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Advanced cardiac life support (ACLS) was developed 
as an extension of basic life support (BLS). While 
ACLS was originally developed to manage patients 

who experienced sudden cardiac arrest in the community, it 
was subsequently imported into the hospital setting with-
out adaptation or modification. Since their inception, BLS 
and ACLS have been intended for patients who suddenly 
collapse or who are found unresponsive.1 BLS remains the 
foundation of ACLS, and ACLS remains organized around 
the electrocardiogram (ECG) and clinical signs of an (in)
adequate circulation. ACLS remains focused on common 
cardiac causes of circulatory arrest and incorporates car-
dioversion, defibrillation, and pharmacotherapy to restore 
a spontaneous circulation.2–4 While prior publications have 
described cardiac arrest and crises management in the oper-
ating room, the most recent update in ACLS prompted a 

review of the current literature concerning perioperative 
cardiac arrest and other crises.5,6 Accordingly, the goal of 
this 2-part review is to offer an updated clinical perspective 
of cardiac arrest during the perioperative period. In the first 
part, we summarize the causes and outcomes of periopera-
tive cardiac arrest, review concepts in resuscitation of the 
perioperative patient, and propose a set of algorithms to 
guide and prevent cardiac arrest during the perioperative 
period. In the second part, we discuss the management of 
special anesthesia-related and periprocedural crises.

Cardiac arrest in the perioperative setting is distinct 
because the arrest is almost always witnessed, and precipi-
tating causes are often known. Compared to other settings, 
the response is potentially timelier, focused, and can reverse 
causes such as medication side effects and airway crisis.7 
Caregivers who take care of patients who undergo surgery 
usually know relevant medical history and witness a crisis 
that deteriorates over minutes to hours. Aggressive measures 
can be taken to support the patient to avert or delay the need 
for ACLS. In the era of shared decision making, the amount of 
escalation that is indicated when caring for a specific patient 
might be appropriately limited by an understanding of the 
patient’s and family’s wishes regarding heroic measures.

CONSENSUS METHODOLOGY
An international group of 12 experts in the field of periop-
erative resuscitation was invited to review and evaluate 
the evidence on management of cardiac arrest and peripro-
cedural crises. These experts were selected on the basis of 
several criteria: (1) clinical experience in anesthesiology and 
perioperative patient management; (2) involvement in sim-
ulation training in perioperative crises and resuscitation; (3) 
familiarity with resuscitation guidelines; and (4) interna-
tional representation (to ensure that the recommendations 
are easily translatable to bedside practice in multiple clini-
cal platforms). The group communicated via e-mail, face 
to face, and by telephone as required. The articles selected 
for review were those included in the previous iteration of 
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these guidelines (which underwent repeat scrutiny) and 
relevant articles that had been published since 2012 and 
available on PubMed on the specific topics to be discussed. 
Disagreements among committee members were discussed 
in an attempt to reach consensus and in case of ongoing dis-
sent adjudicated by 2 of the authors (V.K.M. and M.F.O.).

CAUSES OF PERIOPERATIVE CARDIAC ARREST
The spectrum of causes of circulatory crisis and cardiac arrest 
may be very different than anywhere else inside the hospital or 
outside it. Vagal responses to surgical manipulation, vagotonic 
anesthetics, sympatholysis from anesthetic agents, β-blockers, 
and the suppression of cardiac-accelerator fibers arising from 
T1 to T4 in patients undergoing neuraxial anesthesia are com-
mon causes of perioperative bradycardia.8,9 Hypoxia associated 
with difficult airway management is a well-recognized cause 
of cardiac arrest in the operating room.10–13 Pulseless electrical 
activity (PEA) from hypovolemia is a common cause of cardiac 
arrest in hemorrhaging patients in the operating room. The 
unique and broad differential diagnosis of circulatory collapse 
in the periprocedural period includes anesthetic conditions 
such as inhalational and intravenous anesthetic overdose; neur-
axial blockade, local anesthetic systemic toxicity, and malignant 
hyperthermia; respiratory causes such as hypoxemia, auto–
positive end-expiratory pressure (PEEP), and bronchospasm; 
and cardiovascular etiologies such as vasovagal and oculo-
cardiac reflexes, hypovolemic shock, air embolism, increased 
intraabdominal pressure, transfusion and anaphylactic reac-
tions, tension pneumothorax, pacemaker failure, prolonged QT 
syndrome, and electroconvulsive therapy.10–13

PERIOPERATIVE CARDIAC ARREST OUTCOMES
Over the past 5 years, multiple studies have reported 
increased survivorship after perioperative arrest compared 
to arrests in the general population or on inpatient hospital 
wards.7,10,14–16 Another study of surgical patients reported 
encouraging survival statistics, with the lowest survivor-
ship (<20%) among patients who were elderly, had higher 
American Society of Anesthesiologists status, emergency 
procedures, contaminated wounds, and high preoperative 
dependency.17 Previous observations of lower survivorship 
after cardiac arrest at night and on weekends have been rep-
licated.16,18,19 Perhaps paradoxically, survivorship and neu-
rologic outcomes from cardiac arrest are better when they 
occur in the postanesthesia care unit as compared to the 
operating room or intensive care unit. This may be related 
to the different etiologies leading to arrest in that setting.16

A recently published analysis of cardiac arrest data from 
the National Anesthesia Clinical Outcomes Registry revealed 
that the incidence of cardiac arrest associated with anesthesia 
is approximately 5.6 per 10,000 cases (951 arrests in 1,691,472 
cases), which is considerably lower than previous estimates.20,21 
This analysis also observed that the rate of cardiac arrest 
increased with age and American Society of Anesthesiologists 
physical status. Unexpectedly, the study reported a higher 
rate of cardiac arrest and death among males. A recent study 
of patients who experienced cardiac arrest within 24 hours of 
surgery found that asystole was the most common cardiac 
arrest rhythm.16 Survivorship after asystole in the periopera-
tive period, however, is significantly higher (30.5%–80%) com-
pared to survivorship after inpatient asystolic arrest (10%).7,16,22

PRECARDIAC ARREST CONSIDERATIONS
Surveys of anesthesiologists document lack of awareness of 
both basic and anesthesia-related knowledge of resuscitation 
and cardiac arrest.23,24 One study documented delay in the 
cardioversion and defibrillation of patients with shockable 
rhythms in the perioperative setting.25 To rescue a patient 
from crisis, caregivers must recognize the patient is in crisis 
and institute effective action.26–28 Recognition that a patient is 
in crisis is more difficult in the periprocedural setting because 
the patient is sedated or under general anesthesia (preclud-
ing adequate monitoring of their mental status); their respira-
tions are often controlled (preventing tachypnea or apnea); 
surgical positioning often frustrates assessment (lateral, 
prone, steep Trendelenburg); and large portions of their body 
are covered with drapes. Failure to rescue is an often-invoked 
“cause” of cardiac arrest and morbidity/mortality and is 
generally the product of hindsight bias shaping the evalua-
tion of the care rendered.29 While failure to rescue does occur, 
it almost certainly occurs less frequently than it is suggested. 
In many (likely most) instances, the underlying cause of cri-
sis is so severe that the patient’s demise is inevitable, even if 
maximal support is instituted in a timely fashion.26,30

Escalating Care
Escalation of care includes higher levels of monitoring 
and more advanced supportive measures. Decisions about 
higher levels of monitoring or evaluation require consider-
ation of the patient’s history, current clinical status, anes-
thetic, and procedure. Insertion of invasive monitors should 
not delay supportive care. Almost every unstable patient 
should be monitored with an arterial line. Central venous 
access is appropriate when monitoring central venous pres-
sures or venous oxygen saturations help guide resuscitation, 
or when caregivers anticipate infusing vasoconstrictors over 
longer periods of time. Over the past decade, clinicians have 
increasingly performed point of care ultrasound in unstable 
patients to make quick diagnoses and manage a crisis.31 The 
decision to escalate the level of monitoring is a clinical judg-
ment that encompasses all relevant patient and surgical fac-
tors and is beyond the scope of these recommendations.

Clinical Progression to Shock
Anesthesiologists commonly administer titrated boluses of 
vasoactive drugs (ie, phenylephrine, ephedrine, vasopres-
sin, norepinephrine, and epinephrine) to unstable patients. 
Often, small boluses of vasopressin (arginine vasopressin 
0.5–2 units IV) may improve hemodynamics when esca-
lating bolus doses of catecholamines have failed. The use 
of arginine vasopressin and its analogs in low-flow states, 
cardiac arrest, and hypotension refractory to catechol-
amines has been extensively documented.32–35 A reasonable 
sequence of care for the unstable patient who is progressing 
toward shock is outlined in the first part of Table.

Left Ventricular Failure
Echocardiography and invasive monitors such as the pulmo-
nary artery catheter guide the management of left ventricular 
(LV) failure. Hypovolemia can cause or contribute to shock in 
patients with poor LV function and should be remedied before 
institution of any pharmacologic therapies. Hypotensive 
euvolemic patients with LV shock are treated with inotropic 
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agents and medications that reduce afterload.36,37 In patients 
with known, significant diastolic dysfunction, therapy with 
lusitropic agents such as milrinone enhances ventricular 
relaxation to improve cardiac output. Increasingly, mechani-
cal support with intraaortic balloon pumps, ventricular assist 
devices, and extracorporeal life support (also referred to as 
extracorporeal membrane oxygenation) is utilized in hospi-
talized patients who are believed to have good potential for 
recovery from severe LV shock, right ventricular (RV) shock, 
and cardiac arrest.38,39 Figure 1 outlines 1 approach to manage 
a patient with LV shock.

RV Failure
Similar to LV shock, RV shock is best guided by a com-
bination of invasive monitors such as the pulmonary 
artery catheter and/or echocardiography. In most 

instances, an acute rise in pulmonary vascular resistance 
(often in the setting of a chronic cause of pulmonary 
hypertension) causes and sustains RV shock.40 A combi-
nation of inotropes, systemic arterial vasoconstrictors, 
and pulmonary artery vasodilators such as nitric oxide 
manage RV shock. In contrast to the management of LV 
shock, the use of systemic arterial vasoconstrictors for 
RV dysfunction may improve end-organ perfusion and 
cardiac output (Figure 2).40,41 Administering vasopressin 
to enhance blood pressure may decrease the pulmonary 
vascular resistance-to-systemic vascular resistance ratio 
because vasopressin’s constrictive effects spare the pul-
monary vasculature compared to norepinephrine and 
phenylephrine.42,43 Over the past several years, mechani-
cal support devices, including ventricular assist devices 
and extracorporeal membrane oxygenation, have been 

Table. Corrective Measures for Clinical Progression to Shock and a Modified Stepwise Approach for Cardiac 
Arrest in the Operating Room Based on American Heart Association 2010 and 2015 ACLS Guidelines and 
the 2008 International Liaison Committee on Resuscitation Consensus Statement on Postcardiac Arrest 
Syndrome

Corrective Measures for Clinical Progression to Shock
• Recognize crisis
• Call for help
• Call for defibrillator
• Hold procedure and reduce/hold anesthetic if feasible
• Administer 1.0 Fio2

• Confirm airway positioning and functioning
• Assess oxygen source and anesthetic circuit integrity
• Review Etco2 trends before hemodynamic instability
• Administer IV fluids wide open

Generate a Differential Diagnosis
• Evaluate procedure and consult with procedural colleagues
• Review recently administered medications
• Obtain chest radiograph perform thoracic ultrasound to rule out tension pneumothorax if airway pressures acutely increased
• Obtain echocardiogram (transesophageal echocardiogram if patient is intubated or has a surgically prepped chest) to evaluate ventricular filling,  

  ventricular function, and valvular function and to exclude pericardial tamponade (eg, FEER or similar examination)
• Empiric replacement therapy with corticosteroids (in patients who have not been previously treated with steroids, 50 mg of hydrocortisone IV and  

  50 μg of fludrocortisone per os/ng is an appropriate dose)

Perioperative Cardiac Arrest
Circulation •  Check pulse for 10 s
 •  Effective 2-rescuer CPR:
 1. Minimize interruptions
 2. Chest compression rate 100–120 compressions∙minute−1

 3. Depth 2 in, full decompression, real-time feedback
 4. Titrate CPR to A-line BP diastolic 40 mm Hg or Etco2 20 mm Hg
 •  Drug therapy
 •  Attempt CVL placement

Airway •  Bag mask ventilation until intubation
 •  Endotracheal intubation
 •  Difficult airway algorithm

Breathing •  Respiratory rate 10 breaths∙minute–1

 •  VT to visible chest rise
 •  TI 1 s
 • Consider ITV

Defibrillation • Defibrillation if shockable rhythm
 • Repeat defibrillation every 2 min if shockable rhythm

Postcardiac Arrest
• Invasive monitoring
• Final surgical anesthetic plan
• Transfer to ICU

Abbreviations: ACLS, advanced cardiac life support; BP, blood pressure; CPR, cardiopulmonary resuscitation; CVL, central venous line; Etco2, end-tidal carbon 
dioxide; FEER, focused echocardiographic evaluation and resuscitation; Fio2, fraction of inspired oxygen concentration; ICU, intensive care unit; ITV, inspiratory 
threshold valve; IV, intravenous; TI, inspiratory time; VT, tidal volume.
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utilized with increasing frequency in patients with RV 
shock.38,39

