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Abstract

Background: Only a few patients survive cardiac arrest as it with widespread cerebral ischemia
frequently leads to severe neurologic impairment.

Aim: Our objective was to evaluate whether induced hypothermia improves neurologic recovery in
survivors of primary cardiac arrest or not.

Methods: We included randomized or quasi-randomized, recent controlled trials (from 2002 till now
based on the electronic databases of PubMed/Medline, Scopus, and Cochrane were searched for relevant
literature and studies of adults who were successfully resuscitated, where therapeutic hypothermia (TH)
was applied within 6 hours after arrival at emergency department after sudden cardiac arrest especially
when asphyxia is the cause of the arrest and where neurologic outcome was compared with no history of
previous cardiac arrest. We excluded studies without a control group and historical researches.

Result: In patients who have been successfully resuscitated after cardiac arrest due to ventricular
fibrillation, therapeutic mild hypothermia increased the rate of a favorable neurologic outcome and
reduced mortality.

Conclusion: Mild resuscitative hypothermia in patients is feasible and safe. It improves short term
neurologic recovery and survival in patients resuscitated from cardiac arrest of presumed cardiac origin.

Its long-term effectiveness and feasibility at an organizational level need further research.

Introduction

The heart has electrical system control rhythm of heart
beat. And presence of problem or disease cause defect rhythm of
heart beat. Arrhythmia has three shapes: -Increase in rhythm
of heart beat - Decrease in rhythm of heart beat- stopping of
heart beat, Sudden Cardiac Arrest (SCA). SCA is different from
cardiac attack which is circulatory problem.

Although return of spontaneous circulation (ROSC) is
crucial in the process of recovery from cardiac arrest, it is
only the first of many complex stages. Given the complexity
of post cardiac arrest syndrome and its impact on the patient.
There is cellular changes associated with reperfusion injuries
for example the mechanism of free radicals just like hydrogen
peroxide or superoxide molecules in the blood causes a lot of
damage, inflammation may be part of this damage process as it
is a visible sign of the body reaction. And other mechanism that
has been proposed for causing reperfusion injury is within the
cells themselves through the mitochondria (the power house

of the cells) it turns out that they play a vital role in cell life
and death.

When you deny the blood flow for the cells or organs so
it is ischemia (lack of blood flow), which sets up a number of
damaging pathways, these free radicals also called reactive
oxygen species (ROS) are created that activate the inflammation
cascade to start occurring and enable mitochondria to be
dysfunctional or the energy dysfunction.

When these tissues or cells are perfused (return of blood
flow) all of the previous complications amplify within minutes
after reperfusion and they get more intense and it is a
remarkable thing, and if no serious control is done this cascade
can become irreversible. Theses mechanisms cause blood
vessel instability and blood pressure (BP) comes very unstable,
cell death and brain swelling which is well known as cerebral
edema that causes severe brain injury that can lasts [1].

Initial neurologic injury occurs when circulatory collapse
impairs oxygen flow to the brain. Without oxygen, the brain
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switches to anaerobic metabolism, which disrupts adenosine
triphosphate— dependent cellular pumps, resulting in excessive
calcium and glutamate excretion. This excess makes brain cells
more excitable, leading to further hypoxemia, in turn causing
mitochondrial and cellular death. Cellular death results in
cerebral edema, producing further damage. The initial injury
also disrupts the blood-brain barrier, which increases fluid in
the brain and worsens cerebral edema.

Once circulation is restored, reperfusion injury occurs and
may persist for hours. During this time, cell death triggers an
inflammatory response in which the immune system releases
neutrophils and macrophages to eliminate the dead cells.
Unfortunately, this process produces free radicals that cause
continued cell damage, worsening the inflammatory response,
which exacerbates cerebral edema. This vicious cycle continues
to cause neurologic injury.

Discussion

When the Cardiac Arrest (CA) happens, the normal
guidelines protocols as (CPR) are done, unfortunately not all
the arrested patients survive, and only a few patients return
back to their normal circulation. But even patients who return
of systemic circulation not all of them are hospital discharged
[2] (Figure 1).

