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EDITOR’S PERSPECTIVE
What We Already Know about This Topic

e Brugada syndrome is an inherited cardiac ion channel disorder that
places patients at increased risk of cardiac arrhythmias including
those resulting in sudden cardiac death.

e While there is concern that propofol use may trigger life-threatening
ventricular arrhythmias in patients with Brugada syndrome, this has
not been assessed using prospective randomized, controlled trials.

What This Article Tells Us That Is New

e This study was a prospective randomized double-blind trial that com-
pared groups receiving propofol (n = 43) versus etomidate (n = 37)
for induction of general anesthesia. No significant difference in elec-
trocardiographic changes was observed between these two groups.

rugada syndrome is a distinct clinical entity that was

first described in 1992 by Brugada and Brugada.' It
is an inherited arrhythmogenic disease, characterized by
the typical coved type ST-segment elevation in the right
precordial leads from V| through V.. It is associated with
life threatening ventricular arrhythmias, syncope and sud-
den cardiac death. This channelopathy is based on muta-
tions in myocardium ionic channel genes and is associated
with increased propensity to develop malignant ventric-
ular arrhythmia.>® Based on its sodium channel blocking

ABSTRACT

Background: Brugada Syndrome is an inherited arrhythmogenic disease,
characterized by the typical coved type ST-segment elevation in the right
precordial leads from V, through V,. The BrugadaDrugs.org Advisory Board
recommends avoiding administration of propofol in patients with Brugada
Syndrome. Since prospective studies are lacking, it was the purpose of this
study to assess the electrocardiographic effects of propofol and etomidate on
the ST- and QRS-segments. In this trial, it was hypothesized that administra-
tion of propofol or etomidate in bolus for induction of anesthesia, in patients
with Brugada Syndrome, do not clinically affect the ST- and QRS-segments
and do not induce arrhythmias.

Methods: In this prospective, double-blinded trial, 98 patients with estab-
lished Brugada syndrome were randomized to receive propofol (2 to 3mg/kg™) =
or etomidate (0.2 to 0.3 mg/kg™") for induction of anesthesia. The primary end- =
points were the changes of the ST- and QRS-segment, and the occurrence of i
new arrhythmias upon induction of anesthesia.
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Results: The analysis included 80 patients: 43 were administered propofol
and 37 etomidate. None of the patients had a ST elevation greater than or g
equal to 0.2 mV, one in each group had a ST elevation of 0.15 mV. An ST 5
depression up to —0.15mV was observed eleven times with propofol and five %
with etomidate. A QRS-prolongation of 25% upon induction was seen in one %
patient with propofol and three with etomidate. This trial failed to establish §
any evidence to suggest that changes in either group differed, with most per- &
centiles being zero (median [25th, 75th], 0 [0, O] vs. 0 [0, 0]). Finally, no new
arrhythmias occurred perioperatively in both groups.
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Conclusions: In this trial, there does not appear to be a significant dif-
ference in electrocardiographic changes in patients with Brugada syndrome %
when propofol versus etomidate were administered for induction of anesthe- §
sia. This study did not investigate electrocardiographic changes related to 5
propofol used as an infusion for maintenance of anesthesia, so future studies §
would be warranted before conclusions about safety of propofol infusions in 8
patients with Brugada syndrome can be determined.

(AnesTHESIoLoGY 2020; 132:440-51)
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properties, propofol has been alleged to induce ventricular
arrhythmias in patients with Brugada syndrome.

To date, there are no prospective studies demonstrating a
causative relation with such arrhythmic events. Nevertheless,
the advisory board of BrugadaDrugs.org suggests on the
official website to avoid propofol administration in patients
with established or suspected Brugada syndrome (https://
www.brugadadrugs.org/avoid/; accessed March 1, 2012).
The current strength of recommendation is class Ia (there
is conflicting evidence and/or divergence of opinion about
the drug, but the weight of evidence/opinion is in favor
of a potentially arrhythmic effect in Brugada syndrome
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patients). Administration of propofol remains thus a matter
of debate, whether it can trigger malignant arrhythmias in
patients with Brugada syndrome.