Hypovolemia and Systolic and Pulse Pressure 
Variation
Hypovolemia can cause perioperative hypotension, circu-
latory crisis, and shock. Over the past decade, pulse pres-
sure variation (PPV) and systolic pressure variation (SPV) 
have replaced central venous pressure monitoring as bed-
side indicators of volume responsiveness in hypotensive 
patients. While these measurements are most reliable in intu-
bated, mechanically ventilated patients who are synchro-
nous with appropriate ventilator settings (>8 mL/kg), there 
is a growing literature that suggests that SPV and PPV can 
be measured in spontaneously breathing patients with only 
slightly diminished reliability.44,45 If the PPV or SPV exceeds 
the threshold value of 12%–15%, fluid administration or 
increased preload will likely increase stroke volume.46 The 
plethysmographic signal from a pulse oximeter may sug-
gest fluid responsiveness.47 Importantly, the presence of RV 
shock or any of the causes of obstructive shock (auto-PEEP, 
cardiac tamponade, tension pneumothorax, pulmonary 
hypertensive crisis, and abdominal compartment syndrome) 
will produce elevated SPV and PPV that do “not” predict 

volume responsiveness.48,49 Excessive tidal volumes (>10 
mL/kg), increased residual volume and lung compliance 
(emphysema), and decreased chest wall compliance (third-
degree chest burn, obesity, prone position) increase PPV 
and SPV, and criteria for volume responsiveness should be 
adjusted in these conditions.50 Assessing heart–lung interac-
tions via PPV or stroke volume variation in the setting of 
cardiac arrhythmias such as atrial fibrillation or frequent 
premature ventricular contractions is not reliable.50

Hypotension and PPV/SPV values of <10% suggest that 
hypotension and shock will not improve with fluid resusci-
tation. While the passive leg raise (a quick, reversible, and 
often easy-to-perform maneuver that raises the patient’s legs 
to assess changes in blood pressure and hemodynamics) also 
predicts volume responsiveness, it is not especially practical 
in the operating room.51–54 Although ultrasound assessment 
of inferior vena cava diameter variation with respiration may 
predict volume responsiveness, it is also not practical during 
a wide variety of operations (abdominal, cardiac, thoracic) or 
patient positions (lateral, prone, sitting).55,56 Evaluation of the 
SVC diameter is possible with either transesophageal echo-
cardiography or transthoracic echocardiography and is more 
practical in many operative settings. Esophageal Doppler 
assessment of aortic blood velocity is also predictive of 
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Figure 1. Treatment algorithm of LV failure with 
cardiogenic shock. CVP indicates central venous 
pressure; ECMO, extracorporeal membrane oxy-
genation; Hct, hematocrit; IABP, intraaortic balloon 
pump; LV, left ventricular; LVAD, left ventricu-
lar assist device; PEEP, positive end-expiratory 
pressure; PPV, pulse pressure variation; pRBC, 
packed red blood cell; PTX, pneumothorax; R/O, 
rule out; Scvo2, central venous oxygen satura-
tion; SPV, systolic pressure variation; Svo2, mixed 
venous oxygen saturation; SVR, systemic vascu-
lar resistance in dyne·second−1·cm–5·m–2; TEE, 
transesophageal echocardiography; ZEEP, zero 
end-expiratory pressure.
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volume responsiveness, but once again, requires instrument-
ing the esophagus and expertise in interpreting the data.57 
Practically speaking, a patient who is acutely and severely 
hypotensive should be volume resuscitated (with blood 
products if hemorrhage or undetected surgical bleeding is 
likely) as monitoring is escalated, and volume responsive-
ness is assessed via changes in blood pressure and heart rate.

Ventilation During Severe Shock or Cardiac 
Arrest
Over the past 2 decades, multiple clinical studies have dem-
onstrated either no harm or a mortality or outcome benefit 
when patients with respiratory failure or acute respiratory 
distress syndrome are ventilated with lower tidal volumes 
and permissive hypercapnia; a strategy during which carbon 
dioxide (CO2) levels rise and pH falls as long as the oxygen 
saturation stays above 90%.58–63

Hyperventilation is deleterious in both shock and cardiac 
arrest. Studies of ventilation during shock repeatedly dem-
onstrate that the duration of increased intrathoracic pressure 
is proportional to the ventilation rate, tidal volume, inspira-
tory time, and delayed chest decompression and is inversely 
proportional to coronary and cerebral artery perfusion.59,64–66 
Ventilation at 20 breaths·minute−1 during cardiopulmonary 
resuscitation (CPR) is associated with significantly lower 

survival than ventilation at 10 breaths·minute−1. BLS guide-
lines continue to emphasize avoiding hyperventilation dur-
ing CPR and recommend higher compression-to-ventilation 
ratio (eg, 30:2) for victims of all ages (except newborns).1 
Even with an endotracheal tube, the respiratory rate should 
be 10 breaths·minute−1 or less, with an inspiratory time 
of 1 second, and the tidal volume limited to “chest rise” 
(approximately 500 mL in a 70-kg adult).3 An algorithm for 
coordinating airway management with CPR is shown in 
Figure 3. Newer devices that provide a combination of auto-
matic CPR and an airway in-line negative inspiratory valve 
(allowing increased venous return during chest decompres-
sion) may be associated with an increased rate of return of 
spontaneous circulation (ROSC), but no increase in survival 
to hospital discharge.67–70

Because positive pressure ventilation decreases venous 
return and hypoventilation seems to cause no harm, it is rea-
sonable to ventilate patients in shock with the lowest venti-
lator settings compatible with a saturation of 90% or greater.

Auto-PEEP
Auto-PEEP, also known as intrinsic PEEP or gas trapping, is a 
well-described but often difficult to recognize cause of circula-
tory collapse and PEA.71 Auto-PEEP occurs almost exclusively 
in patients with obstructive lung disease, especially asthma 
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Figure 2. Treatment algorithm of RV failure with 
cardiogenic shock. CVP indicates central venous 
pressure; ECMO, extracorporeal membrane oxy-
genation; Hct, hematocrit; IABP, intraaortic balloon 
pump; iNO, inhaled nitric oxide; PEEP, positive end-
expiratory pressure; pRBC, packed red blood cell; 
PVR, pulmonary vascular resistance; R/O, rule 
out; RV, right ventricular; RVAD, right ventricular 
assist device; Scvo2, central venous oxygen satu-
ration; Spo2, pulse oximeter oxygen saturation; 
Svo2, mixed venous oxygen saturation; TEE, trans-
esophageal echocardiography; ZEEP, zero end-
expiratory pressure.
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and chronic obstructive pulmonary disease (emphysema). In 
patients with obstructive lung disease, mechanical ventilation 
that does not allow sufficient time for complete exhalation 
produces a gradual accumulation of air (volume) and pres-
sure (end-expiratory pressure) in the alveoli. This pressure is 
transmitted to the pulmonary capillaries, and then to the great 
vessels in the thorax, where it decreases both venous return 
and cardiac output. Clinical reports demonstrate that as auto-
PEEP increases, venous return decreases.72,73

The presence of auto-PEEP can be inferred whenever 
the expiratory flow waveform does not return to the zero 
baseline in between breaths. In the absence of a flow wave-
form display, auto-PEEP can be diagnosed by disconnecting 
the endotracheal tube from the ventilator for 10–20 sec-
onds, and observing a “step-up” gain of invasive or non-
invasive systolic blood pressure. Dramatic improvement in 
response to this maneuver should prompt maximal therapy 
for obstruction lung disease/bronchospasm, and mechani-
cal ventilation with both small tidal volumes (<6 mL/kg), 
a low respiratory rate (<10/min), and a short inspiratory 

time (which will produce a paradoxical and acceptable 
increase in the peak inspiratory pressures). Given that auto-
PEEP is an important cause of an unacceptable circulation, 
it should be quickly ruled out in any unstable patient. The 
Lazarus phenomenon, a seemingly miraculous recovery 
and ROSC after the discontinuation of resuscitative efforts, 
can diagnose circulatory collapse from auto-PEEP during 
resuscitation.74

RESCUE SEQUENCE FOR CARDIAC ARREST IN 
THE OPERATING ROOM
Recognizing cardiac arrest in the operating room can be 
more difficult than it appears to nonoperating personnel. 
The vast majority of alarms from sensors such as the ECG 
and pulse oximeter are false alarms.75,76 Bradycardia hap-
pens relatively frequently in patients undergoing anesthesia 
and is often associated with hypotension from the combina-
tion of anesthesia and little or no procedural stimulation. 
Patients with heart rates as low as 40 beats minute−1 can be 
clinically stable and do not require intervention as long as 

Adequate
Mask

Ventilation?

Prepare for laryngoscopy
Prepare LMA

ROSC?
+ carotid pulse 

or
+ Aline/pleth 

or
 step-up in capnograph

Continue CPR
Change Tools/Operator, 

LMA out 
laryngoscopy during CPR

Plan
Intubation

LMA in

Ventilation 
Adequate?

Prepare for 
laryngoscopy

Perform laryngoscopy 
during CPR

Change operator,
(change tools)

mask ventilation
await scheduled 

pause

Perform laryngoscopy 
during CPR

Request 10 sec pause

Invasive Airway

Done!

Done!

Done!

Done!Y

Y

Y Y

Y

Y

N

N

N

N

N

N

N

Done...

alternative

ETT 
Success?

ETT 
Success?

ETT 
Success?

ETT 
Success?

Y

Note:
Change from 30:2

pre-intubation 
to

8-10 breaths/minute
asynchronous
post-intubation

Intubation During CPR

Figure 3. Intubation during CPR. CPR indi-
cates cardiopulmonary resuscitation; ETT, 
endotracheal tube; LMA®, laryngeal mask 
airway; ROSC, return of spontaneous 
circulation.



Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
882   www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA

  E NARRATIVE REVIEW ARTICLE

their blood pressure remains acceptable.3 Finally, the com-
bination of body habitus and pathology can render routine 
monitors useless. It can be difficult or impossible to obtain 
a reliable pulse oximetry tracing in hypothermic, hypovo-
lemic, or vasculopathic patients.77 Major burns or anasarca 
can frustrate noninvasive blood pressure, ECG, and pulse 
oximetry monitoring.

Features of cardiac arrest in the perioperative setting 
include an ECG with pulseless rhythms (ie, ventricular 
tachycardia, ventricular fibrillation, severe bradycardia, 
and asystole), loss of carotid pulse >10 seconds, loss of end-
tidal CO2 (Etco2) with loss of plethysmograph, and/or loss 

of an arterial line tracing. Of these, loss of Etco2 is perhaps 
the most reliable and routinely monitored indicator of circu-
latory crisis or cardiac arrest.

Evaluation of Etco2 should be in the context of the 
patient’s clinical status. When minute ventilation is fixed 
and cardiac output is low, pulmonary blood flow deter-
mines Etco2. Although low Etco2 values are observed in 
low-flow states, conditions such as air leaks with supra-
glottic airways, increased airway resistance (mucous 
plugging, bronchospasm, endotracheal tube kinking), pul-
monary edema, and hyperventilation also reduce Etco2.

3 
Hypermetabolic states such as malignant hyperthermia or 

- Communicate change in status with surgeon/proceduralist. Call for Help!

- 

- Hold surgery, discontinue anesthesia, ventilate with 100% O2, IVs wide open
- Start CPR at rate 100-120/min. Titrate to ET CO2 of > 20mm Hg, Diastolic BP > 40mm Hg
- Establish airway. Avoid Hyperventilation!

Check rhythm
Shockable?

VF/VT Asystole/ PEA

- Give 1 Shock ASAP: 120-200 J Biphasic
- Resume CPR immediately
- If VT: Calcium chloride 1 gram IV

If  CO2 > 20mmHg on capnometer
hold CPR and check rhythm

Shockable rhythm?

- Give 1 Shock: 120-200 J Biphasic
- Resume CPR immediately
- Epinephrine 100-1000 mcg IV, may repeat
- May replace 1 dose of Epi with 40 U Vaso IV

Go to Box 2 
CONSIDER ECMO

- Continue CPR
- Echocardiography/focused ultrasound 
- Epinephrine 100-1000 mcg IV, may repeat
May replace 1 dose of Epi with 40 U Vaso IV
- Consider Calcium chloride if hyperkalemia is 
in the differential
- If PEA, could this be:
     hypovolemia?
     tamponade?
     tension pneumothorax?
     auto-PEEP?
     an embolism?
     high neuraxial?
     intra-abdominal hypertension?
     Check ST segment and T-wave

Check rhythm
Shockable?

Go to Box 1

- Give 1 shock: 120-200 J Biphasic
- Resume CPR immediately
- Consider anti-arryhthmics
     - Amiodarone 300 mg IV or
     - Lidocaine 1-1.5 mg/kg IV Q 3-5 min x3
- Consider Magnesium sulfate 2 grams IV
   for ? Torsades-de-pointes (esp in patients with 
baseline prolonged QT)
- Echocardiography/focused ultrasound 
- Go to Box 1 or  Consider ECMO rescue PTCA

1

Shockable Not Shockable

No

No

Y

No

Comprehensive Algorithm

2

- Could this be:  hypervagal vs hypovolemia?
                          gas/air embolism? thrombo/fat embolism?
                          local anesthetic toxicity?
                          hyperkalemia?

ROSC ?
Y

Y

ROSC?

No

Begin 
post-resuscitation

 care

Y

If  CO2 > 20mmHg on capnometer
hold CPR and check rhythm

Shockable rhythm?

Y No

Titrate Epinephrine, Vaso and CPR to target:
 - ET CO2 > 20mm Hg
 - Diastolic BP > 40 mmHg

Figure 4. Comprehensive algorithm. Adaptation of the ACLS comprehensive algorithm. Rescuers are prompted to evaluate or empirically treat 
early for hyperkalemia. Echocardiography is especially useful in establishing the most likely cause of pulseless electrical activity and focus-
ing resuscitation efforts. ACLS indicates advanced cardiac life support; ASAP, as soon as possible; BP, blood pressure; CPR, cardiopulmonary 
resuscitation; ECG, electrocardiogram; ECMO, extracorporeal membrane oxygenation; Epi, epinephrine; Etco2, end-tidal carbon dioxide; IV, 
intravenous; PEA, pulseless electrical activity; PEEP, positive end-expiratory pressure; PTCA, percutaneous transluminal coronary angioplasty; 
ROSC, return of spontaneous circulation; Vaso, vasopressin; VF, ventricular fibrillation; VT, tidal volume.
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neuroleptic malignant syndrome may also increase CO2 lev-
els. The administration of intravenous sodium bicarbonate 
increases Etco2 levels.