Hypothermia counteracts neuro excitation in brain cells by
stabilizing calcium and glutamate release, reducing the degree
of cell death. Cerebral metabolism decreases 6% to 10% for
every degree Celsius that body temperature drops. As cerebral
metabolism declines, the brain needs less oxygen.

In essence, hypothermia counteracts many of the
destructive mechanisms of cardiac arrest. Its effects resemble
those of cardiac defibrillation, which makes the heart stop and
then reset itself to a normal rhythm. Similarly, hypothermia
halts destructive brain mechanisms and lets the brain reset
itself to normal functioning.

Therapeutic hypothermia occurs in three phases—
induction, maintenance, and rewarming. Clinicians must
control hypothermia and rewarming to prevent potential
adverse effects.

Temperature should be monitored with a method that
measures core temperature, such as use of an esophageal,
bladder, or pulmonary artery catheter.

Duration of therapeutic hypothermia depends on facility
protocol. No research is available on optimal duration. Some
facilities start counting duration from the time cooling begins;
others start when the patient reaches target temperature.

Nearly all adverse effects can be prevented or managed in
an intensive care setting.

Pilot trial and recent studies show the importance of
hypothermia for recovery after cardiac arrest .it shows that it
was safe and feasible to mildly cool patients after CA.

Surface cooling was initiated within 62 minutes after
CA .The target temperature (32-340C) was reached after
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Figure 1: When the Cardiac Arrest (CA) happens, the normal guidelines protocols
as (CPR) are done, unfortunately not all the arrested patients survive, and only a
few patients return back to their normal circulation 52%. But even patients who
return of systemic circulation not all of them are hospital discharged only 18% and

even those people some of them have permanent disabilities or cannot survive for
a long time but when Therapeutic Hypothermia is constructed after Cardiac Arrest
within 4-6 hours or once the patient arrives at the emergency department most of
these patients can be saved or survive [2].

287 minutes and was maintained for an additional 24 hour.
Thereafter, patients were passively rewarmed and reached
temperature>35 after 7 hours (Figure 2).

The outcome was measured with the CPC score which
subdivided into good outcome (CPC1 and CPC2), poor outcome
(CPC 3 and CPC 4) or death [4].

Dr. Bernard at Dandenong hospital pointed to that cerebral
perfusion injury occurs when cerebral blood flow is restored
after cardiac arrest and resuscitation .increased intracellular
levels of glutamate, an excitatory neurotransmitter released
from pre-synaptic terminals., activate ion channel complex that
cause calcium to shift from the extracellular to the intracellular
fluid leading to the accumulation of oxygen free radicals and
the activation of degradative enzymes .In addition, cerebral
hemodynamics may remain abnormal after resuscitation from
cardiac arrest [5] .

Randomized, controlled studies of pharmacologic
interventions to improve patient’s neurologic outcome after CA
have tested but have found no benefit .the use of hypothermiahas
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Figure 2: Mild therapeutic hypothermia to improve the neurologic outcome after

cardiac arrest [3].

been studied in laboratory animals. The studies demonstrated
significantly improved outcome when moderate hypothermia
was induced after resuscitation. Although hypothermia
reduce pulse rate and increased systemic vascular resistance,
there were no clinically significant cardiac arrhythmias in
hypothermia group.

In 2007s, Acta Anathesiol Scand discussed that their
experience indicates that patients who are haemo dynamically
unstable after CA requiring support with IABP and adrenergic
drugs can be safely treated with hypothermia. Their strategy
was early revascularization with PCI and a liberal use of
IABP to support failing circulation. It is not known whether
hypothermia favors the heart as well as the brain with respect
to the prevention of reperfusion injury. They conclude that TH
will probably be a part of CPR in the future.

The rapid successful implementation of therapeutic
hypothermia indicates that simple external cooling protocol
was well accepted by everyone. Although not 100% successful
in achieving the target temperature, the ease of application
and absence of costs related to new equipment should make
method an attractive way of starting up TH in any system .the
present recommendation is to cool the patients as rapidly and
as soon as possible [6].

