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Preface 

 

Medical students today are tomorrow's future doctors. One of the key skills that 

students should develop during their graduation training is to be prepared for 

emergency life saving measures like cardiopulmonary resuscitation (CPR) anytime, 

anywhere. 

The goal of this book is to provide the medical students with current 

information and a comprehensive stepwise algorithm for basic life support, advanced 

life support, cardiac arrest in special circumstances and post-resuscitation care. It is 

based on European Resuscitation Council Guidelines 2021 and a program of 

anesthesiology and reanimatology for students of higher educational institutions. In 

this book, we have tried to give a uniform format to all the chapters reflecting the 

purpose of the book. To make the revision easier at the last time where a student does 

not get enough time to read the whole subject, the most important points are 

presented in the stepwise algorithm.   

  The chapters of this book cover the essential theoretical and practical aspects 

of cardiac arrest and management. Tables, charts, figures, and illustrations have been 

added at appropriate places. We paid particular attention to provide resuscitation in 

patients with COVID-19. Each chapter ends with current authoritative references to 

guide the reader about more in-depth reading.   

Students will develop the knowledge required to: recognize and manage the 

deteriorating patient using a structured ABCDE approach; deliver standardized CPR 

in adults that includes the prevention and treatment of both out-of-hospital cardiac 

arrest (OHCA) and in-hospital cardiac arrest (IHCA) in special settings and special 

patients. 

We hope that book on cardiopulmonary resuscitation and post-resuscitation 

syndrome   will be useful to the medical students to prepare for their classes, exams, 

tests and others. 

 

 

 

 

                                                                                                    Authors                      
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 CARDIO-PULMONARY RESUSCITATION 

Chapter 1. BASIC LIFE SUPPORT 
 

1.1 Types of terminal conditions: 

 
Death is defined as the cessation of all vital functions of the body including the

 heart beat, brain activity including the brain stem, and breathing. Life goes out 

gradually in patients with terminal illness through the following stages of dying: 

preagony, terminal pause, the agony, the clinical death. The main cause of terminal 

illness is cancer, which accounts for some 95%. 

 Preagony is characterized by severe circulatory and respiratory disorders 

(gradual decrease of blood pressure (BP), inhibition of consciousness, electric 

activity of brain, tachycardia changed by bradicardia, disorder of brainstem reflexes 

due to hypoxia) lasts from several seconds to many hours. Preagony not have a 

defined duration. It depends on character of main pathologic process. It is 

characterized by a sharp acceleration of breath, and then suddenly it stops. The next 

stage of dying is a terminal pause. It is not a required element. It is characterized by 

sudden respiratory arrest, a sharp inhibition of the activity of the heart, the extinction 

of the bioelectrical activity of the brain, the extinction of corneal and other reflexes. 

The terminal pause occurs as a result of the predominance of the parasympathetic 

nervous system over the sympathetic in hypoxia. This transition period lasts from 5-

10 seconds to 3-4 minutes. The term agony, deriving from the Greek ἀγωνία that 

means “fight”, defines the last moments of the living organism’s existence before the 

encounter with death. The appearance of the first breath after the terminal pause 

indicates the beginning of agony. The duration of agony can be different, depending 

on the type and mechanism of death. During the period of agony, oxidative processes 

in the body are completely suppressed, its vital activity is supported by anaerobic 

glycolysis. It can be short-term (several minutes) and long (several hours and days). 

In some cases, it is absent. Agony - disappearance of painful sensitivity, loss of 

consciousness, mydriasis, inhibition of reflexes. Gasping respiration is the last 

respiratory pattern prior to terminal apnoea. The duration of the gasping respiration 

phase varies; it may be as brief as one or two breaths to a prolonged period of gasping 

lasting minutes or even hours. Sometimes agonic breathing may be observed during 

5-10 minutes after arrest of circulation due to the formation of autonomic "gasping-

center". Terminal pulmonary edema. ECG - restoration of automatism of the sino-

atrial node, centralization of circulation may cause return of consciousness. By the 

end of agony cardiac rhythm decreases to 40-20 per minute, BP is decreased to 20-l0 

mmHg. Body temperature is decreased. Muscular rigidity and convulsions. Then 

comes the stopping of the heart and breathing. Agony becomes a state of clinical 

death.  

Clinical death  the short period during which the loss of vital signs may be 

reversed. Duration of clinical death normally 3-5 minutes. This time is determined by 
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the ability of the brain to survive without oxygen. 

 Cardiac arrest is defined as a sudden cessation of cardiac mechanical 

activity, rendering the victim unresponsive without signs of circulation and breathing. 

 Respiratory arrest. In primary respiratory arrest the heart and lungs continue 

to deliver oxygen to the brain and other organs for a few minutes. Interruption of 

pulmonary gas exchange for > 5 minutes may irreversibly damage vital organs, 

especially the brain. Cardiac arrest almost always follows unless respiratory 

function is rapidly restored. The reasons are drowning, falling foreign objects into 

the airway, smoke inhalation, asphyxiation, lightning, stroke, coma of various origin, 

drug overdose, etc. If the victim has respiratory arrest or inadequate breathing it is 

necessary to use breathing resuscitation which can prevent heart failure. 

 Sudden death (SD) refers to those deaths that are not preceded by significant 

symptoms. The term thus used obviously excludes violent or traumatic deaths. There 

is no universally accepted definition of sudden death, and time periods ranging from 

1 to 48 h have been used in several countries. For example, the World Health 

Organization (WHO) definition of SD is a “death occurring within 24 h after the 

onset of the symptoms”; while the Association for European Cardiovascular 

Pathology has defined SD as “a natural death that occurs within 6 h of the beginning 

of symptoms in an apparently healthy subject or in one whose disease is not so severe 

that a fatal outcome would be expected”. The first cause of SD worldwide is 

cardiovascular diseases. Fatal pulmonary embolism (PE) represents the common 

cause of SD related to the respiratory system, usually resulting from a complication 

of deep venous thrombosis. PE has been identified as one of the common clinical 

pictures of COVID-19, justifying SD in several subjects who died from SARS-CoV-2 

infection. Other causes of SD strictly related to the respiratory system are: severe 

pneumonia, asthma, anaphylaxis, airway obstruction; several neurological conditions, 

such as stroke, epileptic attacks and brain trauma, drugs, and catecholamine toxicity, 

may be related to SD. 

Sudden cardiac arrest is the sudden cessation of cardiac activity so that the 

victim becomes unresponsive, with no normal breathing and no signs of 

circulation. Occlusive (ischemic) coronary disease is the leading cause of cardiac 

arrest and sudden cardiac death. Sudden cardiac arrest can happen in people without 

heart disease. When the initial ECG is obtained, most adults with sudden, 

nontraumatic cardiac arrest are found to be in ventricular fibrillation (VF). 

Brain death is defined as the irreversible loss of all functions of the brain, 

including the brainstem. The three essential findings in brain death are coma, absence 

of brainstem reflexes, and apnoea. They have no chance of recovery because their 

body is unable to survive without artificial life support.  A patient determined to be 

brain dead is legally and clinically dead. 

Biological death - irreversible arrest of physiological processes in cells when 

resuscitative measures are successless. Features of biological death: disappearance of 

pulse on main arteries, absence of cardiac activity on ECG, arrest of respiration, 

absence of spontaneous movements, reactions to light, sounds and pain, maximum 

dilation of pupils, absence of corneal reflex, decrease of body temperature, presence 
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Figure 1.1. Carotid pulse check 

(https://studfile.net/preview). 

of livor mortis and rigor mortis, Beloglazov's sign (phenomenon of cat's eye - change 

of pupil's form after compression of eye-ball), dimming of cornea.  

 

1.2 How to recognize cardiac arrest 
 

There are 50–100 unexpected, sudden cardiac deaths per 100 000 populations 

per year in Europe and USA. Sudden nontraumatic cardiac arrest is the most common 

fatal manifestation of cardiovascular disease and a leading cause of death worldwide. 

Consistent with guidelines issued by the International Liaison Committee on 

Resuscitation (ILCOR 2021), cardiac arrest should be defined by the following 

features: 

 unresponsiveness; 

 absence of breathing or only occasional gasps;  

 absence of circulation; 

 a short period of seizure-like movements can occur at start of cardiac arrest. 

 

1.3 Checking for responsiveness 
 

For resuscitation and evaluation to be effective, the victim must be supine and 

on a firm, flat surface. If the victim is lying face down, roll the victim so that the 

head, shoulders, and torso move simultaneously without twisting. 

In the collapsed casualty, this requires a gentle shake of the casualty’s 

shoulders whilst shouting into each ear, ‘Are you all right?’ If the casualty responds 

verbally or by moving:  

 Leave the casualty where he or she is, provided this is a safe environment;  

 Keep checking the casualty for a verbal response or movement; 

 Try to establish the cause of collapse;  

 Ensure dignity is maintained.  

 If the casualty does not respond: shout for immediate assistance; continue with 

your assessment, which might require moving the casualty on to his or her back to 

gain access to the airway and pulse. Start CPR in any unresponsive person. 

 

1.4 Carotid pulse check 
 

        Assess the carotid pulse if trained to do so 

(Fig.1.1). Maintain head tilt/chin lift throughout 

the procedure.  Using the index and middle finger 

of your free hand, trace down the trachea of the 

casualty and slide across to one side to palpate the 

pulse between the trachea and sternocleidomastoid 

muscle at the side of the neck.  Apply gentle 

https://studfile.net/preview
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pressure over the carotid pulse for up to 10 seconds. 

1.5 Types of cardiac arrest 
 

The heart is a pump with an electrical controlling system. It stops functioning 

in three main ways: 

1. Failure of the oxygen supply causes asystole (Fig.1.2.). There 

is no electrical activity and no pumping. 

 

 
Figure 1.2. Asystole. The heart slows and stops when deprived of its power supply. This results from hypoxia 

or a condition leading to hypoxia (From Practical resuscitation for healthcare professionals/ edited by Pam 

Moule and John W.Albarran. 2
nd

 ed.). 

 

2. Failure of electrical control causes ventricular fibrillation (VF) or 

pulseless ventricular tachycardia (VT) (Fig. 1.3., 1.4). There is no effective electrical 

activity and no effective pumping. 

Figure 1.3. Ventricular flutter and ventricular fibrillation. (A) The sine wave appearance of the complexes 

occurring at a rate of 300 beats per minute is characteristic of ventricular flutter. (B) The irregular 

undulating baseline typifies ventricular fibrillation (From Practical resuscitation for healthcare 

professionals/ edited by Pam Moule and John W.Albarran. 2
nd

 ed.). 

 

 
Figure 1.4. Ventricular tachycardia. (From Practical resuscitation for healthcare professionals/ edited by 

Pam Moule and John W.Albarran.- 2nd ed.). 
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3. Failure of the pump mechanism causes pulseless electrical activity 

(PEA) (formerly known as electromechanical dissociation or EMD). There is 

electrical activity but no pumping (Fig.1.5). 

 
Figure 1.5. Markedly slower idioventricular rhythm. Pulseless electrical activity is that state when the pump 

(the myocardium) is unable to function despite a relatively normal electrical stimulus (From Practical 

resuscitation for healthcare professionals/ edited by Pam Moule and John W.Albarran. 2
nd

 ed.). 

 

Approximately 40 % of sudden cardiac arrest events are due to pulseless 

ventricular arrhythmias (i.e., ventricular fibrillation (VF) or pulseless ventricular 

tachycardia (VT), whereas the rest can be atributed to other cardiac rhythms (i.e., 

asystole or pulseless electrical activity (PEA).Asystole is the final rhythm in all cases. 

When VF or pulseless VT occurs, the myocytes of the ventricles become easily 

excitable. Multiple foci in the walls and septum of the heart begin to produce random, 

chaotic electrical discharges. As a result, numerous cardiac cells enter into various 

stages of depolarization and repolarization. This activity disrupts the normal sequence 

of depolarization and repolarization within the myocardium. The rhythmic, sequential 

atrioventricular (AV) depolarization of the myocardium that originated in the 

sinoatrial (SA) node, the “pacemaker” of the heart, is distorted by the disorganized 

electrical activity from the ventricles. The electrical cardiac rhythm that is depicted 

on the cardiac monitor becomes a chaotic line with variable amplitude, frequency. 

Subsequently, the mechanical activity of the ventricles becomes disorganized and the 

ventricles begin to contract randomly producing many disorganized weak 

contractions. This renders the heart incapable of ejecting blood effectively in the 

peripheral circulation.  As a result, the victim becomes unconscious, pulseless, and 

apneic.  

Patients with ventricular arrhythmias have a better prognosis because 

ventricular arrhythmias are potentially treatable with defibrillation (i.e.,“shockable” 

initial rhythm) to restore circulation, whereas the other initial rhythms are not, and 

ventricular arrhythmias are typically a manifestation of a cardiac cause of  cardiac 

arrest (e.g.,acute myocardial infarction), whereas the other initial rhythms are more 

likely to be related to a noncardiac cause.  

 

1.6 Main principles of basic life support 
 

The essential elements of BLS are chest compressions, establishing a patient 

airway in the oropharynx, and periodic lung inflations. The original mnemonic for 

these elements, ABC (Airway, Breathing, and Circulation), has been rearranged to 
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CAB (Circulation, Airway, Breathing), reflecting a recent shift in emphasis from 

ventilation to chest compressions in resuscitation effort. The premise is that there is 

an adequate oxygen reservoir at the time of cardiac arrest and further oxygen is only 

required after about 4 minutes. When cardiac arrest follows airway and/or breathing 

problems, earlier interventions to restore adequate oxygenation to the vital organs 

may be preferable. 

Rescuers begin CPR if the adult victim is unresponsive with absent or 

abnormal breathing, such as an occasional gasp. A single compression-ventilation 

ratio of 30:2 is used for the lone lay rescuer of adult victim. 

 Early defibrillation is the single greatest determinant of survival for adult 

victims of cardiac arrest. Early CPR prevents VF from deteriorating to asystole, may 

increase the chance of defibrillation, contributes to preservation of heart and brain 

function, and significantly improves survival.  

Public access defibrillation (PAD) is a healthcare initiative to make automated 

external defibrillators (AEDs) available throughout the community for use by trained 

laypersons.  

BLS is now defined by the first 3 links in the Chain of Survival (Fig.1.6): early 

access, early CPR, and early defibrillation. 

 
Figure 1.6. The chain of Survival. The Chain of Survival consists of 4 links or actions: early access, early 

CPR, early defibrillation, and early advanced care (from Circulation. 2000 | Volume 102, Issue suppl_1: I-

22–I-59, originally published August 22, 2000). 

 

Algorithms such as the adult BLS system (Step - by - step – see p.152) are 

targeted to untrained personnel and in the out-of-hospital setting where an arrest 

occurs in an area with limited medical resources.  

 

Safety: Reducing risks in resuscitation 

 
Prior to entering the scene of a possible cardiac arrest, the rescuer should 

consider the following: 

 Environment – the rescuer should review all possible hazards which in an out 

of-hospital arrest might present as falling debris, traffic, electricity or water. In the 

hospital, environmental hazards can include fluid spillage and equipment.  

 Infection – the possible transmission of infection from a casualty or patient 

must be considered. There are only a small number of reported cases of infections 

such as tuberculosis being transmitted during cardiopulmonary resuscitation (CPR). 
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 Figure 1.7. Head tilt/chin lift. Practical 

resuscitation for healthcare professionals 

(edited by Pam Moule and John W. Albarran. 

– 2nd ed.). 

 Figure 1.8. Look, listen and feel for breathing. 

Practical resuscitation for healthcare 

professionals / edited by Pam Moule and John 

W. Albarran. – 2nd ed. 

 

The transmission of HIV during CPR has never been reported. It is recommended 

that rescuers should take appropriate precautions in delivery of mouth-to-mouth 

breathing, using available protective devices, especially if the casualty is known to 

suffer from a serious infection such as tuberculosis. 

 In adult BLS, the casualty is often attended without the aid of any resuscitation 

equipment, such as airway adjuncts. Following assessment of safety, the suggested 

algorithm includes responsiveness, airway and breathing. If not breathing normally, 

the rescuer should call for emergency help and commence chest compressions. 

 

1.6.1 Airway and ventilation 
 

Opening and clearing the airway 

This manoeuvre reduces the risk of airway obstruction in the unconscious or 

unresponsive casualty. The procedure allows lifting of the jaw, moving the tongue 

away from the throat.  

 Open the casualty’s airway with a head tilt/chin lift (Fig.1.7) 

 Place one of your hands on the casualty’s 

forehead.  

 Extract solid material with a hooked index 

finger while keeping the tongue and jaw 

supported with the other hand, but leave well-

fitting dentures in place.  

 With the tips of the index and middle 

fingers of your other hand on the bony 

prominence of the chin, lift the chin to open the 

airway. This lifts the tongue away from the 

posterior pharynx and improves airway 

patency.  

 Be sure to pull up only on the bony parts 

of the mandible. Pressure to the soft tissues of 

the neck may obstruct the airway. 

 In patients with possible cervical spine 

injury, avoid extending the neck. 

Look, listen and feel for breathing (Fig.1.8). 

This manoeuvre should be completed in no 

more than 10 seconds. Bringing the side of your 

face above that of the casualty, you should:  

o look for signs of chest movement; 

o listen for breath sounds; 

o feel for breath on the side of your face. 
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Figure 1.9. Jaw thrust. Practical resuscitation for 

healthcare professionals (edited by Pam Moule and 

John W. Albarran. – 2nd ed.). 
 

Figure 1.10.   Mouth-to-mouth rescue breathing 

(from Circulation. 2000 | Volume 102, Issue 

suppl_1: I-22–I-59, originally published August 22, 

2000). 

 

Jaw thrust (Figure 1.9): 

 This procedure is not recommended 

for the lay rescuer, who should employ the 

head tilt/chin lift procedure. 

 Some healthcare professionals may 

undertake the skill following training. 

 If the casualty is not breathing 

normally and breath is absent or severely 

impaired with only occasional gasps seen: 

send someone else to call for emergency help 

if you can, and ask them to report back to 

you. 

 If alone, leave the casualty to call for 

emergency help and return as quickly as 

possible to start chest compressions. 

 

Rescue breaths 

o Remove foreign objects if present from victim's mouth and throat by finger 

sweeping. If the patient seems to have water or mucus in his throat or chest, tilt him 

upside down or on his side to permit such fluid to run out the mouth. Use of mouth 

airway adjuncts.  

o Lift up chin and tilt head back as far as possible. If the head is not tilted, the 

tongue may block the throat. The tilting procedure should provide an open airway by 

moving the tongue away from the back of the throat.   

o Pinch the nostrils together with the thumb and index finger of the hand that is 

pressing on the victim's forehead. This prevents the loss of air through the nose 

during resuscitation.  Inhale deeply. 

o Place your mouth tightly around the victim's mouth (over mouth and nose of 

small children) and blow into the air passage (Fig.1.10).  

o Blow steadily into the mouth 

whilst for the chest to rise, taking about 1 

second as in normal breathing. 

Maintaining head tilt and chin lift, nake 

your mouth away from the victim and 

watch for the chest to fall as air comes 

out. 

o Take another normal breath 

and blow into the victim’s mouth once 

more to achieve a total of 2 rescue breaths. 

Be prepared to deliver approximately 10 

to 12 breaths per minute if rescue 

breathing alone is required.  

o During adult CPR tidal 
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Figure 1.12.  Pocket mask ventilation with 

additional oxygen attached. (Practical resuscitation 

for healthcare professionals  

edited by Pam Moule and John W. Albarran. – 2nd 

ed.2009). 

Figure 1.11. Resuscitation Face Shield with 

Mouth Piece - Vent-Aid care (from Circulation. 

2000 | Volume 102, Issue suppl_1: I-22–I-

59, originally published August 22, 2000).  

 

volumes of approximately 500 to 600 mL (6 to 7 mL/kg) should suffice. mL/kg) 

should suffice. Give a sufficient tidal volume to produce visible chest rise. Avoid 

excessive ventilation.   

o Alternate between providing 30 compressions and 2 rescue breaths. Deliver 

each rescue breath over 1 second. 

o If initial (or subsequent) attempts to ventilate the victim are unsuccessful, 

reposition the victim’s head and reattempt rescue breathing. Improper chin and head 

positioning is the most common cause of difficulty with ventilation.  

o If you are unable to provide ventilations, give continuous chest compressions. 

o Rescuers may have access to barrier devices, such as face-shields or airway 

adjuncts. The use of face-shields when attempting resuscitation in unfamiliar 

environments (Fig.1.11).  

o Gastric inflation frequently 

develops during mouth-to-mouth 

ventilation. Gastric inflation can produce 

serious complications, such as 

regurgitation, aspiration, or 

pneumonia.  Gastric inflation occurs when 

the pressure in the esophagus exceeds the 

lower esophageal sphincter opening 

pressure, causing the sphincter to open so 

that air delivered during rescue breaths 

enters the stomach instead of the lungs. 

During cardiac arrest, the likelihood of 

gastric inflation increases because the lower 

esophageal sphincter relaxes. To reduce the 

risk of gastric inflation during mouth-to-

mouth ventilation, deliver slow breaths at the lowest tidal volume that will still make 

the chest visibly rise with each ventilation.  

o The pocket mask should be 

placed on the casualty’s face, following the 

manufacturer’s instructions (Fig.1.12.).  

The providers should give artificial 

ventilation as soon as possible with a self-

inflating bag attached to a facemask for 

any patients in whom spontaneous 

ventilation is inadequate or absent 

ventilation (Fig. 1.13a, 1.13b). This is 

requires a reasonable level of skill and 

experience: the inexperienced are likely to 

achieve ineffective tidal volumes and cause 

gastric inflation with risk of regurgitation 

and pulmonary aspiration. In comparison 

with bag-mask ventilation, use of 
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Figure 1.14 Position of the rescuer during 

compessions ((https://www.ahajournals.org.) 

supraglottic airway devices (SADs) may enable more effective ventilation and reduce 

the risk of gastric inflation. 

Once oxygen is available, it should be attached to the oxygen inlet at a flow 

rate of 10 L/min. It is still necessary for the rescuer to blow into the mask to provide 

ventilation. 
  

  

Figure 1.13a  Bag-mask ventilation. 

(https://airwayjedi.com/2016/04/10/mask-ventilation-

avoiding-hand-fatigue/).                            

Figure 1.13b self-inflating bag (https://litfl.com).                               

 

1.6.2 High quality chest compressions 
 

The delivery of chest compressions (Fig.1.14):  is not delayed by an assessment 

for the presence of a pulse. Laypersons and healthcare professionals have difficulty 

making an accurate assessment of the 

presence or absence of the carotid pulse.  

Chest compressions work by a two-fold 

mechanism. First, there is direct massage of 

the heart in an attempt to pump blood through 

the heart. The heart is squeezed between the 

sternum and the spine.  Second, the repeated 

increase and decrease of intrathoracic 

pressure acts as a mechanical pump. During 

effective CPR, cardiac output is 25-33% of 

normal. Chest compressions are the key 

component of effective CPR as means to 

provide organ perfusion. The effectiveness of 

chest compressions is dependent on correct 

hand position and chest compression depth, 

rate, and degree of chest wall recoil. 
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Figure 1.15. AED IPAD SPT  

Semi Automatic Defibrillation. 

(https://giftshop.bhf.org.uk/). 

 

 Start chest compressions as soon as possible.  

 Perform chest compressions on a firm surface whenever feasible. 

 Kneel at the side of the casualty.  

 Place the heel of our other hand on top.  

 Interlock the fingers of both hands to avoid compression of the ribs.  

 You should ensure your own safe positioning, with knees apart, shoulders 

above the point of compression and elbows straight.  

 Deliver сompressions on the lower half of the sternum (in the centre of the 

chest). 

 Compress to a depth of at least 5 cm but not more than 6 cm. 

 Compress the chest at a rate of 100-120 min
-1 

with as few interruptions as 

possible. 

 Allow the chest to recoil completely after each compression; do not lean on the 

chest. 

 Don’t interrupt compressions for more than 10 seconds. 

 Combine chest compressions with rescue breathing 30:2. 

 To prevent provider fatigue or injury, new providers should rotate onto the 

chest every 2 minutes. 

 

1.6.3 Defibrillation and use of automated external defibrillators 

 

When and how to use an AED 

The cardiac arrest rhythms of VT and VF are treated most effectively with 

early defibrillation.  Survival from VF cardiac arrest declines by approximately 7% to 

10% for each minute without defibrillation. AED (automated external defibrillator) 

use is now considered an important and lifesaving addition to BLS. An AED is a 

portable, battery-powered device with adhesive pads that are attached to a patient 

chest using the antero-lateral position as shown on the AED (Fig.1.15). 

 An AED detects the heart rhythm following 

suspected cardiac arrest. Occasionally it may be 

necessary to shave the chest if very hairy 

and\or the electrodes will not stick firmly. If the 

rhythm is ventricular fibrillation or ventricular 

tachycardia, an audible-and-visual prompt is 

given to the operator to deliver a direct current 

electric shock. For other heart rhythms 

including asystole and a normal rhythm), no 

shock is advised.  Further prompts tell the 

operator when to start and stop CPR. AEDs are 

very accurate in their interpretation of the heart 

rhythm and are safe and effective when used 

by laypeople. Thanks to built-in global 
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 Figure 1.16.  An AED open and ready for use by 

following the simple verbal. instructions that it 

gives you. 

Positioning systems in smartphones, numerous apps have been developed to locate 

the user and display the nearest AEDs. 

 As soon as the AED arrives, or if one is already available at the site of the 

cardiac arrest, switch it on (Fig.1.16).  

 Attach the electrode pads to the victim’s bare chest using the antero-lateral 

position as shown on the AED or on the pads  

 If more than one rescuer is present, 

continue CPR whilst the pads are being 

attached.  

 Follow the the spoken (and/or visual) 

prompts from the AED. 

 Ensure that nobody is touching the 

victim whilst the AED is analysing the heart 

rhythm. 

 If a shock is indicated, ensure that 

nobody is touching the victim. Push the 

shock button as prompted. Immediately 

restart CPR with 30 compressions. 

 If no shock is indicated, immediately 

restart CPR with 30 compressions. 

 In either case, continue with CPR as prompted by the AED. There will be a 

period of CPR (commonly 2 min) before the AED prompts for a further pause in CPR 

for rhythm analysis. Common mistakes during defibrillation: 

o Late connection of the defibrillator. 

o Absence of CPR in preparation for defibrillation.  

o Not enough of contact between the electrode and tissue.  

 

Compressions before defibrillation 

 Continue CPR until an AED (or other defibrillator) arrives on site and is  

 switched on and attached to the victim. 

 Do not delay defibrillation to provide additional CPR once the defibrillator is 

ready. 

 

Fully automatic AEDs 

 If a shock is indicated, fully automatic AEDs (Fig.1.17) are designed to deliver 

a shock without any further action by the rescuer. The safety of fully automatic AEDs 

have not been well studied. 

 Many studies of public access defibrillation have shown that AEDs can be used 

safely by bystanders and first responders. Although injury to the CPR provider from a 

shock by a defibrillator is extremely rare, do not continue chest compressions during 

shock delivery.  
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Figure 1.17. Lifeline AUTO Fully-

Automatic Defibrillator (Originally 

published13 Dec. Circulation. 2005; 

112:e 349–e351). 

Figure 1.18 A, B CO2 waveform during CPR. 

Return of spontaneous circulation is indicated by 

an abrupt and sustained in the heiht of capnogram 

(Journal of Emergencies, Trauma, and Shock, 01 

Oct 2014, 7(4):332-340). 

Safety 

 
 Make sure you, the victim and 

any bystanders are safe. 

 Laypeople should initiate CPR 

for presumed cardiac arrest without concerns 

of harm to victim not cardiac arrest. 

 Laypeople may safely perform 

chest compressions and use an AED as the risk 

of infection during compressions and harm 

from accidental shock during CPR use is very 

low.  
 

 

1.7 Indicators of resuscitation efficiency: 
 

 Visual observation provides qualitative information about depth and rate of 

chest compressions, as well as rate and tidal volume of ventilations. Clinical signs 

such as breathing efforts, movements, and eye opening can occur during CPR. These 

can indicate ROSC but can also occur because high-quality CPR can generate a 

circulation sufficient to restore signs of life, including consciousness. 

 Healthcare providers may be feel for a pulse as an indication of the adequacy 

of chest compression. 

 Monitoring the of ECG rhythm through pads or ECG electrodes is a standard 

part of ALS. 

 In critical care settings, invasive arterial pressure monitoring will enable the 

detection of even very low blood pressure values when ROSC is achieved. If invasive 

intraarterial blood pressure is being monitored, then systolic blood pressure >60 mm 

Hg can be used as the surrogate for a palpable pulse. 

 ETCO2 concentrations during CPR are primarily dependent on pulmonary blood 

flow and therefore reflect cardiac output. Failure to maintain ETCO2 at >10 mm Hg 

during adult CPR reflects poor cardiac output and strongly predicts unsuccessful 

resuscitation. Guidelines for CPR 

recommend monitoring ETCO2 during 

CPR to assess blood flow in 2 ways: to 

improve chest compression performance 

if ETCO2 is <10 mm Hg during CPR and to 

consider an abrupt sustained increase to a 

normal value (35 to 40 mm Hg) as an 

indicator of ROSC (Fig.1.18). 

 Continuous monitoring of the quality of 

CPR is a necessary element for 
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resuscitation teams at both in- and out-hospital level. 

 CPR feedback or prompt devices are intended to improve CPR quality.  

 

1.8 Termination of Resuscitation 
 

 Chest compressions are terminated following ROSC.  

 If there is no ROSC, then the decision to terminate efforts is based on the 

clinical judgment that the patient's arrest is unresponsive to treatment. This decision 

should be made by the physician leading the emergency response team after 

consultation with the members of the team. The factors that are considered include 

the time to initiate chest compressions, duration of chest compressions, initial arrest 

rhythm, age, comorbidities and any reversible causes of cardiac arrest. The duration 

of cardiac arrest is the most important prognostic factor. In general, chest 

compressions should be continued at least as long as VF persists. Prolonged chest 

compressions are less likely to succeed if there is no ROSC within half an hour. 

However, case reports with exceptional ROSC are well documented and each 

decision to terminate efforts should be made individually.  

 

Complications and errors of CPR include the following: 
 

o fractures of ribs or the sternum from chest compression especially in the 

elderly; 

o gastric insufflation from artificial respiration using noninvasive ventilation 

methods; this can lead to regurgitation, with further airway compromise or aspiration; 

insertion of an invasive airway (eg, endotracheal tube) prevents this problem; 

o pneumothorax, hemothorax, lung contusions; 

o lacerations of the liver and spleen, and fat emboli.  

 The most common error is insufficient intensity of chest compressions. It is 

possible when resuscitation is carried out on a soft surface, or when the intensity of 

compressions is not enough force. The synchronous pulse on large arteries is absent 

in this case. 

Risks and potential complications of defibrillation include: 

 Skin burns. 

 Myocardial necrosis. 

 Other cardiac arrhythmias including asystole (no heart rhythm, or 

“flatline”), ventricular fibrillation after pulseless ventricular tachycardia, and 

other less serious arrhythmias. 

 

 

Case study 
Mr Couhlin, a 73-year-old, is visiting his son in his new home. He has been digging the 

garden and comes into the house clutching his chest. He collapses to the floor and his wife and son 

are unable to rouse him. The son rushes across the street to find help. You are one of two rescuers 

who attend the house. You are both medical students who have recently had BLS training. 
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What should you do? 

Firstly, you should check that the environment is safe to enter, then assess the casualty for a 

response. Next, you should open and clear the airway and check for the presence of breathing. This 

reveals that Mr Coughlin is unresponsive and not breathing. Your friend goes to contact the 

emergency services. There are no sings of life and on checking the pulse, you find this is also 

absent. After phoning for help, your friend explains to Mr Coughlin’s wife and son about the need 

to perform BLS. 

In line with guidelines, you commence BLS. You deliver 30 chest compressions followed 

by two ventilations for 2 minutes before your friend takes over. 

After 20 minutes, the emergency services arrive and are able to apply defibrillator pads and 

administer oxygen via mask, whilst you continue BLS. This unfortunately reveals that Mr 

Coughlin has no cardiac output and an asystolic rhythm is seen on the monitor screen. 

 

Practical resuscitation for healthcare professionals / edited by Pam Moule and John 

W.Albarran.  2 nd ed. 2009. 

 

1.9 Foreign body Airway obstruction 
 

Complete airway obstruction is an emergency that will result in death within 

minutes if not treated. The most common cause of upper-airway obstruction is 

obstruction by the tongue during loss of consciousness and cardiopulmonary arrest. 

The muscles controlling the patient’s tongue have relaxed, causing the tongue to 

obstruct the airway.  

Obstruction may be caused also by vomit or blood (regurgitation of gastric 

contents or trauma). An unresponsive victim can develop airway obstruction from 

intrinsic (tongue and epiglottis) and extrinsic (foreign body) causes. The tongue may 

fall backward into the pharynx, obstructing the upper airway. The epiglottis can block 

the entrance of the airway in unconscious victims. Blood from head and facial 

injuries or regurgitated stomach contents may also obstruct the upper airway, if the 

victim is unconscious. Recognition of airway obstruction is the key to successful 

outcome. It is important not to confuse this emergency with fainting, myocardial 

infarction, seizure or other conditions that may cause sudden respiratory distress, 

cyanosis or loss of consciousness.  

Foreign body Airway obstruction (FBAO) is not a common problem among 

submersion/near-drowning victims. Water does not act as a (solid) foreign body and 

does not obstruct the airway. Many submersion victims do not aspirate water at all, 

and any aspirated water will be absorbed in the upper airway and trachea. Near-

drowning victims require immediate provision of CPR, particularly rescue breathing, 

to correct hypoxia.  

FBAO in adults usually occurs during eating, and meat is the most common 

cause of obstruction. A variety of other foods and foreign bodies, however, have 

caused choking in children and some adults. Foreign bodies most commonly 
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associated with airway obstruction are solids such nuts, grapes, seeds, vegetables, 

meat and bread.  

 Common factors associated with choking on food include attempts to swallow 

large, poorly chewed pieces of food. Factors which place persons at risk of FBAO 

include psychotropic medication, alcohol, neurological conditions producing reduced 

swallowing and cough reflexes, mental impairment, developmental disability, 

dementia. A foreign body can lodge in the upper airway, trachea or lower airway.  