Once cardiac arrest is confirmed, CPR should be initi-
ated without delay (Figure 4). Effective chest compression 
generates an Etco2 close to or above 20 mm Hg, and higher 
Etco2 values during CPR are associated with improved sur-
vival.78 With few or no exceptions, Etco2 <10 mm Hg after 
20 minutes of standard ACLS is associated with failure of 
ROSC.79–82 Several studies document that a relaxation (dia-
stolic) pressure (calculated at the time of full chest decom-
pression) of 30–40 mm Hg on an arterial tracing is associated 
with a higher rate of ROSC, even after prolonged CPR.83–85 
Modern defibrillators can provide real-time feedback on 
the quality of chest compressions, which can in turn drive 
timely rotation of rescuers performing CPR, and may lead 
to better outcomes.86

Table shows a stepwise approach to the evaluation 
and management of cardiac arrest in the OR and periop-
erative setting. It is based on the 2010 and 2015 American 
Heart Association ACLS sequence and the International 
Liaison Committee on Resuscitation consensus statement 

on postcardiac arrest syndrome. Prolonged resuscitation 
efforts (up to 45 minutes) in inpatients have been associated 
with improved survivorship.15

RETURN OF SPONTANEOUS CIRCULATION
Capnography is usually a more reliable indicator of ROSC 
than carotid or femoral arterial pulse palpation.3 A sudden 
increase in Etco2 (>35–40 mm Hg) suggests ROSC. Other 
indicators of ROSC include the presence of a palpable pulse, 
blood pressure, and arterial line waveforms.3 Palpation of a 
pulse during chest compressions may reflect venous pulsa-
tion. If rescuers are concerned that the capnograph is mal-
functioning, blowing into the sidestream CO2 collecting 
tube is a quick way to evaluate this.

ACLS OPERATING ROOM ALGORITHMS
Symptomatic Bradycardia Evolving to 
Nonshockable Arrest
Perioperative bradycardia, asystole, and PEA have 16 causes  
(8 Hs and 8 Ts), that build on the differential diagnoses  
(6 Hs and 6 Ts) proposed by the American Heart Association3: 
 hypoxemia, hypovolemia, hyper-/hypokalemia, hydrogen 

Figure 5. Bradycardia. Adaptation of ACLS 
algorithm for bradycardia. ACLS indicates 
advanced cardiac life support; AV, atrioven-
tricular; BP, blood pressure; CPR, cardiopul-
monary resuscitation; CVL, central venous 
line or catheter; ECG, electrocardiogram; 
ECMO, extracorporeal membrane oxygen-
ation; Etco2, end-tidal carbon dioxide; IV, 
intravenous; PEEP, positive end-expiratory 
pressure; PTCA, percutaneous translumi-
nal coronary angioplasty; R/O, rule out; 
ROSC, return of spontaneous circulation; 
Spo2, pulse oximeter oxygen saturation; 
TEE, transesophageal echocardiography; 
TTE, transthoracic echocardiography.
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ion excess, hypothermia, hypoglycemia, malignant hyperther-
mia, hypervagal, toxins (anaphylaxis/anesthetics), tension 
pneumothorax, pulmonary thrombosis/embolus, coronary 
thrombosis, tamponade, trauma, QT prolongation, and pul-
monary hypertension. These likely causes are listed alongside 
a suggested approach to perioperative bradycardia in Figure 5. 
A narrow complex QRS PEA rhythm suggests RV inflow or 
outflow obstruction (ie, tamponade, tension pneumothorax, 
auto-PEEP, myocardial ischemia, or pulmonary embolism). A 
wide complex QRS PEA rhythm may signify a metabolic crisis 
such as hyperkalemia or local anesthetic toxicity or LV pump 
failure.88 Sudden, severe bradycardia in the periprocedural set-
ting is often caused by physical manipulations that increase 

vagal tone and potentiated by the combination of vagotonic 
anesthetics and the sympatholysis that accompanies almost all 
anesthetics.

Treatment with atropine should be considered in any 
patient who does not become appropriately tachycardic in 
response to treatment with epinephrine or larger doses of 
ephedrine.89 Reports of paradoxical bradycardia and sinus 
arrest have been described in patients who have received 
atropine doses of <1 mg. Potential mechanisms include a 
vagolytic-induced “stress test” of the sinus node; a vago-
tonic effect at the sinus node and a vagolytic effect at the 
atrioventricular node to cause a junctional rhythm; atro-
pine-induced peripheral hypotension with a subsequent 

Tachycardia

Severe Hypotension?
R/O sinus tachycardia
Altered mental status?

Chest pain?

- Perform Immediate 
Synchronized Cardioversion
- Verify or obtain IV access
- If patient becomes pulseless, see 
Comprehensive algorithm

Narrow QRS
Is the rhythm regular?

- Regular
- Consider vagal maneuvers

- Give adenosine 6 mg IV push 
 - If no response, give adenosine
12 mg IV push 

- Alternative: Verapamil 5 or 10mg 
IV push

Convert?

- Irregular: 

vs MAT

- low ejection fraction or   
hypotension: load Amiodarone
  150 mg IV over 10 min

- normal EF and acceptable BP: 
beta blocker or calcium 
channel blocker

- Verify or obtain IV access
- Obtain 12 lead EKG/rhythm strip
- Measure QRS

- Likely re-entrant SVT

- Observe for recurrence

- Treat recurrence with
adenosine or longer acting AV 
node blockers (e.g. beta 
blocker or diltiazem)

-If rhythm does NOT convert, likely 

tachycardia
- Rate control with beta blocker or 
calcium channel blocker, consider 
infusion
- Re-evaluate and treat possible 
underlying causes

Wide QRS
Is the rhythm regular?

- Regular

- If Ventricular 
tachycardia or
uncertain rhythm
give  Amiodarone
150mg IV over min
and Calcium
chloride 1 gm IV

- Amiodarone
alternative 
Lidocaine 1-1.5 
mg/kg IV Q 3-5 
min x3

- Prepare for 
synchronized 
cardioversion

- If SVT with 
aberrancy, give
adenosine 6 or 12 
mg IV push, 

- Irregular

aberrancy, see irregular 
narrow complex 
tachycardia

- If Torsades-de-Pointes, 
give Magnesium 
sulfate 2 g IV over 5 
minutes (esp if patient 
had baseline prolonged 
QT interval). Consider 
repeat dose.

-If pre-excited atrial 

consider amiodarone 
150 mg IV over 10 
min and expert 
consultation

Y

Y

Y

N

N

N

Y N
Wide (>0.12 sec)

Narrow

Back to top

- Give O2 100%
- Monitor ECG, blood pressure, SpO2, capnometry
- Could this be:
     - light anesthesia?
     - hypovolemia? other cause of low cardiac output?
     - hyperthermia?
     - airway obstruction?
     - early hypoxia or hypercapnea/hypoventilation? 
     - auto-PEEP?
     - anaphylaxis?
- Perform TTE or TEE if possible

Figure 6. Tachycardia. Adaptation of the ACLS algorithm for tachycardia. ACLS indicates advanced cardiac life support; AF + WPW, atrial fibril-
lation and Wolff-Parkinson-White syndrome; BP, blood pressure; EAT, ectopic atrial tachycardia; ECG, electrocardiogram; EF, ejection fraction; 
EKG, electrocardiogram; IV, intravenous; MAT, multifocal atrial tachycardia; PEEP, positive end-expiratory pressure; R/O, rule out; Spo2, pulse 
oximeter oxygen saturation; SVT, supraventricular tachycardia; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
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hypervagotonic reflex; and central nervous system vagoto-
nia via cholinesterase inhibition.90–93

The different spectrum of causes of periprocedural bra-
dycardia makes it appropriate to resort to pacing earlier 
in these patients. Even though we recommend it, there is 
no evidence to suggest any outcome benefit from the use 
of pacing (which may delay chest compressions) when full 
cardiac arrest is in progress.94–97 Appropriate indications 
for emergency pacing include hemodynamically unstable 
bradycardia unresponsive to positive chronotropic agents; 
symptomatic tissue conduction dysfunction of the sinus 
node; Mobitz type II second-degree and third-degree block; 
alternating bundle branch block; or bifascicular block.3

Symptomatic Tachycardia Evolving to Pulseless 
Shockable Arrest (Ventricular Tachycardia, 
Ventricular Fibrillation, and Torsades De Pointes)
Hypovolemia or a significant imbalance between the depth 
of anesthesia and the amount of procedural stimulation are 
the most frequent causes of hypotension in the periproce-
dural setting. The 8 Hs and 8 Ts can cause a circulatory crisis 
that can devolve into a PEA arrest.

In general, the evolution of a malignant rhythm is an 
indicator of a severe process, severe cardiac comorbidities, 
and/or severe complications. Persistent tachycardia with 
hemodynamic instability can devolve into symptomatic 
bradycardia. Tachycardia from any cause other than sinus 
tachycardia that is associated with significant hypotension 
is an indication for immediate cardioversion (ventricular 
rate >150 beats·minute−1).3 Cardioversion can sometimes 
convert a patient into a symptomatic bradycardia, which can 
necessitate emergency pacing. Overdrive pacing of supra-
ventricular or ventricular tachycardia may also be appropri-
ate in perioperative patients, and it should be considered 
when the rhythm is refractory to drugs or cardioversion.98

Figures 4 and 6 outline the practical considerations for 
the management of symptomatic tachycardia in the periop-
erative period.

CONCLUSIONS
Cardiac arrest in the periprocedural setting is rarer than 
previously believed, and it arises from unique causes spe-
cific to the operating room or procedural environment. 
Circulatory crisis and cardiac arrest in this setting are usu-
ally managed by practitioners who are familiar with the 
patient, knowledgeable of the patient’s medical condition, 
and familiar with the details of their procedure, which 
allows them to intervene in a directed, effective, and timely 
manner. Management of perioperative crisis is predicated 
on expert opinion and an understanding of a distinct physi-
ologic milieu. E

DISCLOSURES
Name: Vivek K. Moitra, MD.
Contribution: This author helped with generation, conception, 
writing, editing, and final approval of the content.
Conflicts of Interest: V. K. Moitra is an American Society of 
Anesthesiologists’ liaison to the American Heart Association; 
Expert testimony.
Name: Sharon Einav, MD.
Contribution: This author helped with generation, conception, 
writing, editing, and final approval of the content.

Conflicts of Interest: None.
Name: Karl-Christian Thies, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Mark E. Nunnally, MD.
Contribution: This author helped with generation, conception, 
writing, editing, and final approval of the content.
Conflicts of Interest: None.
Name: Andrea Gabrielli, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Gerald A. Maccioli, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Guy Weinberg, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: G. Weinberg is an equity holder in ResQ 
Pharma, Inc and received consulting fees from the company. He 
maintains the educational website lipidrescue.org.
Name: Arna Banerjee, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Kurt Ruetzler, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Gregory Dobson, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Matthew D. McEvoy, MD.
Contribution: This author helped with conception, writing, edit-
ing, and final approval of the content.
Conflicts of Interest: None.
Name: Michael F. O’Connor, MD, FCCM.
Contribution: This author helped with generation, conception, 
writing, editing, and final approval of the content.
Conflicts of Interest: None.
This manuscript was handled by: Avery Tung, MD, FCCM.

REFERENCES
 1. Kleinman ME, Brennan EE, Goldberger ZD, et al. Part 5: 

adult basic life support and cardiopulmonary resuscita-
tion quality: 2015 American Heart Association Guidelines 
Update for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care. Circulation. 2015;132:S414–S435.

 2. Link MS, Atkins DL, Passman RS, et al. Part 6: electrical 
therapies: automated external defibrillators, defibrillation, 
cardioversion, and pacing: 2010 American Heart Association 
Guidelines for Cardiopulmonary Resuscitation and Emergency 
Cardiovascular Care. Circulation. 2010;122:S706–S719.

 3. Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: adult 
advanced cardiovascular life support: 2015 American Heart 
Association Guidelines Update for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care. Circulation. 
2015;132:S444–S464.

 4. Standards and guidelines for cardiopulmonary resusci-
tation (CPR) and emergency cardiac care (ECC). JAMA. 
1980;244:453–509.

 5. Truhlář A, Deakin CD, Soar J, et al; Cardiac Arrest in Special 
Circumstances Section Collaborators. European Resuscitation 
Council Guidelines for Resuscitation 2015: section 4. Cardiac 
arrest in special circumstances. Resuscitation. 2015;95:148–201.

 6. Moitra VK, Gabrielli A, Maccioli GA, O’Connor MF. Anesthesia 
advanced circulatory life support. Can J Anesth. 2012;59:586–603.

 7. Sprung J, Warner ME, Contreras MG, et al. Predictors of sur-
vival following cardiac arrest in patients undergoing noncar-
diac surgery: a study of 518,294 patients at a tertiary referral 
center. Anesthesiology. 2003;99:259–269.



Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
886   www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA

  E NARRATIVE REVIEW ARTICLE

 8. Pollard JB. Cardiac arrest during spinal anesthesia: com-
mon mechanisms and strategies for prevention. Anesth Analg. 
2001;92:252–256.

 9. Kopp SL, Horlocker TT, Warner ME, et al. Cardiac arrest during 
neuraxial anesthesia: frequency and predisposing factors asso-
ciated with survival. Anesth Analg. 2005;100:855–865.

 10. Newland MC, Ellis SJ, Lydiatt CA, et al. Anesthetic-related car-
diac arrest and its mortality: a report covering 72,959 anesthet-
ics over 10 years from a US teaching hospital. Anesthesiology. 
2002;97:108–115.

 11. Braz LG, Módolo NS, do Nascimento P Jr, et al. Perioperative 
cardiac arrest: a study of 53,718 anaesthetics over 9 yr from a 
Brazilian teaching hospital. Br J Anaesth. 2006;96:569–575.

 12. Biboulet P, Aubas P, Dubourdieu J, Rubenovitch J, Capdevila X, 
d’Athis F. Fatal and non fatal cardiac arrests related to anesthe-
sia. Can J Anesth. 2001;48:326–332.

