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Stem Case and Key Questions Content 
Your case is a 6-year-old male with a history of recurrent tonsillitis scheduled for tonsillectomy and 
adenoidectomy. 
 
The patient has no other past medical history except for an abnormal electrocardiograph (EKG). The 
parents deny any respiratory symptoms or recent illnesses in their son. The patient has no past 
surgical history, no drug allergies, and takes no medications. He has fasted for 10 hours prior to the 
scheduled procedure. His last episode of tonsillitis was 6 weeks ago. 
 
According to your electronic medical record, no cardiology visits or EKG’s are available for your 
review but the mother gives you a photocopy of the most recent EKG from 5 months ago: 
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James Heilman, WPW 2012, Wikimedia Commons, Creative Commons Attribution-Share Alike 3.0 
Unported license, http://commons.wikimedia.org/wiki/File%3AWPW2012.jpg 
 
The patient has the following vital signs today: 
- Temperature (oral) 36.7 degrees Celsius 
- Respirations 20 
- Heart rate 106 
- Blood pressure 102/54 
- Room air oxygen saturation 99% 
- Patient weight: 25 kg 
 
1. What is your interpretation of this EKG? Is there any additional information you would ask 
the parents regarding the cardiac condition of their son? Is this patient optimized to go to the 
operating room? If not, what additional information would you request?  
 
Upon further interviewing the mother, you determine that the patient was first diagnosed about 2 years 
ago when the mother brought the patient to the Emergency Department (ED) for a suspected upper 
respiratory infection. She recalls that the patient was coughing and complaining that his chest hurt; 
this resulted in the EKG being ordered. The patient was discharged from the ED after a few hours, 
given antibiotics for a suspected middle ear infection, and an appointment with a pediatric cardiologist. 
 
The patient saw the pediatric cardiologist 2 days after the ED visit. The mother recalls that an EKG 
was done which had a normal heart rate. The cardiologist told the mother that the EKG had an 
abnormal pattern but the heart rate was normal. The cardiologist recommended no additional therapy 
unless the rapid heart rate returns. The patient underwent a transthoracic echocardiogram and an 
exercise stress test; both were reported by the mother to be normal. 
 
The mother reports that the patient has excellent exercise tolerance and has not had a recurrence of 
the rapid heart rate. The mother followed up 5 months ago with the same pediatric cardiologist for a 
2nd visit; the cardiologist has continued the plan for no medications, no activity restrictions, and yearly 
follow-up appointments. 
 
2. What is the incidence of Wolff-Parkinson-White (WPW) syndrome? How is WPW syndrome 
typically diagnosed and what types of conditions may occur at an increased frequency? What 
are the common therapies available to manage WPW syndrome? 
 
You have decided that the patient is optimized to receive general anesthesia for this procedure. The 
patient has been brought into the operating room. Standard monitors have been applied. 
 
3. What are the anesthetic implications for a patient with WPW syndrome? Describe how your 
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perioperative anesthetic plan will differ for this patient when compared to a patient without 
WPW syndrome.  
 
Induction of general anesthesia was uneventful. Vital signs are stable; the airway was secured with an 
Oral-RAE tracheal tube. 
 
Approximately 2 minutes after surgical incision, the patient suddenly develops a blood pressure of 
58/36 with the following electrocardiogram (EKG) tracing: 
 

 
 
SVT Lead II, Wikimedia Commons, this work has been released into the public domain, 
http://commons.wikimedia.org/wiki/File:SVT_Lead_II.JPG 
 
4. Suppose the code cart was not present within the operating room. What are your initial 
steps while the code cart is being obtained? Do you have an instinctive series of actions that 
you follow when any intraoperative crisis has just occurred? If so, describe your initial 
intraoperative crisis management plan (e.g. notify surgeon, etc.)? 
 
5. What is Crisis Resource Management (CRM)? How can CRM be useful during an 
intraoperative crisis? What are the main components of CRM? Name several specific actions 
that would be considered effective CRM during this intraoperative resuscitation. 
 
6. What is your interpretation of this EKG? What is your management plan? What is your next 
plan if the initial therapy is ineffective? If medications are ineffective, what other choices in 
management are indicated for this patient? 
 
