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Introduction: Cardiac arrest is a commonly managed condition in the emergency department (ED). Point-of-care 
ultrasound (POCUS) has demonstrated utility in multiple components of cardiac arrest. 
Objective: This paper summarizes evidence-based updates concerning the use of POCUS in cardiac arrest. 
Discussion: POCUS can be used for both cardiac and non-cardiac applications. Common cardiac assessments in-
clude the evaluation of pericardial effusion and tamponade physiology, right ventricular dilation, occult ventric-
ular fibrillation, and optimizing chest compressions. Non-cardiac applications include the assessment of 
intraperitoneal free fluid, aortic pathology, hypovolemia, endotracheal tube position, and pneumothorax. In 
addition, POCUS can evaluate for the presence or absence of a pulse more quickly and accurately than manual 
palpation. POCUS can also guide prognosis by assessing cardiac activity. 
Conclusions: An understanding of literature updates focused on POCUS can improve the ED care of patients in 
cardiac arrest. 
© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar tech-

nologies. 
1. Introduction 

Out-of-hospital cardiac arrest (OHCA) is a significant cause of mor-
bidity and mortality, accounting for over 400,000 deaths in adults per 
year in the United States and a survival to discharge rate of less than 
10 % [1-4]. The management of cardiac arrest requires rapid and focused 
interventions, including high-quality cardiopulmonary resuscitation 
(CPR) and defibrillation in those with shockable rhythms [4-7]. Often, 
diagnosis of an underlying etiology can be challenging due to the lim-
ited history and examination, limiting the ability to perform tailored 
therapy. Point-of-care ultrasound (POCUS) is commonly used in the 
emergency department for a variety of applications. While the first re-
ported use of POCUS in cardiac arrest by emergency medicine was in 
1988 [8], the expansion of POCUS in this setting has rapidly expanded 
over time [9]. Despite this, uptake has been variable in practice [10], 
and there is a critical need to summarize and review the current role 
of POCUS in cardiac arrest. 

This review is part of a series evaluating components of cardiac ar-
rest management [11-15]. This manuscript will focus on the use of 
POCUS in patients with cardiac arrest. 
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2. Discussion 

2.1. What are the major cardiac applications of POCUS in cardiac arrest? 

There are several diagnostic applications for POCUS in cardiac arrest. 
Cardiac applications are typically performed during pauses in compres-
sions (unless using a transesophageal echocardiography [TEE] probe) 
[16]. One of the most common applications of POCUS in cardiac arrest 
is the echocardiographic assessment. This can include assessment for 
cardiac tamponade, right ventricular (RV) dysfunction, and occult ven-
tricular fibrillation. 

2.1.1. Pericardial effusion and cardiac tamponade 
A 2016 multicenter study reported pericardial effusion was present in 

up to 4 % of cardiac arrest patients [17]. In trauma patients, another study 
found 10 % of cardiac arrest cases may be due to cardiac tamponade [18]. 
Clinicians performing echocardiography in cardiac arrest should first 
evaluate for effusion. While larger effusions are more commonly associ-
ated with right side chamber collapse (i.e., ultrasonographic cardiac tam-
ponade), the rate at which the effusion develops and the pericardial 
compliance significantly impact the development of tamponade physiol-
ogy [19-22]. For example, a 50-mL effusion that rapidly accumulates may 
overcome the stretch limit of the visceral pericardium and lead to 
tamponade [23,24]. Due to the steep pericardial pressure-volume rela-
tionship in this setting, drainage of even a few milliliters of the pericardial 
g, AI training, and similar technologies. 
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effusion can relieve the tamponade [19,25]. One study of cardiac arrest 
patients undergoing pericardiocentesis for suspected tamponade dem-
onstrated a 15 % survival rate, compared to 1 % of all other patients in car-
diac arrest [17]. 

If cardiac POCUS can be performed just prior to arrest, clinicians 
should evaluate for diastolic RV collapse (sensitivity 48–60 %, speci-
ficity 75–90 %), systolic right atrial collapse (50–100 % sensitive, 
33–100 % specific), plethoric IVC (95–97 % sensitive),or sonographic 
pulsus paradoxus [26-41]. The lack of right side chamber collapse 
on transthoracic ultrasound is associated with over a 90 % negative 
predictive value for tamponade [42]. However, right side chamber 
collapse is unreliable in determining whether an effusion is responsi-
ble for the hemodynamic compromise when the patient is already in 
cardiac arrest [16]. 

