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 ABSTRACT 
 

Article information 

 

Cardiac arrest is a medical emergency affecting many adults around the 

world. The quality and efficacy of cardiopulmonary resuscitation 

[CPR] are associated with improved survival. Reported differences 

in CPR performance and survival among centres have motivated 

the resuscitation community to develop guidelines and tools to 

improve CPR outcomes.  

Many tools are proposed for the assessment of cardiac arrest aiming for 

identifying the underlying cause, especially reversible ones, 

assessing the response of the patient to resuscitation in order to 

restore the normal circulation. Each of these tools have its own 

limitations and even failure of improving survival rates.  

Point of care ultrasound [POCUS] is increasingly used in the 

emergency department. The application and utilization of POCUS 

is still below what is expected. This may be attributed to the fact 

that ultrasound is operator-dependent. However, in presence of a 

well-trained expert, POCUS may improve outcomes of 

cardiopulmonary resuscitation. This review will highlight the role 

of POCUS in cardiac arrest.  
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Introduction 

Cardiac arrest is one of the emergency 

medical conditions affecting more than 290 000 

adults each year in the United States [US] with 

annual incidence rate of seven per each 1000 

hospital admissions [1] and ranges from1.5 to 2.8 

per 1,000 hospital admissions in Europe with 

nearly 55 out of hospital cardiac arrests per 

100,000 inhabitants [2]. Most patients with in-

hospital cardiac arrest do not survive [3]. The 

quality and effectiveness of cardiopulmonary 

resuscitation [CPR] have been linked to 

improved survival. The variations in the 

performance of CPR and survival reported at 

different centers motivates the resuscitation 

community to develop guidelines and tools to 

improve the outcomes of CPR by improving 

performance and optimizing the quality [4].  

There is a gap between the knowledge of 

Cardiopulmonary resuscitation quality and 

proper implementation [4]. 

Several tools are used in the evaluation of 

the resuscitation for cardiac arrest, to improve 

coronary and systemic blood flow and thus 

improve the likelihood of return of spontaneous 

circulation [ROSC] [5, 6]. These tools include 

echocardiography, end tidal CO2 monitoring, 

however these tools have some limitations, such 

as the use of Transthoracic echocardiography 

[TTE] during chest compression, which is 

limited by transducer movement and position, 

and interference of providers' hands. Limitations 

due to transducer movement and position do not 

exist in Transoesophageal echocardiography 

[TEE] so it is preferred in advanced CPR for 

assessing compressions efficacy [7]. TEE can be 

used to assess the flow or cardiac pump during 

CPR, it can directly examine the movements of 

the cardiac walls and valve leaflets which can 

guide chest compression-decompression forces 

during CPR [8]. Incorporating the physiologic 

responses of the patients to CPR can improve 

survival and save thousands of lives [9]. These 

include parameters that are closely related to 

myocardial blood flow as end-tidal carbon 

dioxide [ETCO2] or diastolic blood pressure 

[DBP] [10]. However, the studies examining the 

titration of these physiologic responses in CPR 

are lacking and a systematic review and 

metanalysis showed improved ROSC but not 

survival in the case of clinician-reported use of 

physiologic monitoring [9]. So, there is a need 

for a new tool that can overcome these 

limitations and help in monitoring the quality 

and effectiveness of CPR.  

Point of care ultrasound [POCUS] refers to 

the use of ultrasonography in the emergency 

department [ER] to solve clinical problems, 

narrow differential diagnosis, guide therapy, 

guide clinical decisions, and shorten the time to 

reach the diagnosis and optimize management 
[11]. Its utilization is increasing with the advent 

of new technologies and portable devices 

leading to decreased triage time and hence 

morbidity and mortality [12]. 

