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▶AHA ACLS 2015 recommendation

Circulation 2015; 132:444-64

- Myocardial contractility

- Treatable causes of cardiac arrest

- Hypovolemia

- Pneumothorax

- Pulmonary embolism

- Pericardial tamponade

- Confirming placement of ETT

* Does not interfere with the standard 

cardiac arrest treatment protocol



Cardiac contractility



- Electromechanical dissociation(EMD) in human beings: An 
echocardiographic evaluation

▶Electromechanical dissociation

Ann Emerg med May 1988, Pages 450-452

Electromechanical 
dissociation 

n = 22

Synchronous myocardial 
wall motion

n = 19

Valvular motion
n = 15

Visible valve closure
n = 4

the term “electromechanical 
dissociation” may be a misnomer

US evaluation No palpable pulse



▶Myocardial contractility

Acad Emerg med 2001; 8:611-621

Outcome in Cardiac Arrest Patients Found to Have Cardiac Standstill on the 

Bedside Emergency Department Echocardiogram

- Single center prospective observational study

- April 1999 ~ November 2000

- 169 cardiac arrest pts in ED

- Electrocardiographic Rhythm versus Initial Echocardiographic Finding

- Cardiac standstill vs Mechanical contraction

- Asystole 65 (38%)      65 (38%)  vs 0 (0%)

- PEA 38 (23%)           20 ( 12%) vs 18 (11%)

- Vf 66 (39%)              51 (30%)  vs 15 (9%) 

Cardiac standstill - Positive predictive value for death: 100%



▶Myocardial contractility

Am J Emerg med 2005; 23:359-62

Does the presence or absence of sonographically identified cardiac activity 

predict resuscitation outcomes of cardiac arrest patients?

- Prospective multicenter trial (4 academic EDs)

- 12 month period 

- 70 cardiac arrest pts in ED

- Asystole 36 (36/0)

- PEA 34 (23/11)

Cardiac standstill - Positive predictive value for death: 100%



▶Myocardial contractility

Crit care med 1997; 25:1717-20

Echocardiographic observations during in-hospital cardiopulmonary 

resuscitation

- 20 in-hospital cardiac arrest Pt.

- Mechanical asystole 18

- Return of ventricular 

contraction 4 (2-8mins) 



▶ Myocardial contractility

Resuscitation 2010 81:1527-33

Focused echocardiographic evaluation in life support and peri-resuscitation of 

Emergency patients: A prospective trial

- pre-hospital emergency setting Prospective study

- Aug 2002 ~ Dec 2007

- 100 cardiac arrest & 104 peri-resuscitation pts



▶Myocardial contractility

Resuscitation 2016 101:21-26

Can serial focussed echocardiographic evaluation in life support (FEEL) predict 

resuscitation outcome or termination of resuscitation (TOR)? A pilot study 

- Single center prospective observational study

- Nov 2013 ~ Apr 2015

- 48 Non traumatic OHCA pts in ED



Tracheal examination



▶Tracheal examination

Resuscitation 2013 84:1708-12

Real-time tracheal ultrasonography confirmation of endotracheal tube 

placement during cardiopulmonary resuscitation

- Prospective observational study

- Sep 2010 ~ Jun 2012

- 3 senior EM residents with 

attending Physicians

- 89 CA pts (7 esophageal) 



POCUS in cardiac arrest



▶ CAUSE protocol

Resuscitation 2008 76:198-206

C.A.U.S.E.: Cardiac arrest ultra-sound exam—A better approach to managing 

patients in primary non-arrhythmogenic cardiac arrest

- Hypovolemia

- Cardiac tamponade

- Pulmonary embolus

- True asystole(cardiac standstill) 

- Tension pneumothorax



▶ CAUSE protocol

Resuscitation 2008 76:198-206

C.A.U.S.E.: Cardiac arrest ultra-sound exam—A better approach to managing 

patients in primary non-arrhythmogenic cardiac arrest

- Cardiac tamponade

- Hypovolemia

- Pulmonary embolus

- True asystole(cardiac standstill) 

- Tension pneumothorax



▶ FEEL protocol

Crit care med 2007 35:150-61

Focused echocardiographic evaluation in resuscitation management: Concept 

of an advanced life support–conformed algorithm



▶ FEEL protocol

Crit care med 2007 35:150-61

Focused echocardiographic evaluation in resuscitation management: Concept 

of an advanced life support–conformed algorithm

4 phase 10 step

High-quality CPR, preparation, team 
information

1) Perform BLS and ACLS

2) Tell the CPR team: “I am preparing an echocardiogram”

3) Prepare & test ultrasound

4) Accommodate situation be ready to start

Execution, obtaining the echocardiogram 5) Tell CPR Team to count down 10 secs and to undertake a pulse check

6) Command: “Interrupt at the end of this cycle for echocardiography”

7) Put the probe during chest compressions

8) Perform a subcostal (long axis) echocardiogram as quickly as

Resuming CPR 9) Command after 9 secs at the latest: “Continue CPR” and control it

Interpretation and consequences 10) Communicate the findings to the CPR team



▶ FEEL protocol

Crit care med 2007 35:150-61

Focused echocardiographic evaluation in resuscitation management: Concept 

of an advanced life support–conformed algorithm

- 18 group, 2-rescure CPR scenario

- Used Dummy echocardiography

- No differences in duration of NFI



▶ FEEL protocol

Resuscitation 2010 81:1527-33

Focused echocardiographic evaluation in life support and peri-resuscitation of 

Emergency patients: A prospective trial

- pre-hospital emergency setting Prospective study

- Aug 2002 ~ Dec 2007

- 100 cardiac arrest & 104 peri-resuscitation pts



▶ FEEL protocol

Resuscitation 2010 81:1527-33

Focused echocardiographic evaluation in life support and peri-resuscitation of 

Emergency patients: A prospective trial

- PEA: 51 pts

- Pseudo-PEA: 38 pts

- Left ventricular failure: 22 pts (59%)