Cooling protocol and feasibility

The rapid successful implementation indicates that our
simple external cooling protocol was well accepted by everyone
involved; paramedics, critical care nurses and physicians.
Bernard et al. described his method as inconvenient for the
nursing staff and a barrier to implementation TH in clinical
practice [7], Although not 100% successful in achieving the
target temperatures, the ease of application and absence of
costs related to new equipment should make our method an
attractive way of starting up TH in any system. All studies
using external cooling methods have reported difficulties with
cooling all patients, and similar slow cooling rates have been
a universal finding in the studies so far [3,5,7,8], Nonetheless,
the present recommendation is to cool the patients as rapidly
and as soon as possible [6,7,9,10] .

In 2016 ANZCOR puts guidelines provides advice on
(TTM) during (PCA) period which is a therapy associated with
improved out comes.

Guideline applies to adult arrested who require (ALS)
after CA. it suggests TTM as opposed to no TTM for adults
with in hospital cardiac arrest (IHCA) with any initial rhythm
who remain unresponsive after ROSC) ,it suggest prevention
and treatment of fever in persistently comatose adults after
completion of TTM between 32 and 36 [11].

Hypothermia also show great effect in pulmonary
complications after SCA, cardiogenic shock that was not
responsive to usual therapy ,no risk for bleeding in hypothermic
patients compared with normo thermic controls, does not
significantly increase metabolic acidosis or lactate levels for
cardiac or neurologic surgery [12].

Hypothermia is contraindicated for pregnancy, Hypother-
mia before cooling efforts begin, bleeding problem ICV filter
excluded from long cooling catheters (ICY) must use shorter
cooling and existing DNR or DNI order.

Some complications following hypothermia like bradycardia
which can be managed by use of agents to stimulate heart rate,
but if it became clinically significant, active cooling should be
discontinued, patient actively re-warmed. Infection also can
be a complication of hypothermia. Treatment should be early
initiating for signs of infection.

According to published studies, hypothermia leads to an
increased risk of myocardial infarction due to resulted coronary
vasoconstriction. Myocardial ischemia in hypothermic patients
depends on the previous status of coronary artery in patient,
so that in normal individuals, hypothermia has been shown
to improve myocardial blood flow; however, in patients with a
history of coronary artery disease, it causes vasoconstriction in
atherosclerotic arteries.

Patient’s treated with hypothermia are exposed to the
risk of hyperglycemia; and increased blood sugar levels are
associated with increased morbidity and mortality. Tight
control of blood sugar levels and insulin therapy has been
associated with decreased morbidity and mortality. Increased
blood sugar levels are associated with increase in the rate
of infection, neuropathy and renal failure. Therefore, in
hypothermic patients, tight control of blood sugar levels is
essential [7].

MIH could be associated with shivering which increases
oxygen consumption. At the time of induction of hypothermia,
body uses several mechanisms to obtain and maintain the
heat. At this status, the body prevents lose of temperature
through increasing sympathetic tone and vasoconstriction of
skin and uses shivering to generate heat. Shivering increases
oxygen consumption about 40 to 100% and has adverse effects
on patients with neurological injuries and damages caused
by hypoxia. This is less of a problem in patients undergoing
mechanical ventilation, because shivering does not lead to
increased respiratory effort in these people [13].

Other complications

Hypothermia increases serum levels of amylase and liver
enzymes. In addition, most patients undergoing hypothermia
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induction would require intubation, mechanical ventilation,
sedation and muscle relaxation. These would limit evaluation
and monitoring of neurological function of the patients.
Fortunately, although hypothermia has adverse effects, but
most of the complication of induction of hypothermia can be
prevented or controlled in intensive care conditions.

We finally conclude the great effect of hypothermia, but care
should be taken during performing it to avoid its complications,
continuous monitoring temperature should be done to obtain
effective result and safe patient life [12] (Figure 3).

Use of therapeutic hypothermia in children

In 2003 there was insufficient evidence to make a
recommendation on the use of TH in children resuscitated
from cardiac arrest [14].