2.1.2. Pulmonary embolism and right ventricular dysfunction 
Pulmonary embolism (PE) may be the cause of 2–13 % of cardiac ar-

rest cases [17,30,43-46]. Transthoracic echocardiography findings that 
are associated with PE include RV dysfunction (enlarged RV, septal dys-
kinesia, ‘D sign’) and right-sided clot-in-transit [31,47-50]. However, RV 
dilation found on POCUS is common in cardiac arrest due to other con-
ditions such as hyperkalemia, hypoxemia, hypovolemia, myocardial in-
farction, and arrhythmia [48-53]. A 2000 prospective observational 
study of 25 patients with cardiac arrest undergoing TEE found 14 pa-
tients had enlarged RV, but only 9 had PE confirmed by TEE or autopsy 
[53]. A 2005 study evaluated ventricular dimension with magnetic res-
onance imaging among six swine receiving 30 min of untreated VF. Re-
searchers found that mean RV volume increased by 29 % within the first 
minute of untreated VF [52]. A 2016 animal study evaluating 19 swine 
found early acute dilation of the RV (within 1.5 min) when the 
swine were subjected to hypoxia [50]. A 2017 study evaluating 24 
swine with cardiac arrest due to PE, hypoxia, or arrhythmia found RV 
dilation was greatest in PE (32 mm; 95 % CI 29 to 36), but it was also 
present in hypoxia (23 mm; 95 % CI 20 to 27) and primary arrhythmia 
(25 mm; 95 % CI 22 to 28) [49]. A further study of 30 swine with 
cardiac arrest from hypovolemia, hyperkalemia, and arrhythmia found 
RV dilation was present no matter the cause of arrest [48]. In patients 
with massive PE, the greatest severity of septal dyskinesia typically 
occurs early in the cardiac arrest, but it may decrease over time as 
the arrest progresses [48-50]. These findings may also be found in pa-
tients with chronic RV dysfunction (e.g., pulmonary hypertension), 
though these patients usually have a significantly thickened RV free 
wall (> 5 mm diameter) from hypertrophy [31,54,55]. Therefore, 
while POCUS may reveal RV dysfunction and enlargement, this is a 
non-specific finding and should not be relied upon to diagnose PE in 
cardiac arrest or the initial post-return of spontaneous circulation 
(ROSC) period [16,47-49]. 

A right-sided clot-in-transit is another commonly discussed finding 
for suspected PE. However, intracardiac thrombi can occur in cardiac ar-
rest due to the low-flow state, with literature suggesting thrombus for-
mation can occur within 6 min following the onset of cardiac arrest 
[56,57]. Thus, if RV dysfunction or right-sided clot-in-transit is found 
on POCUS early in cardiac arrest with a suggestive history of PE such 
as dyspnea or pleuritic chest pain prior to the development of the car-
diac arrest or if a deep vein thrombosis (DVT) is present, then PE may 
be the cause of arrest [58-61]. However, POCUS findings of RV dilation 
or thrombus alone are insufficient for the diagnosis of PE. 

2.1.3. Ventricular fibrillation 
Ventricular fibrillation (VF) has been reported to be present in 

23–80 % of out-of-hospital cardiac arrests (OHCA) [62-66]. While VF is 
typically diagnosed on the cardiac monitor during cardiac arrest, fine 
or occult VF may be difficult to diagnose if pads are not in appropriate 
position or if there is increased soft tissue between the pads and the 
heart [16]. POCUS can evaluate for occult VF which may be mistaken 
for asystole or pulseless electrical activity (PEA). 
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VF present on ultrasound but not present on ECG is termed occult VF, 
and literature suggests that patients with occult VF may have similar 
outcomes including survival when compared to patients with VF pres-
ent on ECG [67-72]. A 2025 multicenter prospective study including 
811 patients found 5.3 % had occult VF only visible on echocardiography. 
On ECG, 81.4 % demonstrated PEA and 18.6 % asystole, and occult VF was 
less likely to be defibrillated. However, ROSC was not statistically differ-
ent for occult VF compared with ECG VF (39.5 % vs 24.8 %; OR, 2.26; 95 % 
CI 0.87 to 5.9), and survival to hospital discharge was also no different 
(7.0 % vs 5.4 %; OR, 3.6; 95 % CI 0.63 to 19.2) [70]. Another 2025 study 
evaluating occult VF versus ECG VF found occult VF was present in 
3.2 % (22 of 685) of patients during  the  first pause in compressions, 
but none of these patients were immediately defibrillated. On an ensu-
ing pause in compressions, 50 % (11 of 22) of patients with occult VF 
were defibrillated. There was no difference in survival to hospital ad-
mission in occult VF versus ECG VF [71]. Based on the available data, 
POCUS may be able to diagnose occult VF requiring defibrillation, and 
VF is associated with higher survival compared to patients with 
nonshockable rhythms [69]. 