So, the objectives of this review are to 

highlight the role of POCUS in cardiac arrest 

and POCUS for diagnosis of cardiac arrest:  In 

CPR, point-of-care ultrasound [POCUS] can be 

a powerful tool to diagnose reversible causes of 

cardiac arrests, such as pulmonary embolism, 

tamponade, tension pneumothorax, and hypo-

volemia [5, 6].  It can also differentiate between 

true asystole and pseudo asystole. However, it 

requires a trained operator and should take into 

consideration the need to reduce interruptions 

during chest compressions. Besides in cases of 

massive pulmonary embolism, right ventricular 

dilation should not be used as the sole evidence 

for diagnosis during cardiac arrest. Furthermore, 

POCUS should not be used as a sole indicator to 

terminate CPR [13]. The European Society of 

Cardiology reported that ultrasound may 

improve diagnosis and change management 

throughout the entire course of acute care for 

patients with cardiac arrest [14]. 

Role of POCUS in cardiopulmonary 

resuscitation [CPR] 

The American Society of Echocardiography 

and the American College of Emergency 

Physicians established a consensus on cardiac 

ultrasound applications in the emergency 

department [2010] summarized the goals of 

focused ultrasound in cardiac arrest into three 

major categories :[i] distinguish between an 

organized cardiac rhythm from asystole, true 

PEA [pulseless electrical activity] and Pseudo-

PEA; [ii] searching for reversible causes of 

cardiac arrest and [iii] performing ultrasound-

guided procedures during CPR and then in 

[ROSC] [15]. And hence its incorporation into 

cardiac resuscitation guidelines [16, 17]. The 

values of POCUS in CPR are highlighted below 

1. Identification of the cause of cardiac arrest 

and differentiating different cardiac rhythms: 

The main benefit of POCUS in cardiac arrest is 

proposed in non-shockable rhythms [i.e., 

pulseless electrical activity and asystole], as it 
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can identify reversible causes of cardiac arrests, 

such as tamponade, pulmonary embolism, 

hypovolemia, and tension pneumothorax [5, 6].  

POCUS is very helpful in differentiating true 

asystole from fine ventricular fibrillation which 

seems to be difficult sometimes by rhythm 

analysis and this is important in the treatment 

since ventricular fibrillation will benefit from 

early defibrillation and hence good chances of 

ROSC and survival [18, 19]. 

2. Assessment of the effectiveness of CPR: The 

effectiveness of the chest compressions is of 

supreme importance in CPR since ROSC and 

survival are associated with adequate chest 

compression. In advanced CPR. It can provide 

instantaneous monitoring of squeezing and 

relaxation of the heart chambers. Several studies 

have shown that the maximal compressions 

zone when pressing the chest several times 

results in non-pumping in a large proportion of 

patients, as it is compressed primarily on the 

ascending aorta, aortic root, or left ventricular 

outflow tract, but not on the left ventricle [20, 21]. 

Therefore, POCUS may be helpful to adjust the 

applied forces and the position of the hand to 

improve chest compressions [7]. There are still 

arguments about the use of POCUS in 

resuscitation of out-of-hospital cardiac arrests. 

Some authors claim that it may prolong CPR 

intervals due to difficulties in obtaining and 

interpreting images during the 10-seconds CPR 

pause and hence adversely affect the outcomes 

of CPR [22, 23]. While others proposed that 

cardiac arrest sonographic assessment [CASA] 

can be performed rapidly using the phased array 

transducer to examine for pericardial effusion, 

presence of right heart strain pattern as an 

indicator for pulmonary embolism, and cardiac 

activity. Thus, diagnosing of the reversible 

causes [cardiac tamponade and pulmonary 

embolism] rapidly which improves prognosis 
[24]. Using POCUS for the diagnosis of 

reversible causes of cardiac arrest widely 

improves the diagnosis as these causes 

[pericardial tamponade, pneumothorax, 

pulmonary embolism, and hypovolemia] can 

also cause false pulseless electrical activity 

[PEA]. Distinguishing between false and true 

PEA using ultrasound can contribute positively 

to patient outcomes if POCUS does not interfere 

with CPR [25]. 

3. Guided diagnostic/therapeutic interventions 

during CPR: POCUS-guided pericardiocentesis, 

needle decompression, thrombolysis, and fluid 

challenges can all be performed during CPR [7, 

26]. Thus, the use of POCUS in CPR can 

improve management in many patients [7, 26, 27]. 

