 �C) for 24 h in unconscious victims resuscitated from CA.
This is unprecedented news since much effort devoted to other advanced life
support (ALS) interventions over the past 50 years was unable to show any impact
on CA and CPR outcome at hospital discharge. This includes widely accepted
interventions such as airway management by endotracheal intubation and the use
of drugs like epinephrine [5–7].

The majority of patients initially resuscitated from CA (approximately 70 %)
die in hospital [8]. Hypothermia introduced a paradigm shift in the in-hospital
treatment of post-CA patients. Indeed, because 75 % of in-hospital deaths are
attributed to irreversible anoxic neurological injury, such a high mortality is likely
to offer room for improvement, and TH challenged the previous widespread
nihilistic approach that clinicians had toward resuscitated patients [9].

16.2 Post-Resuscitation Care

The success of hypothermia gave momentum to an in-hospital standardized
approach, similar to the one employed in the links of the Chain of Survival in the
out-of-hospital setting. The increased appreciation of the numerous opportunities
of care held by the in-hospital phase ultimately led to what is currently named as
post-resuscitation care (PRC). The first group to systematically apply a stan-
dardized 72 h treatment protocol, including hypothermia, was the Norwegian
group in Oslo led by Sunde et al. [10]. A whole set of therapeutic options to limit
ongoing injury, to sustain organ function and to normalize physiological param-
eters were considered. Clear procedures identified objectives, goals, and strategies
to achieve them. Realizing that there is much to do in little time while inducing,
maintaining, and gradually restoring normothermia, and while maintaining optimal
intensive care standards at all time, the authors acknowledged the need for a clear
understanding of clinical priorities. To achieve such objectives, at least at the
beginning, a protocol of standardized care was necessary. Much effort was also
posed to aggressive hemodynamic support (both pharmacological and mechanical)
and urgent coronary angiography with percutaneous or surgical revascularization
if necessary. Survival with good neurological recovery at 1 year from hospital
discharge significantly improved from 26 % in historical controls to 56 % after the
intervention period [10].

Association of TH concurrently with an aggressive PRC policy led to very
consistent outcome improvements over different countries, suggesting a clear
margin of benefit. Interestingly, numerous centers now report very similar rates of
survival with good neurological outcome, all ranging between 54 and 59 %
[11–14].
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The optimism imposed by the results of TH led the International Liaison
Committee on Resuscitation (ILCOR) to officially acknowledge the existence of a
post-CA syndrome [15]. Negovsky was the first to understand the complexity of
this state, named in 1972 as post-resuscitation disease [16]. The ILCOR consensus
statement published in 2008 defines the epidemiology, pathophysiology, treatment,
and even elements useful for prognostication of this syndrome [15]. With a bold
step forward ILCOR provides physicians and nurses with clear objectives that can
be summarized in the treatment of the four key components of the Post-CA
syndrome: (1) post-CA brain injury, (2) post-CA myocardial dysfunction, (3)
systemic response to ischemia and reperfusion, and (4) persistent precipitating
pathology.

The 2005 European resuscitation council (ERC) guidelines did not devote much
attention to TH [17]. On the contrary, the following guidelines issued in 2010
strongly emphasized, among the changes introduced, the need for implementing
TH and comprehensive PRC [18]. For instance, the name of the fourth link of the
Chain of Survival was changed from ALS to PRC; furthermore for the first time
the brain was depicted in the logo, quite peculiar when considering that this is the
ultimate goal of resuscitation but was never portrayed before [18]. Finally, almost
half of the summary of changes in the ALS chapter was dedicated to TH and PRC.

On the other side of the Atlantic, the American Heart Association (AHA) 2010
guidelines introduced a dedicated fifth link to the Chain of Survival and a whole
new chapter within the guidelines entitled ‘‘post-cardiac arrest care’’ [19].

16.3 New Evidence Supporting Therapeutic Hypothermia

Presently, there are over 4,400 references on PubMed when searching for TH and
CA, but very little is new in terms of scientific evidence, since the only RCTs
remain the landmark studies on which we still rely.

New information might be sought in registries, yet these are only hypothesis
generating. The largest database—the Hypothermia Network Registry—including
over 1,000 patients suggests that TH is beneficial not only for patients in VF as
demonstrated by the landmark trials, but also for those presenting with the so-
called agonal rhythms [20]. An astonishingly high survival rate was reported by
the registry when compared to that of historical controls: 21% survival with good
neurological outcome in patients with asystole as first detected rhythm, and 23 %
for those presenting in PEA.