2.1.4. Evaluating cardiac movement 
POCUS has demonstrated utility in evaluating for organized cardiac 

contractions in cardiac arrest. One study found PEA was reported in 
22 % of OHCA and 11 % of in-hospital cardiac arrests (IHCA) [1]. Several 
studies report that 6–58 % of patients in electrocardiographic (ECG) PEA 
actually have cardiac movement on POCUS [67,73-75]. In patients with 
asystole on ECG, 4–12 % of patients have cardiac movement on POCUS 
[67,74,76-78]. During PEA or asystole, identifying organized cardiac 
contraction on POCUS is a favorable sign for prognosis and survival, 
but may not indicate adequate brain perfusion [79,80]. Cardiac move-
ment should prompt the physician to evaluate for other signs of ROSC, 
such as an increase in end-tidal CO2 (ETCO2) to >20 mmHg [81,82], a 
persistent high-quality waveform on SpO2 [83], presence of a pulse 
visible in the carotid or femoral arteries on POCUS [79,80,84-88], or a 
peak systolic velocity > 20 cm/s which was correlated to a systolic 
blood pressure (SBP) ≥ 60 mmHg [89] (Section 2.3). For the advanced 
sonographer evaluating the quality of the cardiac movement may be 
worth considering. Arterial line placement may be considered if not al-
ready done. If the clinician considers this ROSC, the patient is likely in a 
profound shock state and may necessitate vasopressors [79,80]. For the 
advanced sonographer evaluating the quality of the cardiac movement 
may provide additional information. Ultimately, early defibrillation 
and high-quality chest compressions are the most critical factors to car-
diac arrest survival so continuing with chest compressions would not be 
unreasonable and may be the safest option. 

2.2. What are the major non-cardiac applications of POCUS in cardiac 
arrest? 

Non-cardiac applications of POCUS in cardiac arrest can frequently 
be performed during compressions. There are several protocols avail-
able for use in cardiac arrest or decompensating patients (Table 1) 
[90-105]. While the specific elements of the protocols can differ, they 
all share the common theme of utilizing a systematic approach to eval-
uate for an underlying etiology of the cardiac arrest. (See Figs. 1–11.) 

2.2.1. Abdominal pathology 
POCUS can also be used in the evaluation for abdominal free fluid 

and other intra-abdominal pathology. Emergency clinician-performed 
POCUS demonstrates sensitivity ranging between 27 and 100 % and 
specificity 55–100 % for significant free abdominal fluid, though this is 
higher when performed by emergency clinicians with POCUS experi-
ence [104,105]. Evaluation for fluid in the hepatorenal recess (Morison's 
pouch), perisplenic space, and pelvis can change management if return 
of spontaneous circulation is obtained, particularly in those with history 
of trauma or concern for ruptured ectopic pregnancy [106-108]. POCUS 
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Table 1 
POCUS Protocols [90-105]. 

Protocol Name Components 

Cardiac Arrest Sonographic Assessment (CASA) - Cardiac (cardiac tamponade, right heart strain, cardiac activity) 
- Lung (pneumothorax) 
- FAST 

Cardiac Arrest Ultrasound Examination (CAUSE) - Cardiac (cardiac tamponade, hypovolemia, massive PE) 
- Lung (pneumothorax) 

Core Ultrasound in Resuscitation (CURE) - Noncardiac (FAST, AAA, DVT, confirm ETT position, pneumothorax) 
- Cardiac TTE (cardiac contractility, ventricular arrhythmia, aortic emergency, intracardiac thrombus, 

maximal compression site, hypovolemia) 
- Post-ROSC TEE (preload, cardiac and valvular function, procedural guidance) 

