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o Question: Does the administration of a propofol-based total intravenous anesthesia increase the 

risk of arrhythmias for patients with Brugada Syndrome? 

o Findings: This retrospective analysis could not reveal the occurrence of malignant arrhythmias 

in patients with Brugada Syndrome when providing clinical doses of propofol-based total 

intravenous anesthesia. 

o Meaning: Patients with Brugada Syndrome who might benefit from a propofol-based total 

intravenous anesthesia should not be deprived of this option. 
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ABSTRACT 

Background: Propofol administration in patients with Brugada Syndrome is still a matter of debate. 

Despite lacking clear evidence for its feared arrhythmogenicity based on its sodium-channel blocking 

properties, up to date, expert cardiologists in the electrophysiologic field still recommend avoiding 

propofol. However, propofol-based total intravenous anesthesia has many advantages over volatile-

based anesthesia. Besides having neuroprotective properties, it is associated with a favorable recovery 

profile and a better patient experience. Total intravenous anesthesia provides less risk for nausea and 

vomiting, emergence agitation and postoperative pain. The main aim of this study was to assess the 

association between propofol-based total intravenous anesthesia in patients with Brugada Syndrome 

and the occurrence of adverse events during or after administration.  

 

Methods: We performed a retrospective cohort study on the data of patients with Brugada Syndrome, 

from January 01, 1996 to September 30, 2020, who received continuous propofol infusions. Only 

patients that received propofol-based total intravenous anesthesia were included. We analyzed the 

anesthetic and electronic medical records of all eligible patients for the occurrence of malignant 

arrhythmias, adverse events, need for defibrillation, major hemodynamic support, hospital length of 

stay and the 30-days mortality.  

 

Results: Thirty-three Brugada Syndrome patients were included in the study. The mean age of the 

cohort was 48 ± 16 years with a male to female approximate ratio of 1 to 3. Four-teen patients had an 

automated cardiac defibrillator implanted, therefore considered as high-risk patients. Seven out of 

twenty-seven genetically screened patients were carriers of the SCN5A mutation.   The median 

duration of propofol infusion was 60 minutes. In the current study, no malignant arrhythmias or 

defibrillations were reported. The 95% confidence interval, calculated with Hanley’s formula, of the 

estimated risk for malignant arrhythmias was [0, 9.1].  
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Conclusions: In this retrospective analysis, a propofol-based anesthesia in patients with Brugada 

Syndrome, was not associated with malignant arrhythmias or adverse events when clinical infusion 

rates were provided. Prospective evaluation of these findings is necessary and thorough preoperative 

screening and precautionary measures are still recommended whenever general anesthesia or sedation 

is deemed necessary.  
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Glossary of Terms 

 

AICD   Automated Implantable Cardiac Defibrillator 

ASA   American Society of Anesthesiologists 

BMI   Body Mass Index 

BrS   Brugada Syndrome 

ECG   ElectroCardioGram 

GABA   Gamma Aminobutyric Acid 

ICU   Intensive Care Unit 

IRB   Institutional Review Board 

LOS   Length Of Stay 

NMDA  N-Methyl D-Aspartate 

PONV   Post-operative Nausea and Vomiting 

PACU   Post-operative Anesthesia Care Unit 

PRIS   Propofol Infusion Syndrome 

SCN5A  Sodium Channel 5A subunit 

STROBE  Strengthening The Reporting of OBservational studies in Epidemiology 

SPC   Summary of Product Characteristics 

ST-segment  Electrocardiographic ST-segment 

TCI   Target Controlled Infusion 

TIVA   Total IntraVenous Anesthesia 

WHO   World Health Organization 
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BODY TEXT 

Introduction 

Brugada Syndrome (BrS) is an autosomal dominant transmitted arrhythmic disorder with incomplete 

penetrance and expression.1 Firstly described in 1992 and acknowledged in 1997 as a distinct 

arrhythmogenic disease2, it is diagnosed by an accentuated J-wave or ST-segment elevation of at least 