The current study aimed to compare the electrocardio-
graphic effects of propofol versus etomidate on the ST- and
QRS-segments upon induction of anesthesia in patients
with Brugada syndrome. Moreover, occurrence of new
arrhythmias during induction of anesthesia and at the pos-
tanesthesia care unit was assessed.

Materials and Methods

Design

This study was registered with European Clinical Trials
on March 29, 2012 (identifier: NCT 2012-000584-25).
Ethical approval for the study protocol (Registration
No.: 2012/027) was provided by the Ethical Committee
(Institutional Review Board) of the University Hospital of
Brussels, Brussels, Belgium (Dr. P. Devroey, M.D., Ph.D.)
on February 16, 2012. With Institutional Review Board
approval and written informed consent from each participat-
ing patient, a double-blind randomized trial was conducted
to analyze the electrocardiographic effects of propofol and
etomidate in patients with established Brugada syndrome.

Population

Patients with established Brugada syndrome, scheduled for
elective surgery, were enrolled by the principal investigator
or a member of the study investigators in the University
Hospital of Brussels between March 2012 and March 2018.
Patients were diagnosed with Brugada syndrome according
to the modified task force criteria. When a type 1 elec-
trocardiogram was registered with greater than or equal
to 2-mm ST elevation in one or more right precordial or
inferolateral leads, either spontaneously or during a sodi-
um-channel blocker challenge, patients were diagnosed
with Brugada syndrome.*® All patients older than 1 yr
who had an American Society of Anesthesiologists Physical
Status classification II to III with established Brugada syn-
drome were included. There was no exclusion criterion for
type of surgery. Patients were only excluded when one of
the following criteria were met: a specific allergy or sen-
sitivity for propofol or one of its emulsion components
(Propolipid 1%; Fresenius Kabi, Austria GmbH), a specific
allergy for Etomidate-Lipuro (B Braun, Germany), fever,
ionic imbalances, and any other condition that rendered the
patient unfit to undergo elective surgery.

sequence was
researchers enrolling and assessing participants through

The allocation concealed from the
third-party allocation. A research assistant created a com-
puter-generated simple randomization list, with Microsoft
Excel (version 14.7.7). A research nurse or a research assis-
tant assessed the patients during preoperative visits for eligi-
bility and obtained the informed consent for enrollment. A
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dedicated research nurse not involved in enrolling patients
and obtaining informed consents revealed the next ran-
domization assignment to the anesthesiologist responsible
for the surgical case and anesthesia before induction.

Evidently, the anesthesiologists were not blinded for
the induction agent. The cardiologists, who performed the
analysis of the electrocardiograms were not present during
anesthesia induction and the electrocardiogram acquisition,
were therefore considered blinded. Moreover, all electro-
cardiographic measurements occurred after complete data
collection, before unblinding the groups.

Modified 12-Lead Electrocardiogram

Electrocardiographic registrations were performed in
presence of the principal investigator in the majority of
the cases, or one of the participating researchers, ensuring
consistency in data collection. Modified 12-lead electro-
cardiograms, identical to ones acquired during pharma-
cologic provocation tests with ajmaline, were obtained in
this trial due to their higher sensitivity for ST-segment
changes.>”™ The setup consisted of two 12-lead electro-
cardiograms, one with leads at the third and one at the
fourth intercostal space.

In each patient, a total of four modified 12-lead elec-
trocardiograms were acquired. A set of two electrocar-
diograms was obtained in baseline conditions (before
anesthesia induction) and another set of two electrocar-
diograms upon induction. All electrocardiograms were
acquired using electrodes that were kept in position. The
first set of electrocardiograms was acquired before induc-
tion of anesthesia, with patients in supine position and
a stable heart rate. The second set of electrocardiograms
was acquired 3 min after sufentanil and the hypnotic agent
were injected in bolus through a good running intrave-
nous line and when loss of consciousness was clinically
confirmed through loss of eyelash reflex and well-tolerated
mask ventilation. The investigators considered 3 min after
injection of the hypnotic agent with subsequent clinical
confirmation of loss of consciousness as a clinically rele-
vant timepoint for the second set of electrocardiographic
recordings. Although drug plasma concentrations were
not assessed in this study, it was assumed that the hypnotic
plasma concentration at the second timepoint (when the
second set of electrocardiograms was taken) would still
be high and would still exert its action on the myocar-
dial receptors. The measurements derived from those two
timepoints were then compared.

