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Moving Beyond One-Size-Fits-All Treatment for Patients After Cardiac Arrest
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Post–cardiac arrest syndrome is a heterogeneous entity that involves multiple organ systems and
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causes substantial morbidity and mortality after successful cardiopulmonary resuscitation. Several
clinical trials have shown that targeted temperature management (TTM) for comatose survivors of
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cardiac arrest improves survival and enhances the quality of life of survivors.1 Practice guidelines vary
in recommendations of temperature target.2,3 The initial clinical trials using 33 °C led to some
adaptation of TTM in clinical practice. Still, another clinical trial using 36 °C as a target showing similar
outcomes has led to some confusion on the temperature target for TTM.4 The TTM trials have made
brain injury a significant inclusion criteria with patients who are comatose after successful CPR. While
comatose patients may appear similar clinically, the severity of brain injury varies widely. The TTM
regimen studied did not account for the severity of brain injury.2,3 Currently, practice guideline
recommendations vary. One guideline has different levels of recommendation based on target
temperatures 33 °C vs 36 °C,2 and another guideline provides a range from 32 °C to 36 °C.3
There is a growing realization that in patients with critical care illness, brain injury, whether from
a primary brain pathology or a systemic insult, is a significant determinant of functional outcome.5
In patients following cardiac arrest, brain injury accounts for a substantial proportion of in-hospital
morbidity and death.1 In survivors, it has a significant impact on the quality of life.6 A study by
Callaway and colleagues,7 published in JAMA Network Open, attempted to provide some insights on
the brain and systemic injury biomarkers as a possible basis for the choice of temperature target in
TTM for comatose survivors of cardiac arrest. The authors used a quality improvement database to
track the use of TTM and compared the populations in which the managing clinician chose either 33
°C or 36 °C. The primary outcome was survival to discharge, but the study also characterized the
quality of survival using the modified Rankin Score and cerebral performance category. Based on
their previous published works, Callaway et al categorized patient severity by the presence of early
severe cerebral edema on head CT scan and “highly malignant EEG.”7 In the subgroup of patients who
did not have severe cerebral edema or highly malignant EEG, the researchers tested the interaction
of the Pittsburgh Cardiac Arrest Category and TTM strategy. They performed 2 sensitivity analyses:
calculation of the relative risk for characteristics that were likely associated with the outcome or
choice of TTM target and creation a propensity score for the likelihood of the decision of
temperature target.
The study by Callaway et al7 included 1319 patients from 2010 to 2018.7 The key finding was that
in patients without severe cerebral edema or highly malignant EEG, TTM at 33 °C was associated with
better survival than TTM at 36 °C for patients with the most severe post–cardiac arrest illness. TTM
at 36 °C was associated with better survival in mild to moderate severity of illness. Patients with
severe cerebral edema or highly malignant EEG had poor outcomes regardless of the TTM strategy.
This study has several important limitations. The study is a retrospective review of a cohort that
was initiated as a quality improvement database, in which clinician decisions on choice of target
temperature were based on their assessment of the clinical situation. The authors are transparent
about this major limitation and took steps to address it in the analysis. They appropriately cautioned
readers not to “infer a causal connection based on these observational cohort data.”7 The mode of
death in association with the withdrawal of life-sustaining therapy was highest in those with severe
cerebral edema (49.7%) and in those with highly malignant EEG (74%). The proportion of deaths
associated with withdrawal of life-sustaining therapy with neurologic prognosis in the TTM 33 °C
group was 59.5% and in the TTM 36 °C group was 43.3%. Another significant limitation is related to
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the low quality of existing neurologic prognostication studies,8 which added bias to the study that
was difficult to control.
Despite these limitations, the study by Callaway and colleagues7 is an encouraging step forward
from the status quo. It provides supporting evidence that brain injury in patients who experience
cardiac arrest is a significant target and beneficiary of TTM. The study demonstrates a potential
direction that may transform much of the current neurologic assessment of patients after cardiac
arrest that is mostly focused neurologic prognostication. Currently, neurologic prognostication
focuses on identifying patients who are likely to have unfavorable outcomes, which may become the
basis for the withdrawal of life-sustaining therapies.8 This practice was common and acceptable in
an era where we did not have effective treatment for brain injury after cardiac arrest. With the ability
of TTM to improve survival and outcome, we need to identify biomarkers to help us use TTM to its
fullest. We need to develop reliable brain and systemic biomarkers that are capable of early detection
and stratification of injury. With these biomarkers, we can match the “dose” of TTM, either the depth
of cooling or the duration of cooling.
While it is apparent that the one-size-fits-all approach to any therapy is imprecise, there has
been little attempt to surmount this problem in post–cardiac arrest care. It may appear evident that
patients with different severities of brain injury require different types of therapy. This idea may be
further complicated when we consider the effects of the systemic injury on brain recovery. How will
we approach patients with minimal brain injury and severe cardiac injury vs those with severe brain
injuries and preserved cardiovascular function? The brain does not exist in isolation in patients who
have experienced cardiac arrest.1 Systemic physiology is closely linked to brain injury and recovery.
The effects of systemic cardiopulmonary changes need to be linked to changes in neurobiology. The
Pittsburgh Cardiac Arrest Category score that Callaway et al developed attempts to address these
concerns by combining neurologic parameters (assessed via the Full Outline of UnResponsiveness
[FOUR] score) and cardiopulmonary function (assessed via the Sequential Organ Failure Assessment
[SOFA] cardiovascular plus pulmonary score).7 Neurologic prognostication directly influences clinical
decisions. As such, better-designed neurologic prognostication studies are also strongly
encouraged.8
After the studies by Callaway and colleagues are prospectively validated, we need to look
beyond injury detection and clinical stratification to guide therapies. We need to encourage the
development of brain-specific biomarkers that can detect not only ongoing brain injury, but also its
recovery. It should provide actionable information to clinicians about treatment response of the brain
in real time. These brain-specific biomarkers should allow clinicians not only to define the appropriate
initial therapy but also to titrate ongoing therapies or modify treatments based on the response of
the brain. This dynamic interaction of real-time brain injury detection and treatment titration will be
undertaken with the ultimate goal to improve long-term outcomes in this very challenging
population.

