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Part 1 

Overview of ACLS 

Introduction 

Course Description and Goal 

The Advanced Cardiovascular Life Support (ACLS) Provider Course is designed for health care professionals who either direct 

or participate in the management of cardiac arrest, stroke, or other cardiopulmonary emergencies. Through didactic instruction 

and active participation in simulated cases, you will enhance your skills in the recognition and time-sensitive intervention of 

cardiopulmonary arrest, post–cardiac arrest, acute dysrhythmia, stroke, and acute coronary syndromes (ACS). The goal of the 

ACLS Provider Course is to improve outcomes for adult cardiac arrest, stroke, and other cardiopulmonary emergencies through 

early recognition and time-sensitive intervention by high-performance teams. 

Course Objectives 

After successfully completing this course, you should be able to 

• Apply the basic life support (BLS), primary, and secondary assessments sequence for a systematic evaluation of 

adult patients 

• Discuss how the use of a rapid response team (RRT) or medical emergency team (MET) may improve patient 

outcomes 

• Discuss early recognition and management of ACS, including appropriate disposition 

• Discuss early recognition and management of stroke, including appropriate disposition 

• Recognize bradycardias and tachycardias that may result in cardiac arrest or complicate resuscitation outcome 

• Perform early management of bradycardias and tachycardias that may result in cardiac arrest or complicate 

resuscitation outcome 

• Model effective communication as a member or leader of a high-performance team 

• Recognize the impact of team dynamics on overall team performance 

• Recognize respiratory arrest 

• Perform early management of respiratory arrest 

• Recognize cardiac arrest 



• Perform prompt, high-quality BLS, including prioritizing early chest compressions, ventilation, and integrating early 

automated external defibrillator (AED) use 

• Perform optimized management of cardiac arrest until termination of resuscitation or transfer of care, including 

post–cardiac arrest care 

• Evaluate resuscitative efforts during a cardiac arrest through continuous assessment of cardiopulmonary 

resuscitation (CPR) quality, monitoring the patient’s response, and delivering real-time feedback to the team 

Course Design 

To help you achieve these objectives, the ACLS Provider Course includes learning stations and a Megacode evaluation station. 

The learning stations provide activities such as 

• Simulated clinical scenarios 

• Video or instructor demonstrations 

• Discussion and role-playing 

• Group practice to achieve effective high-performance teams 

In these learning stations, you will practice essential skills both individually and as part of a team. Because this course 

emphasizes effective team skills as a vital part of the resuscitative effort, you’ll practice as both a team member and as Team 

Leader. 

In the Megacode (managing multiple rhythms) evaluation station at the end of the class, you will participate in a simulated 

cardiac arrest scenario to evaluate your 

• Integration of core material and skills 

• Application of algorithms 

• Interpretation of arrhythmias 

• Use of appropriate ACLS medication therapy 

• Performance as an effective leader and member of a high-performance team 

• Achievement of objective measures, such as chest compression fraction (CCF) 

Course Prerequisites and Preparation 

The American Heart Association (AHA) limits enrollment in this course to health care professionals who 

• Direct or participate in the resuscitation of patients in- or out-of-hospital 

• Have the basic knowledge and skills to participate actively with the instructor and other students 











Several factors have been associated with improved survival in patients with cardiac arrest: 

• Training health care professionals to become more knowledgeable about what improves survival rates 

• Proactive planning and simulation of cardiac arrest to provide the opportunity for a health care professional to 

practice and improve responding to cardiac arrest 

• Rapidly recognizing sudden cardiac arrest 

• Immediately providing high-quality CPR 

• Defibrillating immediately, as soon as a defibrillator is available 

• Providing goal-directed, time-sensitive post–cardiac arrest care 

Rapid intervention by skilled people working within a strong system of care leads to the best outcomes. 

Critical Concepts 

Optimizing ACLS 
• Team Leaders can optimize ACLS by integrating high-quality CPR and minimal interruption of chest compressions 

with ALS strategies (eg, defibrillation, medications, advanced airway). 

• Studies have shown that reducing the interval between compressions and shock delivery can increase shock 

success. Proven strategies include limiting the number of interruptions in compressions to critical interventions (eg, 

rhythm analysis, shock delivery) and minimizing the duration of necessary interruptions to 10 seconds or less. 

Continuous Quality Improvement 

Every emergency medical services (EMS) system and hospital system should assess its resuscitation interventions and 

outcomes through continuous quality improvement (CQI) with a defined process of data collection and review. The current 

consensus on the best way to improve both in-hospital and out-of-hospital survival after sudden cardiac arrest is to modify the 

standard quality improvement model according to the Chain of Survival metaphor. Each link in the chain comprises structural, 

process, and outcome variables that systems can examine, measure, and record. System managers can quickly identify gaps 

between observed processes and outcomes and local expectations or published standards. Individuals and teams who 

regularly review their performance in actual resuscitations will, on average, improve their performance in subsequent 

resuscitation events. Therefore, it is important for resuscitation teams to find the time to debrief themselves at some time after 

every resuscitation, either immediately or later. 

Systems of Care 

A system is a group of interdependent components that regularly interact to form a whole. 















 
Figure 7. Expanded Systematic Approach Algorithm. 

Abbreviation: ERS, emergency response system. 

BLS Assessment 

The BLS assessment is a systematic approach to BLS for trained emergency responders. This approach stresses early CPR 

with basic airway management and defibrillation but not advanced airway techniques or medication administration. By 

using the BLS assessment, any emergency responder can support or restore effective oxygenation, ventilation, and circulation 

until the patient achieves ROSC or advanced health care professionals intervene. Performing the BLS assessment 

substantially improves a patient’s chance of survival and a good neurologic outcome. 

Critical Concepts 

High-Quality CPR 

To perform high-quality CPR, emergency responders should 





Assess for breathing and a pulse. • Assess the patient for normal breathing and a pulse. 

• To minimize delay in starting CPR, you should assess 

breathing at the same time as you check the pulse. 

This should take at least 5 seconds but no more than 

10 seconds. 

• To check for breathing, scan the person’s chest for rise 

and fall for no more than 10 seconds. 

• If the person is breathing: Monitor the person until 

additional help arrives. 

• If the person is not breathing or is only gasping 

and a pulse is not felt within 10 

seconds: Immediately begin high-quality CPR, starting 

with compressions. 

• If you find a pulse: Start ventilating at 1 every 6 

seconds. Check the pulse about every 2 minutes. 

 
Figure 10. Check breathing and pulse 
simultaneously. 

 
Figure 11. Check for a carotid pulse. 

Begin CPR, starting with 
compressions. 

• Push hard and fast: Compress at a rate of 100-120/min 

with a depth of at least 2 inches. 

• Allow complete chest recoil after each compression. 

• Limit interruptions to 10 seconds or less. 

• Avoid excessive ventilation. Deliver each ventilation 

over 1 second, enough for visible chest rise. 
 

Figure 12A. Hand position. 

 
Figure 12B. Hand position. 



 
Figure 13A. Compressions. 

 
Figure 13B. Compressions. 

Defibrillate. • If a pulse is not felt, check for a shockable rhythm with 

an AED or defibrillator as soon as it arrives. 

• Provide shocks as indicated. 

• Follow each shock immediately with CPR, beginning 

with compressions. 

 
Figure 14A. Defibrillation. 

 
Figure 14B. Defibrillation. 

Caution 

Chest Compression Depth 

Chest compressions are more often too shallow than too deep. However, research suggests that compressing deeper than 2.4 

inches (6 cm) in adults may not be optimal for survival from cardiac arrest and may cause injuries. If you have a CPR quality 

feedback device, target your compression depth from 2 to 2.4 inches (5-6 cm). 







Remember to assess first and then perform the appropriate action. 

Table 2. Primary Assessment 

Assessment Action 

Airway 

• Is the patient’s airway 

patent? 

• Is an advanced airway 

indicated? 

• Have you confirmed proper 

placement of the airway 

device? 

• Is the tube secured, and are 

you reconfirming placement 

frequently and with every 

transition? 

• Maintain an open airway in unconscious patients by using a head tilt–chin lift, an OPA, or 

an NPA. 

• Use advanced airway management if needed (eg, supraglottic airways, endotracheal tube). 

o –Weigh the benefits of placing an advanced airway against the adverse effects 

of interrupting chest compressions. If bag-mask ventilation is adequate, you 

may defer inserting an advanced airway until the patient does not respond to 

initial CPR and defibrillation or until ROSC. Advanced airway devices, such as a 

laryngeal mask airway and a laryngeal tube, can be placed while chest 

compressions continue. 

o –If using advanced airway devices 

▪ Confirm the proper integration of CPR and ventilation 

▪ Confirm the proper placement of advanced airway devices by 

physical examination and quantitative waveform capnography 

▪ Secure the device to prevent dislodgment 

▪ Monitor airway placement, effectiveness of CPR, and ROSC with 

continuous quantitative waveform capnography 

Breathing 

• Are ventilation and 

oxygenation adequate? 