Until additional pediatric data become available, clinicians
should tailor therapy for individual patients on the basis of
their assessment of the risks and benefits of hypothermia.
Risk-benefit assessment should take into account relevant
data from laboratory models of asp hyxial arrest [6], results
from trials of adult cardiac arrest [15], and reports on the
use of hypothermia in treatment of neonatal asphyxia. The
results of TH are generally favorable in laboratory models of
hypoxic ischemic injury to immature brains of various species.
Preliminary data from clinical trials of perinatal asphyxia
indicate that induced hypothermia is feasible and safe, but data
on long-term neurological morbidity are not yet available [15].

It is difficult to extrapolate from these disparate sources
of information, and thus there is no consensus yet for use of
therapeutic hypothermia among clinicians who care for these
critically ill children [14].

Materials and Methods

After the cardiac arrest, level of oxygen decreases and
an ischemic cascade takes place. The permanent damage of
neuronal cells occurs after 5 min to 10min of complete blood
flow cessation .The consequence of this decrease leads to a
change in metabolism from aerobic to anaerobic, resulting
in intra- and extra-cellular acidosis. The acidosis and high
calcium levels also stimulate the cell apoptosis and cause cell
death.

Mild Therapeutic Hypothermia (MTH) reduces cerebral
metabolic rate for oxygen by 6% —10%for every 11C temperature
reduction .Hypothermia is likely to lower lactate levels and
other wastes from anaerobic metabolism decreasing cellular
acidosis.

Hypothermia significantly reduces extracellular levels of
excitatory neurotransmitters. The production of free radicals
is associated with oxidative damage that is minimized at
lower temperatures. (45) Different studies were performed to
compare between normothermia and hypothermia and result
was they have equal effect in outcome (Figure 4).

Over a 10-year period, the percentage of survivors has

increased from 13.7 to 22.4 %, while the rate of clinically
significant neurological impairment has declined from 32.9 to
28.1 % .These results are encouraging.

It is thought that therapeutic hypothermia can affect
and simultaneously block multiple metabolic pathways,
inflammatory reactions and apoptosis processes that occur
after an ischemic cascade, so they prefer hypothermia than
normothermia [9].

g | Therapeutic Hypothermia after Cardiac Arrest Guidelines of Care |

Inclusion Criteria: Exclusion Criteria:

“Within & hrs following cardiac amest (up to 12 hours * Major head trauma

at attanding physician’ s discretion) + Major surgery within prior 14 days | Yes
*Successiul restoration of a perfusing rythm and the » Systemic infection/sapsis

ability 1o maintain a blood pressure with/without + Patients with clinically significant
iNOIrOPEes Of Vasopressorns bleeding / rsk of bleeding

«Comaltose stale — Lack of meaningful response to

verbal commands Mo l

* Initiate cooling as rapidly as possible

« Either method of cocling - ice packs/cocling blankets or Aric Sun System - can be used o initiate cooling
and should be started as soon as possible.

= Remove ice packs once the [Arctic Sun] system initiated 1o prevent overcooling of the patient

- Defibrilator pads may be placed under the Aretic Sun gel pads. It is safe to defibrillate the patient with the
Arctic Sun pads on the patient.

= Ensure two methods (bladder, esophageal, core, rectal, groin, axdlary) of measuring patient temperature

Initiation of
Cooling

- . M of Shivering tends to occur most offen with
H Wrap hands/feet, cover head w/ blankets "2';”5'3;::' z:r:'x";"‘,;;m in Full TH
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— D|| « Sedative Agents: Patiants should receive low dose, + Increase basal sedaiive rate
PE continuous infusion of a sedative agent + Boius HNEBA ~Gisakracuum
=< 1) Propofol — 1# line agent; or 2) midazolam (if + NMBA infusian
H propefol contraindicated) -
E + Analgesic agents . i )
& 1) Fertanyt o 2) Hydomarphons Nover stop sedaton and analgesc
= Heart Rate - Brad ia is £ with hypothermia and should be treated if associated with
hemaodynamic instability. There is no need to treat normatengive bradycarndia.
* Mean Arterial Pressure (MAP): MAP goal of >80 mmig is preferred to theonetically improve cerebral
1 perfusion, lawer MAP goals (55-100mmHg) have shown benefit
> & || * Central Venous Pressure: Goal 10-12 mmHg
- Goal oxygen ion of 94-96%
g Maintain and avoid hype ion or
T k- B should be atleast g 4 hours and replacad as necessary