Additionally, patients were screened for the onset of new
supraventricular (bradycardia, premature atrial contractions,
atrial tachycardia, and atrial fibrillation) and ventricular
arrhythmias (premature ventricular contractions and ven-
tricular tachycardia).

A MAC 1600 Electrocardiographic Analysis System (GE
Healthcare, USA) was used for electrocardiographic record-
ing (25mm/s, 0.5 to 50 Hz, 10 mm/mV).

Anesthesiology 2020; 132:440-51
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Induction of Anesthesia

Anesthesia was induced as standard of care prescribes for
elective surgical procedures. Preoxygenation with increased
inspiratory air—oxygen gas mixture was maintained for at
least 3min before intravenous injection of the anesthetic
agents. Patients received a sufentanil bolus (0.1 to 0.3 mcg/
kg') and immediately after a bolus of one of the hypnotics
(propofol or etomidate), depending on the randomization
sequence. The induction dose of propofol was 2 to 3mg/
kg, whereas the dose of etomidate was 0.2 to 0.3mg/
kg, In case the initial induction bolus of the hypnotic was
judged to be insufficient (patient movement, not well-tol-
erated mask ventilation), an additional bolus was injected,
without exceeding the maximal predetermined dose-range.
The total administrated dose was logged. Lidocaine, pure
or in mixture with propofol or etomidate, was excluded
during the whole surgical procedure; as a sodium chan-
nel blocker it is listed as a drug preferably to be avoided
in patients with Brugada syndrome (https://www.bruga-
dadrugs.org/pref_avoid/). In case an endotracheal tube
was deemed necessary, a muscle relaxant was administered.
Anesthesia was maintained with the volatile anesthetic gas
sevoflurane, targeting a minimal alveolar concentration'
value of 1.0, in an oxygen—air mixture, aiming for an oxy-
gen saturation of more than 97%. Normocapnic levels
were attained through end-tidal carbon dioxide measure-
ments and controlled mechanical ventilation. Furthermore,
perioperative standard monitoring consisted of a five-lead
electrocardiogram, pulse oximetry, and invasive or noninva-
sive blood pressure, at the discretion of the anesthesiologist.
At the end of the surgery and after emergence from anes-
thesia, patients were transferred to the postanesthesia care
unit for intensive monitoring until postanesthesia discharge
criteria were met. Occurrence of new arrhythmias during
their stay was registered.

Electrocardiographic Measurements

Two independent cardiologists (absent during the surgical
interventions of the present study, and therefore blinded
for the induction agent) individually assessed the regis-
tered electrocardiograms at the end of the trial. In case of
inconclusive assessments between the first two cardiologists,
a third experienced cardiologist was involved to reach a
conclusion.

The primary endpoints of this clinical trial were the
change of the ST- and QRS-segments and the occur-
rence of new arrhythmias upon induction of anesthesia.
Simultaneously, additional measurements were performed,
such as the Jp-segment (ST-segment at J-point) and the
QT-interval (the longest QT-interval across leads) that was
measured and corrected according to the Bazett (QTc,)
and Fridericia formula (QTc,).""" The JT-interval was also
measured as the longest JT-interval and corrected according
to the Bazett formula (JTc).

Anesthesiology 2020; 132:440-51

Moreover, estimation of transmural dispersion of repo-

. ) peak-end) and. T(peak—end) /QT’ as
indexes of ventricular arrhythmogenesis were calculated.

larization, represented by T

The T, . -interval was defined as the interval from the
peak of the T-wave to the intersection of the tangent to the
downslope of the T-wave and the isoelectric line in lead V.,
or to the nadir between the T- and U-waves (by presence

of a U-wave).!>1?

