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Introduction: Patients with return of spontaneous circulation (ROSC) following cardiac arrest are a critically im-
portant population requiring close monitoring and targeted interventions in the emergency department (ED).
Therefore, it is important for emergency clinicians to be aware of the current evidence regarding the manage-
ment of this condition.
Objective: This paper provides evidence-based updates concerning the management of the post-ROSC patient.
Discussion: The patient with ROSC following cardiac arrest is critically ill, including a post-cardiac arrest syn-
drome which may include hypoxic brain injury, myocardial dysfunction, systemic ischemia and reperfusion in-
jury, and persistent precipitating pathophysiology. Initial priorities in the ED setting in the post-ROSC patient
include supporting cardiopulmonary function, addressing andmanaging the underlying cause of arrest,minimiz-
ing secondary cerebral injury, and correcting physiologic derangements. Testing including laboratory assess-
ment, electrocardiogram (ECG), and imaging are necessary, aiming to evaluate for the precipitating cause and
assess end-organ injury. Computed tomography head-to-pelvis may be helpful in the post-ROSC patient, partic-
ularly when the etiology of arrest is unclear. There are several important components of management, including
targeting a mean arterial pressure of at least 65 mmHg, preferably >80 mmHg, to improve end-organ and cere-
bral perfusion pressure. An oxygenation target of 92–98 % is recommended using ARDSnet protocol, along with
carbon dioxide partial pressure values of 35–55mmHg. Antibiotics should be reserved for thosewith evidence of
infection butmay be considered if the patient is comatose, intubated, and undergoing hypothermic targeted tem-
perature management (TTM). Corticosteroids should not be routinely administered. While the majority of car-
diac arrests in adults are associated with cardiovascular disease, not all post-ROSC patients require emergent
coronary angiography. However, if the patient has ST-segment elevation on ECG following ROSC, emergent angi-
ography and catheterization is recommended. This should also be considered if the patient had an initial history
concerning for acute coronary syndrome or a presenting arrhythmia of ventricular fibrillation or pulseless ven-
tricular tachycardia. TTM at 32-34° C does not appear to demonstrate improved outcomes compared with
targeted normothermia, but fever should be avoided.
Conclusions: An understanding of literature updates can improve the ED care of patients post-ROSC.

Published by Elsevier Inc.
1. Introduction

Over 600,000 people per year experience cardiac arrest in North
America, with a global incidence of 30–97 individuals per 100,000 [1-
3]. There are a variety of causes of cardiac arrest based on population
and age, but up to 70 % are associated with cardiac disease
(e.g., occlusive myocardial infarction, congestive heart disease, cardio-
myopathy) [4]. Other etiologies include arrhythmias (10 %), though
15–25 % of cases are associated with a non-cardiac etiology
(e.g., intracranial hemorrhage [ICH], pulmonary embolism [PE], respira-
tory arrest, toxic ingestion, hypothermia, sepsis, and trauma) [1-7].

Keys to optimizing cardiac arrest management and improving the
likelihood of achieving return of spontaneous circulation (ROSC) in-
clude rapid recognition of cardiac arrest, early high-quality cardiopul-
monary resuscitation (CPR) with chest compressions, and
defibrillation of shockable rhythms (i.e., pulseless ventricular tachycar-
dia [VT] and ventricular fibrillation [VF]) [5]. The majority of patients
with cardiac arrest lasting over several minutes are comatose at the
time of admission andwill not wake for hours or days, but a small num-
ber will awake rapidly [8]. The morbidity and mortality associated with
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out-of-hospital cardiac arrest (OHCA) is significant, with approximately
90 % of patients with OHCA not surviving to discharge [1,3,7]. For those
who obtain ROSC and are admitted following OHCA, the survival rate to
discharge is 50–60 %, with a subset of these patients having favorable
neurologic outcomes [6,7]. Following successful resuscitation from car-
diac arrest, withdrawal of life-sustaining therapy accounts for approxi-
mately two-thirds of deaths, though shock and recurrent arrest also
account for a significant proportion [6,9].

Following ROSC, there can be severe cerebral and cardiac dysfunc-
tion due to hypoperfusion of all organ systems, termed the post-
cardiac arrest syndrome [10-18]. This is characterized by hypoxic
brain injury,myocardial dysfunction, systemic ischemia and reperfusion
injury, and persistent precipitating pathology (Table 1) [11,14-18]. The
magnitude of effect of each of these components depends on the patient
comorbidities, duration of the ischemia, underlying etiology of cardiac
arrest, and interventions performed during the cardiac arrest. This
• Characterized by cerebral ischemia, cerebral
edema/increased ICP, impaired cerebrovascular
autoregulation, post-ischemic neurodegeneration

• Frequent cause of subsequent death and disability
following ROSC

• Primary injury occurs due to global ischemia and
reperfusion injury, as the brain has reduced toler-
ance to ischemia

• Secondary injury occurs following reperfusion due
to impaired oxygen delivery associated with
hypotension, hypoxemia, impaired vascular
autoregulation, cerebral edema, increased ICP,
hyper−/hypoglycemia, seizure, pyrexia

• Cortex, cerebellum, corpus striatum, hippocampus,
and thalamus are vulnerable areas most susceptible
to ischemia

• Global cerebral ischemia results in microcirculatory
intravascular thrombosis, inhibiting microvascular
perfusion despite restoration of macrocirculation

d ejection fraction,
increased LV end-diastolic pressure, decreased car-
diac output

• Ranges from mild to severe but is usually transient
and responsive to management

• Common cause of mortality after cardiac arrest
• Occurs within the first 7 h after ROSC; recovery
time course is 24–72 h

• Labile hemodynamics following ROSC due to
endogenous and exogenous circulating catechol-
amines

• Global stunning of the myocardium may be wors-
ened with regional ischemia from acute coronary
syndrome, may contribute to dysrhythmias and
cardiogenic shock

gia, intravascular volume
depletion, impaired oxygen delivery/utilization,
immunosuppression, multiorgan failure

• Follows cardiac arrest with complete cessation of
oxygen delivery and metabolite removal

• Relative adrenal insufficiency may be present
• Impaired oxygen delivery with increased tissue
oxygen extraction during CPR reduces central
venous oxygen saturation; following ROSC, oxygen
debt results in endothelial injury, activation of
coagulation pathway, impaired vasoregulation, and
systemic inflammation

rom underlying cause of

e (myocardial dysfunction,
opathy, pulmonary embo-
ynamic compromise), sep-
mation), stroke (cerebral

on

Table 1
Post-Cardiac Arrest Syndrome [14-18].

Hypoxic brain injury

Myocardial dysfunction • Characterized by reduce

Systemic ischemia and
reperfusion injury

• Characterized by vasople

Persistent precipitating
pathophysiology

• Characterized by effects f
the cardiac arrest

• Acute coronary syndrom
dysrhythmia), cardiomy
lism (hypoxemia, hemod
sis (hypotension, inflam
ischemia)

• Multiorgan failure comm

Abbreviations: ICP - intracranial pressure; ROSC - return of spontaneous circulation; CPR -
cardiopulmonary resuscitation; LV - left ventricle.
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post-cardiac arrest syndrome informs the emergency department
(ED) and intensive care unit (ICU) management following ROSC
[11,14-18].

