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Abstract: Understanding health care resource utilisa-
tion and its associated costs are important for identify-
ing areas of improvement regarding resource
allocations. However, there is limited research explor-
ing this issue in the setting of Brugada syndrome
(BrS).This was a retrospective territory-wide study of
BrS patients from Hong Kong. Healthcare resource
utilisation for accident and emergency (A&E), inpa-
tient and specialist outpatient attendances were
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analyzed over a 19-year period, with their associated
costs presented in US dollars. A total of 507 BrS
patients with a mean presentation age of 49.9 §
16.3 years old were included. Of these, 384 patients
displayed spontaneous type 1 electrocardiographic
(ECG) Brugada pattern and 77 patients had presented
with ventricular tachycardia/ventricular fibrillation
(VT/VF). At the individual patient level, the median
annualized costs were $110 (52-224) at the (A&E) set-
ting, $6812 (1982-32414) at the inpatient setting and
$557 (326-1001) for specialist outpatient attendances.
Patients with initial VT/VF presentation had overall
greater costs in inpatient ($20161 [9147-189215] vs
$5290 [1613-24937],P < 0.0001) and specialist outpa-
tient setting ($776 [438-1076] vs $542 [293-972],
P = 0.015) compared to those who did not present VT.
In addition, patients without Type 1 ECG pattern had
greater median costs in the specialist outpatient setting
($7036 [3136-14378] vs $4895 [2409-10554],p=0.019).
There is a greater health care demand in the inpatient
and specialist outpatient settings for BrS patients. The
most expensive attendance type was inpatient setting
stay at $6812 per year. The total median annualized
cost of BrS patients without VT/VF presentation was
78% lower compared to patients with VT/VF presen-
tation. (Curr Probl Cardiol 2023;48:101513.)
Introduction

C
ardiac channelopathies refer to a heterogeneous group of disor-

ders caused by a malfunction of ion channels in the structurally

normal heart, leading to increased risks of ventricular tachycar-

dia (VT), fibrillation (VF) and thus sudden cardiac death (SCD).1,2 In

recent years, there has been an increased exploration of a relatively rarer

type of cardiac channelopathy known as Brugada syndrome (BrS), which

is particularly prevalent in Asia.3,4 The diagnosis of BrS requires the

presence of a spontaneous or drug-induced electrocardiographic pattern

characterised by coved-shaped ST-segment elevation in the right precor-

dial leads,5 which are due to a combination of depolarisation and repolar-

isation abnormalities.6 Common clinical manifestations of BrS include

syncope, aborted SCD and palpitations.7 Its main treatment is the use of
Curr Probl Cardiol, February 2023



an implantable cardioverter defibrillator (ICD),8 which delivers electrical

shocks to abort arrhythmic events.9 Alternatively, pharmacological

agents such as quinidine, disopyramide and b-adrenergic agents have

shown effective in the prevention or suppression of arrhythmic events.10

Despite recent scientific advances, there has been limited exploration

of the worldwide prevalence and economic burden of BrS patients, which

may also differ between ethnicities and geographical regions.11 Due to

inadequate data to perform the analysis as well as few proactive measures

to target unnecessary attendances or utilisation, this poses a major obsta-

cle to maximizing the system’s potential in delivering cost-effective med-

ical care. Specifically on BrS, only two studies have been published on

the cost-effectiveness of ICD interventions,12,13 but no further analyses

on the overall health care resource utilisation and burden for the wider

BrS cohorts. Moreover, health care resource utilisation and related costs

differ significantly even within the BrS population, as the affected

patients are at different levels of arrhythmic risk. Not only is the diagno-

sis process challenging as the majority of patients with BrS are asymp-

tomatic,14 but active surveillance, diagnostic testing, arrhythmia risk

prediction and subsequent management can be costly. Accurate diagnosis

and careful resource utilisation are vital not only for prompt treatment,

but it allows physicians to eliminate redundancy in the health care organi-

sation. Hence, this entails the need for an integrated, in-depth investiga-

tion of the health care resource utilisation of BrS patients. Therefore, the

present paper aims to investigate the attendance-related health care utili-

zation and its costs for BrS patients from Hong Kong, China.
Methods
Study Population
This retrospective study was approved by The Joint Chinese Univer-