• Are quantitative waveform 

capnography and 

oxyhemoglobin saturation 

monitored? 

• Give supplemental oxygen when indicated. 

o –For patients with cardiac arrest, administer 100% oxygen. 

o –For other patients (not in cardiac arrest), adjust the oxygen administration to 

achieve oxygen saturation of 95%-98% by pulse oximetry (90% for ACS and 

90%-98% for post–cardiac arrest care). 

• Monitor the adequacy of ventilation and oxygenation by 

o –Clinical criteria (chest rise and cyanosis) 

o –Quantitative waveform capnography 

• Oxygen saturation 

o –Avoid excessive ventilation 



Circulation 

• Are chest compressions 

effective? 

• What is the cardiac rhythm? 

• Is defibrillation or 

cardioversion indicated? 

• Has IV or IO access been 

established? 

• Is ROSC present? 

• Is the patient with a pulse 

unstable? 

• Are medications needed for 

rhythm or BP? 

• Does the patient need 

volume (fluid) for 

resuscitation? 

• Monitor CPR quality. 

o –Use a CPR feedback device. 

o –Monitor quantitative waveform capnography (if PETCO2 <10 mm Hg, attempt to 

improve CPR quality). Continuous waveform capnography should be as high as 

possible with improved CPR quality. Continuous quantitative waveform 

capnography provides an indirect measure of cardiac output during chest 

compressions because the amount of CO2 exhaled is associated with the 

amount of blood that passes through the lungs. A PETCO2 of <10 mm Hg during 

chest compressions rarely results in ROSC. 

o –A sudden increase in PETCO2 may indicate ROSC. The exact increase in 

PETCO2 has not been defined and is still under investigation. 

• Attach monitor or defibrillator for arrhythmias or cardiac arrest rhythms (eg, VF, pVT, 

asystole, PEA). 

• Provide defibrillation or cardioversion. 

• Obtain IV or IO access. 

• Give appropriate medications to manage rhythm and BP. 

• Give IV or IO fluids if needed. 

• Check temperature. 

• Check perfusion issues. 

Disability • Check for neurologic function. 

• Check glucose. 

• Quickly assess for responsiveness, levels of consciousness, and pupil dilation. 

• Remember AVPU (Alert, Voice, Painful, Unresponsive). 

Exposure • Remove clothing to perform a physical examination. 

• Look for obvious signs of trauma, bleeding, burns, unusual markings, or medical alert 

jewelry. 

Abbreviations: BP, blood pressure; IO, intraosseous. 

Secondary Assessment 

The secondary assessment involves the differential diagnosis, including a focused medical history and searching for and 

treating underlying causes (H’s and T’s). Gather a focused history of the patient, if possible. Ask specific questions related to 

the patient’s presentation. 



SAMPLE 

Consider using the memory aid SAMPLE: 

• Signs and symptoms 

o –Breathing difficulty 

o –Tachypnea, tachycardia 

o –Fever, headache 

o –Abdominal pain 

o –Bleeding 

• Allergies 

o –Medications, foods, latex, etc 

o –Associated reactions 

• Medications (including the last dose taken) 

o –Patient medications, including over-the-counter, vitamins, inhalers, and herbal supplements 

o –Last dose and time of recent medications 

o –Medications that can be found in the patient’s home 

• Past medical history (especially relating to the current illness) 

o –Health history (eg, previous illnesses, hospitalizations) 

o –Family health history (in cases of ACS or stroke) 

o –Significant underlying medical problems 

o –Past surgeries 

o –Immunization status 

• Last meal consumed 

o –Time and nature of last intake of liquid or food 

• Events 

o –Events leading to current illness or injury (eg, onset sudden or gradual, type of injury) 

o –Hazards at scene 

o –Treatment during interval from onset of disease or injury until evaluation 

o –Estimated time of onset (if out-of-hospital onset) 

The answers to these questions can help you quickly identify likely or suspected diagnoses. Look for and treat the underlying 

cause by considering the H’s and T’s to ensure that you are not overlooking common possibilities. The H’s and T’s create a 

guide for possible diagnoses and interventions for your patient. 



H’s and T’s 

The H’s and T’s are a memory aid for potential underlying causes of cardiac arrest and emergency cardiopulmonary conditions: 

H’s 

• Hypovolemia 

• Hypoxia 

• Hydrogen ion (acidosis) 

• Hypokalemia/hyperkalemia 

• Hypothermia 

T’s 

• Tension pneumothorax 

• Tamponade (cardiac) 

• Toxins 

• Thrombosis (pulmonary) 

• Thrombosis (coronary) 

Critical Concepts 

Common Underlying Causes of PEA 
• Hypovolemia and hypoxia are the 2 most common underlying and potentially reversible causes of PEA. 

• Look for evidence of these problems as you assess the patient, and treat them immediately. 

Diagnosing and Treating Underlying Causes 

Patients in cardiac arrest (VF, pVT, asystole, or PEA) need rapid assessment and management to determine if an underlying, 

potentially reversible problem caused the arrest. If you can quickly identify and treat a specific condition, you may achieve 

ROSC. Identifying the underlying cause is crucial in cases of cardiac arrest. Addressing the underlying cause will provide the 

best chance for a successful resuscitation. When done by an experienced health care professional, ultrasound may help with 

identifying the underlying cause quickly, as long as it does not delay or interrupt high-quality CPR. Ultrasound might provide 

information to help determine the next step for treatment, but the benefit remains uncertain. Paying attention to the patient’s 

response to interventions may also help you narrow the differential diagnosis. 

To search for the underlying cause, do the following: 

• Consider the underlying causes by recalling the H’s and T’s 

• Analyze the ECG for clues to the underlying cause 



• Recognize hypovolemia 

• Recognize medication overdose or poisonings 

Hypovolemia 

Hypovolemia, a common cause of PEA, initially produces the classic physiologic response of a rapid, narrow-complex 

tachycardia (sinus tachycardia) and typically increases diastolic and decreases systolic pressures. As loss of blood volume 

continues, blood pressure (BP) drops, eventually becoming undetectable, but the narrow QRS complexes and rapid rate 

continue (ie, PEA). 

Consider hypovolemia as a cause of hypotension, which can deteriorate to PEA. Providing prompt treatment of hypovolemia 

can reverse the pulseless state. Common nontraumatic causes of hypovolemia include occult internal hemorrhage and severe 

dehydration. Consider volume infusion for PEA associated with a narrow-complex tachycardia in conjunction with simultaneous 

compression, ventilations, and other appropriate ALS interventions. 

Cardiac and Pulmonary Conditions 

ACS that involves a large amount of heart muscle can present as PEA, VF, pVT, or asystole. That is, occlusion of the left main 

or proximal left anterior descending coronary artery can present with cardiogenic shock rapidly progressing to cardiac arrest 

and PEA. However, in patients with cardiac arrest and without known pulmonary embolism (PE) or suspected PE or STEMI, 

giving routine fibrinolytic treatment during CPR shows no benefit and is not recommended. 

Massive or saddle PE obstructs flow to the pulmonary vasculature and causes acute right heart failure. In patients with cardiac 

arrest due to presumed or known PE, it is reasonable to administer fibrinolytics. 

Pericardial tamponade may be reversible with pericardiocentesis, and during periarrest, volume infusion may help while 

definitive therapy is initiated. Once you recognize tension pneumothorax, you should effectively treat it with needle 

decompression and chest tube insertion. 

You cannot treat cardiac tamponade, tension pneumothorax, and massive PE unless you recognize them. A skilled health care 

professional can perform bedside ultrasound to help rapidly identify tamponade, pneumothorax, and echocardiographic 

evidence of PE. 



Medication Overdoses or Toxic Exposures 

Certain medication overdoses and toxic exposures may lead to peripheral vascular dilatation and/or myocardial dysfunction 

with resultant hypotension and cardiovascular collapse. Treat poisoned patients aggressively because the toxic effects may 

progress rapidly, but during this time, the myocardial dysfunction and arrhythmias may be reversible. 