- Pericardial tamponade: 5 pts (13%)  

ROSC after pericardiocentesis: 3 pts (60%)

- Dilated RV: 4 pts (10.5%)

- Hypovolemia: 2 pts (5.3%)

- Asystole 37 pts

- Pericardial tamponade: 3pts(8%)



▶ FEEL protocol

Resuscitation 2010 81:1527-33

Focused echocardiographic evaluation in life support and peri-resuscitation of 

Emergency patients: A prospective trial

- Integration into ALS management

- Changes in therapy: 89%



▶ FEEL protocol

Resuscitation 2010 81:1527-33

Focused echocardiographic evaluation in life support and peri-resuscitation of 

Emergency patients: A prospective trial

- Imaging quality in CPR



▶ Survival outcome

Chin J Traumatol 2012 15:284-7

Echocardiography integrated ACLS protocol versus conventional 

cardiopulmonary resuscitation  in patients with pulseless electrical activity 

cardiac arrest

- Prospective interventional study

- Group A (50 PEA pts) : ACLS protocol + POCUS by US trained Eps  

- Group B (50 PEA pts) : conventional ACLS protocol

- ROSC patient of Group A vs. Group B:

17(34%) vs. 14(28%), p=0.52

There was no significant difference of

survival outcome between the two 

groups



Is POCUS associated 
prolonged CPR pauses?



▶ CPR pauses

Resuscitation 2017 119:95-8

Ultrasound use during cardiopulmonary resuscitation is associated with delays 

in chest compressions 

- Single center prospective study

- Aug 2015 ~ Sep 2016

- Analyze recorded video

- 23 patient, 123 pulse check



▶ CPR pauses

Resuscitation 2018 122:65-8

Point-of-care ultrasound use in patients with cardiac arrest is associated 

prolonged cardiopulmonary resuscitation pauses: A prospective cohort study 

- Single center prospective study

- Jul 2016 ~ Jan 2017

- Recorded video analysis

- 24 patient, 110 compression pauses

- CPR pauses with POCUS       19.3s

- CPR pauses without POCUS   14.2s



▶ CPR pauses

Resuscitation 2018 122:65-8

Point-of-care ultrasound use in patients with cardiac arrest is associated 

prolonged cardiopulmonary resuscitation pauses: A prospective cohort study 

-



New POCUS protocol 
during CPR



▶New POCUS protocol

Am J Emerg Med 2018 36:715-32

The Cardiac Arrest Sonographic Assessment(CASA) exam – A standardized 

approach to the use of ultrasound in PEA

- 1. Cardiac tamponade: 4-15%

- Hospital discharge rate: 15.4% vs 1.3%

- 2. Pulmonary embolus: 4.0-7.6%

- Hospital discharge rates: 6.7% vs 1.3%

- 3. Cardiac activity: cardiac standstill

- Hospital discharge rate 0.0 -0.6%

- Hypovolemia, tension pneumothorax

- Excluded in routine exam 



▶New POCUS protocol

Resuscitation 2018 131:69-73

Implementation of the Cardiac Arrest Sonographic Assessment (CASA) 

protocol for patients with cardiac arrest is associated with shorter CPR pulse 

checks 

- Pre and post interventional study

- Intervention on Aug 2017 



▶New POCUS protocol

Resuscitation 2018 131:69-73

Implementation of the Cardiac Arrest Sonographic Assessment (CASA) 

protocol for patients with cardiac arrest is associated with shorter CPR pulse 

checks 

- CPR pulse check duration



▶New POCUS protocol

Resuscitation 2018 131:69-73

Implementation of the Cardiac Arrest Sonographic Assessment (CASA) 

protocol for patients with cardiac arrest is associated with shorter CPR pulse 

checks 



▶New POCUS protocol

Resuscitation 2017 115:e1-2

A novel US-CAB protocol for ultrasonographic evaluation during 

cardiopulmonary resuscitation 

- C: subcostal view of the heart and inferior vena cava

- A: tracheal US

- B: bilateral lung sliding sign

- 4th -5th intercostal space

- Mid axillary line



▶New POCUS protocol

Resuscitation 2018 127:125-31

US-CAB protocol for ultrasonographic evaluation during cardiopulmonary 

resuscitation: Validation and potential impact

- Single center prospective observational study

- Jan 2016 ~ Mar 2017

- 10 EPs attended 4hr training curriculum  

- 177 OHCA pts

- Cardiac exam (C): 9.0 ± 1.4sec

- Pericardial effusion 9 pts (RV compression 8)

- Pericardiocentesis: 4pts & ROSC 2 pts (25%)

- Airway exam (A):  7.5 ± 1.5sec

- Versus capnography ETT confirming time (7.4  vs. 38.3s) 

- Lung exam (B):     Lt. 8.5 ± 2.0sec / Rt. 7.5 ±1.8sec

- One lung intubation: 3pts vs.  auscultation 2 pts



▶New POCUS protocol

Resuscitation 2018 127:125-31

US-CAB protocol for ultrasonographic evaluation during cardiopulmonary 

resuscitation: Validation and potential impact



▶What we know

Cardiac standstill is strong prognostic factor for termination of 

resuscitation, especially after 10 minutes of ALS

POCUS can find treatable causes and change the therapy of cardiac 

arrest

Further research is needed to determine whether the use of POCUS in 

cardiac arrest improves clinical outcomes