 13. Cheney FW, Posner KL, Lee LA, Caplan RA, Domino KB. 
Trends in anesthesia-related death and brain damage: a closed 
claims analysis. Anesthesiology. 2006;105:1081–1086.

 14. Girotra S, Nallamothu BK, Spertus JA, Li Y, Krumholz HM, 
Chan PS; American Heart Association Get With The Guidelines-
Resuscitation Investigators. Trends in survival after in-hospital 
cardiac arrest. N Engl J Med. 2012;367:1912–1920.

 15. Goldberger ZD, Chan PS, Berg RA, et al; American Heart 
Association Get With The Guidelines-Resuscitation (Formerly 
National Registry of Cardiopulmonary Resuscitation) Investigators. 
Duration of resuscitation efforts and survival after in-hospital car-
diac arrest: an observational study. Lancet. 2012;380:1473–1481.

 16. Ramachandran SK, Mhyre J, Kheterpal S, et al; American 
Heart Association’s Get With The Guidelines-Resuscitation 
Investigators. Predictors of survival from perioperative car-
diopulmonary arrests: a retrospective analysis of 2,524 events 
from the Get With The Guidelines-Resuscitation registry. 
Anesthesiology. 2013;119:1322–1339.

 17. Kazaure HS, Roman SA, Rosenthal RA, Sosa JA. Cardiac arrest 
among surgical patients: an analysis of incidence, patient 
characteristics, and outcomes in ACS-NSQIP. JAMA Surg. 
2013;148:14–21.

 18. Peberdy MA, Ornato JP, Larkin GL, et al; National Registry of 
Cardiopulmonary Resuscitation Investigators. Survival from 
in-hospital cardiac arrest during nights and weekends. JAMA. 
2008;299:785–792.

 19. Chan PS, Krumholz HM, Nichol G, Nallamothu BK; American 
Heart Association National Registry of Cardiopulmonary 
Resuscitation Investigators. Delayed time to defibrillation after 
in-hospital cardiac arrest. N Engl J Med. 2008;358:9–17.

 20. Nunnally ME, O’Connor MF, Kordylewski H, Westlake B, 
Dutton RP. The incidence and risk factors for perioperative 
cardiac arrest observed in the national anesthesia clinical out-
comes registry. Anesth Analg. 2015;120:364–370.

 21. Li G, Warner M, Lang BH, Huang L, Sun LS. Epidemiology of 
anesthesia-related mortality in the United States, 1999-2005. 
Anesthesiology. 2009;110:759–765.

 22. Peberdy MA, Kaye W, Ornato JP, et al. Cardiopulmonary resus-
citation of adults in the hospital: a report of 14720 cardiac arrests 
from the National Registry of Cardiopulmonary Resuscitation. 
Resuscitation. 2003;58:297–308.

 23. Cohen SE, Andes LC, Carvalho B. Assessment of knowledge 
regarding cardiopulmonary resuscitation of pregnant women. 
Int J Obstet Anesth. 2008;17:20–25.

 24. Heitmiller ES, Nelson KL, Hunt EA, Schwartz JM, Yaster M, 
Shaffner DH. A survey of anesthesiologists’ knowledge of 
American Heart Association Pediatric Advanced Life Support 
Resuscitation Guidelines. Resuscitation. 2008;79:499–505.

 25. Mhyre JM, Ramachandran SK, Kheterpal S, Morris M, 
Chan PS; American Heart Association National Registry for 
Cardiopulmonary Resuscitation Investigators. Delayed time to 
defibrillation after intraoperative and periprocedural cardiac 
arrest. Anesthesiology. 2010;113:782–793.

 26. Taenzer AH, Pyke JB, McGrath SP. A review of current 
and emerging approaches to address failure-to-rescue. 
Anesthesiology. 2011;115:421–431.

 27. Silber JH, Williams SV, Krakauer H, Schwartz JS. Hospital and 
patient characteristics associated with death after surgery. A 

study of adverse occurrence and failure to rescue. Med Care. 
1992;30:615–629.

 28. Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in hospi-
tal mortality associated with inpatient surgery. N Engl J Med. 
2009;361:1368–1375.

 29. Caplan RA, Posner KL, Cheney FW. Effect of outcome on 
physician judgments of appropriateness of care. JAMA. 
1991;265:1957–1960.

 30. Moore EE. Thomas G. Orr Memorial Lecture. Staged lapa-
rotomy for the hypothermia, acidosis, and coagulopathy syn-
drome. Am J Surg. 1996;172:405–410.

 31. Breitkreutz R, Walcher F, Seeger FH. Focused echocardio-
graphic evaluation in resuscitation management: concept of 
an advanced life support-conformed algorithm. Crit Care Med. 
2007;35(5 suppl):S150–S161.

 32. Müllner M, Urbanek B, Havel C, Losert H, Waechter F, 
Gamper G. Vasopressors for shock. Cochrane Database Syst Rev. 
2004;3:CD003709.

 33. Robin JK, Oliver JA, Landry DW. Vasopressin deficiency in the 
syndrome of irreversible shock. J Trauma. 2003;54:S149–S154.

 34. Lindner KH, Prengel AW, Pfenninger EG, et al. Vasopressin 
improves vital organ blood flow during closed-chest cardiopul-
monary resuscitation in pigs. Circulation. 1995;91:215–221.

 35. Wenzel V, Raab H, Dünser MW. Role of arginine vasopressin in 
the setting of cardiopulmonary resuscitation. Best Pract Res Clin 
Anaesthesiol. 2008;22:287–297.

 36. Reynolds HR, Hochman JS. Cardiogenic shock: current con-
cepts and improving outcomes. Circulation. 2008;117:686–697.

 37. Topalian S, Ginsberg F, Parrillo JE. Cardiogenic shock. Crit Care 
Med. 2008;36(1 suppl):S66–S74.

 38. Shekar K, Mullany DV, Thomson B, Ziegenfuss M, Platts DG, 
Fraser JF. Extracorporeal life support devices and strategies 
for management of acute cardiorespiratory failure in adult 
patients: a comprehensive review. Crit Care. 2014;18:219.

 39. Ventetuolo CE, Muratore CS. Extracorporeal life support in 
critically ill adults. Am J Respir Crit Care Med. 2014;190:497–508.

 40. Haddad F, Doyle R, Murphy DJ, Hunt SA. Right ventricular 
function in cardiovascular disease, part II: pathophysiology, 
clinical importance, and management of right ventricular fail-
ure. Circulation. 2008;117:1717–1731.

 41. Strumpher J, Jacobsohn E. Pulmonary hypertension and right 
ventricular dysfunction: physiology and perioperative man-
agement. J Cardiothorac Vasc Anesth. 2011;25:687–704.

 42. Jeon Y, Ryu JH, Lim YJ, et al. Comparative hemodynamic 
effects of vasopressin and norepinephrine after milrinone-
induced hypotension in off-pump coronary artery bypass sur-
gical patients. Eur J Cardiothorac Surg. 2006;29:952–956.

 43. Currigan DA, Hughes RJ, Wright CE, Angus JA, Soeding PF. 
Vasoconstrictor responses to vasopressor agents in human pul-
monary and radial arteries: an in vitro study. Anesthesiology. 
2014;121:930–936.

 44. Zöllei E, Bertalan V, Németh A, et al. Non-invasive detection of 
hypovolemia or fluid responsiveness in spontaneously breath-
ing subjects. BMC Anesthesiol. 2013;13:40.

 45. Hong DM, Lee JM, Seo JH, Min JJ, Jeon Y, Bahk JH. Pulse pres-
sure variation to predict fluid responsiveness in spontane-
ously breathing patients: tidal vs. forced inspiratory breathing. 
Anaesthesia. 2014;69:717–722.

 46. Michard F, Teboul JL. Using heart-lung interactions to assess 
fluid responsiveness during mechanical ventilation. Crit Care. 
2000;4:282–289.

 47. Pizov R, Eden A, Bystritski D, Kalina E, Tamir A, Gelman S. 
Arterial and plethysmographic waveform analysis in anesthe-
tized patients with hypovolemia. Anesthesiology. 2010;113:83–91.

 48. Wyler von Ballmoos M, Takala J, Roeck M, et al. Pulse-pressure 
variation and hemodynamic response in patients with ele-
vated pulmonary artery pressure: a clinical study. Crit Care. 
2010;14:R111.

 49. Magder S. Clinical usefulness of respiratory variations in arte-
rial pressure. Am J Respir Crit Care Med. 2004;169:151–155.

 50. Michard F. Changes in arterial pressure during mechanical ven-
tilation. Anesthesiology. 2005;103:419–428.

 51. Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in 
arterial waveform derived variables and fluid responsiveness 



Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Perioperative Advanced Cardiac Life Support

March 2018 • Volume 126 • Number 3 www.anesthesia-analgesia.org 887

in mechanically ventilated patients: a systematic review of the 
literature. Crit Care Med. 2009;37:2642–2647.

 52. Boulain T, Achard JM, Teboul JL, Richard C, Perrotin D, 
Ginies G. Changes in BP induced by passive leg raising pre-
dict response to fluid loading in critically ill patients. Chest. 
2002;121:1245–1252.

 53. Monnet X, Rienzo M, Osman D, et al. Passive leg raising pre-
dicts fluid responsiveness in the critically ill. Crit Care Med. 
2006;34:1402–1407.

 54. Lamia B, Ochagavia A, Monnet X, Chemla D, Richard C, Teboul 
JL. Echocardiographic prediction of volume responsiveness in 
critically ill patients with spontaneously breathing activity. 
Intensive Care Med. 2007;33:1125–1132.

 55. Feissel M, Michard F, Faller JP, Teboul JL. The respiratory varia-
tion in inferior vena cava diameter as a guide to fluid therapy. 
Intensive Care Med. 2004;30:1834–1837.

 56. Barbier C, Loubières Y, Schmit C, et al. Respiratory changes 
in inferior vena cava diameter are helpful in predicting fluid 
responsiveness in ventilated septic patients. Intensive Care Med. 
2004;30:1740–1746.

 57. UK National Institute for Health and Care Excellence. MTG3: 
CardioQ-ODM oesophageal Doppler monitor. March 2011. 
Available at: http://www.nice.org.uk/guidance/MTG3. 
Accessed September 24, 2016.

 58. Hickling KG, Walsh J, Henderson S, Jackson R. Low mortality 
rate in adult respiratory distress syndrome using low-volume, 
pressure-limited ventilation with permissive hypercapnia: a 
prospective study. Crit Care Med. 1994;22:1568–1578.

 59. Hickling KG, Henderson SJ, Jackson R. Low mortality associ-
ated with low volume pressure limited ventilation with permis-
sive hypercapnia in severe adult respiratory distress syndrome. 
Intensive Care Med. 1990;16:372–377.

 60. Roupie E, Dambrosio M, Servillo G, et al. Titration of tidal vol-
ume and induced hypercapnia in acute respiratory distress 
syndrome. Am J Respir Crit Care Med. 1995;152:121–128.

 61. Amato MB, Barbas CS, Medeiros DM, et al. Beneficial effects 
of the “open lung approach” with low distending pressures in 
acute respiratory distress syndrome. A prospective random-
ized study on mechanical ventilation. Am J Respir Crit Care Med. 
1995;152:1835–1846.

 62. Mutlu GM, Factor P, Schwartz DE, Sznajder JI. Severe status 
asthmaticus: management with permissive hypercapnia and 
inhalation anesthesia. Crit Care Med. 2002;30:477–480.

 63. Brower RG, Matthay MA, Morris A, Schoenfeld D, 
Thompson BT, Wheeler A; The Acute Respiratory Distress 
Syndrome Network. Ventilation with lower tidal volumes 
as compared with traditional volumes for acute lung injury 
and the acute respiratory distress syndrome. N Engl J Med. 
2000;342:1301–1308.

 64. Aufderheide TP, Sigurdsson G, Pirrallo RG, et al. 
Hyperventilation-induced hypotension during cardiopulmo-
nary resuscitation. Circulation. 2004;109:1960–1965.

 65. Pepe PE, Raedler C, Lurie KG, Wigginton JG. Emergency ven-
tilatory management in hemorrhagic states: elemental or detri-
mental? J Trauma. 2003;54:1048–1055.

 66. Yannopoulos D, Aufderheide TP, Gabrielli A, et al. Clinical and 
hemodynamic comparison of 15:2 and 30:2 compression-to-
ventilation ratios for cardiopulmonary resuscitation. Crit Care 
Med. 2006;34:1444–1449.

 67. Ong ME, Ornato JP, Edwards DP, et al. Use of an automated, 
load-distributing band chest compression device for out-of-
hospital cardiac arrest resuscitation. JAMA. 2006;295:2629–2637.

 68. Larsen AI, Hjørnevik AS, Ellingsen CL, Nilsen DW. Cardiac 
arrest with continuous mechanical chest compression during 
percutaneous coronary intervention. A report on the use of the 
LUCAS device. Resuscitation. 2007;75:454–459.

 69. Cabrini L, Beccaria P, Landoni G, et al. Impact of impedance 
threshold devices on cardiopulmonary resuscitation: a system-
atic review and meta-analysis of randomized controlled stud-
ies. Crit Care Med. 2008;36:1625–1632.

 70. Wang CH, Tsai MS, Chang WT, et al. Active compression-
decompression resuscitation and impedance threshold device 
for out-of-hospital cardiac arrest: a systematic review and 

metaanalysis of randomized controlled trials. Crit Care Med. 
2015;43:889–896.

 71. Rogers PL, Schlichtig R, Miro A, Pinsky M. Auto-PEEP dur-
ing CPR. An “occult” cause of electromechanical dissociation? 
Chest. 1991;99:492–493.

 72. Pepe PE, Marini JJ. Occult positive end-expiratory pressure in 
mechanically ventilated patients with airflow obstruction: the 
auto-PEEP effect. Am Rev Respir Dis. 1982;126:166–170.