Treatments that can provide support during medication and toxic exposure include 

• Prolonged CPR in special resuscitation situations 

• ECPR 

• Intra-aortic balloon pump therapy 

• Renal dialysis 

• IV lipid emulsion for lipid-soluble toxins 

• Specific medication antidotes (digoxin immune Fab, glucagon, bicarbonate, naloxone) 

• Transcutaneous pacing 

• Correction of severe electrolyte disturbances (potassium, magnesium, calcium, acidosis) 

• Specific adjunctive agents (eg, calcium, glucagon) 

Remember, if the patient shows signs of ROSC, begin post–cardiac arrest care. 
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Part 2 

Preventing Arrest 

Recognition: Signs of Clinical Deterioration 

Rapid Response 

Often, health care professionals or family members who are concerned that the patient is deteriorating will activate the rapid 

response system in the hospital. Some rapid response systems weigh, combine, and score specific physiologic criteria to 

determine when to act. The following list gives examples of such criteria for adult patients: 

• Airway compromise 

• Respiratory rate less than 6/min or more than 30/min 

• Heart rate less than 40/min or greater than 140/min 

• Systolic BP (SBP) less than 90 mm Hg 

• Symptomatic hypertension 

• Unexpected decrease in level of consciousness 

• Unexplained agitation 

• Seizure 

• Significant decrease in urine output 

• Subjective concern about the patient 

The wide variability in incidence and location of IHCA suggests potential areas for standardizing quality and preventing some 

cardiac arrests. More than half of IHCAs result from respiratory failure or hypovolemic shock, and changes in physiology such 

as tachypnea, tachycardia, and hypotension foreshadow most of these events. Therefore, IHCA often represents the 

progression of physiologic instability and a failure to quickly identify and stabilize the patient. This scenario is more common on 

the general wards—outside of critical care and procedural areas—where patient-to-nurse ratios are higher and monitoring of 

patients is less intense. In this setting, intermittent manual vital sign monitoring with less frequent direct observation by 

clinicians may increase the likelihood of delayed recognition. 

















active peptic ulcer disease, or other disorders of the upper GI tract. Aspirin is associated with a reduction in mortality for 

patients with ACS. 

Nitroglycerin (Glyceryl Trinitrate) 

Nitroglycerin effectively reduces ischemic chest discomfort, and it has beneficial hemodynamic effects. The physiologic effects 

of nitrates reduce left ventricular (LV) and right ventricular (RV) preload through peripheral arterial and venous dilation. 

Give the patient 1 sublingual nitroglycerin tablet (or translingual dose) every 5 minutes (total of 3 doses max) for ongoing 

symptoms if permitted by medical control and no contraindications exist. Administer nitroglycerin only if the patient remains 

hemodynamically stable: SBP is greater than 90 mm Hg or no lower than 30 mm Hg below baseline (if known) and the heart 

rate is 50 to 100/min. 

Nitroglycerin is a venodilator; use it cautiously or not at all in patients with inadequate ventricular preload. These situations 

include 

• Inferior wall myocardial infarction (MI) and RV infarction: RV infarction may complicate an inferior wall MI. 

Patients with acute RV infarction depend on RV filling pressures to maintain cardiac output and blood pressure. If 

you cannot rule out RV infarction, use caution in administering nitrates to patients with inferior STEMI. If you 

confirm RV infarction by right-sided precordial leads, or if an experienced health care professional confirms it 

through clinical findings, then nitroglycerin and other vasodilators (morphine) or volume-depleting drugs (diuretics) 

are contraindicated as well. 

• Hypotension, bradycardia, or tachycardia: Avoid using nitroglycerin in patients with hypotension (SBP less than 

90 mm Hg), and with caution (relative contraindication) with marked bradycardia (heart rate less than 50/min), or 

marked tachycardia (heart rate greater than 110). 

• Recent phosphodiesterase inhibitor use: Avoid using nitroglycerin if you suspect or know that the patient has 

taken sildenafil or vardenafil within the previous 24 hours or tadalafil within 48 hours. These agents are generally 

used for erectile dysfunction or in cases of pulmonary hypertension, and in combination with nitrates, they may 

cause severe hypotension refractory to vasopressor agents. 

There appears to be no association between nitroglycerin therapy and survival in patients with ACS. 

Critical Concepts 

Pain Relief With Nitroglycerin 











 
Figure 21. ACS broken down into 2 major categories. 

Review the initial 12-lead ECG (Step 4) and classify patients into 1 of 2 following major clinical groups (Steps 5 and 9): 

• STEMI is characterized by new or presumably new ST-segment elevation in 2 or more anatomically contiguous 

leads. Threshold values for ST-segment elevation consistent with STEMI are J-point elevation of 1 mm or more in 

all leads other than V2 and V3 in all men and women; greater than 2 mm (0.2 mV) in leads V2 and V3 in men (2.5 

mm in men younger than 40 years); and 1.5 mm in all women. 

o –New or presumably new left bundle branch block (LBBB) in isolation should not be considered 

diagnostic for acute myocardial infarction (AMI); clinical correlation is required. 

o –A new LBBB in an asymptomatic patient does not constitute a STEMI equivalent. 

o –Posterior leads (V7-V9) should be obtained in patients with suspected left circumflex occlusion, 

particularly in the setting of isolated ST-segment depression 0.5 mm or greater in leads V1 through V3. 

• NSTE-ACS/NSTEMI including unstable angina (Step 9): 

o –High-risk NSTE-ACS (Step 10) is characterized by new or presumably new and usually dynamic 

horizontal or down-sloping ST-depression 0.5 mm or greater in 2 or more contiguous leads or T wave 

inversion greater than 1 mm in 2 or more contiguous leads with prominent R wave or R/S ratio greater 

than 1 or transient ST-segment elevation. 

▪ Many patients with NSTE-ACS have either nonspecific ST-segment or T-wave changes or a 

normal ECG. The absence of ECG evidence of ischemia does not exclude ACS. If troponin is 





obtain a portable chest x-ray in less than 30 minutes (do not delay transport to the cath lab). Because the sensitivity and 

negative predictive values of high-sensitivity cTn are greater, high-sensitivity cTn assays are preferred over conventional cTn 

assays. If initial cardiac markers are nondiagnostic, repeat measurements after the initial sample collection (time zero) at 1 to 2 

hours for high-sensitivity cTn and 3 to 6 hours for conventional cTn assays. 

For a patient with STEMI, the goals of reperfusion include the following: 

• PCI should begin within 90 minutes after FMC to balloon inflation. 

o –Note: An arterial approach to PCI is preferred over a femoral approach. 

• Fibrinolytic administration should begin within 30 minutes after the patient’s arrival in the ED. 

STEMI 

Patients with STEMI usually have complete occlusion of an epicardial coronary artery. 

Treat STEMI by providing early reperfusion therapy achieved with primary PCI or fibrinolytics. 

Reperfusion therapy for STEMI is perhaps the most important advancement for treating cardiovascular disease in recent years. 

Early fibrinolytic therapy or direct catheter-based reperfusion is an established standard of care for patients with STEMI who 

present within 12 hours after symptom onset with no contraindications. Reperfusion therapy reduces mortality and saves heart 

muscle; the shorter the time to reperfusion, the greater the benefit. In fact, providing fibrinolytic therapy in the first hour after 

symptom onset reduces mortality by 47%. 

Critical Concepts 

Delay of Therapy 
• Do not delay diagnosis and treatment to consult with a cardiologist or another physician except in equivocal or 

uncertain cases because delays are associated with increased hospital mortality rates. 

• Potential delay during in-hospital evaluation may occur from door to data (ECG), from data to decision, and from 

decision to medication (or PCI). These 4 major points of in-hospital therapy are commonly referred to as the 4 D’s. 

• All health care professionals must focus on minimizing delays at each of these points. 

Early Reperfusion Therapy 

Rapidly identify patients with STEMI and use a fibrinolytic checklist to screen for indications and contraindications to fibrinolytic 

therapy, if appropriate. 



The first qualified physician who encounters a patient with STEMI should interpret or confirm the 12-lead ECG, determine the 

risk or benefit of reperfusion therapy, and direct administration of fibrinolytic therapy or activation of the PCI team. Early 

activation of PCI may occur with established protocols. Use these recommended time frames: 

• For PCI, the goal is FMC-to-first-device (balloon inflation) time of 90 minutes or less. For patients at a non–PCI-

capable hospital, time from FMC to device should be less than 120 minutes when considering primary PCI, but 

systems should strive to achieve the shortest time possible. 

• If fibrinolysis is the intended reperfusion, the longest acceptable ED door-to-needle time (needle time is the 

beginning of infusion of a fibrinolytic agent) is 30 minutes, but systems should strive to achieve the shortest time 

possible. 

• Consider patients who are ineligible for fibrinolytic therapy for transfer to a PCI facility, regardless of delay, but 

prepare for a door-to-departure time of 30 minutes. 

Adjunctive treatments may also be indicated. 

Choosing Primary PCI 

The most common form of PCI is coronary angioplasty with stent placement, and primary PCI is preferred over fibrinolytic 

administration. Many studies have shown PCI to be superior to fibrinolysis in the combined end points of death, stroke, and 

reinfarction for patients presenting between 3 and 12 hours after onset. 

Interventional strategies for the management of STEMI are as follows: 

1. Primary PCI: The patient is taken to the cath lab for PCI immediately after ED presentation or will go straight to the 

cath lab. 

2. Rescue PCI: The patient is initially treated with fibrinolytic therapy. The patient does not show signs of reperfusion 

(lack of ST resolution more than 50% after 1 hour of fibrinolytic therapy administration) and, therefore, is referred 

for rescue PCI. 