2mm — coved type 1 ST-elevation — in at least one right precordial lead (V1 to V3).
3 The 

pathophysiology of BrS is still not fully understood. BrS is a rare disease with already more than 

twenty genes associated.4 Mutations in the myocardial sodium channel gene SCN5A are believed to 

be among the most relevant and linked with an increased propensity of malignant arrhythmias.5  

Propofol, an intravenous short-acting hypnotic, is widely used to induce and maintain general 

anesthesia for surgery, procedural sedation and sedation for mechanically ventilated patients at the 

intensive care unit.6-8 Its pharmacokinetic and pharmacodynamic profile renders it as an advantageous 

agent in the aforementioned settings. Moreover, propofol is included since 2011 in the “model list of 

essential medicines” of the World Health Organisation.9  

Considering the sodium channel blocking properties of propofol6, the cardiological society of BrS 

recommends avoiding its administration in patients burdened with this pathology. Nevertheless, up 

to date no prospective clinical trials have been carried out to investigate its arrhythmogenic 

potential.10-13 

This single-center study aimed primarily to investigate whether propofol-based total intravenous 

anesthesia (TIVA) was associated with the occurrence of malignant arrhythmias and adverse events 

in patients with BrS the past twenty-five years. The secondary aim was to analyze the length of 

hospital stay and the 30-day mortality outcome.  
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Methods 

After Institutional Review Board (IRB) approval (Nr. 2020/226) and waiving of informed consent 

requisite, this retrospective cohort study indexed registered BrS patients admitted to the University 

Hospital of Brussel receiving propofol-based TIVA, for an elective surgery or procedure.  From 1996 

on, all consecutive patients diagnosed with BrS are charted in the internal database of the Heart and 

Rhythm Management Cardiovascular intra-hospital center. In the present study, all BrS patients 

receiving propofol-based TIVA — from January 01, 1996 to September 30, 2020 — were screened. 

Additionally, BrS patients admitted at the intensive care unit, necessitating mechanical ventilation 

and sedation with propofol, were similarly traced. 

Our institution's database listed 789 consecutive BrS patients. Their intraoperative period is 

retrospectively and digitally traceable by means of highly qualitative digital anesthesia charts 

(Metavision) based on live time-stamped data feeds from anesthesia workstations. This intra-

operative register is further centrally linked to the Electronic Health Record of the hospital (KWS), 

facilitating a fluent interchange and overview of perioperative data.  However, when patients undergo 

sedation at an out-of-theatre location, due to compromising infrastructure, the anesthetic charts are 

filled in manually. At the end of the procedure, those records are scanned and stored into the hospitals’ 

Electronic Health Record. Only adult patients from our local Brugada database with general 

anesthesia or sedation with propofol-based TIVA were included. The ICU data are also high 

qualitative digital charts from the same interface (Metavision) based on live time-stamped data 

feeds. They are linked to the Electronic Health Record of the hospital (KWS).      

An individual anesthetic- and ICU-chart review of data during the propofol infusion was conducted. 

Moreover, outcome measures were investigated. Collected data included the duration and dose of 

propofol infusion and all other intravenously administered drugs. Adverse outcomes during propofol-

infusion, subdivided as major hemodynamic support by means of epinephrine administration or 

defibrillation due to the de novo incidence of malignant arrhythmias, were dichotomically classified 

(yes/no). Similarly, the incidence of these complications in the post-operative setting (post-operative 
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adverse outcomes) were investigated by means of an individual analysis of the digitalized post-

operative monitoring data at the post-operative anesthesia care unit (PACU) and the ward. Finally, 

the medical records were assessed for delayed out-of-hospital discharge, hospital readmission within 

30-days and mortality within 30-days after anesthesia, all similarly noted as yes/no nominal data. The 

same data was collected for patients that received propofol-infusions at the ICU. 

This manuscript adheres to the applicable Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines.14 

The demographic and clinical characteristics of the cohort such as the American Society of 

Anesthesiologists (ASA) physical status classification, body mass index (BMI), rates and duration of 

propofol-based TIVA, temperature, adjuvant medication, genetic screening, malignant arrhythmias 

and adverse events were registered.  