 73. Franklin C, Samuel J, Hu TC. Life-threatening hypotension 
associated with emergency intubation and the initiation of 
mechanical ventilation. Am J Emerg Med. 1994;12:425–428.

 74. Adhiyaman V, Adhiyaman S, Sundaram R. The Lazarus phe-
nomenon. J R Soc Med. 2007;100:552–557.

 75. Schmid F, Goepfert MS, Kuhnt D, et al. The wolf is crying in 
the operating room: patient monitor and anesthesia worksta-
tion alarming patterns during cardiac surgery. Anesth Analg. 
2011;112:78–83.

 76. Seagull FJ, Sanderson PM. Anesthesia alarms in context: an 
observational study. Hum Factors. 2001;43:66–78.

 77. Cohn JN. Blood pressure measurement in shock: mechanism 
of inaccuracy in auscultatory and palpatory methods. JAMA. 
1967;199:972–976.

 78. Sutton RM, French B, Meaney PA, et al; American Heart 
Association’s Get With The Guidelines-Resuscitation 
Investigators. Physiologic monitoring of CPR quality dur-
ing adult cardiac arrest: a propensity-matched cohort study. 
Resuscitation. 2016;106:76–82.

 79. Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide 
and outcome of out-of-hospital cardiac arrest. N Engl J Med. 
1997;337:301–306.

 80. Sanders AB, Kern KB, Otto CW, Milander MM, Ewy GA. 
End-tidal carbon dioxide monitoring during cardiopulmo-
nary resuscitation. A prognostic indicator for survival. JAMA. 
1989;262:1347–1351.

 81. Kern KB, Niemann JT, Steen S. Coronary perfusion pressure 
during cardiopulmonary resuscitation. In: Paradis N, Halperin 
H, Kern K, Wenzel V, Chamberlain D, eds. Cardiac Arrest. The 
Science and Practice of Resuscitation Medicine. 2nd ed. New York, 
NY: Cambridge University Press, 2007:369–388.

 82. Callaham M, Barton C. Prediction of outcome of cardiopulmo-
nary resuscitation from end-tidal carbon dioxide concentration. 
Crit Care Med. 1990;18:358–362.

 83. Sanders AB, Ewy GA, Taft TV. Prognostic and therapeutic 
importance of the aortic diastolic pressure in resuscitation from 
cardiac arrest. Crit Care Med. 1984;12:871–873.

 84. Ornato JP. Hemodynamic monitoring during CPR [review]. 
Ann Emerg Med. 1993;22(2, pt 2):289–295.

 85. Prause G, Archan S, Gemes G, et al. Tight control of effective-
ness of cardiac massage with invasive blood pressure monitor-
ing during cardiopulmonary resuscitation. Am J Emerg Med. 
2010;28:746.e5–746.e6.

 86. Bohn A, Gude P. Feedback during cardiopulmonary resuscita-
tion. Curr Opin Anaesthesiol. 2008;21:200–203.

 87. Neumar RW, Nolan JP, Adrie C, et al. Post-cardiac arrest syn-
drome: epidemiology, pathophysiology, treatment, and prognos-
tication. A consensus statement from the International Liaison 
Committee on Resuscitation (American Heart Association, 
Australian and New Zealand Council on Resuscitation, European 
Resuscitation Council, Heart and Stroke Foundation of Canada, 
InterAmerican Heart Foundation, Resuscitation Council of Asia, 
and the Resuscitation Council of Southern Africa); the American 
Heart Association Emergency Cardiovascular Care Committee; 
the Council on Cardiovascular Surgery and Anesthesia; the 
Council on Cardiopulmonary, Perioperative, and Critical Care; 
the Council on Clinical Cardiology; and the Stroke Council. 
Circulation. 2008;118:2452–2483.

 88. Littmann L, Bustin DJ, Haley MW. A simplified and structured 
teaching tool for the evaluation and management of pulseless 
electrical activity. Med Princ Pract. 2014;23:1–6.

 89. Schubert A, Palazzolo JA, Brum JM, Ribeiro MP, Tan M. Heart 
rate, heart rate variability, and blood pressure during peri-
operative stressor events in abdominal surgery. J Clin Anesth. 
1997;9:52–60.

http://www.nice.org.uk/guidance/MTG3


Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
888   www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA

  E NARRATIVE REVIEW ARTICLE

 90. Karam M, Kossaify A. Concealed sinus node dysfunction 
and paradoxical effect of atropine during arrhythmia diag-
nostic pharmacological testing. Clin Med Insights Case Rep. 
2014;7:99–102.

 91. Das G. Therapeutic review. Cardiac effects of atropine 
in man: an update. Int J Clin Pharmacol Ther Toxicol. 
1989;27:473–477.

 92. Errando CL. [Nodal rhythm after administration of atropine 
to bradycardic patients under subarachnoid anesthesia. Four 
cases and a review of pathophysiology and treatment]. Rev Esp 
Anestesiol Reanim. 2001;48:384–386.

 93. Carron M, Veronese S. Atropine sulfate for treatment of brady-
cardia in a patient with morbid obesity: what may happen when 
you least expect it. BMJ Case Rep. 2015;2015:bcr2014207596.

 94. Barthell E, Troiano P, Olson D, Stueven HA, Hendley G. 
Prehospital external cardiac pacing: a prospective, controlled 
clinical trial. Ann Emerg Med. 1988;17:1221–1226.

 95. Cummins RO, Graves JR, Larsen MP, et al. Out-of-hospital trans-
cutaneous pacing by emergency medical technicians in patients 
with asystolic cardiac arrest. N Engl J Med. 1993;328:1377–1382.

 96. Hedges JR, Syverud SA, Dalsey WC, Feero S, Easter R, Shultz B. 
Prehospital trial of emergency transcutaneous cardiac pacing. 
Circulation. 1987;76:1337–1343.

 97. White JD, Brown CG. Immediate transthoracic pacing for car-
diac asystole in an emergency department setting. Am J Emerg 
Med. 1985;3:125–128.

 98. ACC/AHA/HRS 2008 Guidelines for device-based therapy of 
cardiac rhythm abnormalities. J Am Coll Cardiol. 2008;51:1–62.



Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
March 2018 • Volume 126 • Number 3 www.anesthesia-analgesia.org 889

DOI: 10.1213/ANE.0000000000002595

Advanced cardiac life support (ACLS) was originally 
developed as an extension of basic life support with 
a focus on out-of-hospital cardiac arrest (OHCA).1 

OHCA is now recognized as a distinct entity from in-hos-
pital cardiac arrest (IHCA), particularly in relation to more 
common etiology of arrest, average response rescue time, 
and survival.2 As noted previously,1 periprocedural cardiac 
arrest (PPCA) is different from both OHCA and medically 
related IHCA. The etiologies of the crisis, the periopera-
tive team knowledge of the patient’s comorbidities, the 
awareness of current physiological state, and the immedi-
ate rescue response time significantly improve restoration 
of spontaneous circulation and survival to discharge when 
compared to other forms of IHCA.3–6

In addition to these differences in clinical presentation 
and management, numerous studies have also demonstrated 
knowledge and skill deficiencies in the proper assessment 
and management of perioperative crises within the anesthe-
siology community.7–12 Frequent and concise updates of the 
knowledge content necessary for managing high-stakes peri-
operative events is necessary for preparing anesthesiologists 
and perioperative teams to provide appropriate and timely 
care.13,14 As noted in part 1, while previous publications have 
described cardiac arrest and crisis management in the oper-
ating room, the most recent update in ACLS prompted a part 
1 review of the current literature concerning perioperative 
life-threatening crisis and cardiac arrest. Accordingly, the 
goal of this part 2 review is to offer an updated clinical per-
spective of cardiac arrest during the perioperative period. In 
part 1, we summarize the causes and outcomes of periop-
erative cardiac arrest, review concepts in resuscitation of the 
perioperative patient, and propose a set of algorithms to aid 
in the prevention and management of cardiac arrest during 

As noted in part 1 of this series, periprocedural cardiac arrest (PPCA) can differ greatly in etiol-
ogy and treatment from what is described by the American Heart Association advanced cardiac 
life support algorithms, which were largely developed for use in out-of-hospital cardiac arrest and 
in-hospital cardiac arrest outside of the perioperative space. Specifically, there are several life-
threatening causes of PPCA of which the management should be within the skill set of all anes-
thesiologists. However, previous research has demonstrated that continued review and training 
in the management of these scenarios is greatly needed and is also associated with improved 
delivery of care and outcomes during PPCA. There is a growing body of literature describing 
the incidence, causes, treatment, and outcomes of common causes of PPCA (eg, malignant 
hyperthermia, massive trauma, and local anesthetic systemic toxicity) and the need for a better 
awareness of these topics within the anesthesiology community at large. As noted in part 1 of 
this series, these events are always witnessed by a member of the perioperative team, frequently 
anticipated, and involve rescuer–providers with knowledge of the patient and the procedure they 
are undergoing or have had. Formulation of an appropriate differential diagnosis and rapid appli-
cation of targeted interventions are critical for good patient outcome. Resuscitation algorithms 
that include the evaluation and management of common causes leading to cardiac in the periop-
erative setting are presented. Practicing anesthesiologists need a working knowledge of these 
algorithms to maximize good outcomes.  (Anesth Analg 2018;126:889–903)
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the perioperative period. In this article, we discuss special 
anesthesia-related crises and the management thereof.

This review is focused on 8 special circumstances in the 
perioperative period that, while uncommon, are essential 
for all practicing anesthesiologists to know. The clinical sce-
narios presented are severe anaphylaxis, tension pneumo-
thorax, local anesthetic systemic toxicity (LAST), malignant 
hyperthermia (MH), severe hyperkalemia, hypertensive crisis, 
trauma-related cardiac arrest, and pulmonary embolism (PE; 
thrombus or gas). Each scenario will be presented with a brief 
review of pathophysiology and epidemiology followed by rec-
ommendations on proper assessment, initial management, and 
subsequent management of each perioperative crisis based 
on a comprehensive review of the literature. The information 
presented in this article represents the background behind the 
management recommendations proposed in widely available 
crisis management checklists such as the Stanford and Harvard 
crisis checklists that are familiar to many practicing anesthesi-
ologists.15,16 It should be noted that these well-recognized clini-
cal entities are presented as single cause of a life-threatening 
crisis and out of the clinical contest of more complex condition 
like septic shock or multiorgan system failure.

METHODS
An international group of 12 experts in the field of periop-
erative resuscitation has reviewed best available evidence 
on management of cardiac arrest and periprocedural crises. 
These experts were selected on the basis of several criteria: 
(1) clinical experience in anesthesiology and perioperative 
patient management; (2) expertise in simulation training in 
perioperative crises; (3) familiarity with the evidence behind 
current resuscitation guidelines; and (4) international repre-
sentation (ensure that the recommendations are easily trans-
latable to bedside practice in multiple clinical platforms). 
The group communicated via email, face-to-face meetings, 
and telephone. The papers selected for review were those 
included in the previous iteration of these guidelines1 (which 
underwent repeat scrutiny) and relevant papers that had 
been published since 2012 and available in PubMed on the 
specific topics to be discussed. For part 2, disagreements 
among committee member were discussed as a group in an 
attempt to reach consensus, and in case of ongoing dissent, 
adjudicated by 3 of the authors (M.D.M., V.K.M., and M.F.O.).

The scenarios were chosen through a modified Delphi 
technique involving several rounds of input from the group. 
These scenarios were chosen because they represent peri-
operative emergencies that are likely to be immediately life 
threatening. Four of the topics briefly covered in a previous 
publication1 were reanalyzed for a more in-depth discussion 
and updated knowledge (eg, severe anaphylaxis and hyper-
kalemia) or landmark publications (eg, trauma-related cardiac 
arrest). Due to constraints on length for the review article, the 
number of included scenarios was limited to 7. As such, the 
scenarios presented are not intended to be an exhaustive list.

Anaphylaxis
Pathophysiology and Epidemiology. Anaphylaxis is a severe, 
life-threatening systemic hypersensitivity reaction mediated 
by immunoglobulins IgE and IgG and accounts for about 500–
1000 deaths per year in the United States.17,18 The causative 
agent is usually not obvious, and assigning causality is 

typically complicated in the periprocedural and hospital 
setting, where patients are commonly exposed to multiple 
agents. Furthermore, anaphylactic reactions may occur with 
no documented prior exposure.19 Hypersensitivity reactions 
are graded 1–5 corresponding to minor, low severity, life-
threatening symptoms, cardiac or respiratory arrest, and 
death.20,21 The overall incidence of hypersensitivity reactions 
is about 15 cases per 10,000 operations (95% confidence 
interval, 13–17 per 10,000).22 The incidence of severe 
hypersensitivity reactions (grade 3–5) with life-threatening 
symptoms is about 2 cases per 10,000 operations.22

Presentation and Initial Assessment. Anaphylaxis 
is characterized by the rapid onset of potentially life-
threatening airway, breathing, or circulatory problems. 
The initial symptoms are nonspecific. Rhinitis, tachycardia, 
confusion, altered mental status/presyncope, and skin 
and mucosal changes are common in the awake patient, 
but not always present.23 In addition, bronchospasm is 
not present in all cases and does not necessarily precede 
cardiovascular instability. Extensive vasodilatation and 
increased vascular permeability lead to decreased cardiac 
preload with relative hypovolemia, which can in turn 
cause cardiovascular depression, myocardial ischemia, 
acute myocardial infarction, and malignant arrhythmias 
(anaphylactic shock).24,25 When hemodynamic deterioration 
occurs rapidly and untreated, patients can experience 
cardiac arrest.24,25 Evidence in the treatment of anaphylaxis 
is generally limited and is mostly based on case reports 
and extrapolations from animal models, nonfatal cases, 
interpretation of pathophysiology, and consensus opinion.19

Assessment and Initial Management Steps. When 
anaphylaxis is within the differential diagnosis, surgery 
should be interrupted, if possible, and the likely triggers of 
anaphylaxis should be immediately removed (eg, stopping 
an injection or infusion of medication or blood products).26 
Administration of epinephrine is indicated in patients with 
clinical features of anaphylaxis.27,28 In the setting of signs and 
symptoms of severe anaphylaxis, 100–300 µg epinephrine 
should be given intravenously (IV) immediately with 
repeated and escalating doses as clinically indicated. We do 
not recommend to use the same epinephrine doses used in 
pulseless cardiac arrest (1 mg IV) if the patient maintains 
a cardiac rhythm with a pulse. Caution is warranted, as 
fatal dysrhythmias to large doses of epinephrine have 
been reported.27,29 In patients without an IV line, early 
intramuscular administration of 300–500 µg epinephrine 
in the anterolateral aspect of the middle third of the thigh 
is recommended, with this dose being repeated every 
5–15 minutes in the absence of clinical improvement.30,31 
Inhaled or subcutaneous administration of epinephrine is 
ineffective for severe anaphylaxis.28 Close hemodynamic 
monitoring (eg, arterial blood pressure) with a goal systolic 
blood pressure (SBP) ≥90 mm Hg is indicated.