3. Pharmacoinvasive strategy: The patient is initially treated with fibrinolytic therapy with the intention to perform 

coronary angiography and PCI, if appropriate. 

Considerations for the use of primary PCI include the following: 

• PCI is the treatment of choice for the management of STEMI when it can be performed effectively with FMC-to-

balloon inflation time of 90 minutes or less by a skilled health care professional at a skilled PCI facility. 

• Primary PCI may also be offered to patients presenting to non–PCI-capable hospitals if PCI can be initiated 

promptly within 120 minutes after FMC. 





o –Prasugrel is a thienopyridine that requires liver biotransformation into active metabolites. Ticagrelor does 

not require liver biotransformation and is a reversible P2Y12 inhibitor. The timing of administration of 

P2Y12 inhibitors should be at the discretion of local site practices. 

• IV nitroglycerin 

• β-blockers 

• Glycoprotein IIb/IIIa inhibitors 

• Angiotensin-converting enzyme inhibitors 

• High-intensity statin therapy 

IV nitroglycerin and heparin are common for early management of patients with STEMI. We briefly discuss heparin and IV 

nitroglycerin, but we do not review bivalirudin, enoxaparin, fondaparinux, P2Y12 inhibitors, β-blockers, glycoprotein IIb/IIIa 

inhibitors, angiotensin-converting enzyme inhibitor, and high-intensity statin therapy. These agents require additional risk 

stratification skills and a detailed knowledge of the spectrum of ACS and, in some instances, continuing knowledge of the 

results of clinical trials. 

Heparin (Unfractionated or Low Molecular Weight) 

Heparin is a routine adjunct for PCI and fibrinolytic therapy with fibrin-specific agents (alteplase, reteplase, tenecteplase). If you 

use these medications, you must be familiar with dosing schedules for specific clinical strategies. 

Inappropriate dosing and monitoring of heparin therapy have caused excess intracerebral bleeding and major hemorrhage in 

STEMI patients. Health care professionals using heparin must know the indications, dosing, and use in the specific ACS 

categories. 

The dosing, use, and duration are derived from use in clinical trials. Specific patients may require dose modification. See the 

Handbook of Emergency Cardiovascular Care for Health Care Professionals for weight-based dosing guidelines, intervals of 

administration, and adjustment of low-molecular-weight heparin in renal function. See the AHA/American College of Cardiology 

(ACC) guidelines for detailed discussion in specific categories. 

IV Nitroglycerin 

Routine use of IV nitroglycerin is not indicated and has not been shown to significantly reduce mortality in STEMI. However, IV 

nitroglycerin is indicated and used widely in ischemic syndromes and is preferred over topical or long-acting forms because it 

can be adjusted in a patient with potentially unstable hemodynamics and clinical condition. Indications for initiating IV 

nitroglycerin in STEMI are 

• Recurrent or continuing chest discomfort unresponsive to sublingual or translingual nitroglycerin 







 
Figure 22. Ischemic stroke: occlusion in a cerebral artery by a thrombus; area of infarction surrounding immediate site and distal portion of brain tissue after 
occlusion. 

 
Figure 23. Hemorrhagic stroke: a blood vessel in the brain suddenly ruptures into the surrounding tissue. 

 
Figure 24. Types of stroke in the United States: 87% of strokes are ischemic and potentially eligible for reperfusion therapy if patients otherwise qualify13; 13% 
of strokes are hemorrhagic, and the majority of these (10%) are intracerebral. 







 
Figure 26. Adult Suspected Stroke Algorithm. 

Abbreviations: CTA, computed tomography angiography; CTP, computed tomography perfusion; NIH, National Institutes of Health. 

Critical Time Periods 

Patients with AIS have a time-dependent benefit for reperfusion therapy similar to that of patients with STEMI, but this time-

dependent benefit is much shorter. The critical time period for administration of reperfusion therapies begins with the onset of 

symptoms. Critical time periods from hospital arrival are summarized here and represent maximum goal times: 

• Immediate general assessment: within 10 minutes 

• Immediate neurologic assessment: within 20 minutes 

• Acquisition of CT/MRI of the head: within 20 minutes 

• Interpretation of the CT/MRI scan: within 45 minutes 

• Administration of thrombolytic therapy, timed from ED/brain imaging suite arrival: within 60 minutes 





The stroke algorithm outlines identification and treatment of all strokes. Major identified parts of the algorithm include 

• Identification of signs and symptoms of possible stroke and activation of emergency response (Step 1) 

• Critical emergency responder assessments and actions (Step 2) 

• Immediate general and neurologic assessment by hospital or stroke team (ED or brain imaging suite) (Step 3) 

• Brain imaging (CT/MRI scan) (Step 4): Does brain imaging show hemorrhage? 

• Thrombolytic candidate? (Thrombolytic therapy risk stratification of candidate) (Step 7) 

• Considering EVT and the patient’s qualification as a candidate (Steps 9 and 10) 

• Rapid transport to cath lab or transfer to EVT-capable center (Step 11) 

• Admittance to neurologic ICU or stroke unit or transfer to higher level of care (Steps 12 and 13) 

• Additional imaging for presence of LVO and penumbra when indicated (Steps 9 and 10) 

• General stroke care (Steps 12 and 13) 

Identify Signs of Possible Stroke and Activate Emergency Response 

Warning Signs and Symptoms 

The signs and symptoms of a stroke may be subtle. They include 

• Sudden weakness or numbness of the face, arm, or leg, especially on one side of the body 

• Trouble speaking or understanding 

• Sudden trouble seeing in one or both eyes 

• Sudden trouble walking 

• Dizziness or loss of balance or coordination 

• Sudden severe headache with no known cause 

• Sudden confusion 

Activate EMS System Immediately 

Currently half of all patients with stroke are driven to the ED by family or friends. Thus, patients with stroke and their families 

must be educated on potential signs or symptoms of stroke and the need to phone 911 and activate emergency responders as 

soon as they detect a possible stroke. 

Emergency responders provide the safest and most efficient method of emergency transport to the most appropriate stroke 

hospital. The advantages of EMS system activation and emergency responder transport include the following: 

• EMS telecommunicators play a critical role in timely treatment of potential stroke by 

o –Identifying patients with possible stroke 



o –Providing high-priority dispatch 

o –Instructing lay rescuers in lifesaving CPR skills or other supportive care if needed while emergency 

responders are on the way 

• Emergency responders can assess ABCs and give oxygen as needed. 

• Emergency responders can initiate stroke protocol, perform a physical exam, establish time of symptom onset (last 

known normal), and check glucose and treat if indicated. 

• Emergency responders can triage to the most appropriate stroke center on the basis of a validated prehospital 

stroke screen and a stroke severity tool and on patient characteristics following regional destination protocols. 

• Emergency responders should provide prehospital notification, enabling the hospital to prepare to evaluate and 

manage the patient more efficiently, and upon arrival, transport to the brain imaging suite. 

Provide Critical Emergency Responder Assessments and Actions 

Emergency responders must minimize the interval between the onset of symptoms and patient arrival in the ED or brain 

imaging suite. Specific stroke therapy can be provided only in the appropriate receiving hospital, so time in the field only delays 

(and may prevent) definitive therapy. More extensive assessments and initiation of supportive therapies can continue en route 

to the hospital or in the ED or brain imaging suite. 

Critical Emergency Responder Assessments and Actions 

To provide the best outcome for the patient with potential stroke, emergency responders should identify the signs and 

symptoms of possible stroke (Step 1). These include the following: 

• Assess ABCs and give oxygen if needed to patients with hypoxemic stroke (ie, whose saturation is 94% or less) or 

to those patients with unknown oxygen saturation. 

• Initiate stroke protocol. 

• Perform physical exam. 

• Perform a neurologic assessment using a validated tool. Perform a rapid prehospital stroke screen (eg, Cincinnati 

Prehospital Stroke Scale [CPSS], Los Angeles Prehospital Stroke Screen) and, if needed, a stroke severity 

assessment for possible LVO (eg, Los Angeles Motor Scale, Field Assessment Stroke Triage for Emergency 

Destination [FAST-ED]). 

• Establish time of symptom onset (last known normal). Determine the time of symptom onset or when the patient 

was last known normal or at neurologic baseline. This represents time zero. If the patient wakes from sleep with 

symptoms of stroke, time zero is the last time the patient was seen to be normal. 





Modified from Kothari RU, Pancioli A, Liu T, Brott T, Broderick J. Cincinnati Prehospital Stroke Scale: reproducibility and validity. Ann Emerg Med. 

1999;33(4):373-378. doi:10.1016/s0196-0644(99)70299-4. Copyright 1999, with permission from Elsevier. 

 
Figure 28. Facial droop. 

 
Figure 29. One-sided motor weakness (left arm). 

Cincinnati Prehospital Stroke Scale 

The CPSS identifies stroke on the basis of 3 physical findings: 

• Facial droop (have the patient smile or try to show teeth) 

• Arm drift (have the patient close eyes and hold both arms out, with palms up) 

• Abnormal speech (have the patient say, “You can’t teach an old dog new tricks.”) 