sity of Hong Kong-New Territories East Cluster Clinical Research Ethics

Committee. The cohort consists of patients diagnosed with BrS between

January 1st, 1997 to December 31st, 2020 in public hospitals or private

clinics managed by the Hong Kong Hospital Authority. This cohort has

been used previously by our team for identifying the different risk factors

of arrhythmic events15 as well as the development of predictive models

for risk stratification.16 The identification of patients and attendance

information were obtained from Clinical Data Analysis and Reporting

System (CDARS), a territory-wide database that centralizes patient infor-

mation from 43 local hospitals and their associated outpatient and
Curr Probl Cardiol, February 2023 3



ambulatory care facilities. This system has been utilized previously by

our team for conducting clinical and epidemiological studies for the other

ion channelopathies of long QT syndrome17 and catecholaminergic poly-

morphic ventricular tachycardia (CPVT).18

The diagnosis of BrS was made initially by case physicians. However,

this was further confirmed by G.T. and N.S.M. through an assessment of

documented electrocardiograms (ECGs), case notes, genetic reports and

diagnostic test results in accordance with the 2017 Expert Consensus

Statement.19 Diagnosis of BrS was established based on electrocar-

diographic criteria, family history, clinical symptoms and genetic tests by

the participating institution at the time of entry.20
Clinical and Electrocardiographic Data Collection
The following baseline clinical data were extracted from the electronic

health records:1 sex;2 age of first characteristic ECG presentation and last

follow-up;.3 follow-up duration;4 syncope manifestation and its fre-

quency;5 family history of SCD and the specific ion channelopathy;6 per-

formance of electrophysiological study (EPS), 24-hours Holter study, ion

channelopathy-specific genetic testing, and the respective results;7 pre-

sentation of sustained VT and its frequency;8 presence of other arrhyth-

mias;9 ECG performance;10 implantation of ICD;11 period between the

initial presentation of characteristic ECG and the first post-diagnosis VT/

VF episode;12 initial disease manifestation (asymptomatic, syncope, VT/

VF);13 occurrence, cause and age of death. Other arrhythmias include

sick sinus syndrome, atrial tachyarrhythmias, bradycardia, atrioventricu-

lar block and supraventricular tachyarrhythmias. The baseline ECG is the

documented ECG recorded at or the earliest after the initial characteristic

ECG presentation.
Health Care Utilisation and Cost Analyses
Health care resource utilization for accident and emergency (A&E),

inpatient and outpatient attendances were analyzed over 19 years (2001

to2019). The attendance costs were calculated using unit costs published

by the local government. These costs were annualized in Hong Kong Dol-

lars and later converted to US Dollars.
Statistical Analysis
Fisher’s exact test was used to compare categorical variables and was

represented as a total number and percentage. For baseline
4 Curr Probl Cardiol, February 2023



characteristics, continuous and discrete variables were expressed as a

mean and standard deviation (SD) value, which was compared by using

the t-test. For utilization and costs, values were presented as median

(interquartile range-IQR) and compared using. Mann-Whitney-Wilcoxon

Test was performed to verify the statistical significance of subgroup anal-

ysis. Statistical significance was defined as P < 0.05. All statistical analy-

sis was performed using R Studio (Version: 1.3.1073).
Results
Baseline Characteristics and Demographics
A total of 507 BrS patients (468 [92.3%] males and 39 ([7.7%]

females) were included. The mean presentation age of this cohort was

49.9 § 16.3 years old. 384 (75.7%) patients displayed the spontaneous

type 1 ECG BrS pattern. A family history of BrS and SCD was found in

15 (3.0%) patients and 41 (8.1%) patients, respectively. Of the 50 (9.9%)

patients who received a genetic test, 16 (3.2%) patients returned positive.