Immediate endotracheal intubation is critical and should 
not be delayed, as oropharyngeal and laryngeal edema 
are likely to occur rapidly.32 If necessary, a surgical airway 
should be considered.33 Initial fluid resuscitation using 20 
mL/kg crystalloid infusions is indicated to treat the vasodi-
latory component of anaphylactic shock.34,35



Copyright © 2017 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Perioperative ACLS: Special Situations

March 2018 • Volume 126 • Number 3 www.anesthesia-analgesia.org 891

Subsequent Assessment and Treatment Steps. If 
hemodynamic instability persists after initial epinephrine 
boluses, this drug should be continued by a carefully titrated 
continuous IV infusion (0.05–0.3 µg/kg/min) because 
the plasma half-life of epinephrine is brief (<5 minutes). If 
epinephrine infusion fails to restore normal hemodynamic 
variables, continuous infusions of vasopressin,36,37 
norepinephrine, methoxamine,38 and metaraminol39 may be 
considered. Glucagon should be considered in patients who 
have taken β-blockers and who are unresponsive to combined 
inotrope and vasopressors management.40 Adjuvant use of 
antihistamines is appropriate,41–43 and treatment with inhaled 
β2-adrenergic agents27,44 and IV corticosteroids28,45 should be 
considered in severe anaphylaxis. Extracorporeal life support 
(venous–arterial extracorporeal membrane oxygenation) has 
been successful in isolated cases and may be considered if 
clinical staff and equipment is immediately available. After 
stabilization, the patient should be monitored in an intensive 
care unit (ICU) for at least 24 hours due to the bimodal nature 
of severe anaphylaxis and a high risk of recrudescence. 
Finally, laboratory testing for histamine, tryptase, or IgE 
within 24 hours is indicated for diagnostic purposes.46 Table 1 
provides a full list of management steps.

Tension Pneumothorax
Epidemiology and Pathophysiology.  A tension pneumothorax 
occurs when there is a “ball-valve effect” within the lung 
allowing progressive accumulation of air within the pleural 
space, which in turn leads to a corresponding increase 

in intrapleural and intrathoracic pressures. In tension 
pneumothorax, the intrapleural pressure is positive and 
exceeds the atmospheric pressure throughout the respiratory 
cycle. The incidence of tension pneumothorax remains 
poorly estimated and ranges from 1% to 3% in prehospital, 
major trauma, and ICU patients.47

The pathophysiology of tension pneumothorax differs 
between patients who are spontaneously breathing versus 
those on positive-pressure ventilation. In spontaneously 
breathing patients, several compensatory mechanisms 
likely prevent initial hemodynamic compromise. These fac-
tors include increasing respiratory rate, decreased tidal vol-
ume and negative-pressure contralateral chest excursions. 
These mechanisms may maintain arterial blood pressure 
by limiting transmitting pleural pressure to the mediasti-
num and contralateral hemithorax. In patients receiving 
positive-pressure ventilation, increased intrapleural pres-
sure throughout the respiratory cycle produces a marked 
decrease in cardiac venous return, which leads to hypoten-
sion, and, if untreated, may result in cardiac arrest.48

Presentation and Initial Assessment. Spontaneously 
breathing patients with tension pneumothorax present 
with shortness of breath, dyspnea, tachypnea, respiratory 
distress, hypoxemia, and ipsilateral decreased air entry and 
percussion hyperresonance. In a large systematic review, the 
reported incidence of respiratory arrest (9%), hypotension 
(16%), and cardiac arrest (2%) were much lower compared 
to patients on positive-pressure ventilation.49 Patients 
on positive-pressure ventilation usually present with 

Table 1.  Assessment and Management of Severe Anaphylaxis
Assessment Confusion, altered mental status/presyncope

Rash and/or rhinitis
Perioral/periorbital edema, laryngeal edema, stridor
Bronchospasm/dyspnea (not always present)
Tachycardia
Acute onset hypotension

Initial management Prearrest
 Stop or remove the inciting agent or drug (eg, NMBD, antibiotics, blood products, IV contrast, or latex)
 If feasible, stop surgery or procedure
 Oxygen at Fio2 of 1.0; intubate immediately for respiratory distress
 Watch for auto-PEEP if severe bronchospasm
 100–300 µg epinephrine in repeated/escalating doses (or 300–500 µg IM if no IV access present)
 ±Vasopressin 2 U IV
 Start epinephrine infusion#8232;(0.05–0.3 µg/kg/min IV) for a goal SBP >90 mm Hg; observe for myocardial ischemia
 Vasopressin or norepinephrine infusions may be added in patients who are hypotensive in spite of high doses of  

 epinephrine (eg, >2 mg IV)
 IV fluids/large bore access—initial treatment is bolus of 20 mL/kg IV of LR or PLA
 H1 blocker (50 mg diphenhydramine IV)
 H2 blocker (20 mg famotidine IV)
 ±Corticosteroid (eg, 50–150 mg hydrocortisone IV or methylprednisolone 1–2 mg/kg IV)
 Continuous arterial blood pressure monitoring as early as possible (systolic blood pressure ≥90 mm Hg)

Arrest
 CPR if no carotid pulse detected for 10 s
 100–1000 µg epinephrine IV, can repeat every 3–5 min or replace with 1 dose 40 U vasopressin IV
 If auto-PEEP suspected, disconnect the ventilator briefly
 Administer adjunctive therapies listed in prearrest (H1 and H2 blockers and corticosteroids)
 Consider extracorporeal life support in patients getting good CPR without ROSC

Subsequent management Send blood for tryptase level to support the diagnosis
Monitor in ICU for at least 24 h as there is a risk of recrudescence

Abbreviations: CPR, cardiopulmonary resuscitation; Fio2, fraction of inspired oxygen concentration; ICU, intensive care unit; IM, intramuscular; IV, intravenous; LR, lactated 
ringers; NMBD, neuromuscular blocking drug; PEEP, positive end-expiratory pressure; PLA, plasmalyte-A; ROSC, return of spontaneous circulation; SBP, systolic blood pressure.
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hypoxemia, tachycardia, sudden onset of hypotension, 
subcutaneous emphysema, and ipsilateral decreased air 
entry. These signs are followed by circulatory collapse 
and subsequent cardiac arrest with pulseless electrical 
activity (PEA). Tension pneumothorax should always 
be in the differential diagnosis of a patient with acute 
decompensation during laparoscopic surgery.50

Traditionally, diagnosis relies on clinical signs and symp-
toms although these are unreliable (especially contralateral 
tracheal deviation and jugular venous distention). Thoracic 
ultrasonography, which is being used with increasing fre-
quency, may be superior to chest radiography for diagnos-
ing pneumothorax (sensitivity of approximately 80%–90% 
vs 50%) and can also be performed rapidly at the bedside.51,52

Initial Management Steps.  Initial treatment should focus on 
maximizing oxygenation. Immediate tube thoracostomy by 
trained personnel is encouraged as the treatment of choice 
in both the ventilated and the spontaneously breathing 
patient.53 However, it should be noted that in situations of 
high clinical suspicion of tension pneumothorax (eg, high 
airway pressures, unilateral breath sounds, and circulatory 
instability in the setting of pneumoperitoneum), immediate 
needle decompression would be recommended rather than 
delaying treatment.

Subsequent Assessment and Treatment Steps.  After initial 
assessment and treatment, the patient should be stabilized to 
prevent further respiratory or cardiovascular compromise. 
The tube thoracostomy is left in place until the parenchymal 
injury that caused the tension pneumothorax has resolved. 
The underlying cause for the parenchymal injury needs 
to be ascertained. Occasionally surgical repair may be 
indicated. Resolution of the pneumothorax is documented 
with serial chest radiographs.

Local Anesthetic Systemic Toxicity
Epidemiology and Pathophysiology.  While any use of local 
anesthetic can potentially lead to LAST, peripheral nerve 
block carries the highest risk, with published rates typically 
ranging from 1 to 10 per 10,000 qualifying this iatrogenic 
complication as a “rare event.”54 Nevertheless, the potential 
for severe, even fatal physiological sequelae demands that 
measures be taken to reduce the likelihood of LAST and 
that education/training include detection and treatment 
of this condition. In addition to using standard monitors 
and safety measures (eg, frequent aspiration during needle 
progression incremental injection), there is evidence that the 
use of ultrasound guidance can reduce the risk of LAST.55

Presentation and Initial Assessment. A wide range of 
either neurological symptoms (eg, seizure, agitation, or 
obtundation) or cardiovascular signs (eg, arrhythmia or 
conduction block, hypertension, tachycardia, or progressive 
hypotension and bradycardia) occur with LAST. A study 
of LAST episodes published from 1979 to 2009 showed 
that >40% of cases departed from the standard text book 
presentation (eg, rapid-onset seizure potentially leading to 
cardiac arrest).56 In 35 of 93 patients (38%), symptoms were 
delayed >5 minutes, and in 10 patients (11%), cardiovascular 
signs occurred without a neurological prodrome. Another 

study from the same group indicated that there is a wide 
variety of clinical presentations in cases of LAST, including 
an increase in delayed onset (52%; >5 minutes from 
injection), which is likely a result of ultrasound guidance.57

Initial Management Steps. The initial focus in treating 
LAST includes managing the airway to assure adequate 
oxygenation and ventilation and using a benzodiazepine 
to suppress seizures. Early treatment of LAST by infusion 
of lipid emulsion 20% can prevent progression to 
cardiovascular compromise58 possibly by reducing peak 
local anesthetic levels.59 Propofol is cardiodepressant, 
and its lipid content is inadequate to confer benefit. It is 
important to continue monitoring even after symptoms 
resolve because recurrence or delayed progression can 
occur after an interval of apparent stability.60

Subsequent Assessment and Treatment Steps. If LAST 
progresses to cardiovascular collapse, it is important to 
administer high-quality cardiovascular support since 
improving coronary and cerebral blood flow reduces 
local anesthetic tissue concentrations both directly and by 
delivering lipid emulsion to affected sites. The main benefit of 
infusion of lipid emulsion in reversing LAST is accelerating 
redistribution of local anesthetic, rapidly shuttling drug 
from sites of toxicity (brain and heart) to unaffected organs 
(eg, liver and skeletal muscle). This scavenging effect is the 
result of both partitioning into the lipid phase and the direct 
inotropic effect of lipid emulsion infusion.61 The direct 
inotropy is seen in intact rats and isolated heart without a 
pharmacotoxic challenge; however, during experimental 
LAST, it only occurs after myocardial bupivacaine content 
drops below a specific (eg, channel blocking) threshold. 
Lipid infusion also exerts a postconditioning effect that 
might contribute to successful resuscitation.62 It is important 
to consider extracorporeal life support relatively early in 
those instances in which the patient does not respond to 
more conservative measures. Postevent monitoring should 
occur for at least 6 hours because cardiovascular instability 
can recur after initial recovery. Table 2 provides a full list of 
management steps.

Malignant Hyperthermia
Epidemiology and Pathophysiology. MH is an extreme 
reaction to volatile anesthetics and succinylcholine, which 
is attributed to abnormalities of skeletal muscle metabolism 
and calcium disposition. Its occurrence is rare, ranging 
between 1:62,000 and 1:500,000 anesthetics, more commonly 
occurring in men and younger patients, but described 
in a wide variety of patients.63,64 The pathophysiology 
of this syndrome involves mainly cytoplasmic proteins 
participating in the movement of calcium within skeletal 
muscle, most commonly the ryanodine receptor. However, 
many genetic abnormalities are associated with MH, both 
inherited or sporadic. The syndrome is marked by extreme 
muscle hypermetabolism, leading to muscle necrosis, 
hyperpyrexia, acidosis, and in extreme cases, cardiac arrest.

Presentation and Initial Assessment. Because of its rarity, 
MH can be a once-in-a-career event. Mortality without 
dantrolene treatment is as high as 80%, but with it, it 
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may be as low as 1.4%.65 Because the time to dantrolene 
administration correlates with morbidity and mortality, 
early recognition is crucial to an effective response. The 
earliest signs of MH are hypercapnia and sinus tachycardia. 
Masseter muscle spasm, general muscle rigidity, tachypnea, 
and rising temperature (late) are additional common 
findings. Blood gas analysis can reveal respiratory and 
metabolic acidosis, especially when drawn from a vein 
draining a large muscle bed.

Initial Management Steps. When MH is suspected, all 
triggering agents should be immediately discontinued. 
Dantrolene 2.5 mg/kg IV is the key therapy for MH. Several 
formulations exist, and providers should be familiar with 
preparation and administration of a normal adult dose in 
anticipation of an MH event. Dantrolene should be available 
at all places that triggering anesthetic agents are available. 
Regular monitoring of arterial Paco2, temperature, and lactate 
levels should accompany dantrolene administration, and any 
abnormalities should be aggressively treated with external 
and internal cooling, ventilation, and fluid resuscitation.