Focused Echocardiographic Evaluation in Life Support (FEEL) - Cardiac (cardiac activity, ventricular function, right ventricular dilatation, and pericardial effusion) 
Focused Echocardiographic Evaluation in Resuscitation (FEER) - Cardiac (cardiac activity, pericardial effusion/cardiac tamponade, hypovolemia, and massive PE) 
Pulseless Electrical Activity or Pulmonary-Epigastric-Abdominal - Cardiac (pericardial effusion, cardiac activity, left ventricular size/hypertrophy/contractility, right 

ventricular size/contractility, IVC filling) 
- Lung (pneumothorax, pleural effusion, pulmonary edema) 
- Abdomen and other (thoracic and abdominal aortic aneurysm or dissection, peritoneal effusion, 

bowel obstruction or perforation, DVT) 
Point-of-Care Ultrasound in Cardiopulmonary Arrest (POCUS-CA) - Cardiac (cardiac activity, chest compression efficacy, pericardial effusion/cardiac tamponade, PE) 

- Lung (pneumothorax) 
- Abdominal (peritoneal effusion, AAA) 
- Femoral (DVT) 

Rapid Cardiac POCUS in Pulmonary-Epigastric-Abdominal Arrest - Cardiac (contractility, pericardial effusion, right ventricular dilation with small dynamic left 
ventricle, underfilled right ventricle with the small dynamic left ventricle) 

Rapid Ultrasound for Shock and Hypotension (RUSH) - Heart (ejection fraction, pericardial effusion, RV distension) 
- IVC (diameter and respiratory variation) 
- Morrison's Pouch/FAST (free intra-adominal fluid) 
- Aorta (aneurysm, dissection) 
- Pneumothorax 

Reversible Causes in Cardiovascular Collapse at the Emergency - Cardiac (cardiac activity, cardiac tamponade) 
Department Using Ultrasonography (REVIVE-US) - FAST 

- Aorta (dissection, aneurysm) 
- DVT 
- Lung (pneumothorax) 
- Post-ROSC Cardiac (contractility, right ventricular dilation, regional wall motion abnormalities) 

Sequential Emergency Scanning Assessing Mechanism or Origin - Lung (pulmonary edema, pneumothorax) 
of Shock of Indistinct Cause (SESAME) - DVT 

- Abdomen (peritoneal effusion) 
- Cardiac (cardiac tamponade, contractility, right ventricular dilatation, ventricular fibrillation) 

Sonography in Hypotension and Cardiac Arrest (SHoC) - Cardiac (cardiac tamponade, right ventricular dysfunction, cardiac activity, ventricular size) 
- Lung (pneumothorax, pleural effusion) 
- IVC (diameter and respiratory variation) 
- Airway (ETT confirmation) 
- DVT 
- Abdomen (AAA, peritoneal effusion) 

Ultrasound Circulation-Airway-Breathing (US-CAB) - Cardiac (contractility, cardiac tamponade, right ventricular dilatation, septal dyskinesia, right-sided 
chamber flattening suggestive of hypovolemia) 

- IVC (diameter and respirophasic collapsibility) 
- Trachea (ETT confirmation) 
- Lung (pneumothorax, single lung intubation) 
can also evaluate for ruptured abdominal aortic aneurysm (AAA) and 
aortic dissection. One systematic review reported preoperative cardiac 
arrest in 13 % of patients with ruptured AAA [109]. An intimal flap of 
the aorta is diagnostic of dissection [107,108]. Systematic review and 
meta-analysis data report an incidence of acute aortic dissection causing 
OHCA in 4 % of patients [110], and POCUS may demonstrate a positive 
predictive value approaching 100 % of POCUS for diagnosing aortic dis-
section in cardiac arrest [108-110]. 

2.2.2. Endotracheal tube placement 
POCUS can confirm placement of an endotracheal tube following 

intubation, which is of particular importance in cardiac arrest pa-
tients, in whom end-tidal capnography is less accurate due to re-
duced cardiac output and pulmonary blood flow [111-116]. Absent 
or low end-tidal capnography can be due to poor circulation, hypo-
thermia, ventilation/perfusion mismatch, or prolonged arrest time 
[117]. POCUS is 99 % sensitive and 97 % specific for ETT confirmation, 
and evaluation can be performed during chest compressions [118]. 
POCUS findings have shown consistently high accuracy regardless 
of ETT size, transducer type, and technique [118-125]. POCUS can 
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also be used to assess for appropriate ETT depth, as well as evaluate 
for mainstem intubation [16,126]. 