Foreign bodies may cause either partial or complete airway obstruction. In 

partial airway obstruction, air may still pass around the obstruction, allowing some 

ventilation and the ability to cough.  With partial airway obstruction, the victim may 

be capable of either “good air exchange” or “poor air exchange.” With good air 

exchange, the victim is responsive and can cough forcefully, although frequently 

there is wheezing between coughs. As long as good air exchange continues, 

encourage the victim to continue spontaneous coughing and breathing efforts. At this 

point the rescuer should not interfere with the victim’s own attempts to expel the 

foreign body but should stay with the victim and monitor these attempts.  Signs 

of poor air exchange include a weak, ineffective cough, high-pitched noise while 

inhaling, increased respiratory difficulty, and possibly cyanosis.  

Treat a victim with partial obstruction and poor air exchange as if he had a 

complete airway obstruction—you must act immediately. 

 In patient with cardiac arrest the commonest site of airway obstruction is at the 

level of the pharynx. With complete airway obstruction the victim is unable to speak, 

breathe, or cough and may clutch the neck with the thumb and fingers. Ask the victim 

whether he or she is choking. If the victim nods, ask the victim if he or she can 

speak—if the victim is unable to speak, this indicates that a complete airway 

obstruction is present and you must act immediately. If complete airway obstruction 

is not relieved, the victim’s blood oxygen saturation will fall rapidly. If you do not 

succeed in removing the obstruction, the victim will become unresponsive, and death 

will follow rapidly.  

 

1.10 Relief of FBAO 
 

Several techniques are used throughout the world to relieve FBAO, and it is 

difficult to compare the effectiveness of any one method with another.  

Most resuscitation councils recommend one or more of the following: the 

Heimlich abdominal thrusts, back blows, or chest thrusts. The Heimlich maneuver 

(also known as abdominal thrusts) is recommended for lay rescuer relief of FBAO in 

responsive adult (≥8 years of age) and child (1 to 8 years of age) victims in the 

United States, Canada, and many other countries. It is not recommended for relief of 

FBAO in infants. Some resuscitation councils (eg, the European Resuscitation 

Council) recommend that the rescuer provide up to 5 back blows/slaps as the initial 

maneuver, with the back slaps delivered between the shoulder blades with the heel of 

the rescuer’s hand. If back slaps fail, up to 5 abdominal thrusts are then attempted, 

and groups of back slaps and abdominal thrusts are repeated (Fig.1.19). 
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 Figure 1.19. Adult foreign body obstruction treatment. (https://www.nursingtimes.net). 

 

 

 
 

 

Suspect choking if someone is suddenly unable to speak, particularly if eating 

(Fig.1.20): 

 Encourage the victim to cough. 

 If the cough becomes ineffective, give up to 5 back blows (Fig.1.21): 

 Lean the victim forwards. 

 Apply blows between the shoulder blades using the heel of one hand. 

 

 
Figure 1.20.  Universal choking sign. (from 

Circulation. 2000 | Volume 102, Issue suppl_1: I- 

122–I-59, originally published August 22, 2000). 

 

 Figure 1.21. 5 back blows 

(https://www.reddit.com).                                           
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Figure1.22 Subdiaphragmatic abdominal 

thrust (Heimlich maneuver),victim 

standing(Circulation 2000/Volume 102,Issue 

suppl_1:1-22-I-59). 

 If back blows are ineffective, give up to 5 abdominal thrusts (Heimlich 

maneuver) (Fig.1.22): 

o Stand behind the victim and put both your arms around the upper part of the 

victim’s abdomen. 

o Lean the victim forwards. 

o Clench your fist and place it between the umbilicus and the ribcage. 

o Grasp your fist with the other hand and pull sharply inwards and upwards. 

A person who is conscious and able to cough, should be encouraged to do so as 

coughing generates high and sustained airway pressures and may expel the foreign 

body. Aggressive treatment with back blows, abdominal thrusts and chest 

compression carry the risk of injury and can even worsen the obstruction. These 

procedures, particularly abdominal thrusts, are reserved for victims who have signs of 

severe airway obstruction, such us inability to cough or fatigue. If coughing fails to 

clear the obstruction or victim starts to show sings of fatigue, give to 5 back blows. If 

these are ineffective, give up to 5 abdominal thrusts. If both of these interventions are 

unsuccessful, further series of of 5 back blows followed by 5 abdominal thrusts are 

continued.  

The Heimlich abdominal thrusts 

(Fig.1.22) elevate the diaphragm and increase 

airway pressure, forcing air from the lungs. 

This may be sufficient to create an artificial 

cough and expel a foreign body from the 

airway. Reported complications of the 

Heimlich maneuver include damage to internal 

organs, such as rupture or laceration of 

abdominal or thoracic viscera. To minimize the 

possibility of complications, do not place your 

hands on the xiphoid process of the sternum or 

on the lower margins of the rib cage. Your 

hands should be below this area but above the 

navel and in the midline. Some complications 

may develop even if the Heimlich maneuver is 

performed correctly. Regurgitation may occur 

as a result of abdominal thrusts and may be associated with aspiration. Repeat the 

thrusts until the object is expelled from the airway or the victim becomes 

unresponsive. The Heimlich maneuver is repeated until the object is expelled or the 

victim becomes unresponsive (loses consciousness). If the adult choking victim 

becomes unresponsive/unconscious during attempts to relieve FBAO begin CPR.  In 

fact, chest compressions may be effective for relief of FBAO in the unresponsive 

victim. The lay rescuer should attempt CPR with a single addition each time the 

airway is opened, look for the obstructing object in the back of the throat. If you see 

an object, remove it (Fig.1.23).  Тhe finger sweep should be used by healthcare 

providers only in the unresponsive/unconscious victim with complete FBAO. This 

sweep should not be performed if the victim is responsive or is having seizures. 
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Figure 1.23.  Finger sweep (from Circulation. 

2000 | Volume 102, Issue suppl_1: I-22–I-

59, originally published August 22, 2000). 

Figure 1.24. Laryngoscope and Magill 

Forceps. Using direct laryngoscopy to visualize 

the foreign body and remove with the Magill 

forceps. http://www.emdocs.net/pem-playbook-

foreign-bodies-in-the-head-and-neck/. 

With the victim face up, open the victim’s 

mouth by grasping both the tongue and lower 

jaw between the thumb and fingers and lifting 

the mandible (tongue-jaw lift). This action 

draws the tongue away from the back of the 

throat and from a foreign body that may be 

lodged there. This maneuver alone may be 

sufficient to relieve an obstruction. Insert the 

index finger of your other hand down along the 

inside of the cheek and deeply into the victim’s 

throat, to the base of the tongue. Then use a 

hooking action to dislodge the foreign body 

and maneuver it into the mouth so that it can be  

 removed. It is sometimes necessary to use the index finger to push the foreign body 

against the opposite side of the throat to dislodge and remove it. Be careful to avoid 

forcing the object deeper into the airway. 

 Two types of conventional forceps are acceptable for removal of a foreign 

body, the Kelly clamp and the Magill forceps. Forceps should be used only if the 

foreign body is seen. Either a laryngoscope or tongue blade and flashlight can be used 

to permit direct visualization(Fig.1.24.). The use of such devices by untrained or 

inexperienced persons is unacceptable.  

Cricothyrotomy should be performed only 

by healthcare providers trained and 

authorized to perform this surgical 

procedure.  If at any point, the victim with 

unconscious with absent or abnormal 

breathing, chest compressions are started in 

accordance with the standard BLS 

resuscitation algorithm and continued until 

the victim recovers and starts to breathe 

normally, or emergency services arrive.  The 

rationale for this is that chest compressions 

generate higher airway pressure than 

abdominal thrusts and may potentially 

alleviate the obstruction, whilst also 

providing some cardiac output.  

Approximately 50% of episodes of FBAO are not relieved by a single technique.The 

likelihood of success is increased when combinations of back blows and abdominal 

thrusts and, if necessary, chest thrusts are used. A blind finger sweep as a means of 

removing unseen solid material may worsen airway obstruction or cause soft tissue 

injury. Attempt a finger sweep only when an obstruction can be clear seen in the 

mouth.                                                                                                                  
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Chapter 2. ADULT ADVANCED LIFE SUPPORT 
 

Adult advanced life support (ALS) includes the advanced interventions that 

follow basic life support (BLS) and use of an automated external defibrillator (AED). 

Basic life support continues during and overlaps with ALS interventions. 

This ALS includes the prevention and treatment of both out-of-hospital cardiac 

arrest (OHCA) and in-hospital cardiac arrest (IHCA), the ALS algorithm (Fig.2.1), 

defibrillation, airway management during cardiopulmonary resuscitation (CPR), 

drugs and their delivery during CPR, and the treatment of peri-arrest arrhythmias.  

  

 

 
Figure 2.1 Advanced Life Support algorithm. ABCDE airway, breathing, circulation, disability, exposure. 

CPR cardiopulmonary resuscitation: ECG electrocardiogram: EMS emergency medical system: PEA 

pulseless electrical activity; PaCO2 arterial partial pressure of carbon dioxide; ROSC return of spontaneous 

circulation; SpO2 oxygen saturation; VF ventricular fibrillation; VT ventricular tachycardia (European 

Resuscitation Council Guidelines 2021). 
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The resuscitation teams should ensure that they should have immediate access 

to resuscitation equipment and drugs to facilitate rapid resuscitation of the patient in 

cardiac arrest. Equipment should be standardized and equipment checked regularly. 
 

2.1 Out-of-hospital cardiac arrest 
 

The annual incidence of OHCA in Europe is between 67 to 170 per 100,000 

inhabitants. Factors associated with survival are the initial rhythm, the place of arrest 

and the degree of monitoring at the time of collapse. Survival following out-of-

hospital cardiac arrest (OHCA) is only 10% or less, which makes prevention of 

OHCA important. Apparently healthy young adults who sustain sudden cardiac death 

(SCD) can also have signs and symptoms (e.g. syncope/pre-syncope, chest pain and 

palpitations) that should alert healthcare professionals to seek expert help to prevent 

cardiac arrest. Coronary heart disease (CHD) accounts for 80% of SCD, especially in 

older patients, and non-ischaemic cardiomyopathies account for another 20%. In the 

young, inherited diseases, congenital heart disease, myocarditis and substance abuse 

are predominant causes. Knowledge of the cause of SCD will assist in early treatment 

and the prevention of OHCA (Table 2.1). 
 

Table 2.1 Causes of sudden cardiac arrest. European Resuscitation Council Guidelines 2021 

Coronary of sudden disease 

ST- segment elevation 

Other myocardial infarction 

Unstable angina 

Silent ischemia 

Electrical heart disease, often associated with SCD in the young 

Long QT-syndrom (LQTS) 

Short QT syndrome 

Brugada syndrome 

Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT) 

Triadin knock-out syndrome (TKOS) 

Arrythmogenic bi-leaflet mitral valve prolapse (ABiMVPS) 

Drug or medication induced 

Non-atherosclerotic coronary anomalies 

Congenital heart disease 

Hypertrophic cardiomyopathy (HCM) 

Dilated cardiomyopathy (DCM) 

Valvular heart disease 

 

The aim of ALS for OHCA is to provide the same interventions as available in 

hospital as early as possible, and to rapidly transfer the patient to hospital for those 

interventions that are not feasible out-of-hospital. 

Several patient and CPR factors affect outcome from OHCA (Table 2.2).  
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Table 2.2 Patient and CPR factors affecting outcome from OHCA 

Patient 

Age 

Sex 

Comorbidities 

Cardiac function 

Pulmonary function 

Renal function 

Trauma 

Special circumstances 

Cardiopulmonary resuscitation 

Location (private vs. public) 

Witnessed vs. unwitnessed cardiac arrest 

Bystander CPR 

Type of bystander CPR (compression only vs. standard) 

First cardiac arrest rhythm 

Use of AED by bystander 

Time to return of spontaneous circulation 

   AED Automated external defibrillation; CPR Cardiopulmonary resuscitation.  

  (European Resuscitation Council Guidelines 2021). 

 

Chest compressions and early defibrillation are the cornerstones of CPR in 

OHCA.  

 

2.2 In-hospital cardiac arrest 

 
IHCA can be defined as any cardiac arrest that occurs on the hospital premises 

(Algorithm resuscitation IHCA see p.156). The annual incidence of IHCA in Europe 

is between 1.5 and 2.8 per 1,000 hospital admissions.  In-hospital cardiac arrest 

(IHCA) is often preceded by physiological deterioration. In approximately 80% of 

cases, there is deterioration in clinical signs during the few hours before the cardiac 

arrest. Those who do survive an in-hospital cardiac arrest most likely have a 

witnessed and monitored ventricular fibrillation (VF) arrest and receive a prompt and 

successful defibrillation.  

Cardiorespiratory arrest in a hospital is not usually sudden or unpredictable. 

Common problems are hypotension and hypoxia. Patients in this group usually have a 

non-shockable rhythm and the survival rate to hospital discharge is very low, i.e. 

fewer than 20% of adult patients.  This provides an opportunity to recognise 

deterioration and prevent the cardiac arrest. The 5 key steps have been conceptualised 

as the chain of survival: 

 Staff education 

 Monitoring 

 Recognition 

 Call for help 

 Response 
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Staff education include of vital signs, a structured ABCDE-type approach that 

includes assessment and initial treatment interventions.  It involves working through 

the following steps: 

 Airway 

 Breathing 

 Circulation 

 Disability 

 Exposure  

It is important to do a complete initial assessment and re-assess responses to 

treatment regularly. Any life-threatening problems must be treated before moving on 

to the next part of the assessment. Key points include calling for help early, using all 

members of the team and communicating effectively. There are a few basic steps to 

take with all patients. First, ensure your personal safety and look at the patient in 

general to see if the patient looks unwell. Asking simple questions such as ‘how are 

you?’ or if the patient appears unconscious, shake him gently and ask, ‘are you all 

right?’ If the patient responds normally, you will know the airway is open, the patient 

is breathing and there is adequate brain perfusion. Speaking in short sentences may 

indicate breathing problems. If the patient fails to respond, this is a clear sign of 

critical illness. Basic monitoring should be initiated promptly including pulse, blood 

pressure and respiration rate. A pulse oximeter and ECG monitor should be applied 

as soon as possible for all critically ill patients. Insertion of an IV cannula should also 

be done as quickly as possible with blood being sent for further investigations. 

 

2.3 The Early Warning Score (EWS) 

 

The Early Warning Score is a scoring system which assists with the detection 

of physiological changes and may help identify patients at risk of further 

deterioration. Acute deterioration in critical ill patients is often preceded by changes 

in physiological parameters, such as pulse, blood pressure, temperature and 

respiratory rate. If these changes in the patient's vital parameters are recognized early, 

serious adverse events such as cardiac arrest may be prevented. 

 Six simple physiological parameters form the basis of the scoring system: 

respiration rate, oxygen saturation, systolic blood pressure, pulse rate, level of 

consciousness or new confusion, temperature. The resulting observations are 

compared to a normal range to generate a single composite score (Table 2.3). 

A score of five or more is statistically linked to increased likelihood of death or 

admission to an intensive care unit.  

To help detect deterioration and clinical illness early, all patients should have a 

documented plan for vital sign monitoring that includes which physiological 

measurements should be recorded and how frequently. Track and trigger systems are 

useful in identifying changes in vital signs and alerting staff to a deterioration in a 

patient’s condition. 
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Table 2.3 Early Warning Score (EWS) 

 
The AVPU scale (an acronym from "alert, verbal, pain, unresponsive") is a system by which a 

health care professional can measure and record a patient's level of consciousness. 

 

2.4 ABCDE approach 

 

The use of the ABCDE approach provides a systematic tool for assessing and 

treating all critically ill patients and should be used for all patients. 

A – Airway. Assess the airway first. Any airway obstruction is an emergency 

and it is important to get expert help immediately. Signs of airway obstruction 

include:  

 paradoxical chest and abdominal movements and the use of accessory muscles 

of respiration;  

 central cyanosis (e.g. blue lips and mouth) – be aware of, this is a late sign;  

 partial obstruction may present with noisy breathing; complete obstruction 

presents with no breath sounds at the nose or mouth. Simple methods of airway 

clearance may be all that are needed. These include airway opening manoeuvres, 

suction and insertion of a nasopharyngeal or oropharyngeal airway. Tracheal 

intubation may be needed if other techniques fail (see below).  

 Oxygen should be given at a high concentration using a mask with an oxygen 

reservoir. A mask with a reservoir bag can deliver an inspired oxygen concentration 

of approximately 85% at flows of 10–15 L/min. Oxygen may be given with a self-

inflating bag if the patient’s trachea is intubated. The aim is to achieve a normal 

oxygen saturation of 97–100%.  

B – Breathing. Life-threatening conditions may be impairing breathing (e.g. 

acute severe asthma, pulmonary oedema, tension pneumothorax or massive 

haemothorax). These should be diagnosed and treated immediately.  

Breathing is assessed using the look, listen and feel approach. General signs of 

respiratory distress include sweating, central cyanosis, use of the accessory muscles 

of respiration and abdominal breathing. Other important points for assessing 

breathing include:  

 Count the respiratory rate. A normal rate is 12–20 breaths/min. It is useful to 

compare readings with previously recorded measurements. A high or increasing 

https://en.wikipedia.org/wiki/Level_of_consciousness
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respiratory rate is a marker of critical illness and a warning that sudden deterioration 

may occur.  

 Assess the chest during breathing, noting the depth of each breath, the pattern 

of respiration and whether chest expansion is normal and equal on both sides. Any 

chest deformities may increase the risk of deterioration in the ability to breathe 

normally.  

 Measure the oxygen saturation using pulse oximetry and record this along with 

the inspired oxygen concentration. A patient receiving oxygen does not necessarily 

have adequate ventilation. It is possible that the patient is breathing inadequately and 

has a high partial pressure of carbon dioxide (PaCO2).  

  Listen for audible breathing noises such as stridor or wheezing that suggest 

partial airway obstruction. Rattling airway noises may indicate secretions in the 

airway, usually related to the patient’s inability to cough or breathe deeply.  

 Chest percussion and auscultation may also provide useful assessment 

information. Perform these if you are trained to do so. 

 If the patient’s depth or rate of breathing is inadequate or if the patient has 

stopped breathing, use a pocket mask or two-person bag-mask (see below) ventilation 

while calling for expert urgent help. 

C – Circulation. A failure to perfuse vital organs can lead to permanent 

damage and death. A rapid assessment of the circulation is vital. In almost all medical 

and surgical emergencies, hypovolaemia should be considered as the likeliest cause 

of shock. Any patient with cool peripheries and a high heart rate should receive IV 

fluid unless there is an obvious contraindication (e.g. chest pain and cardiac failure). 

Circulation assessment includes:  

 Observation of the hands and fingers for colour and temperature. Blue, mottled, 

cool hands indicate decreased blood perfusion to the peripheries.  

  Measurement of capillary refill time – normal refill time is  2 seconds. A 

prolonged time suggests poor peripheral perfusion, but this can be affected by other 

factors such as cold surroundings, poor lighting or old age.  

  Pulse measurement – a normal rate is considered 60 and 90 beats/min, though 

as this varies between individuals, changes in the recorded trend rather than one-off 

values are important. A thin, thready pulse with cool peripheries can indicate low 

cardiac output. A full, bounding pulse with warm peripheries can indicate sepsis. An 

irregular pulse can indicate cardiac rhythm abnormalities.  

  Blood pressure measurement – it remains an important measure of critical 

illness, though a reduction in blood pressure from baseline values is often a delayed 

sign of shock, as heart rate and force of contraction and peripheral vasoconstriction 

act to normalise blood pressure. A low diastolic blood pressure suggests arterial 

vasodilation (e.g. anaphylaxis or sepsis). Looking for obvious signs of bleeding 

from wounds or drains. A patient may be bleeding in the body cavity without 

evidence of blood in surgical drains, so it is also important to consider concealed 

bleeding. Treatment of cardiovascular collapse is aimed at fluid replacement, 

control of bleeding and restoring tissue perfusion. Conditions that are immediately 

life-threatening (e.g. cardiac tamponade, haemorrhage or septic shock) must be 
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identified and treated urgently. Intravenous cannulation should be established with a 

large bore cannulae as soon as possible. Blood may be taken during cannulation and 

sent for routine haematological, biochemical, coagulation and microbiological 

investigations. A rapid fluid challenge should be given of 500 mL of warmed 

crystalloid solution (e.g. Hartmann’s or 0.9% saline) over 5–10 minutes if the 

patient has a normal blood pressure. Hypotensive patients should receive 1 L of 

warmed crystalloid solution (e.g. Hartmann’s or 0.9% saline). If the patient has 

known cardiac failure, give 250 mL of fluid and monitor the patient closely. Pulse 

and blood pressure monitoring should continue regularly (5 minutes), aiming for the 

patient’s normal blood pressure or a systolic blood pressure of >100 mm Hg. The 

fluid challenge may be repeated if the patient does not improve.  

 Any patient with primary chest pain and a suspected ACS should be assessed 

using the ABCDE approach – using the treatment of oxygen, morphine, 

nitroglycerine and aspirin as well as obtaining a 12-lead ECG. 

D – Disability. Many acutely ill patients have changes in their conscious level. 

Common reasons include profound hypoxia, hypercapnia, cerebral hypoperfusion due 

to hypotension or the recent administration of analgesics or sedative drugs. 

Reviewing and treating the ABCs will prove useful in excluding hypoxia and 

hypotension. The patient’s drug chart will provide information about recent drugs 

given. If available, the appropriate antagonist agent should be given (e.g. naloxone 

for opioid overdose). A full neurological examination may be helpful. For the 

purposes of rapid assessment of responsiveness in the acutely ill patients, the AVPU 

scale is commonly used. A – alert; V – responds to voice; P – responds to pain; U – 

unresponsive.  

Blood glucose should always be monitored to exclude hypoglycaemia as a 

cause for change in the level of consciousness. Give 40-60 mL 40% glucose solution 

if the level is below 3 mmol. Give further doses as needed to correct the blood 

glucose. 

E – Exposure. Exposure refers to the necessity for a full visual physical 

inspection and examination of the patient. For example, there may not be an obvious 

sign of bleeding or of injury; therefore, it is important to examine the patient from 

head to toe, front and back. Maintain the patient’s dignity at all times. 

Hospital systems should aim to recognize cardiac arrest, start CPR 

immediately, and defibrillate rapidly ( 3 min) when appropriate. 

 

2.5 Cardiopulmonary resuscitation 

 

 All hospital staff should be able to rapidly recognize cardiac arrest, call for 

help, start CPR and defibrillate (attach an AED and follow the AED prompts, or use a 

manual defibrillator).  

 Give a shock as early as possible when appropriate. 

 Deliver shocks with minimal interruption to chest compression, and minimize 

the pre-shock and post-shock pause. This is achieved by continuing chest 
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compressions during defibrillator charging, delivering defibrillation with an 

interruption in chest compressions of less than 5 s and then immediately resuming 

chest compressions. 

 Immediately resume chest compressions after shock delivery. If there is a 

combination of clinical and physiological sings of return of spontaneous circulation 

(ROSC) such as waking, purposeful movement, arterial waveform (Fig.2.2) or a 

sharp rise in end-tidal carbon dioxide (ETCO2) (Fig.2.3), consider stopping chest 

compressions after for rhythm analysis, and if appropriate a pulse check.  

 Continue CPR while a defibrillator is retrieved and pads applied. 

 

 

 
Figure2.2 The arterial waveform. (https://aneskey.com/chapter-35-arterial-pressure-waveforms/). 

 

 
Figure 2.3 A CO2 waveform during CPR; B - Return of spontaneous circulation is indicated by an abrupt 

and sustained increase in the height of capnogram.  Capnography during cardiopulmonary resuscitation 

(From Current evidence and future directions, J Emerg. Trauma Shock 2014; 7:332-40). 

 

Cardiac arrest is associated with either shockable rhythms (ventricular 

fibrillation/pulseless ventricular tachycardia (VF/pVT) or non-shockable rhythms 

(asystole and pulseless electrical activity (PEA) (see ECG above  BLS).  

 

Defibrillation 
 

Defibrillation is vital component of CPR as it has the potential to terminate 

VF/pVT and achive ROSC. As its effectiveness decreases with time and VF duration, 

defibrillation attempts must be timely, whilst remaining efficient. Immediate 

defibrillation of VF should be attempted. 

https://aneskey.com/chapter-35-arterial-pressure-waveforms/
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 Figure 2.4 Multifunction defibrillator/ 

monitor (from Clinical Procedures in 

Emergency Medicine by Saunders, 2010). 

Figure 2.5 bi-axillary alternative pad 

position when the patient is in the prone 

position (American Journal of Emergency 

Medicine 38, 2416–2424;2020). 
 

Defibrillators currently in use are classified by the type of shock waveforms 

that they produce. There are two general types of waveforms, monophasic and 

biphasic; no specific waveform has been proved to be superior to another. The 

biphasic waveforms have been shown to be more efficient in achieving first-shock 

termination of VF than monophasic waveforms. 

Because of their poorer efficacy, when compared 

to biphasic waveforms, the recommended first 

shock energy level when using a monophasic 

defibrillator is 360J. Biphasic waveforms 

provide bidirectional flow of current in two 

phases at a much lower energy than conventional 

defibrillators. Defibrillators manufactured today 

are primarily biphasic (Fig.2.4). 

  Knowledge of how to use a defibrillator 

(manual or AED) is key for rescuers performing 

advanced life support. Rescuers who use a 

manual defibrillator should aim to take less 

than 5 s to recognize a shockable cardiac arrest 

rhythm and make the decision to give a shock 

in order to minimize interruption to chest 

compressions.  

 

Energy levels and number of shocks 

 Use single shocks where indicated, followed by a 2 min cycle of chest 

compressions. 

 Antero-lateral pad position is the position of choice for initial pad placement. 

The right (sternal) pad is placed to the right of the sternum. Ensure that the apical 

(lateral) pad is positioned correctly (mid-axillary line, level with the V6 pad position) 

i.e. below the armpit (see figure above - BLS).  

Other acceptable pad positions include: 

o Placement of each pad on the lateral chest 

walls, one on the right and the other on the left 

side (bi-axillary) (Fig.2.5). 

o One pad in the standard apical position 

and the other on the right upper back. 

o One pad anteriorly, over the left 

precordium, and the other pad posteriorly to the 

heart just inferior to the left scapula. 

The use of up to three-stacked shocks may 

be considered only if initial ventricular 

fibrillation/pulseless ventricular tachycardia 

(VF/pVT) occurs during a witnessed, monitored 

cardiac arrest with a defibrillator immediately 



39 
 

Figure 2.6 «Hands-on» defibrillation. 

(American Journal of Emergency Medicine 38 

(2020) 2416–2424). 

available e.g.  during catheterization or in a high dependency area. 

 In patient with an implantable device, place the pad >8 cm away from the 

device, or use an alternative pad position. Also consider an alternative pad position 

when the patient is in the prone position (bi-axillary).  

 Optimal energy for defibrillation are unknown.  

 Manufacturers should display the effective waveform dose range on the face of 

the biphasic defibrillator. If the rescuer is unaware of the recommended energy 

setting of the defibrillator, for an adult use the highest energy setting for all shocks. 

 Defibrillation shock energy levels for biphasic waveform, deliver the first with 

an energy of at least 150 J.  

 A shock can be safely delivered without interrupting mechanical chest 

compression. 

 Minimaze the risk of fire by taking off any oxygen mask or nasal cannulae and 

place them at least 1 m away from the patient’s chest. Ventilator circuits should 

remain attached. 

 During manual chest compressions, «hands-on» (Fig.2.6) defibrillation, even 

when wearing clinical gloves, is a risk to the 

rescuer. 

 When using handheld paddles, a force of 

8 kg in adults. 

 Since paddles have a bare metal surface, 

there is a risk of arcing, superficial cutaneous 

burns; however, these adverse effects can be 

minimised and electrical conduction improved 

by using gel pads. 

 Do not delay CPR for rhythm reanalysis 

or a pulse check immediately after a shock. 

Continue CPR for 2 min until rhythm 

reanalysis is undertaken and another shock 

given (if indicated). Even if the defibrillation 

attempt is successful, it takes time until the 

post shock circulation is established and it is very rare for a pulse to be palpable 

immediately after defibrillation. Patients can remain pulseless for over 2 min and the 

duration of asystole before ROSC can be longer than 2 min in as many as 25% of 

successful shocks. 

 Refibrillation is common and occurs in > 50% of patients following initial first-

shock termination of VF. In these cases if a shockable rhythm recurs after successful 

defibrillation with ROSC, and the defibrillator is capable of delivering shocks of 

higher energy, it is reasonable to increase the energy for subsequent shocks. 

 

Recurrent or refractory VF 

 Consider escalating the shock energy, after a failed shock and for patients 

where refibrillation occurs.  
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 For refractory VF, consider  using an alternative defibrillation pad position 

(e.g. anterior-posterior) ( Fig.2.7). 

 Do not use dual (double) sequential defibrillation for refractory VF outside of a 

research setting. 

 
Figure 2.7 Combination pads in an anterior-posterior position 

( https://thoracickey.com/electrical-therapy-2/). 

 

Implantable cardioverter defibrillators 

Implantable cardioverter defibrillators (ICDs) are becoming increasingly 

common as they are implanted more frequently in an aging population. They are 

implanted because a patient is at risk from, or has had, a life-threatening shockable 

arrhythmia. They are usually embedded under the pectoral muscle below the left 

clavicle. More recently, extravascular devices can be implanted subcutaneously in the 

left chest wall, with a lead running parallel to the left of the sternum. On sensing a 

shockable rhythm, an ICD will discharge approximately 40 J (approximately 80 J for 

subcutaneous devices) through an internal pacing wire embedded in the right 

ventricle. 

Other interventions, including high-quality chest compressions, airway 

management and ventilation, venous access, administration of adrenaline and the 

identification and treatment of reversible causes, are common for all arrests. 
 

Airway and ventilation 

 
Current guidelines recommend that, after a primary cardiac arrest, restoring a 

circulation with chest compressions and, if appropriate, attempted defibrillation to 

restart the heart take priority over airway and ventilation interventions. When cardiac 

arrest follows airway and/or breathing problems (asphyxial cardiac arrest), earlier 

interventions to restore adequate oxygenation to the vital organs may be preferable.  

 Using bag-mask ventilation or an advanced airway strategy during CPR for 

adult cardiac arrest in any setting (see figure below). 

 Supraglottic airway (SGA) or tracheal intubation (TT) for adults if an advanced 

airway is used with OHCA and IHCA. 

https://thoracickey.com/electrical-therapy-2/
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 After cardiac arrest a combination of basic and advanced airway and 

ventilation techniques are used during cardiopulmonary resuscitation (CPR) and after 

a return of spontaneous circulation (ROSC). 

 During CPR, start with basic airway techniques and progress stepwise 

according to the skills of the rescuer until effective ventilation is achieved (Fig.2.8).  

 

 
Figure 2.8 Stepwise approach to airway management during cardiopulmonary  

resuscitation (from Crit Care 2018 Aug 15;22(1):190). 

 

 The patient may have liquid (gastric contents, saliva, blood) present in the 

upper airway. This has the potential to cause airway obstruction or aspiration and 

therefore needs to be removed from the upper airway as quickly as possible. There 

are a variety of suction devices available to assist in clearing the upper airway. 

 Use a wide-bore rigid suction end to remove liquid (blood, saliva and gastric 

contents) from the upper airway (Fig.2.9). 

 The rescuer should always wear 

gloves when suctioning the patient. To 

perform oropharyngeal suctioning the 

suction device should be carefully inserted 

into the patient’s mouth. The tip of suction 

device should be visible at all times to 

avoid stimulating a gag reflex.  

In an unconscious patient with 

suspected foreign body airway obstruction 

(choking) if initial basic measures are 

unsuccessful use laryngoscopy and 

forceps to remove the foreign body under 

direct vision (see section BLS).  

 Giving the highest feasible inspired oxygen concentration during cardiac arrest 

to maximise oxygen delivery to the brain thereby minimising hypoxic-ischemic 

injury. Immediately after ROSC, as soon as arterial blood oxygen saturation can be 

monitored reliable  (by pulse oximenry or arterial blood gas analysis ), titrate the 

Figure 2.9 Airway suctioning using large-bore 

rigid suction catheter 

(https://surgeryreference.aofoundation.org/) 
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Figure 2.11 Video laryngoscopy with 

glidescope (Clinical procedures in emergency 

medicine / editors, James R. Roberts, Jerris R. 

Hedges; associate editors, Catherine B. 

Custalow [et al.]. 

 

inspired oxygen concentration to maintain the arterial blood saturation between 94-

98% or arterial blood presure of oxygen (PaO2) of 10-13 kPa or 75-100 mmHg. 

 After ROSC for both IHCA and OHCA, most patients have a post-cardiac 

arrest syndrome, are comatose with impaired airway reflexes and ventilation and/or 

have an indication for tracheal intubation based on their underlying condition.  

 

Tracheal intubation: 

 Isolates the airway and prevents foreign material from entering the oropharynx. 

 Ventilation can generally be achieved without leaks. 

 Prescribed tidal volumes can be delivered. 

 If an advanced airway is required, rescuers with a high tracheal intubation 

success rate should use tracheal intubation (Fig.2.10). 

 
Figure 2.10 Direct laryngoscopy and tracheal intubation (Clinical procedures in emergency medicine / 

editors, James R. Roberts, Jerris R. Hedges ; associateeditors, Catherine B. Custalow). 

 

Drug-assisted intubation by critical care teams for both IHCA and OHCA 

patients with ROSC using a protocol-based approach (e.g. with ketamine or 

midazolam, fentanyl and rocuronium) can 

be safe and effective. 

 Aim for less than a 5 s interruption  in 

chest compression for tracheal intubation. 

 Use direct or video laryngoscopy for 

tracheal intubation (Fig. 2.10, 2.11). 