Expert consensus opinion in guidelines has filled the gap where the evidence is
slim, so that we are now suggested to consider the use of TH also: in comatose
survivors of CA with non-shockable rhythms; following in-hospital arrest; or for
paediatric patients, even if the lower level of evidence for these categories is
acknowledged [18]. There is also growing appreciation that it is rational to think
beyond the sole hypothermia process of induction, maintenance, and rewarming.
Active temperature management after restoration of normothermia in patients who
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do not regain consciousness should be a priority at least for the initial 72 h that
follow restoration of spontaneous circulation (ROSC). Indeed a large number of
patients tend to become febrile after restoration of normothermia. A hyperthermic
rebound should not be underestimated as fever after any acute neurological insult
(including CA) is detrimental; however, it is still unknown until when it should be
considered a hazard [21]. For this reason, a rigid maintenance of normothermia
should be considered at least for the first 3 days after ROSC and particularly in
those patients not regaining consciousness after restoration of normothermia and
sedation hold.

It is precisely with the aim of moving beyond the cooling process that five
scientific societies agreed on replacing the term TH with the more appropriate one
of target temperature management [22].

The Hypothermia Network Registry sheds also some light on adverse events
related to TH [20]. Bradycardia was the most common arrhythmia (13 %) but very
rarely requiring pacing, regardless of whether pharmacological or electrical, while
pneumonia was the most frequent infection (41%) [20]. Bleeding requiring
transfusion occurred in 4% of all patients and the risk was significantly higher if
angiography/coronary intervention was performed (2.8 % vs. 6.2 %, respectively,
p = 0.02). Sustained hyperglycemia [defined as[8 mmol/l (144 mg/dl) for[4 h]
was observed in 37 % of patients. Electrolyte disorders were also quite common
(18–19 %), specifically hypokalemia, hypomagnesemia, and hypophosphatemia
[20]. The incidence of sepsis was low (4 %) but higher in patients with intra-
vascular devices for temperature management (OR 2.6), intra-aortic ballon pump
(IABP, OR 3.2), or undergoing coronary angiography (OR 4.4) [23]. Of note
bleeding, infection, arrhythmia, and electrolyte disorders were not associated with
increased mortality. Only sustained hyperglycemia and seizures (despite treat-
ment) were associated with worse outcome [23].

Yet there are many unanswered questions, among them when to start hypo-
thermia. Cooling should be started as early as possible, stated the 2010 ERC
guidelines [18]. The cooling process can be started on the field and during
transportation leading to a reduction in core temperature at hospital or intensive
care unit (ICU) admission [24]. Our 7 years’ experience is in keeping with such
reports. The emergency medical service (EMS) of the province of Pordenone
(north-east Italy) was able to start cooling in the out-of-hospital setting in 56
patients. Hypothermia was initiated with straightforward and inexpensive means
without delaying hospital admission. This included ice-packs, means of inducing
heat loss (i.e., turning off ambulance heating, opening the window, uncover patient
as much as possible, and any other mean immediately at hand), and cold IV fluids.
When comparing temperature at ICU admission with 117 patients that were not
cooled (including in-hospital CA) there was a significant reduction in core tem-
perature if cooling was started in the out-of-hospital setting (34.7 ± 2.1 �C vs.
35.4 ± 1.3 �C, p \ 0.01).

Despite this strong logical and pathophysiological rationale, as yet there are no
human data supporting that a reduced time to achieve the target temperature is
associated with better outcomes. On the contrary, a recent Australian trial on early
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out-of-hospital cooling was stopped for futility after enrolling over 200 patients
[24]. Also, an intra-arrest trial using transnasal evaporative cooling which allows
for a very fast cooling rate, did not show improvements in ROSC or hospital
discharge, despite the study not being really powered for such results [25]. Cur-
rently, four more trials are on the way, two in Australia, one in North America, and
one in Europe.

What could the reasons be for this lack of benefit? One hypothesis is that if
neuroprotection induced by hypothermia is not an on–off phenomenon but a
spectrum with higher intensity at lower temperatures, then a patient who is difficult
to cool or is cooled slowly would be exposed to a greater area under the curve of
hypothermia—and thereby of neuroprotection—than a patient who achieves rap-
idly the target temperature. Another reason recently proposed by Oddo et al. [26],
is that the impaired thermoregulation that follows ROSC is an indicator of the
severity of injury, hence a determinant of post-resuscitation disease and CA
prognosis. So future studies when assessing the benefit of early cooling on out-
come should adjust for patient admission temperature and use the cooling rate
rather than time to target temperature.