Precautions for POCUS 

1. Probe and views:  a phased array cardiac 

transducer for the echocardiographic 

examination, and all images should be recorded 

for review [24]. The curvilinear [abdominal] 

probe may also be used if the phased array is 

not available [14]. The subcostal, apical, and 

parasternal long axis views, have been 

designated in the cardiac arrest literature, but 

usually any one view is satisfactory if it 

provides the operator with all the answers he is 

looking for [7, 14]. The initial cardiac evaluation 

often utilizes the subxiphoid view because 

cardiac compressions make the anterior chest 

difficult to access. The parasternal long-axis 

may also be used, but the scanning gel should 

be removed from the chest after each 

echocardiographic evaluation. Leaving the gel 

on the chest may impair cardiac compression 

and stick defibrillation pads. The best view of 

the heart depends on the internal pathology of 

the patient. Patients with chronic lung disease 

[e.g., COPD] are often best imaged from the 

subxiphoid view, but the location of the heart 

can vary widely. Having only one view per 

pause is recommended [24]. Also, a quick view 

of the lungs can be obtained while checking the 

pulse again to look for absent lung sliding in 

case of tension pneumothorax [28]. 

2. POCUS should not delay chest 

compressions: The early use of POCUS in 

cardiac resuscitation gives higher chances of 

survival if potentially reversible causes of arrest 

were identified and addressed early. Although 

the use of ultrasound in arrest is strongly 

encouraged, users should be aware of potential 

harm if not applied properly. Most importantly, 

the application of ultrasound in the event of 

cardiac arrest should not interrupt or interfere 

with chest compressions [14, 16]. Increased time 

of pulse check and chest compressions during 

CPR have been confirmed in previous studies to 

be increased with the use of POCUS but they 

did not advise against the use of POCUS rather 

than advised for proper training and optimal 

performance [22, 23]. 

3. Level of competency: a certain level of 

competence should be present for ER personnel 

who will perform CPR using POCUS. Training 

to obtain different cardiac windows, analysis of 

various cardiac diseases as well as training to 
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integrate POCUS screening into advanced life 

support process without delaying chest 

compressions. But no recent guidelines 

recommending specific hours of training [14, 16]. 

One study advised for six-months training 

allowed for efficient use of bedside ultrasound 
[29]. 

4. Timing of POCUS: some authors 

recommend performing focused echocardio-

graphy in the evaluation of resuscitation [FEER] 

after five cycles of high-quality CPR [7].  Or 

early once high-quality chest compressions are 

achieved and then repeating it prior to 

termination of CPR to assess if the patient is 

having a cardiac standstill. Ultrasound also 

plays a major role after ROSC has been 

achieved. Causes of reversible shock that are 

usually not evident during CPR can be easily 

identified using ultrasound - e.g., wall motion 

abnormalities in patients with acute myocardial 

infarction. Ultrasound can also guide fluid 

administration during ROSC by scanning the 

inferior vena cava and reassessing the lungs for 

the development of pulmonary oedema [30]. 

5. Improved image acquisition: In order to 

improve image acquisition, the heart window 

can be acquired while CPR is in progress prior 

to checking the pulse [30]. 

Cardiac Arrest Sonographic Assessment 

[CASA] exam protocol 

This protocol has been published in 2018 by 

Gardner et al. [24] The CASA protocol is 

composed of a three-step ultrasound-guided 

evaluation of patients in cardiac arrest. 

Acquisition of primary images focuses on 

excluding cardiac tamponade. The second 

image attempts to exclude right ventricular 

strain secondary to pulmonary embolism. The 

third presentation is the last step of the protocol 

and is performed at the end of resuscitation to 

determine cardiac standstill [24].  The protocol is 

simple and can be easily trained. There was a 

reduction in pulse check interruptions when 

tested making it an attractive tool to be 

integrated into CPR [30, 31]. 

The cardiac activity can be recorded while 

checking the pulse and reviewing it when CPR 

is resumed. This can be repeated on the next 

pulse check if a suitable image is not obtained 

the first time. In the absence of cardiac activity, 

M-mode can be used to confirm the presence or 

absence of any cardiac activity [30]. Also, a 

specific team member is set to say the 

"countdown" out loud during the scan to reduce 

delays between compressions. The operator 

performing the scan can also keep towels and 

tissues ready to remove the chest gel 

immediately before resuming compression [30]. 