Dedicated neurocritical care unit or ICU No Possibly Possibly Yes 

Acute Stroke Ready Hospital 

Acute Stroke Ready Hospitals typically serve rural and under-resourced areas. Emergency identification and treatment of 

patients with alteplase, when indicated, is typically facilitated by telemedicine to provide access to acute neurologic expertise. 

Typically, patients are later transferred for admission to a stroke unit or for a higher level of care, as indicated. 

Primary Stroke Center 

The Primary Stroke Center is the cornerstone of stroke systems of care. These centers comprise a wide range of hospitals able 

to quickly identify patients with stroke, provide alteplase therapy if indicated, and admit patients to a dedicated stroke unit. 

Roughly half of all patients with stroke in the United States receive care in a Primary Stroke Center. 

Thrombectomy-Capable Stroke Center 

The Thrombectomy-Capable Stroke Center certification was jointly created by the AHA and the Joint Commission to recognize 

stroke centers that meet the same high-quality standards as a Primary Stroke Center but are also capable of providing EVT for 

patients with LVO. The Thrombectomy-Capable Stroke Center designation was created to recognize these EVT-capable 

facilities in areas where a Comprehensive Stroke Center was not available. 

Comprehensive Stroke Center 

Hospitals achieving Comprehensive Stroke Center certification are capable of managing all forms and severities of stroke, both 

ischemic and hemorrhagic, and can provide 24/7 access to specialty care, such as neurosurgery, EVT, and neurocritical care. 

A Comprehensive Stroke Center typically serves as the hub of a regional stroke system of care, providing receiving capabilities 

for transferred patients and providing feedback and education for transferring sites. 

Hospitals in a region should achieve stroke center certification to the highest level possible and then use these levels of 

capabilities to design a regional stroke system of care. The hospitals’ capabilities should be communicated to the regional EMS 

system and the community. 

Once a patient arrives in the ED, a number of assessments and management activities must occur quickly. Protocols should be 

used to minimize delay in definitive diagnosis and therapy. Incorporating best practices from the Target: Stroke programs has 

been shown to reduce overall door-to-needle times and improve clinical outcomes while maintaining overall safety. These 



practices have also been shown to decrease the various interval times first established by the 1997 National Institute of 

Neurological Disorders and Stroke consensus conference. 

The goal of the stroke team, emergency physician, or other experts should be to assess the patient with suspected 

stroke within 10 minutes after arrival in the ED/brain imaging suite (Step 3): “time is brain.” 

Target: Stroke II Best-Practice Strategies 
1. Emergency responder prenotification: Emergency responders should provide early prenotification to the 

receiving ED when stroke is recognized in the field. 

2. Use stroke tools: A stroke toolkit containing rapid triage protocol, clinical decision support, stroke-specific order 

sets, guidelines, hospital-specific algorithms, critical pathways, NIHSS, and other stroke tools should be available 

and used for each patient. 

3. Employ rapid triage protocol and stroke team notification: Acute triage protocols facilitate the timely 

recognition of stroke and reduce time to treatment. Acute stroke teams enhance stroke care and should be 

activated as soon as there is ED prenotification from emergency responders of a patient with stroke or the patient 

with stroke is identified in the ED. 

4. Use a single-call activation system: A single call should activate the entire stroke team. 

5. Attach a timer or clock to chart, clipboard, or patient bed: AIS care requires an accurate, timely, coordinated, 

and systematic evaluation of the patient. A universal clock that is visible to the health care professional is an 

enabling tool for improving the quality of care. 

6. Ensure transfer directly to CT or MRI scanner: Guided by prespecified protocols, emergency responders can 

transport eligible patients with stroke, if appropriate, from the ED triage area directly to the CT/MRI scanner for 

initial neurologic examination and brain imaging to determine tissue plasminogen activator eligibility, bypassing the 

ED bed. 

7. Rapidly acquire and interpret brain imaging: It is essential to initiate a brain CT scan (or MRI) as soon as 

possible after patient arrival. Consider initial CT interpretation by a stroke neurologist, reserving advanced imaging 

for unclear cases only. Additional brain imaging may be acquired after thrombolytic consideration to determine the 

presence of an LVO and salvageable penumbra. 

8. Conduct rapid laboratory testing (including point-of-care testing if indicated): When indicated, order 

laboratory tests such as glucose and testing for patients in whom coagulation parameters should be assessed 

because of suspicion of coagulopathy or systemic anticoagulation treatment. International normalized ratio 

(prothrombin time)/(partial thromboplastin time) results should be available as quickly as possible and no later than 

30 minutes after ED arrival. 





Door to stroke team ≤10 

Door to CT/MRI initiation ≤20 

Door to CT/MRI interpretation ≤35 

Door-to-needle time ≤45 

Table 8. The 60-Minute Door-to-Needle Goal Time-Interval Goals 

Action Time, min 

Door to physician ≤10 

Door to stroke team ≤15 

Door to CT/MRI initiation ≤25 

Door to CT/MRI interpretation ≤45 

Door-to-needle time ≤60 

Table 9. The 90-Minute Door-to-Device Goal Time-Interval Goals 

Action Time, min 

Door to physician ≤5 

Door to stroke team ≤10 

Door to CT/MRI initiation ≤20 

Door to CT/MRI interpretation ≤35 

Door to neurointerventional team activation ≤40 





Perform physical and 
neurologic 
examinations. 

Perform physical exam and neurologic examination, including NIHSS or Canadian Neurological Scale. 

Obtain a 12-lead ECG. Obtain a 12-lead ECG, which may identify a recent or ongoing AMI or arrhythmias (eg, atrial fibrillation) as a cause 
of embolic stroke. A small percentage of patients with acute stroke or transient ischemic attack have coexisting 
myocardial ischemia or other abnormalities. There is general agreement to recommend cardiac monitoring during 
the first 24 hours of evaluation in patients with AIS to detect atrial fibrillation and potentially life-threatening 
arrhythmias. 

Life-threatening arrhythmias can follow or accompany stroke, particularly intracerebral hemorrhage. If the patient is 

hemodynamically stable, treatment of non–life-threatening arrhythmias (bradycardia, VT, and AV conduction blocks) 

may not be necessary. 

Do not delay the CT/MRI scan to obtain the ECG. 

Immediate Neurologic Assessment by Hospital or Stroke Team 

The stroke team, neurovascular consultant, or ED does the following: 

• Reviews the patient’s history, medications, and procedures and establishes time of symptom onset or last known 

normal 

• Performs a physical and neurologic examination, including the NIHSS or Canadian Neurological Scale 

The goal for neurologic assessment is within 20 minutes after the patient’s arrival in the ED/brain imaging suite: “time 

is brain.” 

Establish Symptom Onset 

Establishing the time of symptom onset or last known well may require interviewing out-of-hospital emergency responders, 

witnesses, and family members. 

Conduct Neurologic Examination 

Assess the patient’s neurologic deficits by using an established stroke scale, preferably the NIHSS or Canadian Neurological 

Scale. 

The NIHSS uses 15 items to assess and quantify neurologic deficits of a patient with stroke. This is a validated measure of 

stroke severity based on a detailed neurologic examination. 



















Patients arriving within 6 hours after symptom onset should receive EVT with a stent retriever if they meet all of the following 

criteria: 

• Prestroke modified Rankin Score of 0 to 1 

• Causative LVO of the internal carotid artery or proximal middle cerebral artery demonstrated on cerebrovascular 

imaging 

• Age 18 years or older 

• NIHSS score of 6 or greater 

• ASPECTS (Alberta Stroke Program Early CT Score) of 6 or greater (ASPECTS is an early, reliable tool that uses a 

10-point quantitative topographic CT scan score to determine early ischemic changes.) 

• Treatment can be initiated (groin puncture) within 6 hours after symptom onset or last known normal 

In selected patients with AIS within 6 to 16 hours after last known normal who have LVO in the anterior circulation and meet 

other DAWN (Clinical Mismatch in the Triage of Wake Up and Late Presenting Strokes Undergoing Neurointervention With 

Trevo) or DEFUSE 3 (Endovascular Therapy Following Imaging Evaluation for Ischemic Stroke) eligibility criteria, mechanical 

thrombectomy is recommended. 

In selected patients with AIS within 16 to 24 hours after last known normal who have LVO in the anterior circulation and meet 

other DAWN eligibility criteria, mechanical thrombectomy is reasonable. 