Several systemic complications may also occur in the initial post-
ROSC period and are associatedwith increasedmorbidity andmortality,
including acute renal failure (12–50 %), acute respiratory distress syn-
drome (ARDS) (50–70 %), disseminated intravascular coagulation
(DIC) (< 8 %), and refractory shock [3,5,10,15,17,19]. Importantly, the
majority of patients with ROSC will experience hypotension, and ap-
proximately 40 % of patients with ROSC will experience at least one ep-
isode of rearrest, for which emergency clinicians should be prepared to
intervene immediately. These are both associatedwith increasedmoral-
ity [5,20-24].

Importantly, there have been several recent advances in the evalua-
tion andmanagement of thepost-ROSC patient. The followingquestions
will highlight several key updates in the management of the post-ROSC
patient and post-cardiac arrest syndrome; however, this paper is not
intended to serve as a review of the condition in its entirety.

2. Discussion

2.1. What are primary management priorities in the post-ROSC patient?

The goals of assessment and management in the initial post-ROSC
period in the ED setting include completing a focused history and phys-
ical examination, supporting cardiopulmonary function, addressing and
managing the underlying cause of arrest, minimizing secondary cere-
bral injury, and correctingphysiologic derangements (Table 2). Estimat-
ing neurologic prognosis should generally be reserved for the intensive
care unit (ICU) setting and is not recommended in the ED setting, except
for cases of obviously non-survivable causes of arrest [5,11,14,18].

If not obtained during the resuscitation, information concerning the
circumstances around the cardiac arrest should be obtained, including
the setting, events leading up to the arrest, any signs or symptoms,
whether the event was witnessed and if bystander CPR was performed,
initial cardiac rhythm, time fromCPR initiation to ROSC, and prehospital
interventions (e.g., access, defibrillation attempts, medication adminis-
tered). If possible, patient comorbidities (e.g., coronary artery disease,
thromboembolic risk factors), medications (e.g., anticoagulation, anti-
platelet agents, antiarrhythmics), and advanced directives should also
be obtained. The examination should focus on assessing for the etiology
of the arrest. If ROSC is obtained, the examination should also include
the severity of shock, hemodynamic status (e.g., blood pressure, heart
rate, capillary refill, skin color and temperature), and neurologic status
(e.g., mental status, pupils, motor, posturing). A neurologic examination
should be conducted, including mental status with Glasgow coma scale
(GCS), motor examination for the presence of lateralizing or localizing
signs (suggestive of intracranial pathology), rhythmic or periodic facial
Table 2
Primary management strategies in the post-ROSC setting.

- Primary management for the post-ROSC patient are to stabilize cardiopulmo-
nary function, address/treat underlying etiology of arrest, minimize secondary
organ injury, and correct any physiologic derangements.

- Assess for underlying cause of arrest with history, examination
(hemodynamics, cardiovascular, neurologic), ultrasound, and ECG following
ROSC.

- Utilize POCUS: cardiac (contractility, ventricular dilation/dysfunction, aorta
outflow tract, effusion), lungs (pneumothorax, effusion, endotracheal tube
confirmation), abdomen (aortic aneurysm, free fluid).

- Utilize “Circulation-Airway-Breathing” approach for treatment during resusci-
tation in the peri-arrest and post-ROSC periods.

- Optimize MAP using vasopressors and IV fluids.
- Prophylactic antiarrhythmics are not routinely recommended, except for

patients with recurrent or ongoing unstable ventricular arrhythmias.

ROSC – return of spontaneous circulation; ECG – electrocardiogram; MAP –mean arterial
pressure; IV - intravenous.
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or body movements to suggest seizure, pupil size and reactivity, and
brainstem reflexes (e.g., corneal, gag/cough, spontaneous respirations).

Point-of-care ultrasound (POCUS) can be valuable for determining
the etiology (e.g., focal myocardial dysfunction, tamponade, pneumo-
thorax) [25]. Cardiac assessment includes evaluating for pericardial ef-
fusion, left ventricular function, right ventricular enlargement, and the
aorta outflow tract [25-27]. Assessment of volume tolerance includes
evaluation of the inferior vena cava (IVC) diameter and distensibility.
Lung ultrasound can evaluate for pneumothorax, and POCUS can also
be used to evaluate for location and depth of the endotracheal tube
[28]. The RUSH examination has been primarily evaluated for those
with undifferentiated shock, with limited data for post-ROSC patients,
though it may be reasonable when the etiology remains unclear
[26,29-31]. This may be used to assess for free intra-abdominal fluid
and abdominal aortic aneurysm. A comprehensive transthoracic echo-
cardiogram should be obtained to assess post-ROSC myocardial dys-
function, which may include global cardiac dysfunction, regional wall
motion abnormalities, left ventricular outflow tract obstruction, valvu-
lar abnormalities, or cardiomyopathy [32].

Rather than following an “A-B-C" approach,we recommendutilizing
“C-A-B", with focus on circulation in the peri-arrest and post-ROSC pe-
riods. Vascular access should be obtained if not already done so during
the arrest. An intraosseous (IO) catheter can be removed if there is ade-
quate intravenous (IV) access. Aswill be discussed in following sections,
the mean arterial pressure (MAP) should be optimized using a vaso-
pressor and IV fluids if needed. IV isotonic crystalloids are recom-
mended if the patient is hypovolemic and fluid responsive.
Amiodarone, lidocaine, and beta blockers may be used in patients
with refractory VF or pulseless VT. However, the prophylactic use of
these antiarrhythmics is controversial, with limited data demonstrating
mixed results and no high-quality evidence concerning the routine use
of antiarrhythmics in the post-ROSC patient [33-36]. At the time of this
publication, antiarrhythmics are not routinely recommended for pa-
tients followingROSC, except for thosewith recurrent or ongoing unsta-
ble arrhythmias (e.g., VF or VT) [5]. This is based on the lack of strong
evidence supporting the use of routine or prophylactic administration
of antiarrhythmics following ROSC.

2.2. What are secondary management priorities in the post-ROSC patient?

Table 3. Secondary management strategies in the post-ROSC setting.
Following initial management priorities, there are several interven-

tions to reduce end-organ injury, particularly cerebral injury. This in-
cludes targeted temperature management (TTM; see section 2.10);
head-of-bed elevation; clearing the cervical collar (if present) as soon
as possible; sedation; optimizing MAP (section 2.5), oxygenation, and
ventilation (section 2.6); managing glucose levels; seizure control;
and assessing for and treating increased intracranial pressure (ICP)
(Table 3) [5,11,14,18].
Table 3
Secondary management strategies in the post-ROSC setting.

- Secondary management focuses on hemodynamic support, optimizing cere-
bral perfusion, and preventing other organ injury.