Subsequent Assessment and Treatment Steps. After initial 
recognition and treatment, the goals of care involve the 
mitigation of ongoing tissue injury, hyperthermia, and their 
sequelae. With extremes of temperature (median temperature, 
40.3°C), disseminated intravascular coagulation may occur.4 
Other complications can occur at any temperature, but 

mortality correlates with temperature.5 Rhabdomyolysis is 
common; if severe, it can lead to renal failure and hyperkalemia. 
Cooling and monitoring for these complications should 
continue for 72 hours after a suspected episode, because 
of the risk of recrudescence. Because dantrolene interferes 
with calcium disposition, patients should be monitored for 
muscle weakness. Importantly, calcium channel blockers are 
contraindicated in the setting of dysrhythmias. MH resources 
are available through expert groups in the United States 
(www.mhaus.org) and in Europe (www.emhg.org). Table  3 
provides a full list of management steps.

Severe Hyperkalemia
Epidemiology and Pathophysiology. The exact cutoff 
for moderate or severe hyperkalemia is inconsistently 
described in the literature.66 However, recent reports note 
that initiation of emergency therapies are recommended for 
serum potassium levels >6.0 or 6.5 or electrocardiographic 
(ECG) manifestations of hyperkalemia, regardless of 
potassium level.67 Of note, a potassium level of ≥6.5 
mmol/L occurs in only 0.1% of hospitalized patients.68 
Acidosis (primarily metabolic), for example, promotes an 
extracellular potassium shift; each 0.1 unit decrease in pH 
is accompanied by an increase of ∼0.6 mmol/L in serum 
potassium.69,70 The most common causes of hyperkalemia 
are renal pathology and drug therapy.68,71,72 There are 
limited data on the prevalence of hyperkalemia in adult 
patients undergoing surgery and anesthesia. However, 

Table 2.  Assessment and Management of Local Anesthetic Systemic Toxicity
Assessment Seizures, agitation, obtundation

Tachycardia
Bradycardia or new heart block
All in setting of local anesthetic administration

Initial management Prearrest
 Stop the administration of local anesthetic
 Immediate tracheal intubation and ventilation with 100% oxygen
 Consider transcutaneous or intravenous pacemakers for all symptomatic bradycardic rhythms with pulse
 If the diagnosis of local anesthetic toxicity is strongly suspected, the use of epinephrine should be avoided as it can  

 worsen outcome
 20% lipid emulsion 1.5 mL/kg IV load, then 0.25 mL/kg/min (~20 mL/min)
 If still with hemodynamic instability, a second bolus followed by a doubling of the rate of infusion is appropriate  

 (0.5 mL/kg/min)
 Seizures should be treated with benzodiazepines. Small doses of propofol or thiopental may be used if  

 benzodiazepines are not immediately available

Cardiac arrest
 Immediate CPR as indicated (no carotid pulse, ECG, arterial catheter, and pulse oximeter signal)
 If the diagnosis of local anesthetic toxicity is strongly suspected, small doses of 10–100 µg epinephrine IV are  

 preferable to higher doses
 Vasopressin is not recommended
 Sodium bicarbonate to maintain a pH >7.25 in patients without immediate ROSC after CPR and drug therapy
 If ROSC does not occur after the first bolus of lipid emulsion, a second bolus followed by a doubling of the rate of  

 infusion is appropriate
 Consider therapy with H1 and H2 blockers
 Amiodarone is the drug of choice for ventricular arrhythmias
 Lidocaine should be avoided
 Most important, continue CPR for a prolonged period (we suggest at least 60 min) as very good neurological  

 recovery has been reported in patients after very prolonged cardiac arrests from local anesthetic overdoses
 Extracorporeal life support is appropriate in circumstances where the diagnosis is certain, where ECMO is available  

 in a timely fashion, and where there is no ROSC after a second bolus of lipid emulsion

Subsequent management Monitor for recurrence or delayed progression

Abbreviations: CPR, cardiopulmonary resuscitation; ECG, electrocardiogram; ECMO, extracorporeal membrane oxygenation; IV, intravenous; ROSC, return of 
spontaneous circulation.

www.mhaus.org
www.emhg.org
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hyperkalemia is consistently estimated to be the cause of 
death in 1%–2% of cases of anesthesia-related cardiac arrests 
in children.73–75

Presentation and Initial Assessment.  Clinical manifestations of this 
potentially life-threatening electrolyte disorder are mostly insidious 
and nonspecific. Thus, preoperative assessment of patients at 
risk should include timely blood testing. There is a common 
misconception that the cardiac manifestations of hyperkalemia are 
well known and occur in an orderly fashion. On the contrary, the 
cardiac clinical symptoms of hyperkalemia may randomly range 
from nonexistent to vertigo, chest pain, and presyncope to syncope 
and cardiac arrest. Physical examination may reveal bradycardia 
and/or bradyarrhythmia and hypotension.76 Accompanying ECG 
changes include peaked T-waves, QRS widening, diminished P 
waves77,78, and/or a range of arrhythmias including bradycardia,79 
atrioventricular blocks at different conduction levels,80–82 ventricular 
tachycardia,83 and ventricular fibrillation.84–86 Absence of ECG 
changes should not be taken to indicate that blood potassium 
levels are normal; some patients with end-stage renal disease do 
not exhibit ECG changes in the presence of hyperkalemia because 
of a protective effect of calcium fluctuations.87–89 Neurological 
manifestations include generalized muscle weakness and 
respiratory failure due to flaccid muscle paralyses.90–92

Abnormal ECG findings should command immedi-
ate attention and treatment when highly suggestive of 
severe hyperkalemia. Cardiac arrest caused by hyperka-
lemia has been shown to be associated with accompany-
ing ECG changes, multiorgan system failure, and emergent 

admission.93 Therefore, perioperative management of life-
threatening hyperkalemia depends on whether surgery is 
elective or urgent and on the perioperative timing of the find-
ing. With the widespread availability of sugammadex, succi-
nylcholine should be avoided or used with great caution if 
there is any concern for the acute development of hyperka-
lemia (eg, patients with muscle wasting from neurological 
injury or those who have been immobile for days in the ICU).94

Initial Management Steps. The first management step is 
avoidance of hyperkalemia and thus postponing of elective 
surgical cases in the setting of this condition and avoiding 
succinylcholine and prolonged propofol infusions for 
urgent/emergent cases with known hyperkalemia.86,95–97 
Respiratory acidosis should be corrected normalizing 
ventilation. Acute hyperventilation is to be avoided because 
it can contribute to hypotension by reducing venous return. 
Treatment with β-2 agonists (eg, salbuterol) and glucose 
with insulin can be initiated to promote potassium shift 
toward the intracellular compartment.98–101 Combined 
therapy with β-2 agonists and insulin is more effective than 
a single agent.102 The literature supports administration of 
calcium as a membrane stabilizer when ECG changes are 
present.102 In the setting of ongoing hemorrhage and blood 
administration (with citrate), preventative therapy with 
calcium may also be deemed justifiable.

Subsequent Assessment and Treatment Steps. If patient 
volume status is considered adequate and his or her renal 

Table 3.  Assessment and Management of Malignant Hyperthermia
Assessment Hypercapnia

Tachycardia
Tachypnea in nonparalyzed patients
Muscle rigidity/masseter spasm
Hyperthermia

Initial management Discontinue triggering volatile anesthetics and switch from the anesthesia ventilator to manual Ambu bag ventilation 
from a separate source of oxygen. If available, switch to a dedicated clean anesthesia ventilator or transport or ICU 
ventilator when feasible. Continue Etco2 monitoring

Stop surgery or procedure when feasible
If necessary, switch to intravenous anesthetic
Sodium dantrolene: give 2.5 mg/kg or 1 mg/lb initial dose. Repeat bolus of Na dantrolene, titrating to tachycardia and 

hypercarbia (10 mg/kg suggested upper limit, but more may be given as needed, up to 30 mg/kg)
Begin active cooling: ice packs to groin, axilla, and neck; cold intravenous solutions into the peritoneal cavity when 

feasible; nasogastric or peritoneal lavage when feasible
Stop cooling measures at 38°C to avoid overshooting
If hyperkalemia suspected by peaked ECG T waves or intraventricular conduction delay confirmed by high K serum level: 

10 mg/kg calcium chloride, 0.1 U/kg insulin, 50 mL D50w for adult or 1 mL/kg for pediatrics. Repeat as necessary
Metabolic acidosis: 100 mEq of HCO3− in adults, then titrate to pH 7.2. Normalize pH if confirmed rhabdomyolysis 

(suggested threshold, 10,000 IU/L CPK)#8232;
Respiratory acidosis: treatment is controversial due to adverse hemodynamic effects of hyperventilation if low-flow state 

is confirmed. (We suggest an initial goal of modest permissive hypercarbia with a goal Etco2 of 50–60 mm Hg)
Dysrhythmias: avoid calcium antagonists after Na dantrolene, potential for worsening hyperkalemia
Myoglobinuria with oliguria: place Foley catheter; increase rate of fluid resuscitation
Invasive pressure monitoring when feasible, more HCO3− to neutralize urine pH, consider intravenous mannitol
Supportive measures for disseminated intravascular coagulation
Call for help, including the MH hotline, if feasible (www.mhaus.org), call 1–800-644-9737 or 1-800-MH-HYPER in the 

United States and Canada; outside the United States, call 00112094173722

Subsequent management Monitor for recrudescence for 72 h and treat/cool as required
When the crisis is resolved: consider caffeine–halothane muscle biopsy in vitro contracture test, molecular genetic 

testing for genetic mutation analysis for patient’s relatives (sensitivity 25%)

Adapted from http://www.mhaus.org/.
Abbreviations: CPK, creatine phosphokinase; D50w, dextrose in water (50%); ECG, electrocardiogram; Etco2, end-tidal carbon dioxide; ICU, intensive care unit; 
K, potassium; MH, malignant hyperthermia.

www.mhaus.org
http://www.mhaus.org/
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function permits, loop diuretics may be administered in 
the hope of inducing potassium loss. Early and aggressive 
correction of potassium is important to avoid deterioration 
to cardiac arrest.93 Moderate quality evidence (retrospective 
observation) supports treatment with IV calcium chloride 
during adult hyperkalemic cardiac arrest.103 The use of 
bicarbonate to enhance intracellular shift of potassium is 
controversial.103,104 Selection bias may underlie the association 
of both therapies with poor cardiopulmonary resuscitation 
(CPR) outcomes, since both drugs are more likely to be 
used in critically ill patients and after prolonged CPR.104 If 
hyperkalemia is considered reversible, bridging therapy 
with extracorporeal life support should be considered.105 
Hemodialysis should be initiated as soon as possible after 
return of spontaneous circulation.106,107 There have been 
reports of successful outcome from hyperkalemic cardiac 
arrest with hemodialysis being initiated even during CPR.108–

111 Given that vascular access is often easily available in the 
operating room, blood purification is a pertinent option 
should hyperkalemic cardiac arrest occur perioperatively. 
Table 4 provides a full list of management steps.

Traumatic Cardiac Arrest
Epidemiology and Pathophysiology. Traumatic cardiac arrest 
(TCA) carries a high mortality rate, but in survivors, the 
neurological outcome appears to be much better than in other 
causes of cardiac arrest.112,113 Uncontrolled hemorrhage is the 
main cause of death (48%), followed by tension pneumothorax 
(13%), asphyxia (13%), and pericardial tamponade (10%).114 
A large systematic review reported an overall survival rate 
of 3.3% in blunt and 3.7% in penetrating trauma, with good 
neurological outcome in 1.6% of all cases.112

Presentation and Initial Assessment. Patients in TCA 
present with loss of consciousness, agonal or absent 

spontaneous respiration, and absence of a femoral or 
carotid pulse. The prearrest state is characterized by 
tachycardia, tachypnea, decreased pulse pressure, and a 
deteriorating conscious level. Hypotension may present 
late and beyond 1500 mL of blood loss. Beyond this stage 
(class III hemorrhagic shock), peripheral pulses will become 
absent, and the patient left untreated will typically proceed 
to pulseless electrical dissociation or asystolic cardiac arrest. 
Resuscitative efforts in TCA should focus on immediate 
assessment and simultaneous treatment of the hemorrhage 
and surgical control of the reversible causes (Figure 1).113,115

Initial Management Steps. Short prehospital times are 
associated with increased survival rates for major trauma 
and TCA. The time elapsed between injury and surgical 
control of bleeding should be minimized. When feasible, the 
patient should be immediately transferred to a designated 
trauma center for damage control resuscitation (DCR).116 
“Scoop and run” for these patients may be a better choice for 
survival than engaging on a long resuscitation on the field. 
While anesthesiologists in many international settings may be 
involved with prehospital care, being prepared to manage the 
airway and provide aggressive fluid resuscitation on patient 
arrival to the emergency room is also paramount. Successful 
treatment of TCA requires a team approach with all measures 
carried out rather in parallel than sequentially. The emphasis 
lies on rapid treatment of all potentially reversible pathology. 
In cardiac arrest caused by hypovolemia, cardiac tamponade, 
or tension pneumothorax, chest compressions alone are 
unlikely to be as effective as in normovolemic cardiac 
arrest.115,117–119 Therefore, chest compressions take a lower 
priority than the immediate treatment of reversible causes.