ARTICLE INFORMATION
Published: July 23, 2020. doi:10.1001/jamanetworkopen.2020.8809
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Geocadin
RG. JAMA Network Open.
Corresponding Author: Romergryko G. Geocadin, MD, Johns Hopkins Hospital, 600 N Wolfe St, Phipps 455,
Baltimore, MD 21287 (rgeocad1@jhmi.edu).
Author Affiliation: Johns Hopkins University School of Medicine, Baltimore, Maryland.
Conflict of Interest Disclosure: Dr Geocadin is supported in part by NIH Grants UG3HL145269 and HL071568 and
a nonrestricted grant from the Wenzel Family Foundation.

JAMA Network Open. 2020;3(7):e208809. doi:10.1001/jamanetworkopen.2020.8809 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/02/2020

July 23, 2020

2/3

JAMA Network Open | Critical Care Medicine

Moving Beyond One-Size-Fits-All Treatment for Patients After Cardiac Arrest

REFERENCES:
1. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac arrest syndrome: epidemiology, pathophysiology, treatment,
and prognostication. A consensus statement from the International Liaison Committee on Resuscitation (American
Heart Association, Australian and New Zealand Council on Resuscitation, European Resuscitation Council, Heart
and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Asia, and the
Resuscitation Council of Southern Africa); the American Heart Association Emergency Cardiovascular Care
Committee; the Council on Cardiovascular Surgery and Anesthesia; the Council on Cardiopulmonary,
Perioperative, and Critical Care; the Council on Clinical Cardiology; and the Stroke Council. Circulation. 2008;118
(23):2452-2483. doi:10.1161/CIRCULATIONAHA.108.190652
2. Callaway CW, Donnino MW, Fink EL, et al. Part 8: post-cardiac arrest care: 2015 American Heart Association
Guidelines update for cardiopulmonary resuscitation and emergency cardiovascular care. Circulation. 2015;132
(18)(suppl 2):S465-S482. doi:10.1161/CIR.0000000000000262
3. Geocadin RG, Wijdicks E, Armstrong MJ, et al. Practice guideline summary: reducing brain injury following
cardiopulmonary resuscitation: report of the Guideline Development, Dissemination, and Implementation
Subcommittee of the American Academy of Neurology. Neurology. 2017;88(22):2141-2149. doi:10.1212/WNL.
0000000000003966
4. Nielsen N, Wetterslev J, Cronberg T, et al; TTM Trial Investigators. Targeted temperature management at 33°C
versus 36°C after cardiac arrest. N Engl J Med. 2013;369(23):2197-2206. doi:10.1056/NEJMoa1310519
5. Tasker RC, Menon DK. Critical care and the brain. JAMA. 2016;315(8):749-750. doi:10.1001/jama.2016.0701
6. Sawyer KN, Camp-Rogers TR, Kotini-Shah P, et al; American Heart Association Emergency Cardiovascular Care
Committee; Council on Cardiovascular and Stroke Nursing; Council on Genomic and Precision Medicine; Council on
Quality of Care and Outcomes Research; and Stroke Council. Sudden cardiac arrest survivorship: a scientific
statement from the American Heart Association. Circulation. 2020;141(12):e654-e685. doi:10.1161/CIR.
0000000000000747
7. Callaway CW, Coppler PJ, Faro J, et al. Association of initial illness severity and outcomes after cardiac arrest with
targeted temperature management at 36 °C or 33 °C. JAMA Netw Open. 2020;3(7):e208215. doi:10.1001/
jamanetworkopen.2020.8215
8. Geocadin RG, Callaway CW, Fink EL, et al; American Heart Association Emergency Cardiovascular Care
Committee. Standards for studies of neurological prognostication in comatose survivors of cardiac arrest:
a scientific statement from the American Heart Association. Circulation. 2019;140(9):e517-e542. doi:10.1161/CIR.
0000000000000702

JAMA Network Open. 2020;3(7):e208809. doi:10.1001/jamanetworkopen.2020.8809 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/02/2020

July 23, 2020

3/3