- Elevate head of bed to 30–45 degrees to reduce risk of VAP and lower ICP.
- Sedation is recommended to reduce metabolic demand, improve patient

comfort, and reduce recall; may utilize propofol or ketamine.
- Maintain serum glucose between 80 and 180 mg/dL.
- Manage active seizures with benzodiazepines, but avoid routine seizure pro-

phylaxis.
- Assess for increased ICP: evaluate for abnormal neurologic findings (e.g., focal

neurologic deficit, loss of pupillary reflex, unilateral pupil abnormality) and
consider POCUS for ONSD.

- If ICP elevated, reduce ICP: ensure adequate analgesia and sedation, raise the
head of the bed, ensure head and neck are midline, administer hypertonic
saline, and optimize MAP.

MAP – mean arterial pressure; ICP – intracranial pressure; VAP - ventilator associated
pneumonia; POCUS - Point-of-care ultrasound; ONSD - optic nerve sheath.
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The head of the bed should be elevated to 30–45 degrees,whichmay
reduce ventilator associated pneumonia (VAP) and lower ICP while
maintaining cerebral perfusion pressure (CPP) and improving lung re-
cruitment [37,38]. A meta-analysis including studies of intubated and
mechanically ventilated patients found the semirecumbent position
compared with the supine position reduced the risk of VAP, hospital
length of stay, and length of mechanical ventilation [39]. Another anal-
ysis found placing patients in the semirecumbent position at 45 degrees
compared to 30 degrees was associated with reduced risk of VAP and
gastric reflux, though there was increased risk of skin sores [40]. Head
of bed elevation is also supported by the Neurocritical Care Society for
patients with cerebral edema and the Agency for Healthcare Research
and Quality and American Thoracic Society for mechanically ventilated
patients [41-43].

Sedation is necessary in the post-ROSC period to reduce metabolic
demand, improve patient comfort, and reduce recall [5]. The American
Heart Association (AHA) and Neurocritical Care Society (NCS) recom-
mend short-acting sedative and analgesic agents to reduce time to
reawakening and duration ofmechanical ventilation, aswell as decreas-
ing the confounding of delaying prognostication [5] Options for sedation
include propofol (up to 3 mg/kg/h IV), dexmedetomidine (1.4 μg/kg/h
IV), ketamine (1–2mg/kg/h IV), ormidazolam (2–10mg/h IV). Propofol
is the preferred sedative if possible, as it has rapid onset and offset, is an
antiepileptic, is neuroprotective, and does not result in withdrawal.
However, it can result in vasodilation and reduced cardiac contractility
[44]. Dexmedetomidine does not cause respiratory depression but is
typically only utilized in those requiring light sedation. Ketamine dem-
onstrates a potential attenuation in neurologic injury following cardiac
arrest and has dissociative, analgesic, and sedative properties [45].
While midazolam may reduce preload and afterload without signifi-
cantly affecting contractility, benzodiazepine infusions can complicate
the neurologic examination and have a longer half-life. Analgesics
such as remifentanil and fentanyl infusion are recommended over mor-
phine infusions by the AHA and NCS [5].

Both hypo- and hyperglycemia are associated with worse outcomes
following cardiac arrest [46-49].While tight glucose control (defined as
70–108mg/dL) compared tomore liberal glucose control (108–144mg/
dL) was not associated with benefit, higher rates of hypoglycemia may
lead to cerebral injury [48,49]. Thus, glucose should be maintained be-
tween 81 and 180 mg/dL, and hypoglycemia should be avoided
[5,10,11].

Following cardiac arrest, tonic-clonic or myoclonic seizure-like ac-
tivity is common, occurring in up to 45 % of patients [50,51]. Continuous
seizure activity (convulsive or non-convulsive) is associated with in-
creased temperature, worse prognosis, and increased mortality [50].
Myoclonus in the post-ROSC period is suggestive of more severe brain
injury, but over 20 % of patients with myoclonus fully recover [52-56].
In patients who are comatose following cardiac arrest, electroencepha-
logram (EEG) monitoring is recommended by the AHA and NCS to as-
sess for post-anoxic myoclonus and seizures [5,10]. Patients who
actively seize should receive benzodiazepines or other antiepileptics
(e.g., propofol, levetiracetam, valproic acid) [5]; however, routine anti-
seizure medications for seizure prophylaxis are controversial. A 2022
randomized controlled trial (RCT) including 172 patients after cardiac
arrest with rhythmic or periodic EEG patterns compared antiseizure
medications for at least 48 h versus standard care. Authors found no dif-
ference in survival with favorable neurologic outcomes at 3 months
[57]. Thus, at this time, routine seizure prophylaxis is not
recommended.

Assessment for elevated ICP is recommended in the post-ROSC pa-
tient due to the risk of cerebral edema and hypoxic brain injury
[5,10,11,58-61]. This may include imaging to assess for findings such
as diffuse cerebral edema, examination for abnormal neurologic find-
ings (e.g., focal neurologic deficit, loss of pupillary reflex, unilateral
pupil abnormality), and indirect or noninvasive measurements (optic
nerve sheath diameter [ONSD] on ultrasound, transcranial Doppler)
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Table 5
CT in the post-ROSC setting.

- Head-to-pelvis CT may assist in determining the etiology of arrest if unknown
and evaluating for any resuscitation complications. However, literature sug-
gests no improvement in patient-oriented outcomes with this imaging strat-
egy.

- If obtained, head-to-pelvis CT may be most beneficial in the first six hours
after cardiac arrest prior to ICU transfer for admission in patients with
unknown cause of arrest despite clinical evaluation (e.g., examination, POCUS,
x-ray).

- Timing of this modality must consider patient clinical stability, potential delay
in other procedures such as catheterization, impact on other patients in the
ED, and available CT technology.

ICU – intensive care unit, ED – emergency department; POCUS - Point-of-care ultrasound;
CT – computed tomography.
[5,10,59-64]. ONSD on POCUS has a sensitivity approximating 90 % and
specificity over 85 % for detecting elevated ICP, though there can be
inter-rater variability [62,63]. Thus, clinicians should incorporate imag-
ing (e.g., non-contrast head computed tomography [CT], POCUS) and
examination findings (e.g., unilateral pupil abnormalities, focal motor/
tone abnormalities, posturing) in assessing for elevated ICP. If ICP is
suspected to be elevated, the clinician should take measures to reduce
ICP (e.g., ensure adequate analgesia and sedation, raise the head of the
bed, ensure head and neck are midline, administer hypertonic saline)
and optimize MAP (section 2.5) [5].