Intra-arterial Thrombolysis 

Initial treatment with intra-arterial thrombolysis is beneficial for carefully selected patients with major ischemic strokes of less 

than 6 hours’ duration caused by occlusions of the middle cerebral artery. Regarding the previous recommendations for intra-

arterial thrombolysis, those data were derived from clinical trials that no longer reflect current practice, including the use of 

thrombolytic medications that are not available. A clinically beneficial dose of intra-arterial alteplase is not established, and 

alteplase does not have US Food and Drug Administration approval for intra-arterial use. As a consequence, mechanical 

thrombectomy with stent retrievers is recommended over intra-arterial thrombolysis as first-line therapy. Intra-arterial 

thrombolysis initiated within 6 hours after stroke onset in carefully selected patients who have contraindications to the use of IV 

alteplase might be considered, but the consequences are unknown. 

Stroke Systems of Care 

Recent clinical trials suggest that all patients eligible for EVT should be considered for that treatment in addition to IV alteplase. 

Regional stroke systems of care for AIS need to be in place so that eligible patients can be quickly transported from the field 



per local designation protocols or transferred from non-EVT centers to Comprehensive or Thrombectomy-Capable Stroke 

Centers that offer these treatments. 

Begin General Stroke Care 

After being considered for reperfusion strategies, all patients should be placed on an acute stroke pathway. The general care of 

all patients with stroke includes the following actions: 

• Begin acute stroke pathway. 

• Assess ABCs, and give oxygen if needed. 

• Monitor blood glucose. 

• Monitor BP. 

• Monitor temperature. 

• Perform dysphagia screening. 

• Monitor for complications of stroke and thrombolytic therapy. 

• Transfer to a higher level of care (EVT, neurologic ICU) if indicated. 

Begin Stroke Pathway 

Admit patients to a stroke unit (if available) for careful observation, including monitoring of BP and neurologic status. If 

neurologic status worsens, order an emergency CT scan. Determine if cerebral edema or hemorrhage is the cause; consult 

neurosurgery as appropriate. 

Additional stroke care includes support of the airway, oxygenation, ventilation, and nutrition. Provide normal saline to maintain 

intravascular volume (eg, approximately 75 to 100 mL/h) if needed. 

Monitor Blood Glucose 

Hyperglycemia is associated with worse clinical outcomes in patients with AIS. Although there is no direct evidence that active 

glucose control improves clinical outcome, there is evidence that insulin treatment of hyperglycemia in other critically ill patients 

improves survival rates. For this reason, consider giving IV or subcutaneous insulin to lower blood glucose in patients with AIS 

when the serum glucose level is greater than 180 mg/dL. 

Monitor for Complications of Stroke and Thrombolytic Therapy 

Prophylaxis for seizures is not recommended. But treatment of acute seizures followed by administration of anticonvulsants to 

prevent further seizures is recommended. Monitor the patient for signs of increased intracranial pressure, such as increasing 













 
Figure 32. Adult Bradycardia With a Pulse Algorithm. 

Assess and support (Step 3): 

• Maintain patent airway and provide oxygen. 

• Assist breathing with positive-pressure ventilation as necessary. 

• Attach cardiorespiratory monitor. 

• Monitor pulse. 

If there is no cardiopulmonary compromise 

• Identify and treat underlying causes: 

o –Support ABCs. 

o –Consider oxygen. 

o –Consider 12-lead ECG. 

• Observe. 

In the differential diagnosis, the primary decision point in the algorithm is to determine if the bradycardia persists with 

cardiopulmonary compromise, indicating poor perfusion (Step 4). If there are no signs of cardiopulmonary compromise, identify 

and treat underlying causes and observe (Step 7). If there are persistent signs of cardiopulmonary compromise, administer 





The key clinical question is whether the bradycardia is causing the patient’s symptoms or some other illness is causing the 

bradycardia. 

Assess for Adequate Perfusion 

You must now decide if there is cardiopulmonary compromise. 

• If the patient has no cardiopulmonary compromise, identify and treat underlying causes and observe (Step 2). 

• If the patient has persistent cardiopulmonary compromise, proceed to Step 5. 

Treatment Sequence Summary 

If bradycardia persists with cardiopulmonary compromise, treat as follows: 

• Give atropine as first-line treatment (except for heart transplant patients): atropine 1 mg IV—may repeat to a total 

dose of 3 mg IV. 

• If atropine is ineffective, provide transcutaneous pacing and/or dopamine 5 to 20 mcg/kg per minute infusion or 

epinephrine 2 to 10 mcg/min infusion. 

The severity of the patient’s clinical presentation determines the treatment sequence. For patients with unstable bradycardia, 

move quickly through this sequence. These patients may be in pre–cardiac arrest and may need multiple interventions 

simultaneously. 

Avoid relying on atropine in type II second-degree or third-degree AV block or in patients with third-degree AV block with a new 

wide QRS complex where the location of the block is likely to be in intranodal tissue (such as in the bundle of His or more distal 

conduction system). 

Treatment Sequence: Atropine 

If you find no immediately reversible causes, atropine remains the first-line medication for acute unstable bradycardia. Atropine 

sulfate acts by reversing cholinergic-mediated decreases in the heart rate and AV node conduction. Dopamine and epinephrine 

may be successful as an alternative to TCP. 

For bradycardia, give atropine 1 mg IV (except for heart transplant patients) every 3 to 5 minutes (maximum total dose of 3 mg 

IV). 

Caution 

Low-Dose Atropine 
• Atropine doses of less than 0.5 mg IV may further slow the heart rate. 



• Use atropine cautiously in the presence of acute coronary ischemia or MI. An atropine-mediated increase in heart 

rate may worsen ischemia or increase infarct size. 

• Do not rely on atropine in Mobitz type II second-degree or third-degree AV block or in patients with third-degree AV 

block with a new wide QRS complex. These bradycardias likely will not respond to reversal of cholinergic effects by 

atropine; preferably, treat them with TCP or β-adrenergic support as temporizing measures while the patient is 

prepared for transvenous pacing. Atropine administration should not delay external pacing or β-adrenergic infusion 

for patients with impending cardiac arrest. 

Transcutaneous Pacing 

Atropine may increase heart rate, improve hemodynamics, and eliminate the need for pacing. If atropine is ineffective or likely 

to be ineffective, or if IV access or atropine administration is delayed, begin pacing as soon as it is available. 

Many devices can pace the heart by delivering an electrical stimulus, causing electrical depolarization and subsequent cardiac 

contraction, and TCP delivers pacing impulses to the heart through the skin via cutaneous electrodes. Most defibrillator 

manufacturers have added a pacing mode to manual defibrillators. Performing TCP is often as close as the nearest defibrillator, 

but you should know the indications, techniques, and hazards for using TCP. 

Indications and Precautions 

Indications for TCP are as follows: 

• Hemodynamically unstable bradycardia (eg, hypotension, acutely altered mental status, signs of shock, ischemic 

chest discomfort, acute heart failure) 

o –Unstable clinical condition likely due to the bradycardia 

• Bradycardia with stable ventricular escape rhythms 

Precautions for TCP are as follows: 

• TCP is contraindicated in severe hypothermia. 

• Conscious patients require analgesia for discomfort unless delay for sedation will cause or contribute to 

deterioration. 

• Assess a central pulse (eg, carotid, femoral) to confirm mechanical capture; be aware that electrical stimulation can 

cause muscular jerking that may mimic the carotid pulse. 





Patients with ACS should be paced at the lowest heart rate that allows clinical stability. Higher heart rates can worsen ischemia 

because heart rate is a major determinant of myocardial oxygen demand. Ischemia, in turn, can precipitate arrhythmias. 

Sedation and Pacing 

Most conscious patients should be sedated before pacing. If the patient is in cardiovascular collapse or rapidly deteriorating, 

you may need to start pacing without prior sedation, particularly if sedation medications are not immediately available. Evaluate 

the need for sedation in light of the patient’s condition and need for immediate pacing. Obtain expert consultation and consider 

transvenous pacing. 

Perform TCP by following these steps: 

1. Place pacing electrodes on the chest according to package instructions. 

2. Turn the pacer on. 

3. Set the demand rate to 60 to 80/min. You can adjust this rate up or down (based on patient clinical response) once 

pacing is established. 

4. Set the current milliamperes output 2 mA above the dose at which consistent capture is observed (safety margin). 

External pacemakers have either fixed rates (asynchronous mode) or demand rates. 

Treatment Sequence: Dopamine, Epinephrine 

Although β-adrenergic agonists with rate-accelerating effects are not first-line agents for treating unstable bradycardia, they are 

alternatives to TCP or in special circumstances, such as overdose with a β-blocker or calcium channel blocker. 

Because epinephrine and dopamine are vasoconstrictors as well as chronotropes, health care professionals must assess the 

patient’s intravascular volume status and avoid hypovolemia when using these medications. Dobutamine and isoproterenol (a 

β-adrenergic agonist) can improve heart rate; however, these medications might induce coronary ischemia and should be used 

with caution in those with coronary disease and avoided in those with AMI or unstable angina. 

Either epinephrine infusions or dopamine infusions may be used for patients with unstable bradycardia, particularly if 

associated with hypotension, for whom atropine may be inappropriate or after atropine fails. 

