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Review
Therapeutic hypothermia (TH) has been the standard of care 

in post-cardiac arrest since 2005 following the recommendation of 
the International Liaison Committee on Resuscitation. The ILCOR’s 
2005 report recommended hypothermia induction for a duration 
of 12-24 hours in patients with return ofspontaneous circulation 
(ROSC) after ventricular fibrillation [1]. This recommendation 
followed data supported by two randomized controlled trials that 
demonstrated improvement in survival and neurologic outcome 
in patients who remained comatose following cardiac arrest when 
therapeutic hypothermia was performed [2,3]. Current guidelines 
by the American Heart Association continue to recommend the 
use of TH (now referred to as targeted temperature management 
(TTM)) [4]. Substantial progress has been made when looking 
at the multitude of scientific literature available. In its infancy, 
TTM protocol was severely lacking, providing a recommendation 
without a methodology as to how to best provide TTM. This data 
was largely unavailable at the time. Current recommendations now  

 
provide tighter regulations in regard to duration of TTM and when 
to initiate TTM following cardiac arrest as well as a recommendation 
against rapid infusion of cold IV fluids [4]. Although significant 
advancement has been made in TTM protocol, there remains a lack 
of consensus as to how to maximize its beneficial effects.

Throughout its existence contradictory results about the 
benefits of TTM have been published. In 2018, Kalra R, et al. 
argued that TTM may not actually improve neurologic outcome; 
considering the adverse effects of hypothermia on the body, it 
was argued that the risk may not outweigh the proposed benefits 
[5]. The large Hyperion study, however, confirmed the neurologic 
benefit of TTM following cardiac arrest [6]. Not only is there 
discrepancy in the efficacy of TTM, the assessed primary outcome 
(neurologic outcome vs survival) varies within the literature. 
Heterogeneity regarding assessment of primary outcomes, TTM 
duration, how TTM is administered, pharmacologic management 
during TTM, targeted temperatures and monitoring of TTM may all 
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be confounders amongst the data producing contradictory results. 
With clear discrepancies, questions remain regarding the efficacy of 
TTM. Following the Hyperion trail, the literature began to advocate 
for the necessity of controlled, “high-quality” TTM in order to 
begin answering these questions. High quality TTM involves early 
initiation, pharmacologic management of shivering and facilitation 
of cooling, a specific target temperature in the cooling phase with a 
prolonged rewarming phase and avoidance of fever after TTM [7]. 
With increased homogeneity, it is argued that high quality TTM can 
maximize the proposed benefits by minimizing associated adverse 
outcomes. Perhaps the biggest debate amongst the available 
literature is whether or not TTM administration provides enough of 
a benefit to outweigh its many documented adverse effects (AE). AE 
of TTM have been documented within almost every organ system 
and will be discussed in this review. Advanced understanding 
of these AE is essential for maximizing the benefits of TTM and 
minimizing AE.

Seizure and myoclonus in the advanced critical care period 
(defined as days 1–7 after ROSC) are well known AE of TTM 
documented extensively in the literature [8-12]. Through both 
univariate and multivariate analysis, seizure and myoclonus 
have been strongly correlated with poor neurologic outcome. 
Anticonvulsant therapy has shown mixed effects on neurologic 
outcome with both improvement and detriment at hospital 
discharge [8]. However, anticonvulsant use could not be 
considered an independent variable in the analysis and provides 
opportunity for further investigation. The strongest predictors 
of poor neurologic outcome have been shown to be incomplete 
brainstem reflexes (including pupillary, oculocephalic, corneal), 
myoclonus, elevated neuron specific enolase concentration and 
nonreactive hypothermic EEG [13]. Not surprisingly, evidence 
of neurologic injury strongly correlates with a poor neurologic 
outcome. Further investigation is needed in understanding how 
to improve TTM administration in a way that greatly reduces the 
risk of neurologic injury. The 2015 report by the AHA addressed 
this need by identifying gaps in current knowledge and suggesting 
areas for further research. Amongst the most pertinent to this 
discussion is identifying if “the use of targeted temperature 
management, including various temperature targets, affects long-
term neurocognitive and functional outcomes”[4].

Possibly one of the greatest adverse effects seen post 
cardiac arrest and through TTM administration is the damaging 
immunologic response. Widespread activation of the immunologic 
cascade increases the risk of infection following reperfusion after 
cardiac arrest [14]. Though TTM is standard of care, it has also been 
shown to increase the risk of infection [15]. Pneumonia and sepsis 
are prominent infectious etiologies associated with TTM. However, 
when assessing a primary outcome of neurologic outcome at 
hospital discharge, only sepsis demonstrated a strong association 
with poor neurologic outcome through a multivariate analysis [8]. 

Though pneumonia was not associated with a poor neurologic 
outcome, minimizing it post TTM is important for improvement 
in general patient outcome. Prophylactic antibiotic treatment to 
minimize pneumonia risk has been a suggested mechanism towards 
improving patient functional outcome. Currently, the literature fails 
to support a significant association between antibiotic therapy and 
improvement in patient mortality or neurologic outcome [8,16]. 
Although prophylactic antibiotic therapy may lower the incidence 
of pneumonia [8], further investigation is recommended before 
making conclusions about their effect on functional outcome.

