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General anesthesia using propofol infusion for 
implantation of an implantable cardioverter 
defibrillator in a pediatric patient with Andersen-Tawil 
syndrome: a case report
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Andersen-Tawil syndrome (ATS) is a rare genetic disease characterized by a triad of episodic flaccid muscle 
weakness, ventricular arrhythmias, and physical anomalies. ATS patients have various cardiac arrhythmias that 
can cause sudden death. Implantation of an implantable cardioverter-defibrillator (ICD) is required when 
life-threatening cardiac arrhythmias do not respond to medical treatment. An 11-year-old girl underwent surgery 
for an ICD implantation. For general anesthesia in ATS patients, anesthesiologists should focus on the potentially 
difficult airway, serious cardiac arrhythmias, such as ventricular tachycardia (VT), and delayed recovery from 
neuromuscular blockade. We followed the difficult airway algorithm, avoided drugs that can precipitate QT 
prolongation and fatal cardiac arrhythmias, and tried to maintain normoxia, normocarbia, normothermia, 
normoglycemia, and pain control for prevention of sympathetic stimulation. We report the successful application 
of general anesthesia for ICD implantation in a pediatric patient with ATS and recurrent VT. 
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INTRODUCTION

Andersen-Tawil syndrome (ATS) is a rare genetic 
disease with autosomal dominant transmission, caused by 
variants of KCNJ2. ATS is characterized by a triad of 
episodic flaccid muscle weakness, ventricular 
arrhythmias, and physical anomalies, including low-set 
ears, widely spaced eyes, small mandibles, fifth-digit 
clinodactyly, syndactyly, short stature, and scoliosis [1]. 
ATS-related symptoms vary widely and cardiac 

arrhythmias with varying severities, such as premature 
ventricular contraction (PVC), extrasystole, and 
ventricular tachycardia (VT), may occur. Serious cardiac 
arrhythmias can cause sudden death in ATS, and 
implantation of an implantable cardioverter-defibrillator 
(ICD) is required when cardiac arrhythmias that can be 
life-threatening, such as frequent VT, do not respond to 
medical treatment [2]. When general anesthesia is 
required in ATS patients, the clinical triad of these 
patients presents various challenges for anesthesiologists, 
including difficult airways, perioperative ventricular 
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Fig. 1. Dysmorphic facial features of the patient. The patient has a small mandible (A), mild retrognathia, and short thyromental distance (B and
C).

arrhythmias, and delayed recovery from neuromuscular 
blockade. We report the successful administration of 
general anesthesia during ICD implantation in a pediatric 
patient with ATS and recurrent VT. 

CASE REPORT

  Written informed consent was obtained from all 
parents. An 11-year-old girl (height 130.8 cm, weight 
32.2 kg) experienced her first epileptic attack during light 
exercise. She had a recent history of periodic muscle 
weakness and micrognathia identified on physical 
examination. Her father and younger sister also had a 
similar appearance and a history of frequent PVCs. Basic 
exams, including 24-hour Holter monitoring and genetic 
testing, were performed. Finally, she was diagnosed with 
KCNJ2-mutation ATS. The results of 24-hour Holter 
monitoring showed sustained VT for 1 min, non-sustained 
VT (NSVT) that occurred 7 times, and isolated PVCs 
constituting 4% of all beats. Medical treatment was not 
effective in treating her critical arrhythmia despite the use 
of β-blockers, such as propranolol and nadolol, and 
antiarrhythmic drugs, such as flecainide and mexiletine. 
She had another four episodes of seizures or loss of 
consciousness caused by VT. A subsequent Holter 
monitor showed PVC bigeminy, sustained VT for 1 min, 