2.2.3. Pneumothorax 
Pneumothorax has been reported in 1–4 % of cardiac arrests in the 

intensive care unit and as high as 13 % of cardiac arrest cases in a single 
trauma center [18,127]. POCUS can rapidly diagnose pneumothorax in 
the supine patient by placing the probe along the midclavicular line in 
the third intercostal space [128-131]. It can also determine the pleural 
interface depth to ensure a needle used for decompression can reach 
the pleural cavity [128-131]. POCUS demonstrates a sensitivity over 
91 % and specificity of 99 % for identifying pneumothorax in non-
cardiac arrest patients [128]. Importantly, in the recently intubated car-
diac arrest patient (in whom lung pulse is not present), right mainstem 
intubation can create a false positive finding. 

2.2.4. Deep vein thrombosis 
POCUS can diagnose DVT with 2-point, 3-point, or whole leg com-

pression, with sensitivities over 88 % and specificities over 92 % in 
non-cardiac arrest patients [60,132-135]. This examination can be 
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Fig. 1. Pericardial effusion and cardiac tamponade. A. Parasternal long-axis; B. Parasternal short-axis; C. Apical 4-chamber; D. Subxiphoid long-axis. Images courtesy of Stephen Alerhand, MD 
(A, C, D) and Lauren Ann J. Selame, MD (B). 
rapidly performed with the knee in mild flexion and the hip slightly ro-
tated laterally, and it does not require the cessation of compressions 
[60,132-135]. POCUS diagnosis of DVT in the setting of cardiac arrest 
may reflect PE as the underlying etiology of cardiac arrest, which can 
change management (e.g., thrombolytic administration). 
Fig. 2. Right ventricular dilation and pulmonary embolism. A. Parasternal long-axis; B. Parastern
MD (A, C, D) and Robert James Adrian, MD (B). 
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2.2.5. Volume status 
POCUS can suggest hypovolemia with underfilled, easily collapsible 

ventricles and a small and significantly collapsible inferior vena cava 
(IVC) [16,101]. IVC diameter and variability with respiration demon-
strates moderate accuracy in predicting central venous pressure in 
al short-axis; C. Apical 4-chamber; D. Subxiphoid long-axis. Images courtesy of Peter Alsharif, 
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Fig. 3. Clot-in-transit. A. Arrow indicates mobile clot in the right atrium shown in apical 4-chamber; B. Arrow indicates mobile clot in the inferior vena cava and right atrium. Images courtesy 
of Stephen Alerhand, MD. 
non-arrest situations; however, in patients in cardiac arrest undergoing 
positive pressure ventilation, the IVC is likely to be dilated [16,101]. 
Thus, there is limited diagnostic utility in evaluating the IVC during car-
diac arrest, though if the IVC is small (i.e., < 1 cm) and has a high degree 
of collapsibility, volume resuscitation may be warranted [16,101]. 

2.3. How does ultrasound compare to manual palpation for pulse checks? 

During cardiac arrest, a pulse and rhythm check is performed 
every two minutes [11,14]. Assessment for a pulse typically involves 
manual palpation [2-5,89]. However, literature suggests that manual 
pulse checks during cardiac arrest demonstrate limited accuracy (as 
low as 40 %) and sensitivity (54–85.6 %), has poor inter-rater 
Fig. 4. Peritoneal free fluid in ruptured ectopic pregnancy. A. Transverse pelvis; B. Sagittal pelvis
(A), Megana Gupta, MD (C), Robert James Adrian, MD (B, D). 
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reliability, and takes time to perform, potentially delaying compres-
sions [89,136-144]. 