 Сonfirmation of correct placement of 

tracheal tube (TT). Unrecognition 

oesophageal intubation is the most serious 

complication of attemted tracheal 

intubation. Initial assessment includes 

observation of bilateral chest expansion, 
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bilateral lung auscultation in the axillae (breath sounds should be equal and adequate) 

and over epigastrium (breath sounds should be absent). Clinical signs of correct TT 

placement is condensation in the tube, chest rise, breath sounds on auscultation of 

lungs, and inablity to hear gas entering the stomach) are not reliable. Use waveform 

capnography to confirm tracheal tube position. Routine use of clinical assessment and 

immediately capnography reduces this risk significantly. 

Give each breath over 1 s to achieve a visible chest rise. 

  

Figure 2.12  a supraglottic airway (SGA) has been 

inserted(https://www.jems.com). 

Figure 2.13  Bag - ventilation with Supraglottic  

airway(https://clinical.stjohnwa.com.au/medical-

library). 

 Continue chest compressions without pausing during ventilations.  

 Accidental dislodgement of a TT can occur at any time but may be more likely 

during CPR and during transport. The SGA is more prone to being dislodged than a 

TT. The most effective method for securing the TT or the SGA has yet to be 

determined. Use either conventional tapes or ties, or purpose-made holders 

(Fig.2.14). 

Cricothyroidotomy 
 

Occasionally it will be impossible to 

ventilate an apneic patient with a bag-mask, 

or to pass a TT or SGA. This may occur in 

patients with extensive facial trauma or 

laryngeal obstruction caused by oedema, 

tumor or foreign material. In this 

circumstances, delivery of oxygen though a 

surgical cricothyroidotomy may be 

lifesaving.  

A tracheostomy is contraindicated in an 

emergence because it is time consuming, 

hazardous and requires considerable 

surgical skill and equipment.  

Figure 2.14 Endotracheal tube secued with 

Thomas endotracheal tube holder 

(//www.researchate.net/). 
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Figure 2.15 Bone injection-intraosseous 

access (https://www.ems1.com/). 
 

Surgical cricothyroidotomy provides a definitive airway that can be used to 

ventilate the patient’s lungs until tracheostomy is performed. Needle 

cricothyroidotomy is a much more temporary procedure providing only short-term 

oxygenation. 

2.6 Drugs and fluids: 

 

 Attempt intravenous (IV) access first to enable drug delivery in adults in 

cardiac arrest. Consider intraosseous (IO) 

access if attempts at IV access are 

unsuccessful or IV access is not feasible 

(Fig.2.15). 

 Give adrenaline 1mg IV(IO) as soon as 

possible for adult patients in cardiac arrest 

with a non-shockable rhythm. 

 Give  adrenaline 1mg IV(IO) after the 

3
rd

 shock for adult patients in cardiac arrest 

with a shockable rhythm. 

 Repeat adrenaline 1 mg IV(IO) every 

3-5 min whilst ALS continues. 

 Give amiodarone 300 mg IV(IO) for adult patients in cardiac arrest who are in 

VF/pVT after three shocks have been administered. Give a further dose of 

amiodarone 150 mg IV (IO) for adult patients in cardiac arrest who are in VF/pVT 

after five shocks have been administered. 

 Lidocaine 100 mg IV(IO) may be used as an alternative if amiodarone is not 

available. An additional bolus of lidocaine 50 mg can also be given after five 

defibrillation attempts. 

 Consider thrombolitic drug therapy when pulmonary embolus is the suspected 

or confirmed cause of cardiac arrest. 

 Consider CPR for 60-90 min after administration of thrombolytic drugs.  

 ERC maintains recommendation to avoid the routine infusion of large volume 

fluids in the absence of evidence of suspicion of a hypovolaemic cause of the cardiac 

arrest. 

Waveform capnography during advanced life support 

 Use waveform capnography to confirm correct tracheal tube placement during 

CPR (Fig.2.16) 

 
Figure 2.16 Normal capnography (from Joe Hylton, MA, Clinical Applications Specialist, Hamilton 

Medical Inc.,). 

 Use waveform capnography to monitor the quality of CPR (Fig.2.17). 
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              Figure 2.17 Capnography during CPR. ROSC is reflected by a sudden rise in EtCO2. 

              (From Critical Care/ Resus, Pulmonary Feb 6, 2019 by Jennifer Rabjohns, MD). 

 

 An increase in ETCO2 during CPR may indicate that ROSC has occurred. 

However, chest compressions should not be interrupted based on this sign alone. 

 Although high and increasing ETCO2  values are associated with increased 

rates of ROSC and survival after CPR, do not use  a low ETCO2  value alone to 

decide if a resuscitation attemt should be stopped.  Failure to achieve an ETCO2 

value > 1,33 kPa (10 mmHg) during CPR is associated with a poor outcome. 

 

Mechanical chest compression devices 

 Consider mechanical chest compressions (Fig.2.18) only if high-quality manual 

chest compression is not practical or compromises provider safety. 

  

Figure 2.18 Mechanical chest compression devices (From the state of Queensland Ambulance Service 

2020). 

 When a mechanical chest compression device is used, minimize interruptions 

to chest compression during device use by using only trained teams familiar with the 

device. 

2.7 Extracorporeal CPR 

 

 Consider extracorporeal CPR (E-CPR) as a rescue therapy for select patients 

with cardiac arrest when conventional ALS measures are failling or to facilitate 

specific intervention (e.g. coronary angiography and percutaneous coronary 

https://www.aliem.com/2015/10/pv-card-continuous-end-tidal-co2-monitoring/
https://www.aliem.com/category/emergency-medicine-clinical/system/critical-care-resus/
https://www.aliem.com/category/emergency-medicine-clinical/system/pulmonary/
https://www.aliem.com/author/jennifer-rabjohns/
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intervention, pulmonary thrombectomy for massive pulmonary embolism, rewarming 

after hypothermic cardiac arrest) in setting in which it can be imlemented (Fig.2.19).  

 Extracorporeal membrane oxygenation (ECMO) is a combination of a blood 

pump and an oxygenator that can be used to support either pulmonary or both 

pulmonary and cardiac function. The increased adoption of E‐CPR has been 

facilitated by the advent of small, portable ECMO devices and circuit 

improvements. Attributable to advances in ECMO technology, it is possible to deliver 

either partial or full cardiorespiratory support for weeks or months, if required. 

 An ECMO circuit consists of a centrifugal pump and a membrane oxygenator 

for oxygen delivery, CO2 removal, and temperature management. In E‐CPR, 

venoarterial ECMO is established while cardiopulmonary resuscitation (CPR) is 

ongoing. The drainage (access) cannula is placed into the inferior vena cava via the 

femoral vein, and the “return” cannula is inserted into the femoral artery to the level 

of the common iliac artery.  

 
Figure 2.19 Venoarterial extracorporeal membrane oxygenation (ECMO) using a peripheral configuration. 

Venous blood (blue) is drained via a cannula positioned at the inferior vena cava to the right atrial junction 

and passes through the extracorporeal membrane where oxygenation and CO2 removal occurs. The now 

oxygenated blood (red) is returned via a “return” cannula position in the common iliac artery or descending 

aorta. The distal perfusion catheter, applied after ECMO support is established, is inserted into the 

superficial femoral artery distal to the insertion point of the femoral return cannula, and it supplies 

oxygenated blood to the distal limb to prevent distal limb ischemia. (Originally published 6 May 2020/ 

Journal of the American Heart Association. 2020;9:e 016521). 
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Use of ultrasound imaging during advanced life support 

 Only skilled operators should use intra-arrest point-of-care ultrasound 

(POCUS). 

 POCUS must not cause additional or prolonged interruption in chest 

compressions. 

 POCUS may be useful to diagnose treatable causes of cardiac arrest such as 

cardiac tamponade and pneumothorax (Fig.2.20, 2.21). 

 

 
Figure 2.20 Right ventricle collapse (left) in early diastole (end of T wave) in a patient with cardiac 

tamponade. On the right, collapse of both atria in another patient with signs of tamponade. (Pérez-

Casares A, Cesar S, Brunet-Garcia L and Sanchez-de Toledo J (2017) Echocardiographic Evaluation of 

Pericardial Effusion and Cardiac Tamponade. Front. Pediatr. 5:79). 

 

The sign of presence of air in the pleural space is the “Barcode sign” or 

“Stratosphere sign” on M-mode. The air will produce only the horizontal lines 

throughout the image (Fig. 2.21). The patient should position accurately supine to 

allow locality of pleural gas effusion in non-dependant lung fields. To exactly detect 

the partial pneumothorax, examination should include the lateral regions of the chest 

wall to localize the point where the normal lung pattern (lung sliding) replaces the 

pneumothorax pattern (absent sliding and horizontal A-lines). This describes as the 

“Lung point”. 

 

 
Figure 2.21 The lung point (the arrow) is an ideal sign of pneumothorax. (The Egyptian Journal of 

Radiology and Nuclear Medicine Volume 49, Issue 2, June 2018, Pages 346-351). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/pleural-cavity
https://www.sciencedirect.com/topics/medicine-and-dentistry/pneumothorax
https://www.sciencedirect.com/science/journal/0378603X
https://www.sciencedirect.com/science/journal/0378603X
https://www.sciencedirect.com/science/journal/0378603X/49/2
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 Right ventricular dilation in isolation during cardiac arrest should not be used 

to diagnose massive pulmanary embolism. 

 Do not use POCUS for assessing contractility of the myocardium as a sole 

indicator for terminating CPR. 

 Health care providers can now perform point-of-care ultrasound at the bedside 

using handheld machines of varying sizes that are considerably more portable than 

traditional full platform systems (Fig.2.22). 

 

 
Figure 2.22 Modern POCUS systems can be attached to a tablet (figure on the right), or even a cell phone 

(figure on the left). [Echocardiography (JM Gardin and AH Waller, Section Editors, Published: 17 

September 2020). 

 

2.8  Peri-arrest arrhythmias 
 

 The assessment and treatment of all arrhythmias addresses the condition of the 

patient (stable versus unstable) and the nature of the arrhythmia. Life-threating 

features in an unstable patient include: 

 Shock  appreciated as hypotension ( e.g. systolic blood pressure < 90 mm.Hg) 

and symptoms of increased sympathetic activity and reduce cerebral blood flow. 

 Syncope  as a consequence of reduced cerebral blood flow.   

 Severe heart failure  manifested by pulmonary oedema (failure of the left 

ventricle or/and raised jugular venous pressure failure of the right ventricle). 

 Myocardial ischemia may present with chest pain (angina) or may occure 

without pain as an isolated finding on the 12-lead ECG (silent ischemia). 

 Excessive tachycardia – a narrow or broad-complex tachycardia can 

significantly decrease diastolic time, resulting in impaired coronary blood flow and 

lead to myocardial ischaemia. 

 Excessive bradycardia – usually defined as a rate less than 40 bpm, although 

some patients with low cardiac reserve may become symptomatic at rates of 60 bpm. 

 

Treatment options 

Three main options are available:  

https://link.springer.com/article/10.1007/s11886-020-01394-y#article-info
https://link.springer.com/article/10.1007/s11886-020-01394-y#article-info
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 pharmacological therapies (Table 2.4) – anti-arrhythmic drugs tend to be less 

predictable and act much slower than electrical cardioversion in restoring sinus 

rhythm. More suitable for clinical stable patients. 

 
Table 2.4. Recommendations for the acute management of narrow and wide ORS tachycardia 
 Drug Indication Timing Dose Notes 

Vagal 

Manoeure 

Narrow and 

wide QRS 

tachycardia  

  Preferably in the 

 supine position 

with leg elevation 

Adenosine Narrow or 

wide QRS 

tachycardia 

Recommended 

 if vagal 

manoeuvres 

fail 

Incremental, Starting at 

6mg, followed by12mg 

IV. 

An 18mg dose should 

then be considered. 

When using an 18mg 

dose,take into 

Account the 

tolerability/side effects 

in the individual 

patient. 

Verapamil 

or diltiazem 

Narrow QRS 

tachycardia 

Consider if 

vagal 

manoeuvres 

and 

adenosine fail 

Verapamil 

(0.075- 0.15mg/kg IV 

[average 5 -10mg] over 

2 min). 

Diltiazem 

 [0.25mg/kg IV(average 

20mg) over 2min]. 

Should be avoided 

 in patients 

with haemodynamic 

 instability, HFwith 

 reduced LV 

 ejection fraction 

 (< 40%) 

Beta-blockers 

(IVesmolol 

 or 

metoprolol) 

Narrow QRS 

 tachycardia 

Consider if 

 vagal 

manoeuvres 

 and 

 adenosine 

 fail 

Esmolol (0.5mg/kg  

IV bolus or 0.05 - 

0.3mg/kg/min 

infusion). 

Metoprolol 

 (2.5 - 15mg given 

IV in 2.5mg boluses) 

More effective 

 In reducing 

 the heart rate 

 than in terminating 

tachycardia. 

Procainamide Wide QRS 

 tachycardia 

Consider 

 if vagal 

manoeuvres 

and adenosine 

fail 

10 – 15 mg/kg IV 

 over 20 min. 

 

Amiodarone Narrow and 

 Wide QRS 

 tachycardia 

Consider 

 if vagal 

manoeuvres 

and adenosine 

fail 

300 mg IVover 

 10 - 60 min 

 according to 

 circumstances  

 followed by infusion of 

 900 mg in 24h 

 

Magnesium Polymorphic 

 Wide QRS 

 tachycardia 

(torsades de 

 pointes 

(TdP) 

 2 g IV over 10 min. 

 Can be repeated once 

 if necessary. 

Magnesium can 

 suppress episodes of 

TdP without 

 necessarily shortening 

 QT,even when 

 Serum magnesium 

concentration is normal. 

(Drugs may be administrered via peripheral IV in an emergency. HF heart; LV left ventricular). 

(European Resuscitation Council Guidelines 2021). 
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 electrical cardioversion is recommended for patients presenting adverse clinical 

signs;  

 cardiac pacing. The purpose of cardiac pacing is to restore or ensure effective 

cardiac depolarization. 

The major peri-arrest rhythms include: 

o atrial fibrillation;  

o narrow-complex tachycardia (QRS duration ≤0,12 sec);  

o broad-complex tachycardia (QRS duration ≥0,12 sec); 

o bradycardia (HR<60 bpm). 

 

2.8.1 Tachyarrhythmias 
 

 Tachyarrhythmias (heart rate > 100 beats/min) are common in the intensive 

care unit, and are nine times more common than bradyarrhythmias. Tachyarrhythmia 

is commonly associated with the following: 

 Hypoxia. 

 Hypovolaemia. 

 Pain. 

 Shock. 

 Electrolyte disturbances (most commonly low potassium and low magnesium 

levels).  

 Acid–base abnormalities. 

 Cardiac or thoracic surgery. 

 Acute or chronic hyperthyroidism, alcohol, cocaine, and amphetamines use.  

 Cardiac ischaemia. 

 Inflammatory processes. Fever. 

 Inotropes, the elevated sympathetic tone that often accompanies critical 

illness, along with a wide range of metabolic disturbances, can create an environment 

that facilitates the initiation and perpetuation of atrial and ventricular arrhythmias. 

Sinus tachycardia in the setting of acute MI usually occurs in response to an increase 

in sympathetic tone and can be seen in up to 30% of cases. 

There are two general categories or types of tachycardias: supraventricular 

tachycardia and ventricular tachycardia (Fig. 2.23, 2.24). The task is to determine the 

exact rate, rhythm, origin, and cause of the tachycardia, then “gain control” of the 

heart rate (HR) by directly slowing or normalizing the HR and treating the underlying 

cause. Determining the cause, origin, and rhythm of the tachycardia is often 

complicated by the fact that the underlying rate may be very fast (in excess of 150–

300 beats/min), thus making interpretation of the electrocardiogram more difficult. 

Furthermore, the source(s) or pacemaker(s) producing and/or facilitating the 

tachyarrhythmia may be in one or multiple locations: in the sinoatrial (SA) node, in 

one or more ectopic atrial foci, in the atrioventricular (AV) node, or in the ventricular 

free walls and/or septum. There may also be an abnormal conduction pathway 

between the atria and the ventricles. To facilitate the diagnostic process, 
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discrimination of atrial from ventricular electromechanical activity must be 

attempted. 

 
Figure 2.23 Lead II Supraventricular tachycardia (SVT). Rate is usually 150-180 bpm and 

is regular narrow complex. Not usually associated with haemodynamic instability. Precipitated by alcohol, c

affeine, stimulants, ischaemia, hypokalaemia, pregnancy and cannabis. (A Textbook of Cardiovascular 

Medicine,9
th
 ed.,vol 1 (2012). 

 

 
Figure 2.24 Monomorphyc and Polymorphyc ventricular tachycardia ( https://litfl.com/polymorphic-vt-and-

torsades-de-pointes-tdp/). 

 

The management of a tachycardia will be guided by whether it is unstable as 

indicated by signs of impaired cognitive status, hypotension, chest pain, heart failure 

and other signs of shock (Tachyarrhythmias treatment algorithm see p.157). For these 

patients immediate electrical synchronised cardioversion should be performed 

(Fig.2.25). To convert atrial or ventricular tachyarrhythmias, the shock must be 

synchronised with the R wave of the electrocardiogram (ECG). Synchronization may 

not be possible for polymorphic VT, in which case unsynchronized defibrillation may 

be required. 

Conscious patients require anaesthesia or sedation, before 

attempting synchronised cardioversion.  

Key principles of tachyarrhythmias treatment: 

 Assess ABCDE approach 

 Administer oxygen if SpO2 < 94%. 

 Establish venous access.  

 Obtain a 12-lead ECG.  

 Monitor ECG, BP, SpO2. 
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Figure 2.25.  Electrical cardioversion. (A Textbook of 

Cardiovascular Medicine,9
th
 ed.,vol 1 (2012).  

 

 Assess for and correct any 

electrolyte disturbances (e.g. 

magnesium, potassium or calcium).                                                                                                                                                               

Stable patients, presenting without 

adverse signs or symptoms 

triggered by the arrhythmia, and 

not deteriorating, should have their 

ECG trace carefully reviewed to 

determine whether it is a narrow-

complex or broad-complex 

tachycardia. Mistaking VT for SVT 

with aberrancy can have lethal 

consequences. 

  If in doubt, or patient unstable 

then treat as VT! In general, 

patients with SVT tend to be 

younger and tend not to have 

underlying coronary artery disease, 

whereas patients with VT tend to 

be older and have underlying 

structural heart disease. 

 

Narrow-complex tachycardias (NCT) 

These include rhythms with a QRS complex of < 0.12 second and are also 

divided into regular (Fig.2.26 a, b) and irregular narrow-complex tachycardias.  

This intervention can be considered in the patient with paroxysmal 

supraventricular tachycardia (PSVT), atrial fibrillation (AF), or NCT associated with 

the Wolff-Parkinson-White (WPW) syndrome. PSVT is second only to AF as the 

most common pathological supraventricular tachycardia (SVT) encountered in the 

emergency department. 

 

 
Figure 2.26a Paroxysmal Supraventricular Tachycardia (PSVT): rapid, regular, narrow QRS complex 

tachycardia without evidence of P waves. Approximately 80% of patients with PSVT have an arrhythmia 

focus in the AV node (From Ulrich Luft,MD).  
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 Figure 2.27 Carotid sinus massage. The 

provider uses the fingertips of their index and 

middle finger to apply pressure in the 

posteromedial direction for 5 seconds.  If 

unsuccessful, the procedure is repeatable after 1 

minute. If still unsuccessful, the clinician may 

attempt the maneuver on the opposite side (from 

N Engl J Med 2017; 377:e21). 

 
Figure 2.26b Sinus Tachycardia with a rate of 150 beats/min. This abnormality should be considered a 

“reactive rhythm”, and treatment should be focused on the cause, including hypovolemia, hypovolemia, 

fever, medication/toxin effect, and pain/anxiety. (From Ulrich Luft,MD).  

  

Rhythms in this category include sinus tachycardia (ST), paroxysmal 

supraventricular tachycardia (PSVT), atrial fibrillation (AF), atrial flutter, and 

multifocal atrial tachycardia (MAT). Each of these rhythm disturbances can present 

as cardiovascular collapse, either directly related to the arrhythmia or because of its 

causative syndrome. For instance, the patient with PSVT can present with significant 

hypotension, with the circulatory shock resulting from the rhythm itself. Conversely, 

a patient with significant hypotension 

secondary to gastrointestinal hemorrhage can 

present with ST — the circulatory shock in this 

case being a result of the hemorrhage, with the 

rhythm solely a manifestation of the 

hemodynamic compromise.  

In some cases, the first appropriate 

treatment is the vagal 

maneuver including carotid massage (Fig. 

2.27), or initiation of the diving reflex. 

The management of PSVT usually 

results in favorable patient outcomes. In most 

cases, vagal maneuvers and intravenous 

adenosine are curative. It is the uncommon 

patient who requires a beta-blocker or calcium 

channel blocker. In the rare patient with an 

unstable presentation, electrical cardioversion 

can be employed. 

   

Vagal manoeuvres 

Vagal maneuvers - carotid sinus massage (CSM) or the valsalva manoeuvre are 

techniques used to increase vagal parasympathetic tone in attempting to slow down or 

break an SVT (Fig.2.28).  
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Figure 2.28 Paroxysmal atrial tachycardia. CSM abolishes the dysrhythmia and results in a period of 

sinus suppression with a junctional (J) escape beat. Prolonged periods of asystole may produce anxiety in 

the physician who is waiting for the resumption of a sinus pacemaker. (From 

Silverman ME: Recognition and treatment of arrhythmias. In Schwartz GR, Safar P, Stone JH, et al [eds]: 

Principles and Practice of Emergency Medicine, vol 2. Philadelphia, WB Saunders, 1978). 

  

Vagal maneuvers are also indicated in settings in which slowing conduction in 

the SA or AV node could provide useful information. These settings include patients 

with wide complex tachycardia in whom carotid sinus massage (CSM) aids in the 

distinction between SVT and VT (Fig.2.29).  

 

 
 Figure 2.29 Ventricular tachycardia. Carotid sinus massage (CSM) slows atria but not ventricles, thus 

establishing the presence of AV dissociation, supporting the diagnosis of ventricular tachycardia. The QRS 

measures 0.16 sec. Note the atrial rate slowing from 102 to 88 beats/min while the ventricular rate is 

unaffected. (From Lown B, Levine SA: Carotid sinus—clinical value of its stimulation. Circulation 23:766, 

1961). 

 

Adenosine may be used for the same diagnostic purpose in these situations as 

well. Adenosine can also be used to help differentiate between VT and wide complex 

SVT, but it should be used with extreme caution and never given in an irregular 

wide complex tachycardia, because it can convert SVT with pre-excitation into VF.  

Less commonly used maneuvers include ocular pressure, stimulation of the gag 

reflex, applied abdominal pressure, and headstands. Diving Reflex – the adult or 

adolescent patient must be able to submerge their face in a basin of ice water without 

risk of aspiration.  

 When utilized early in appropriately selected patients presenting with 

atrioventricular nodal re-entrant tachycardia (AVNRT), vagal maneuvers have a 20% 

to 40% success rate of conversion back to sinus rhythm, and potentially higher in 

atrioventricular re-entrant tachycardia (AVRT, or SVT) A 12-lead ECG tracing 
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should be recorded with each procedure.  A normal pause of less than 3 seconds is 

part of the physiologic response to CSM. 

Patients with a carotid bruit should not have CSM because of the risk of carotid 

embolization or occlusion. A recent cerebral infarction is another contraindication, 

because even marginal reduction of cerebral blood flow may produce further 

infarction. The presence of diffuse, advanced coronary atherosclerosis is associated 

with increased sensitivity of the carotid sinus reflex. Patients with acute myocardial 

ischemia or with recent myocardial infarction are already at higher risk of VT or 

ventricular fibrillation (VF) and asystole.  

Тhe Valsalva maneuver (Fig.2.30) is a 

forceful attempted exhalation against a closed 

airway.  

Various techniques are available, but all have their 

basis in the concept of voluntarily increasing the 

intrathoracic pressure. In the standard Valsalva 

manoeuvre, the patient is placed in the supine 

position and asked to take a deep breath and blow 

out against a closed glottis for 10 to 15 seconds. 

Variations include asking the patient to blow a 10 

mL syringe until the plunger moves for 10 to 15 

seconds. 

 
 

Irregular narrow-complex tachycardias 

AF remains the most prevalent form of narrow-complex tachycardias (NCT) 

(Fig.2.31). Complications of AF include haemodynamic instability, cardiomyopathy, 

cardiac failure, and embolic events such as stroke.  

 
Figure 2.31 Atrial fibrillation: Irregularly irregular ventricular rate. (https://litfl.com/atrial-flutter-ecg-

library/). 
 

 The disorganized, ineffective atrial contractions caused by AF lead to blood 

stasis in the left atria, especially in the left atrial appendage. This stasis promotes the 

formation of a thrombus, which can then dislodge and embolize through the arterial 

circulation, causing problems such as stroke and limb ischemia. The prevalence of 

AF increases with age.  Patients can present with worsening of their permanent AF as 

a result of poorly controlled ventricular rates; with paroxysmal AF associated with 

hyperthyroidism, hypertension, coronary artery disease, and cardiomyopathy, 

 Figure 2.30 Valsalva maneuver 

https://www.ehealthstar.com. 

 

https://litfl.com/atrial-flutter-ecg-library/
https://litfl.com/atrial-flutter-ecg-library/
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phaechromocytoma, hypokalemia, or hypomagnesemia; or following excessive 

ethanol intoxication. The remaining common underlying causes include pulmonary 

diseases such as pulmonary embolism, obstructive sleep apnea. 

AF is the second most common tachycardia in patients with WPW syndrome 

(Fig.2.32), occurring in 20% to 25% of these patients. Rapid ventricular rates may 

result in degeneration to VT or VF. 

 

 
Figure 2.32The ECG of a patient with “possible AF/WPW”. 

 (From https://www.ecgmedicaltraining.com/wolff-parkinson-white-syndrome-part-2/). 

 

Atrial flutter, another common NCT that shares many etiological features with 

AF (Fig.2.33). 

Figure 2.33 Atrial flutter with a 3:1 block. Atrial flutter with 1:1 conduction is associated with severe 

haemodynamic instability and progression to ventricular fibrillation.  

(From https://litfl.com/atrial-flutter-ecg-library/). 

 

In stable patients with AF, the treatment options include rate control and/or 

rhythm control, with or without anticoagulation. If the patient with tachycardia is 

stable (no adverse signs or symptoms) and is not deteriorating, pharmacological 

treatment may be possible. 

 In the acute setting such as the emergency department, ventricular rate control 

is the single most important goal of therapy. Patients who are hemodynamically 

unstable should get immediate electrical cardioversion to restore sinus rhythm.  

In order to cardiovert AF, several issues must first be addressed: the need for 

anticoagulation and the timing and method of cardioversion. During AF, 

uncoordinated atrial contractions lead to intra-atrial thrombus formation. The longer 

the duration of AF, the greater is the likelihood of clot formation. Following 

cardioversion, the period of “atrial stunning” can also lead to thrombogenesis. 

Without anticoagulation the patients will have a thromboembolic event in the first 

month following cardioversion either from the dislodging of an existing clot or the 

formation of new clot caused by the “atrial stunning.” This risk increases with the 

https://litfl.com/ventricular-tachycardia-monomorphic-ecg-library/
https://litfl.com/ventricular-fibrillation-vf-ecg-library/
https://www.ecgmedicaltraining.com/wolff-parkinson-white-syndrome-part-2/
https://litfl.com/ventricular-fibrillation-vf-ecg-library/
https://litfl.com/atrial-flutter-ecg-library/
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duration of the AF. AF associated with valvular disease has a particularly high risk 

of stroke.  

Many practitioners use the “48-hour rule” to guide anticoagulation: AF of 

less than 48 hours duration does not generally require acute anticoagulation. The 

patients presenting with AF of greater than 48 hours duration 

should be anticoagulated prior to cardioversion. The two main approaches for 

pre-cardioversion anticoagulation are warfarin or the combination of 

heparin/enoxaparin (LMWH) plus a screening transesophageal echocardiography 

(TEE). The conventional approach is to give warfarin therapy with an INR goal 

of 2 to 3 for 3 to 4 weeks before cardioversion. The alternative approach is quicker 

and consists of doing a TEE and, if no clot is seen, administering heparin or 

enoxaparin and proceeding immediately to cardioversion. In both approaches, 

warfarin therapy (with and INR of 2-3) must be continued for at least 3 to 4 weeks 

post-cardioversion. Anticoagulation strategies may include novel oral anticoagulants 

(NOACs), warfarin, aspirin, and clopidogrel. 

For atrial fibrillation: 

 An initial synchronised shock at maximum defibrillator output rather than an 

escalating approach is a reasonable strategy based on current data. 

 For atrial flutter and paroxysmal supraventricular tachycardia: 
o Give initial shock of 70-120 J. 
o Give subsequent shocks using stepwise increases in energy. 
o Consider amiodarone for acute heart rate control in AF patients with 

haemodynamic instability and severely reduced left ventricular ejection fraction 

(LVEF). For patients with LVEF < 40% consider the smallest dose of beta-blocker to 

achieve a heart rate less than 110 min
-1

. Add digoxin if necessary (ERC 2021). 
 

Multifocal Atrial Tachycardia 

Multifocal Atrial Tachycardia (MAT) is typically seen in patients with COPD 

or other pulmonary disease processes (Fig.2.34). MAT responds to treatment of the 

underlying COPD, especially hypoxia with hypercapnia. Antiarrhythmic therapy area 

is usually unnecessary since MAT is self-limiting and responds to treatment of the 

underlying cause.  
 

 
Figure 2.34 Multifocal atrial tachycardia: Rapid irregular rhythm > 100 bpm. At least 3 distinctive P-wave 

morphologies (arrows). (From https://litfl.com/multifocal-atrial-tachycardia-mat-ecg-library/) 

 

https://litfl.com/multifocal-atrial-tachycardia-mat-ecg-library/
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Broad-complex tachycardias 

These are associated with a QRS >0.12 second in duration and usually 

originate within the ventricles; however, they may be triggered by a supraventricular 

rhythms with aberrant conduction (Table 2.5).  

 
Table 2.5. Varieties of broad complex tachycardia 

Ventricular                                                                                     

Regular 

 Monomorphyc ventricular tachycardia 

 Fascicular tachycardia 

 Right ventricular outflow tract tachycardia 

Irregular 

 Torsades de pointes tachycardia 

 Polymorphyc ventricular tachycardia 

           Supraventricular 

 Bundie branch block with aberrant conduction 

 Atrial tachycardia with pre-excitation 

  

Ventricular tachycardia is defined as three or more ventricular extrasystoles in 

succession at a rate of more than 120 beats/min. Ventricular tachycardia is described 

as “monomorfic” when the QRS complexes have the same general appearance 

(Fig.2.35), and “polymorphic” (Fig.2.36) if there is wide beat to beat variation in 

QRS morphology. Monomorphyc ventricular tachycardia is the commonest form of 

sustained ventricular tachycardia. 

 
Figure 2.35 Monomorphic ventricular tachycardia (VT). (VT) is a broad complex tachycardia originating 

in the ventricles. There are several different varieties of VT — the most common being monomorphic VT. 

Decreased cardiac output may result in decreased myocardial perfusion with degeneration to VF. Prompt 

recognition and initiation of treatment (e.g. electrical cardioversion) is required in all cases of VT. (From 

https://litfl.com/multifocal-atrial-tachycardia-mat-ecg-library/). 

 

 
Figure 2.36 Polymorphic Ventricular Tachycardia. Polymorphic ventricular tachycardia (PVT) is a form 

of ventricular tachycardia in which there are multiple ventricular foci with the resultant QRS complexes 

varying in amplitude, axis and duration. The commonest cause of PVT is myocardial ischemia. (From 

https://litfl.com/multifocal-atrial-tachycardia-mat-ecg-library/). 

https://litfl.com/multifocal-atrial-tachycardia-mat-ecg-library/
https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-reviews-and-criteria/ventricular-tachycardia-review
https://litfl.com/multifocal-atrial-tachycardia-mat-ecg-library/
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In the situation where a patient is clinically unstable, it should be assumed that 

the rhythm is ventricular in origin and electrical cardioversion should be attempted 

followed by the intravenous administration of amiodarone. Should a patient with a 

broad-complex tachycardia be clinically stable, confirming whether the rhythm is 

regular (Fig.2.37) or irregular (Fig.2.38, 2.39) is the next step. 

 

Figure 2.37 12-lead ECG shows a broad regular complex tachycardia with a rate of 156 bpm. There is a left 

bundle branch block morphology with an inferior axis, which is typical of a right ventricul 

outflow tract ventricular tachycardia. (https://www.semanticscholar.orgSeries).  
 

 

Figure 2.38 This shows an irregularly irregular wide complex tachycardia at a rate of about 120. The 

differential diagnosis of irregularly irregular wide complex tachycardia is an important one, as it includes 

dangerous etiologies such as Pre-excited AF (AF with WPW), polymorphic VT, and hyperkalemia-induced 

arrhythmias. (http://hqmeded-ecg.blogspot.com/2017/08/an-irregularly-irregular-wide-complex.html). 

 

Electrical cardioversion is the preffered treatment for tachyarrhythmia in the 

unstable patient displaying potentially life-threatening adverse sings. 
 

https://www.semanticscholar.orgseries/
http://hqmeded-ecg.blogspot.com/2017/08/an-irregularly-irregular-wide-complex.html
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Figure 2.39 Atrial fibrillation in a patient with WPW: Rapid, irregular, broad complex tachycardia (overall 

rate ~ 200 bpm)(https://litfl.com/atrial-flutter-ecg-library/). 

 

For ventricular tachycardia with a pulse: 

 Use energy levels of 120-150 J for the initial shock. 

 Consider stepwise increases if the first shock fails to achieve sinus rhythm.  
 If cardioversion fails to restore sinus rhythm and the patient remains unstable, 

give amiodarone 300 mg intravenously over10-20 min (or procainamide 10-15 mg/kg 

over 20 min) and reattempt electrical cardioversion. The loading dose of amiodarone 

can be followed by an infusion of 900 mg over 24 h. 