and frequent NSVT. We decided to implant an ICD due 
to symptomatic and recurrent VT. 
  We considered utilizing general anesthesia due to the 
patient’s age and the advantages for dealing with unstable 
hemodynamic changes. We recognized difficult airway, 
ventricular arrhythmia, and the possibility of delayed 
recovery from neuromuscular blockade as anticipated 
risks related to ATS for general anesthesia. Endotracheal 
intubation was planned with reference to the difficult 
airway algorithm described in the 2022 American Society 
of Anesthesiologists guidelines [3] due to her small 
mandible, mild retrognathia, and short thyromental 
distance (Fig. 1). Before the induction of anesthesia, ID 
5.0, 5.5, and 6.0, cuffed endotracheal tubes were secured, 
and pre-emptive preparations were made for the laryngeal 
mask airway, video laryngoscope (KoMAC video 
laryngoscope, KoMAC Co., Ltd., Korea), stylet, naso-
pharyngeal airway, oropharyngeal airway, and fiberoptic 
bronchoscope. Several studies have reported that propofol 
infusion can reduce the frequency of ventricular ectopy 
[4-6]; therefore, we decided to use total intravenous 
anesthesia (TIVA) using 2% propofol and remifentanil.
  Immediately after the patient arrived to the operating 
room, vital signs were checked. Initial heart rate was 122 
beats per minute (bpm), blood pressure was 86/40 mmHg, 
and oxygen saturation was 99%. Sinus tachycardia, 
ventricular bigeminy, prolonged QT interval, and 
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Fig. 2. Preoperative ECG. It showed ventricular bigeminy, prolonged QT interval (QTc 499ms). ECG, electrocardiogram; QTc, corrected QT interval.

Fig. 3. (A) ECG immediately after the patient's arrival to the operating room. It showed sinus tachycardia, ventricular bigeminy, prolonged QT interval,
and prominent U waves. (B) After applying total intravenous anesthesia using propofol and remifentanil, ECG showed sinus bradycardia (38-49 bpm)
for a few minutes. bpm, beats per minute; ECG, electrocardiogram; TIVA, total intravenous anesthesia.

prominent U waves were observed on electro-
cardiography (ECG) (Fig. 2 and 3A). After applying 
TIVA, the ECG changed to sinus bradycardia (38-49 
bpm) within a few minutes (Fig. 3B). Bradycardia was 
observed without any other intervention due to stable 

blood pressures. Intravenous rocuronium 20 mg was 
administered after confirmation of mask ventilation, 
without any problems. Successful endotracheal intubation 
was performed using a video laryngoscope with a size 
2 blade, stylet, and ID 6.0 cuffed endotracheal tube. The 
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Table 1. Diagnostic criteria for Andersen-Tawil syndromea

An individual is diagnosed with Andersen–Tawil syndrome if this 
individual meets at least one of the sets of criteria A and B
Set of criteria A
Two of the following three criteria:

1 Periodic paralysis
2 Ventricular arrhythmias (frequent premature ventricular 

contractions, bigeminy, ventricular tachycardia), prolongation of 
the rate-corrected QT or QU interval, and/or a prominent U wave

3 At least two of the following dysmorphic features:
a Low-set ears
b Wide-set eyes
c Small mandible
d Fifth-digit clinodactyly
e Syndactyl

Set of criteria B
1 One of the above three criteria
2 At least one family member who meets two of the above three 

criteria
aModified from Venance et al. [19]

ECG then returned to its initial appearance after 
endotracheal intubation and titration of anesthetics 
without any other procedures. Anesthesia maintenance 
was performed with 4.35 mg/kg/hr of 2% propofol and 
0.08 mcg/kg/min of remifentanil. There were no critical 
events, such as VT, during the operation. We used 
sugammadex (BridionⓇ, Merck and Co., USA) 150 mg 
(about 4 mg/kg) for emergence due to her recent transient 
muscle weakness, and we were unable to monitor 
neuromuscular transmission (NMT). The patient was 
transferred to the intensive care unit after successful 
extubation and discharged on postoperative day 6 without 
complications.