The cohort was further stratified based on the occurrence of VT/VF as the

initial disease presentation, which was present in 77 BrS patients. No sta-

tistical significance was identified when the two groups were compared

based on sex, type 1 BrS pattern, family history of BrS, family history of

SCD, the performance of sodium channel blocker challenge and its posi-

tive findings, Holter study and the arrhythmia found, positive genetic

test, treadmill test, baseline ECG markers and the presentation of syncope

initially. Regarding the baseline ECG characteristics, patients with pre-

sentation of VT/VF demonstrated greater QRS interval (112.3 § 25.5 vs

105.2 § 22.0), QTc (429.5 § 42.9 vs 414.2 § 30.5) and QT interval

(375.9 § 48.0 vs 367.8 § 41.2) but lower T axis (48.2 § 28.2 vs 55.5 §
25.5) compared to patients without VT/VF presentation. The baseline

characteristics of this cohort, including a comparison of BrS patients with

and without VT/VF presentation, are summarized in Table 1.
Health Care Resource Utilization and Costs
The total number of attendances for A&E, inpatient and specialist

outpatient settings in the cohort were 5094, 4074 and 28,493 respec-

tively. At the single patient level, the median number of attendances

for A&E, inpatient, inpatient length of stay and special outpatient set-

tings were 6 (3-12), 5 (2-10), 90 days(25-378) and 38 (18-76),

respectively. These corresponded to median costs of $949 (474-1818)
Curr Probl Cardiol, February 2023 5



TABLE 1. Baseline characteristics of the cohort

Variables BrS patients
(n = 507)

BrS patients
with VT/VF
presentation
(n = 77)

BrS patients
without VT/VF
presentation
(n = 430)

P-value

Clinical characteristics

Female 39 (7.7) 2 (2.6) 37 (8.6) 0.0999
Presentation age (years) 49.9 § 16.3 47.3 § 17.2 50.4 § 16.1 <0.0001
Current age 57.1 § 16.3 55.5 § 17.4 57.4 § 16.1 <0.0001
Initial type 1 BrS ECG pattern 315 (62.1) 48 (62.3) 267 (62.1) 0.0233
Type 1 BrS ECG pattern 384 (75.7) 53 (68.8) 331 (77.0) 0.148
Family history of BrS 15 (3.0) 2 (2.6) 13 (3.0) 1
Family history of sudden cardiac death 41 (8.1) 6 (7.8) 35 (8.1) 1
Syncope 220 (43.4) 55 (71.4) 165 (38.4) <0.0001
VT/VF 77 (15.2) 77 (100) 0 (0) <0.0001
Symptomatic 242 (47.7) 77 (100) 165 (38.4) <0.0001
Sodium channel blocker challenge 218 (43.0) 38 (49.4) 180 (41.9) 0.261
Positive sodium channel blocker
challenge

192 (37.9) 30 (39.0) 162 (37.7) 0.899

EPS 110 (21.7) 27 (35.1) 83 (19.3) 0.00393
Arrhythmia-induced in EPS 75 (14.8) 23 (29.9) 52 (12.1) 0.000183
Implantable cardioverter defibrillator 134 (26.4) 62 (80.5) 72 (16.7) <0.0001
Holter study 137 (27.0) 19 (24.7) 118 (27.4) 0.677
Arrhythmia on Holter study 61 (12.0) 11 (14.3) 50 (11.6) 0.567
Atrial arrhythmia 79 (15.6) 22 (28.6) 57 (13.3) 0.00175
Genetic test 50 (9.9) 13 (16.9) 37 (8.6) 0.0359
Positive genetic test 16 (3.2) 4 (5.2) 12 (2.8) 0.283
Performance of treadmill test 60 (11.8) 6 (7.8) 54 (12.6) 0.337
Echocardiogram 233 (46.0) 43 (55.8) 190 (44.2) 0.0633
EEG 57 (11.2) 21 (27.3) 36 (8.4) <0.0001
Abnormalities on EEG 16 (3.2) 11 (14.3) 5 (1.2) <0.0001
Initial asymptomatic 306 (60.4) 11 (14.3) 295 (68.6) <0.0001
Initial syncope 159 (31.4) 24 (31.2) 135 (31.4) 1
Initial VT/VF 42 (8.3) 42 (54.5) 0 (0) <0.0001