Propofol-based TIVA was provided by pre-programmed pumps with commonly published Target 

Controlled Infusion (TCI) protocols (e.g. Marsh©, Schnider©). In some cases, mainly for short 

procedural sedations, propofol-based TIVA through manually dialed-in rates was used. When 

procedures took place in the central operating theater, the infusion rate was automatically recorded 

thanks to a direct connection of the pump with the digital anesthesia workstation. For patients in 

possession of an AICD, the read-out record of the AICD was investigated postoperatively for the 

occurrence of malignant arrhythmias.  

We defined malignant arrhythmias as registered de novo ventricular or supraventricular arrhythmias 

with significant hemodynamic deterioration and need for treatment with defibrillation or epinephrine. 

All post-operative medical files were scrutineered up to the discharge of each patient out of hospital. 

A follow-up period of thirty days upon the intervention was evaluated through our institution's digital 

medical records for readmission and mortality.  

No power analysis was deemed necessary since all eligible patients were included in the study. 

Descriptive statistics were used, and values are reported as mean ± standard deviation. In the case of 
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proportions, the absolute numbers were reported, followed by percentages. Since the incidence of 

BrS is relatively low, producing a limited cohort size, with a zero numerator for malignant 

arrhythmias, the estimate of this risk was calculated by the rule of three (3/n)15 with a type-1 error of 

0.05.  
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Results 

From the institution’s database, 789 patients diagnosed with BrS receiving anesthesia were screened. 

One hundred and seventy-one of these had undergone at least one surgical procedure under general 

anesthesia. A sub-analysis revealed that 139 of those patients received propofol as a bolus for 

induction of a volatile-based anesthesia. In one patient propofol-based TIVA was initiated but there 

were missing data in the anesthetic chart and was therefore excluded. A total of thirty-three patients 

with BrS and a propofol-based TIVA were retained for analysis (figure 1). All included patients 

received continuous propofol infusions for anesthesia or sedation.  

This specific cohort's mean age was 48 ± 16 years with a male to female approximate ratio of 1:3. 

Only nine (27%) patients were male. Seven out of twenty-seven genetically screened patients carried 

the SCN5A mutation (26%). Twenty-seven (87%) patients had a history of a brutal syncope and four-

teen (45%) had an AICD implanted. Despite the small size of the cohort, based on those ratios we 

considered the cohort representative for BrS patients with a low bias inclusion. All patients but one, 

were normothermic before their intervention. Nineteen patients (79%) had a history of an uneventful 

surgical procedure under general anesthesia, as reported at their preoperative consultation. The 

demographic and perioperative clinical characteristics are summarized in table 1. 

The propofol rates are reported either in mcg.ml-1, when TCI was provided or in mg.kg-1.h-1 for TIVA. 

Due to the variety of pre-programmed pump protocols (e.g. Marsh©, Schnider©, plasma-

concentration, effect-site concentration) available for TCI anesthesia and the study's retrospective 

nature, we could not differentiate between the selected protocols to report a mean administrated dose.  

The median duration of propofol-infusion duration was 60 minutes. Infusion rates varied for TCI 

between 2 and 6 mcg.ml-1 and for TIVA between 0.8 and 10.0 mg.kg-1.h-1. (Table.1) 

Analysis of the anesthetic charts and medical files, along with the AICD read-outs, revealed no 

malignant arrhythmias requiring defibrillation intra- or post-operatively. We evaluated the patients 

for readmission within 30-days upon their initial procedure. Only one patient was re-admitted for a 
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re-intervention, after his initial treatment of a caustic-induced esophageal-stenosis was deemed 

insufficient. The 30-day mortality assessment revealed one patient died at the ICU. This ASA 4 

patient was initially admitted at the hospital for an acute alcoholic hepatitis. The patient developed 

severe respiratory insufficiency for which mechanical ventilation, facilitated by propofol-based 

TIVA, was provided at the ICU. The patient developed Acute Respiratory Distress Syndrome 

(ARDS) followed by pancreatitis, septic shock with multiple organ failure. The patient died five days 

after the ICU admission. There was no evidence of malignant arrhythmias. All remaining patients 

were safely discharged from the hospital.  