Ultrasonography should be used in the evaluation of the 
compromised trauma patient to target life-saving interven-
tions if the cause of shock cannot be established clinically.116,120 

Table 4.  Assessment and Management of Severe Hyperkalemia
Assessment Vertigo

Chest pain
Syncope
Bradycardia
Diminished p-waves on ECG
Peaked T-waves on ECG
Wide complex QRS on ECG
Heart block on ECG
Ventricular tachycardia
Ventricular fibrillation

Initial management Cardiac protection
 Administer calcium chloride or calcium gluconate 1–2 g IV. Repeat as required for ECG signs of hyperkalemia

Interventions to drive potassium into intracellular space (these are temporizing interventions)
 Administer 1 ampule of D50 and 10 units of insulin IV
 Administer 50 mEq of sodium bicarbonate
 Administer 4–10 puffs albuterol

Interventions to eliminate potassium or increase corporeal capacity
 Administer 20–40 mg furosemide IV, monitor urine output in response. Increase to 1–1.5 mg/kg if oliguric response
 Administer 30 or 60 g of kayexalate OG/NG/PR. Repeat as needed
 Initiate renal replacement therapy
 Transfuse washed pRBC (these units are hypokalemic and will avidly absorb serum potassium)
 In patients with hyperkalemic cardiac arrest, extracorporeal life support is appropriate while the cause of  

 hyperkalemia is being treated and the patient is undergoing treatment to definitively lower their serum potassium

Subsequent management Monitor serum potassium serially, continue to treat cause(s) of hyperkalemia

Abbreviations: ECG, electrocardiogram; IV, intravenous; OG, orogastric; NG, nasogastric; PR, per rectum; pRBC, packed red blood cell.
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Hemoperitoneum, hemothorax or pneumothorax, and car-
diac tamponade can be diagnosed reliably in minutes. Early 
whole-body computed tomography scanning as part of the 
primary survey may improve outcome in major trauma.121 
Whole-body computed tomography is increasingly employed 
to identify the source of shock and to guide subsequent hem-
orrhage control. Figure 1 shows the traumatic cardiac (peri-) 
arrest algorithm of the European Resuscitation Council, which 
is based on the universal ALS algorithm.122

Hypovolemia. The treatment of severe hypovolemic shock 
has several elements. The main principle is to achieve imme-
diate hemostasis. Temporary hemorrhage source control 
can be lifesaving. External hemorrhage can be treated with 
direct or indirect compression, pressure dressings, tourni-
quets, and topical hemostatic agents.116 Noncompressible 
hemorrhage is more difficult to control. External splints/
pressure, blood and blood products, IV fluids, and 
tranexamic acid (TXA) can be used during patient transport 
and until hemorrhage is controlled surgically. Resuscitative 
endovascular balloon occlusion is a promising alternative 
to aortic cross-clamping or manual aortic compression in 
patients exsanguinating from noncompressible torso inju-
ries and can serve as a bridge to definitive hemorrhage 

control.123,124 If the patient is in hypovolemic TCA, immedi-
ate restoration of the circulating blood volume with blood 
products is mandatory. Hyperventilation should be avoided 
in hypovolemic patients since positive-pressure ventilation 
may worsen hypotension by impeding venous return to the 
heart.125 Therefore, low tidal volumes and slow respiratory 
rates may be associated with a more acceptable circulation.

Hypoxemia. Hypoxemia due to airway obstruction and loss of 
ventilator drive has been reported as the cause of 13% of all 
TCAs.114 Immediate control of the airway and effective inva-
sive ventilation can reverse hypoxic cardiac arrest. However, 
positive-pressure ventilation should be applied with caution 
to limit its deleterious effect on venous return. Oxygen should 
be delivered at a fraction of 1.0, and ventilation should be 
monitored with capnography to avoid hyperventilation.116

Cardiac Tamponade and Resuscitative Thoracotomy. Cardiac 
tamponade is the underlying cause of approximately 10% 
of cardiac arrests in trauma.114 Where there is TCA and 
penetrating trauma to the chest or epigastrium, immedi-
ate resuscitative thoracotomy (RT; via a clamshell incision) 
can be life saving.126,127 The chance of survival from cardiac 
injury is about 4 times higher for stab wounds than for a 

Figure 1. This figure illustrates the appropriate steps in the assessment and management of a patient experiencing traumatic cardiac arrest. 
ACLS indicates advanced cardiac life support; BP, blood pressure; CT, computed tomography; FFP, fresh frozen plasma; PEEP, positive end-
expiratory pressure; pRBC, packed red blood cell.
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gunshot wounds.128 In 2012, an evidence review with resul-
tant guidelines stated that RT should also be applied for 3 
other categories of life-threatening injuries after arrival in 
hospital, which include blunt trauma with <10 minutes of 
prehospital CPR, penetrating torso trauma with <15 min-
utes of CPR, and penetrating trauma to the neck or extrem-
ity with <5 minutes of prehospital CPR.129 The guidelines 
estimate survival rates of approximately 15% for RT in 
patients with penetrating wounds and 35% for patients 
with a penetrating cardiac wound. In contrast, survival 
from RT after blunt trauma is dismal, with reported sur-
vival rates of 0%–2%.129,130 In the setting of the above pre-
sentation (ie, cardiac arrest with penetrating trauma), the 
prerequisites for a successful RT can be summarized as “4 
Es rule” (4E):

 (1) Expertise: RT teams must be led by a highly trained 
and competent health care practitioner.

 (2) Equipment: adequate equipment to carry out RT and 
to deal with the intrathoracic findings is mandatory.

 (3) Environment: ideally, RT should be carried out in 
an operating theatre; RT should not be carried out if 
there is inadequate physical access to the patient or 
if the receiving hospital is not easy to reach.

 (4) Elapsed time: the time from loss of vital signs to 
commencing an RT should not be >10 minutes.

If any of the 4 criteria are not met, RT is likely less effec-
tive and exposes the team to unnecessary risks.131

Subsequent Management and Treatment.  Damage control 
resuscitation is a term recently adopted in trauma resuscitation 
to improve outcome of uncontrolled hemorrhages. DCR 
combines permissive hypotension and hemostatic resuscitation 
with limited (damage control) surgical repair. Limited 
evidence and general consensus (https://www.nice.org.uk/
guidance/ta74) have supported a conservative approach 
to IV fluid infusion, with permissive hypotension until 
surgical hemostasis is achieved.132 In the absence of invasive 
monitoring, fluid resuscitation is titrated to maintain a radial 
pulse.133,134 Hemostatic resuscitation with blood and blood 
products is used as primary resuscitation fluids to prevent 
exsanguination, dilution of hemostatic blood components, 
and trauma-induced coagulopathy.135 The typical massive 
transfusion protocol recommends packed red blood cells, fresh 
frozen plasma, and platelets ratio of 1–2:1:1.136

Simultaneous damage control surgery and hemostatic resus-
citation using massive transfusion protocol are the principles of 
DCR in patients with exsanguinating injuries.116,135 Although 

Figure 2. An assessment and management algo-
rithm of right heart failure, which should be fol-
lowed in the case of suspected thrombotic or 
gaseous pulmonary embolism. CVP indicates 
central venous pressure; ECMO, extracorporeal 
membrane oxygenation; Hct, hematocrit; IABP, 
intra-aortic balloon pump; iNO, inhaled nitric 
oxide; PEEP, positive end-expiratory pressure; 
pRBC, packed red blood cells; PVR, pulmonary 
vascular resistance; RV, right ventricular; RVAD, 
right ventricular assist device; Scvo2, central 
venous oxygen saturation; Spo2, peripheral oxy-
gen saturation; SVO2, venous oxygen saturation; 
TEE, transesophageal echocardiography.

https://www.nice.org.uk/guidance/ta74
https://www.nice.org.uk/guidance/ta74
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the evidence for permissive hypotension during resuscitation 
is limited, particularly with regards to blunt trauma, permis-
sive hypotension has been endorsed in both civilian (https://
www.nice.org.uk/guidance/ta74) and military care, generally 
aiming for an SBP of 80–90 mm Hg.137 Caution is advised for 
patients with traumatic brain injury in whom a raised intra-
cranial pressure may require a higher cerebral perfusion pres-
sure. Specifically, the most recent Brain Trauma Foundation 
Guidelines for severe traumatic brain injury recommend main-
taining an SBP ≥100 mm Hg for patients 50–69 years of age or 
≥110 mm Hg for patients 15–49 years of age or older than 70 to 
improve outcomes and reduce mortality.138

Finally, TXA (loading dose 1 g over 10 minutes followed 
by infusion of 1 g over 8 hours) increases survival from trau-
matic hemorrhage.139,140 It is effective when administered 
within the first 3 hours after trauma; however, TXA should 
not be started any later than 4 hours after the injury because 
late dosing is associated with increased mortality.

Pulmonary Embolism
Epidemiology and Pathophysiology. Thromboembolism, 
venous gas embolism, and fat embolism are all well-
recognized complications that can occur during anesthesia 
and surgery. Venous thromboembolism is the most common 
cause of PE in periprocedural patients. Prophylaxis reduces 
its incidence, but cannot entirely prevent its occurrence.141 
Thromboembolism causes circulatory crisis via a 
combination of mechanical obstruction and the release of 
inflammatory mediators, both of which increase the right 
ventricular (RV) afterload.142 In severe cases, the associated 
increase in pulmonary vascular resistance is so great that 
the right ventricle is unable to maintain the cardiac output. 
As the RV fails, it typically dilates, and the interventricular 
septum flattens and shifts toward the left ventricle.

Presentation and Initial Assessment. Signs of PE under 
general anesthesia include the following: unexplained 
hypotension with concurrent decrease in Etco2; desaturation 
that is only moderately responsive to increased Fio2; transitory 
bronchospasm with increased airway resistance; rapid 
changes of heart rhythm (often dysrhythmias or bradycardia 
after a transitory tachycardia); unexplained increased of 
central venous pressure or all pulmonary pressures; and rapid 
progression to nonshockable cardiac arrest (usually PEA).

Management Steps. A strategy for managing RV shock 
in this situation is proposed in Figure 2. In approximately 
5% of cases, acute thromboembolism causes cardiac arrest, 
most often PEA.143,144 Echocardiography of the patient with 
RV shock will typically reveal RV dilation and dysfunction, 
with an underfilled left ventricle.145

The management of intraoperative or perioperative 
thromboembolism is highly dependent on the procedure 
and patient. Therapeutic options range from supportive 
measures only to anticoagulation to thrombolysis.143,144,146,147

Epidemiology and Pathophysiology. Gas embolism is an 
important cause of circulatory crisis and cardiac arrest in 
perioperative patients. As the number of procedures in which 
minimally invasive techniques involving gas insufflation 
increases, the frequency of intraoperative gas embolisms will 
likely increase.148 The risk for a venous air embolism increases 
when the surgical field is above the right atrium, particularly 
in patients with central venous pressure. The focus of 
hemodynamic support is on improving RV function.52

Common causes of gas embolism include laparoscopy, 
endobronchial laser procedures, central venous catheterization 
or catheter removal, hysteroscopy, pressurized wound irriga-
tion, prone spinal surgery, posterior fossa surgery in the sitting 
position, and endoscopic retrograde cholangiopancreatography. 
Nonoperative cause of vascular air embolism includes direct 
vascular access procedures and pressurized hemoperfusion.

Management Steps. All surgical procedures at risk of 
venous gas embolism should be specifically monitored. 
Right parasternal precordial Doppler ultrasound has very 
high sensitivity for air embolism (88%).149 Transesophageal 
echocardiography allows for recognition of air embolism 
size and location and assessment of ventricular function, 
but can be difficult or impossible to perform with some 
patient positions (eg, sitting) or procedures (eg, endoscopic 
retrograde cholangiopancreatography).150 Massive gas 
embolisms in awake patients have been characterized 
by breathlessness, continuous coughing, arrhythmias, 
myocardial ischemia, acute hypotension with loss of end-
tidal carbon dioxide, and cardiac arrest. Patients who survive 
any kind of an embolic event are likely to require continued 
evaluation and management for several hours in an ICU 
setting. Table 5 provides a full list of management steps.

Table 5.  Assessment and Management of Massive or Submassive Pulmonary Embolism
Assessment Significant hemodynamic instability or collapse during cases with high risk of thrombotic or air embolus

Etco2 that suddenly declines
Increased airway pressures
Consider early use of TEE to confirm diagnosis/rule out other treatable causes of pulmonary embolism

Initial management Prearrest
 If possible, stop the infusion of the gas or ask the surgeon to flood the surgical field
 Administer 100% oxygen and intubate for significant respiratory distress or refractory hypoxemia
 Place patient in Trendelenburg (head down) position and rotate toward the left lateral decubitus position
 Maintain BP with fluid resuscitation and vasopressors/β-adrenergic agents if necessary. (See the algorithm for RV  

 failure)
 Consider transfer to a hyperbaric chamber if immediately available

Cardiac arrest
 Circulatory collapse should be addressed with CPR and consideration of CPB/emergent thrombectomy if available

Subsequent management Consider the right ventricular shock algorithm

Abbreviations: BP, blood pressure; CPB, cardiopulmonary bypass; RV, right ventricular; CPR, cardiopulmonary resuscitation; TEE, transesophageal echocardiography.

https://www.nice.org.uk/guidance/ta74
https://www.nice.org.uk/guidance/ta74
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Postresuscitation Management
It is beyond the scope of this article to detail the appro-
priate steps of postresuscitation management. Current 
guidelines are available that specify the appropri-
ate management steps to maximize discharge from 
the hospital with a favorable neurological function as 
most important outcome parameters. Neurological, 
cardiovascular, and respiratory dysfunction are best 
managed in specialized ICUs where monitoring of elec-
troencephalogram, targeted temperature management, 
glucose management, correction of electrolytes, and 
management of blood gas parameters are all promptly 
available.151–153

CONCLUSIONS
The causes, logistics, and management of periproce-
dural crises and arrest differ substantially from those 
taught in the American Heart Association ACLS guide-
lines. Furthermore, current evidence illustrates the need 
for educational updates on concerning PPCA among the 
anesthesiology community, including review of current 
evidence, use of checklists, and simulation.11,154–157 The 
purpose of this review is to present the latest evidence 
and practical recommendations for managing 7 high-
stakes perioperative events that can lead to significant 
circulatory disturbance and PPCA. These are core topics 
for all practitioners who care for patients in the periproce-
dural setting, but they by no means represent an exhaus-
tive list of emergency conditions. It is incumbent upon all 
anesthesiologists to have a working knowledge of these 
clinical scenario and understanding of the current thera-
peutic options to maximize patient outcomes. E
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