Torsades de pointes (TdP) is a specific form of polymorphic ventricular 

tachycardia (PVT) occurring in the context of QT prolongation  it has a 

characteristic morphology in which the QRS complexes “twist” around isoelectric 

line (Fig.2.40, 2.41). For TdP to be diagnosed, the patient must have evidence of 

both PVT and QT prolongation. QT prolongation may occur secondary to 

multiple drug effects, electrolyte abnormalities and medical conditions; these may 

combine to produce TdP, e.g. hypokalaemia may precipitate TdP in a patient with 

congenital long QT syndrome. TdP with heart rates > 220 beats/min are of longer 

duration and more likely to degenerate into VF. 

 

 
Figure 2.40   Torsades de pointes (TdP) is a specific form of PVT occurring in the context of QT 

prolongation. TdP is often short lived and self terminating, however can be associated with haemodynamic 

instability and collapse. TdP may also degenerate into ventricular fibrillation (VF).  ( From 

https://litfl.com/polymorphic-vt-and-torsades-de-pointes-tdp/). 

 

https://litfl.com/atrial-flutter-ecg-library/
https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-reviews-and-criteria/ventricular-tachycardia-review
https://www.healio.com/cardiology/learn-the-heart/ecg-review/ecg-topic-reviews-and-criteria/ventricular-tachycardia-review
https://litfl.com/drugs-causing-qt-prolongation/
https://litfl.com/ventricular-fibrillation-vf-ecg-library/
https://litfl.com/polymorphic-vt-and-torsades-de-pointes-tdp/
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Figure 2.41 Torsades de pointes (TdP) (K+ 1.7 mmol/l). (https://litfl.com/polymorphic-vt-and-torsades-de-

pointes-tdp/). 

 

Torsades de pointes is usually nonsustained, and its treatment requires 

addressing the underlying precipitant. Sustained torsades can be treated with 

cardioversion, but synchronization may not be possible and unsynchronized 

defibrillation may be required. Overdrive pacing at a rate over 120 beats/min and 

administration of IV magnesium sulfate are also effective at treating torsades de 

pointes. 

2.8.2 Bradycardia 
 

A heart rate of less than 60 bpm is used to describe a bradycardic rhythm, 

although there are many healthy individuals, such as athletes, who are clinically well 

despite having a slow heart rate (Bradycardia treatment algorithm see p.158). Recent 

classifications describe ‘absolute’ bradycardia when rate is less than 40 per minute 

and when the heart rate is inappropriately slow to sustain haemodynamic functioning.  

Bradydysrhythmias can be caused by sinoatrial (SA) dysfunction, such as sick 

sinus syndrome and sinus arrest, or by atrioventricular (AV) nodal dysfunction, such 

as first-, second-, and third-degree AV blocks. Bradycardias with wide QRS 

complexes are likely to be caused by blocks below the level of the AV node. They are 

usually unresponsive to atropine and relatively unstable. 

Bradycardias may occur due to cardiac or non-cardiac disorders and the 

following signs may be indicative of instability:  a systolic blood pressure  90 mm 

Hg; a pulse rate of 40 per minute; symptoms of low blood flow to the brain 

(dizziness, faintness or syncope), symptoms of myocardial ischaemia, heart failure.  

Causes: 

 Hypothermia.  

 Drugs (beta-blockers, some calcium-channel blockers, digoxin, opioids and 

sedatives, muscle relaxants). 

 Excessive vagal tone stimulated by suctioning or adjustment of the 

endotracheal tube. 

 Spinal anaesthesia. 

 Hypothyroidism.  

https://litfl.com/polymorphic-vt-and-torsades-de-pointes-tdp/
https://litfl.com/polymorphic-vt-and-torsades-de-pointes-tdp/
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 Sick sinus syndrome.  

 Electrolyte disorders.  

 Patients with inferior myocardial infarctions are prone to suffer from a 

bradycardic episode, due to the involvement of the right coronary artery. 

Sinus bradycardia (Fig.2.42) is often physiologic and it is commonly seen in 

athletes, young healthy adults, and normal individuals during sleep.  

 

Figure 2.42 Sinus Bradycardia. R-R intervals constant and regular. 

(https://www.nottingham.ac.uk/practice/resources/cardiology). 
 

Pathologic sinus bradycardia is most often seen in acute inferior myocardial 

infarction in 10% to 15% of cases, particularly those involving the right coronary 

artery, as it supplies the SA node in approximately 60% of people. Patients with 

obstructive sleep apnea frequently have sinus bradycardia, which can be severe, with 

rates less than 30 beats/min during apneic episodes. In the elderly, sinus bradycardia 

may be a prelude to the development of sick sinus syndrome, a condition in which the 

sinus node is no longer functioning appropriately. Sinus bradycardia is a 

complication of acute myocardial infarction (AMI). Bradycardia in a normal 

heart can be due to a rare familial disorder in which asymptomatic sinus bradycardia 

results from a mutation in the HCN4 and SCN5A ion channel genes. Sinus 

bradycardia can be caused by increased intracranial pressure, which should be 

suspected when bradycardia occurs in patients with neurologic disorders. Other 

neurologic conditions that can cause sinus bradycardia include stroke or trauma to the 

cervical or thoracic spine that causes sympathetic denervation. 

AV block is the delay or interruption of conduction between the atrium and 

ventricle because of anatomic or functional impairment. AV block can be intermittent 

or permanent.  

• First-degree heart block: This causes prolongation of the P–R interval so that 

it is >0.2 s. After myocardial infarction, 40% of patients with first-degree AV block 

will go on to develop second- or third-degree blocks, so close observation of these 

patients is required. 

           • Second-degree heart block: periodic interruptions of AV conduction, leading 

to nonconducted beats. Second-degree heart block is divided into Mobitz type I 

(Wenckebach: progressive PR prolongation followed by a nonconducted beat) and 

Mobitz type II (intermittent nonconducted beats with a fixed PR interval that is 

typically not prolonged) (Figure 2.43, 2.44). 
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Figure 2.43 Second-deree atrioventricular block, Mobitz type I (Wenckebach). The PR interval progressively 

lengthen until a P wave is not conducted. The intervals may be fixed or variable. In this example, there are 

fore P waves for every three QRS complexes. (From Critical Care Medicine: principles of diagnosis and 

management in the adult, fifth edition, 2019). 

 

Figure 2.44 Second-deree atrioventricular block, Mobitz type II. There is a constant PR interval until a P 

wave is suddenly not conducted. Note the QRS is proloned approximately 120 msec.  

(Critical Care Medicine: principles of diagnosis and management in the adult, fifth edition, 2019). 
 

Third-degree heart block: complete interruption of AV conduction, with AV 

dissociation (if there are ventricular escape beats) or ventricular asystole (Fig.2.45).  
 

 
Figure 2.45 Complete heart block. The P waves and QRS complexes are regular, but they not associated 

with one another. (From Critical Care Medicine: principles of diagnosis and management in the adult, fifth 

edition, 2019). 

 

The “high-grade” AV blocks (second-degree type II and third degree) can 

have significant negative effects on perfusion and often require emergent 

management. Medications such as atropine are less likely to be of benefit in 

these situations, and the clinician must consider prompt initiation of cardiac 

pacing if the patient’s hemodynamic status is compromised. In general, a patient 

with high-grade or complete heart block with a narrow QRS (<120 ms) and a 

ventricular rate in the 40 to 60 bpm range, is generally safe. However, a wide QRS 

with a very slow ventricular rate (<40 bpm) suggests that the escape rhythm is 

coming from the ventricles or low in the His–Purkinje system, which can be 
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unreliable. In general, a temporary pacing wire is recommended in these patients to 

protect against asystole, in the event that the escape rhythm fails. 

 If bradycardia is accompanied by adverse signs, give atropine 500µg IV (IO) 

and, if necessary, repeat every 3-5 min to a total of 3mg. 

 If treatment with atropine is ineffective, consider second line drugs. These 

include isoprenaline (5 µg 
min-1

 starting dose), and adrenaline 2-10 µg 
min-1

 ). 

 For bradycardia caused by inferior myocardial infarction, cardiac transplant or 

spinal cord injury, consider giving aminophylline (100-200 mg slow intravenous 

injection). 

 Consider giving glucagon if beta-blockers or calcium channel blockers are a 

potential cause of the bradycardia. 

 Do not give atropine to patients with cardiac transplants  it can cause a high-

degree AV block or even sinus arrest  use aminophylline.  

 Consider pacing in patiens who are unstable, with symptomatic bradycardia 

refractory to drug therapies. Immeddiate pacing is indicated especialy when the block 

is at or below the His-Purkinje level. AV block is the classic indication for pacemaker 

therapy.  

 If transthoracic pacing ineffective, consider transvenous pacing until the 

disrhythmia either can be resolved or until a long-term therapy is initiated. 

 If atropine is ineffective and transcutaneous pacing is not immediately 

available, fist pacing can be attempted while waiting for pacing equipment (Fig.2.46) 

(ECR 2021).  

 
Figure 2.46 Technique of percussion pacing. Serial blows with the ulnar side of the clenched fist from a 

height of approximately 20–30 cm above the chest to the lower left sternal edge. (British Journal of 

Anaesthesia 98 (4): 429–33 (2007). 

 

Cardiac pacing 

In general, the indications for cardiac pacing can be grouped into those that 

cause either tachycardias or bradycardias (Table 2.6). Transcutaneous cardiac pacing 

(TCP) has become the mainstay of emergent cardiac pacing and is often used pending 

placement of the transvenous catheter. 
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Table 2.6 Indications for Cardiac Pacing 

Bradicardias  

Without myocardial infarction 
Symptomatic sinus node dysfunction (sinus arrest, tachybrady (sick sinus 

syndrome, sinus bradycardia) 

Second- and third-degree heart block 

Atrial fibrillation with slow ventricular response 

With myocardial infarction 
Symptomatic sinus node dysfunction 

Mobitz  II second- and third –dergee heart block 

New left bundle branch block, right bundle branch block with axis deviation, 

bifascicular block, or alternating bundle branch block 

Prophylaxis: cardiac catheterization, after open heart surgery, threatened 

bradycardia during drug trials for tachydysrhythmias  

Malfunction of implanted pacemaker 

Tachycardias 

Supraventricular dysrhythmias 

Ventricular dysrhythmias 

Prophylaxis: cardiac catheterization after open heart surgery 

 

Non-invasive transcutaneous pacing has the following advantages: 

• it can be established very quickly;  

• it is easy to perform and requires a minimum of training;  

• it can be initiated by nurses, paramedics and doctors, while waiting for expert 

help to establish transvenous pacing. 

 

How to perform transcutaneous pacing 

 
 • Avoid any unnecessary delay in starting 

pacing, but pay careful attention to technique to 

increase the chance of success.  

• Using scissors or a razor, quickly remove 

excess chest hair from the skin where the 

electrode pad is to be applied. Make sure that the 

skin is dry.  

• Attach ECG monitoring electrodes and 

leads if necessary - these are needed with some 

transcutaneous pacing devices.  

 Position the electrode pads in the 

conventional right pectoral-apical positions if 

possible (Fig.2.47а).  

 
Figure 2.47а conventional right pectoral-apical positions for external pacing (Deakin CD, Nolan JP, Sunde 

K, Koster RW. European Resuscitation Council Guidelines for Resuscitation 2010. Section 3. Electrical 

Therapies: Automated External Defibrillators, Defibrillation, Cardioversion and Pacing. Resuscitation 

2010;81: e32-40.)  
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If this is prevented (e.g. by chest trauma) anterior-posterior (A-P) positions can 

be used (Fig.2.47 b, c, d).  

    
Figure 2.47 (b, c, d) anterior-posterior (A-P) positions for external pacing. (Deakin CD, Nolan JP, Sunde 

K, Koster RW. European Resuscitation Council Guidelines for Resuscitation 2010. Section 3. Electrical 

Therapies: Automated External Defibrillators, Defibrillation, Cardioversion and Pacing. Resuscitation 

2010;81: e32-40.) 

• If you are using a pacing device that is not capable of defibrillation, use A-P 

(anterior-posterior) positions for the pacing electrodes so that defibrillator pads can 

still be used in the ‘conventional’ right pectoral and apical positions if cardiac arrest 

occurs. 

 • For right pectoral-apical positions place one electrode over the right pectoral 

muscle, just below the clavicle. Place the apical pad in the mid-axillary line, 

overlying the V6 ECG electrode position. It is important that this electrode is placed 

sufficiently laterally. Apply this pad to the chest wall, not over any breast tissue. 

• For A-P positions place the anterior electrode on the left anterior chest wall, 

beside the sternum, overlying the V2 and V3 ECG electrode positions. Place the 

posterior electrode between the lower part of the left scapula and the spine, at the 

same horizontal level on the trunk as the anterior electrode.  

• Different transcutaneous pacing devices have different properties. Make sure 

that you are familiar with the operation of the device that you are using.  

• Turn on the monitor and set it to "pacing mode"(Fig.2.48). 

 
Figure 2.48 Multifunction pacing /defibrillator/ monitor. Set it to "pacing mode".  

(https://www.downeastem.org/common-bedside-procedures-1). 
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• Select an appropriate pacing rate. This will usually be in the range of 60 - 90 

min-
1
 for adults (Fig.2.49).  

 

 
Figure 2.49 Select the pacing rate using the rate button (generally 60-70 bpm is adequate).                     

(https://www.downeastem.org/common-bedside-procedures-1). 

 

Increase current output from minimal until capture is achieved (Fig.2.50).  

 

 
Figure 2.50 Increase current output from minimal until capture is achieved.  

(https://www.downeastem.org/common-bedside-procedures-1). 

As the mA output is increased, complete capture is achieved. This means 

that the pacing stimuli are causing depolarisation of the ventricles (Fig.2.51).  

 
Figure 2.51. Pacing above threshold (60 mA): with capture (QRS complex broad and ventricular; T wave 

opposite QRS). (https://www.downeastem.org/common-bedside-procedures-1). 

https://www.downeastem.org/common-bedside-procedures-1
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Below is an ECG with incomplete capture (Fig.2.52). 

 

 Figure 2.52 an ECG with incomplete capture. (https://www.downeastem.org/common-bedside-

procedures-1). 

 

• Having achieved electrical capture with the pacemaker, check for a pulse. A 

palpable pulse confirms the presence of a mechanical response of the heart to the 

paced QRS complex (i.e. contraction of the myocardium). Absence of a pulse in the 

presence of good electrical capture constitutes pulseless electrical activity (PEA). The 

most likely cause is severe myocardial failure but consider other possible causes of 

PEA in these circumstances.  

• If the highest current setting is reached and electrical capture has not 

occurred, try changing the electrode positions. Continued failure to achieve electrical 

capture may indicate nonviable myocardium, but other conditions (e.g. 

hyperkalaemia) may prevent successful pacing. 

• Most transcutaneous pacing devices offer pacing in demand mode; the 

pacemaker will be inhibited if it detects a spontaneous QRS complex. However, if 

there is a lot of movement artefact on the ECG this may inhibit the pacemaker. Avoid 

movement artefact as far as possible. If artefact still appears to be inhibiting the 

pacemaker, switch to fixed-rate pacing mode. 

• Conscious patients usually experience considerable discomfort during 

transcutaneous pacing. Warn patients in advance that this may happen. They will 

often require intravenous analgesia and/or sedation if prolonged transcutaneous 

pacing is necessary.  

• When defibrillating a patient who has pacing-only electrode pads in place, 

apply the defibrillator paddles at least 2 - 3 cm from the pacing electrodes to prevent 

arcing of the defibrillation current.  

• Chest compressions can be given and other manual contact with the patient 

maintained as necessary with transcutaneous electrodes in place. There is no hazard 

from transcutaneous pacing to other people who are in contact with the patient. 

However, there is no benefit in trying to deliver transcutaneous pacing during chest 

compressions, so it is best to turn off the pacemaker whilst CPR is in progress.  

Transcutaneous pacing is generally a temporizing measure that may precede 

transvenous cardiac pacing. When transcutaneous pacing produces an adequate 

cardiac output seek expert help immediately to insert a transvenous pacing lead. 

 

 

https://www.downeastem.org/common-bedside-procedures-1
https://www.downeastem.org/common-bedside-procedures-1
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Invasive pacing. Temporary transvenous pacing 

The transvenous method of endocardial pacing is commonly used and is both 

safe and effective (Fig.2.53). Transvenous pacing requires central venous access. 

This method has several advantages over the transcutaneous method, such as 

enhanced patient comfort and stability of pacing wires but it 

The decision to pace on an emergent basis 

requires knowledge of the presence or absence of 

hemodynamic compromise, the etiology of the 

rhythm disturbance, the status of the AV 

conduction system, and the type of dysrhythmia. 

It is rare to have to attempt to insert a transvenous 

pacing wire during a cardiac arrest.  

In this setting, use cannot be initiated as rapidly 

as transcutaneous pacing. In 

emergency situations, transcutaneous pacing is 

the initial method of choice and can be followed 

by transvenous pacing to pace for a longer period 

of the time, allowing evaluation of the 

requirements for permanent pacing. non-invasive 

pacing to attempt to establish a cardiac output, 

and then seek expert help to establish transvenous 

pacing.  
Figure 2.53 Initiating temporary transvenous pacing. The distal tail of the pacing lead is connected to the 

negative terminal of the pacemaker, and the proximal tail of the pacing lead is connected to the positive 

terminal of the pacemaker. (From https://nursekey.com/pacemakers-and-implantable-defibrillators/). 

 

2.9 Criteria for CPR cessation 
 

The decision to stop CPR should be tailored according to the specifics of the 

individual case and is based on clinical judgment. The decision is best made by the 

Team Leader in consultation with other team members. 

 

When to cease CPR: 

 if the patient is irrefutably dead. (e.g. rigor mortis, decomposition, hemisection, 

decapitation); 

 a general approach is to stop CPR after 30 minutes if there is no ROSC or 

viable cardiac rhythm re-established, and no reversible factors present that would 

potentially alter outcome; 

 pre-existing chronic illness preventing meaningful recovery ie. nursing home 

resident with dementia, disseminated cancer; 

European Resuscitation Council Guidelines (2021) suggest termination of 

resuscitative efforts if there is: 

 no ROSC after reversible causes have been addressed; 

https://nursekey.com/pacemakers-and-implantable-defibrillators/
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 no detectable ultrasonographic cardiac activity in PEA after reversible causes 

have been addressed. 

When not to stop CPR: 

More prolonged resuscitation is generally required in these settings: 

 continue in young people who have persistent VF until reversible factors have 

been fixed; 

 hypothermia (“not dead until warm and dead”); 

 asthma (need to correct dynamic hyperinflation); 

 toxicological arrest (full neurological recovery after >4 hours CPR is possible; 

asystole may be a direct drug effect that will recover in time); 

 thrombolytics given during CPR (should continue up to 60 - 90 min post-

administration); 

 pregnancy prior to resuscitative caesarean section. 

 

2.10 The ethical and socially-legal problems connected with 

resuscitation cessation 

 
There are numerous ethical issues related to resuscitation. When beginning and 

ending resuscitation attempts, differences in ethical and cultural norms must be 

considered. In the United States the greatest emphasis is placed on individual 

patient autonomy. In Europe a greater emphasis on the autonomy 

of healthcare providers and their duty to make informed decisions about their patients 

is emerging. In some societies the benefits to society at large outweigh the autonomy 

of the individual. Physicians must play a role in decision making regarding 

resuscitation. Physicians have an obligation to determine a patient’s understanding of 

CPR and resuscitation outcomes. Truly informed decisions require that patients 

receive and understand accurate information about their condition and prognosis. 

 Patient autonomy is generally respected ethically and in most countries 

legally. Patient autonomy should be cornerstone in deciding about patient’s 

resuscitation status. This, however, requires a patient who can communicate and 

can consent to or refuse CPR. In many countries, including the United States, adult 

patients are presumed to have decision-making capacity unless a court of law has 

declared them incompetent to make such decisions. In other countries court decisions 

are not necessary to establish incompetence based on psychiatric illness.  

Advance directive is the term applied to any expression of a person’s thoughts, 

wishes, or preferences for his or her end-of-life care. Most often advance directives 

provide instructions on limitation of care, including resuscitation from cardiac 

arrest. Advance directives can be based on conversations, written directives, living 

wills, or durable powers of attorney for health care. While still competent, the 

patient’s conversations with relatives, friends, or physicians are the most common 

form of advance directives. In the United States and some other countries, the courts 
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consider written advance directives more trust worthy than recollections of 

conversations.  

When resuscitation efforts cease, the clinical team has important obligations to 

the family: inform them about what has occurred, answer questions, and provide 

emotional support. Notification of death and the discussions that follow are difficult. 

Many hospitals use standard protocols customized for different cultures, locales, 

or institutions. These protocols provide recommendations for choice of vocabulary 

and approaches that are appropriate for specific cultures. A packet of materials 

containing information on transportation of the body from a home or hospital, 

death certification, and autopsy and medical examiner requirements is useful. 

Information on body, organ, and tissue donation should be included. 
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Chapter 3 CARDIAC ARREST IN SPECIAL CAUSES 

 

3.1 Algorithm “4Hs and 4Ts” 

 

Resuscitation in special circumstances is divided into three parts: special 

causes, special settings and special patients. The first part covers treatment of 

potentially reversible causes of cardiac arrest for which specific treatment exists, and 

which must be identified or excluded during advanced life support (ALS). These are 

divided into two groups of four, based upon their initial letter   either H or T (Table 

3.1) and are called the ‘4Hs and 4Ts’: 

 
Table 3.1 Algorithm “4Hs and 4Ts” 

     4Hs 4Ts 

1. Hypoxia;  

2. Hypovolaemia;  

3. Hypo-/hyperkalaemia and other 

electrolyte disorders;  

4. Hypo-/hyperthermia. 

1.Thrombosis (coronary and 

pulmonary);  

2.Tamponade (cardiac);  

3.Tension pneumothorax;  

4. Toxic agents (poisoning). 

 

 

3.1.1 Hypoxia 
There are many causes of asphyxial cardiac arrest (Table 3.2). Consciousness 

will be lost when oxygen saturation in the arterial blood reaches about 60%.  

Complete airway obstruction after breathing air will result in pulseless electrical 

activity (PEA) cardiac arrest in 5-10 min. Asystole will ensue several minutes later.  

VF occurs rarely after asphyxial cardiac arrest. Survival after cardiac arrest from 

asphyxia is rare and most survivors sustain severe neurological injury. 

 Follow the standard ALS algorithm when resuscitating patients with asphyxial 

cardiac arrest. Treat the cause of the asphyxia/hypoxaemia as the highest priority 

because this is a potentially reversible cause of the cardiac arrest. Effective 

ventilation with the highest feasible inspired oxygen is a priority in patients with 

asphyxial cardiac arrest. 
Table 3.2 Causes of asphyxia cardiac arrest 

Trauma 

Hanging 

Chronic obstruction pulmonary disease 

Airway obstruction, soft tissues (coma), laryngospasm, aspiration 

Drowning  

Central hypoventilation – brain or spinal cord injury 

Impaired alveolar ventilation from neuromuscular disease 

Traumatic asphyxia or compression asphyxia (e.g. crowd crush), tension pneumothorax 

Pneumonia 

High altitude 

Avalanche burial 

Anaemia 
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3.1.2 Hypovolaemia 
 

Hypovolaemia is a potentially treatable cause of cardiac arrest that usually 

results from a reduced intravascular volume (i.e. haemorrhage), but relative 

hypovolaemia may also occur in patients with severe vasodilation (e.g. anaphylaxis, 

sepsis, spinal cord injury). Hypovolaemia from mediator-activated vasodilation and 

increased capillary permeability is a major factor causing cardiac arrest in severe 

anaphylaxis. Hypovolaemia from blood loss, is a leading cause of death in traumatic 

cardiac arrest. Patients undergoing major surgery are at high-risk from hypovolaemia 

due to post-operative haemorrhage and must be appropriately monitored. External 

blood loss is usually obvious, e.g. trauma, haematemesis, haemoptysis.  

Depending on the suspected cause, initiate volume therapy with warmed blood 

products and/or crystalloids, in order to rapidly restore intravascular volume. At the 

same time, initiate immediate intervention to control haemorrhage, e.g. surgery, 

endoscopy, endovascular techniques. 

The main principle is to achieve immediate haemostasis. Temporary 

haemorrhage control can be lifesaving. Compressible external haemorrhage can be 

treated with direct or indirect pressure, pressure dressings, tourniquets and topical 

haemostatic agents. Non-compressible haemorrhage is more difficult to address and 

splints (pelvic splint), blood products, IV fluids and tranexamic acid can be used 

while transferring the patient to surgical haemorrhage control. Tranexamic acid 

(TXA) (loading dose 1 g IV over 10 min followed by infusion of 1 g over 8 h) 

increases survival from traumatic haemorrhage. It is most effective when 

administered within the first hour and certainly within the first three hours following 

trauma. TXA should not be started any later than four hours after the injury as it then 

may increase mortality.  

Immediate aortic occlusion is recommended as a last resort measure in patients. 

with exsanguinating and uncontrollable infradiaphragmatic torso haemorrhage. This 

can be achieved through Resuscitative Thoracotomy (RT) and cross-clamping the 

descending aorta or Resuscitative Endovascular Balloon Occlusion of the Aorta. In 

the initial stages of resuscitation use any crystalloid solution that is immediately 

available, if haemorrhage is likely aim for early blood transfusion and vasopressor 

support. 

 If there is a qualified sonographer able to perform ultrasound with minimum 

interruption to chest compressions, it may be considered as an additional diagnostic 

tool in hypovolaemic cardiac arrest.  

Neurogenic shock as a sequel of spinal cord injury (SCI) can aggravate 

hypovolemia due to blood loss in trauma patients. Even moderate blood loss can 

cause cardiac arrest in the presence of SCI due to the limited compensatory capacity. 

Indicators for SCI in severely injured patients are warm peripheries and loss of 

reflexes below the injured segment, severe hypotension and a low heart rate. The 

cornerstones of treatment are fluid replacement and IV vasopressors. 

Traumatic cardiac arrest (TCA). Traumatic cardiac arrest carries a very high 

mortality, but in those where ROSC can be achieved, neurological outcome in 
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survivors appears to be much better than in other causes of cardiac arrest. The 

prevalent initial heart rhythms found in TCA are either PEA or asystole, depending 

on the time interval between circulatory arrest and the first electrocardiogram (ECG) 

recording PEA (66%); asystole (30%); VF (6%). Patients with TCA will usually 

present with loss of consciousness, agonal or absent spontaneous breathing and 

absence of a central pulse. In TCA, hypoxaemia can be caused by airway obstruction, 

traumatic asphyxia or impact brain apnoea. Effective airway management and 

ventilation can prevent and reverse hypoxic cardiac arrest. However, controlled 

ventilation in circulatory compromised patients is associated with major risks related 

to the side effect of anaesthetics and increase in intrathoracic pressure which may 

lead to: 

 further decrease in residual cardiac output by impeding venous return to the 

heart, particularly in severely hypovolaemic patients; 

  reduced diastolic filling in cardiac tamponade; 

 conversion of pneumothorax into a tension pneumothorax; 

 increase in blood loss from venous bleeding sites. 

Low tidal volumes may help optimise cardiac preload. Ventilation should be 

monitored with capnography and adjusted to achieve normocapnia. 

A peri-arrest state is characterised by cardiovascular instability, hypotension, 

loss of peripheral pulses and a deteriorating conscious level, without obvious 

underlying central nervous system problems. If untreated this state is likely to 

progress to cardiac arrest. The use of ultrasound may help to verify the cause of the 

TCA and direct the resuscitative efforts accordingly. Resuscitation a well in TCA 

should focus on the immediate, simultaneous treatment of reversible causes. The 

response to TCA is time critical and success depends on established chain of survival, 

including focused pre-hospital and specialised trauma centre care. Short duration of 

CPR, short prehospital times, penetrating chest injury, witnessed arrest and the 

presence of a shockable rhythm are also associated with positive outcomes.  

Successful treatment of TCA requires a team approach with all measures 

carried out in parallel rather than sequentially. The emphasis lies on rapid treatment 

of all potentially reversible causes.  
 

3.1.3 Hypo-/hyperkalaemia and other electrolyte disorders 
 

 Hyperkalaemia have defined as a serum potassium (K+) concentration greater 

than 5.5 mmol/l, although in clinical practice, hyperkalaemia is a continuum. The 

severity of hyperkalaemia guides response to treatment. Hyperkalaemia may be 

categorised as ‘mild’ (K+ 5.5-5.9 mmol/l), ‘moderate’ (K+ 6.0-6.4 mmol/l) or 

‘severe’ (K+ >6.5 mmol). 

The main causes of hyperkalaemia are:  

 Renal failure (i.e. acute kidney injury (AKI), chronic kidney disease (CKD) or 

end-stage renal disease (ESRD)).  

 Drugs (e.g. angiotensin converting enzyme inhibitors (ACE-I), angiotensin II 

receptor antagonists (ARB), mineralocorticoid receptor antagonists (MRA), non-
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steroidal anti-inflammatory drugs, non-selective beta-blockers, trimethoprim, 

suxamethonium). 

 Endocrine disorders (e.g. diabetic ketoacidosis, Addison’s disease).  

 Tissue breakdown (e.g. rhabdomyolysis, tumour lysis syndrome, haemolysis).  

 Diet (high potassium intake).  

 Spurious consider pseudo-hyperkalaemia in the presence of normal renal 

function, normal ECG and/or history of haematological disorder. Pseudo-

hyperkalaemia is detected when the serum (clotted blood) K+ level exceeds that of 

the plasma (non-clotted blood) by more than 0.4 mmol/l on simultaneous samples. 

Difficult venepuncture, prolonged transit time and poor storage conditions can 

contribute to spurious K+ level. 

 Consider hyperkalaemia in all patients with an arrhythmia or cardiac arrest, 

especially in the patient groups at risk (e.g. renal failure, heart failure, diabetes 

mellitus, rhabdomyolysis). Symptoms may be absent or overshadowed by the 

primary illness causing hyperkalaemia, but the presence of limb weakness, flaccid 

paralysis or paraesthesia are indicators of severe hyperkalaemia.  

Confirm the presence of hyperkalaemia using point-of-care testing (i.e. blood 

gas analyser) if available. Formal laboratory samples will take some time, therefore 

clinical decisions can be made on the results using point-of-care testing. The ECG is 

used to assess cardiac toxicity and risk of arrhythmias in patients with known or 

suspected hyperkalaemia and may be the most readily available diagnostic tool. 

When the diagnosis of hyperkalaemia can be established based on the ECG, treatment 

can be initiated even before serum biochemistry is available. 

The ECG may be the most readily available diagnostic tool (Fig.3.1). 

 

 

Figure 3.1 ECG changes in hyperkalemia - 6,5; 7.0; 8.0; 9,0 mmol/l. (https://www.msdmanuals. com/en-

pt/professional/endocrine-and-metabolic-disorders/electrolyte-disorders/hyperkalemia). 

 

Assess severity of hyperkalemia and urgency of correction (Fig.3.2). 

Hyperkalemia should be urgently managed in the following circumstances:  

 ECG changes;  

https://www.msdmanuals.com/en-pt/professional/endocrine-and-metabolic-disorders/electrolyte-disorders/hyperkalemia
https://www.msdmanuals.com/en-pt/professional/endocrine-and-metabolic-disorders/electrolyte-disorders/hyperkalemia
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 Muscle weakness or paralysis;     

 Rhabdomyolysis;    

 Crush injury;     

 Tumor lysis syndrome.   

 
Figure 3.2 Emergency treatment hyperkalaemia. (ERC 2021). 
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Emergency treatment of hyperkalaemia 

Patient not in cardiac arrest. Assess patient:  

 Use the ABCDE approach and correct any abnormalities, obtain IV access.  

 Check serum K+ level use blood gas analyzer if available and send a sample to 

the laboratory.  

 Perform an ECG   look for signs of hyperkalaemia. Cardiac monitoring   if the 

serum K+ 6.5 mmol/l or if the patient is acutely unwell. 

 

Follow hyperkalaemia algorithm guided by the severity of hyperkalaemia and 

ECG changes: 

Moderate hyperkalaemia (serum K+ 6.0 - 6.4 mmol/l): 

 Shift K+ into cells: Give 10 units short-acting insulin and 25 g glucose (250 ml 

glucose 10%) IV over 15 - 30 min (onset in 15 - 30 min; maximal effect 30 - 60 min; 

duration of action 4-6 h; monitor blood glucose). Follow up with 10% glucose 

infusion at 50 ml/h for 5 h in patients with a pre-treatment blood glucose <7 mmol/l.  

 Remove K+ from the body: Consider oral administration of a potassium binder, 

e.g. Sodium Zirconium Cyclosilicate (SZC), or a cation exchange resin e.g. Patiromer 

or calcium resonium according to local practice. 

Severe hyperkalaemia (serum K+ 6.5 mmol/l) without ECG changes. Seek expert 

help early.  

 Shift K+ into cells: Give insulin/glucose infusion (as above). Shift K+ into 

cells: Give salbutamol 10 - 20 mg nebulised (onset 15 - 30 min; duration of action 4-

6 h).  

 Remove K+ from the body: Give SZC (onset in 60 min) or Patiromer (onset in 

4 - 7 h) and consider dialysis. 

Severe hyperkalaemia (serum K+ 6.5 mmol/l) with toxic ECG changes. Seek 

expert help early.  

 Protect the heart: Give 10 ml calcium chloride 10% IV over 2 - 5 min (onset 1 - 

3 min, repeat ECG, further dose if toxic ECG changes persist).  

 Shift K+ into cells: Give insulin/glucose infusion (as above). Give salbutamol 

10 - 20 mg nebulised (as above).  

Remove K+ from the body: Give SZC or Patiromer (see above) and consider 

dialysis at outset or if refractory to medical treatment. Hemodialysis can remove 25–

50 mEq of potassium per hour, with variability based on the initial serum potassium 

concentration, the type and surface area of the dialyzer used, the blood flow rate, the 

dialysate flow rate, the duration of dialysis, and the potassium concentration of the 

dialysate.   

Patient in cardiac arrest. Confirm hyperkalaemia using blood gas analyser if 

available. 

o Protect the heart: Give 10 ml 10% calcium chloride IV by rapid bolus injection. 