* Glucosa Control: Instiate BHIP for glucose is =200 mg/dl and maonitor g hour while cooling q 30 min if glucosa
=80 mgldl at any time. (Do not exceed 50 units of insulin / hour)
= * Miscellanecus: EEG ASAP after initiation on TH via EEG Lab or on-call Fellow o if any suspician of seizure.
Blood cultures 12 hes post initiation. Skin care check g 2 hr for burns caused by cold blankets.

« Begin re-warming 24 hrs after initiation of cooling at a rate of 0.25°C (0.5% F) avery hour until the patient
returns to nermothermia (37°C/98.6° F).

+ Koep Artic Sun pads on for 48hr and sot temperature at 37°C/98.6° F to maintain normotharmia.

» Maintain paratytic (if started) and sadation until temperature of 36C/06 8F degreas is reached,

I i i ia may oceur during and after the re-warming.

« Stop IV insulin when glucose <200 mgidl, unless T1DM
« Testing 10 assess for neurclogic prognsosis should be delayed to at least 72 hours after the return 1o
normothemmia as patients who have TH have delayed neurclogic recovery

Figure 3: An example of a hospital-based protocol for therapeutic hypothermia
(TH) that summarizes key steps for initiation and implementation of hypothermia.

IVB indicates intravenous bolus; NMBA, neuromuscular blocking agent; and T1DM,
type 1 diabetes mellitus [12].
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Many single-center studies and metaanalyses demonstrate
that therapeutic hypothermia (TH), in which the body
temperature is maintained at 32-35°C, exerts significant neuro
protection and attenuates secondary intracranial hypertension
after traumatic brain injury (TBI). In 2015, two well-designed
multi-center, randomized controlled trials were published that
did not show favorable outcomes with the use of TH in adult
patients with TBI compared to normothermia treatment (NT)
[12].

Neurologic outcome was evaluated after return of
spontaneous circulation and was expressed in term of cerebral
performance category (CPC). CPC 1, conscious and alert with
normal function or only slight disability. CPC 2, conscious and
alert with moderate disability.

CPC 3, conscious with severe disability. CPC 4, comatose or
in a persistent vegetative state. CPC 5, certified brain death or
dead by traditional criteria (Figure 5).

Hypothermia performed within three phases, activation,
maintenance and rewarming. Clinicians must control
hypothermia and rewarming to prevent potential adverse
effects, such as arrhythmias and skin breakdown during the
cold phases (induction and maintenance) and rapid electrolyte
shifts during the rewarming phase. Temperature should be
monitored with a method that measures core temperature, such
as use of an esophageal, bladder, or pulmonary artery catheter.
(See Body temperature during therapeutic hypothermia
phases).

Induction phase: Our protocol also calls for sedation and
neuromuscular blockade when the cooling process begins, to
prevent shivering during induction; this allows rapid cooling to
target temperature. Drug selection for neuromuscular blockade
varies among formularies.

Maintenance phase: During the maintenance phase,
controlling the patient’s temperature within the target range
(usually 32° to 34° C) is crucial

This phase can last up to 24 hours from the time the
target temperature is reached (depending on facility protocol).
Automated invasive and noninvasive methods can be used to
keep the patient within range; these methods are much less
labor-intensive than non-automated methods.

Rewarming phase: Temperature control remains important
during rewarming. Warming the patient too quickly or
allowing continued shivering causes dangerous electrolyte
shifts, leading to potentially lethal arrhythmias. Controlled
rewarming of 0.15° to 0.5° C per hour is recommended. To
maintain tight temperature control throughout rewarming,
our protocol calls for a neuromuscular blockade.

Careful fluid monitoring during rewarming is crucial because
of the vasodilation that accompanies a body temperature rise.
Volume replacement may be needed to prevent fluid deficit and
hypotension.