After the 3rd round of electrical therapy, the following rhythm is present on the monitor: 
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Chikumaya, V f, Wikimedia Commons, this work has been released into the public domain, 
http://commons.wikimedia.org/wiki/File:V_f.png 
 
7. What is your interpretation of this EKG? If required, what would be the order in which 
Pediatric Basic Life Support (BLS) should be performed? If your initial therapies are 
ineffective, what are your next steps in management for this rhythm? Would you administer 
vasopressin? If you thought the rhythm was Torsade de pointes, are there any specific 
therapies in addition to the standard PALS guidelines? 
 
8. Hypothetically, suppose the rhythm developed into the one depicted in the following figure: 
 

 
 
James Heilman, Sinus bradycardia lead2, Wikimedia Commons, Creative Commons 
Attribution-Share Alike 3.0 Unported license, 
http://commons.wikimedia.org/wiki/File:Sinus_bradycardia_lead2.svg 
 
What is your interpretation and management of this EKG? Do you need any additional 
information to determine what therapies are required? If these therapies are ineffective, what 
are your next steps in management of this rhythm? 
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9. According to the American Heart Association, what are some common etiologies that 
should be considered in any child that develops cardiac arrest? How does this differ in the 
perioperative environment? 
 
The patient has been effectively resuscitated. After discussion with the surgeon, you have decided to 
transfer the patient with a tracheal tube in place to the Intensive Care Unit (ICU). 
 
10. What is your recommendation to the ICU team regarding the oxygen concentration that this 
patient should receive? 
 
You have given report to the ICU physician and concluded transferring care to the ICU team. 
 
 
Model Discussion Content 
Pediatric Advanced Life Support (PALS), created by the American Heart Association, consists of 
nationally accepted guidelines and algorithms for cardiac resuscitation in the pediatric patient. Wolff-
Parkinson-White (WPW) syndrome is a disorder characterized by a shortened PR interval on the 
electrocardiogram (EKG)1 and tachydysrhythmias. WPW syndrome is a condition becoming 
recognized more frequently and that has important perioperative implications to the anesthesiologist. 
The typical age for onset of symptoms from WPW syndrome places pediatric patients at significant 
risk. Patients with WPW syndrome are at increased risk for cardiac events including supraventricular 
tachycardia (SVT) and sudden death3. Crisis Resource Management (CRM) can be described as a 
collection of principles focusing on effective interpersonal interactions and behaviors during a medical 
crisis8. 
 
WPW syndrome is a preexcitation disorder resulting from the presence of abnormal conductive 
cardiac tissue between the atria and the ventricles2. WPW syndrome can result in the development of 
supraventricular tachycardia from conduction of an atrial impulse via an additional atrioventricular 
(AV) muscular connection; this connection is commonly referred to as an accessory pathway (AP)5. 
The AP allows electrical conduction between the atria and ventricles at sites other than the AV node. 
Passage through an AP avoids the usual conduction delay between the atria and ventricles, which 
normally occurs at the AV node, and may predispose the patient to develop tachydysrhythmias5. The 
most common bypass tract is an accessory AV pathway also referred to as a Kent bundle; this is the 
anomaly seen in WPW syndrome1. The presence of an AP creates the potential for reentrant 
tachycardia circuits to be established or for tachycardia in the setting of atrial fibrillation or atrial flutter. 
The reentrant mechanism is the typical cause of SVT for patients with preexcitation. 
 
The incidence of WPW syndrome ranges from 0.1 to 3 cases per 1000 in otherwise healthy persons. 
This includes only patients that manifest preexcitation (delta wave present on a 12-lead ECG); 
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approximately 60-70% of these individuals have no other evidence of heart disease and is referred to 
as having WPW pattern3. WPW syndrome, as well as associated preexcitation disorders, may have a 
genetic component. 
 
WPW syndrome is found in persons of all ages. However, most patients with WPW syndrome present 
during infancy with additional peaks of presentation during school ages and adolescence. The 
prevalence of WPW syndrome decreases with age due to an apparent attenuation of conduction 
speed in the AP. Approximately 25% of patients lose preexcitation over a 10-year period perhaps due 
to fibrotic changes at the site of insertion of the accessory bypass tract resulting in loss of electrical 
conduction properties between cardiac chambers. Cases have been reported describing EKG 
evidence of preexcitation that disappears completely3. The WPW pattern appears to affect both sexes 
equally; however, WPW syndrome has been found to be more frequent in males. 
 