Consider repeating dose if cardiac arrest is refractory or prolonged. 

o Shift K+ into cells: Give 10 units soluble insulin and 25 g glucose IV by rapid 

injection. Monitor blood glucose. Administer 10% glucose infusion guided by blood 
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glucose to avoid hypoglycaemia.  Give 50 mmol sodium bicarbonate (50 ml 8.4% 

solution) IV by rapid injection.  

o Remove K+ from the body: Consider dialysis for refractory hyperkalaemic 

cardiac arrest.  

o Consider the use of a mechanical chest compression device if prolonged CPR 

is needed. 

o  Consider ECPR for patients who are peri-arrest or in cardiac arrest as a rescue 

therapy in those settings where it is feasible. 

o Serial monitoring of the serum K+ and blood glucose are essential to assess 

efficacy of treatment and to detect hypoglycaemia. Insulin, glucose and salbutamol 

are effective for 4-6 h, thereafter, be alert for a rebound of hyperkalaemia. 

 

Indications for dialysis 

Dialysis (Fig.3.3) is the most definitive treatment for hyperkalaemia. The main 

indications for dialysis in patients with hyperkalaemia are:  

 Severe life-threatening hyperkalaemia with or without ECG changes or 

arrhythmia.  

 Hyperkalaemia resistant to medical treatment.  

 End-stage renal disease.  

 Oliguric acute kidney injury (urine output < 400 ml\day). 

 

  

Figure 3.3 Dialysis is a method of removing one or more components from a solution using the process of 

diffusion. (From  https://biology-igcse.weebly.com/dialysis.html).  

 

Hypokalaemia 

Hypokalaemia (Fig.3.4) is a common electrolyte disorder in clinical practice. It 

is associated with a higher in-hospital mortality and an increased risk of ventricular 



79 
 

arrhythmias. The risk of adverse events is increased in patients with pre-existing heart 

disease and in those treated with digoxin. 

 Hypokalaemia is defined as a serum K+ < 3,5 mmol/l. Clinical manifestations 

and treatment is guided by severity: mild (K+ 3.0 - 3.4mmol/l), moderate (K+ 2.5 -

2.9mmol/l) or severe (K+ <2.5 mmol/l or symptomatic. 

 The main causes of hypokalaemia are:  

 Gastrointestinal loss (e.g. diarrhoea, laxative abuse, nasogastric suctioning, 

vomiting, villous adenoma of colon);  

 Drugs (e.g. diuretics, laxatives, steroids);  

 Therapies for hyperkalaemia (insulin/ glucose, salbutamol); 

 Renal losses (e.g. renal tubular disorders, diabetes insipidus);  

 Dialysis losses (e.g. peritoneal dialysis, post haemodialysis therapy);  

 Magnesium depletion;  

 Metabolic alkalosis;  

 Endocrine disorders (e.g. Cushing’s syndrome, primary hypoaldosteronism); 

 Poor dietary intake. 

Treatment of hypokalaemia 

 Restore potassium level (rate and route of replacement guided by clinical 

urgency). Circulatory status needs to be maintained with intravenous fluids as 

hypokalemic patients are usually volume depleted. Check for any potential 

exacerbating factors (e.g. digoxin toxicity, hypomagnesaemia). Magnesium 

replacement essential as hypokalemia may be refractory until magnesium level in 

normal range. The maximum adult dose generally shouldn't exceed 200 mEq/24 

hours unless prescribed. 

Monitor serum K+ (adjust replacement as needed depending on level). Prevent 

recurrence (assess and remove cause). Repeat potassium level measurements every 1 

to 3 hours. 

ECG changes in hypokalemia 

Figure 3.4 ECG changes in hypokalemia – 2,8; 2,5; 2.0; 1,7 mmol/l. (From 

https://www.msdmanuals.com/en-pt/professional/endocrine-and-metabolic-disorders/electrolyte-

disorders/hypokalemia). 

https://www.msdmanuals.com/en-pt/professional/endocrine-and-metabolic-disorders/electrolyte-disorders/hypokalemia
https://www.msdmanuals.com/en-pt/professional/endocrine-and-metabolic-disorders/electrolyte-disorders/hypokalemia
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Urgent intravenous correction is needed in the following conditions:  

 

o ECG changes in hypokalemia.     

o Cardiac arrhythmia.     

o Severely impaired neuromuscular function.     

o Diaphragmatic weakness and respiratory failure.     

o Patients on digoxin or antiarrhythmic therapy.     

o Serum potassium of less than 3.0 mEq/L.    

o Diabetic ketoacidosis.     

o Hyperosmolar non-ketotic diabetes.  

 

There are 4 key steps in treating hypokalaemia:  

1. Restore potassium level (rate and route of replacement guided by clinical 

urgency).  

2. Check for any potential exacerbating factors (e.g. digoxin toxicity, 

hypomagnesaemia). 

3. Monitor serum K+ (adjust replacement as needed depending on level).  

4. Prevent recurrence (assess and remove cause). 

 

Treatment is guided by the severity of hypokalaemia and presence of 

symptoms and/or ECG abnormalities. As a general rule, a reduction of serum 

potassium by 0.3mmol/L suggests a total body deficit of 100 mmol. 

Slow replacement of potassium is preferable, but in an emergency, more rapid 

IV replacement is required. The maximum rate of potassium chloride administration 

via peripheral lines is 10mmol per hour. Concentration of potassium should not 

exceed 20 mmol/L, as higher strengths can cause phlebitis and pain.  

The standard method of intravenous K+ replacement is to add 20 mEq to 100 

mL of isotonic saline and infuse this mixture over 1 hour. Continuous ECG 

monitoring is essential, ideally in a high dependency area. Monitor potassium level 

closely and titrate rate of replacement according to the level.  

Magnesium is important for the maintenance of intracellular potassium 

concentration, particularly in the myocardium. Magnesium deficiency is common in 

patients with hypokalaemia. Repletion of magnesium will facilitate more rapid 

correction of hypokalaemia. If hypokalaemia occurs concurrently with 

hypomagnesaemia, give 4 ml magnesium sulphate 50% (8mmol) diluted in 10 ml 

NaCl 0.9% over 20 min, followed by potassium replacement (40 mmol KCL in 1000 

ml 0.9% NaCl).  
 

Calcium and magnesium disorders 

 
The recognition and treatment of calcium and magnesium disorders is 

summarised in Table 3.3.  
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Table 3.3 Calcium and magnesium disorders with associated clinical presentation, ECG 

manifestations and recommended treatment 
Disorder Causes Presentation ECG Treatment 

Hypercalcaemia 

Calcium>2.6 mmol/l 

Primary or tertiary 

Hyperparathyroidism 

Sarcoidosis 

Malignancy 

Drugs 

Confusion 

Abdominal pain 

Weakness 

Hypotension 

Arrhythmias 

Cardiac arrest 

Short QT 

interval 

 

Prolonged 

QRS interval 

Flat T waves 

AV block 

Fluid replacement IV  
Furosemide 1 mg/kg 

IV 

Hydrocortisone 200  

300 mg IV 

Pamidronate 30-90 mg 

IV 

Treat underlying cause 

Hypocalcaemia 

Calcium<2.1 mmol/l 

Chronic kidney disease 

Acute pancreatitis 

Calcium channel blocker 

overdose 

Rhabdomyolysis 

Tumour lysis syndrome 

Paraesthesia 

Tetany 

Seizures 

Cardiac arrest 

Prolonged QT 

interval 

 

AV-block 

Twave 

inversion 

Calcium chloride 10% 

10 - 40 ml IV 

Magnesium sulphate 

50% 4-8 mmol IV (if 

necessary) 

Hypermagnesaemia 

Magnesium>1.1 

mmol/l 

 

Renal failure Iatrogenic 

Confusion  

Weakness 

Respiratory 

depression 

Cardiac arrest 

 

 

Prolonged PR 

and QT 

intervals 

Twave 

peaking 

AV-block 

 

 

Consider treatment 

when magnesium 

>1.75 mmol/l: 
Calcium chloride 10% 

5-10 ml IV repeated 

 Saline diuresis   0.9% 

saline with 

furosemide 1 mg/kg 

IV  
Haemodialysis 

Ventilatory support if 

necessary 

Hypomagnesaemia 

Magnesium<0.6 

mmol/l 

Polyuria  
Starvation  
Alcoholism 

Malabsorption 

Tremor 

Ataxia 

Nystagmus 

Seizures 

Arrhythmias   

torsade de pointes 

Cardiac arrest 

Prolonged PR 

and QT 

intervals 

ST-segment 

depression 

T-wave 

inversion 

Flattened  

P waves 

Increased 

QRS duration 

torsade de 

pointes 

 

Severe or 

symptomatic: 2 g 

magnesium sulphate 

50% (4 ml;8 mmol) IV 

over 15 min 

Torsades de pointes: 

2g magnesium 

sulphate 50% (4 ml; 8 

mmol) 

IV over 1-2 min 

Seizure:2g magnesium 

sulphate 

50% (4 ml; 8 mmol) 

IV over 10 min 

 

3.1.4 Hypothermia 
 

Accidental hypothermia is the involuntary drop in core temperature < 35°C. 

Cooling decreases tissue metabolism and inhibits neural activity. Severe hypothermia 

may reduce vital functions until the occurrence of cardiac arrest. During the initial 

phase of cooling, shivering in response to skin cooling produces heat and increases 

metabolism, ventilation, and cardiac output (Table 3.4). Neurologic function begins 

declining even above a core temperature of 35°C. Once the core temperature reaches 

32°C, metabolism, ventilation, and cardiac output begin to decline, and shivering 
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becomes less effective until it finally ceases as core temperature continues to drop. In 

hypothermic patients with cardiac arrest, continuous CPR and ECPR rewarming may 

result in good neurological outcome even with prolonged no-flow or low-flow (i.e. 

CPR) time. 

 
Table 3.4 Swiss clinical staging of hypothermia 

Stage Clinical symptoms Typical core temperature (C) 

Hypothermia I Conscious, shivering 35-32C 

Hypothermia II Impaired consciousness, no 

shivering  
32-28C 

Hypothermia III Unconscious, no shivering, vitals 

sings present 
28-24C 

Hypothermia IV No or minimal vital signs  24C 

                                                                                                                                    

Accidental hypothermia 

Accidental hypothermia is the involuntary drop in the core temperature 

<35C. Primary hypothermia is induced by exposure to cold, while secondary 

hypothermia is induced by illness and other external causes. Primary hypothermia is 

prominent in outdoor (athletes and lost persons and urban environments (homeless 

and intoxicate persons), while secondary hypothermia is rapidly increasing among 

old and multimorbid persons in the indoor environment.  

Assess core temperature with a low reading thermometer, tympanic in 

spontaneously breathing, oesophageal in patients with a tracheal tube or a 

supraglottic device with an oesophageal channel in place. Check for the presence of 

vital signs for up to one minute. Prehospital insulation, triage, fast transfer to a 

hospital and rewarming are key interventions.  

Hypothermic patients with risk factors for imminent cardiac arrest (i.e., core 

temperature <30C, ventricular arrhythmia, systolic blood pressure <90 mmHg) and 

those in cardiac arrest should ideally be directly transferred to an extracorporeal life 

support (ECLS) centre for rewarming. Primary ECLS rewarming should also be 

considered in patients with etCO2 < 10 mmHg or a systolic blood pressure <60 

mmHg.  ECLS should only be established if patients arrest or deteriorate (e.g. 

decreasing blood pressure, increasing acidosis). Rewarming is not feasible during 

short transportation times (e.g. < 1h). Hypothermic cardiac arrest patients should 

receive continuous CPR during transfer. A deeply hypothermic person may appear 

dead but still survive with resuscitation. 

 Check for signs of life for one minute not only by clinical examination but 

also by using ECG, EtCO2 and ultrasound. In hypothermic cardiac arrest information 

should be collected to estimate the survival probability from hypothermic cardiac 

arrest with core temperature, mechanism of hypothermia induction, duration of CPR, 

sex, witnessed/unwitnessed cardiac arrest, first cardiac rhythm, trauma (to decide 
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whether to start ECLS rewarming with heparin), serum potassium. This information 

is crucial for prognostication and to decide whether to rewarm the patient with ECLS.  

 

CPR 

Chest compression and ventilation rate should not be different to CPR in 

normothermic patients. If ventricular fibrillation (VF) persists after three shocks, 

delay further attempts until the core temperature is >30C. With a core temperature < 

30 C, sinus rhythm often degrades back into VF.  Hypothermic cardiac arrest is 

often refractory to defibrillation and adrenaline. Withhold adrenaline if the core 

temperature is <30 C. Increase administration intervals for adrenaline to 6-10 min if 

the core temperature is >30C. As normothermia (≥ 35 C) is approached, standard 

drug doses become effective again. In hypothermic arrested patients <28 C delayed 

CPR may be used when CPR on site is too dangerous or not feasible, intermittent 

CPR can be used when continuous CPR is not possible.If prolonged transport is 

required is difficult, use of a mechanical CPR device is  recommended.  

In-hospital prognostication of successful rewarming should be based on the 

HOPE score. This includes potential predictors of survival: age, sex, core 

temperature, serum potassium level, mechanism of hypothermia, cardiac rhythm at 

admission, witnessed cardiac arrest, rewarming method and cardiopulmonary 

resuscitation duration prior to the initiation of Extra-Corporeal Life Support 

(ECLS). HOPE provides a prediction of the survival probability in hypothermic 

cardiac arrest patients undergoing ECLS rewarming. The survival probabilities range 

from 0% to 100% chance of survival to hospital discharge. Non-ECLS rewarming 

should be initiated in a peripheral hospital if an ECLS centre cannot be reached 

within hours (e.g. 6 h).  

Avalanche rescue 

Most avalanche victims die from asphyxia (Fig.3.5). Avalanche victims in an 

unwitnessed cardiac arrest have a poor chance of survival.  Start with five ventilations 

in cardiac arrest, as hypoxia is the most likely cause of cardiac arrest. Perform 

standard ALS if burial time is <60 min. Provide full resuscitative measures, including 

ECLS rewarming, for avalanche victims with duration of burial >60 min without 

evidence of an obstructed airway or additional un-survivable injuries. Consider CPR 

to be futile in cardiac arrest with a burial time >60 min and additional evidence of an 

obstructed airway. In-hospital prognostication of successful rewarming should be 

based on the HOPE score. The traditional triage with serum potassium and core 

temperature (cut-offs 7 mmol/l and 30  C, respectively) are less reliable.  
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Figure 3.5   Avalanche rescue treatment algorithm (ERC 2021). 
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 Figure 3.6 external cooling measures.  

(From https://www.pinterest.es/pin.). 

3.1.5 Hyperthermia and malignant hyperthermia 
 

 Hyperthermia is a condition when the temperature of the body increases above 

normothermia (36.5 - 37.5 C) because of failed thermoregulation. Hyperthermia is a 

continuum of heat-related conditions, ranging from heat stress progressing to heat 

exhaustion, finally to exertional and non-exertional (caused by environmental heat) 

heat stroke and potentially progressing to multiple organ dysfunction and cardiac 

arrest (>40 C). Importantly, the heat stroke-triggered inflammatory response may 

resemble the systemic inflammatory response syndrome (SIRS) and be misdiagnosed 

and a critical delay may result in providing the appropriate treatment. A rectal or 

oesophageal temperature probe should be available to measure core temperature and 

to guide treatment. 

Heat syncope is a mild form of hyperthermia. Heat syncope  remove patient to 

a cool environment, cool passively and provide oral isotonic or hypertonic fluids. 

Heat exhaustion is caused by mild 

to moderate hyperthermia due to 

exposure to high environmental heat or 

excessive exercise. Symptoms include 

intense thirst, weakness, discomfort, 

anxiety, dizziness, syncope, core 

temperature may be normal or >37C.  

Heat exhaustion  remove patient to a 

cool environment, lie them flat, 

administer IV isotonic or hypertonic 

fluids, consider additional electrolyte 

replacement therapy with isotonic fluids. 

Replacement of 1-2 L crystalloids at 500 

ml/h is often adequate. Simple external 

cooling measures may involve 

conductive (cold floor, ice sheets; 

commercial ice packs to hand, feet and 

cheek), convective (coldwater 

immersion, cold shower) and evaporative measures (spraying cold water, fanning the 

undressed (Fig.3.6). 

Heat stroke is primarily a clinical diagnosis based on the triad of severe 

hyperthermia (core temperature >40 C), neurological symptoms and recent passive 

environmental exposure (classic or passive heat stroke) or excessive exercise 

(exertional heat stroke or exertional hyperthermia).  

Symptoms include central nervous system dysregulation (e.g. altered mental 

state, seizure, coma), tachycardia, tachypnoea and arterial hypotension. 

 

Heat stroke a ‘cool and run’ approach is recommended:  

 remove patient to a cool environment, lie them flat.  
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 Immediately active cool using whole body (from neck down) water immersion 

technique (1-26 C) until core temperature <39 C. Where water immersion is not 

available use immediately any active or passive technique that provides the most 

rapid rate of cooling. 

 Administer IV isotonic or hypertonic fluids (with blood sodium ≤130 mmol/l 

up to 3 × 100 ml NaCl 3%). Consider additional electrolyte replacement with isotonic 

fluids. Substantial amounts of fluids may be required.  

 In exertional heat stroke a cooling rate faster than 0.10 C/min is safe and 

desirable.  

 Follow the ABCDE approach in any patient with deteriorating vital signs. 

 

Malignant hyperthermia (MH) 

 

Malignant hyperthermia (MH) is a hypermetabolic disorder of skeletal muscle 

triggered almost exclusively by potent inhalational agents and suxamethonium. 

Amphetamines and ‘ecstasy’ and may also cause a condition similar to MH. 

The patients have genetic skeletal muscle receptor abnormalities that regulates the 

movement of calcium from the sarcoplasmic reticulum into the cytoplasm of the 

muscle cell and calcium accumulation in the presence of certain anesthetic triggering 

agents. The resulting clinical signs include hypercapnia, generalized muscle rigidity, 

acidosis, hyperkalaemia, peaked T waves and hyperthermia. 

 

There are steps in treating malignant hyperthermia (Fig.3.7).: 

 

 Stop triggering agents immediately. 

  Provide oxygen. Aim for normocapnia using hyperventilation. 

  Consider correction of severe acidosis with bicarbonate (1-2mmolkg
-1

). 

 Treat hyperkalaemia (calcium, glucose/insulin, hyperventilation).  

 Give dantrolene (2.5 mg/kg initially, and 10 mg/kg as required).  

 Start active cooling.  

 Follow the ALS algorithm in cardiac arrest and continue cooling.  

 After return of spontaneous circulation (ROSC) monitor the patient closely for 

48-72 h, as 25% of patients experience relapse.  

 Contact an expert malignant hyperthermia centre for advice and follow-up. 
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Figure 3.7 Treatment hyperthermia. (From ERC 2021). 
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3.1.6 Thrombosis 
 

Pulmonary embolism 

 Cardiac arrest from acute pulmonary embolism is the most serious clinical 

presentation of venous thromboembolism, in most cases originating from a DVT. The 

reported incidence of cardiac arrest caused by pulmonary embolism is 2-7% of all 

OHCAs, and 5- 6% of all IHCAs, but this is likely to be an underestimation. Overall 

survival is low. Specific treatments for cardiac arrest resulting from pulmonary 

embolism include administration of fibrinolytics, surgical embolectomy and 

percutaneous mechanical thrombectomy.  

Diagnosis of acute pulmonary embolism during cardiac arrest is difficult. 

Clinical history and assessment, capnography and echocardiography can all assist in 

the diagnosis of acute pulmonary embolism during CPR. Cardiac arrest commonly 

presents as PEA. Low ETCO2 readings (about 1.7 kPa/13 mmHg) while performing 

high quality chest compressions may support a diagnosis of pulmonary embolism, 

although it is a non-specific sign.  

Common symptoms preceding cardiac arrest are sudden onset of dyspnoea, 

pleuritic or substernal chest pain, cough, haemoptysis, syncope and signs of DVT in 

particular (unilateral lower extremity swelling). Information about past medical 

history, predisposing factors, and medication that may support diagnosis of 

pulmonary embolism.  If a 12-lead ECG can be obtained before onset of cardiac 

arrest, changes indicative of right ventricular strain may be found: 

 Inversion of T waves in leads V1- V4; 

  QR pattern in V1;  

  S1Q3T3 pattern (i.e. a prominent S wave in lead I, a Q wave and inverted T 

wave in lead III); 

 Incomplete or complete right bundle-branch block. 

 Acute PE can cause right ventricle (RV) pressure overload and dysfunction 

and these signs can be seen on echocardiography. Unfortunately, there is no 

individual echocardiographic parameter that provides fast and reliable information on 

RV size or function.  

Treatment Pulmonary embolism 
 

Cardiac arrest prevention. Follow the ABCDE approach: 

 Airway - treat life-threatening hypoxia with high-flow oxygen.  

 Breathing-consider pulmonary embolism in all patients with sudden onset of 

progressive dyspnoea and absence of known pulmonary disease (always exclude 

pneumothorax and anaphylaxis).  

 Circulation - obtain 12-lead ECG (exclude acute coronary syndrome, look for 

right ventricle strain). Identify haemodynamic instability and high-risk PE. Perform 

bedside echocardiography.  

 Initiate anticoagulation therapy (heparin 80 IU/kg IV) during diagnostic 

process, unless signs of bleeding or absolute contraindications.  



89 
 

 Confirm diagnosis with computed tomographic pulmonary angiography 

(CTPA). Set-up a multidisciplinary team for making decisions on management of 

high-risk PE.  

 Give rescue thrombolytic therapy in rapidly deteriorating patients. 

 Consider surgical embolectomy or catheter-directed treatment as alternative to 

rescue thrombolytic therapy in rapidly deteriorating patients.  

Exposure - request information about past medical history, predisposing 

factors, and medication that may support diagnosis of pulmonary embolism:  

o previous pulmonary embolism or deep venous thrombosis (DVT);  

o surgery or immobilisation within the past four weeks; 

o active cancer; 

o clinical signs of DVT; 

o oral contraceptive use or hormone replacement therapy; 

o long-distance flights. 

Cardiac arrest management. Cardiac arrest commonly presents as PE. Low 

etCO2 readings (below 1.7 kPa/13 mmHg) while performing high-quality chest 

compressions may support a diagnosis of pulmonary embolism, although it is a non-

specific sign. Consider emergency echocardiography performed by a qualified 

sonographer as an additional diagnostic tool.  

Administer thrombolytic drugs for cardiac arrest when PE is the suspected 

cause of cardiac arrest. When thrombolytic drugs have been administered, consider 

continuing CPR attempts for at least 60 - 90 min before termination of resuscitation 

attempts. Use thrombolytic drugs or surgical embolectomy or percutaneous 

mechanical thrombectomy for cardiac arrest when PE is the known cause of cardiac 

arrest.  

Consider ECPR as a rescue therapy for selected patients with cardiac arrest 

when conventional CPR is failing in settings in which it can be implemented.  
 

Coronary thrombosis 

Detect parameters suggesting coronary thrombosis and activate the ST-

elevation myocardial infarction (STEMI) network: 

 Chest pain prior to arrest. 

 Known coronary artery disease. 

 Initial rhythm: VF, pulseless ventricular tachycardia (pVT). 

 Post-resuscitation 12-lead ECG showing ST-elevation. 

 Resuscitate and treat possible causes (establish reperfusion strategy). 

 

Patients with sustained ROSC 

 STEMI patients: 

o Primary percutaneous coronary intervention (PCI) strategy 120 min from 

diagnosis: activate catheterisation laboratory and transfer patient for immediate PCI. 

o Primary PCI not possible in ≤120 min: perform pre-hospital thrombolysis and 

transfer patient to PCI centre (Fig.3.8). 
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Figure 3.8 Management of out-of-hospital cardiac arrest in the setting of suspected coronary thrombosis. 

*Note that prolonged or traumatic resuscitation is a relative contraindication for fibrinolysis. 

**Individualised decision based on careful evaluation of the benefit/futility ratio, available resources and 

team expertise. Abbreviations: OHCA, out-of-hospital cardiac arrest; STEMI, ST-elevation myocardial 

infarction; ROSC, return of spontaneous circulation; PCI, percutaneous coronary intervention; CPR: 

cardiopulmonary resuscitation.(From ERC 2021). 

 

Non STEMI patients: individualise decisions considering patient 

characteristics, out-of-hospital cardiac arrest (OHCA) setting and ECG findings: 
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Figure 3.9 Ultrasound guided pericardiocentesis. (Fr

om https://www.intechopen.com.) 

 Consider quick diagnostic work-up (discard non-coronary causes and check 

patient condition). 

 Perform urgent coronary angiography (≤120 min) if ongoing myocardial 

ischaemia is suspected or the patient is hemodynamically/electrically instable. 

 Consider delayed coronary angiography if there is no suspected ongoing 

ischaemia and the patient is stable. 

 

Patients with no sustained ROSC: 

 Assess setting and patient conditions and available resources: 

 Futile: Stop CPR. 

 Not-futile:  

o Consider patient transfer to a percutaneous coronary intervention (PCI) centre 

with on-going CPR. 

o Consider mechanical compression and ECPR. 

o Consider coronary angiography. 

 

3.1.7 Cardiac tamponade 
 

Cardiac tamponade occurs when the pericardial sac is filled with fluid under pressure, 

which leads to compromise of cardiac function and ultimately cardiac arrest. The 

condition most commonly occurs after 

penetrating trauma and cardiac surgery. 

Mortality is high and immediate 

decompression of the pericardium is 

required to give any chance of survival.  

Decompress the pericardium 

immediately.  

Point of care echocardiography supports 

the diagnosis.  

Perform resuscitative thoracotomy or 

ultrasound guided pericardiocentesis 

(Fig.3.9). 
 

 

3.1.8 Tension pneumothorax 
 

Tension pneumothorax (Fig.3.10) is a reversible cause of cardiac arrest and 

must be excluded during CPR. It may lead to cardiac arrest by obstructing venous 

return through mediastinal shift. Tension pneumothorax may be caused by trauma, 

severe asthma and other respiratory disease, but can also be iatrogenic following 

invasive procedures, e.g. central line insertion. Institution of positive pressure 
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Figure 3.11 Needle chest decompression Anterior 

axillary line approach (From D.W. Callaway, MD 

Department of Emergency Medicine, Carolinas 

Medical Center). 

Figure 3.10 Large left-sided pneumothorax with 

contralateral mediastinal shift indicating a 

tension pneumothorax.   

(https://radiopaedia.org/cases/left-tension-

pneumothorax). 

ventilation can convert a pneumothorax 

into a tension pneumothorax. Diagnosis 

of tension pneumothorax in a patient with 

cardiac arrest or haemodynamic 

instability must be based on clinical 

examination or POCUS (see above - 

ALS).  

The symptoms include 

haemodynamic compromise (hypotension 

or cardiac arrest) in conjunction with 

signs suggestive of a pneumothorax 

(preceding respiratory distress, hypoxia, 

unilateral breath sounds on auscultation, 

chest crepitations and subcutaneous 

emphysema and mediastinal shift 

(tracheal deviation and jugular venous distention.  

Decompress chest immediately by open thoracostomy when a tension 

pneumothorax is suspected in the presence of cardiac arrest or severe hypotension. 

Needle chest decompression (Fig. 3.11) serves as rapid treatment, it should be carried 

out with specific needles (longer, non-kinking). Perform bilateral thoracostomies in 

the 4
th
 intercostal space. In the presence 

of positive pressure ventilation, 

thoracostomies are likely to be more 

effective than needle thoracocentesis. 

Any attempt at needle decompression 

under CPR should be followed by an 

open thoracostomy or a chest tube if the 

expertise is available.  

Chest decompression effectively treats 

tension pneumothorax and takes priority 

over other measures. 

 

 

3.1.9 Toxic agents 
 

The toxin(s) need to be identified as early as possible. Relatives, friends and 

ambulance crews can provide useful information. Examination of the patient may 

reveal diagnostic clues such as odours, needle marks, pupil abnormalities and signs of 

corrosion in the mouth. 

 The top 5 poisoning substance classes are analgesics, household cleaning 

substances, cosmetics and personal care products, sedatives, hypnotics, 

antipsychotics and antidepressants. Intentional (i.e. suicide) and accidental poisoning 

from pesticides are both significant causes of mortality. Industrial accidents, warfare 

or terrorism can also cause exposure to toxins.  
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Cardiovascular emergencies in acute poisoning 

Toxic agents can produce cardiovascular emergencies via indirect or direct 

mechanisms. In the latter case, toxic agents can modify blood pressure, myocardial 

contractility and conductivity. Hypertensive emergencies can occur during acute 

poisonings with adrenergic agonists such as cocaine or amphetamines. The best 

management consists of sedation with benzodiazepines, vasodilators and pure alpha-

antagonists. 

Hypotension can be caused by many toxic agents which lead to hypovolaemia 

due to acute losses (pesticides, mushrooms, lithium, diuretics, cholinomimetics) or to 

vasodilation (alcohol, antihypertensive medications, anticholinergics, tricyclic 

antidepressants, calcium channel blockers, opioids). Toxic agents can also cause 

tachy- or bradyarrhythmia (anticholinergics, sympathomimetics, antiarrhythmic 

drugs, etc). Medications with quinidine-like effects should be treated with sodium 

bicarbonate (1-2 mmol kg
-1

) IV. It is important to keep in mind specific treatments 

where available. 

 

Neurological emergencies in acute poisoning 

Toxic agents can also be responsible for neurological emergencies, such as 

reduced levels of consciousness, seizures and movement disorders. Clinically, in 

metabolic (or toxic) comas, oculo-cephalic and oculo-vestibular reflexes are usually 

preserved and motor response is usually symmetrical. The oculo-cephalic reflex and 

the cold caloric (oculo-vestibular) reflex are used to test brainstem function in 

profoundly comatose patients. Pupillary size can guide the diagnosis (miosis being 

typical of opioid overdose and mydriasis of anticholinergic overdose). Many 

medications can cause seizures via direct effect (antihistamine, antidepressant, 

antipsychotics, antibiotics, lithium, caffeine, cocaine, amphetamines, pesticides, 

carbon monoxide). Measure the patient’s temperature because hypo- or hyperthermia 

may occur during drug overdose. 

 

Decontamination 

Decontamination is a process of removal of the toxic agent from the body 

dependent on the route of exposure. For dermal exposure clothing should be removed 

and copious irrigation with water for at least 15 min should be commenced. 

Neutralising chemical substances should not be used, as these might cause further 

tissue damage. For ocular lesions immediate copious irrigation with normal saline for 

at least 30 min in the most severe cases should be commenced.  

Gastric lavage should not be performed routinely. It is only indicated in case of 

assumption of a potentially lethal amount of toxic agent and only within one hour of 

ingestion. Gastric lavage may be associated with life-threatening complications, e.g. 

aspiration pneumonitis, aspiration pneumonia, oesophageal or gastric perforation, 

fluid and electrolyte imbalances or arrythmias. It is contraindicated if the airway is 
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not protected and if a hydrocarbon with a high risk of aspiration potential or a 

corrosive substance has been ingested.  

The preferred method of gastrointestinal decontamination in patients with an 

intact or protected airway is activated charcoal. It is most effective if given within 1 h 

of the time of ingestion. The recommended dose is 0.5 -1 g\kg
-1

 both in paediatric and 

adult patients. Activated charcoal does not bind lithium, heavy metals and toxic 

alcohols.  

Whole bowel irrigation (WBI) can be considered for potentially toxic 

ingestions of sustained-release or enteric-coated drugs particularly for those patients 

presenting later than 2 h after drug ingestion when activated charcoal is less effective. 

WBI can be considered for patients who have ingested substantial amounts of iron, 

lithium, or potassium. WBI is contraindicated in patients with bowel obstruction, 

perforation, or ileus, and in patients with hemodynamic instability or compromised 

unprotected airways. 

Enhanced elimination 

Non-invasive strategies include multiple-dose activated charcoal (MDAC) and 

forced diuresis with urine alkalisation. Invasive techniques include haemodialysis, 

hemofiltration, plasmapheresis. MDAC administered over several hours can increase 

elimination for certain drugs, especially in high doses of toxic agents, drugs that tend 

to form bezoars, agents that slow the gastrointestinal motility, sustained release or 

toxic agents with elevated biliary excretion and entero-hepatic circulation. The initial 

dose is 1g/kg 
-1

, followed by 0.25- 0.5 g/kg 
-1

every 2-4 h. 

Forced diuresis is a very useful technique for drugs with elevated renal 

excretion, low protein binding and low volume of distribution. Indications are 

poisonings from amanita phalloides (death cap fungus), phenobarbital, salicylates and 

ethylene glycol. Urinary alkalinisation (urine pH ≥7.5) involves an IV sodium 

bicarbonate infusion. It is most commonly performed in patients with salicylate 

intoxication who do not need dialysis. Consider urine alkalinisation in addition with 

forced diuresis (3-6 ml kg
-1

 h
-1

) in severe poisoning by phenobarbital and herbicides. 

Hypokalaemia is the most common complication. 

Haemodialysis removes drugs or metabolites with low molecular weight, low 

protein binding, small volumes of distribution and high water-solubility. In 

hypotension, use continuous veno-venous hemofiltration (CVVH) or continuous 

veno-venous haemodialysis (CVVHD). Indications for haemodialysis include: 

worsening despite standard treatment; lethal blood levels of a toxic agents or certain 

history of lethal dose; patients with alterations of normal excretion systems or kidney 

injury secondary to the intoxication; poisonings with substances that produce highly 

toxic metabolites. Main indications for haemodialysis are poisonings with ethylene 

glycol, methanol, lithium, barbiturates, salicylates, paraquat. 

Antidotes (Table 3.5) interact with the toxic agent by means of different 

mechanisms, they make it less effective and decrease or stop its biological effects.  
 

