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Health Economics

* No health care system has enough resources to provide
every clinically effective intervention to all persons who
could benefit

e Prioritize interventions that are the most cost-effective

» Cost-Effectiveness Analysis aims to inform decisions
about which practices to recommend (whether it gives
good value)
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QALY = Quality Adjusted Life
Years

e Primary health outcome used in economic evaluation

* Incorporates both survival and health-related quality of life

Index (“utility level”)
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Limiar de custo-efectividade

* Incremental cost-effectiveness ratio (ICER)

e 40.000 € por QALY
ICER da hemodialise = 160.000€ / 4 QALYs

e OMS: 1 (a 3) x PIB per capita
Portugal: 16.200€
Alemanha:  31.437€

e Limiardecididopelosdecisorespoliticos
UK £20,000 per QALY; =23.600€ per QALY
USA $50 000 per QALY; =37.400€ per QALY

<20.000€ >60.000€



Cost per QALY

Treatment gained (€)
Cardiac rehabilitation and prevention programme Dominant
Smoking cessation — physician counselling 2,000

Statins in secondary prevention (4S) 5,000
Primary angioplasty 11,000

AIDS drug cocktails 14,000
CRT-D in moderate-to-severe HF (CARE-HF) 19,300
New-generation drugs in Multiple Sclerosis 35,000
Kidney dialysis 40,000
Annual mamography for women aged over 70 70,000
Exercise ECG for asymptomatic men aged 40 years 95,000
/Cﬁ;nnncl:I CT scan for former heavy smokers to detect lung 1,000,000
Calvert MJ. EurHeart J. 2005;26:2681-88 Probstfield JL. Am | Cardiol2003; 91:22G-27G
Bravo VergelYHeart. 2007;93:1238-43 Johannesson M. N Engl | Med 1997;336:332-336

Tengs TD, Risk Anal 1995;15:369-84
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Custo-eficaciadaablacao de FA: Qual a evidéncia?

Custo-Efectividade da Ablacao de FA
Custos da Fibrilhacao Auricular

Beneficios da Ablacao

Custos da Ablacao
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Conclusoes

Annual Costs of Atrial Fibrillation

Average yearly cost (€)

Total annual

cost of AF 0 1000 2000 3000 4000
treatment Erance o
3,286 M€ Italy 372725
© 554 M€ Netherlands
1,545 M€ Spain
272 M€ Greece
Czech Rep
526 M€ Poland

Annual direct cost of AF in the UK in 2000 reached
€655 million (0.97%of the total NHS budget)

Moeremans K. Value Health 2000;6:407-16
Ringborg A, Europace. 2008;10:403- | Le Heuzey |Y. Am Heart | 2004;147:121-6
Stewart S. Heart 2004;90:286-92. Bulkova V. Vnitr Lek2008;54:36-44
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Conclusoes

Custos do Tratamentoda FA

* Hospitalizagoes por FA / descompensagao IC

* AVC / embolia sistémica (hospitalizagdes / rehabilitagio)

* Anticoagulagao cronica (firmacos/monitorizagido/consultas)
» Terapéutica anti-arritmica

o Complicagoes da terapéutica anticoagulante (hemorragia
sistémica, hemorragia intracraniana, eventos fatais)

» Complicagoes e toxicidade da terapéutica antiarritmica

» Exames diagnosticos (INR, ECG, Holter, EcoCG, analises, f
tiroideia, digoxinémia)

» Consultas médicas planeadas (médico de familia, cardiologista)

e Consultas médicas nao-planeadas (médico de familia,
cardiologista)

» Dispositivos de pacing (sind bradi-taqui, bradi-FA)




Distribution of Annual Costs of Atrial Fibrillation
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B Work loss
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M Inpatient care

Inpatient care and interventional procedures are the main
drivers of costs, accounting for =70% of total annual costs

Ringborg A, Europace. 2008;10:403-1 |
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Costs according to type of AF and frequency of recurrences

€lyear

9000
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4500

3000

1500

7,659

Yearly number of recurrences
Paroxysmal / Persistent AF

B Drug costs
[ Qutpatient
costs

B Hospital
costs

Reynolds MR. J CardiovascElectrophysiol. 2007;18:628-33

€/5-year

21000 -

12000

9000

6000

Cumulative 5-year Cost

3000

18000 -

15000 -

14,609

Paroxysmal
AF
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M Death
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B Drugs