In contrast, POCUS can rapidly evaluate for the presence of a pulse 
with B-mode or color Doppler, as well as assess the strength of a pulse 
with peak systolic velocity (PSV) using pulsed-wave Doppler 
[87,89,143,144]. Pulse detection is generally performed via the central 
vessels, typically the carotid or femoral arteries, with multiple studies 
suggesting this is fast, reliable, accurate, and easily learned by emer-
gency clinicians [87,89,136,145-150]. To minimize delays in chest com-
pressions, the clinician should locate the carotid or femoral artery with 
POCUS while compressions are ongoing. During the pause, apply com-
pression to enhance pulsatility. This can also be augmented by adding 
color or pulsed-wave Doppler. 
; C. Right upper quadrant; D. Left upper quadrant. Images courtesy of Stephen Alerhand, MD 
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Fig. 5. Cardiac arrest with ruptured abdominal aortic aneurysm. Image courtesy of Kris 
Walpot, MD. 
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One study evaluating POCUS during chest compressions in cardiac 
arrest found pulse checks never exceeded 10 s, with an average 
POCUS pulse check time of 1.62 s (95 % CI 1.14 to 2.14 s) [146]. One chal-
lenge of this qualitative assessment is that it does not provide informa-
tion concerning systemic perfusion. A 2022 prospective cross-sectional 
study evaluated Doppler ultrasound versus manual palpation to detect 
any pulse in patients in cardiac arrest with an arterial line [89]. Of the 
54 patients and 213 pulse checks, Doppler ultrasound demonstrated 
higher accuracy for detection of any pulse (95.3 % vs. 54.0 %; 
p < 0.001) [89]. An emerging qualitative and quantitative strategy for 
assessing perfusion is using pulsed-wave Doppler to detect PSV. PSV 
has been demonstrated to correlate with SBP, and thus it may have a 
role in detecting ROSC during rhythm checks in patients without an ar-
terial line. A 2022 prospective cross-sectional study evaluated PSV com-
pared with manual pulse detection [89]. Authors found that there was a 
Fig. 6. Aortic dissection. Arrows indicate intimal dissection flap. A. Abdominal aortic dissection
transesophageal midesophageal long-axis aorta; D. Thoracic aortic dissection in midesophagea
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strong correlation between PSV and SBP (Spearman correlation coeffi-
cient = 0.89; p < 0.001), and the optimal cut-off for PSV associated 
with an SBP ≥ 60 mmHg was 20 cm/s. The accuracy of this PSV threshold 
to detect an SBP ≥ 60 mmHg was also higher than manual palpation 
(91.4 % vs. 66.2 %; p < 0.001) [89]. A 2023 study of 35 studies with 
111 pulse checks found a higher correlation between PSV and SBP com-
pared to ETCO2 and SBP (0.71 vs 0.31; p < 0.001), and the diagnostic ac-
curacy of PSV ≥ 20 cm/s for detecting SBP > 60 mmHg was 89 % (95 % CI 
82 % to 94 %) versus 59 % (95 % CI 49 % to 68 %) and 58 % (95 % CI 48 % to 
67 %) for ETCO2 ≥ 20 and ≥ 25 mmHg, respectively [151]. To perform this 
evaluation, the clinician centers the sampling gate within the artery in 
the short or long axis and measures velocity. 

2.4. Can ultrasound confirm the effectiveness of chest compressions? 

Cardiopulmonary resuscitation with high-quality chest compres-
sions is essential in patients with cardiac arrest. This involves placing 
the heel of the compressor's hand over the lower portion of the sternum 
and the other heel of the hand over the first [2,3,11,14]. A compression 
depth of 5–6 cm is recommended. This positioning and depth target the 
left ventricle [2,3,11,14]. However, despite placement in the typical rec-
ommended location, individual anatomy can vary resulting in the area 
of maximal compression including either the aortic root or left ventric-
ular outflow tract (LVOT) as opposed to the left ventricle, which may 
impede forward blood flow and reduce the likelihood of obtaining 
ROSC. A retrospective study of cardiac arrest patients found the most 
common area of maximal compression was the left atrium (50.7 %), 
followed by the ascending aorta (16.7 %) [152]. Another study of 84 pa-
tients with cardiac arrest undergoing CPR found that the area of maxi-
mal compression was over the aortic root or LVOT in one-third of 
patients, while a third study of 33 patients found the area of maximal 
compression was over the aortic root or LVOT in 53 % of cases [153]. A 
2009 study evaluating transesophageal echocardiography (TEE) in 34 
cardiac arrest patients undergoing CPR found the area of maximal com-
pression was the aorta in 20 patients (59 %), followed by the LVOT in 14 
patients (41 %) [154]. Closure of the LVOT is associated with decreased 
 longitudinal axis; B. Abdominal aortic dissection short axis. C. Thoracic aortic dissection in 
l short-axis aorta. Images courtesy of Stephen Alerhand, MD (A, B) and Adi Osman, MD (C, D). 
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Fig. 7. Endotracheal tube placement. Arrows indicate endotracheal tube. A. Endotracheal tube correctly placed in trachea; B. endotracheal tube incorrectly placed in the esophagus. Images 
courtesy of Michael Gottlieb, MD. 
survival. A retrospective study evaluating TEE in 19 patients with car-
diac arrest found that all survivors had an open LVOT [155]. 