 

 

https://www.collinsdictionary.com/dictionary/english/gastrointestinal
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Table 3.5 Specific toxic agents (ERC 2021) 
Drugs First Line Consider Avoid 

Digoxin Lidocaine   ventricular arrhythmias Digoxin-Fab  

80 mg 

Calcium channel 

blockers 

Class 1a 

antiarrhythmic 

drugs 
Calcium channel 

blockers 

IV calcium 1-2 g every 10-20 min 

 0.02 - 0.04 g/kg/h  

High-dose insulin euglycemic 

therapy Catecholamines 

Atropine 

Pacing 

VA-ECMO 

Intravenous lipid 

emulsion 

 

Beta-blockers High-dose insulin euglycemic 

therapy, 

Catecholamines 

Glucagon 

Intravenous lipid 

emulsion, 

phosphodiesterase 

inhibitors 

 

Neuroleptics Sodium bicarbonate - broad 

complex ventricular arrhythmias: 1-

2 mmol kg
-1

 

Dopamine, Dantrolene, 

Bromocriptine- neuroleptic 

malignant syndrome 

Adrenaline 

Dobutamine 

 

Anticonvulsants Sodium bicarbonate - broad 

complex ventricular arrhythmias: 1-

2 mmol kg
-1

 

Carnitine, Naloxone,  valproic acid 

Haemodialysis 

Extracorporeal life 

support 

(ECLS)   

carbamazepine 

 

Local 

anaesthetics 

Intravenous lipid emulsion: 20% 

lipid emulsion, 1.5 mlkg
-1

over 1 

min followed by an infusion at 0.25 

ml kg
-1

 for up to 60 min. 2 bolus 

repetitions, max cumulative dose 

12 ml kg
-1

 

  

Opioids Naloxone 0.4-2 mg, repeat every 2-

3 min 

  

Cocaine Benzodiazepines - seizure control Alpha-blockers, calcium 

channel blockers, nitro-

glycerine hypertension 

Beta-blockers not 

as first line 

management 
Cyanide Hydroxycobolamin 70 mg/kg/1-3 

min 

Sodium thiosulfate Amylnitrite, 

sodium nitrite   

avoid if smoke 

inhalation 

Organic solvents 

and halogenated 

hydrocarbons 

 Beta-blockers   

arrhythmias 

N-Acetylcysteine   

hepatotoxicity 

 

Botulinum toxin Antitoxin   

Viper 

envenomation 

Antivenom Polyvalent immune Fab  

Marine 

biotoxins 

Antivenom, magnesium - jellyfish   

Although basic supportive care remains the key treatment of poisonings, 

antidotes can be sometimes life-saving or may reduce morbidity. 

https://www.cardiomedic.com.ar/trabajos%20ecmo/ECLS%20Carbamazepine%20poisoning.pdf
https://www.cardiomedic.com.ar/trabajos%20ecmo/ECLS%20Carbamazepine%20poisoning.pdf
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Prevention of cardiac arrest 

Assess the patient using the systematic ABCDE approach: 

 Airway obstruction and respiratory arrest secondary to a decreased conscious 

level is a common cause of death after self-poisoning (benzodiazepines, alcohol, 

opiates, tricyclics, barbiturates). Early tracheal intubation of the unconscious patient 

may decrease the risk of aspiration. 

  Drug-induced hypotension usually responds to IV fluids, but occasionally 

vasopressor support is required.  

 Measure serum electrolytes (particularly potassium), blood glucose and arterial 

blood gases.  

 Retain samples of blood and urine for toxin analysis.  

 Patients with severe poisoning should be cared for in a critical care setting.  

 

Cardiac arrest 
 Personal safety is most important. 

 Consider using specific treatment measures as antidotes, decontamination and 

enhanced elimination.  

 Do not use mouth-to-mouth ventilation in the presence of chemicals such as 

cyanide, hydrogen sulphide, corrosives and organophosphates.  

 Exclude all reversible causes of cardiac arrest, including electrolyte 

abnormalities which can be indirectly caused by a toxic agent. 

Be prepared to continue resuscitation for a prolonged period of time. The toxin 

concentration may fall as it is metabolised or excreted during extended resuscitation 

measures. Consult regional or national poison centres for information on treatment of 

the poisoned patient (Fig.3.11).  
 

 
Figure 3.11 Toxic exposure algorithm. PPE—personal protective equipment. (ERC 2021). 
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Figure 3.12 Anaphylaxis (Turner et al. World 

Allergy Organization Journal 

12:100066.2019) 

3.2 Anaphylaxis 
 

The incidence of immune-mediated anaphylaxis during anaesthesia ranges 

from 1 in 10,000 to 1 in 20,000. Neuromuscular blocking drugs are the commonest 

cause, being associated with 60% of cases. Adrenaline is the most effective drug in 

anaphylaxis and should be given as early as possible. In contrast to alternative 

anaphylaxis scenarios it might be appropriate for anaesthetists to give adrenaline by 

the IV route.  

Recognition of anaphylaxis. Anaphylaxis causes life-threatening airway (swollen lips, 

tongue, uvula), breathing (dyspnoea, wheeze, bronchospasm, stridor, reduced peak 

flow, hypoxaemia) and circulation problems (hypotension, cardiac arrest) with or 

without skin or mucosal changes (generalised urticaria, flushing or itching) as part of 

an allergic reaction (Fig.3.12) Skin and mucosal changes are not always obvious to 

the rescuer and severe bronchospasm, hypotension, or rarely sudden cardiac arrest 

can be the first features. Initial management of anaphylaxis starts with removal of the 

allergen if possible and then follows the ABCDE approach. Remove or stop the 

trigger if possible. Stop any drug suspected of causing anaphylaxis. 

 Remove the stinger after a bee sting  early 

removal is more important than the method of 

removal. Do not delay definitive treatment if 

removing the trigger is not feasible. Give 

intramuscular adrenaline early and repeat after 

5 min if necessary. Intramuscular adrenaline (1 

mg/ml) should be given at a dose of 0.01 ml kg 
-1 

of body weight to a maximum total dose of 

0.5 ml. Adrenaline is the most important drug 

for the treatment of anaphylaxis and is the first 

line treatment according to anaphylaxis based 

on both its alpha - (vasoconstrictor) and beta-

(bronchodilator, inotropic, mast cell 

stabilisation) agonist properties. Intramuscular 

(IM) adrenaline works within minutes. The best site for IM injection is the 

anterolateral aspect of the middle third of the thigh. Repeating the IM adrenaline dose 

if there is no improvement in the patient’s condition after about 5-min. Ensure the 

patient is lying and do not suddenly sit or stand the patient up.  

Patients with airway and breathing problems may prefer to sit up as this will 

make breathing easier. Patients who are breathing and unconscious should be placed 

on their side (recovery position). Pregnant patients should lie on their left side to 

prevent aorto-caval compression.  

Give intravenous fluids. Anaphylaxis can cause hypotension due to 

vasodilation, redistribution of blood between vascular compartments, and fluid 

extravasation and correcting for fluid losses in addition to adrenaline. Use of either 

balanced crystalloids or 0.9% sodium chloride bolus doses and further doses based on 
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haemodynamic response. The first resuscitation fluid bolus should be about 500 ml 

over 5-10 min. Give oxygen. Oxygen therapy to correct hypoxaemia is a standard part 

of resuscitation. As for other emergency conditions, high flow oxygen should be 

given early and once an oxygen saturation can be measured reliably with a pulse 

oximeter the inspired oxygen should be titrated to target an oxygen saturation of 94 -

98%.  

Intravenous adrenaline should be used only by those experienced in the use and 

titration of vasopressors in their normal clinical practice. Patients who are given IV 

adrenaline must be monitored   continuous ECG and pulse oximetry and frequent 

non-invasive blood pressure measurements. Titrate IV adrenaline using a 20 - 50 mg 

bolus according to response. If repeated adrenaline doses are needed, start an IV 

adrenaline infusion. Other drugs to support the circulation is glucagon 1-2 mg IV is 

considered for anaphylaxis refractory to adrenaline in patients who are taking beta-

blockers. When anaphylaxis is refractory other vasopressors can be considered as a 

bolus dose or infusion including vasopressin, noradrenaline, phenylephrine.  

Steroids should be considered if there are ongoing asthma-like symptoms or in 

the setting of refractory shock. ECPR may be considered as a rescue therapy for 

selected patients with cardiac arrest when conventional CPR is failing in settings in 

which it can be implemented.  

Mast cell tryptase measurement can help diagnose anaphylaxis. The optimal 

timing for measurement is that ideally three timed samples should be taken: 

 First sample as soon as feasible after resuscitation has started. 

 Second sample at 1-2 h after the start of symptoms. 

 Third sample either after 24 h or in convalescence. This provides baseline 

tryptase levels some individuals have an elevated baseline level. 

 

3.3 Systemic toxicity of local anaesthetic 
 

Cardiac arrest is a rare but well recognized complication of local anaesthetic 

(LA) overdose, especially following inadvertent intravascular injection. Direct action 

of the LA on cardiac myocytes causes cardiovascular collapse, usually within 1-5 min 

of injection, but onset may range from 30 s to as long as 60 min. Significant 

hypotension, dysrhythmias, and seizures are typical manifestations, but the diagnosis 

maybe one of exclusion.  

Intravenous lipid therapy has been used as a rescue therapy to treat cardio-

vascular collapse and cardiac arrest, but its efficacy is controversial.  

The guidelines recommend:  

 20% lipid emulsion should be available for use wherever patients receive large 

doses of LA (e.g. operating rooms, labour wards and the emergency department).  

 Stop injecting the LA and call for help.  

 Secure and maintain the airway and, if necessary, intubate the trachea. Give 

100% oxygen and ensure adequate ventilation.  

 Control seizures using a benzodiazepine, thiopentone.  
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 Give an initial IV bolus injection of 20% lipid emulsion at 1.5 ml kg 
-1

over 1 

min and then start an infusion at 15 ml kg
-1

1h
-1

. 

  If ROSC has not been achieved at 5 min, double the rate of lipid infusion and 

give a maximum of two additional lipid boluses at 5-min intervals until ROSC has 

been achieved. Do not exceed a maximum cumulative dose of 12 ml kg
-1

.  

 If the patient does not respond to treatment ECPR should be considered. 

 

3.4 Sepsis 
 Sepsis is defined as life-threatening organ dysfunction caused by a 

dysregulated host response to infection. Septic shock is a subset of sepsis with 

circulatory and cellular/metabolic dysfunction associated with a higher risk of 

mortality.  

Assess of patient using the ABCDE approach while controlling the underlying 

source of infection is critical in the prevention of shock, multiorgan failure and 

cardiorespiratory arrest (Fig. 3.13): 

 The correction of hypoxia in cardiac arrest due to sepsis may require 

high flow oxygenation, intubation and mechanical ventilation. Correcting hypoxia 

and hypotension will optimize oxygen delivery to tissues.  

 Blood cultures should be obtained followed by the administration of 

broad-spectrum antibiotics. 

 Lactate levels should be measured. Hypotension or a lactate 

measurement of ≥ 4 mmol/l should be treated with the rapid administration of 30 ml 

kg
- 1

crystalloid.  

 Hourly urine output should be measured to help guide IV fluid therapy. 

 Vasopressors should be started within the first hour if the patient remains 

hypotensive during or after fluid resuscitation to maintain a mean arterial pressure 

≥65 mmHg. 

 
Figure 3.13 Initial Resuscitation for Sepsis and Septic Shock Hour-1 Bundle (From the Society of Critical 

Care Medicine,the USA, www.sccm.org). 

http://www.sccm.org/
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Sources of infection should be identified and treated accordingly. Serum lactate 

is a surrogate for tissue perfusion and can be used to guide resuscitation. Careful 

clinical assessment is required beyond the initial resuscitation stages to assess fluid 

responsiveness and avoid potentially harmful sustained positive fluid balance. Early 

initiation of treatment is required to prevent organ dysfunction and cardiac arrest.  

Сurrently for adults with sepsis or septic shock are suggested to use: 

 two antimicrobials with gram-negative coverage for empiric treatment over one 

gram-negative agent with high risk for multidrug resistant (MDR) organisms; 

 prolonged infusion of beta-lactams for maintenance (after an initial bolus) over 

conventional bolus infusion;  

 norepinephrine as the first-line agent over other vasopressors. For adults with 

septic shock and cardiac dysfunction with persistent hypoperfusion despite 

adequate volume status and arterial blood pressure, either adding dobutamine to 

norepinephrine or using epinephrine alone; 

 high flow nasal oxygen over noninvasive ventilation; 

 a low tidal volume ventilation strategy (6mL/kg) for adults with sepsis-induced 

ARDS; 

 prone ventilation for greater than 12hr daily for adults with sepsis-induced 

moderate-severe ARDS; 

 Veno-venous (VV) ECMO when conventional mechanical ventilation fails 

in experienced centers; 

 insulin therapy at a glucose level of ≥ 180mg/dL (10 mmol/L); 

 sodium bicarbonate therapy with severe metabolic acidemia (pH ≤ 7.2) and 

acute kidney injury; 

 Serum lactate is a surrogate for tissue perfusion and can be used to guide 

resuscitation. 

  Careful clinical assessment is required beyond the initial resuscitation (24hr) 

stages to assess fluid responsiveness.  

Case study 
A 68 year-old woman collapsed at home, as witnessed by her son who commenced CPR. She 

was in ventricular fibrillation when the paramedics arrived, and reverted to sinus rhythm 

following defibrillation at the scene. She was intubated prehospital and transferred to emergency 

department. She remains intubated and unconscious, and she has a blood pressure of 75/50 

mmHg. This is her ECG: 

 

Questions: 

1. Describe and interpret the ECG. 

Answer and interpretation: 

https://litfl.com/wp-content/uploads/2019/09/RVMI-1.jpg
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Description 

 SR 90/min (borderline for 1st degree heart block), normal axis. 

 ST elevation in the inferior leads (II, III, aVF) 

 ST elevation in V1, V2 and V3 

 Reciprocal ST depression in lateral leads (I, aVL and V6) 

 Inferior STEMI with right ventricular (RV) involvement, due to acute proximal occlusion 

of the right coronary artery. 

Key features suggesting RV infarction are: 

 ST elevation in V1 

 ST elevation in lead III > lead II 

 Note that about one quarter to one third of inferior STEMIs are associated with RV 

infarction, and nearly 90% of RV infarctions occur with coexistant inferior myocardial 

infarction (MI). Haemodynamically unstable RV infarction is associated with high mortality 

2. What is the relevance of leads V1 and V2 to the diagnosis in this case? 

Answer and interpretation. ST segment elevation in V1 should always make you suspect the 

presence of RV infarction. 

3. What can be immediately done at the bedside to confirm the diagnosis? 

Answer. Repeat the ECG with right-sided precordial leads. ST elevation in V4R confirms RV 

infarction.  

4. Describe your approach to management. 

 The approach to management includes: 

 Immediate activation of the catheterization laboratory.  

 Employ a team-based approach to resuscitation in an appropriately equipped and staffed 

resuscitation area. 

 Confirm endotracheal tube placement, adequacy of oxygenation (SaO2 94-98%) and 

ventilation. 

 Obtain large bore IV access and commence full non-invasive monitoring (SpO2, ETCO2, 

BP, ECG and temperature). 

 Treat cardiogenic shock due to right ventricular infarction: 

o 250 mL crystalloid boluses followed by reassessment (targeting adequate end organ 

perfusion, usually with MAP >65 mmHg); 

o maintain preload by avoiding nitrates and excessive intrathoracic pressures (e.g. avoid 

high PEEP); 

o transfer to the catheterization laboratory for cardiac catheterization.  

 Commence therapeutic hypothermia. 

This patient’s presentation is consistent with a critical right coronary artery occlusion 

requiring emergent reperfusion therapy. Ideally, transfer to the catheterization laboratory should 

occur so rapidly that there is insufficient time to do much else.  

If percutaneous coronary intervention (PCI) is not available, then thrombolysis — though not 

as effective, particularly in the presence of cardiogenic shock — should be performed. Following 

thrombolysis, transfer to a facility with a catheterization laboratory is still a priority (for rescue 

therapy and/or further investigation). 

In addition to judicious fluid boluses (to improve preload and RV function), ongoing 

hypotension may be treated with catecholamine infusions (e.g. dobutamine, noradrenaline), 

levosimendin (a calcium sensitiser), and devices such as intra-aortic balloon pumps (LV 

dysfunction may result from the inferior STEMI component) until definitive treatment can be 

performed. Practical resuscitation for healthcare professionals / edited by Pam Moule and John 

 W.Albarran.  2nd ed. 2009. 
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Chapter 4. CARDIAC ARREST IN SPECIAL SETTINS 
 

4.1 Cardiac arrest in the operating room 

 
The incidence of perioperative cardiac arrest is higher in children, especially 

newborns and infants as well as in older patients. Strong predictors of Intraoperative 

Cardiac Arrest (IOCA) are associated with higher American Society of 

Anesthesiologists (ASA) physical status, current sepsis, urgent/emergency case, 

anaesthetic technique and age. In addition, there are also several factors such as 

hypoxia, acute blood loss with shock, pulmonary embolism, myocardial infarction, 

arrhythmia or electrolyte disturbances, which all can be the cause or confounding 

factors in an intraoperative cardiac arrest. Additional risk factors for intraoperative 

cardiac arrest for patients in prone position, such as major spinal surgery, can include 

air embolism, wound irrigation with hydrogen peroxide and occluded venous return. 

If cardiac arrest is a strong possibility, a defibrillator should be on standby. Apply 

self-adhesive defibrillation electrodes before induction of anaesthesia, ensure 

adequate venous access, and prepare resuscitation drugs and fluids. Use fluid 

warmers and forced air warmers to limit perioperative hypothermia and monitor the 

patient’s temperature. 

Recognise cardiac arrest by continuous monitoring. Inform the surgeon and the 

theatre team. Call for help. Initiate high-quality chest compressions and effective 

ventilation. Follow the ALS algorithm with a strong focus on reversible causes, 

especially hypovolaemia, hypoxia, tension-pneumothorax, pulmonary embolism. Use 

ultrasound to guide resuscitation. Adjust the height of the OR table to enable high-

quality CPR. Check the airway and review the EtCO2 tracing. Administer oxygen 

with a FiO2 1.0. CPR is ideally carried out in the supine position of the patient, but is 

possible in patients in prone position as well. Open cardiac compression should be 

considered as an effective alternative to closed chest compression. Consider ECPR as 

a rescue therapy for selected patients with cardiac arrest when conventional CPR is 

failing. 

 

4.2 Cardiac surgery 
 

Major causes of cardiac arrest in this setting include ventricular fibrillation 

(VF), accounting for up to 50% of cases, followed by cardiac tamponade and major 

bleeding, which often present as PEA. Early signs of deterioration can be identified in 

the monitored postoperative patient after careful examination. Hypotension is a 

common observation to several different complications.  

 Echocardiography should be performed in case of haemodynamic instability, 

considering transoesophageal application for more precise diagnosis. 

 Continuous ECG monitoring allows early identification of arrhythmias; 

supraventricular tachycardias are the most frequent in this setting. 
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 Once recognised, immediately getting help and activating the cardiac 

arrest protocol are mandatory. 

 Modifications to the standard ALS algorithm include immediate 

correction of reversible causes and emergent resternotomy if this is 

not successful. 

 In patients with VF/pVT defibrillation of up to three stacked shocks should be 

prioritised and justifies delaying external chest compressions for as long as one 

minute. Amiodarone (300 mg) or lidocaine (100 mg) may be administered 

intravenously after three failed shocks to treat VF/pVT. If these fail, immediate 

resternotomy is advised. 

 Refractory cardiac arrest requires performing resternotomy within 5 min, in 

order to perform internal massage or defibrillation and eventually correct underlying 

causes. Resternotomy should be conceived as part of the resuscitation protocol of 

postoperative cardiac patients until at least day 10 after surgery. 

 In patients supported by intra-aortic balloon pump who present cardiac arrest, 

the device may contribute to improve coronary and brain perfusion if coordinated 

with cardiac massage. 

 .ECPR may be considered if resternotomy fails to revert cardiac arrest or as an 

alternative for patients undergoing minimally invasive cardiac surgery (i.e. 

thoracotomy) or who arrest >10 days after initial sternotomy. 

 

4.3 Catheterisation laboratory 
 

Prevent and be prepared. Ensure adequate training of the staff in resuscitation 

technical skills and ALS. Use safety checklists. Detect cardiac arrest and activate 

cardiac arrest protocol: 

o Check patient’s status and monitored vital signs periodically. 

o Consider cardiac echocardiography in case of haemodynamic instability or 

suspected complication. 

o Shout for help and activate cardiac arrest protocol. 

o Resuscitate and treat possible causes.  

 

Resuscitate according to the algorithm: 

 

 VF/pVT cardiac arrest. Defibrillate (apply up to 3 consecutive shocks). 

  No ROSC. Resuscitate according to ALS algorithm. 

 Asystole/ PEA. Resuscitate according to ALS algorithm. 

 Check and correct potentially reversible causes, including the use of 

echocardiography and angiography. 

  Consider mechanical chest compression and circulatory support devices 

(including ECPR). 
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4.4 Dialysis unit 
 

Patients receiving long-term hemodialysis (HD) are one of the highest risk 

groups for out-of-hospital cardiac arrest (OHCA), which includes events occurring 

within dialysis clinics. OHCA occurs 20 times more frequently in dialysis patients 

compared with the general population. Cardiac arrests occurring within a dialysis 

clinic may occur before, during or after dialysis treatment. Several risk factors for 

cardiac arrest in patients receiving long-term HD have been postulated including 

hyperkalaemia, excessive volume shifts during dialysis, low potassium dialysate 

fluid, cardiac disease, and non-compliance with diet and dialysis regimen. 

Follow the universal ALS algorithm. Assign a trained dialysis nurse to operate 

the haemodialysis (HD) machine. Stop dialysis and return the patient’s blood volume 

with a fluid bolus. Disconnect from the dialysis machine. Leave dialysis access open 

to use for drug administration. Dialysis may be required in the early post resuscitation 

period. Provide prompt management of hyperkalaemia. Avoid excessive potassium 

and volume shifts during dialysis. 

 

4.5 Dentistry 
 

Medical emergencies in a dental office include a variety of situations ranging 

from psychosomatic disorders precipitated by fear and anxiety to life-threatening 

situations. The most frequent medical emergencies include vasovagal (pre-) syncope, 

orthostatic hypotension, hypertensive crisis, hyperventilation, seizures, moderate 

allergic reactions, hypoglycaemia, and angina. Although life-threatening anaphylaxis 

is rare, it is a documented cause of death during dental procedures. In additional to 

chlorhexidine mouthwash, other common causes may include local anaesthetic agents 

and latex. Life-threatening emergencies commonly arise from myocardial infarction, 

seizures or exacerbation of asthma. Causes of cardiac arrest usually relate to pre-

existing comorbidities, complications of the procedure or allergic reactions.  

All dental care professionals should undergo annual practical training in the 

recognition and management of medical emergencies, including the delivery of CPR.  

 

Airway and breathing 
 

Dental procedures may cause loss of airway patency related to the primary 

pathology or complications of the procedure (e.g. bleeding, secretions, tissue 

swelling). The occurrence of choking is low. Check patient’s mouth and remove all 

solid materials from the oral cavity (e.g. retractor, suction tube, tampons). Prevention 

of foreign body airway obstruction should precede positioning. Recline the dental 

chair into a fully horizontal position. If reduced venous return or vasodilation has 

caused loss of consciousness (e.g. vasovagal syncope, orthostatic hypotension), 

cardiac output can be restored. Place a stool under the backrest for stabilisation. Start 

chest compressions immediately while patient lying flat on the chair. Consider the 
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Figure 4.1 Over-the-head technique of CPR.(From Saudi Journal of Anesthesia Vol. 8, Issue 

1, January-March 2014). 

over-the-head technique of CPR (Fig. 4.1) if access to either side of chest is limited. 

Basic equipment for a standard CPR including a bag-valve-mask device should be 

available immediately. 

 

 
 

 

 

4.6 Transportation 

4.6.1 Inflight cardiac arrest 
 

Early recognition and calling for help, early defibrillation, high-quality CPR 

with minimal interruption of chest compressions and treatment of reversible causes, 

are the most important interventions.  

Medical professional help should be sought (in-flight announcement). Ideally, 

CPR is performed by at least two people according to the universal CPR guidelines. 

The rescuer should kneel in the leg-space in front of the aisle seats to perform chest 

compressions if the patient cannot be transferred within a few seconds to an area with 

adequate floor space. Overhead-CPR is a possible option in limited space 

environments (Fig. 4.1). Airway management should be based on the equipment 

available and the expertise of the rescuer. If the flight plan is over open-water with 

high possibility of ROSC during an ongoing resuscitation consider an early diversion. 

Consider risks of diversion if ROSC is unlikely and give appropriate 

recommendations to the flight crew. If CPR is terminated (no ROSC) a flight 

diversion should not usually be performed. 

 

4.6.2 Helicopter emergency medical services and air ambulances 

 
Proper pre-flight-evaluation of the patient, early recognition and 

communication within the team, early defibrillation, high-quality CPR with minimal 

interruption of chest compressions, and treatment of reversible causes before flight 
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are the most important interventions for the prevention of CPR during helicopter 

emergency medical services missions.  

Check the patient status properly before flight. Sometimes ground-based 

transport might be a suitable alternative, especially for patients with high-risk of 

cardiac arrest. Check security of the airway and ventilator connections prior to flight. 

Always consider attaching a mechanical CPR device before flight. Consider three 

stacked shocks in case of shockable rhythm during flight. Defibrillation during flight 

is safe. For a cardiac arrest in an unventilated patient during flight consider a SGA for 

initial airway management. Pulse oximetry (SpO2) monitoring and oxygen 

supplementation should be available immediately if not already attached. CPR should 

be performed as soon as possible, over-the-head-CPR might be possible depending 

on the type of helicopter. If cabin size does not allow high-quality CPR, consider 

immediate landing. 

  

4.7 Cardiac arrest in sport 
 

The incidence of sudden cardiac death associated with sport or exercise in the 

general population is 0.46 per 100,000 person-years. In the United States it has been 

estimated that in younger age groups there is an approximately 4.5-fold higher risk of 

sudden cardiac arrest (SCA). The highest incidence as being in runners and in soccer 

players for athletes in competition and for running and gym exercise during non-

competition; with strenuous sports such as racquet sports, downhill skiing, marathon 

running, triathlon participation and high-intensity sports activities such as basketball. 

All sports and exercise facilities should undertake a medical risk assessment of the 

risk of sudden cardiac arrest.  

SCA during sport or exercise requires rapid recognition and effective treatment 

if the individual is to survive. 

Where there is a raised risk, mitigation must include resuscitation planning:  

 Staff and members training in the recognition and management of cardiac 

arrest. 

 Direct provision of an AED or clear directions to the nearest public access 

AED. 

Recognise collapse. Call for help. Assess for signs of life. If no signs of life: 

 Commence CPR. 

 Access an AED and defibrillate if indicated. 

 If ROSC occurs, carefully observe and monitor the casualty until advanced 

medical care arrives. 

If there is no ROSC: 

 Continue cardio-pulmonary resuscitation and defibrillation until advanced 

medical care arrives. 

 In a sport arena, consider moving patient to a less exposed position and 

continue resuscitation. This should be accomplished with minimal interruption to 

chest compressions. 
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Commotio cordis 

 
Whereas most cardiac events in sport are not associated with contact or trauma, 

commotio cordis is the exception. Commotio cordis, the disruption of cardiac rhythm 

by a blow to the precordium, has an incidence of 3%. Commotio cordis is ventricular 

fibrillation. Initial efforts should focus on resuscitation from cardiac arrest due to 

ventricular fibrillation. This includes closed chest compressions and early 

defibrillation. If the arrest is prolonged, it may be prudent to provide rescue 

ventilation and/or medications to improve coronary perfusion pressure (e.g., 

epinephrine).  After resuscitation, appropriate post-arrest care should be 

implemented. 
  

4.8 Drowning 
 

Drowning is the third leading cause of unintentional injury death worldwide, 

accounting for over 360,000 deaths annually. Submersion duration is the strongest 

predictor of outcome. The major sequela of drowning is hypoxia caused by 

respiratory impairment secondary to the aspiration of fluid into the lungs. If severe or 

prolonged, this can cause cardiac arrest.  Salinity has an inconsistent effect on 

outcome.  

Initial efforts should focus on assess consciousness and breathing. If conscious 

and/or breathing normally, aim to prevent cardiac arrest. If unconscious and not 

breathing normally, start resuscitation: 

o Airway. Ensure a patent airway. Treat life - threatening hypoxia with 100% 

inspired oxygen until the arterial oxygen saturation or the partial pressure of arterial 

oxygen can be measured reliably. Once SpO2 can be measured reliably or arterial 

blood gas values are obtained, titrate the inspired oxygen to achieve an arterial 

oxygen saturation of 94 - 98% or arterial partial pressure of oxygen (PaO2) of 10-13 

kPa (75 - 100 mmHg). 

o Breathing. Assess respiratory rate, accessory muscle use, ability to speak in full 

sentences, pulse oximetry, percussion and breath sounds; request chest X-ray. 

Consider non-invasive ventilation if respiratory distress and safe to do so. Consider 

invasive mechanical ventilation if respiratory distress and unsafe or unable to initiate 

non-invasive ventilation. Consider extracorporeal membrane oxygenation if poor 

response to invasive ventilation. 

o Circulation. Assess heart rate and blood pressure, attach ECG. Obtain IV 

access. Consider IV fluids and/or vasoactive drugs to support the circulation. 

o Disability. Assess using AVPU or the Glasgow Coma Scale (GCS). The basis 

of the AVPU scale is on the following criterion: 

 Alert: The patient is aware of the examiner and can respond to the environment 

around them independently. The patient can also follow commands, open their eyes 

spontaneously, and track objects. 
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 Verbally Responsive: The patient's eyes do not open spontaneously. The 

patient's eyes open only in response to a verbal stimulus directed toward them. The 

patient can react to that verbal stimulus directly and in a meaningful way. 

 Painfully Responsive: The patient's eyes do not open spontaneously. The 

patient will only respond to the application of painful stimuli by an examiner. The 

patient may move, moan, or cry out directly in response to the painful stimuli. 

 Unresponsive: The patient does not respond spontaneously. The patient does 

not respond to verbal or painful stimuli. 

Patients scoring "P" or "U" may have decreased or absent gag reflexes and thus 

are unable to maintain a patent airway. This status should prompt the healthcare 

provider to consider initiating a means of airway protection to avoid airway 

compromise or aspiration.  

The AVPU scale correlates to distinct the Glasgow Coma Scale (GSC) ranges, 

as outlined below: 

o GCS Score 15 – Alert. 

o GCS 12 to 13 - Verbally Responsive. 

o GCS 5 to 6 - Physically Responsive.  

o GCS 3 – Unresponsive. 

Exposure. Measure core temperature. Initiate hypothermia algorithm if core 

temperature <35 C. 

Cardiac arrest. Start resuscitation as soon as safe and practical to do so. If 

trained and able this might include initiating ventilations whilst still in the water or 

providing ventilations and chest compressions on a boat. Start resuscitation by giving 

5 rescue breaths/ventilations using 100% inspired oxygen if available.  If the person 

remains unconscious, without normal breathing, start chest compressions. Alternate 

30 chest compressions to 2 ventilations. Apply an AED if available and follow 

instructions. Intubate the trachea if able to do so safely. Consider ECPR in 

accordance with local protocols if initial resuscitation efforts are unsuccessful. 

 

4.9 Mass casualty incidents 
 

Mass casualty incidents (MCIs), characterized by greater demand for medical 

care than available resources, are rare events. Identify hazards and immediately 

request assistance if necessary. Use adequate personal protection equipment (PPE) 

(e.g. bulletproof vest, respirator, long-sleeved gown, eye and face protection) 

depending on specific risks on scene. Reduce secondary risks to other patients and 

providers. Consider assigning a higher triage risk level to elderly and to survivors of 

high-energy trauma in order to reduce preventable deaths.   

Repeated triage (re-triage) is needed at hospital admission and responsible 

personnel at all stages of emergency care must be familiar with the triage system 

used. Life-saving interventions should be performed in patients triaged as 

“immediate” (highest priority) to prevent cardiac arrest: 

 open airway using basic techniques; 
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 control bleeding; 

 decompress chest for tension pneumothorax; 

 use antidotes in auto-injectors; 

 consider initial rescue breaths in a non-breathing child. 

Triage inaccuracy may have fatal consequences in patients with survivable 

injuries. Healthcare professionals must be regularly trained to use the triage protocols 

during simulations and live exercises. 

 

Case study 

A 18-year-old man has been brought into the Emergency Department (ED) as a ‘cardiac arrest 

call’. Passers by saw him floating in the water and rescued him. There were no signs of life on 

scene and bystander CPR was started. He has been brought into the ED by a paramedic crew in 

cardiac arrest with ongoing CPR. Total downtime is now 20 minutes.  

Examination 

During a pulse check, assessment is as follows: 

 The patient has a supraglottic airway device inserted and is being ventilated. 

 There are coarse crackles throughout both lung fields and saturations are unrecordable on 

high flow oxygen. 

 There is no palpable pulse and the patient is in asystole. There is an intra-osseous needle 

inserted into the left proximal humerus. 

 The GCS is 3/15 and both pupils are fixed at 5 mm. 

 Core temperature is 29°C and there are no external signs of injury. 

 Arterial blood gas: pH 7,01, pO2 35 mm Hg, pCO2 13 mm Hg, HCO3 18 mmol\l, lactate 

12 mmol\l, glucose 19 mmol\l. 

Questions 

1. How are you going to manage this patient? 

2. What are the recommendations for administration of drugs? 

3. When should you consider stopping CPR? 

This man has suffered a submersion injury and should be managed along Advanced Life Support 

(ALS) guidelines. Ventilation may be carried out via several methods. The simplest is via a bag-

valve-mask connected to high flow oxygen. If there are trained practitioners, this should be 

changed to either a supraglottic device (LMA) or preferably endotracheal intubation as soon as 

possible. In cases of submersion, this is advantageous as it allows increased positive end 

expiratory pressure (PEEP), which will recruit collapsed or flooded alveoli. Once this has been 

established, it is recommended to switch to continuous chest compressions at 100 per minute and 

ventilation at a rate of 10–12 breaths per minute. There is often concern for concurrent cervical 

spine injury in these cases, and it may add a layer of complexity into management. During the 

resuscitation attempt potentially reversible causes of cardiac arrest should be sought and 

corrected.  

This patient is complex and has several potential reversible causes. The submersion injury will 

almost certainly cause pulmonary oedema by flooding the lungs with contaminated water and 

mixing with surfactant. Endotracheal intubation and warmed high flow oxygen are keys to 

reversing hypoxia here. The alcohol ingestion combined with the prolonged submersion means 

that the patient may be hypovolaemic. Warmed 0.9% saline or other cystalloid solution should be 

used to resuscitate the patient. Heavy alcohol consumption will contribute to a metabolic acidosis 
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as well as cellular hypoxia from the cardiac arrest but should improve with fluid administration. 