2.3. Following ROSC, what laboratory and imaging testing is
recommended?

Dedicated testing following ROSC with laboratory assessment, ECG,
and imaging is necessary to determine the etiology of arrest and to eval-
uate for end-organ injury (Table 4). Laboratory testing includes com-
plete blood count, electrolytes, renal and liver function, troponin,
serum lactate, and venous blood gas. Arterial blood gas is recommended
in comatose patients, mechanically ventilated patients, and those with
respiratory insufficiency to optimize oxygenation and ventilation. Re-
spiratory and metabolic acidemia with elevated lactate is common fol-
lowing ROSC [5,11]. However, this should improve with resuscitation
in the post-ROSC phase. If the lactate does not improve, other etiologies
should be considered. Leukocytosis is common following ROSC and is
typically associated with white blood cell demargination and systemic
inflammation. Electrolyte changes often include hypo- or hyperkalemia,
both potential causes of arrest, and should be corrected. Impaired renal
and liver function is also common following cardiac arrest due to global
hypoperfusion and reperfusion injury [5,10,11]. Electrocardiogram
(ECG) should be obtained following ROSC to evaluate for arrhythmias,
ST-segment elevation and depression, T wave changes, and interval ab-
normalities (e.g., QTc interval prolongation) [5,10,11].

Imaging can assist in determining the underlying etiology and
assessing for complications following resuscitation. Observational stud-
ies evaluating patients with ROSC following cardiac arrest suggest a
wide range in yield on different imaging tests, including CT of the
head (10–45 %), chest CT (14–54 %), abdominal/pelvic CT (8–41 %),
magnetic resonance imaging (6–27 %), and echocardiography
(2–31 %) [65]. Common findings include ICH, PE, pericardial effusion,
cardiomyopathy, regional wall abnormalities, and hemoperitoneum.
Iatrogenic injuries include rib fractures (70–85 %) and sternal fractures
(8–30 %) [66]. As discussed, due to its ease of use and accuracy, POCUS
can rapidly diagnose a potential etiology and complication following
ROSCwith evaluation of the heart, lungs, and abdomen [25]. Echocardi-
ography is recommended as soon as possible following ROSC to assess
left and right ventricular function, cardiac output, and IVC size and dis-
tensibility [5]. Serial echocardiography can also be beneficial in guiding
hemodynamic management [5].

2.4. What is the role of CT in the post-ROSC patient?

CT can play an important role in the post-ROSC patient in diagnosing
a cause of arrest and assessing for end-organ injury and complications
Table 4
Recommended laboratory and imaging testing in the post-ROSC setting.

- Obtain laboratory assessment, ECG, and imaging to evaluation for end organ
injury and arrest etiology

- Laboratory testing: complete blood count, electrolytes, renal and liver
function, troponin, serum lactate, and venous blood gas.

- ECG: arrhythmias, ST-segment elevation and depression, T wave changes, and
interval abnormalities.

- Imaging: POCUS (see Table 3, section 2.1 and 2.3) and CT (Table 5, section 2.4)
play integral roles in assessing for the etiology of arrest and end organ injury

ECG – electrocardiogram; POCUS - Point-of-care ultrasound; CT – computed tomography.
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from resuscitation (Table 5). However, there is current controversy re-
garding CT in the post-ROSC patient. Non–contrast head CT may diag-
nose an underlying etiology of the cardiac arrest (e.g., ICH) and detect
cerebral edema. Literature suggests 2–6 % of patients of cardiac arrest
have ICH as the underlying cause, which alters further management
such as avoiding anticoagulation and considering reversal of any spe-
cific antithrombotic agents, as well as altering prognosis [65,67-69].
Fall from standing or other traumatic mechanisms at the time of cardiac
arrestmay result in cervical spine fracture and injury, whichmay lead to
respiratory failure and cardiac arrest. As themajority of patients follow-
ing ROSC are comatose and unable to provide history, cervical spine CT
should be obtained if trauma cannot be excluded. CT of the chestwith IV
contrast (angiogram with arterial phase) may be helpful by identifying
causes of arrest (e.g., PE, aortic dissection) and injuries from resuscita-
tion such as rib fractures, aspiration, and pneumothorax [65,70-72]. CT
of the abdomen/pelvis with IV contrast may also detect an intra-
abdominal cause of cardiac arrest such as aneurysm, dissection, and
mesenteric ischemia, as well as detect liver or splenic injury in the con-
text of trauma or from the resuscitation [70,71].

Based on this rationale, several studies have evaluated the use of
head-to-pelvis CT following OHCA. A 2021 observational study included
104 patients and found that head-to-pelvis CT diagnosed the underlying
etiology in 39 % and found urgent complications in 16 % (most com-
monly pneumothorax and solid organ injury) [70]. An observational
study published in 2022 with 104 patients found head-to-pelvis CT
diagnosed 81 % of resuscitation complications, but only 14 % of time-
critical injuries [20]. Imaging found rib fractures in 74 % and sternal frac-
tures in 18 %. A third observational study published in 2023 included
597 patients following cardiac arrest, with 491 undergoing cross-
sectional imaging [73]. Authors found cerebral edema in 34 %, ICH in
8 %, rib or sternal fractures in 55 %, aspiration or pneumonia in 19 %,
pneumothorax in 8 %, PE in 4 %, hemothorax in 2 %, liver or splenic lac-
eration in 2 %, and cervical spine fracture in 1 % [73]. A 2023 observa-
tional study evaluated the diagnostic yield of head-to-pelvis CT with a
before and after protocol implementation study within 6 h of cardiac
arrest in post-ROSC patients [74]. They utilized non-contrast head CT,
retrospective ECG-gated thoracic CT angiogram, and spiral abdomen/
pelvic CT venous phase compared to standard care. Of note, 84 % of
patients in the standard care group underwent at least one CT, most
commonly non-contrast head CT [74]. The cause of cardiac arrest was
found in 92 % of patients in the head-to-pelvis CT, versus 75 % in the
standard care group. Time to diagnosis was 78 % faster (3.1 h versus
14.1 h) with head-to-pelvis CT, but survival to hospital discharge,
acute kidney injury, identification of time-critical diagnosis, and delayed
ascertainment of time critical diagnosis were not statistically different
between the groups [74]. There was also no discussion of what diagno-
ses could have beenmade clinically, and therewas no discussion of cost.

While the literature suggests no improvement in patient-oriented
outcomes with head-to-pelvis CT, this imaging may assist in determin-
ing the etiology of arrest if unknown and assessing for any resuscitation
complications, but there are several important considerations. If
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obtaining head-to-pelvis CT, this is likelymost beneficial within the first
six hours after cardiac arrest prior to ICU transfer for admission in pa-
tients with unknown cause of arrest despite clinical evaluation
(e.g., examination, POCUS, x-ray) [74]. However, the optimal timing de-
pends on clinical stability (e.g., risk of rearrest, hypotension, hypoxemia
during transport to CT and the scan) and consideration of the potential
delay of other vital procedures (e.g., angiography for ST elevation myo-
cardial infarction [STEMI]) and impact on imaging for other patients in
the ED. This imaging strategy also depends on the type of CT technology
available, and it may not be helpful in single coverage or stand-alone
EDs, where stabilization and transfer to a higher level of care is typically
recommended [5].