Scanning goals 

1. Identification of reversible causes of 

cardiac arrest 

The C.A.U.S.E. protocol [Cardiac Arrest 

Ultra-Sound Exam] is a systematic algorithm to 

identify the four most important causes of 

cardiac arrest [28]. These reversible causes 

include right ventricular dilatation in pulmonary 

embolism, pericardial fluid in pericardial 

tamponade, ventricular collapse in hypo-

volemia, and absent lung sliding in tension 

pneumothorax. The authors also suggested 

additional views that could be obtained in the 

case of hypovolemia such as the IVC to confirm 

the 'empty reservoir', as well as the abdominal 

aorta to evaluate aneurysms as the cause of 

hypovolemia [28]. The 2010 American Society of 

Echocardiography and American College of 

Emergency Physicians guidelines recommend 

the use of POCUS only in pulseless electrical 

activity [PEA] or asystole and inhibit its use in a 

shockable rhythm. Their justification is 

reasonable because identification of ventricular 

fibrillation or pulseless ventricular tachycardia 

should be followed by immediate shock 

delivery and resumption of chest compressions. 

Screening for pathologies such as wall motion 

abnormalities or hypertrophic cardiomyopathy 

is unlikely to affect management during CPR, 

but should be determined after ROSC. 

However, Hussein et al. believed that there are 

exceptions where ultrasound may be valuable in 

such scenarios, especially if ventricular 

fibrillation is refractory to treatment [30].  

Cardiac arrest due to pulmonary embolism 

presenting with ventricular fibrillation can occur 

in 5% of cases. In such a case, ultrasound may 

prompt the doctor to administer thrombolytic 

agents. Refractory ventricular fibrillation and 

wall motion abnormality as shown by 

ultrasound may benefit from coronary 

intervention even with continuous CPR [31]. 

2. Right ventricular heart strain in cardiac 

arrest 

Many studies use POCUS to search for right 

ventricular dilatation in cases of cardiac arrest 
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due to pulmonary embolism [15, 28]. However, 

increasing evidence indicates that this may be 

an ineffective method of judgment in the 

diagnosis. The presence of a pulmonary 

embolus can certainly lead to right heart strain 

which can manifest as right ventricular dilation, 

however, there are other factors that have also 

been shown to produce similar right-sided 

enlargement during cardiac arrest, such as 

hypovolemia, hyperkalaemia, primary 

arrhythmia, and pre-existing chronic right 

ventricular strain [32, 33]. Indeed, an interesting 

aspect to consider is the phenomenon that some 

degree of RV dilatation may occur normally 

during resuscitation of cardiac arrest. Wardi et 

al. [34] reported that RV strain and dilatation 

were more pronounced with increasing time in 

resuscitation. The European Society of 

Cardiology - ESC 2019 - guidelines on 

pulmonary embolism addressed the precision of 

RV dilatation in pulmonary embolism. 

Although RV dilatation plays a vital predictive 

role in stable patients with pulmonary 

embolism, it has a rather poor positive 

predictive value for pulmonary embolism-

related mortality. This relative insensitivity is 

due in part to the inherent difficulty in 

standardizing ultrasound for any study [35].  

In view of the occurrence of such false 

positives when imaging the right side of the 

heart during cardiac arrest, the diagnosis of 

pulmonary embolism and any following 

intervention dependent on this should be 

increased by factors other than the isolated right 

heart strain on POCUS. Old details of pre-arrest 

signs and symptoms, as well as potential 

assessments during a cardiac arrest for DVT in 

high-risk patients, could prove useful measures 

for the diagnosis and treatment of pulmonary 

embolism during cardiac arrest. Also, the 

increasing presence of false-positive results late 

in resuscitation is prompting consideration of 

incorporating ultrasound assessments early into 

cardiac arrest procedures [36]. 

3. Identification of cardiac standstill 

Cardiac standstill or true asystole is defined 

as the complete absence of any cardiac motion 

including the ventricles, atria, and valves [30, 37].  