Classic electrocardiographic features of WPW pattern include a shortened PR interval (120 
milliseconds) producing a delta wave, and ST-T wave changes5. The vast majority of WPW patients 
have otherwise normal cardiac physical examination findings. 
 
Patients with WPW syndrome have a broad range of clinical presentations. They may be clinically 
asymptomatic1 and perhaps unaware that they have the syndrome5. In contrast, some patients may 
present with supraventricular tachycardia, ventricular fibrillation or even sudden cardiac death. 
Patients with WPW syndrome are at an increased risk for life-threatening ventricular arrhythmias due 
to extremely fast conduction across the bypass tract if they develop atrial flutter or atrial fibrillation. 
Patients may report mild chest discomfort, palpitations, tachypnea, or syncope, while an infant with 
WPW syndrome may frequently be irritable, not tolerate feedings, or demonstrate evidence of 
congestive heart failure (CHF). The ventricular rate typically is 200-250 bpm, and the blood pressure 
may be decreased. If the episode has been untreated for several hours, the patient may also develop 
poor perfusion, hepatomegaly, and cardiac failure. 
 
The diagnosis of Wolff-Parkinson-White (WPW) syndrome is typically made with EKG monitoring in 
conjunction with the history and physical examination1. Echocardiography is typically normal. Stress 
testing is an ancillary test that may be used to reproduce transient paroxysmal SVT and to determine 
the relationship of exercise to the onset of tachycardia. Electrophysiology Studies (EPS) may also be 
indicated4. 
 
The main treatment approaches for patients with WPW syndrome are pharmacotherapy and EPS with 
Radiofrequency (RF) catheter ablation4. EPS with ablation is the first-line treatment for symptomatic 
WPW syndrome as well as for many asymptomatic patients; it has replaced surgical treatment and 
most pharmacotherapies. RF catheter ablation is relatively safe with an overall complication rate of 
approximately 1%; success rates for RF catheter ablation exceed 90%4. The treatment of acute onset 
of SVT will be discussed in a forthcoming portion of this discussion. 
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Anesthetic implications for the patient with WPW syndrome include an increased risk of 
supraventricular arrhythmias, ventricular arrhythmias, and sudden death4. Most patients with an 
isolated WPW pattern will be managed as if they have WPW syndrome. The main goals are to avoid 
conditions that increase sympathetic stimulation and have increased vigilance for tachyarrhythmias. 
Conditions that increase sympathetic stimulation should be prevented by the use of sufficient 
preoperative anxiolysis, insuring adequate levels of anesthesia such as during laryngoscopy, and 
appropriate administration of postoperative analgesia15. Conditions that increase sympathetic 
stimulation include hypothermia, hypertension, hypoxemia, and hypercapnia. Anesthetic techniques 
that should be considered may include deep extubation, parental presence during induction of 
anesthesia, and the use of regional anesthesia. Increases in vagal tone may also inhibit normal AV 
conduction and perhaps promote conduction via the AP. 
 
Anesthetic management for patients with WPW syndrome requires appropriate preparation4. A code 
cart with a defibrillator should be immediately available. Resuscitation drugs should also be readily 
accessible including adenosine. Continuous EKG monitoring should occur in the intraoperative and 
postoperative periods. Increased vigilance for the development of supraventricular arrhythmias cannot 
be overemphasized. Empiric placement of defibrillation pads should be considered13. No specific 
anesthesia technique has been determined to be superior for a patient with WPW syndrome. 
However, medications that precipitate tachycardia such as anticholinergics (e.g. atropine, 
glycopyrrolate), sympathomimetics (e.g. ketamine, ephedrine), and antimuscarinics (e.g. neostigmine) 
should be avoided if possible. Currently available volatile anesthetic agents, excluding desflurane, 
have no significant effect in patients with WPW syndrome15. Medications with no significant effect in 
patients with WPW syndrome include propofol, fentanyl, rocuronium, benzodiazepines, and nitrous 
oxide. In contrast, digoxin and verapamil should be avoided in patients with WPW syndrome since 
both medications can significantly increase the ventricular response due to a decrease in conduction 
through the AV node15. 
 