Hemorrhage and thrombotic changes are established 
complications of non-medically induced hypothermia [17]. 
Thromboelastographic analysis of hypothermic patients has shown 
changes in multiple steps of the coagulation cascade, as well as 
delayed clot lysis [17]. Not surprisingly, similar complications have 
been reported in association with TTM, which is thought to be a 
result of a multitude of factors including elevated catecholamines, 
acidosis, tissue damage, and hypothermia-associated coagulopathy 
[17,18]. A study of 975 patients revealed increased risk of bleeding 
complications when patients underwent PCI angiography before 
TTM [18], while a sub-study of the TTM trial evaluated the effect of 
temperature on bleeding and coagulation showed no difference in 
risk between 33°C and 36°C [17]. Despite this evidence, only 4-5% 
of patients undergoing TTM were shown to have this complication 
[8,18]. Given the established neurologic benefit, the risk of these 
events is acceptable. Further work to delineate patient subsets 
who are at increased risk of serious hemorrhagic or thrombotic 
complications may help guide future clinical use of TTM.

EKG changes are also frequently observed in patients 
undergoing TTM. The presence of bradycardia during TTM is a 
potential predictor of positive outcome and was associated with 
an 18% improvement in mortality and a lower odds ratio of poor 
neurologic outcomes in a randomized trial [19]. Ventricular ectopic 
beats (VEB) were observed in the majority of patients undergoing 
TTM regardless of target temperature in another randomized 
trial [20]. The prevalence of VEB decreased as TTM progressed, 
and patients treated at 36°C had less VEB at the later time points, 
which continued to be significant after adjusting for possible 
confounders [20]. Despite this, the rate of ventricular tachycardia 
or fibrillation did not differ between groups, and the mortality and 
neurological outcome did not differ [20]. Similarly, the presence of 
Osborn waves increased with lower target temperature without 
increased ventricular arrhythmias [21]. Multiple studies have 
shown prolonged QT and corrected QT (QTc) while undergoing 
TTM, particularly in females and patients with anoxic brain injuries 
[22,23]. No difference was observed in the QT interval between 
patients experiencing malignant arrhythmia (MA) and those who 
did not, regardless of the use of known QT prolongating drugs and 
other variables such as electrolyte imbalances [22].
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MA (defined as ventricular fibrillation, sustained ventricular 
tachycardia, torsades de pointes) is a dangerous complication of 
cardiac arrest, regardless of use of TTM, and is associated with 
significant mortality for post cardiac arrest patients [24,25].
Similar to the changes observed in VEB prevalence, the number of 
defibrillations was significantly higher in patients who developed 
MA [24]. Additionally, patients with MA had longer time to ROSC, 
which has also been shown as a predictor of outcome [24,26]. 
The rate of MA did not vary with target temperature but was 
correlated with more aggressive decrease in body temperature 
in the first 6 hours of treatment [24]. This follows other studies 
which have suggested rate of temperature decline, and thus 
strength of heat homeostasis, as a possible predictor of mortality 
and outcome [24,26]. The use of vasopressors was associated with 
post resuscitation ventricular arrhythmias, potentially showing an 
avenue to identify high-risk patients [23].

Electrolyte changes, which are known to predispose patients 
to arrhythmias outside of TTM, are common during TTM and 
have been proposed as a possible causative factor of arrhythmias, 
though the data on this remains unclear. Abnormal potassium 
levels are common during TTM, with both hypokalemia and 
hyperkalemia being reported during all stages of TTM (86% and 
32% respectively) [27]. There does not appear to be an association 
between hypokalemia and ventricular arrhythmias. A trend 
between hypokalemia and MA was noted in one study, though 
not statistically significant [24], and multivariable regression 
showed no association between hypokalemia or hyperkalemia and 
recurrent ventricular arrhythmias or poor neurologic outcomes 
[27]. Interestingly, hypokalemia was associated with decreased 
odds of death prior to hospital discharge in one study, potentially 
pointing toward hypokalemia as a protective mechanism by the 
body [27]. The rate of decline in potassium levels in the first 12 
hours of treatment is linked to an increased rate of MA, consistent 
with the effects of temperature decline rate, which may serve 
as a potential predictive factor [27]. Glycemic changes are also 
commonly observed during TTM. Hyperglycemia was observed 
in 45.6% of patients, though no significant impacts on neurologic 
outcome were observed as a result [8]. Hypoglycemia, on the 
other hand, was associated with poor neurologic outcome and was 
observed in 23% of patients indicating the need for aggressive 
management to avoid hypoglycaemia [8].

Controlling for the multitude of adverse effects seen in TTM 
administration remains a significant challenge. Attempts to control 
for and isolate these effects through investigation is difficult, as 
many AE are multifactorial in causality. For example, neurologic 
injury has shown to be a predictive factor of poor neurologic 
outcome[24]. In the referenced literature, anticonvulsants were 
administered following the incidence of seizure (a known cause 
of neurologic injury), but the benefits of their use is unclear due 

to the inability to isolate anticonvulsant use and seizure [8]. 
Delineation of the effects of anticonvulsants on neurologic outcome 
is necessary before making further conclusions towards their 
effectiveness. Nonetheless, anticonvulsants may provide a potential 
avenue for further investigation. Given the association between 
increased rate of decline in serum potassium levels and MA [27], 
investigation into the use of prophylactic antiarrhythmics in the 
subset of patients with rapid decline may prove insightful. Many 
of these associated risks are acceptable considering the substantial 
benefit TTM has been shown to provide. Secondary to the fact that 
the origins of the AE are multifactorial, it is important to further 
investigate where in the pathway TTM is contributing to, and/or 
causing these AE.Identifying the underlying mechanisms resulting 
in poor functional outcome and poor neurologic outcome poses 
the greatest potential for the future of TTM. By understanding/
isolating the underlying mechanisms of the associated AE, further 
recommendations for TTM can be made. Arguably, the future of 
TTM resides in the ability to administer a “high quality” TTM with 
early initiation, well-controlled pharmacologic management, a 
specific target temperature in the cooling phase with a prolonged 
rewarming phase and avoidance of fever after TTM [7]. Through 
further investigation of the adverse effects of TTM, we can begin to 
tighten the parameters of TTM to maximize its benefit to patients.
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