Patients who are identified in a standstill with 

accompanying electrical activity on the monitor 

are often described as having true PEA. Pseudo-

PEA is the presence of ventricular contractility 

imaged by ultrasound with electrical activity but 

no perceptible pulse [15]. 

The M-mode option on ultrasound detects 

any motion along a given line against time. If 

any movement is identified that part of the heart 

will look hazy like “sand on a beach”. When 

there is a complete absence of cardiac 

contractility, the image will resemble a 

“barcode” appearance. The determination of 

true PEA or cardiac standstill on ultrasound has 

important prognostic value [30]. 

A large prospective study examining cardiac 

arrest conducted by Blaivas and colleagues [38] 

reported out of 169 patients enrolled, 136 

patients were found to be at a cardiac standstill 

with a zero percent survival rate irrespective of 

the electrical rhythm detected at presentation. 

On the other hand, 20 out of 33 patients with 

cardiac activity on initial ultrasound survived. 

The average patient age in this study was 71 

years, which may represent a greater number of 

elderly people than is usually found in other 

centres. The significant limitation of the study 

was that it only included out-of-hospital arrests 

where the survival rate is lower than in-hospital 

arrests. No data on survival to discharge from 

hospital or neurological outcomes were 

provided [38]. Similar findings were reported in 

previous studies [37, 39]. However, in the former 

study, 2 out of 59 patients with no cardiac 

activity survived. 

In 2010, one of the highest survival rates for 

patients without wall motion was described by 

Breitkreutz et al. [7] as five [10%] out of 50 

patients without cardiac activity survived. His 

results also established that the presence of wall 

motion could predict a much higher survival 

rate [n = 30/75, 40%]. 

The findings of these studies indicate that 

cardiac standstill at initial POCUS is a poor 

prognostic factor and may be an indicator of 

certain mortality [38]. 

4. BLUE protocol for emergency ultrasound 

This protocol was described by Lichtenstein 
[40] for the detection of causes of acute dyspnoea 

in ER. It involves scanning of 3 areas of each 

lung and takes three minutes. The sensitivity 

and specificity of lung ultrasound for the 

diagnosis of pneumothorax are very high. 

Pneumothorax can be seen as absent lung 

sliding on M-mode plus the presence of multiple 

A-lines with the absence of B-lines “the 

stratosphere sign” with 100% specificity. In 

addition, the presence of “lung point” sign is 
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pathognomonic for pneumothorax.  The 

presence of “A profile” associated with DVT 

has a high specificity for pulmonary embolism. 

Pulmonary oedema can be seen as increased B 

lines “lung Rockets”. it can differentiate 

cardiogenic from non-cardiogenic pulmonary 

oedema, diagnose pneumonia, and atelectasis. 

However, this protocol needs high skills in 

performance during cardiac arrest and CPR. 

The future role of POCUS 

Point-of-care ultrasound is a rapidly 

expanding science with new applications being 

published every year. POCUS can be practical 

to chest compression quality by directly 

visualizing left ventricular contraction and 

modulating hand position [30]. Ultrasound may 

also be applied to check the pulse between CPR 

cycles. Some studies in the past have shown that 

manual pulse checks have poor sensitivity and 

specificity, with some studies showing that 

pulse check accuracy is as low as 15% when 

limited to the allowed ten seconds [30]. 

Ultrasound certainly provides more reliable 

answers regarding cardiac output through direct 

visualization of ventricular contractility. Finally, 

there is increasing evidence supporting the use 

of TEE in cardiac arrest. TEE can provide the 

team with live feedback about the heart's 

condition throughout the entire resuscitation 

process. It provides better image resolution, is 

applicable to all body habitus, and may limit 

pauses in chest compressions because image 

acquisition is much faster compared to TTE [30]. 

Conclusion 

During CPR, POCUS is useful in identifying 

reversible sources of cardiac arrest; separating 

between true and false asystole along with 

observing the total procedure of CPR. 

Visualization of cardiac motion on ultrasound 

during CPR is the best predictor of survival; 

while a cardiac standstill is associated with the 

worst prognosis. However, ultrasound alone 

can't be utilized to decide the termination of 

resuscitation. Finally, the effectiveness of chest 

compressions is a promising concern that can be 

assessed using POCUS, especially TEE. 
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