DISCUSSION

  
  ATS is a rare genetic disorder with an incidence of 
1/1,000,000 [7]. ATS is diagnosed at an early age, mainly 
in the 1st or 2nd decade since patients with ATS have 
symptoms such as muscle weakness, tachycardia, 
syncope, or dysmorphic physical characteristics [1]. The 
diagnostic criteria for ATS are presented in Table 1. 
However, each patient with ATS presented with different 
symptoms, even within a single family, and showed all 
possible combinations. The patient in this case had 
periodic paralysis, ventricular arrhythmias, wide-set eyes, 
a small mandible, and family members who met the 
inclusion criteria.
  ATS is most often caused by mutations in the KCNJ2 
gene or, rarely, by mutations in KCNJ5 [8]. KCNJ2 
encodes the Kir2.1 inward rectifier potassium channel 
(IK1) proteins and is predominantly expressed in cardiac 
and skeletal muscles. IKI plays an important role in the 
stable resting membrane potential in excitable cells and 
in the late repolarization phase of the cardiac cycle [9]. 
Defects in the IK1 channel can result in muscle weakness, 
periodic paralysis, prolonged QT intervals, and cardiac 
arrhythmias in ATS patients. Since ATS is not a curable 
disease, medical treatment to control symptoms or an 
implantable device should be utilized. In ATS patients, 

β-blockers, such as propranolol, and antiarrhythmic 
drugs, such as flecainide, can be used to reduce the 
occurrence of VT. However, in patients who do not 
respond to antiarrhythmic drugs, ICD implantation should 
be considered, although its effectiveness in patients with 
is controversial [10]. 
  Implantation of an ICD requires defibrillation testing, 
and general endotracheal anesthesia has been reported as 
a safe method [11]. The anesthetic plan for general 
anesthesia of ATS patients should focus on the potential 
difficult airway, serious cardiac arrhythmias, such as VT, 
and muscle weakness, which could result in delayed 
recovery from neuromuscular blockade. ATS patients 
commonly have the potential for difficult airways, due 
to dysmorphic features, including low-set ears, hypertelorism, 
short palpebral fissures, broad foreheads, triangular faces, 
mild facial asymmetry, maxillary and mandibular 
hypoplasia, broad roots of the nose, micrognathia, and 
arched palates. Therefore, anesthesiologists should prepare 
various types and sizes of airway instruments, video 
laryngoscopes, and fiberoptic bronchoscopes. We also 
followed the difficult airway algorithm and performed 
successful intubation on the first attempt.
  The choice of anesthetic for anesthesia induction, 
maintenance, and emergence is important since the 
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Table 2. Suggested perioperative medications in patients with LQTS [13]

Preferred agents Need caution Avoid
Sedation
Midazolam 0.05-3 mg/kg iv
Analgesia
Lidocaine 1.5 mg/kg iv. 
Fentanyl 2 mg/kg iv
Alfentanil 0.5-3 mg/kg/min
Remifentanil 0.1-0.5 mg/kg/min iv
Morphine 0.05-0.1 mg/kg iv

Buprenorphine 0.3 mg iv
Methadone 0.1-0.3 mg/kg iv
(do not exceed 200 mg/day)

Epinephrine
Ketamine
Sufentanil

IV anesthetic agents
Propofol 6 mg/kg/hr iv
Etomidate 0.3 mg/kg iv
Thiopental 2-6 mg/kg iv

Volatile anesthetics
Isoflurane 1-3% MAC inspired Sevoflurane 0.5-3% MAC inspired

Nitrous oxide 25-70% inspired
Neuromuscular blockers and reversal agents
Rocuronium 0.6-1.2 mg/kg iv
Vecuronium
  0.04-0.1 mg/kg iv for intubation
  0.8-1.2 mg/kg/min 
  for maintenance
Cisatracurium
  0.15-0.2 mg/kg/min for intubation
  0.06-0.18 mg/kg/min for 
  maintenance