Baseline ECG characteristics

Heart rate 80.9 § 20.0 84.6 § 24.0 80.2 § 19.1 <0.0001
P-wave duration 114.7 § 18.2 119.5 § 14.7 113.8 § 18.7 <0.0001
PR interval 169.4 § 29.0 170.1 § 29.3 169.3 § 29.0 <0.0001
QRS interval 106.4 § 22.7 112.3 § 25.5 105.2 § 22.0 <0.0001
QTc interval 416.6 § 33.2 429.5 § 42.9 414.2 § 30.5 <0.0001
QT interval 369.0 § 42.4 375.9 § 48.0 367.8 § 41.2 <0.0001
P-wave axis 61.2 § 22.3 59.2 § 22.8 61.5 § 22.2 <0.0001
QRS axis 58.5 § 39.3 65.7 § 53.4 57.1 § 36.1 <0.0001
T axis 54.4 § 26.0 48.2 § 28.2 55.5 § 25.5 <0.0001
R wave in lead V5 1.5 § 0.6 1.3 § 0.6 1.6 § 0.6 <0.0001
S wave in lead V1 0.6 § 0.3 0.5 § 0.3 0.6 § 0.4 <0.0001
1st degree atrioventricular block 54 (10.7) 11 (14.3) 4310 0.314
Interventricular delay 146 (28.8) 34 (44.2) 112 (26.0) 0.00241

Abbreviations: BrS: Brugada syndrome; VT/VF: ventricular tachycardia/ fibrillation; EPS:
electrophysiological study; EEG: electroencephalogram; QTc: corrected QT.
*P< 0.001 significant
Bold values indicate P<0.05.
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TABLE 2. All cause BrS health care utilisation and costs. Median and IQR values are presented.
Costs are shown in US dollars.

Attendance type Attendances Costs ($) Annualised costs ($/yr)

Accident &
Emergency

6 (3-12) 949 (474-1818) 110 (52-224)

Inpatient 5 (2-10), 90 (25-378) days 58724 (16279-247625) 6812 (1982-32414)
Special

Outpatient

38 (18-76) 5353 (2524-11089) 557 (326-1001)
for A&E, $58724 (16279-247625) for inpatient setting and $5353

(2524-11089) for special outpatient setting. To corroborate, the

median annualized costs were $110 (52-224) for A&E, $6812 (1982-

32414) for inpatient setting and $557 (326-1001) for special outpa-

tient setting (Table 2).

Patients with initial VT/VF presentation had significantly higher inpa-

tient (8 [5-15] vs 4 [2-9], P < 0.0001) and specialist outpatient attendan-

ces (52 [26-98] vs 34 [17-71], P = 0.003), as well as longer inpatient-stay

duration (391 days [157-1231] vs 71 days [19-280], P <0.0001) com-

pared to patients without VT/VF presentation. While there was almost no

difference in costs in A&E setting for both groups, the annualized costs

for patients who presented with VT/VF were significantly higher in the

inpatient ($20161 [9147-189215] vs $5290 [1613-24937], P < 0.0001)