2.5. What is the recommended mean arterial pressure target, and what is
the first-line vasopressor?

Following cardiac arrest and ROSC, clinicians must optimize end-
organ perfusion and oxygenation while avoiding the furthering of
other injuries, and thus, studies have sought to provide optimal MAP
targets to balance these issues (Table 6) [5,10,11]. Of note, there is loss
of normal cerebral perfusion autoregulation following cardiac arrest,
and the MAP range in which cerebral blood flow is constant can be af-
fected, moving the cerebrovascular autoregulation curve to the right
[5,75]. As discussed previously, ICPmay also be elevated due to cerebral
edema and hypoxic brain injury, which will lower the CPP (CPP=MAP
- ICP). In those with increased ICP and cerebral edema, a CPP of at least
60 mmHg is often recommended. This is another rationale for targeting
MAP values greater than 65mmHg in order tomaintain adequate CPP in
the setting of elevated ICP [5,58,59,75,76].

Literature suggests that lower MAP targets are associated with
worse outcomes, while several observational studies suggest that MAP
>65 mmHg is associated with improved neurologic outcomes [77-81].
Several recent RCTs have evaluated higher MAP targets. One multicen-
ter RCT randomized patients to MAP targets of 65–75 mmHg versus
80–100 mmHg, finding these higher targets were feasible with no re-
duction in safety outcomes, though this studywas not powered to eval-
uate survival or neurological outcomes [82]. A pooled analysis of these
two prior RCTs found that MAP 80–100 mmHg was associated with re-
duced cardiac biomarkers and no increase in rearrest, but there was no
difference in favorable functional outcome at 6 months [83]. Another
RCT evaluated MAP >65 mmHg versus 85–100 mmHg, finding no evi-
dence of harm with higher MAP targets, though higher MAP targets
did not improve the extent of anoxic brain injury or neurologic out-
comes [84]. An RCT comparing MAP of 77 mmHg versus 63 mmHg in
post-ROSC patients following OHCA found no difference in the primary
outcomeof all-causemortality or hospital dischargewith a 90-day Cere-
bral Performance Category (CPC) of 3 or 4, aswell as no difference in ad-
verse events [85]. However, this study included predominantly (>80 %)
patients with witnessed shockable rhythms and bystander CPR,
Table 6
Recommended MAP target and vasopressors in the post-ROSC setting.

- In the post-ROSC patient, clinicians must optimize end-organ perfusion and
oxygenation while avoiding worsening other injuries.

- MAP targets include >65 mmHg but preferably >80 mmHg for adequate CPP
if advanced cerebral monitoring is not in routine use and if there are no
clinical concerns or evidence of adverse effects.

- MAP targets may be obtained by IV fluids, vasopressors, inotropes, or
mechanical circulatory support.

- Fluid resuscitation is recommended in those with volume loss with balanced
crystalloids in those without cerebral edema; if cerebral edema present, use
normal saline.

- Vasopressors improve vasomotor tone and are typically necessary in the first
48 h post-ROSC. Norepinephrine is first-line.

- In those requiring additional inotropic support due to ongoing shock despite
improved MAP, epinephrine, dobutamine, or milrinone may be added.

ROSC – return of spontaneous circulation; MAP – mean arterial pressure; CPP – cerebral
perfusion pressure; IV – intravenous.
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interventions to achieve MAP targets were not started until the ICU,
and there was a relatively small difference in blood pressures
(10.7 mmHg) [85].

Based on the available evidence, in comatose patients following car-
diac arrest, MAP should be maintained >65 mmHg but preferably
>80 mmHg to ensure adequate CPP if advanced cerebral monitoring is
not in routine use and if there are no clinical concerns or evidence of ad-
verse effects (as recommended by the AHA and NCS) [5]. These targets
can be obtained by incorporating IV fluid resuscitation, vasopressors,
inotropes, and mechanical circulatory support.

Fluid resuscitation is recommended in those with a history or evi-
dence of volume loss and should preferably be replaced with balanced
crystalloids in those without cerebral edema (e.g., Lactated Ringers or
Plasmalyte), which reduce the risk of hyperchloremic metabolic
acidemia [86]. However, if there is cerebral edema, normal saline is rec-
ommended [5]. Boluses of 250–500mLmay be utilized, followed by re-
assessment of fluid status. Hypotonic fluids are not recommended due
to the association of cerebral edema with hypoxic brain injury [5].

Vasopressors are often necessary within the first 48 h following
ROSC to address vasoplegia [5,87,88]. One large cohort study found
that 47 % of patients required some form of vasopressor support, and
25 % of those receiving vasopressors required norepinephrine doses be-
tween 0.05 and 0.1 μg/kg/min with 10 % requiring over 0.1 μg/kg/min
[89]. Dopamine is not recommended due to the greater risk of arrhyth-
mia and mortality [90]. Norepinephrine is a common first-line vaso-
pressor, as it improves vasomotor tone and has inotropic effects. In
those requiring additional inotropic support due to ongoing shock de-
spite improved MAP, epinephrine (0.01–1 μg/kg/min), dobutamine
(0.5–15 μg/kg/min), or milrinone (loading dose 50 μg/kg/min over
10 min, then 0.375–0.75 μg/kg/min) may be added. However, both do-
butamine and milrinone may result in hypotension, and dobutamine
may result in arrhythmias [5]. If dobutamine or milrinone are used,
they should be combined with norepinephrine due to their risk of
vasoplegia. Epinephrine has greater inotropy compared to norepineph-
rine, but it may worsen lactic acidemia and is associated with increased
rates of refractory cardiogenic shock, cardiovascular-related mortality,
and all-causemortality [90-92]. Based on the degree of cardiac dysfunc-
tion, mechanical circulatory support may be necessary including
intra-aortic balloon pump, left ventricular assist device, and
veno-arterial extracorporeal membrane oxygenation [87].

2.6. What is the target for oxygen saturation and PaCO2 in the post-ROSC
patient?

Invasive mechanical ventilation is necessary in the majority of post-
ROSC patients, with recent updates concerning oxygen saturation and
PaCO2 targets (Table 7). Lung-protective ventilation is recommended
for mechanically ventilated patients, as these patients are at high risk
of developingARDS (48–71 %) [5,93,94]. In the ED, this includes utilizing
a tidal volume of 4–8 mL/kg ideal body weight, titrating positive end-
expiratory pressure to ensure appropriate alveolar filling and prevent
collapse, and titrating the fraction of inspired oxygen (FiO2) to target
an oxygen saturation that is adequate but not excessive. Importantly,
both hypoxia and hyperoxia are harmful in the post-ROSC patient
Table 7
Recommended oxygen saturation and PaCO2 targets in the post-ROSC setting.

- In the intubated post-ROSC patient, utilize lung-protective strategy with TV
4–8 mL/kg ideal body weight. Titrate PEEP for appropriate alveolar filling.

- Titrate FiO2 to achieve an oxygen saturation 92–98 %; avoid hypoxia and
hyperoxia.

- Target PaCO2 levels 35–55 mmHg; avoid hypocapnia. Moderate hypercapnia
may be used for lung-protective settings or if the patient has suspected
chronic hypercapnia as long as the pH can be maintained >7.2.