Anticholinesterase-anticholinergic reversal agents Succinylcholine
Pancuronium
Glycopyrrolate
Atropine

Postoperative care and anti-emetics
Droperidol 0.625-1.25 mg iv
Ondansetron 4 mg iv 
(do not exceed 16 mg)
Metoclopramide 10-20 mg iv
Dexamethasone 0.1 mg/kg iv

iv, intravenous injection; LQTS, long QT syndrome; MAC, minimum alveolar concentration. 

medications administered may further increase the 
corrected QT (QTc), and QT prolongation can lead to 
life-threatening persistent VT and sudden death. Smooth 
endotracheal intubation is required because it may prolong 
the QT interval by activating the sympathetic nervous 
system [12]. The preferred medications and those to be 
avoided during the perioperative period are listed in Table 
2. Airey et al. reported that propofol infusion had an 
excellent effect on reducing the frequency of ventricular 
ectopy during general anesthesia in patients with ATS [4]. 
Studies have also shown that both propofol, and remifentanil 
neutralizes QTc prolongation caused by sevoflurane [5,6]. 
The precise mechanism of propofol is unclear, but it may 
be related to the overall central depression of autonomic 
function and K+ currents. Non-depolarizing neuromuscular 

blockers such as rocuronium, vecuronium, and 
cisatracurium can be administered safely because they do 
not prolong the QTc [13]. In this case, sinus bradycardia 
occurred after propofol was infused, but the patient 
recovered spontaneously, and no serious arrhythmias 
occurred during the operation. 
  If ATS patients have muscle weakness, anesthesiologists 
should take into consideration delayed recovery from 
neuromuscular blockade and use NMT monitoring, such 
as train-of-four, when neuromuscular blockers are 
administered. Unfortunately, we could not monitor the 
NMT because we accidentally did not attach the sensor. 
QT prolongation has also been reported with anticholinergic 
drugs, which are usually used in anticholinesterase- 
anticholinergic medication combinations [14]. Therefore, 
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in this case, approximately 4 mg/kg sugammadex was 
administered for the reversal of rocuronium. In addition, 
efforts should be made to maintain normoxia, normocarbia, 
normothermia, and normoglycemia and to control pain 
properly since amplified sympathetic activity can lead to 
QT prolongation [15].
  Local anesthetics, including epinephrine, are used during 
dental surgeries. Epinephrine is a drug that should be 
avoided in patients with long QT syndrome. However, 
Theodotou et al. [16] and Wynn et al. [17] suggested that 
epinephrine could be used in patients with cardiac 
channelopathies. In addition, Oliveira et al. [18] recently 
conducted a study comparing arrhythmias caused by the 
use of two cartridges (3.6 mL) of 2% lidocaine (72 000 
mcg of lidocaine) or two cartridges of 2% lidocaine with 
1:100 000 epinephrine (36 µg of epinephrine) for 
mandibular nerve block in patients with Brugada syndrome 
and long-QT syndrome, and no prolongation of QT interval 
or life-threatening arrhythmic events were observed in 
either group. Therefore, they suggested that epinephrine 
at ideal doses (up to two cartridges) can be used relatively 
safely in patients with cardiac channelopathies whose 
symptoms are being controlled with medication and have 
no history of ICD insertion within the past three months. 
The amount of epinephrine used should be limited to the 
amount contained in one or two cartridges, and recent 
control of symptoms and status of treatment should be 
checked. If the patient has recently experienced symptoms, 
such as syncope, a referral to a cardiologist should be 
made prior to dental procedures.
  In conclusion, various considerations, including a 
potentially difficult airway, drugs that can precipitate QT 
prolongation, fatal cardiac arrhythmias, and delayed 
recovery from neuromuscular blockade, are necessary 
when general anesthesia is required in patients with ATS. 
Anesthesiologists should also attempt to maintain 
normoxia, normocarbia, normothermia, normoglycemia, 
and pain control to prevent sympathetic stimulation. 
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