Sample Size Calculation

The authors hypothesized that with a mean ST elevation of
Omm in the group of patients receiving etomidate, a mean
ST elevation of 0.5mm in the group of patients receiving
propofol, and an SD of 0.5mm, two equal groups of 37
subjects should be recruited, with a statistical power of 99%
(B =0.01) and a type I error or o = 0.05 when performing
a two-sided test of the difference between two independent
groups. Avoiding the normality assumption and making use
of the asymptotic relative efficiency, this number of obser-
vations would increase to 88.This conservative power was
chosen to decrease the risk of a type II error, which may
challenge the interest of the results in terms of safety of
the tested intervention. Dropouts were anticipated; there-
fore, enrollment of patients was extended until a total of
98 was achieved. Note that sample size calculations became
obsolete as data characteristics forced us to abandon strict
statistical testing.

Statistical Analysis

The data showed an abundance of zero values and/or zero
changes. Combined with the relatively small sample sizes,
and the suggested differences in the distributions, no para-
metric model was fully suitable, and even non-parametric
models largely failed. A mood test was considered, but it
seemed hardly viable when often more than half of the val-
ues were zero. A permutation test was used in an attempt
to present a tentative inference with a focus on the sev-
enty-fifth percentile, to evaluate whether the measured
differences in scores—before and after induction of anes-
thesia—would be different for the two groups of propofol
and etomidate. On the other hand, the authors believe that
the data, presented in a descriptive way with graphical visu-
alizations, are very illustrative. Therefore, instead of focus-
ing on statistical testing, visualizations were provided to
demonstrate what is truly of clinical interest. Note that the
a priori plan to compare averages was altered in response to
peer review, in favor of a stronger focus on the descriptive
analyzes and a tentative comparison between the groups
using permutation tests.

Results

A total of 98 patients with established Brugada syndrome,
scheduled for elective surgery under general anesthesia,
were enrolled in this clinical trial over a 6-yr period. The

Copyright © 2019, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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trial was conducted in accordance to the original trial pro-
tocol. The flowchart in figure 1 displays the path of the
participants during the study. After assessment for eligibility,
98 patients were enrolled and randomized in two groups
and received either propofol or etomidate. Upon allocation,
18 patients were lost during follow-up due to irreversible
hardware failure of the hard disk drive that was used to store
the acquired electrocardiograms (6 patients had received
propofol and 12 etomidate). Since those electrocardio-
grams were irretrievable, no electrocardiographic analy-
sis was possible. Consequently, a total of 80 patients were
analyzed (43 patients received propofol and 37 etomidate).
Demographic and clinical characteristics of the 80 analyzed
patients are reported in table 1, revealing two homogenous
and comparable groups. The mean age of the studied pop-
ulation was 45 * 18 yr old (ranging from 13 to 92 yr).
Forty-three (54%) patients were male. Baseline electrocar-
diograms before anesthesia showed that only four patients
who received propofol versus one who received etomidate,
had a spontaneous type 1 electrocardiographic pattern. The
ajmaline challenge test was positive for 34 (92%) patients

Safe Propofol Administration in Brugada Syndrome

who received propofol versus 33 (89%) who received eto-
midate. The remaining patients underwent a drug challenge
test in another center.

Of all 80 patients, none had an ST-segment increase by
greater than or equal to 0.2 mV upon induction of anesthe-
sia. As clearly displayed in figure 2, only 2 of all 80 patients
had a ST elevation of maximum 0.15 mV in one of the
four precordial leads (one patient received propofol and one
etomidate). The majority of the patients had either no or a
slight ST elevation (maximum of 0.10 mV). Note that none
of the permutation tests offered much evidence to suggest
that the ST-changes for both propofol and etomidate would
differ. This was expected due to the large number of zero-
changes with median and quartiles almost equal to zero
(P > 0.999). This was clearly displayed with the box plots
(containing the median, the first and third quartiles) which
are compressed into one single line in all four leads except
for AST-C,V,.In table 2 patients are ranked according to the
size of the highest ST-segment change in all four precordial
registrations. For cumulative visualization purposes, the cor-
responding ST-segment change categories were plotted in