ROSC – return of spontaneous circulation; TV – tidal volume; PEEP - positive end-expira-
tory pressure; FiO2 - fraction of inspired oxygen.
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[5,10,95,96]. A systematic review of 14 studies found PaO2> 300mmHg
was associated with increased mortality in patients after ROSC (odds
ratio [OR] 1.4; 95 % confidence interval [CI] 1.02 to 1.93) [97]. An RCT in-
cluding 425 prehospital and ED patients compared oxygen saturation
targets of 90–94 % versus 98–100 % and found patients in the lower sat-
uration target group had lower survival to hospital discharge (38 % ver-
sus 48 %, difference− 10 %, 95 % CI -19 % to−0.2 %) andmore episodes
of hypoxia before ICU admission (31 % versus 16 %, difference 15 %, 95 %
CI 7 % to 23 %), but the study was stopped early due to COVID [98]. The
BOX RCT compared PaO2 of 68–75 mmHg versus 98–105 mmHg and
found no difference in the composite outcome of all-cause mortality
or CPC of 3–4 within 90 days, as well as no difference in adverse events
[99].

Carbon dioxide (CO2) also affects the cerebral vasculature, with
hypocapnia resulting in vasoconstriction and hypercapnia leading to
vasodilation. Hypocapnia due to hyperventilation can result in
cerebral ischemia through arterial vasoconstriction and worsen injury
[100,101]. Of note, end-tidal CO2 values will be lower than PaCO2.
Observational studies suggest PaCO2 levels of 35–55 mmHgmay be as-
sociated with better outcomes compared to lower PaCO2 values, but
significant hypercarbia can worsen acidemia and be harmful in
patients with elevated ICP. Observational studies also suggested either
harm or no benefit with hypocapnia [95,102-104]. The TAME trial in-
cluded 1700 patients and compared PaCO2 targets of 50–55mmHg ver-
sus 35–45 mmHg [105]. Authors found no difference in neurologically
favorable survival, adverse events, or secondary outcomes [105]. There
is likely a complex interplay among PaCO2, ICP, and CPP, particularly
in the setting of decreased or absent cerebral autoregulation that occurs
in cardiac arrest. There is also no clear guidance on PaCO2 targets in
patients with chronic hypercapnia (e.g., chronic obstructive pulmonary
disease), and this may not be known in the initial care of the post-ROSC
patient. Thus, these considerations complicate recommending a specific
PaCO2 target [5].

Based on available data, using a lung-protective ventilation strategy
with a tidal volume of 4–8 mL/kg ideal body weight is recommended,
which is also supported by the AHA/NCS scientific statement [5]. Both
hyperoxia and hypoxia can be harmful. Therefore, we recommend ti-
trating the FiO2 to target an oxygen saturation of 92–98 % [5]. Targeting
PaCO2 levels of 35–55mmHg is likely beneficial, and hypocapnia should
be avoided [5,105]. Moderate hypercapnia may be utilized for lung-
protective settings or if the patient has suspected chronic hypercapnia
as long as the pH can be maintained >7.2 per the AHA/NCS scientific
statement [5].

2.7. Should antibiotics be administered in the post-ROSC patient?

Post-ROSC patients are at significant risk of aspiration-associated
pneumonia and VAP, as well as sepsis and bacteremia due to bacterial
translocation across the intestinal mucosa during global hypoperfusion
[5,11,106,107]. However, there is controversy in the literature concern-
ing antibiotics in post-ROSC patients (Table 8). In the TTM1 trial, pneu-
monia occurred in 53 % and sepsis in 10 % of patients randomized to
hypothermia [51]. A meta-analysis published in 2019 based on 3 RCTs
and 8 observational studies found prophylactic or early antibiotic
Table 8
Antibiotics in the post-ROSC setting.

- Post-ROSC patients are at risk of aspiration-associated pneumonia, VAP, and
sepsis.

- However, literature is controversial concerning antibiotics in post-ROSC
patients.

- Based on available data, antibiotics should not be routinely administered in
those without evidence of infection. They may be considered in intubated
cardiac arrest patients receiving hypothermic TTM.

ROSC – return of spontaneous circulation; VAP - ventilator associated pneumonia; TTM –
targeted temperature management.
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administration in patients with OHCA was not associated with in-
creased survival (OR 1.16, 95 % CI 0.97 to 1.40), survival with good neu-
rological outcome (OR 2.25, 95 % CI 0.93 to 5.45), critical care length of
stay (meandifference− 0.6, 95 % CI -3.6 to 2.4), or pneumonia (OR 0.58,
95 % CI 0.23 to 1.46) [108]. Following this meta-analysis, a double-blind
RCT including 198 intubated patients with OHCA from pulseless VT/VF
treated with TTM found empiric administration of amoxicillin-
clavulanate was associated with lower risk of VAP (hazard ratio 0.53;
95 % CI 0.31 to 0.92), with no difference in ventilator-free days, ICU
length of stay, adverse events, and 28-day mortality [109]. Based on
the available data, antibiotics should not be routinely administered in
those without evidence of infection; however, they may be considered
in intubated cardiac arrest patients receiving therapeutic hypothermia
[5].

2.8. Is there a role for corticosteroids in the post-ROSC patient?

Corticosteroids may reduce the severe systemic inflammatory state
after cardiac arrest, and there is an associationwith lower cortisol levels
following cardiac arrest and the severity of shock and mortality within
48 h [110,111]. Thus, corticosteroids have been evaluated as a potential
therapy in patients with cardiac arrest (Table 9).

Much of the literature evaluating corticosteroids in cardiac arrest has
been published prior to the use of TTM. Several observational studies
found no difference in mortality or regaining consciousness with corti-
costeroid treatment in patients after cardiac arrest, while others found
improved rates in survival to discharge [112-116]. Two subsequent
RCTs compared vasopressin, epinephrine, and corticosteroid adminis-
tered for 7 days versus epinephrine and no corticosteroids in patients
with in-hospital cardiac arrest [117,118]. These RCTs found the cortico-
steroid group had more frequent ROSC and improved survival to dis-
charge [117,118]. A post-hoc analysis found benefit with steroids in
those with septic shock [119]. Several other RCTs evaluating steroids
(methylprednisolone and/or hydrocortisone) have found no clear dif-
ference in survival to discharge, survival with favorable neurologic out-
come, shock reversal, length of stay, MAP, and time to shock reversal
[120,121]. A 2024 meta-analysis of 11 studies with 2273 patients
found corticosteroid administration during cardiac arrest was associ-
ated with increased rate of ROSC (OR 2.05, 95 % CI 1.24 to 3.37), but
there was no benefit in favorable neurologic outcome or survival rate
at hospital discharge [122]. On subgroup analysis, authors found in-
creased survival rate and ROSC if a dose of methylprednisolone over
100mgwas utilized [122]. At this timewith the current evidence, corti-
costeroids should not be routinely administered in patients with ROSC
except in the setting of suspected or proven adrenal insufficiency or
decompensated hypothyroidism [5].