The first EKG in this case scenario illustrates sinus rhythm at a ventricular rate of approximately 75 
beats per minute. In addition, the EKG has delta waves easily visible in most leads resulting in a 
shortened PR interval. Additional historical information from the parents would include determining if 
the patient has ever has a known episode of tachycardia (other than the 1st episode which was 
associated with an infection), particularly with exercise, been placed on cardiac medications, and if 
consideration for EPS with Radiofrequency (RF) catheter ablation has ever been entertained. Review 
of the previous medical records particularly if cardiac testing was performed may also be meaningful. 
Based on the history given by the parents, lack of recurrence of cardiac symptoms or tachycardia, 
currently well appearing, and a negative physical examination, most providers would conclude that 
this patient is medically optimized for this elective surgical procedure. However, the parents should be 
informed that their child does have an increased risk for the development of tachydysrhythmias 
especially SVT. 
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Many anesthesia providers report that they have developed an instinctive series of actions to follow 
after a generic intraoperative crisis has occurred8. These series of actions would occur prior to 
instituting the PALS guidelines. One example of a generic initial intraoperative crisis plan (not in any 
particular order but in most situations can be accomplished in a short period of time) includes: 
 
-Call for help/Notify surgeon 
-Call for additional equipment/supplies (e.g. code cart, Malignant Hyperthermia cart) 
-Turn vaporizers off/medication infusions modified 
-Increase to 100% oxygen concentration 
-Open intravenous fluids 
-Listen to breath sounds/verify airway 
-Check pulse/Assess vital signs/Start CPR if indicated 
 
Crisis Resource Management (CRM) refers to a group of principles emphasizing interpersonal 
interactions and behaviors focusing on effective management of a medical crisis6. The background of 
CRM originates in the aviation industry7 which is often referred to as Crew Resource Management9. 
The key elements of team performance and CRM have been described in many different formats. 
However, CRM has several key principles such as emphasizing leadership, communication, 
teamwork, resource utilization, and situational awareness8. Starting in 2005, the Pediatric Advanced 
Life Support course includes a section on effective resuscitation, communication, and team dynamics. 
Many medical simulation activities also emphasize CRM principles11. CRM can be useful during a 
medical crisis by having an organized process to effectively manage the entire team as well as 
system-wide resources. 
 
One example of a comprehensive version of CRM which is applicable to the perioperative 
environment has been developed by the Department of Anesthesiology at Stanford University. The 
key components of CRM can be summarized along with an example of a corresponding specific 
action that would typically occur during a perioperative medical crisis9: 
 
-Solicit help early: call for an additional anesthesiologist, surgeon, or perhaps anesthesia technician 
-Anticipate and plan: empirically place defibrillator pads on the patient 
-Know the environment: recognize that the pharmacy is in another building and that advanced 
ordering of medications must occur 
-Use all available information: prior to induction recognize that this patient is at increased risk for SVT 
-Use cognitive aids: review the Pediatric Advanced Life Support, Tachycardia Algorithm during the 
medical crisis to avoid overlooking a treatment strategy 
-Communicate effectively: use closed-loop communication, delegate to specific individuals by name, 
routinely summarize treatment status to team, encourage suggestions 
-Appropriately distribute workload: anesthesia provider to manage airway, nursing to recorder role, 
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surgeon for chest compressions or vascular access 
-Establish leader and role clarity: early in crisis clearly state who is team leader as well as delineate 
roles to team members. 
 
In late 2010, the American Heart Association (AHA) released the most recent updates to the Pediatric 
Basic Life Support (BLS) and Pediatric Advanced Life Support (PALS) guidelines11,12. Most of the 
PALS 3 key algorithms have been predominantly unchanged from the last version in 2005. However, 
a major change in the 2010 Pediatric BLS guidelines was made regarding the order of 
cardiopulmonary resuscitation. The previous “ABC” order of airway, breathing, and then circulation 
has been replaced with “CAB”; this sequence requires chest compressions to be started before 
providing rescue breathing.The change from “ABC” to “CAB” was made by the AHA for the following 
reasons12: 
 
-Desire to have one algorithm for adults and children 
-Better outcome in adults if compressions started early 
-Minimal delay in starting ventilations for children 
-Less delay in ability to start chest compressions 
-Unwillingness to provide rescue breaths by laymen. 
 