Enrollment

I Assessed for eligibility (n=98) I

Excluded (n=0)

I Randomized (n=98) I

Allocation

Allocated to [Etomidate] (n=49)

Received allocated intervention (n=49)

Did not receive allocated intervention (n=0)

Lost to follow up (data unavailable) (n=12)

Discontinued from study (n=0)

Analyzed (n=37)

Excluded from analysis (n=0)

Follow-up

Analysis

Allocated to [Propofol] (n=49)

Received allocated intervention (n=49)

Did not receive allocated intervention (n=0)

Lost to follow up (data unavailable) (n=6)

Discontinued from study (n=0)

Analyzed (n=43)

Excluded from analysis (n=0)

Fig. 1. Flow chart of screened and enrolled patients, throughout the trial.
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Table 1. Demographic and Clinical Patient Characteristics

Propofol (n = 43) Etomidate (n = 37)

Age, yr

Male

Weight, kg

Height, cm

Body mass index, kg/cm?

American Society of Anesthesiologists physical status classification Il/1ll, n
Automated implantable defibrillator possession
Positive ajmaline test

Spontaneous type 1 electrocardiogram
Syncope

Sodium channel o subunit 5 mutation*

Data are presented as mean + SD or numbers with percentage when applicable.

45+18 4517
27 (63%) 16 (43%)
77£22 77+18
173 = 11 172+ 8
25,757 25955
32/11 28/9
33 (89%) 26 (70%)
34 (92%) 33 (89%)
4(9 %) 1(3%)
16 (43%) 11(30%)
5(29%) 5(29%)

* Not all patients did consent for genetic screening, or results were not available or retrievable (%is referring to total available data [34 patients]).

figure 3A. Interestingly, the authors observed that in several
patients the AST-segment was negative, indicating a reduc-
tion of the ST-segment upon induction of anesthesia. More
specifically, both a decrease in the highest ST-segment as in
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Fig. 2. Scatter plots with imposed median and first and third quartiles of AST-segment at the C.V

the ST- at J-point were observed. In fact, 11 (25%) patients
who received propofol versus 5 (13%) who received etomi-
date had a ST depression between —0.05 to —0.15 mV in at
least in one precordial lead (table 2).
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V., GV, C,V,, and C,V, leads. Note that the

box plots containing the median, the first and third quartiles are compressed into one single line in all four leads except for C,V,. C,V,, third

intercostal V, lead; C,V,,
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third intercostal V, lead; C,V, fourth intercostal V, lead; C,V.

371

,V,, fourth intercostal V, lead.
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Table 2. Distribution of Highest ST-Segment Change in All
Precordial Leads

Highest Propofol Etomidate Total
AST (mV) (n=43) (n=37) (n=80)
0.20 mV 0 (0%) 0 (0%) 0 (0%)
0.15mv 1(2.3%) 1(2.7%) 2 (2.5%)
0.10 mv 10 (23.2%) 3(8.1%) 13 (16.2%)
0.05 mv 6 (13.9%) 6 (16.2%) 12 (15.0%)
0.00 mv 15 (34.8%) 22 (59.4%) 37 (46.3%)
-0.05 mV 6 (14.0%) 1(2.7%) 7 (8.8%)
-0.10 mV 3(7.0%) 4(10.8%) 7 (8.8%)
-0.15mV 2 (4.6%) 0 (0%) 2 (2.5%)
-0.20 mvV 0 (0%) 0 (0%) 0 (0%)

Data are presented as numbers (populational percentage within parenthesis).

Moreover, the majority of the patients had unchanged
QRS-segments, while none of them exhibited a QRS
prolongation greater than 30% in comparison to base-
line values. One patient who had propofol and two who
had etomidate administered had a QRS-augmentation of
25%. A QRS shortening was observed in eight patients
who received propofol versus four who received etomidate.
Similar to the permutation test for the ST-changes, the per-
mutation test for the QRS-changes did not offer any evi-
dence to suggest that the changes induced by propofol and
etomidate would differ. This was also expected due to the
large number of zero-changes. Figure 4 demonstrates those
findings with the box plot (containing the median, the first
and third quartiles) compressed into one single line.