2.5. How can interruptions in chest compressions be minimized when using 
ultrasound in cardiac arrest? 

High-quality chest compressions and maximizing chest compres-
sion fraction (CCF) are integral in cardiac arrest management, with 
guidelines recommending that pauses last no longer than 10 s to main-
tain cerebral and cardiac perfusion [2,3,6,11,14]. There is concern that 
POCUS in cardiac arrest may lead to prolonged interruptions in com-
pressions, with several retrospective studies finding a 4–8 s increase 
in the duration of pauses when POCUS was used [90,156,157]. A 
prospective study evaluating pre-pause imaging, which involved 
pre-localizing the approximate POCUS window during CPR, found a 
Fig. 8. Pneumothorax. A. Pneumothorax with an arrow indicating the lung point; B. Pneu
Gottlieb, MD (B). 
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decrease in CPR pauses with using pre-pause imaging [158]. The sono-
graphic approach may also affect the time to image acquisition and 
quality. A 2022 multicenter RCT found the parasternal versus 
subxiphoid approach was associated with shorter time to acquisition 
(8.8 s, IQR 6.5–13.5 s versus (9.3 s, IQR 6.7–15.0 s) and higher image 
quality (3.86 vs. 3.54; p < 0.0001) [159]. There are several means of 
minimizing prolonged pauses, demonstrated in Table 2 [16]. 

2.6. What is the role of transesophageal echocardiography in cardiac 
arrest? 

Transesophageal echocardiography (TEE) has demonstrated prom-
ise in cardiac arrest evaluation and management, and 2018 expert 
guidelines support a limited 3-view protocol for utilizing TEE in manag-
ing cardiac arrest [160]. TEE involves placing a transducer directly into 
mothorax using M-mode. Images courtesy of Robert James Adrian, MD (A) and Michael 
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Fig. 9. Deep vein thrombosis in the femoral vein. Image courtesy of Robert James Adrian, MD. 
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the esophagus to visualize the heart, which offers several advantages 
over standard transthoracic POCUS. Benefits include that placement 
and obtaining images does not interfere with chest compressions, TEE 
shortens duration of rhythm checks, and TEE can evaluate the area of 
maximal compression during CPR and guide repositioning to avoid 
LVOT compression [160,161]. Additionally, TEE also avoids limitations 
due to gastric insufflation, lung pathology, or obesity. Ultimately TEE 
may allow providers to better evaluate for shockable rhythms, orga-
nized cardiac activity, left ventricular systolic function, chest compres-
sion location and quality, and responses to interventions [16,160,161]. 
A 2025 study with 811 patients in cardiac arrest found 43 (5.3 %) had oc-
cult VF on TEE [70]. Authors found those with occult VF had similar sur-
vival rates to those with ECG VF, suggesting a role for POCUS to diagnose 
and manage VF [70]. A 2021 systematic review found that TEE identified 
Fig. 10. POCUS pulse and peak systolic velocity of the right femoral artery. A. B-mode; B. Color D
Robert James Adrian, MD. 
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reversible etiologies of cardiac arrest in 41 % of patients [162], and liter-
ature suggests that emergency clinicians who are competent in TTE can 
perform TEE following a structured, short simulation training program 
[160,163-167]. 

There are several complications that have been reported with TEE. 
These can include oral or upper gastrointestinal injuries such dental 
injuries, jaw subluxation, pharyngeal/esophageal wall injury or perfora-
tion, pharyngeal/upper gastrointestinal bleeding, or dysphagia [168-
171]. However, in trained personnel, TEE is safe, with a low rate of 
complications (rate of 0.2 %) [168-171]. Thus, for experienced clinicians, 
TEE serves as a valuable tool for the evaluation of patients in cardiac 
arrest. 