Other relevant changes made to the 2010 Pediatric BLS guidelines include12: 
-Pulse check: take no longer than 10 seconds 
-If no pulse or unsure, start chest compressions 
-“Look, listen, and feel” terminology eliminated 
-Apply an Automatic External Defibrillator (AED) if available 
-May use a standard AED in all patients if a pediatric attenuator is unavailable. 
 
Other significant changes made to the 2010 PALS guidelines include11: 
-Use of continuous pulse oximetry is strongly recommended 
-Appropriate to use 100% oxygen concentration during resuscitation 
-Once stabilized, titrate oxygen concentration to maintain an oxygen saturation of >94% 
-No recommendation for the routine use of cricoid pressure during tracheal intubation for prevention of 
pulmonary aspiration 
-Calcium and sodium bicarbonate are not routinely recommended 
-Single ventricle: consider the use of heparin, goal to maintain an oxygen saturation of approximately 
80%, consider the use of medications to lower systemic vascular resistance, and use of 
extracorporeal membrane oxygenation (ECMO) 
-Pulmonary Hypertension: consider the use of inhaled nitric oxide, prostacyclin, and ECMO 
-Etomidate is not recommended for patients with septic shock 
-No reliable predictors to guide termination of resuscitation efforts 
-Vasopressin is not part of the PALS guidelines. 
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According to the most recent BLS guidelines12, chest compressions should be started first and without 
delay. The oxygen concentration should be 100% with the vaporizers turned off13. Emergency drugs 
can be delivered by endotracheal or intraosseous routes if loss of intravenous access should occur. 
The smaller defibrillator paddles are used for infants less than 1 year old or less than 10 kg11. 
 
The 2nd rhythm illustrated in this case depicts supraventricular tachycardia (SVT). The Tachycardia 
Algorithm of the 2010 PALS guidelines11 assumes a pulse is present but also with evidence of poor 
perfusion. First, determine if the QRS duration is narrow or wide. If the QRS duration is narrow, 
assume either sinus tachycardia or SVT is present. SVT is a rapid, regular rhythm with nonidentifiable 
P waves. SVT may be distinguished from sinus tachycardia by a rate that is usually greater than 220 
in infants and greater than 180 in children. SVT with a pulse can initially be treated with adenosine if 
intravenous access is present or synchronized cardioversion9,11. Vagal maneuvers may be attempted 
first as long as no delay occurs in providing drug or electrical therapy. Adenosine is administered at a 
dose of 0.1 mg/kg followed by 0.2 mg/kg if the first dose is ineffective. Adenosine must be flushed in 
rapidly during its administration. Adenosine is effective in approximately 90% of reentrant narrow-
complex tachycardias. However, a defibrillator must be immediately available in the event that a new 
dysrhythmias emerges after adenosine administration such as atrial flutter or atrial fibrillation. The 
administration of adenosine if atrial flutter or atrial fibrillation is present may result in the development 
of ventricular arrhythmias such as ventricular fibrillation. If adenosine is ineffective or if intravenous 
access is not present, synchronized cardioversion is used with an initial dose of 0.5-1 J/kg followed by 
2 J/kg for further attempts13. If cardioversion remains ineffective, consultation with a pediatric 
cardiologist is strongly encouraged11. In addition, amiodarone 5 mg/kg given over 20-60 minutes or 
procainamide 15 mg/kg given over 30-60 minutes should be administered. 
 
If a wide QRS duration is present, treat as presumptive ventricular tachycardia using synchronized 
cardioversion at 0.5-1.0 J/kg followed by 2 J/kg if ineffective9,11. If cardioversion is ineffective, 
consultation with a pediatric cardiologist is strongly encouraged. In addition, amiodarone 5 mg/kg IV 
given over 20-60 minutes or procainamide 15 mg/kg IV given over 30-60 minutes should be 
administered. 
 