Sodium bicarbonate (8.4%) may be considered for extreme metabolic acidosis in those that fail to 

improve with fluid resuscitation. 

The core temperature was noted to be 29°C, and efforts should be made to rewarm the patient in 

the ED. Possible options include warmed intravenous fluids, removal of cold wet clothes and 

forced warm air induction. Advanced warming techniques such as bladder lavage, peritoneal 

lavage or ECMO may be employed if available. Arrhythmias due to the sudden temperature 

change may be a contributing cause and if present should be managed. Below 30°C, drugs 

(adrenaline) withheld until core temperature is >30°C. The interval between drug doses should be 

doubled until core temperature is >34°C. 

How long should you continue? There are no fixed criteria but current guidelines suggest that 

many factors should be considered – the age of the patient, submersion time, temperature of the 

water and co-morbidities. The mantra in the ED is that ‘you are not dead until you are warm and 

dead’, and efforts should be made to raise the core temperature to >34°C before making final 

decisions. Mechanical chest compression devices should be considered where prolonged CPR is 

anticipated as they prevent team fatigue and ideally should be deployed on arrival to the ED. 

Practical resuscitation for healthcare professionals / edited by Pam Moule and John W.Albarran. 

 2nd ed. 2009. 
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Chapter 5. CARDIAC ARREST IN SPECIAL PATIENTS 
 

5.1 Asthma and COPD 
 

A stepwise approach to the initial assessment and treatment, based on the 

ABCDE approach is recommended for patients at risk of cardiac arrest due to an 

exacerbation of obstructive lung disease (asthma/COPD).  

Cardiac arrest prevention: 

 Airway. Ensure a patent airway. Treat life-threatening hypoxia with high flow 

oxygen. Titrate subsequent oxygen therapy with pulse oximetry (SpO2 94% - 98% for 

asthma; 88%-92% for chronic obstructive pulmonary disease (COPD). 

 Breathing. Assess respiratory rate, accessory muscle use, ability to speak in full 

sentences, pulse oximetry, percussion and breath sounds; request chest X-ray. Look 

for evidence of pneumothorax/tension pneumothorax and treat accordingly. Patients 

with obstructive lung disease may develop tension pneumothorax, which, if left 

untreated, may cause cardiac arrest. Provide nebulised bronchodilators. Administer 

steroids (Prednisolone 40 - 50 mg or hydrocortisone 100 mg), antibiotics if a bacterial 

infection is suspected. Consider IV magnesium sulphate for asthma. Seek senior 

advice before giving IV aminophylline or salbutamol.  

 Circulation. Assess heart rate and blood pressure, attach ECG. Obtain vascular 

access. Consider IV fluids. 

Non-invasive ventilation (NIV) is recommended in the presence of respiratory 

acidosis (PaCO2 < 6 kPa/35 mmHg and arterial pH <7.35), severe dyspnoea with 

clinical signs of fatigue and/or increased work of breathing.  

 Invasive ventilation may be required in the event of NIV failure, the patient is 

intolerant to NIV, agitation or reduced conscious level, risk of aspiration, 

cardiovascular instability or life-threatening hypoxia. Be alert to the higher risk of 

life-threatening hypotension after emergency intubation and mechanical ventilation in 

patients with raised arterial CO2 and obstructive lung disease. Ventilate with 

respiratory rate (8-10 min
-1

) and sufficient tidal volume to cause the chest to rise. 

Tidal volume depends on inspiratory time and inspiratory flow. In mechanically 

ventilated severe asthmatics, increase the expiratory time (achieved by reducing the 

respiratory rate). 

Cardiac arrest treatment. Cardiac arrest in patients with obstructive lung 

disease may arise as a consequence of hypoxia, hypovolaemia, toxins (arrhythmias 

caused by stimulant drugs e.g. beta-adrenergic agonists, aminophylline), electrolyte 

disturbance, tension pneumothorax and/or the effects of gas trapping leading to 

reducing venous return and blood pressure. 

Administer high concentration oxygen. Ventilate with respiratory rate (8-10 

min 
-1

) and sufficient tidal volume to cause the chest to rise. Intubate the trachea if 

able to do so safely. Check for signs of tension pneumothorax and treat accordingly. 

Disconnect from positive pressure ventilation if relevant and apply pressure to 
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manually reduce hyperinflation. Consider IV fluids. Consider E-CPR in accordance 

with local protocols if initial resuscitation efforts are unsuccessful. 

Cardiac arrest in obstructive lung disease is usually associated with a non-

shockable rhythm and therefore poor survival rates. E-CPR may be considered if 

conventional therapies fail. 

 

5.2 Neurological disease 
 

Cardiac arrest associated with acute neurological disease can occur with 

subarachnoid haemorrhage, intracerebral haemorrhage, epileptic seizures, and 

ischaemic stroke.  

There are no modifications required in the BLS and ALS management of 

cardiac arrest from a primary neurological cause. Following ROSC, consider clinical 

features such as young age, female sex, non-shockable rhythm and neurological 

antecedents such as headache, seizures, and focal neurological deficit when 

suspecting a neurological cause of cardiac arrest. Early identification of a 

neurological cause can be achieved by performing a brain CT-scan at hospital 

admission, before or after coronary angiography. In the absence of signs or symptoms 

suggesting a neurological cause (e.g. headache, seizures or neurological deficits) or if 

there is clinical or ECG evidence of myocardial ischaemia, coronary angiography is 

undertaken first, followed by CT scan in the absence of causative lesions.  
 

Subarachnoid haemorrhage 
 

Cardiac or respiratory arrest occurs in between 3-11% of patents with 

subarachnoid haemorrhage (SAH). Patients with SAH may have ECG changes that 

suggest an acute coronary syndrome. This can pose challenges after ROSC in terms 

of whether they should have an early brain scan or go directly for coronary 

angiography. The order of brain scanning versus early coronary angiography should 

be based on clinical suspicion. Prognosis is poor even in those with ROSC after a 

SAH. This is probably because cardiac arrest tends to occur with larger more severe 

bleeds following a SAH. 

5.3 Obesity 
 

Overweight and obesity are defined as abnormal or excessive fat accumulation 

that presents a risk to health. Obesity is the body mass index (BMI), a person’s 

weight (in kg) divided by the square of his or her height (in metres). A person with a 

BMI of 30 kg /m
2
 or more is generally considered obese. Clinical and 

epidemiological evidence has linked obesity to a broad spectrum of cardiovascular 

diseases including coronary heart disease, heart failure, hypertension, stroke, atrial 

fibrillation and sudden cardiac death.  

Delivery of effective CPR in obese patients may be challenging due to a 

number of factors: 
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Figure 5.1 Manual ventilation with a bag-mask 

using a two-person technique (edited by Pam 

Moule and John W. Albarran. – 2nd ed.). 

 

 patient access and transportation; 

 vascular access; 

 airway management; 

 quality of chest compressions; 

 efficacy of vasoactive drugs; 

 efficacy of defibrillation. 

Obese patients lying in a bed do not necessarily need to be moved down onto 

the floor. Their heavy torso sinks into the mattress and leaves less potential for 

mattress displacement during chest compression. Repositioning of obese patients may 

delay initiation of CPR, but also cause injuries to the patient and rescuers. Provide 

chest compressions up to a maximum of 6 cm using a feedback device, if available. 

Rescuers providing chest compression should be changed more frequent compared to 

the standard two-minute interval to maintain 

sufficient compression depth.  

Manual ventilation with a bag-mask 

should be minimised and be performed by 

experienced staff using a two-person 

technique (Fig.5.1).  

An experienced provider should 

intubate the trachea early so that the period 

of bag-mask ventilation is minimised.  

If intubation is not possible, use of a 

supraglottic airway device (SGA) and 

oesophageal drainage tube should be 

considered as suitable option.  

Consider escalating defibrillation 

energy to maximum for repeated shocks.  

Special vehicles modified to transport 

extremely obese patients, equipped with reinforced stretchers and specialized lifting 

gear, should be used if possible. Weight limits of both stretchers and hospital beds 

must be known prior to use. Underestimation of the technical aspects of rescue 

operations may cause secondary trauma, or even make transportation to the hospital 

impossible. 

 

5.4 Pregnancy 
 

A maternal cardiac arrest is a cardiac arrest that occurs at any stage in 

pregnancy and up to 6 weeks after birth. The most common causes were heart 

disease, thromboembolism, epilepsy and stroke, sepsis, mental health conditions, 

bleeding, cancer and pre-eclampsia. Of these about 25% of arrest were associated 

with anaesthesia. Survival was poor for OHCA and if there was a delay in 

perimortem caesarean section. The risk increased with age, social deprivation and for 

ethnic minorities. 
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Use a systematic ABCDE approach to assess and treat the pregnant patient. 

Place the patient in the left lateral position or manually and gently displace the uterus 

to the left to relieve aortocaval compression (Fig. 5.2). Give oxygen guided by pulse 

oximetry to correct hypoxaemia. 

Give a fluid bolus if there is hypotension or evidence of hypovolaemia. 

Immediately re-evaluate the need for any drugs being given. Seek expert help early   

obstetric, anaesthetic, critical care and neonatal specialists should be involved early in 

the resuscitation. Identify and treat the underlying cause of cardiac arrest, e.g. control 

of bleeding, sepsis. Give intravenous tranexamic acid 1 g IV for postpartum 

haemorrhage. 

 
Figure 5.2 A - using a1 handed technique to push the uterus upwards and leftwards off  the  maternal 

vessels; B-Using a two handed technique, cup and lift the uterus leftwards and upward off the main vessel( 

from American Heart Association,2017). 

 

Modification for advanced life support in the pregnant patient: 

 Call for expert help early (including an obstetrician and neonatologist). 

 Start basic life support according to standard guidelines. 

 Use the standard hand position for chest compressions on the lower half of the 

sternum if feasible. 

 Chest compressions should be according to BLS guidelines at a rate of 

100-120 min
-1

 and depth of 5-6 cm on the lower half of the sternum. 

 The use of mechanical chest compression devices is not recommended in 

pregnancy. 

 Consider the use of abdominal ultrasound by a skilled operator to detect 

pregnancy and possible causes during cardiac arrest in pregnancy; however, do not 

delay other treatments and minimise interruptions to chest compressions. 

 Airway management. Pregnant patients have an increased risk of gastric 

regurgitation and aspiration, and have an increased risk of failed intubation. The 

airway should be managed according to current ALS guidelines using a stepwise 

approach (bag-mask, supraglottic airway, tracheal tube), according to rescuer skills. 

Early intubation will make oxygenation and ventilation easier and protect against 

aspiration but this requires an expert intubator. 

 Consider the need for an emergency hysterotomy or caesarean section as soon 

as a pregnant woman goes into cardiac arrest. 



115 
 

If over 20 weeks pregnant or the uterus is palpable above the level of the 

umbilicus: 

o Manually displace the uterus to the left to remove aortocaval compression. If 

feasible, add left lateral tilt   the chest should remain on supported on a firm surface 

(e.g. in the operating room). The optimal angle of tilt is unknown. Aim for a tilt 

between 15 and 30 degrees. Even a small amount of tilt may be better than no tilt. 

The angle of tilt used needs to enable high-quality chest compressions and if needed 

allow caesarean delivery of the fetus. 

o Prepare early for emergency hysterostomy early   the fetus will need to be 

delivered if immediate (within 4 min) resuscitation efforts fail. In some 

circumstances immediate resuscitation attempts will restore a perfusing rhythm. 

Delivery will relieve aortocaval compression and may improve chances of maternal 

and fetal resuscitation.If over 20 weeks pregnant or the uterus is palpable above the 

level of the umbilicus and immediate (within 4 min) resuscitation is unsuccessful, 

deliver the fetus by emergency caesarean section aiming for delivery within 5 min of 

collapse. 

o Place defibrillator pads in the standard position as far as possible and use 

standard shock energies. The baby will not be harmed by the defibrillator shocks, but 

it will only survive if the mother’s heart is restarted. Left lateral tilt and large breasts 

will make it difficult to place an apical defibrillator pad. Shocks are only delivered by 

the defibrillator if a shockable heart rhythm is detected. 

o Consider early tracheal intubation by a skilled operator.  

o Identify and treat reversible causes (e.g. haemorrhage).  

o Focused ultrasound by a skilled operator may help identify and treat                  

reversible causes of cardiac arrest.  

o Consider extracorporeal CPR (ECPR) as a rescue therapy if ALS measures are 

failing. 

Preparation for cardiac arrest in pregnancy. Healthcare settings dealing with 

cardiac arrest in pregnancy should: 

 have plans and equipment in place for resuscitation of both the pregnant 

woman and the newborn; 

 ensure early involvement of obstetric, anaesthetic, critical care and neonatal 

teams; 

 ensure regular training in obstetric emergencies. 

 

5.4.1 Haemorrhage 
 

Life-threatening haemorrhage can occur both antenatally and postnatally. 

Associations include ectopic pregnancy, placental abruption, placenta praevia, 

placenta accreta, and uterine rupture. A massive haemorrhage protocol must be 

available in all units and should be updated and rehearsed regularly in conjunction 

with the blood bank. Women at high risk of bleeding should be delivered in centres 

with facilities for blood transfusion, intensive care and other interventions, and plans 
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should be made in advance for their management. Treatment is based on an ABCDE 

approach. Follow existing guidelines for management of massive haemorrhage 

obstetrics. 1 g IV tranexamic acid reduced death from postpartum haemorrhage, 

especially if given within 3 h. 

5.4.2 Cardiovascular disease 
 

Myocardial infarction and aneurysm or dissection of the aorta or its branches, 

and peripartum cardiomyopathy cause most deaths from acquired cardiac disease 

Patients with known cardiac disease need to be managed in a specialist unit. Pregnant 

women may develop an acute coronary syndrome, typically in association with risk 

factors such as obesity, older age, smoking, diabetes, pre-existing hypertension and a 

family history of ischaemic heart disease. Pregnant patients can have atypical features 

such as epigastric pain and vomiting. Percutaneous coronary intervention (PCI) is the 

reperfusion strategy of choice for ST-elevation myocardial infarction in pregnancy. 

Thrombolysis should be considered if urgent PCI is unavailable. 

 

5.4.3 Amniotic fluid embolism 
 

Amniotic fluid embolism (AFE) usually presents around the time of delivery 

with sudden cardiovascular collapse, breathlessness, cyanosis, arrhythmias, 

hypotension and haemorrhage associated with disseminated intravascular 

coagulopathy. Patients may have warning signs preceding collapse including 

breathlessness, chest pain, feeling cold, light-headedness, distress, panic, a feeling of 

pins and needles in the fingers, nausea, and vomiting. It is  association with older 

maternal age, multiple pregnancy, placenta praevia and induction of labour, 

instrumental vaginal and caesarean delivery. Treatment is supportive, as there is no 

specific therapy based on an ABCDE approach and correction of coagulopathy. 

Case study 
Mr Brown was admitted to the ward from the emerency department two hours ago. He 

has suffered from an axacerbation of asthma and was initially stabilised with continuous 

nebulised salbutamol. He was maintaining his oxygen saturations at 90-92% on 15 L of 

oxygen via a non-rebreathing mask. You go to administer a nebuliser and find him 

unresponsive and pulseless. 

What are your actions? 

On assessment of airway,breathing and circulation, the patient is found to be apnoeic 

and pulseless.The cardiac arrest team is called and basic life support is commenced. The 

monitor is connected and the rhythm is found to be PEA at a rate of 40. 

What should be the actions of the team now? 

The patient has been intubated and has received 1 mg adrenaline and 3 mg atropine. 

Cardiac compressions and ventilation are now being carried out continuously. ( One 

potentially reversible cause of cardiac arrest has been addressed – hypoxia). On reassessment, 

a thready pulse is felt. The patient is stabilised and moved to the intensive care unit for 

continuing care.Practical resuscitation for healthcare professionals / edited by Pam Moule and John 

W.Albarran.  2 nd ed. 2009. 
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Figure 6.1 Surgical Mask with Fluid Resist 

Face Shield FluidShield. (From 

https://www.cascadehealthcaresolutions.co

Chapter 6. CARDIAC ARREST AND CORONAVIRUS 

DISEASE 
 

COVID-19 is the disease caused by the severe acute respiratory syndrome 

coronavirus (SARS-CoV-2) and is highly contagious. Among patients with severe 

COVID-19 pneumonia and in-hospital cardiac arrest at a tertiary hospital in Wuhan, 

China, 87.5% had a respiratory cause for their cardiac arrest.  In this series of 

patients, the initial cardiac arrest rhythm was asystole in 89.7%, pulseless electrical 

activity in 4.4 % and ventricular fibrillation/ pulseless ventricular tachycardia 

(VF/pVT) in 5.9%. Thus, although most cardiac arrests in these patients are likely to 

present with a non-shockable rhythm caused by hypoxaemia (although dehydration, 

hypotension and sepsis may also contribute), some will have a shockable rhythm, 

which may be associated with drugs causing prolonged-QT syndrome (e.g. 

chloroquine, azithromycin) or caused by myocardial ischaemia. 

The main mechanism of disease transmission of SARS-CoV-2 is by respiratory 

secretions either directly from the patient or by touching contaminated surfaces. 

Respiratory secretions are called either droplets (> 5–10 microns in diameter) or 

airborne particles (< 5 microns). Droplets fall onto surfaces within 1–2 metres of the 

patient’s respiratory tract while airborne particles can remain suspended in the air for 

prolonged periods. 

6.1 Personal protective equipment 

 
The minimum droplet-precaution 

personal protective equipment (PPE) 

comprises: 

 • Gloves. 

 • Short-sleeved apron. 

 • Fluid-resistant surgical mask. 

 • Eye and face protection (fluid-resistant 

surgical mask with integrated visor or 

fullface shield/visor or polycarbonate safety 

glasses or equivalent) Fig. 6.1). 

The minimum airborne-precaution PPE 

comprises:  

• Gloves.  

• Long-sleeved gown.  

• Filtering facepiece 3 (FFP3 – Fig. 6.2a) or  

N99 mask/respirator (FFP2 or N95 if FFP3 not available). 

 • Eye and face protection (full-face shield/visor or polycarbonate safety glasses 

or equivalent) (Fig. 6.2b). 

Alternatively, powered air purifying respirators (PAPRs) with hoods may be used 

(Fig. 6.3). 
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Figure 6.2a Filtering facepiece 3 (FFP3).                Figure 6.2b Full Face Protective Disposable Face 

Shield Visor.                    

    

   
Figure 6.3. Powered air purifying respirators (PAPRs). (From https://www.allsafeindustries.com). 

 

6.2 Basic Life Support in Adults 

 

 For patients with confirmed and suspected COVID-19 the European 

Resuscitation Council recommends the following changes to basic life support (BLS) 

in adults by healthcare personnel: 

 Teams responding to cardiac arrest patients (both in- and out-of-hospital) 

should be comprised only of healthcare workers with access to, and training in the 

use of airborne-precaution PPE. 

  Applying defibrillator pads and delivering a shock from an AED/defibrillator 

is unlikely to be an aerosol-generating procedure and can be undertaken with the 

healthcare provider wearing droplet-precaution PPE (fluid-resistant surgical mask, 

eye protection, short-sleeved apron and gloves.  

  Recognise cardiac arrest by looking for the absence of signs of life and the 

absence of normal breathing. 

 Healthcare professionals should always use airborne-precaution PPE for 

aerosol-generating procedures (chest compressions, airway and ventilation 

interventions) during resuscitation. 
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  Perform chest compressions and ventilation with a bag-mask and oxygen at a 

30:2 ratio, pausing chest compressions during ventilations to minimise the risk of 

aerosol. BLS teams less skilled or uncomfortable with bag-mask ventilation should 

not provide bag-mask ventilation because of the risk of aerosol generation. These 

teams should place an oxygen mask on the patient’s face, give oxygen and provide 

compression-only CPR.  

  Use a high-efficiency particulate air (HEPA) filter (Figure 6.4) or a heat and 

moisture exchanger (HME) filter (Figure 6.5) between the self-inflating bag and the 

mask to minimize the risk of virus spread (Figure 6.6). 

 

  

Figure 6.4 HEPA Filter for CPR Masks Figure 6.5 HME Filter (Heat and Moisture           
Exchange Filter).  

(From https://www.redcross.org/). 

 

 

Figure 6.6 Medicare Manual-Resuscitator (PVC, Ambu Bag, Oxygen Tube with Filter. 

(From https://emcrit.org/emcrit/covid-airway-management). 

 

 Use two hands to hold the mask and ensure a good seal for bag-mask 

ventilation. This requires a second rescuer – the person doing compressions can 

squeeze the bag when they pause after each 30 compressions.  

  Apply a defibrillator or an AED and follow any instructions where available. 
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6.3 Advanced Life Support in Adults 
 

In-hospital cardiac arrest identify as early as possible any patients with a 

COVID-19 like illness, who are at risk of acute deterioration or cardiac arrest. Take 

appropriate steps to prevent cardiac arrest and avoid unprotected CPR. 

Personal Protective Equipment (PPE) must be available to protect staff during 

resuscitation attempts. It is acknowledged that this may cause a brief delay to starting 

chest compressions, but the safety of staff is paramount. 
  Chest compressions have the potential to generate aerosols and airway 

interventions are aerosol-generating procedures (AGPs). Healthcare staff should 

therefore put on airborne-precaution personal protective equipment (PPE) before 

starting chest compressions and /or airway interventions; as a minimum a FFP3 mask, 

eye and face protection, long-sleeved gown, and gloves before undertaking these 

procedures. 

  Ensure there is a viral filter (heat and moisture exchanger (HME) filter or high 

efficiency particulate air (HEPA) filter between the self-inflating bag and airway 

(mask, supraglottic airway, tracheal tube) to filter exhaled breaths. 

  Applying defibrillator pads and delivering a shock from an AED/defibrillator 

is unlikely to be an aerosol-generating procedure and can be undertaken with the 

healthcare provider wearing a fluid-resistant surgical mask, eye protection, short-

sleeved apron and gloves. 

Sequence of actions for in-hospital cardiac arrest of a patient with confirmed 

or suspected COVID-19: 

 If a patient is unresponsive and not breathing normally shout for help.  

 Check for signs of life/pulse. DO NOT listen for breaths or place your cheek 

near to the patient’s face.  

  Send someone to place a COVID cardiac arrest call and to bring a 

defibrillator.  

  If a defibrillator is immediately available, switch it on, apply the defibrillator 

pads and deliver a shock if the rhythm is ventricular fibrillation/ pulseless ventricular 

tachycardia (VF/pVT). If the patient remains in VF/pVT, and if you are wearing 

airborne-precaution PPE, start chest compressions. If not, give up to two additional 

shocks (if indicated) while other healthcare workers are putting on airborne-

precaution PPE. 

 Do not proceed with chest compressions or airway interventions without 

airborne-precaution PPE.  

 Restrict the number of staff in the room or at the bedside.  

  If no signs of life, start chest compressions (continuous until bag-mask device 

arrives).  

  If not on the patient already, place an oxygen mask and give oxygen. Leave 

the mask on the patient until a bag-mask device arrives.  Once a bag-mask device 

arrives, proceed with a compression: ventilation ratio of 30:2. Ensure there is a viral 
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filter (HME filter or HEPA filter) between the selfinflating bag and airway (mask, 

supraglottic airway, tracheal tube) to filter exhaled breaths. 

  Manual ventilation with a bag-mask should be minimised and be performed 

only by experienced staff using a 2-person technique because an ill-fitting mask/poor 

seal will generate an aerosol. The person doing compressions can pause to squeeze 

the bag.  

  Experienced airway staff should insert a supraglottic airway or intubate the 

trachea early so that the period of bag-mask ventilation is minimised.  

 Consider videolaryngoscopy for tracheal intubation by providers familiar with 

its use – this will enable the intubator to remain further from the patient’s mouth.  

 If a supraglottic airway has been inserted, use a 30:2 chest compression 

ventilation ratio, pausing the chest compressions to enable ventilation. This will 

minimise the risk of aerosol generation caused by gas leaking from the seal between 

the supraglottic airway and larynx.  

 Consider stopping CPR early if treatable reversible causes of cardiac arrest 

have been addressed.  

  If there is a need for prolonged CPR, consider the use of a mechanical chest 

compression device in those settings that are familiar with its use. 

 

6.4 Resuscitation in intubated patients at the time of cardiac arrest 
 

 Rescuers should wear airborne-precaution PPE.  

 In the event of cardiac arrest in an intubated and mechanically ventilated 

patient, to avoid aerosol generation, in general, do not disconnect the ventilator 

circuit when starting CPR.  

 Increase the FiO2 to 1.0 and set the ventilator to deliver 10 breaths a minute.  

  Quickly check the ventilator and circuit to ensure that they have not 

contributed to the cardiac arrest, e.g. blocked filter, breath-stacking with high auto-

PEEP, or mechanical failure.  

 

6.5 Resuscitation in patients in the prone position 
 

 COVID-19 patients are often managed in the prone position because this can 

improve oxygenation. Most of these patients will be intubated, but in some cases 

awake unintubated COVID-19 patients may also be nursed in the prone position. In 

the event of cardiac arrest in the unintubated, prone patient, whilst wearing the 

correct PPE, immediately turn the patient supine before starting chest compressions.  

Whilst it may be easier to resuscitate somebody in the supine position, turning 

a critically ill prone patient in an emergency is associated with significant risk. There 

is the risk of displacement of the endotracheal tube, disconnection of vascular lines as 

well as injury to the patient and staff. The time delay associated with the procedure 

would also inevitably delay effective chest compressions and defibrillation. 
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Figure 6.7 Chest compressions by pressing the 

patient’s back. (https://cpr educator 

sinc.com/cardiopulmonary-resuscitation-and-

posterior-defibrillation-in-the-prone-position/). 
 

In the event of cardiac arrest in an intubated patient who is prone, it is possible 

to deliver chest compressions by pressing the patient’s back (Fig. 6.7).  

This can provide some perfusion 

of vital organs while a team prepares to 

turn the patient supine, as follows:  

 Rescuers should wear airborne-

precaution PPE.  

 Compress between the scapulae 

(shoulder blades) at the usual depth and 

rate (5 to 6 cm at 2 compressions per 

second).  

 Turn patient supine if: 

o  ineffective compressions – look 

at arterial line and aim for diastolic 

pressure greater than 25 mmHg; 

o  interventions require the patient 

supine, e.g. for airway problems;  

o  unable to restore a 

circulation rapidly;  

o turning the patient supine 

requires additional help – plan this early; 

o defibrillator pad placement options in the prone position include: anterior-

posterior (front and back), or bi-axillary (both armpits) (See section ALS). 
 

6.6 Out-of-hospital cardiac arrest 
 

Most of the principles described for the management of in-hospital cardiac 

arrest in adults with confirmed or suspected COVID-19 also apply to ALS for such 

patients in cardiac arrest out-of-hospital.  
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Chapter 7. POST-RESUSCITATION SYNDROME. BRAIN 

DEARH 

 

7.1 Pathologic physiology 

 
The concept of post-resuscitation disease as a unique and new entity was 

introduced by Prof. Vladimir A. Negovsky in 1972. The unique features of post-

cardiac arrest pathophysiology are superimposed on the disease or injury that caused 

the cardiac arrest, as well as underlying comorbidities. The International Liaison 

Committee on Resuscitation (ILCOR) redefined this  new entity as post-cardiac arrest 

syndrome in 2008. The severity of this syndrome will vary with the duration and 

cause of cardiac arrest. The best outcomes from resuscitation occur in those who 

regain consciousness rapidly after return of spontaneous circulation (ROSC). 

The pathophysiology of post-cardiac arrest syndrome (PCAS) is composed of 

four major components: post-cardiac arrest brain injury, post-cardiac arrest 

myocardial dysfunction, systemic ischaemia/reperfusion response, and persistent 

precipitating pathology.  

Brain injury is the most common manifestation PCAS. When cardiac arrest 

occurs, circulation to the brain ceases and consciousness is lost within seconds. 

During and after cardiac arrest, patients suffer from profound systemic ischaemia 

followed by reperfusion.  Neuronal death occurs within hours to days after exposure 

to global ischaemia.  

Two main categories of neuronal cell death were described following 

ischaemia: neuronal necrosis and apoptosis.  Within about two minutes of ischaemia 

adenosine triphosphate (ATP) and glucose stores are depleted. Anaerobic glycolysis 

lead to an accumulation of intracellular lactic acid and hydrogen ions (H+), causing 

intracerebral acidosis. After a few minutes of continued ischaemia the inhibition of 

ATP dependent Na/K pumps results in changes in ion gradients across the plasma 

membrane, leading to anoxic depolarization and the loss of the membrane potential 

essential for signal transduction. The opening of voltage-dependent calcium channels 

leads to an influx of calcium and activation of calcium-dependent processes. These 

include the remodelling of membrane and cytoskeletal structures, signal transduction 

pathways and apoptosis. Increased intracellular calcium levels triggers mitochondrial 

dysfunction that causes a further lack of energy repletion, free radical formation, 

release of destructive enzymes, degradation of cytoskeleton, and decreased in protein 

synthesis. In addition, an increased glutamate release to the extracellular space 

occurs, that further enhances calcium influx via N-methyl D-aspartate (NMDA) 

receptors.  

Following partial or complete restoration of blood flow, persistent or recurrent 

inadequate brain oxygen delivery can cause secondary brain injury.  Contributing 

factors include hypoxaemia, disrupted cerebrovascular autoregulation, or elevated 

intracranial pressure caused by brain oedema.  
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Clinical manifestations of post-cardiac arrest brain injury include coma, 

seizures, myoclonus, various degrees of neurocognitive dysfunction (ranging from 

memory deficits to persistent vegetative state), and brain death. Clinical or subclinical 

seizures, hyperglycaemia, and hyperthermia can also increase brain metabolic 

demand, further contributing to secondary brain injury. 

Post-arrest cardiac dysfunction is a combination of systolic and diastolic 

dysfunction within hours after ROSC. Clinically, this manifests as decreased cardiac 

output, hypotension, dysrhythmias that can progress to cardiogenic shock. The 

underlying problem is a type of reperfusion injury known as myocardial “stunning”, 

which usually resolves within 72 hours. Cardiovascular failure accounts for most 

deaths in the first three days. 

Systemic inflammatory response syndrome is almost universal after cardiac 

arrest. CPR and ROSC activates immune and coagulation pathways contributing to 

multiple organ failure and increasing the risk of infection. This condition can be 

describing as a “whole-body reperfusion injury”. It is usually apparent within 24 

hours after cardiac arrest. The post-cardiac arrest syndrome has many features in 

common with sepsis, including intravascular volume depletion, vasodilation, 

endothelial injury and abnormalities of the microcirculation.  

 Persistent precipitating pathology in the PCAS is related to the specific disease 

process that is the underlying cause for the cardiac arrest. While an acute coronary 

syndrome is the common cause, others include, pulmonary disease, haemorrhage, 

sepsis, toxic exposures, and environmental insults.  

 

Complications during cardiopulmonary resuscitation 

 Sternal and rib fractures are frequent complications caused by chest 

compressions. Lung injury is rare, but hemo-, pneumothorax after a penetrating rib 

fracture may occur. 
 Serious myocardial injury caused by compression is very unlikely, with the 

possible exception of injury to a preexisting ventricular aneurysm. 
 Rupture of the stomach (particularly if the stomach is distended with air) is a 

rare complication. 
 An occasional complication is regurgitation followed by aspiration of gastric 

contents, causing life-threatening aspiration pneumonia in resuscitated patients. 

 Laceration of the liver and hemorrhage is a rare but potentially serious 

(sometimes fatal) complication and is usually caused by compressing the abdomen 

below the sternum. 

 Mechanical chest compression devices are increasingly used during CPR. The 

most reported complications of this therapy are skin or skeletal injury, but more 

serious injuries (sternal and rib fractures, rupture of the stomach, laceration of the 

liver, and so on) and life-threatening complications are described.  

 

 

https://www.msdmanuals.com/professional/injuries-poisoning/thoracic-trauma/pneumothorax-traumatic
https://www.msdmanuals.com/professional/pulmonary-disorders/pneumonia/aspiration-pneumonitis-and-pneumonia
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7.2 Intensive care of post-cardiac arrest syndrome 
 

Post-resuscitation care is started immediately after return of spontaneous 

circulation (ROSC). Treatment of patients after initial resuscitation from cardiac 

arrest typically requires admission to an Intensive Care Unit (ICU). Once ROSC has 

been achieved, the factors that contributed to cardiac arrest should be identified early 

for appropriate intervention to treat the cause. A comprehensive multidisciplinary 

management strategy that addresses all components of post-cardiac arrest syndrome 

is needed to optimize patient outcomes (Post-resuscitation care algorithm see p. 159). 

 

7.3 Airway management after return of spontaneous circulation 
 

If patients do not show adequate signs of awakening within the first 5 to 10 

minutes after ROSC, tracheal intubation (if not already achieved), mechanical 

ventilation, and sedation will be required. Adequate sedation will reduce oxygen 

consumption. Tracheal intubation following ROSC in comatose patients will 

facilitate post-resuscitation care that includes controlled oxygenation and ventilation, 

protection of the lungs from aspiration of stomach contents, control of seizures.  

Correct placement of the tracheal tube must be confirmed with waveform 

capnography. 

 

Control of oxygenation and ventilation 

In most post-cardiac arrest patients, controlled oxygenation will require 

tracheal intubation and mechanical ventilation for at least 24-72 h. The exception 

being the completely conscious patient with a patent airway who should be treated 

with an oxygen mask or noninvasive ventilation targeting a peripheral oxygen 

saturation (SpO2) of 94-98%   or arterial partial pressure of oxygen (PaO2) of 10-13 

kPa or 75-100 mmHg. The evidence suggests targeting normal oxygenation rather 

than hyperoxaemia. After ROSC the goal should be to monitor oxygenation either 

with a pulse oximeter or preferably with an early arterial blood gas sample. It is 

appropriate to titrate the inspired oxygen by adjusting either the oxygen flow if using 

bag-mask ventilation or the fraction inspired oxygen (FiO2) if using a mechanical 

ventilator.  