2.9. Which post-ROSC patients should undergo coronary catheterization?

Coronary artery disease is a common cause of cardiac arrest, and an
ECG should be obtained in all post-ROSC patients (Table 10). The 2024
AHA/NCS scientific statement on the management of patients after
cardiac arrest states that there is reasonable consensus that early angi-
ography, defined as within 6 h, is safe and may be beneficial for the
post-ROSC patient [5]. This statement was based on non-randomized
literature suggesting catheterization is associated with improved sur-
vival and neurologic recovery in post-ROSC patients with ST-segment
elevation on ECG [5,123-126]. ST-segment elevation following ROSC of
Table 9
Corticosteroids in the post-ROSC setting.

- Corticosteroids should not be routinely administered in post-ROSC patients.
- Corticosteroids should be administered in the setting of suspected or proven

adrenal insufficiency or decompensated hypothyroidism.

ROSC – return of spontaneous circulation.
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Table 10
Coronary catheterization in the post-ROSC setting.

- Obtain an ECG in the post-ROSC period. If the initial ECG is concerning for
acute coronary occlusion, emergent cardiology consultation is recommended.

- Catheterization is recommended in those with focal wall motion abnormali-
ties on echocardiography, ongoing cardiogenic shock or electrical instability
(recurrent VF or pulseless VT), or if repeat ECG obtained after ROSC demon-
strates clear STEMI.

- Catheterization should be considered in those with an initial history concern-
ing for ACS or if the presenting arrhythmia was VF or pulseless VT.

- In other post-ROSC patients, emergent catheterization is not associated with
improved patient-oriented outcomes.

ECG – electrocardiogram; ROSC – return of spontaneous circulation; ACS – acute coronary
syndrome; VF – ventricular fibrillation; VT – ventricular tachycardia; STEMI – ST elevation
myocardial infarction.

Table 11
TTM in the post-ROSC setting.

- TTM seeks to reduce secondary brain injury following cardiac arrest, as
hyperthermia may result in further neurologic injury.

- Post-ROSC patients who are comatose or not following commands should
undergo temperature control.

- Based on available data, target normothermia and avoid fever as soon as
possible, following ROSC. There is no difference in survival or neurologic out-
come when compared to hypothermia, but issues with hypothermic TTM
include increased risk of arrhythmia, coagulopathy, cold diuresis,
hypokalemia, hyperglycemia, and infection.

- Continuous monitoring of core body temperature is recommended with cen-
tral venous, esophageal, bladder, or rectal temperature probes. Esophageal
probes may be most accurate.

- After continuous temperature monitor placement, administer acetaminophen
(1 g every 6–8 h) to avoid fever. If the patient is febrile despite
acetaminophen, utilize a cooling device targeting a temperature < 37.5° C.

- Cooling devices include water or air circulating blankets and water-circulating
gel-coated pads, an intravascular cooling catheter, or rapid infusion of cold
saline or ice packs if other devices are not available.

ROSC – return of spontaneous circulation; TTM – targeted temperature management.
the patientwith an associated arrhythmia (e.g., VF or pulseless VT) is as-
sociated with a significant likelihood of coronary artery disease in
70–95 % of patients with ROSC, and 60–65 % of these patients have
acute coronary occlusion [123,127]. Thus, ECG is important to identify
STEMI, and patients with obvious STEMI following cardiac arrest should
receive cardiac catheterization.

However, other literature has suggested that ST-segment elevation
on ECG obtained immediately post-ROSC in the general population of
patients with cardiac arrest has more limited predictive ability for
acute coronary occlusion requiring revascularization [128]. The false
positive rate of ECG for the diagnosis of STEMI is highest in the first
sevenminutes following ROSC, likely due to transientmyocardial ische-
mia associated with global hypoperfusion and administration of epi-
nephrine [129]. ST-segment elevation on initial ECG is 70 % sensitive
(95 % CI 54 % to 82 %) and 85 % specific (95 % CI 78 % to 90 %) for
acute coronary lesion, and it is 53 % (95 % CI 47 % to 58 %) sensitive
and 86 % (95 % CI 80 % to 91 %) specific for need for revascularization
[128]. Thus, while an ECG should be obtained immediately following
ROSC, equivocal cases should be discussed with a cardiologist and
another ECG obtained within 5–10 min to evaluate for further
ST-segment elevation [129]. If the repeat ECG demonstrates new or
worsening ST-segment elevation, angiography is recommended,
whereas if it fully resolves, this may suggest a more transient finding.

In patients without STEMI, emergent angiography with catheteriza-
tion is controversial. In-post ROSCpatientswithVF or pulselessVTwith-
out ST-segment elevation on ECG, the rate of significant coronary artery
disease is 25–50 %, and 25–35 % of these patients can have acute coro-
nary occlusion [123,127]. A meta-analysis of primarily retrospective
studies found 30 % of post-ROSC patients without ST-segment elevation
on ECG had an acute coronary artery occlusion, regardless of the pre-
senting rhythm [130]. While the majority of the evidence suggests
that early angiography is safe, literature suggests that immediate angi-
ography is not associatedwith significant benefitwhen compared to de-
layed (>24–48 h) angiography. The COACT trial included 552 patients
after OHCAwho had an initial shockable rhythm and no ST-segment el-
evation on ECG and randomized them to immediate (median 2.3 h) ver-
sus delayed (median 121.9 h) angiography, with coronary intervention
performed if necessary [131]. Authors found approximately 65 % had
coronary disease, but they did not find an improvement in 90-day sur-
vival with early angiography [131]. The TOMAHAWK study included
554 patients experiencing OHCA without ST-segment elevation ran-
domized to immediate or delayed selective angiography, irrespective
of the initial rhythm [132]. Authors found no improvement in survival
but a small increase in death and severe neurologic deficit in patients
undergoing angiography emergently [132]. The DISCO trial randomized
79 patients without ST-segment elevation to immediate angiography
versus standard care, while the PEARL trial evaluated 99 patients
[133,134]. Both studies found no difference in survival or neurologic
outcomes, though theDISCO trial found 37 % of patients had a culprit le-
sion and PEARL identified 47 % [133,134]. Of note, these studies ex-
cluded those with hemodynamic or electrical instability. The EMERGE
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trial randomized 279 patients to emergent versus delayed angiography
and found no difference in survival with CPC 1 or 2 at 180 days [135].
While these studies did not find a difference in mortality or neurologic
outcome, a significant number of patients in these studies had acute cul-
prit lesions, and it is unclear if there may be other benefits in cardiac
function or risk of subsequent heart failure [5].

When deciding on cardiac catheterization, it is valuable to also
consider resuscitation features that may predict a lower likelihood to
benefit from coronary intervention. These include unwitnessed arrest,
non-VF initial rhythm, no bystander CPR, > 30 min to ROSC, ongoing
CPR, pH < 7.2, lactate >7, age > 85 years, end-stage renal disease, and
noncardiac cause of arrest [136]. These can help inform the discussion
with the cardiologist regarding whether to pursue post-ROSC cardiac
catheterization.