Regarding the additionally recorded electrocardio-
graphic measurements QT-, QTc,, QTc,, and JTc, seg-
ments, all remained stable after induction of anesthesia
in both groups (fig. 4 and 5). Similarly, the T,
the T(peakfend
did not change in a clinically relevant manner (fig. 5).

peak-end) and

)/QT ratio, as indexes of arrhythmogenesis,

Considering the variation of Jp-segment (ST-segment at
J-point), regarded as a more sensitive parameter of repo-
larization disorders, no elevation higher than 0.1 mV was
observed in the entire study population.'* The highest
registered AJp was 0.1 mV in seven patients who received
propofol versus three who received etomidate. Note that
the box plots containing the median, the first and third
quartiles are also compressed into one single line in all
four leads except for AJp,, (fig. 6).

Finally, no new ventricular or supraventricular arrhyth-
mias were registered upon induction of anesthesia or at the
postanesthesia care unit.

Discussion

This randomized trial was designed to assess effects of induc-
tion dose boluses of propofol versus etomidate in Brugada
syndrome patients. Electrocardiographic changes for main-
tenance of anesthesia with continuous propofol infusion

Safe Propofol Administration in Brugada Syndrome

were not assessed. The results of the current study suggest
that propofol is devoid of an arrhythmogenic profile during
induction of anesthesia in patients with Brugada Syndrome
based on the following observations: (1) an induction bolus
of propofol did not induce a clinically relevant change in
the ST- and QRS-segment; (2) the transmural dispersion
of repolarization as index of arrhythmogenesis, estimated
by T esen) and the T eskengy/ QTratio, remained stable, as
did the JTc -, QTc,-, and QTc, -intervals; and (3) absence
of the occurrence of new ventricular or supraventricular
arrhythmias from induction until discharge from the pos-
tanesthesia care unit. All electrocardiographic and clinical
findings were comparable for propofol and etomidate.

Since the first description of the Brugada syndrome in
1992, there has been considerable progress in our knowl-
edge on this entity. Mainly due to retrospective studies and
case reports linking propofol to malignant arrhythmias
in patients with Brugada syndrome, concerns about the
administration of propofol in patients with this channel-
opathy have been raised.’'® The BrugadaDrugs.org advi-
sory board advises to avoid the use of propofol in patients
with established or suspected Brugada syndrome, or to use
them only after extensive consideration.'” On the other
hand, several authors have already reported a safe admin-
istration of propofol for diagnostic and surgical procedures
in patients with Brugada syndrome.'®?' Thus, it is hard to
establish a causative relation between propofol and malig-
nant arrhythmias from the aforementioned reports. The
theoretical pathophysiologic mechanism through which
propofol (which has sodium-channel blocking properties)
would interfere with the already altered function of car-
diac sodium channels in patients with Brugada syndrome,
would probably make more sense in patients with a muta-
tion on the sodium voltage-gated channel alpha subunit 5
gene (SCN5A). Since this mutation only accounts for 11
to 18% of the patients with Brugada syndrome, it could be
challenging to prove a causative relation.”** To the best of
our knowledge, the evidence for such a causative relation
is nonexistent. In the current study only 10 patients had
a positive SCN5A mutation; 5 patients received propofol
and 5 received etomidate. A subpopulation analysis was not
performed due to the small size of this subgroup.

Propofol (2,6-di-isopropylphenol) is probably the most
commonly used intravenous anesthetic agent to induce
anesthesia, having a well-known broad utility and safety
profile. Besides indispensable in the surgical setting, it has
been massively used for procedural sedations and diagnostic
procedures, and has an undoubtedly important role in the
intensive care unit.** A known hypersensitivity to propofol,
albeit very rare, is the only absolute contraindication for
administration. Its estimated incidence lies between 1:3,500
and 1:20,000 patients.”