Duration of therapeutic hypothermia depends on facility

protocol. No research is available on optimal duration. Some
facilities start counting duration from the time cooling begins;
others start when the patient reaches target temperature
(Figures 6,7).

Results
Throughout the studies we have discussed it shows that

-92% Survival with good neurological outcome as it is
feasible, safe used. Neither safety concerns nor costs should be
a barrier for implantation of TH.

-4% of survivors after OHCA treated with TH the induced
hemodynamic changes reversed after normothermia, while
the need for vasopressor support persisted. Patients requiring
addition of norepinephrine/epinephrine on top of dopamine
had an increased 30-day all-cause mortality, as well as death
from neurological injury.

Cerebral Performance Category (CPC)

" " cpPc1
Positive Outcomes
| CPC2

CPC 3 | Severe cerebral disability
L CPC 4 | Coma or vegetative state
CPC 5 | Brain death

Good cerebral performance

Moderate cerebral disability

Negative Qutcomes
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*Avoid fevers
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Figure 6: Phases of hypothermia. BP indicates blood pressure; K+, serum
potassium concentrations;02 sat, oxygen saturation; and SBP, systolic blood
pressure.(20).

Figure 7: Represents -Category 1 for CPC 1&2 -Category 2 for CPC 5 -Category 3
for CPC 384.
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No benefit to prehospital initiation of therapeutic
hypothermia in out-ofhospital cardiac arrest.

-6% shows worse outcome as

* Hypothermia and rapid rewarming is associated with
worse outcome following traumatic brain injury.

* Increased Thyroxin during Therapeutic Hypothermia
predicts death in comatose patients after cardiac arrest.

* -Therapeutic hypothermia after cardiac arrest: another
confounding factor in brain-death testing (A 10-month-
old infant with reversible findings of brain death).

Groups in knowledge (things for further researches)

- There is no evidence that hypothermia has the same
effect on heart as brain.

- Many patients survive from cardiac arrest with high
outcome but with different variations which still unclear.

Conclusion

Hypothermia is proving to be an extremely robust and
important therapy for cardiac arrest survivors and so far the
only therapy consistently shown to reduce mortality and
improve neurological outcomes in cardiac arrest survivors.

Mild therapeutic hypothermia improves short term
neurologic recovery and survival in patients resuscitated
from cardiac arrest of presumed cardiac origin. Its long term
effectiveness and feasibility at an organizational level need
further.

Therapeutic hypothermia for the treatment of post cardiac
arrest coma can be successfully implemented —k---intensive
care practice with a major benefit on patient outcome, which
appeared to be related to the type and the duration of initial
cardiac arrest and seemed maintained in patients with shock.

After studies, they conducted a prospective controlled trial
comparing moderate induced hypothermia with normothermia
in comatose survivors of (OOHCA). The study proved that
hypothermia improves outcome more than normothermia.

The use of induced hypothermia after cardiac arrest
requires an understanding of physiolological effect of (IH)
in each organ system. -Mild resuscitative hypothermia in
patients is feasible and safe. A clinical multicenter trial might
prove that mild hypothermia is a useful method of cerebral
resuscitation after global ischemic states .and not associated
with an increase in length of stay in the ICU. And finally,
hypothermia has different consedration for arrested children.
Most research contraindicate using hypothermia with them.
Mild hypothermia of 33 to 34°C seems to be a sufficient
compromise between beneficial effects through mitigation of
ischemic membrane damage and reperfusion. Injury and the
risk of adverse effects through arrhythmic, inflammatory,
hemodynamic, and coagulation disorders. Hyperthermia is not
tolerable any longer in the course of intensive care treatment

after cardiac arrest; temperature control to normothermia with
antipyretic drugs is the least that should be done.

Recommendation

Therapeutic hypothermia is recommended for the treatment
of neurological injury after resuscitation from out-of-hospital
cardiac arrest. Laboratory studies have suggested that earlier
cooling may be associated with improved neurological
outcomes.

Much of our recommendations around the therapy are
based on limited literature and a lot of extrapolation.
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