After ROSC, blood carbon dioxide values (PaCO2) are commonly increased 

because of intra-arrest hypoventilation and poor tissue perfusion, causing a mixed 

respiratory acidosis and metabolic acidosis. Carbon dioxide is regulator of blood 

vessel tone and cerebral blood flow. Increased PaCO2 (hypercapnia) increases 

cerebral blood flow, cerebral blood volume and intracerebral pressure. Hypocapnia 

causes vasoconstriction that may decrease blood flow and cause cerebral ischaemia.  

 It is suggested that the initial ventilator settings (Fig. 7.1) should begin with 

tidal volumes of 6–8 mL/kg of ideal body weight and ventilatory rates of 10–12 

breaths/minute, and positive end expiratory pressure 4-8 cm H2O.       
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 For controlling PaCO2 in a mechanically ventilated patient is adjusting the 

minute volume by changing the ventilation to target a normal arterial partial pressure 

of carbon dioxide (PaCO2) i.e. 4.5-6.0 kPa or 35-45 mmHg. 

 

 
Figure 7.1 Haemodynamic, oxygenation and ventilation targets. (From J.P. Nolan, et al., European 

Resuscitation Council and European Society of Intensive Care Medicine Guidelines 2021: Post-resuscitation 

care, Resuscitation). 

7.4 Circulation 
Immediate reperfusion using percutaneous coronary intervention (PCI) 

following ROSC with ST-elevation. In patients with ST segment elevation (STE) or 

left bundle branch block (LBBB) on the post-ROSC electrocardiogram (ECG) more 

than 80% will have an acute coronary lesion. In patients with ROSC after out-of-

hospital cardiac arrest (OHCA) without ST-elevation on the ECG, emergent cardiac 

catheterisation laboratory evaluation should be considered if there is an estimated 

high probability of acute coronary occlusion (e.g. patients with haemodynamic and/or 

electrical instability). This is followed by CT brain and/or CT pulmonary 

angiography, chest CT-scan if coronary angiography fails to identify causative 

lesions. 
 

Haemodynamic monitoring and management 

Early hemodynamic optimization or early goal-directed therapy is an 

algorithmic approach to restoring and maintaining the balance between systemic 

oxygen delivery and demands. The key to the success of this approach is initiation of 
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monitoring and therapy as early as possible and achievement of goals within hours of 

presentation. This approach focuses on optimization of preload, arterial oxygen 

content, afterload, contractility, and systemic oxygen utilization: 

 Both non-invasive and invasive monitoring are commonly used in intensive 

care (Table 7.1). 

 All patients should be monitored with an arterial line for continuous blood 

pressure measurements, and it is reasonable to monitor cardiac output in 

haemodynamically unstable patients. 

 The arterial blood is used to: 

o evaluate derangements of acid-base balance; 

o establish levels of blood oxygenation and CO2 elimination; 

o assess whether the underlying problem is respiratory or metabolic. 

 Perform early echocardiography in all patients to detect any underlying cardiac 

pathology and quantify the degree of myocardial dysfunction.  

 Avoid hypotension (MAP <65 mmHg). Mean arterial pressure (MAP) is one of 

the main determinants of cerebral blood flow (CBF). In some 

patients CBF may be MAP-dependent with an increased risk of 

cerebral hypoperfusion. Use crystalloides to correct hypovolaemia. Target mean 

arterial pressure to achieve adequate urine output (>0.5 mL/kg/h) and normal or 

decreasing lactate, ScvO2 >70%, hematocrit >30% or hemoglobin >8 g/dL.  

 
Table 7.1 Post-Cardiac Arrest Syndrom: Monitoring Options 

1. General intensive care monitoring 

Arterial catheter 

Oxygen saturation by pulse oximetry 

Continuous ECG 

CVP 

ScvO2 

Temperature (bladder, esophagus) 

Urine output 

Arterial blood gases 

Serum lactate 

Blood glucose, electrolytes, CBC, and general blood sampling 

Chest radiograph 

2. More advanced hemodynamic monitoring 

Echocardiography 

Cardiac output monitoring (either noninvasive or invasive) 

3. Cerebral monitoring 

EEG (on indication/continuously): early seizure detection and treatment 

CT/MRI 

CVP, central venous pressure; ScvO2, central venous oxygen saturation; CBC, complete 

blood count; EEG, electroencephalogram; CT/MRI, computed tomography/ magnetic resonance 

imaging (ECR 2021).                                                  
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 Post-resuscitation myocardial dysfunction often requires inotropic support.   

Maintain perfusion with fluids, noradrenaline and/or dobutamine, depending on 

individual patient need for intravascular volume, vasoconstriction or inotropy. 

 Hyperkalaemia is common immediately after cardiac arrest. Subsequent 

endogenous catecholamine release and correction of metabolic and respiratory 

acidosis promotes intracellular transportation of potassium, causing hypokalaemia. 

Avoid hypokalaemia, which is associated with ventricular arrhythmias. Potassium be 

given to maintain the serum potassium concentration between 4.0 and 4.5 mmol/L 
-1

. 

 Do not give steroids routinely after cardiac arrest. 

 Left-ventricular assist devices or arterio-venous extra corporal membrane 

oxygenation should also be considered in haemodynamically unstable patients with 

acute coronary syndromes. 

 An implantable cardioverter defibrillator (ICD) is a device used for the 

treatment of certain life-threatening arrhythmias. An ICD may be implanted for 

primary or secondary prevention. The former applies to those who have not 

experienced a dangerous arrhythmia but who are considered at high risk of one. This 

group includes patients with cardiomyopathies, inherited primary arrhythmic 

syndromes, congenital heart disease but also individuals with primary arrhythmias in 

structurally normal hearts. Secondary prevention refers to patients who have already 

survived a dangerous arrhythmic event and are still considered at risk of further 

events.  

6.5 Optimising neurological recovery 
Seizures are reported in 20-30% of cardiac arrest patients in the ICU and are 

usually a sign of a severe hypoxic-ischaemic brain injury. Seizures may be observed 

as clinical convulsions and/or as typical activity in the electroencephalography 

(EEG). Myoclonus is sudden, brief, shock-like involuntary muscle contractions and 

by far the most common type of clinical seizure in post-arrest patients. It is often 

generalised but may be focal (periodic eye-opening, swallowing, diaphragmic 

contractions etc.) or multi-focal. The presence of diffuse and continuous myoclonic 

jerks is usually described as status myoclonus. Status myoclonus should be defined as 

a continuous and generalized myoclonus persisting for 30 min or more. It typically 

develops during the first 12 days after the arrest and is often transient during the first 

days-week. It is associated with a poor prognosis but some patients survive with a 

good outcome. Most post-hypoxic myoclonus has a cortical origin.  

The EEG is an important tool to detect corresponding electrographic seizure 

activity in a patient with observed clinical convulsions and to monitor treatment 

effects. Active treatment of status epilepticus usually necessitates repeated routine 

EEGs or continuous EEG-monitoring. 

Propofol and benzodiazepines (short acting sedatives and opioids) are used 

routinely during the first days after cardiac arrest while the patient is mechanically 

ventilated. Avoid using a neuromuscular blocking drug routinely in patients 

undergoing targeted temperature management (TTM), but it may be considered in 

case of severe shivering during TTM. 
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Seizures may increase the cerebral metabolic rate and have the potential to 

exacerbate brain injury caused by cardiac arrest: treat seizures with levetiracetam 

and/or sodium valproate as first-line antiepileptic drugs in addition to sedative drugs. 

After the first event, start maintenance therapy. Additional treatment options include 

perampanel, zonisamide or topiramate.  

Thiopental or phenobarbital may be considered in selected patients. Treatment 

with sedatives and conventional antiepileptic drugs in high doses may delay 

awakening, prolong the need for mechanical ventilation, and increase critical care 

length of stay.  The seizure prophylaxis is not used in post-cardiac arrest patients. 

 

Targeted temperature management 
In the early 1960s, Safar and colleagues recommended the use of therapeutic 

resuscitative hypothermia for humans after cardiac arrest.  

The neuroprotective effects of hypothermia are:  

 a decrease in cerebral metabolism; 

 a reduction of apoptotic mechanisms including mitochondrial dysfunction, 

slowing of the cerebral excitatory cascade; 

  a decrease of the inflammatory response, reduced production of oxygen free 

radicals, and a decrease of vascular and membrane permeability. 

Hypothermia decreases the cerebral metabolic rate for oxygen by about 6% for 

each 1 C reduction in core temperature.  

Fever is common during the first 2-3 days after cardiac arrest and is associated 

with worse outcomes. Therapeutic hypothermia is considered a part of standard 

treatment for cardiac arrest survivors who remain comatose post-ROSC. Maintain a 

target temperature at a constant value between 32 C and 36 C for at least 24 h.  

TTM is suggested for adults after either OHCA or IHCA (with any initial 

rhythm) who remain unresponsive after ROSC. Avoid fever (>37.7 C) for at least 72 

h after ROSC in patients who remain in coma. 

 

7.6 General intensive care management: 
 

 Patients should be nursed 30 head-up. This may decrease intracranial pressure 

(ICP) and decrease the risk of aspiration pneumonia.  

 Many patients are at high risk of developing aspiration and ventilator 

associated pneumonia. Antibiotics can be considered in cases with clear suspicious 

infiltrates on the chest X-rays. 

  Hyperglycemia is common after cardiac arrest. Blood glucose concentrations 

must be monitored frequently in these patients and hyperglycemia treated with an 

insulin infusion. Hyperglycaemia is best managed with continuous infusion of 

insulin. Target a blood glucose of 7.8-10 mmol L
-1

(140 -180 mg dL
-1

) using an 

infusion of insulin if required; avoid hypoglycaemia <4.0 mmol L
-1

 (<70 mg dL
-1

). 

  Provide stress ulcer prophylaxis routinely in cardiac arrest patients. 

  Provide deep venous thrombosis prophylaxis. 
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  Start enteral feeding at low rates during TTM and increase after rewarming if 

indicated.  

 The indications for starting renal replacement therapy in comatose cardiac 

arrest survivors are the same as those used for critically ill patients in general. 

 

6.6 Post–Cardiac Arrest  Prognostication 

The prognostication strategy  a multi-modal  algorithm (Fig. 7.2) is applicable 

to all patients who remain comatose after the clearance of sedative drugs, with an 

absent or extensor motor response to pain at 72 h from ROSC. 

The poor outcome is likely when two or more of the following predictors are present: 

 no pupillary and corneal reflexes at 72 h; 

 bilaterally absent N20 somatosensory evoked potential (SSEP) wave at        

24h, highly malignant EEG (suppressed background or burst-suppression) at >24 h; 

 neuron specific enolase (NSE) >60 µg L
-1

 at 48 h and/or 72 h; 

  status myoclonus 72 h; 

 A diffuse and extensive anoxic injury on brain CT/MRI. 

 
Figure 7.2 Somatosensory evoked potentials, (SSEPs); electroencephalography, (EEG), neuroimaging 

(brain computed tomography, CT and magnetic resonance imaging, MRI) and measurement of biomarkers 

(serum neuron specific enolase, NSE). (From J.P. Nolan, et al., European Resuscitation Council and 

European Society of Intensive Care Medicine Guidelines 2021: Post-resuscitation care, Resuscitation).                                              

Clinical examination 
In patients who remain comatose, an assessment of the neurological prognosis 

is usually performed. The clinical neurological examination is central to 

prognostication. Start the prognostication assessment with an accurate clinical 

examination, to be performed only after major confounders (e.g. residual sedation, 

hypothermia) have been excluded. A Glasgow Motor Score of 3 (abnormal flexion or 

worse in response to pain) at 72 h or later after ROSC may identify patients 

in whom neurological prognostication may be needed. 
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In patients who remain comatose at 72 h or later after ROSC the following tests 

may predict a poor neurological outcome: 

 The bilateral absence of the standard pupillary light reflex. 

  Quantitative pupillometry. 

 The bilateral absence of corneal reflex. 

 The presence of myoclonus within 96 h and, in particular, status 

myoclonus within 72 h. 

 Ocular reflexes currently used for neurological prognostication after cardiac 

arrest include pupillary reflex and corneal reflex.  

The pupillary light reflex (PLR) comprises a temporary reduction of pupil size 

induced by a light stimulus. Standard PLR is evaluated visually and elicited generally 

using a penlight. In recent years, a quantitative evaluation of PLR using portable 

pupillometers has become available in the ICU. Quantitative evaluation of PLR 

(automated pupillometry) provides an objective and quantifiable measurement of the 

pupillary response. Results of pupillometry are expressed as a continuous measure.  

The corneal reflex (CR) is elicited by touching the outer margin (limbus) of the 

cornea with a cotton wisp. Alternatively, in order to minimise the risk of corneal 

abrasion, an air or water squirt can be used. The corresponding response is 

represented by an eye blink. In patients who are comatose after cardiac arrest, an 

absent the corneal reflex predicts poor neurological outcome after 72 h from ROSC. 

Like PLR, CR is prone to interference from sedation. In addition, it may be affected 

by muscle relaxants. An absent or extensor motor response to pain (motor component 

[M]Glasgow Motor Score ≤3) is associated with poor neurological outcome after 

cardiac arrest (Table 7.2). Like CR, motor response is based on striate muscle 

contraction and, as such, it can be affected by muscle relaxants.  
Table 7.2 The Glasgow Coma Scale and Score 

Response Scale Score 

Eye Opening Response Eyes open spontaneously 4 Points 

Eyes open to verbal command, speech, or shout 3 Points 

Eyes open to pain (not applied to face) 2 Points 

No eye opening 1 Points 

Verbal Response Oriented 5 Points 

Confused conversation, but able to answer questions 4 Points 

Inappropriate responses, words discernible 3 Points 

Incomprehensible sounds or speech 2 Points 

No verbal response 1 Points 

Motor Response Obeys commands for movement 6 Points 

Purposeful movement to painful stimulus 5 Points 

Withdraws from pain 4 Points 

Abnormal (spastic) flexion, decorticate posture 3 Points 

Extensor (rigid) response, decerebrate posture 2 Points 

No motor response 1 Points 

Glasgow Coma Score ( Total of 3 scales) 

Worst score is 3 points, and best score is 15 points.  
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Figure 7.3 Somatosensory Evoked Response with 

Median-Nerve Stimulation (from “Neurologic Prognosis 

after Cardiac Arrest” by Young GB. N Engl J Med 

2009). 

Myoclonic status epilepticus is also thought to be a reliable predictor of poor 

prognosis but may be misdiagnosed. In some patients with favourable outcome, 

myoclonus may persist after recovery of consciousness in a chronic form of action 

myoclonus known as Lance-Adams syndrome. 

 

Neurophysiology 

The recording of somatosensory-evoked potentials (SSEPs) is a 

neurophysiological test of the integrity of the neuronal pathways from brachial plexus 

(N9 potential), cervical spinal cord (N13), subcortical (N18) and over the 

contralateral sensory cerebral cortex (N20 potential) (Fig. 7.3).  

The SSEP is probably the best 

and most reliable prognostic test, 

because it is influenced less by 

common drugs and metabolic 

derangements. The N20 component 

(which represents the primary cortical 

response) of the SSEP with median 

nerve stimulation is the best studied 

evoked-potential waveform in 

prognostication, and can only be 

reliably interpreted when the peripheral 

and spinal responses are also present. If 

peripheral responses are not present, 

this may be due to peripheral nerve 

damage. In an unresponsive cardiac arrest survivor, the absence of bilateral N20 

component of the SSEP with median nerve stimulation from 24 hours to 1 week after 

ROSC very reliably predicts poor outcome (Fig. 7.4). Bilateral absence of N20-

responses has been shown to strongly correlate with poor outcome both when 

performing during TTM, and after rewarming. 

 
Figure 7.4.  Median nerve somatosensory-evoked potentials (SSEPs). (A)demonstrates normal SSEP tracing 

with N5, N9, N13, and N20 waveforms recorded from the ipsilateral elbow, brachial plexus, cervical cord, 

and contralateral primary sensory cortex, respectively. (B) demonstrates an absence of the N20 response in 

a patient with severe hypoxic-ischemic brain injury after cardiac arrest. (Nicole A. Chiota, MD; Continuum 

Lifelong Learning Neurol 2011; 17(5):1094–1118). 
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Perform an EEG in patients who are unconscious after the arrest. Highly 

malignant EEG-patterns include suppressed background with or without periodic 

discharges and burst-suppression (Fig. 7.5). It is suggested to use these EEG-patterns 

after the end of TTM and after sedation has been cleared as indicators of a poor 

prognosis. The presence of unequivocal seizures on EEG during the first 72 h after 

ROSC is an indicator of a poor prognosis. Absence of background reactivity on EEG 

is an indicator of poor prognosis after cardiac arrest. 

 
Figure 7.5.  Highly malignant patterns used in the study defined according to the standardized EEG 

terminology by the American Clinical Neurophysiology Society. (A) Suppressed background (amplitude, 10 

mV, 100% of the recording) without discharges. (B) Suppressed background with superimposed continuous 

periodic discharges. (C) Burst-suppression (periods of suppression with amplitude, 10 mV constituting 50% 

of the recording) without discharges. (D) Burst-suppression with superimposed discharges (Neurology. 2016 

Apr 19;86 (16):1482-90). 

 

Always consider the results of EEG and somatosensory evoked potentials in 

the context of clinical examination findings and other tests. Always consider using a 

neuromuscular blocking drug when performing SSEP. 

 

Biomarkers 

Neuron specific enolase (NSE) has been recommended for assessment of brain 

injury and to help prognosticate outcome after cardiac arrest. NSE decreases after 24 

h in patients with good outcome and typically increases in patients with a poor 

outcome to peak at 48-96 h. Poor outcome is likely when NSE >60 mg L
-1

 at 48 h 

and/or 72 h. Increasing values between 24 and 48 h or 72 h in combination with high 

values at 48 and 72 h indicate a poor prognosis. Use serial measurements of NSE in 

combination with other methods to predict outcome after cardiac arrest. 
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Neuroimaging 

 Computed tomographic (CT) images are usually normal immediately after a 

cardiac arrest, but by day 3 they often show brain swelling and inversion of the gray–

white densities in patients with a poor outcome (Fig. 7.6). 

 

 
Figure 7.6  Axial CT images demonstrating diffuse cerebral edema with sulcal effacement and loss of gray-

white matter differentiation (A) and bilateral hypodensities of the deep gray nuclei (B). (Nicole A. Chiota, 

MD; Continuum Lifelong Learning Neurol 2011;17 (5):1094–1118). 

 

The typical length of stay in cardiac arrest patients will vary from three days to 

several weeks because of differences in time to awakening. In general, most cognitive 

recovery occurs during the first three months after the cardiac arrest. The prognosis 

of patients who are still comatose or in an unresponsive wakefulness state one month 

after the cardiac arrest is poor and they rarely recover. 

 

Case study 
A 68-year old male was mowing his lawn, complained to his wife that he was having 

chest pain and then collapsed. She called “911” and when first responder EMTs arrived 5 min 

later, they found him to be unresponsive, not breathing and without a pulse. EMTs initiated 

cardiopulmonary resuscitation (CPR) and an automated external defibrillator (AED) was applied 

to the patient. The initial rhythm analysis advised a “shock”, and a shock was delivered. After 

two additional minutes of CPR the paramedics arrived and found the patient to have a palpable 

pulse, a systolic blood pressure of 70 mmHg, a narrow complex sinus tachycardia at a rate of 110 

on the monitor, and agonal respirations. Prior to transport, a supraglottic airway was placed, bag-

valve ventilation was performed using 100 % oxygen, an intravenous line was placed and 1-L 

normal saline bolus was initiated.  

Time from 911 call to return of spontaneous circulation (ROSC) was 9 min. 

On arrival to the local hospital, the patient became pulseless again and the monitor revealed a 

rhythm of ventricular fibrillation. The patient was defibrillated with a biphasic defibrillator set at 

200 J. Patient achieved return of spontaneous circulation (ROSC) with narrow complex 

tachycardia at a rate of 120 and a blood pressure of 75/40. The patient was given 500 cc IV 

crystalloid bolus and epinephrine infusion was initiated at titrated to MAP >65 mmHg. A femoral 

arterial line and an internal jugular central venous line were placed. Endotracheal intubation was 
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performed and placement confirmed with waveform capnography and the PetCO2 was 40 

mmHg. The patient had no eye opening or motor response to painful stimuli and pupils were 

fixed and dilated. Arterial blood gas demonstrated the following: 

pH=7.18 PCO2=39 HCO3
-
=16 PaO2=340, SpO2=100%, Lactate=4.0. FiO2 was decreased to 

achieve SpO2 94–96%. A temperature sensing bladder catheter was placed and read 36.0 °C. 

A12 lead ECG was immediately obtained. 

 

Twelve lead ECG performed post-ROSC 

Question. What interventions should be performed next? 

Answer. Immediate coronary angiography with percutaneous coronary intervention (PCI) 

and hypothermic targeted temperature management. Twelve-lead ECG reveals an acute 

anteroseptal ST-segment elevation myocardial infarction (STEMI). The patient’s history of chest 

pain and recurrent episodes of VF support acute coronary syndrome (ACS) as the cause of 

cardiac arrest. The patient was taken immediately to the coronary catheterization lab. Coronary 

angiography revealed left anterior descending artery occlusion that was successfully treated with 

balloon angioplasty and stent placement. An intravascular cooling catheter placed in coronary 

angiography laboratory and target temperature was set at 33 °C.  

Patient was admitted to the cardiac ICU and hypothermic targeted temperature 

management was maintained for 24 h followed by rewarming to 37 °C over 16 h. Sedation 

included propofol and fentanyl infusion. Continuous EEG revealed a reactive baseline with 

intermittent seizure activity after rewarming that was treated with IV lorazepam and valproic 

acid. Seventy-two hours after rewarming neurologic exam revealed reactive pupil and positive 

cornea reflex, with withdrawal from painful stimuli. Patient began following commands 96 h 

after rewarming and was extubated on the 6th admission day. He was discharged to short-term 

rehabilitation on the ninth day with neurologic deficits limited to mild shortterm memory deficit. 

 

7.8 Brain death 

 
The American Academy of Neurology (AAN) guidelines of brain death 

determination ascertained this definition and released its first version in 1995. 

According to the AAN guidelines, brain death is clinically equivalent to the 

irreversible loss of all brain stem functions.   Brain death is when a person on an 

artificial life support machine. This means they will not regain consciousness or be 

able to breathe without support. A person who's brain dead is legally confirmed as 
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dead. They have no chance of recovery because their body is unable to survive 

without artificial life support.  

Intracranial injuries leading to brain death in adults are most commonly traumatic 

brain injury or subarachnoid hemorrhage. Brain death can also be caused by   infections, 

such as encephalitis, a brain tumor. The extracranial cause of brain death is most commonly 

cardiopulmonary arrest with inadequate cardiopulmonary resuscitation. 

After brain death, it may be possible for the person's organs to be used in 

transplants, which can often save the lives of others.  

It is crucial to differentiate brain death from other forms of severe brain 

damage, which can cause vegetative states when some of the brain functions are 

maintained, and recovery can occur even after prolonged periods, especially in 

patients with traumatic brain injuries, but brain death is permanent. Someone in a 

vegetative state still has a functioning brain stem, which means: 

 some form of consciousness may exist; 

 breathing is usually possible; 

 there is a slim chance of recovery because the brain stem’s core functions may 

be unaffected. 

Someone in a vegetative state can show signs of being awake. They may open 

their eyes but not respond to their surroundings. In rare cases, a person in a vegetative 

state may show some sense of response that can be detected using a brain scan, but 

not be able to interact with their surroundings. 

The physiology of brain death is similar regardless of the etiology. Inadequate tissue 

oxygenation leads to a progressive cascade of further edema, increasing intracranial 

pressure, a further decrease in cerebral perfusion and eventual herniation, or complete 

cessation of blood flow and aseptic necrosis of brain tissue.  

Coma should be evaluated by ensuring a lack of responsiveness to noxious stimuli; 

no eye or motor reflex should be present in response to stimuli. Additionally, the cause of 

coma should be identified by neuroimaging, history, and physical examination or laboratory 

testing.  

The following brainstem reflexes should be tested in the physical examination. They 

all must be absent for a patient to be diagnosed as brain dead: 

 The pupillary reflex to light–must be fixed at a mid-position; usually, around 4 

mm and must not respond to light. 

 Oculocephalic reflex – performed by rapidly turning the head. 

 Oculovestibular reflex (cold caloric test)–absence when the head is held at 30 

degrees and cold water instilled in the ear canal. 

 Corneal reflex–stimulate with a swab. 

 Gag reflex–stimulate the posterior pharynx. 

 Cough reflex–stimulate with endotracheal suctioning. 

 The facial movement to noxious stimuli–apply noxious pressure to the 

supraorbital ridge, there should be no facial muscle response. 

Before deciding to proceed with the diagnosis of brain death, several conditions must 

be evaluated and met: 



138 
 

 Ensure no recent neuromuscular blocking agents have been administered. There 

must be a waiting period of five times the drug half-life. 

 Drug screen to ensure no central nervous system depressants are present.  

 Normal core temperature must be present greater than 36 C. 

 Normal systolic blood pressure must be greater than 100 mmHg. Vasopressors 

may be administered if necessary. 

 No severe electrolyte, acid-base, or endocrine disturbance must be present. 

 Neurologic examination. 

The ocular reflexes are used to evaluate the functional integrity of the lower brainstem 

(Fig. 7.7 ).  

Oculocephalic reflex: The oculocephalic reflex (doll's eyes reflex) is assessed by 

briskly rotating the head from side-to-side. When the cerebral hemispheres are impaired but 

the lower brainstem is intact, the eyes will deviate away from the direction of rotation and 

maintain a forward field of view. When the lower brainstem is damaged (or the patient is 

awake), the eyes will follow the direction of the head rotation. The oculocephalic reflex 

should not be attempted in patients with an unstable cervical spine. 

Oculovestibular reflex: oculovestibular reflex is performed by injecting 50 ml of 

cold saline in the external auditory canal of each ear (using a 50 ml syringe and a 2-inch soft 

plastic angiocatheter). Before the test is performed, check to make sure that the tympanic 

membrane is intact and that nothing is obstructing the ear canal. When brainstem function is 

intact, both eyes will deviate slowly toward the irrigated ear. This conjugate eye movement 

is lost when the lower brainstem is damaged. After the test is performed on one side, wait 

for 5 minutes before testing the opposite side. 

 

 
Figure 7.7 The ocular reflexes in the evaluation of coma. (The ICU Book: Print Fourth, North American 

Edition by Paul L. Marino MD PhD FCCM). 

  

https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Paul+L.+Marino+MD++PhD++FCCM&text=Paul+L.+Marino+MD++PhD++FCCM&sort=relevancerank&search-alias=books
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If the above conditions are present and there is an identified cause of coma and 

complete lack of brainstem reflex, you may proceed with apnea testing.  

Apnea testing is performed by the following: 

 Preoxygenate for at least 10 minutes with 100% fraction of inspired oxygen 

(FiO2) to a partial pressure of oxygen, arterial (PaO2) greater than 200 mmHg. 

 Reduce ventilator frequency to 10 breaths per minute. 

 Reduce positive end-expiratory pressure to 5 cm H2O. 

 If the peripheral capillary oxygen saturation (SPO2) remains greater than 95%, 

obtain baseline blood gas. 

 Disconnect the patient from the ventilator, preserve oxygenation with oxygen 

delivered through insufflation tubing given at 100% FiO2 at 6 L/min near the level of 

the carina through the endotracheal tube. 

 Look for respiratory movements for 8-10 minutes. 

 If no respiratory drive is observed, repeat blood gas at approximately 8 minutes. 

 If no respiratory movements are observed, and partial pressure of carbon dioxide 

(PCO2) is greater than 60 mmHg, the apnea test result is positive. 

If the above list is completed, and coma, the absence of brainstem reflexes and a 

positive apnea test are present, the diagnosis of brain death can be made. This procedure is 

validated and supported by several professional organizations. 

 Some hospitals frequently have additional ancillary tests that are available to confirm 

the diagnosis of brain death. These include electroencephalogram (EEG), cerebral 

angiography, nuclear scan, transcranial doppler, computed tomography angiography, and 

magnetic resonance imaging (MRI). These tests are used when apnea testing is 

inconclusive, or patients are too unstable to proceed with apnea testing. 

In the case of cerebral angiography, there is no intracerebral filling noticed in the 

carotid or vertebral arteries at the skull entry-level and maintained blood flow in the external 

carotid artery. In the case of EEG, there is no electrographic reactivity noticed after intense 

stimuli, either somatosensory or audiovisual. It is imperative to understand that there is no 

need to establish the death of every neuron in the brain to demonstrate brain death. For 

example, even after brain stem and cerebral hemispheres death, there is a neuroendocrine 

function preserved.  

The patients who achieve sustained ROSC after cardiac arrest fulfil criteria for 

brain death can be considered for organ donation. 

 

Case study 

A 45-year old female with a history of multiple sclerosis and depression is found collapsed at 

home. She is known to have access to quetiapine. On arrival to Emergency Department (ED) she 

is comatose (GCS 3), hypotensive (72/45), bradycardic (42 bpm), bradypnoeic (8 breaths per 

min) and hypothermic (34°C). She is intubated for airway protection. Her hypotension rapidly 

responds to fluids.  Blood sugar is normal. ECG shows sinus bradycardia with normal QTc. 

Admission ethanol level is 0.1%. Full blood count, electrolytes, blood gases and thyroid function 

tests are unremarkable. CT scan of the head is completely normal. On arrival to ICU, she is noted 

to have bilateral fixed and dilated pupils. Brainstem reflexes are notably absent: no cough, gag, 

corneal or doll’s eye reflexes can be elicited. After a brief initial period of hypotension, she 
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becomes hypertensive with a blood pressure of 149/92. She remains comatose for nearly 5 days, 

during which time her vital signs slowly normalise and brainstem reflexes return to normal. She 

is extubated ~ 92 hours after arrival and has a profound emergence delirium that persists for a 

further 24 hours. Subsequently she makes a full recovery and is discharged into the care of the 

psychiatry team.  

Questions 

1. Is this presentation consistent with quetiapine overdose? 

Answer and interpretation: 

- No. 

 Quetiapine overdose characteristically causes brisk sinus tachycardia (e.g. 120-150 

bpm) and QTc prolongation. 

 Fixed dilated pupils and loss of brainstem reflexes are also not consistent with 

quetiapine — despite having antimuscarinic effects, quetiapine normally causes 

paradoxically small pupils. 

2. What is the likely agent responsible for this patient’s presentation? 

Answer and interpretation: 

- Baclofen 

Baclofen is a synthetic derivative of GABA, used primarily for management of painful 

muscle spasms in conditions such as spinal cord injury, cerebral palsy and multiple sclerosis. It is 

closely related to the recreational drug, Gamma-Hydroxybutyrate (GHB). 

In overdose, it causes a picture similar to barbiturate coma: 

 Profound CNS depression with loss of brainstem reflexes. 

 Flaccid tone with absent deep tendon reflexes. 

 Bradycardia. 

 Respiratory depression. 

 Need for intubation and mechanical ventilation. 

 Hypothermia. 

Other effects seen with baclofen overdose: 

 Hypertension or hypotension (the former is more commonly reported — the 

mechanism of this is unknown). 

 Paradoxical seizures. 

 Pupil abnormalitites — miosis or mydriasis. 

 Agitated delirium. 

The duration of coma is usually 24 to 48 hours but may be prolonged (i.e. several days) 

with massive doses or in patients with renal failure.  

3. Which other toxicological agents may simulate brainstem death in overdose? 

Answer and interpretation: 

Other agents that may cause coma with transient loss of brainstem reflexes: 

 Barbiturates 

 Carbamazepine 

Barbiturate and carbamazepine levels — readily available in most big centres — are 

useful in ruling out poisoning with these agents. Baclofen levels are less widely available, hence 

this diagnosis is usually a clinical one (often made retrospectively once collateral history 

becomes available). 

4. How is overdose with this agent usually managed? 

Answer and interpretation: 

- Resuscitation 

 Early intubation and ventilation is indicated for patients with coma or respiratory 

https://litfl.com/qt-interval-ecg-library/
https://litfl.com/coma-and-small-pupils/


141 
 

depression. 

 Paradoxical seizures are treated with benzodiazepines. 

 Hypotension usually responds to fluid resuscitation. 

- Decontamination 

 Nasogastric activated charcoal (50g) given following intubation may reduce the 

total dose of baclofen absorbed. It is given with the intention of reducing the duration of coma 

and length of ICU stay. Due to the rapid absorption kinetics of baclofen, charcoal is only likely 

to be useful if given within the first few hours. 

 Conversely, activated charcoal is not recommended in the patient with an 

unprotected airway due to rapid onset of coma and seizures with the potential for charcoal 

pulmonary aspiration. 

(From https://litfl.com/brain-dead/). 
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Appendix 

 

           European Resuscitation Council Guidelines 2021 

            Algorithm Basis Life Support 
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 BLS step-by-step  
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BLS step-by-step (continued) 
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BLS step-by-step (continued) 
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ADULT ADVANCED LIFE SUPPORT 
 

In –hospital resuscitation algorithm 

 

 

  AED automated external defibrillator; ALS advanced life support, CPR 

resuscitation:SBAR situation,background,assessment,recommendation.  
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Tachycardia algorithm 

 

 
ABCDE airway, breathing, circulation, disability, exposure; BP blood 

pressure; DC direct current: ECG electrocardiogram; IV intravenous; SpO2 arterial 

oxygen saturation; VT ventricular tachycardia. 
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Bradycardia algorithm 

 

 
 ABCDE airway, breathing, circulation, disability, exposure; BP blood 

pressure, ECG electrocardiogram, IV intravenous; SpO2 arterial oxygen saturation 

(ERC 2021). Alternatives include: Aminophyllin, Dopamin, Glucagon (if bradycardia 

is caused beta-blocer or calcium channel blocker), Glycopyrrolate (may used instead 

of atropine).  
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 SBP Systolic blood pressure; PCI Percutaneous coronary intervention; CTPA 

Computed tomography pulmonary angiogram; ICU Intensive care unit; EEG 

electroencephalography; ICD implanted cardioverter defibrillator. 
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