Based on the available data, if the first ECG is concerning for acute
coronary occlusion, emergent cardiology consultation is recommended
[5]. Importantly, patients with VF or pulseless VT have a high incidence
of coronary artery disease [128,137]. If the patient had an initial history
concerning for ACS or if the presenting arrhythmia was VF or pulseless
VT, catheterization can be considered [5]. Catheterization is also recom-
mended in those with focal wall motion abnormalities on echocardiog-
raphy, those with ongoing cardiogenic shock or electrical instability
(recurrent VF or pulseless VT), or if a repeat ECG obtained after ROSC
meets STEMI criteria. The AHA/NCS scientific statement delineates
that early coronary angiography in thosewithout ST-segment elevation
may be beneficial by salvagingmyocardiumand potentially reducing LV
dysfunction [5]. Ultimately, the decision for coronary angiography and
intervention in those without ST-segment elevation should be based
on local resources and clinical circumstances in collaboration with the
interventional cardiologist.

2.10. What is the current evidence regarding targeted temperature
management?

Core body TTM, originally referred to as therapeutic hypothermia, is
an integral intervention in post-ROSC comatose patients, as neurologic
injury is one of the most common causes of death following cardiac ar-
rest (Table 11) [5,10,11,138]. TTM has been shown to reduce secondary
brain injury following cardiac arrest, as hyperthermia can worsen neu-
rologic injury [51,58,59,138-151]. All patients who are comatose or
not following commands after cardiac arrest should undergo tempera-
ture control, including pregnant patients, those undergoing angiogra-
phy and catheterization, and hemodynamically unstable patients
[139,146-150]. There are three phases of TTM: initiation, maintenance,
and rewarming.

move_t0055


B. Long and M. Gottlieb American Journal of Emergency Medicine 93 (2025) 26–36
Initiation of TTM should begin in the ED immediately following
ROSC. The exact temperature targets have evolved since the
initial adoption of TTM. RCTs in the early 2000s suggested a target of
32-34° C, though these RCTs were proof of concept studies, single cen-
ter, and unblinded [140,142]. The TTM1 trial published in 2013 with
939 patients did not find a benefit with 33° C versus 36° C [51]. Multiple
other RCTs published after 2013 compared TTM targeting 32-34° C ver-
sus normothermia, including the TTM2 trial with 1850 patients pub-
lished in 2021 [51,143,144]. The TTM2 trial found no difference in
death at 6 months but higher risk of arrhythmias in the hypothermia
group [144]. Several meta-analyses have evaluated hypothermic TTM
versus normal temperature TTM (36.5–38° C). One meta-analysis of
five trials found no difference in survival or favorable neurologic out-
come at 90–180 days [145]. A secondmeta-analysis of 5 trials published
in 2023 foundno improvementwith hypothermic TTM in survival or fa-
vorable neurologic outcome, but there was higher risk of arrhythmias
[151]. Based on the available evidence, clinicians should target normo-
thermia with avoidance of fever as soon as possible following ROSC.
While there is no difference in survival or neurologic outcome when
compared to hypothermia, there are other issues with hypothermic
TTM including increased risk of arrhythmia, coagulopathy, cold diuresis,
hypokalemia, hyperglycemia, and infection [144,147,152-159]. Induc-
ing and maintaining hypothermic TTM is also more difficult and
resource intensive.

Continuous monitoring of core body temperature is recommended.
Axillary and tympanic membrane temperature measurements are not
recommended, as they do not assess core temperature [5,11]. There is
no clear gold standard for core temperaturemeasurement, but potential
options include central venous, esophageal, bladder, and rectal temper-
ature probes [5,11,160,161]. Esophageal temperature monitoring may
be the most accurate, as bladder monitoring is inconsistent due to fluc-
tuating urinary output, and rectal temperatures can lag behind the core
temperature [5,11,160,161].

Following placement of a continuous temperature monitor, acet-
aminophen (1 g every 6–8 h) should be administered to avoid fever. If
the patient is febrile despite acetaminophen, a cooling device is recom-
mended if available with a goal temperature < 37.5° C [5]. This may
include surface methods with water or air circulating blankets and
water-circulating gel-coated pads (most common), intravascular
methods including an intravascular cooling catheter, and rapid infusion
of cold saline or ice packs if other devices are not available [5,11,162-
164]. There is no evidence demonstrating a clear benefit of one particu-
lar device, though surface cooling devices are available in most centers
and able to achieve a desired temperature rapidly and effectively
[162-164]. This may be combined with infusion of 1 L of cold isotonic
crystalloids, as 1 L of 4° C crystalloid infused over 15 min has been
shown to reduce the core temperature by 1° C [165-167]. However, cau-
tion is recommended in the initial resuscitation period following ROSC
in the ED, due to reduced myocardial function and limited physiologic
reserve. A cold crystalloid bolus is not recommended in those with
heart failure, end-stage renal disease, or evidence of pulmonary
edema [168,169].

Shivering can increase the core body temperature, ICP, and serum
lactate; result in rhabdomyolysis; and impair monitoring such as pulse
oximetry [5,10,11]. If shivering occurs, the clinician should utilize amul-
timodal approach. Magnesium should be repleted to >2 mg/dL, and
buspirone 30mg can be administered every 8 h. The temperature target
can be increased to 37.5° C. Other therapies include infusion of
dexmedetomidine, propofol, or ketamine. If shivering continues, ad-
ministration of fentanyl boluses and a non-depolarizing paralytic
(rocuronium 1 mg/kg IV bolus or cisatracurium bolus 0.15–0.2 mg/kg
followed by 1–3 microgram/kg/min infusion) is recommended.

The specific duration of TTM with normothermia is controversial,
though guidelines recommend avoiding fever for at least 72 h for coma-
tose patients [5,10,14]. One RCT including 789 patients compared TTM
36° C for 24 h followed by 37° C for 12 h versus 37° C for 48 h. Authors
33
found no difference in death or severe neurologic disability/coma at
90 days [170]. Another trial with 355 patients evaluated TTM for 48 h
versus 24 h and found no difference in survival or neurologic outcome
at 6 months [171].

3. Conclusions

The post-cardiac arrest syndrome includes hypoxic brain injury,
myocardial dysfunction, systemic ischemia and reperfusion injury, and
persistent precipitating pathophysiology. ED priorities for the post-
ROSC patient include supporting cardiopulmonary function, addressing
and managing the underlying etiology of arrest, minimizing secondary
cerebral injury, and correcting any physiologic derangements. Targeted
testing should aim to determine the etiology of arrest and assess for
organ injury. CT head-to-pelvis may be considered in the post-ROSC pa-
tient in the setting of trauma or unclear etiology. A MAP target of least
65 mmHg is recommended, but preferably >80mmHg, which may im-
prove cerebral perfusion. An oxygenation saturation of 92–98 % is rec-
ommended, with ARDSnet protocol in mechanically ventilated
patients. Routine antibiotics are not recommended unless the patient
is intubated and receiving hypothermic TTM. The routine administra-
tion of corticosteroids is not recommended in all patients. Patients
with ST-segment elevation on ECG following ROSC should undergo
emergent angiography and catheterization. TTM aiming for normother-
mia is recommended following ROSC.
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