I don't have the faintest idea of what to do! A 9-year-old with
recurrent syncope presents with acute appendicitis.

Moderators: Nathaniel Greene, MD and Lisa Caplan, MD
Guest Moderator: Marco Corridore MD
Institution: Baylor College of Medicine, Texas Children’s Hospital, Houston, Texas.
Goals:
1. Upon completion of this learning activity, participants should be able to define prolonged
QT on an EKG.
2. Upon completion of this learning activity, participants should be able to list 3 criteria that
can lead to the diagnosis of long QT syndrome.
3. Upon completion of this learning activity, participants should be able to select 2
medications that should be avoided in patients with long QT syndrome.
4. Upon completion of this learning activity, participants should be able to recognize 2 periods
intraoperatively that are the highest risk for torsades de pointes.
Case History:
Lil’ Jonny is a previously healthy 35 kg 9 year old male presents to your emergency department with two
days of progressively abdominal pain localizing to the right lower quadrant and persistent fever . An
ultrasound of his abdomen was positive for acute appendicitis, but when he was told that he would
need an appendectomy, he fainted and was found to have no palpable pulses. His mother immediately
delivered a forceful precordial thump which woke him back up and brought back his pulses. The ER
doctor ordered a 12 lead ECG and found the following ECG below.

Questions:
1. What does the ECG show? What is the HR? Is this sinus? What is the PR interval?
2. What is the QT interval? What is the QTc? Are these normal?
Upon further questioning, the mother reveals that Lil’ Jonny had more episodes of fainting recently, one
happened while watching his favorite movie, “Remember the Titans”. Another spell happened at a
baseball game after he hit the game winning home run. She remembers he crossed home plate, and
fainted as all of his teammates congratulated him. After Lil’ Jonny fell to the ground, he woke up shortly
after, but was thought to have been dehydrated since it was hot outside. He has two brothers, one
older, and one younger, and while the younger has also been healthy, the older one fainted during a
high school basketball game last week and was referred to see a pediatric cardiologist. His appointment
is next week at your hospital. Lil’ Jonny’s dad is out of the picture and has not been in touch with the
family since his little brother was born.
Questions:
1. Is there anything concerning about this history? Could this just be normal variant?
2. Do we have enough information to diagnose Lil’ Jonny with any disease?
3. Would this case be done at your hospital by a cardiac or non-cardiac anesthesiologist?
Reviewing his labs which are only significant for a WBC of 21,000/μl and a significant bandemia, Lil’
Jonny’s abdominal pain gets a lot worse and begins to scream. The general surgeon looks at you and
says, “We need to go to the operating room now!” with a very clear and stern voice.
Questions:
1. What might be the cause of Lil’ Jonny’s increased abdominal pain?
2. Are you ready to anesthetize this patient?

3. Should you get any more diagnostic studies?
4. Should you consult any other services?
After consent is obtained from the mother, you are wheeling Lil’ Jonny up to the OR as he is screaming
in the bed. You bring him into the operating room and as you enter, Lil’ Jonny suddenly becomes quiet
and loses consciousness. The attending surgeon delivers another precordial thump before you can take
out your PALS cards. This wakes Johnny up and now his screams are worse. He has developed some
bruising over his chest from the two thumps. Lil’ Jonny is brought over to the operating room table and
fortunately, still has a working 22G IV placed in the emergency room. The surgeon looks at you and
says, “Can you please put this child to sleep?”
Questions:
1. How would you induce Lil’ Johnny? What drugs would you use?
2. Do you have any specific physiologic goals?
3. After intubating, would you place any other lines?
Lil’ Johnny is induced easily, the endotracheal tube is placed swiftly and easily, and you are proud how
efficiently you induced anesthesia. The surgeon begins to operate, and you cringe upon insufflation, but
nothing remarkable happens. The surgeon removes the appendix that is surprisingly mostly intact, but is
treating him as a ruptured patient and wants him admitted to hospital. As the drapes are being taken off
and you are preparing to extubate awake, you notice one of your colleagues pushed reversal drugs and
ondansetron about 10 minutes ago while you were taking a quick break. You look up at the ECG monitor
and see the following rhythm:

The endotracheal tube is still in and he was spontaneously breathing, but he has stopped. The surgeons
have all left the room and it is just you and the scrub nurse as the circulator went to track down a
stretcher.
Questions:
1. What is this rhythm?
2. What is your next course of action?
After successful resuscitation of his heart rhythm, Lil’ Johnny begins to wake up. The surgeon informs
you he would like to discharge Lil’ Johnny in 2-3 days.
Questions:
1. Would you extubate Lil’ Johnny?
2. Where should he go postoperatively-PACU, PICU, or CVICU?
3. What else should you do before transferring care?

Discussion:
Jervell and Lange-Nielsen published a report in 1957 first describing Norweigen families with a long QT
interval, syncope, deafness and sudden death. A half a decade later Romano and Ward independently
published similar reports of a cardioauditory syndrome that was found to be autosomal dominant in
nature, and also associated with a long QT internval, syncope, and sudden death. Long QT syndrome is
characterized by electrocardiographic evidence of a long QT interval which is a disorder of myocardial
repolarization, usually associated with torsade de pointes, and sudden death. It is estimated that the
prevalance of CLQTS to be 1 in 5000. If left untreated, this highly leathal disease has a 20% mortality
rate after the first syncopal event, and approximately 50% within 10 years. More than 60% exhibit the
characteristic QT prolongations > 470 ms in males and 480 ms in females. Note that when discussing QT
prolongation, this refers to a corrected QT interval using the standard formula: (QT interval)/√(R-R
interval). The most recent definitions grade severity of QT interval prolongation differently for males
and females. In males, 450-469 msec is defined as borderline while > 470 ms is defined as abnormal. In
females, 460-479 ms is defined as borderline while > 480 ms is defined as abnormal. QT prolongation
can either be congenital or acquired as a side of effect of specific medications or electrolyte disorders.
There are twelve subtypes of CLQTS all linked to abnormalities of cardiac ion channels, resulting in
derangements of the outward potassium or inward sodium and calcium currents. The cumulative effect
of these abnormalities lengthens the myocyte action potential duration, prolonging repolarization, and
thus the QT interval. Depending on the subtype they can be inhereted in an autosomal dominant,
autosomal recessive, or sporadic fashion. LQTS sydrome types 1, 2, and 3 compose 90% of those
diagnosed with this disorder. Triggers for cardiac events depend upon the patient’s specific subtype.
For example in LQTS type 1 and 2, adrenergic stimulation in the form of exercise, loud noise, startle,
fear, and fright might generate a response. Sleep can cause events in those with LQTS3.
When there is EKG evidence of long QT and a family history of the syndrome, making the diagnosis is
often clear cut. When the diagnosis is more ambiguous, Schwartz and colleagues published a set of
diagnostic criteria in 1993 based upon a point system distinguishing how likely a patient is to have LQTS.
The criteria include evidence such as: QTc, Torsades, T wave abnormalities, slow heart rates, syncope
with and without stress, congenital deafness, family history of LQTS, or unexplained cardiac death.
Patients that meet 4 or more criteria have a high probability of LQTS. Those with 2-3 points have an
intermediate probability, and ≤ 1 have low probability. It is also important to rule out all causes of
acquired LQTS such as medications or electrolyte abnromalities.
Management strategies for CLQTS includes avoidance of medication, physiologic states and electrolyte
abnormalities that are known to prolong the QT interval, or inciting torsade de pointes due to increased
transmural dispersion of repolarization. There are many medications utilized in the perioperative period
that prolong the QT interval. However not all drugs that prolong the QT interval absolutely induce
torades de pointes, and these medications can be further subdivided into groups:
1) Drugs inducing both QT prolongation, characterized by a high torsadogenic potential
2) Drugs causing QT prolongation but with little, if any, ability to induce torsades.