2.7. What are prognostic applications of ultrasound in cardiac arrest? 

The absence of cardiac activity via cardiac POCUS has been evaluated 
for prognostication in cardiac arrest. A 2017 meta-analysis including 
nontraumatic and traumatic cardiac arrest patients found that the ab-
sence of cardiac activity on POCUS had a negative likelihood ratio of 
0.06 (95 % CI 0.01 to 0.39) for predicting ROSC. Spontaneous cardiac ac-
tivity on POCUS demonstrated 95 % sensitivity (95 % CI 72 % to 99 %) and 
80 % specificity (95 % CI 63 % to 91 %) in predicting ROSC [172]. A 2019 
meta-analysis evaluated the use of POCUS in patients with atraumatic, 
nonshockable cardiac arrest and found the sensitivity of cardiac activity 
for predicting ROSC was 26.1 % (95 % CI 7.8 % to 59.6 %) in asystole com-
pared with 76.7 % (95 % CI 61.3 % to 87.2 %) in PEA [173]. The presence of 
cardiac activity demonstrated an odds ratio (OR) of 10.30 (95 % CI 5.32 
to 19.98) for survival to admission, and an OR of 8.03 (95 % CI 3.01 to 
21.39) for survival to discharge. Absence of cardiac activity on POCUS 
was 92 % sensitive and 60 % specific for failing to achieve ROSC [173]. 
A 2021 meta-analysis with 8 studies evaluating POCUS for cardiac activ-
ity in traumatic cardiac arrest found the specificity was 98 % (95 % CI 
13 % to 100 %) for predicting ROSC, and the sensitivity was 91 % (95 % 
CI 67 % to 98 %) for patients with no cardiac activity who failed to 
achieve ROSC [174]. The definition of cardiac activity varied among 
these studies, ranging from reported activity to organized left 
oppler; C. Pulsed-wave Doppler; D. Color Doppler, pulsed-waveDoppler.  Images courtesy of 
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Fig. 11. Cardiac arrest with ongoing compressions using transesophageal echocardiography in midesophageal long-axis. A. Opening of the aortic valve suggesting appropriately positioned 
chest compressions over the left ventricle versus B. Non-opening of the aortic valve suggesting inappropriately positioned compressions over the left ventricular outflow tract/aorta. Image 
courtesy of Stephen Alerhand, MD (A) and Felipe Teran, MD (B). 
ventricular contraction and visible valvular movement. Experts have 
proposed organized cardiac activity be defined as “movement of the 
myocardium with change in the size of the ventricular cavity and syn-
chronized movement of the ventricular wall.” [175]. While expert so-
nographers agree on the absence of cardiac activity with moderate-to-
high interrater reliability, less experienced sonographers have lower in-
terrater reliability [176,177]. Ultimately, POCUS may be used as an ad-
junct for prognostication, but it should not be used in isolation. The 
presence of cardiac activity is associated with improved odds of ROSC 
and survival to admission and discharge. 

3. Conclusions 

POCUS has demonstrated significant utility in cardiac arrest with 
both cardiac and non-cardiac applications. POCUS can be used to evalu-
ate for pericardial effusion and tamponade physiology, right ventricular 
dilation, occult ventricular fibrillation, and quality and location of chest 
compressions. Non-cardiac applications include evaluation for free 
intra-abdominal fluid, aortic pathology, endotracheal tube position, 
and pneumothorax. Manual palpation for pulses is not accurate, and 
POCUS may also evaluate for the presence or absence of a pulse more 
quickly and accurately. TEE has demonstrated promise in cardiac arrest 
as well. Finally, POCUS may guide prognosis by evaluating for cardiac 
activity. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ajem.2025.09.021. 
Table 2 
POCUS strategies to minimize chest compression pauses. Adapted with permission from 
Gottlieb et al. [16]. 

- The most experienced ultrasonographer should perform the US evaluation. 
- The ultrasonographer should not be responsible for team management during 

the arrest. 
- POCUS evaluating for other conditions that may contribute to the cardiac 

arrest should be completed during compressions, rather than during pauses. 
- The POCUS transducer should be placed on the chest to obtain the optimal 

window before compressions are stopped, preferably using the parasternal 
long axis approach. 

- The ultrasonographer should record a clip during the compression pause, 
followed by analysis of the clip when compressions have been restarted. 

- The chest should be cleaned with a towel following the POCUS. 
- A timer should count down from 10 s when compressions are stopped. The 

POCUS should be performed for no longer than 5 s to ensure compressions are 
restarted appropriately. 
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