One postoperative event was registered on the ward four hours after the end of a propofol-based 

TIVA. It concerned an asymptomatic BrS patient with a negative electro-physiological study, 

electively planned for a mandibula osteotomy. The patient experienced a vagal reaction after using 

the bathroom. No syncope was noted. His vital parameters were normal upon subsequent control. 

There was no suspicion of a malignant arrhythmia and his previous and further perioperative 

surveillance and 30-days follow up were uneventful. 

Due to the zero numerator of malignant arrhythmias (making impossible to use the normal 

approximation, i.e. the asymptotic/Wald confidence interval), risk estimation was computed with 

Hanley’s formula (3/n).  In this line of thought, the 95% confidence interval of the calculated risk for 

malignant arrhythmias in the present cohort was [0, 9.1].  
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Discussion 

A previously conducted retrospective analysis of volatile-based anesthesia induced by a bolus 

propofol, in BrS patients, failed to demonstrate the occurrence of perioperative malignant 

arrhythmias.16 A recent prospective randomized controlled trial compared propofol versus etomidate 

in bolus, for induction of anesthesia in BrS. No significant difference in electrocardiographic changes 

was observed between these groups. No perioperative arrhythmic events were registered either.17 In 

the current single-center retrospective trial, we were unable to find evidence that propofol-based 

TIVA was associated with malignant arrhythmias or adverse outcomes in patients burdened with BrS. 

The study's strength is the representative cohort of patients with a disease of low prevalence, with 

high-quality digital life-feed data registration. The prevalence of BrS varies worldwide, not only 

geographically, within ethnicities but also between age-groups. The global prevalence is estimated to 

range from 1 : 5.000 to 1 : 2.000, although the exact prevalence is hard to assess, since the dynamic 

character of the electrocardiographic pattern if often concealed.18 Although the a priori risk-

stratification in BrS is still debatable, judged by the high percentage of patients with an AICD (47%), 

almost half of our patients were considered high risk. Moreover, the incidence of an SCN5A mutation 

in the study´s cohort (26%) is similar to the Brugada population's estimated incidence (20 to 30%).19 

Based on those findings, we believe that the cohort was representative with a low risk for inclusion 

bias from this prospectively collected database. 

The present study also comes with limitations, one being it´s retrospective nature. Prospectively 

controlled studies are ideal for this purpose, although limited by a clear rare disease inclusion 

bottleneck. Such study is currently undergoing for this purpose (NCT trial register 2019-004750-28). 

Another weakness relates to the limited size of the cohort, both due to the low incidence of BrS and 

the well-known preference from anesthesiologists to provide volatile-based anesthesia instead of 

propofol-based TIVA. The choice of volatile-based anesthesia might stem also from the cardiology 

consortium endorsements to avoid propofol in BrS. On the other hand, another 139 patients received 

propofol as an induction agent. Finally, transient electrocardiographic changes or arrhythmias without 
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a direct hemodynamic impact have the potential to be missed out in a retrospective analysis. On the 

other hand, the clinical significance of such changes should equally be subject to debate. 

Up to date, the physio-pathological mechanism of BrS remains incompletely understood. It´s low 

prevalence together with a lacking clear-cut risk-stratification makes the treatment of these patients 

challenging. Moreover, literature relating propofol with BrS is mostly composed of single case 

observations, small cohorts and retrospective observations within complex circumstances, resulting 

in conflicting evidence. Concordantly, providing an evidence-based patient-tailored anesthetic plan 

remains equally challenging.  

It is known that patients with BrS are more prone to develop malignant arrhythmias during episodes 

of fever or increased vagal tone, as well as after the administration of certain medications.20 Propofol 

is the most commonly used hypnotic, based on its favorable pharmacokinetic and pharmacodynamic 

profile.7, 8 Besides being an excellent hypnotic for induction of anesthesia, with anxiolytic, anti-

convulsive and anti-emetic effects, the added value of propofol for the maintenance of anesthesia in 

specific situations has already been demonstrated. Not only does it hold neuroprotective properties,21 

but similarly leads to a reduced risk of post-operative nausea and vomiting (PONV), as well of 

coughing/straining during emergence. Moreover, international guidelines put forward propofol as the 

drug of choice for anesthesia and sedation of mechanically ventilated patients.22-24  

