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International guidelines recommend targeted temperature management (TTM) to improve the neurological outcomes in

adult patients with post-cardiac arrest syndrome (PCAS). Several studies have indicated that the beneficial effect of

hypothermic TTM differs according to the severity of PCAS, suggesting that there may be a subgroup of PCAS patients

that is especially likely to benefit from hypothermic TTM. 
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1. History of Randomized Controlled Trial (RCT) for the Setting
Temperature during TTM

Fever after cardiac arrest and resuscitation is common  and can exacerbate brain damage in patients with post-cardiac

arrest syndrome (PCAS), which is known as a severe syndrome caused by systemic ischemia-reperfusion after cardiac

arrest resuscitation .

Hypothermic targeted temperature management (TTM) in adult post-cardiac arrest patients has been widely used in

clinical practice, ever since the results of two trials published in 2002 suggested its therapeutic benefit . In 2013,

Nielsen et al. reported, on the basis of the results of a large randomized controlled trial (RCT) (TTM-1 trial), that there was

no difference in the survival or likelihood of a favorable neurological outcome between TTM at 33 °C and TTM at 36 °C in

post-cardiac arrest patients with presumed cardiogenic cardiac arrest . The TTM-1 trial differed from the previous

aforementioned RCTs in that measures were taken to control fever and to maintain normothermia (normothermic TTM),

while in the previous two RCTs, no measures were taken for fever control. Considering the results of the TTM-1 trial,

current guidelines recommend that the temperature setting for TTM should be in the range of 32 °C to 36 °C, with the

actual temperature setting left to the preference of the treating physicians . Therefore, many hospitals changed their

protocols from hypothermic TTM to normothermic TTM, because normothermic TTM is generally less invasive and is

associated with fewer complications. However, a few subsequent studies have reported interesting results in that the

prognosis of the patients became worse in some of the hospitals that changed their protocol from hypothermic to

normothermic TTM . Thus, the optimal temperature setting temperature for TTM—hypothermic or normothermic—still

remains unclear.

Two well-designed RCTs were conducted recently in an attempt to resolve the question. In the first RCT conducted in

2019 in 25 ICUs in France (HYPERION trial), the effects of TTM at 33 °C and 37 °C were compared in post-cardiac arrest

patients with a non-shockable rhythm. In this trial, a higher survival rate and a higher rate of a favorable neurological

outcome at 90 days (defined as Cerebral Performance Category ≤2) were observed in the group that received

hypothermic TTM at 33 °C for 24 h compared to the group that received normothermic TTM at 37 °C for 24 h .

2. Differential Effectiveness of Hypothermic TTM According to the Severity
of PCAS as Assessed by a Single Clinical Factor

The differential effect of hypothermic TTM according to the severity of PCAS as assessed by a single clinical factor has

been well studied . Kaneko et al. reported, based on a large database in Japan, that among patients who

received hypothermic TTM, the neurological prognosis was better in patients with a time to ROSC of less than 30 min

compared to those with a longer time to ROSC . Another retrospective study reported that TTM at 32–34 °C improved

the neurological outcome at 30 days compared to TTM at 35–36 °C in patients with severe hyperlactatemia (>12 mmol/L)

and that the interaction for the outcome between the levels of lactate and the core temperature setting for TTM was

significant . The current retrospective study showed that PCAS patients who underwent hypothermic TTM had a better

neurological outcome than PCAS patients who underwent normothermic TTM if they did not have any findings of hypoxic

encephalopathy on brain CT .
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In contrast, Kjaergaard et al. performed a secondary analysis of the data from the TTM-1 trial, which showed that TTM at

33 °C neither reduced the risk of mortality nor improved the neurological outcome as compared to TTM at 36 °C,

regardless of the time to ROSC . Therefore, as researchers have mentioned above, it may not be sufficient to consider

any single clinical factor to determine the severity of PCAS, and risk classification based on a combination of clinical

factors is needed for a more precise analysis of the differential effects of hypothermic TTM according to the severity of

PCAS.

3. Differential Effects of Hypothermic TTM According to the Severity of
PCAS as Assessed Using a Risk Score Based on Multiple Clinical Factors

To date, few studies have examined the differential effects of hypothermic TTM according to the severity of PCAS.

Callaway et al. investigated whether the severity of PCAS—as determined using their risk classification system, PCAC—

was associated with any change in the relationship between the target body temperature and patient prognosis . In

patients with mild to moderate coma (PCAC 1 or PCAC 2), TTM at 33 °C was associated with a lower survival rate than

TTM at 36 °C; however, in patients with moderate coma and severe cardiopulmonary failure (PCAC 3) or severe coma

(PCAC 4), TTM at 33 °C was associated with a better outcome than TTM at 36 °C . In this analysis, the researchers

excluded patients with severe cerebral edema or a highly malignant electroencephalogram, who are considered as

belonging to the highest severity group in whom the outcomes seem to be poor, regardless of the TTM strategy used.

Researchers evaluated the association between the core temperature setting for TTM and the neurologic outcomes in

PCAS patients classified according to the rCAST score as having PCAS of high, moderate, and low severity, and

examined the effect of TTM at 33–34 °C on the neurological outcome in each group . Among the patients with PCAS of

moderate severity, those undergoing TTM at 33–34 °C showed a better neurological prognosis than patients undergoing

TTM at 35–36 °C, while no such difference in the prognosis according to the core temperature setting was observed in

patients with mild or severe PCAS. These results suggest that the benefit of hypothermic TTM varies according to the

severity of PCAS.

4. Who Are the Most Suitable Candidates for Hypothermic TTM?

Considering that previous animal studies indicated that hypothermic TTM provided no benefit if the brain ischemia had

progressed beyond a certain level , PCAS patients with a poor prognosis are unlikely to show a favorable

neurological outcome regardless of the treatment adopted, including hypothermic TTM. It may also not be surprising to

consider that hypothermic TTM would be of no benefit to those with minimal or non-existent brain damage. Thus, the

patient group that is especially likely to derive benefit from hypothermic TTM is the group with PCAS of moderate severity.

This hypothesis is partly supported by the two recent clinical studies mentioned above , while additional RCT(s)

would be needed to confirm this hypothesis.

Not only has the optimal temperature setting of TTM for each severity not been studied yet, but neither has the optimal

time to reach the target body temperature nor the optimal duration of the TTM for each severity, so future research

addressing these issues is of great interest. Today, several new RCTs for TTM for post-cardiac arrest patients are

ongoing, such as the ICECAP study, which is to compare the duration of hypothermic TTM . These results are eagerly

anticipated for a better understanding of the best strategy of TTM for post-cardiac arrest patients. Please also note that

researchers focused on the beneficial effect of hypothermic TTM for patients with out-of-hospital cardiac arrest (OHCA)

and did not mainly mention those with in-hospital cardiac arrest (IHCA). Because the characteristics of IHCA patients

differ from OHCA patients , the evidence for hypothermic TTM in OHCA patients may not be directly applicable in

IHCA patients. A large RCT to compare hypothermic TTM and normothermic TTM that focuses on the patients with IHCA

is needed in the future.
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