The most recent 2010 PALS Pulseless Arrest Algorithm11 incorporates 4 cardiac rhythms that are 
divided into shockable and not shockable categories. Pulseless electrical activity (PEA) and asystole 
comprise the not shockable rhythms. Ventricular fibrillation (VF) and pulseless ventricular tachycardia 
(VT) include the shockable rhythms. The first decision to be made is if the rhythm is shockable 
(VF/VT) or not shockable (Asystole/PEA). 
 
The third rhythm illustrated in this case depicts ventricular fibrillation (VF). For shockable rhythms 
such as VF or VT, defibrillate one time at 2 J/kg and resume cardiopulmonary resuscitation (CPR) 
immediately10,11,13. Five cycles of CPR follow (which typically takes 2 minutes). If the rhythm is still 
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shockable, defibrillate once at 4 J/kg and immediately resume CPR. After defibrillation, epinephrine is 
given every 3-5 minutes. The dose for epinephrine is 10 mcg/kg (IV or IO) and 100 mcg/kg if given via 
the endotracheal tube. Five cycles of CPR then occur followed by evaluation of the rhythm. If the 
rhythm is shockable, defibrillate at 4 J/kg followed by resuming CPR. One then will administer a bolus 
of amiodarone 5 mg/kg IV13. This cycle of 1 shock followed by 5 cycles of CPR is repeated until a 
decision is made to terminate efforts or the rhythm becomes not shockable. 
 
If the rhythm is not or becomes shockable, follow the asystole/PEA portion of the Pulseless Arrest 
Algorithm11,13. Resume CPR and administer epinephrine every 3-5 minutes in the same doses as for 
VF/VT10,12. After 5 cycles of CPR, reevaluate the rhythm to determine if it is shockable or not 
shockable. 
After this has been determined, follow the appropriate algorithm. 
 
The fourth rhythm illustrated in this case depicts bradycardia. The Bradycardia Algorithm of PALS11 
assumes that cardiorespiratory compromise is present and the heart rate is < 100. If the EKG displays 
bradycardia but no pulse is present, use the PEA section of the PALS Pulseless Arrest Algorithm. 
Initiate chest compressions if the heart rate is <60 and poor perfusion is present9,11,13. According to 
the PALS guidelines, if symptomatic bradycardia is still present administer epinephrine 10 mcg/kg IV 
(intravenous)/IO (intraosseous) every 3-5 minutes10. If increased vagal tone or primary AV 
(atrioventricular) block is present, administer atropine 0.02 mg/kg; minimum dose 0.1 mg, maximum 
total dose 1 mg11. Cardiac pacing should be strongly considered for patients refractory to medical 
therapy or if pacemaker dependent. Transcutaneous pacing can be promptly initiated from the 
defibrillation pads present on most code carts. 
 
The AHA PALS guidelines11 recommend searching for reversible causes of cardiac compromise. For 
simplicity, many of these common etiologies for cardiac compromise can be classified as the “H’s and 
T’s” and should be strongly considered during resuscitation of a child: 
 
H’s: hypovolemia, hypoxia, hydrogen ion (acidosis), hypoglycemia, hypo/hyperkalemia, hypothermia 
 
T’s: tension pneumothorax, tamponade (cardiac), toxins, thrombosis (pulmonary, cardiac). 
 
Many of the previously mentioned conditions should be considered in context when in the 
perioperative environment. For example, tension pneumothorax should be considered in a patient that 
recently underwent central line placement while a trauma patient may have developed hypoxia due to 
a pulmonary contusion. 
 
Postresuscitation care should include maintenance of oxygenation and central perfusion. According to 
the PALS guidelines11, it is appropriate to use 100% oxygen concentration during resuscitation and if 
clinically indicated. These guidelines also recommend to titrate the oxygen concentration to maintain 
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an oxygen saturation of >94% once the patient has been stabilized9,13. A prolonged duration of 
exposure to high oxygen concentrations has been associated with increased oxidative injury after 
ischemia reperfusion. Recent data from adult studies suggest that lower oxygen concentrations may 
reduce the risk for oxidative injury13. Furthermore, a recent study has shown a strong association 
between postoperative encephalopathy and intraoperative cerebral hypoperfusion14. 
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