From a pharmacological perspective, propofol has stimulating properties on the central acting γ-

aminobutyric acid A (GABAA) and GABAB receptors, blocks N-methyl D-aspartate (NMDA) 

receptors, diminishes calcium influx via slow calcium ion channels and has also been described to 

have sodium channel blocking properties.6 Presumably, it is based on its sodium channel blocking 

properties that propofol's arrhythmogenic potential is derived. In essence, anesthesiologists are 

currently confronted with a pathophysiological incompletely understood phenomenon, as well as with 

an unestablished causal clinical relationship. Moreover, some of the abovementioned assumptions 

are derived from in vitro experiments, often with supra-clinical or toxic doses, which should not be 

directly translated to humans.   In fact, Saint et al. demonstrated, in vitro, the effects of propofol on 
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single-channel sodium currents in ventricular myocytes. They also report a significant dissociation 

between macroscopic current and myocardial single-channel behavior.25 Few studies exist on 

propofol's effect on sodium currents, probably due to the complexity of separating the impact of the 

different ionic currents. Besides that, other ion channels and their respective currents similarly play a 

role during the different phases of (re-) depolarization. The net effect, in vivo, is presumably even 

more challenging to predict. Conversely, other studies reported no significant effect of propofol on 

the myocardial conduction system, rendering it an ideal hypnotic for sedation during 

electrophysiological studies.26-28 Finally, Probst et al. already questioned the main role of SCN5A as 

a causal pathology for BrS.19 

Despite the findings presented herein, it is primordial to remain prudent when administering propofol-

based TIVA for anesthesia purposes. As evidenced by the known propofol infusion syndrome 

(PRIS)29, the previous statement applies to all patients. The first putative association of propofol 

infusion with the cardiac death of a three-year-old was in 1990.30 In 1992, Park et al. reported the 

death of five children that were on propofol infusion.31 The definition of PRIS was then a well-defined 

complication, characterized by acute bradycardia —unresponsive to therapy— progressing to 

asystole in association with propofol infusion. Other characteristics were rhabdomyolysis, 

myoglobinuria, elevated serum creatine kinase, serum urea, serum potassium, lipemic plasma, 

ketonuria, increased liver enzymes, green or red-colored urine, unexplained metabolic acidosis, fatty 

liver enlargement, multiple organ failure and eventually cardiac failure. Interestingly, in a 

comprehensive review, Hemphill et al. found that not all of the aforementioned findings are seen 

when PRIS is diagnosed.  

Prolonged propofol administration can lead to the lethal complication of PRIS. Nonetheless, it is still 

unclear what its exact pathophysiologic is. In a recent structured literature review from Hemphill et 

al., it is suggested that the cumulative dose of propofol plays an important role in the etiology of 

PRIS, either through high infusion rates, prolonged duration, or both. For this purpose, within the 

maximal dose ranges reported for the patients included in the present study (5mcg.mL-1 for TCI and 
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10mg.Kg-1 TBW.mL-1 for weigh-time-based dosing schemes) no ventricular arrhythmias have been 

reported. Other commonly accepted risk factors are critical illness, children, traumatic brain injury, 

increased catecholamine levels (endo- or exogenous), impaired microcirculation and carbohydrate 

supply 32. As finally also reported by the manufacturer in the summary of product characteristics 

(SPC), the main precautions are adherence to recommended propofol-dosing, adequate glucose 

control and good hemodynamic and oxygen delivery management.33 

To summarize, clinical characteristics and data during propofol-based TIVA of thirty-three 

consecutive BrS patients were retrospectively analyzed in this study. Propofol-based TIVA with a 

mean duration of 60 minutes, within clinically acceptable infusion rates, was not associated with new 

malignant arrhythmias or adverse outcomes.  

 

Conclusion 

 From the current retrospective analysis, we could not reveal malignant arrhythmias occurring with 

propofol-based total intravenous anesthesia in adult, afebrile, BrS patients. Prospective studies with 

propofol-based total intravenous anesthesia should be conducted to investigate potential 

electrocardiographic effects. 
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