Begin epinephrine infusion at a dose of 2 to 10 mcg/min and titrate to patient response; or begin dopamine infusion at 5 to 20 

mcg/kg per minute and titrate to patient response. At lower doses, dopamine has a more selective effect on inotropy and heart 

rate; at higher doses (greater than 10 mcg/kg per minute infusion), it also has vasoconstrictive effects. 



Next Actions 

After considering the treatment sequence in Step 5, you may need to 

• Consider expert consultation, but do not delay treatment if the patient is unstable or potentially unstable. 

• Prepare the patient for transvenous pacing. 

Assess Response to Treatment 

Signs of hemodynamic impairment related to bradycardia include hypotension, acutely altered mental status, signs of shock, 

ischemic chest discomfort, acute heart failure, or other signs of shock related to the bradycardia. The goal of therapy is to 

improve these signs and symptoms rather than target a precise heart rate. Start pacing at a rate of 60 to 80/min. Once pacing 

is initiated, adjust the rate based on the patient’s clinical response. 

Bradycardia With Escape Rhythms 

A bradycardia may lead to secondary bradycardia-dependent ventricular rhythms. When a patient’s heart rate falls, an 

electrically unstable ventricular area may “escape” suppression by higher and faster pacemakers (eg, sinus node), especially in 

the setting of acute ischemia. These ventricular rhythms often fail to respond to medications. With severe bradycardia, some 

patients will develop wide-complex ventricular beats that can precipitate VT or VF. Pacing may increase the heart rate and 

eliminate bradycardia-dependent ventricular rhythms. However, an accelerated idioventricular rhythm (sometimes called AIVR) 

may occur in the setting of inferior-wall MI. This rhythm is usually stable and does not require pacing. 

Patients with ventricular escape rhythms may have normal myocardium with disturbed conduction. After correcting electrolyte 

abnormalities or acidosis, use pacing to stimulate effective myocardial contractions until the conduction system recovers. 

Standby Pacing 

Acute ischemia of conduction tissue and pacing centers can cause several bradycardic rhythms in ACS. Patients who are 

clinically stable may decompensate suddenly or become unstable over minutes to hours due to worsening conduction 

abnormalities, and these bradycardias may deteriorate to complete AV block and cardiovascular collapse. To prepare for this 

clinical deterioration, place TCP electrodes on any patient with acute myocardial ischemia or infarction associated with the 

following rhythms: 

• Symptomatic sinus node dysfunction with severe and symptomatic sinus bradycardia 

• Asymptomatic Mobitz type II second-degree AV block 

• Asymptomatic third-degree AV block 

• Newly acquired left, right, or alternating bundle branch block or bifascicular block in the setting of AMI 







 
Figure 34E. Monomorphic VT. 

 
Figure 34F. Polymorphic VT. 

Medications for Unstable Tachycardia 

Medications are generally not used to manage patients with unstable tachycardia; rather, immediate synchronized 

cardioversion is recommended. Consider administering sedative medications in conscious patients, but do not delay immediate 

cardioversion in unstable patients. 

Unstable Tachycardia 

Tachycardia has many potential causes and may be symptomatic or asymptomatic. The key to managing a patient with any 

tachycardia is to assess the appropriateness for the clinical condition and determine whether pulses are present. If pulses are 

present, determine whether the patient is stable or unstable, and then provide treatment based on the patient’s condition and 

rhythm. 

If the tachycardia is sinus tachycardia, conduct a diligent search for the cause of the tachycardia. Treating and correcting this 

cause will improve the patient’s signs and symptoms. Cardioversion is never indicated for sinus tachycardia. 

Definitions 

Definitions used in this case are as follows: 

• Tachycardia: defined as an arrhythmia with a heart rate typically 100/min or greater 

• Unstable tachycardia: signs and symptoms of cardiopulmonary compromise 

o –Hypotension 



o –Altered mental status 

o –Signs of shock 

o –Ischemic chest discomfort 

o –Acute heart failure 

• The rate takes on clinical significance at its extremes and is more likely attributable to an arrhythmia if the heart rate 

is 150/min or greater. 

• It is unlikely that symptoms of instability are caused primarily by the tachycardia when the heart rate is less than 

150/min unless the patient has impaired ventricular function. 

Pathophysiology of Unstable Tachycardia 

Unstable tachycardia exists when the heart rate is too fast for the patient’s clinical condition. 

This excessive heart rate causes symptoms or an unstable condition because the heart is 

• Beating so fast that cardiac output is reduced; this can cause pulmonary edema, coronary ischemia, and 

hypotension with reduced blood flow to vital organs (eg, brain, kidneys) 

• Beating ineffectively so that coordination between the atrium and ventricles or the ventricles themselves reduces 

cardiac output 

Rapid Recognition of Unstable Tachycardia 

The 2 keys to managing unstable tachycardia are rapidly recognizing that 

1. The patient is significantly symptomatic or even unstable 

2. The signs and symptoms are caused by the tachycardia 

Quickly determine whether the tachycardia is producing hemodynamic instability and the serious signs and 

symptoms (eg, the pain and distress of an AMI) or vice versa. 

Making this determination can be difficult. Many experts suggest that when a heart rate is less than 150/min, the symptoms of 

instability are not likely caused primarily by the tachycardia unless ventricular function is impaired. A heart rate typically less 

than 150/min is usually an appropriate response to physiologic stress (eg, pain, fever, dehydration) or other underlying 

conditions. 

Assess frequently for the presence or absence of signs and symptoms and for their severity. 







If symptoms persist despite the support of adequate oxygenation and ventilation, proceed to Step 3. 

Determine if the tachyarrhythmia is causing (Step 3) 

• Hypotension 

• Acute altered mental state 

• Signs of shock 

• Ischemic chest discomfort 

• Acute heart failure 

Critical Concepts 

Unstable Patients 

Obtain a 12-lead ECG (if available) early in the assessment to better define the rhythm. However, unstable patients require 

immediate cardioversion, so do not delay immediate cardioversion to acquire the 12-lead ECG if the patient is unstable. 

Decision Point: Is the Tachycardia Causing Serious Signs or Symptoms? 

Assess the patient and determine if instability is related to the tachycardia (Step 3). 

Unstable 

If the tachycardia is causing the patient to demonstrate rate-related cardiovascular compromise with serious signs and 

symptoms, proceed to immediate synchronized cardioversion and sedate whenever feasible (Step 6). If there is a regular 

narrow complex, consider adenosine. 

Serious signs and symptoms are unlikely if the ventricular rate is less than 150/min in patients with a healthy heart. However, if 

the patient is seriously ill or has significant underlying heart disease or other conditions, symptoms may be present at a lower 

heart rate. 

Stable 

If the patient does not have rate-related cardiovascular compromise, proceed to Step 6. You’ll have time to obtain a 12-lead 

ECG, evaluate the rhythm, determine the width of the QRS, and determine treatment options, which may include expert 

consultation. 

Determine the width of the QRS complex: 

• If the width of the QRS complex is 0.12 second or more, go to Step 7. 

• If the width of the QRS complex is less than 0.12 second, go to Step 8. 





 
Figure 36. Electrical Cardioversion Algorithm. 

This section discusses the difference between unsynchronized and synchronized shocks, potential problems with 

synchronization, and energy doses for specific rhythms. 

Unsynchronized vs Synchronized Shocks 

Modern defibrillators and cardioverters can deliver unsynchronized or synchronized shocks. The term unsynchronized 

shock refers to an electrical shock that is delivered as soon as you push the Shock button on the device. These shocks may fall 

randomly anywhere within the cardiac cycle and use higher energy levels than synchronized shocks. Synchronized 

cardioversion uses a sensor to deliver a shock that is synchronized with a peak of the QRS complex. When you engage the 

sync option, pressing the Shock button can result in a delay before shocking because the device synchronizes the shock to the 

peak of the R wave, and this may require analysis of several complexes. Synchronization avoids delivering a shock during 

cardiac repolarization (represented on the surface ECG as the T wave), a period of vulnerability in which a shock can 

precipitate VF. Synchronized shocks also use a lower energy level than attempted defibrillation. Always deliver synchronized 



shocks in patients with a pulse unless there is polymorphic VT, when synchronization is impossible, or there is a delay to 

treatment in the unstable patient. 

Potential Problems With Synchronization 

In theory, synchronization is simple: just push the sync control on the face of the defibrillator/cardioverter. In practice, however, 

synchronization has potential problems: 

• If the R-wave peaks of a tachycardia are undifferentiated or of low amplitude, the monitor sensors may be unable to 

identify an R-wave peak and, therefore, will not deliver the shock. 

• Synchronization can take extra time (eg, if you need to attach electrodes or are unfamiliar with the equipment). 