and specialist outpatient setting ($776 [438-1076] vs $542 [293-972],

P=0.015). The attendance and cost comparison between patients with and

without VT/VF presentation is shown in Supplementary Table 1. To

corroborate, patients who displayed non-type 1 BrS ECG pattern

demonstrated higher number of total attendances (58 [27-119] vs 44

[22-92], P = 0.052) and higher annualized costs in the inpatient

($7646 [1375-27356] vs $6659 [2131-33877], P = 0.549) and special-

ist outpatient setting ($691 [373-1132] vs $542 [307-940], P = 0.023)

in comparison to patients who displayed type 1 BrS ECG pattern

(Supplementary Table 2).
Discussion
This is the first territory-wide cohort study examining the health care

utilization and its related costs in BrS. Several major findings were identi-

fied in this study.1 BrS patients require more services from inpatient and

specialist outpatient settings.2 The most expensive attendance type was

inpatient stay at $6812 per year, followed by outpatient clinics at $557
Curr Probl Cardiol, February 2023 7



per year and A&E at $110 per year;3 The total median annualized cost of

BrS patients without presentation of VT/VF was 78% less compared to

their counterparts. In addition, this study also provided supportive evi-

dence for specific ECG parameters and clinical characteristics that are

associated with a higher risk for VT/VF amongst BrS patients.

There is well-established evidence proposing the association between

BrS and increased risks of VT/VF and SCD.21,22 However, the optimal

management of BrS patients remains a challenge in the health care setting

with difficulties in accurate risk stratification.23,24 The use of an ICD has

shown to be effective in averting the occurrence of SCD for BrS

patients.25 Nonetheless, not only does this technology bear short and

long-term medical risks, but it is also a high-maintenance, costly inter-

vention.26 BrS patients with recovered SCD and severe VT/VF history

are classified as high risk and require an ICD implantation as secondary

prevention.27,28 For these patients, it is estimated that the recurrence rate

of arrhythmic events is approximately 48% across 10 years without

timely intervention.29 While some patients at high risk are eligible for

ICD implantation, the clinical guidelines surrounding the recommenda-

tion of ICDs for asymptomatic BrS patients remain ambiguous.13 Further-

more, other forms of therapy catheter ablation though effective for BrS

patients with recurrent VT/VF episodes,30 were found to be a cost-inef-

fective option compared to anti-arrhythmic drug therapies for other car-

diac diseases.31 These options are less likely to be prioritised for patients

without a history of VT/VF or other symptoms. Hence, this may explain

why the economic burden of patients who displayed pre-existing VT/VF

was significantly higher compared to those without pre-existing VT/VF.

The paucity of cost analysis evidence is further exacerbated by the rar-

ity of BrS in Asian countries, therefore posing an issue of practicality for

obtaining clinical trial data. Current research on BrS originates primarily

from community-based studies of young people in Japan.32 Nakano et al.

found that Asian patients are susceptible to a higher mortality rate from

sudden lethal arrhythmias and BrS remains one of the leading causes of

SCD.33. Compared to research studies conducted in other Asian coun-

tries, the prevalence of BrS in Hong Kong is relatively low. Tse et al.

found P-wave duration, PR interval and QT interval to be significant pre-

dictors of atrial fibrillation in a cohort of 275 BrS patients from Hong

Kong.34 Lee et al. further verified the predictive value of ECG markers

and clinical characteristics for BrS risk stratification in a study consisting

of 516 patients from Hong Kong.35 From other geographical regions,

there have been published studies on the cost-effectiveness of ICDs,12

and the comparative effectiveness of ICDs for asymptomatic BrS
8 Curr Probl Cardiol, February 2023



patients.13 In the future, the findings of this study may extrapolate

towards the development of a most cost-effective, patient-centred

resource utilization model. Resultantly, proper resource utilization can

ensure the patient achieves the optimum health outcome while reducing

the financial burden on the patient.
Conclusion
The health care resource utilization and costs of BrS patients in Hong

Kong were studied. The findings of this study can provide crucial insight

into improving the management and health care resource allocation sur-

rounding BrS.
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