3) Drugs causing both QT prolongation below a certain concentration, but inducing torsades once a
critical dose is exceeded.
Common medications that fall within the first category include (a more complete list is available
on www.torsades.org): sevoflurane, amiodarone, ondansetron, albuterol, ephedrine, and droperidol.
Electrolyte abnormalities such as hypokalemia, hypocalcemia, and hypomagnesemia can all prolong the
QT interval and thus cause derangements in myocyte repolarization. Close monitoring for physiologic
stressors such as sympathetic stimulation, hypercapnia, and hypoxemia can also be triggers for cardiac
events in this disease as well.
Treatment options for patients with CLQTS range from pharmacological to interventional. Traditionally
patients are placed on beta blockade as first line therapy. Beta blockers have been shown to effectively
reduce mortality in these patients by decreasing the number of overall cardiac events in the form of
syncope, aborted cardiac arrest, unexpected sudden death < 41 years of age, or unexpected death
during CLQTS related surgery. However, beta blocker therapy alone has not demonstrated the ability to
stop these events from occuring. Approximately 25% of patients continue to have syncope or cardiac
arrests after initiation of beta blockade, and go on to receive an implanted cardioverter defibrillator. A
left cardiac sympathetic denervation is reserved for those patients who’s ICD repeatedly fires. While
this management tends to be controversial, some studies suggest it decreases the number of
defibrillator firings by > 90%.
The general goal of anesthetic management in patients with CLQTS is to avoid malignant arrhythmias
such as torsades de pointes, and safely provide conditions to intubate, emerge, and extubate.
Surveillance for light or insufficient anesthesia, hypertension, bradycardia, tachycardia, hypoxemia, and
hypocapnia/hypercapnia should be avoided as they potentially affect repolarization of the cardiac
myocyte, augment sympathetic tone, and thus prolong QT. In the preoperative period, administration
of an anxiolytic has the advantage of decreasing sympathetic tone by reducing emotional stress which
can trigger some forms of CLQTS, such as type 2. Midazolam is a well studied medication that does not
seem to alter the QT interval, while it is best to avoid the sympathic stimulation of ketamine.
When performing an IV induction, there are many drugs to choose from. Thiopental, which is no longer
widely available, has been shown to alter the QT interval and theoretically increase risk for torsades.
Ketamine is another induction mediation that should be used with caution in this condition as the
sympathetic stimulation caused by this mediation might alter myocyte repolarization. Etomidate is also
believed to have little hemodynamic effects, but care should be taken to use some other adjunct when
using this drug to ensure adequate anesthesia during laryngoscopy. Propofol does not appear to
adversely affect the QT interval, and as such, a total IV anesthetic technique using propofol has been
advocated by some as a safer technique. Nonetheless, most of these patients receive volatile agents,
and historically have received isoflurane as it was believed that this agent, compared to desflurane and
sevoflurane, seems to have the least effect on the QT interval. Subsequent studies haven’t found as
much of a difference, and there have been no clinical studies demonstrating superiority of one volatile
agent over another. There have been mixed reports in the literature regarding the effects of

dexmedetomidine on the QTc. Some reports have found evidence to support no effect on the QTc while
others have found evidence to support an increase of the QTc. Based on a brief review of the literature,
there does not seem to be sufficient evidence that dexmedetomidine prolongs QTc, but even if it does,
it is often accompanied by bradycardia, which would be protective from developing a tachyarrhythmia
with a prolonged QTc. More evidence is needed to make a conclusive statement, but there is certainly
not overwhelming evidence to support an increase in QTc.
Emergence from anesthesia also can pose a danger to patients with long QT as common neuromuscular
blockade reversal agents, such as neostigmine, have been shown to prolong the QT interval further as
well as a number of medications commonly used to prevent postoperative nausea and vomiting, such as
ondansetron and droperidol. In a recent review of children with long QT syndrome who underwent
noncardiac surgery, adverse events were seen only in those children who received both neuromuscular
blockade reversal and ondansetron administration. Narcotics have demonstrated relatively little effect
on the QT interval, with the exception of methadone, which definitely has a significant dose-dependent
prolongation effect.
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