A previously performed retrospective analysis in our cen-
ter focusing on a homogenous cohort of high-risk Brugada
syndrome patients with an automated implantable cardiac
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Fig. 3. Distribution of highest ST-change in all precordial leads. Part A is a visualization of ranking based on size of ST-change (as in table 2).
Part Breveals an arbitrary ranking of the patients based on the highest ST-change in at least one precordial lead. Group 1: AST is greater than
0.10 mV; Group 2: AST is greater than or equal to 0.0 mV and less than or equal to 0.10 mV; Group 3: AST is less than 0.0 mV.

defibrillator who were undergoing general anesthesia with
propofol already revealed no arrhythmia induction periop-
eratively." With this prospective study we confirmed those
findings, overcoming the limitations of the previous one.
Furthermore, some of the observations of the present
study are in line with those of a recently published pro-
spective clinical trial studying the effect of general anes-
thesia in high-risk Brugada Syndrome patients undergoing

Anesthesiology 2020; 132:440-51

epicardial ablation. Concordantly, figures 2 and 6 illus-
trate a slight decrease in the highest ST- and Jp-segments
in some patients (between —0.05 to —0.1 mV, with one
outlier showing a depression of —0.2 mV). It was unan-
ticipated to find that 16 (20.0%) of all patients had a ST
depression upon induction of anesthesia (11 patients had
propofol [25.6% of the propofol group] vs. 5 who had eto-
midate [13.5% of the etomidate group]; fig. 3, A and B).
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The research group of Ciconte et al. similarly reported a
statistically  significant ST-segment reduction immedi-
ately after propofol induction, which persisted for 20 min,
albeit anesthesia maintenance was achieved with the vola-
tile anesthetic sevoflurane.?® According to the well-known
pharmacokinetic profile of propofol, one would expect
the effect to have worn off by that time. Nevertheless, the
authors revealed comparably reduced values. In the current
study, the majority of the patients had no ST elevations at
all or no clinically-relevant ST elevations, while some of
the patients unexpectedly demonstrated a ST depression.
These observations could suggest that propofol, etomidate,
and sevoflurane could all directly or indirectly influence the
ST-segment through a suppressed orthosympathetic adren-
ergic state.

A literature analysis reveals that some authors have
reported antiarrhythmic effects of propofol.” Concordantly,
our department has reported a case in which propofol exhib-
ited antiarrhythmic properties in a patient with Brugada

syndrome who developed incessant ventricular fibrilla-
tion during an ajmaline challenge. Upon administration,
the young female patient instantly regained sinus rhythm
and spontaneous circulation. Subsequently, she was sedated
by means of continuous propofol infusion at the intensive
care unit for several days without occurrence of malignant
arrhythmias.®

A decrease of the ST-segment upon induction of anes-
thesia in some patients, albeit not significant (in both
groups), is probably the most unanticipated finding in this
trial, which coheres with those from the trial of Ciconte et
al. The majority of our patients had no ST elevation. This
might imply that the diagnosis of Brugada syndrome could
be masked when patients are challenged with intravenous
ajmaline under general anesthesia. In our university center,
it is protocol to proactively contact and screen the family
of the proband. When it concerns young patients, they are
offered the choice to undergo the ajmaline challenge under
sedation if they are too anxious. In most of those cases, this

Anesthesiology 2020; 132:440-51
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is performed under sedation with propofol. Anesthesia for
children under approximately 20 kg, without an intravenous
line, is exclusively achieved by mask induction with the
volatile anesthetic sevoflurane. Consequently, in both anes-
thetic techniques, and as observed in both aforementioned
studies, the ST-segment could be affected, possibly inter-
fering with the changes that are expected to be induced
during the ajmaline provocation test. Unintentional tam-
pering with the provocation test could therefore further
complicate the challenging diagnostic path in patients sus-
pected with Brugada syndrome.

Besides being conducted in a single center, the current
study has some additional limitations. First, the authors
would like to report that during the study’s early collection
phase it was decided to acquire additional measurements
(ST=segment at J-point, QTc - and QTc  -segment), and to
determine the transmural dispersion of repolarization and the

(peakeengy/ QTratio as indexes of arrhythmogenesis. Although
all measurements (primary endpoint and additional mea-
surements) occurred before unblinding and data analysis, and

Anesthesiology 2020; 132:440-51
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even though this did not alter the drive or methodology of
patient recruitment and data acquisition, the authors failed to
register the aforementioned variables as secondary endpoints
on the European Clinical Trials Database. Therefore, they are
only described as additional measurements.