Another matter of debate is whether cooling should be extended to children and
for how long. There are currently three trials and one Cochrane review on neo-
nates, all indicating that hypothermia for 72 h at 33.5 �C is beneficial [27–29].
Once again it seems rational to use hypothermia after CA in children and, based on
expert consensus, current guidelines recommend it although the length of treat-
ment is not specified [18]. So, while waiting for the results of ongoing clinical
trials, companies are now competing to produce devices that allow strict control by
automatic temperature management in children of different sizes.

There is also a growing literature that suggests it might be worth regionalizing
CA patients bypassing local hospitals in order to admit them directly to high-
volume CA centers with percutaneous coronary intervention facilities ‘‘24/7’’ [30–
33].

However, there are still many other areas of uncertainty, like: (1) the appro-
priate duration of hypothermia (does one size fit all?), (2) should we tailor the
duration on an indicator of brain injury? (3) what is the optimal rewarming rate,
and most of all, (4) what is the optimal depth of hypothermia?

16.4 The Target Temperature Management Trial

A critical review of the landmark studies easily reveals that they are not flawless
and carry a potential risk of systematic error and random error design.

The Bernard trial was actually not a randomized trial but a quasi-randomized
study as allocation was based according to odd and even days [2]. Of the 82
eligible patients only 77 were included, no justification for the missing 6 % was
provided. Unscheduled interim analysis on 62 patients was performed, and no
statistical correction was included in the final analysis. The two groups were
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uneven (43 vs. 34 patients). The discharge facility was used as a surrogate of
neurological outcome. To make things worse the final result of the study depends
on one single patient.

If we consider the largest study, the HACA trial, which enrolled 275 patients
there are still areas of uncertainty: the study was prematurely stopped, there was no
power calculation (a reasonable size would have probably included 600–700
patients), and the study lasted as long as 7 years [1]. Neurological status before CA
was not investigated, early withdrawal of care was neither standardized nor
reported; finally the study was highly selective since it included only 8 % of
screened patients admitted to the emergency department following CA (275 of
3,551). Hence the results can be hardly generalized to the average CA population,
and most of all, the controls were actually ‘‘not temperature-controlled,’’ since the
majority of them were febrile.

In conclusion, the overall quality of evidence is low at least in humans and the
optimal target temperature is not yet defined at least based on high quality evi-
dence. Therefore, although promising, hypothermia should be further investigated.
These precise conclusions were drawn by a systematic review that assessed the
evidence using the GRADE-methodology [34].

With the attempt of improving our knowledge on hypothermia, several ICU
have joined in the attempt to investigate two subfebrile temperatures in a large
general population by means of a randomized, parallel-group, and assessor-blinded
clinical trial: the target temperature management (TTM) trial [35]. A core tem-
perature of 36 �C was chosen as comparator to 33 �C since it is safely below
febrile temperatures with allowance for temperature fluctuations and because,
based on the Hypothermia Network Registry data, the median temperature at
hospital admission is 36 �C. Active temperature management (36 vs. 33 �C) was
continued in patients who did not regain consciousness. A total of 36 centers from
10 different countries in Europe and Australia joined this study led by the principal
investigator Niklas Nielsen (Sweden).

The main objective was to assess the efficacy and safety of two TTM strategies
after resuscitation from out-of-hospital CA. Enrolment of 950 patients was com-
pleted in January 2013. The intervention phase lasted 36 h, while 72 h later (that is
5 days after ROSC) a blinded neurological evaluation was performed. Patients
were followed until the end of the trial.

Inclusion criteria were: unconscious adult patients with out-of-hospital CA of
presumed cardiac cause with sustained ROSC. Patients too cold on admission
(core temperature \30 �C) were not included, as well as those with known limi-
tations in therapy, unlikely to survive at 6 months, or with severe preexisting
neurological dysfunction. Patients could not be screened any longer than 4 h from
ROSC, and if they remained in shock in spite of maximum therapeutic efforts. All
presenting rhythms were included with the exception of unwitnessed asystole.

The primary endpoint was survival at the end of the trial, while the secondary
was the post-CA neurological function—blindly and thoroughly evaluated not
only cerebral performance categories but also modified Rankin Scale and Infor-
mant Questionnaire on Cognitive Decline in the Elderly—at 6 months, as well as
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safety issues (i.e., bleeding, pneumonia, etc.). Withdrawal of care was not allowed
for the first 5 days, unless for predefined ethical reasons, and had to be always
motivated [35]. Further details are available online at http://clinicaltrials.gov/
show/NCT01020916. Publication of the trial results is expected by late 2013.

In conclusion the TTM-Trial holds promises to be a large clinical randomized
and monitored trial evaluating two subfebrile temperatures, with a pragmatic
design in accordance with clinical practice, and hopefully its results will apply to
the majority of out-of-hospital CA patients admitted to the intensive care.
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