Recommendations 

Synchronized shocks are recommended for patients with a pulse and tachycardias, such as 

• Unstable narrow-complex tachycardia 

• Unstable atrial fibrillation 

• Unstable atrial flutter 

• Unstable regular monomorphic VT 

Unsynchronized high-energy shocks are recommended 

• For a patient with no pulse and VF or pVT 

• For clinical deterioration (in prearrest), such as those with severe shock or polymorphic VT, when you think a delay 

in converting the rhythm will result in cardiac arrest 

• For patients who are unstable or deteriorating and synchronization cannot be immediately accomplished 

• When you are unsure whether monomorphic or polymorphic VT is present in the unstable patient 

If the shock causes VF (occurring in only a very small minority of patients despite the theoretical risk), immediately attempt 

defibrillation. 

Energy Doses for Specific Rhythms 

For dosing, refer to your specific device’s recommended energy level or to relevant Guideline sections to maximize the first 

shock success. If not known, use the maximum energy setting. 





giving a brief trial of medications on the basis of the specific arrhythmias. Immediate cardioversion is generally not needed if 

heart rate is 150/min or less (Step 2). 

At the bedside, the health care professional should have the following available (Step 3): 

• Oxygen saturation monitor 

• Suction device 

• IV line 

• Intubation equipment 

Next, premedicate whenever possible (Step 4). Effective regimens have included a sedative (eg, diazepam) with or without an 

analgesic agent (eg, fentanyl). Many experts recommend anesthesia if service is readily available. 

Perform synchronized cardioversion (Step 5). Refer to your specific device’s recommended energy level to maximize first 

shock success. Note possible need to resynchronize after each cardioversion. If delays in synchronization occur and the 

patient’s clinical condition is critical, go immediately to unsynchronized shocks. 

Stable Tachycardias 
• If the patient does not have rate-related cardiopulmonary compromise, proceed to Step 6. You’ll have time to obtain 

a 12-lead ECG, evaluate the rhythm, and determine if the width of the QRS is 0.12 second or greater. In this case, 

consider adenosine only if the rhythm is regular and monomorphic, consider antiarrhythmic infusion, and seek 

expert consultation. If the rhythm is refractory, consider the underlying cause, the need to increase the energy level 

for the next cardioversion, addition of antiarrhythmic medications, and expert consultation. 

Rhythms for Stable Tachycardia 

Tachycardia classifications include the appearance of the QRS complex, heart rate, and whether they are regular or irregular: 

• Narrow–QRS complex tachycardias (QRS less than 0.12 second) in order of frequency 

o –Sinus tachycardia 

o –Atrial fibrillation 

o –Atrial flutter 

o –AV nodal reentry 

• Wide–QRS complex tachycardias (QRS 0.12 second or more) 

o –Monomorphic VT 

o –Polymorphic VT 

o –Narrow-complex tachycardia with aberrancy 







Applying the Adult Tachyarrhythmia With a Pulse Algorithm to Stable Patients 

IV Access and 12-Lead ECG 

If the patient with tachycardia is stable (ie, no serious signs or symptoms related to the tachycardia), you have time to evaluate 

the rhythm and decide on treatment options. Establish IV access if not already obtained. Obtain a 12-lead ECG (if available) or 

rhythm strip to determine if the QRS is narrow (less than 0.12 second) or wide (0.12 second or more). 

Decision Point: Wide or Narrow 

The path of treatment is now determined by whether the QRS is wide or narrow and whether the rhythm is regular or irregular. 

If a monomorphic wide-complex rhythm is present and the patient is stable, consider adenosine (only if regular and 

monomorphic), consider antiarrhythmic infusion, and seek expert consultation. Treat polymorphic wide-complex tachycardia 

with immediate unsynchronized shock. 

Wide-Complex Tachycardias 

Wide-complex tachycardias are defined as a QRS of 0.12 second or greater. The most common forms of life-threatening wide-

complex tachycardias likely to deteriorate to VF are 

• Monomorphic VT 

• Polymorphic VT 

Determine if the rhythm is regular or irregular. 

• A regular wide-complex tachycardia is presumed to be VT or narrow-complex tachycardia with aberrancy. 

• An irregular wide-complex tachycardia may be atrial fibrillation with aberrancy, preexcited atrial fibrillation (atrial 

fibrillation using an accessory pathway for antegrade conduction), polymorphic VT or torsades de pointes. 

Additional expertise or expert consultation should be considered for these advanced rhythms. In addition, consider 

adenosine (only if regular and monomorphic) and antiarrhythmic infusion. 

If the rhythm is likely VT or narrow-complex tachycardia in a stable patient, treat based on the algorithm for that rhythm. 

Recent evidence suggests that if the rhythm etiology cannot be determined and is regular in its rate and monomorphic, IV 

adenosine is relatively safe for both treatment and diagnosis. Additionally, IV antiarrhythmic medications may be effective. We 

recommend 
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Figure 37. Key areas of focus for high-performance teams to increase survival rates. 

Critical Concepts 

Ways to Increase CCF 

Whether you are a team member or the Team Leader during a resuscitation attempt, you should understand how a high-

performance team can optimize CPR performance and integrate ALS interventions during a cardiac arrest. One key focus is 

improvement. The team can achieve key metrics and increase CCF by doing the following: 

• Precharge the defibrillator 15 seconds before a 2-minute rhythm analysis (deliver shock immediately if VF or pVT 

on the monitor). This makes it possible to conduct a rhythm analysis and give a shock (if needed) within 10 

seconds or less. 

• Perform a pulse check during the precharge phase in anticipation of an organized rhythm during analysis (a pulse 

check during compressions is not a reliable indicator of CPR quality). 

• Compressor hovers over the chest (not touching it), ready to start chest compressions immediately after a shock, 

a rhythm analysis, or other necessary pauses in compressions. 

• Have the next compressor ready to take over immediately. 

• Intubate without pausing compressions. 

• Deliver medications during compressions. 

• Consider CPR approaches that deliver fewer pauses (eg, continuous compressions with asynchronous ventilation 

using a bag-mask device). 



High-Performance Team Roles and Dynamics 

Successful resuscitation attempts often require health care professionals to simultaneously perform a variety of interventions. 

Although a CPR-trained bystander working alone can begin the resuscitation of a patient within the first moments after 

collapse, most cardiac arrest events require multiple health care professionals providing high-quality CPR and ALS 

interventions. Effective teamwork divides the tasks while multiplying the chances of a successful outcome. 

Successful high-performance teams not only have medical expertise and mastery of resuscitation skills but also demonstrate 

effective communication and team dynamics. This section discusses the importance of team roles, behaviors of effective Team 

Leaders and team members, and elements of effective high-performance team dynamics. 

Critical Concepts 

Understanding Team Roles 

Whether you are a team member or a Team Leader during a resuscitation attempt, you should understand your role and the 

roles of other members. This awareness will help you anticipate 

• What actions will be performed next 

• How to communicate and work as a member or as a leader of a high-performance team 

Roles in a High-Performance Team 

Team Leader Role 

Every high-performance team needs a leader to organize the efforts of the group. The Team Leader 

• Organizes the group 

• Monitors individual performance of team members 

• Backs up team members 

• Models excellent team behavior 

• Trains and coaches 

• Facilitates understanding 

• Focuses on comprehensive patient care 

• Assumes responsibility for roles not defined 

• Plans ahead for next steps 

• Makes sure nothing is missing or skipped 

• Provides a team summary and requests input or additional expertise 



• Avoids fixation errors 

• Temporarily designates another team member to take over as Team Leader if an advanced procedure is required 

(eg, advanced airway placement) 

The Team Leader is responsible for making sure everything is done at the right time in the right way by monitoring and 

integrating the individual performance of team members. The Team Leader should also help train future Team Leaders and 

improve team effectiveness. After resuscitation, the Team Leader can help analyze, debrief, and practice for the next 

resuscitation attempt. 

The Team Leader also helps team members understand why they must perform certain tasks in a specific way. Additionally, 

Team Leaders should also understand how to integrate ALS interventions, such as administration of medications, advanced 

airway placement, and postresuscitative care. 

Whereas members of a high-performance team should focus on their individual tasks, the Team Leader must focus on 

comprehensive patient care. The Team Leader should have situational awareness that includes thinking ahead and planning 

for the next steps (eg, calling for the extracorporeal membrane oxygenation [ECMO] team, heart alert or cath lab activation, PE 

team for specific arrest situations when indicated). 

Team Member Roles 

For a successful resuscitation attempt, high-performance team members must be 

• Proficient in performing the skills in their scope of practice 

• Clear about role assignments 

• Prepared to fulfill their role responsibilities 

• Well-practiced in resuscitation skills 

• Knowledgeable about the algorithms 

• Committed to success 

Team Member Role: CPR Coach 

Many resuscitation teams include the role of CPR Coach. The CPR Coach coordinates performance of high-quality BLS skills, 

allowing the Team Leader to focus on all other aspects of clinical care. Studies have shown that resuscitation teams with a 

CPR Coach perform higher-quality CPR with higher CCF and shorter pause durations compared with teams that don’t use a 

CPR Coach. 