The data presented severe challenges for its analysis,
especially because of the strong skewness, abundance of
zero values and differences in variance. While a permutation
test avoids relying on several of the assumptions that are
clearly not adhered to, such models are much less flexible.
The implied superiority testing did not show any signif-
icant difference, but also fails to argue for equality as an
equivalence test would.

Considering the data collection, the authors regard the
differential loss of electrocardiographic data in the study
arms—due to a hard disk failure of the stored electrocar-
diograms—also as a limitation. Eighteen electrocardio-
grams were not accessible for measurements (6 patients had
received propofol and 12 had received etomidate; fig. 1).
Therefore, patient enrollment was extended.
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Another limitation related to the noninvasive nature of
this clinical study is that the authors were unable to correlate
real-time plasma concentrations to the acquisition time of
the electrocardiograms. Propofol plasma concentrations
were expected to render some pharmacokinetic/dynamic
variability at the moment of electrocardiogram acquisition.
Nevertheless, the investigators considered that the time-
point of 3 min after injection of the hypnotic agent—with
subsequent clinical confirmation of loss of consciousness
of the patient—was a clinically relevant timepoint for the
second set of electrocardiographic recordings. This sampling
time frame assumed that plasma concentrations were still
high, and that the hypnotic agent still exerted its action on
the myocardial receptors. Obviously, this limitation is inher-
ent to the challenge of assessing anesthetic depth as surro-
gate of plasma concentrations and could therefore have an
influence on the electrocardiographic measurements. On
the other hand, clinical evaluation of the patients and reg-
istration of the occurrence of new arrhythmias were not
expected to be affected by such proceedings.

third intercostal V, lead; C,V, fourth intercostal V, lead; C,V.

,V,, fourth intercostal V, lead.

Additionally, it was assumed that the possible admin-
istration of a fluid bolus or a small dose of a vasoactive
drug (ephedrine or phenylephrine)—often administered
to counteract the reduction of the systemic vascular resis-
tance—would not have a notable effect during the induc-
tion phase of anesthesia under investigation.Vasoactive drug
administration was not prospectively collected and was
therefore considered as a limitation.

Finally, it is important to bear in mind that propofol infu-
sion syndrome (an uncommon, but well-described com-
plication) can occur in any patient receiving high rates of
propofol for a prolonged period.**" Although several pre-
disposing factors, such as critical or inflammatory illness or
exogenous catecholamines and glucocorticoids, have been
described as triggers of propofol infusion syndrome, there is
still an ongoing debate about the exact underlying patho-
physiologic mechanism.?** Interestingly, the ST-coved type
elevation that has been described in propofol infusion syn-
drome is very similar to the electrocardiographic pattern
in Brugada syndrome. This could be simply a common
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electrocardiographic finding. Up to date, there is no proven
causative relation between these two entities.

In summary, the effect of propofol in bolus, for induc-
tion of anesthesia, in 43 patients with established Brugada
syndrome was assessed and compared to 37 patients receiv-
ing etomidate. Maintenance of anesthesia was achieved with
inhalational agents, the effect of which was beyond the
scope of this study. The authors reinforce the statement of
the advisory board of BrugadaDrugs.org, that vigilance is
still required in patients receiving prolonged propofol infu-
sions, as similarly required for all patients, when anesthesia
is maintained with propofol. On the other hand, there was
no electrocardiographic or clinical evidence to support the
potential proarrhythmic risk of propofol as an anesthetic
induction agent. The results of this study thus, suggest that an
induction dose of propofol (2 to 3mg/kg™) is safe for patients
with Brugada syndrome. In the current trial, occurrence of
electrocardiographic changes during continuous propofol
infusion for sedation or maintenance of general anesthesia
in patients with Brugada syndrome was not assessed. Future
studies are warranted before conclusions about safety of
propofol infusions in Brugada syndrome can be determined.
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