B Stroke
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B Hospital costs

Moeremans K. Value Health. 2000;3(6):407-16



FA paroxistica
CHADS baixo

FA paroxistica
CHADS mod-alto

Custo cumulativo da Terapéutica Médica (AAD) aos 5 anos

€/5-year
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Moeremans K. Value Health. 2000;3(6):407-16
Reynolds MR. Circ ArrhythmElectrophysiol. 2009;2:362-9
McKenna C. Heart. 2009;95(7):542-9
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O

Ablacao de
FA

Ablagdo Focal sob Controlo
Fluoroscépico

Mapeamento
Electroanatémico

CARTO, Ensite NavX

Radiofrequency Catheter Ablation and Antinrrhythmic
Drug Therapy

Comparison of Antiarwythmic Drug Therapy
and Radiofrequency Catheter Ablation
in Patients With Paroxysmal Atrial Fibrillati

A Randomized Controlled Trial

Proportion of AT/AF-free patients.

| vR.020: 5% 01, 0.18-005;,
Log-rank P <.001

1 2 3 4 5 6 7 8 9

Follow-up, mo

Months of Foll ow-up

- Melhoria sintomatica e reducao do
risco de recorréncia de FA

- Probab manutengao de RS (12m):
84% vs 37% [OR: 0.10 (0.05-0.16)]

- Follow-Up 9-12 meses (max: 5 anos)

Wilber D). JAMA. 2010;303(4):333-40
Pappone C. Circ Arrhythm Electrophysiol. 201 1;4(6):808- 14

Mapeamento Electroanatémico cam
Integragdo de RMN/angioTC

Sistemas Robdticos

CARTO, Ensite NavX

Metanalise: 9 RCT Abvs AAD (944dts)

Resk Ratio Risk Ratio
Study 01 Subgr oup ML, Random, 95% C1I BL, Random, 95% C1
Par otysimal CPVA Vs AAD |
Pappone 2006 ISTRST. 527 =
Stabile 2006 7.74 (294, 2040 il
Sublotal (95% C1 L65[2.32,93) b=
Totsl everds
Heterogenelly Tau"= 0.15; Chi" = 209, df= 1 (P= 0.1%), P= 52%
Testfor overall effect £= 4 33 (P < 0.0001)
Parmeysmal PV vs AAD [
Forleo 2000 1.76 (0.94, 3 31) Piie
Jais 2008 197111, 249 s
Khan 2008 ST (221,540 36)
Kriftayaphon 2003 2051091 459 Rr—
Waznl 20056 2361149,279 | -
wiillber 2010 322 78 584 il
Subtotal (95% €1 2.26(1.74,294) &
Total evends 132
Meterogeneity Tau"s 0.00; Chi*= 243, of= 4 (P = 065), "= 0% [
Tast16i tveral éMect 2= 611 (P < 0.00001)
Persistent AF . RFA vs AR
Forleo 2009 196115, 33 Bl
¥han 2008 4305(271,68383 |
Hrillwyaphon 200) 1.50 (0 58, 4 00} ——
O, 006 956308, 298 —
Stabde 2006 585 [1.52, 2249) | =
Subtotal (95% CI) 3.20[1.29, 8.41) .
Total evends i ] |
Helerogonsily Tau"= 088, Chi*= 1170, 8= J(P= 0.008), = T4%
Testfor overall effect Z= 2 49 (P= 0.01)
!
o0 01 i 10 100

Parkash R. J Cardiovasc Electrophysiol. 2011 Jul;22(7):729-38
McKenna C. Heart. 2009;95(7):542-9




Comparison of Costs of Drugs, Consultations and
Hospitalizations before and after AF Catheter Ablation
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Kautzner J. Europace201 |;13:39-43



- Caso-controlo de doentes @ Europace CLINICAL RESEARCH

EUROPEAN Hoi:10.1093/europace/eus336
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CHA,DS,-VASc 2| com i
emparelhamento propensity score

Successful catheter ablation reduces the risk of

* Ablagdo: 174dts; AAD: 174dts cardiovascular events in atrial fibrillation patients
- Follow-Up: 47123 meses with CHA,;DS,-VASc risk score of 1 and higher

- Ablation patients without recurrence
=== Ablation patients with recurrence

MACEs Total Mortality
1262 dts consecutivos 100 4 1.00 TR LAY
FA sintomatica _ ess 2
(Taipei Veterans General Hospital) ; adh § -
‘ § 0.85 g.' 0.8s
953 dts E o E o
CHA,DS,-VASc 2| b4 -
I g ?-_ “*1 AAD: 2.95% per year
E ol g 1 Ablacdo: 0.74% per year
**1 Log Rank Test: P=0.002 o | Log Rank Test: P<0.01
570 dts 383 dts o O 8 12 18 24 30 36 42 48 54 60 66 T2 7B 84 “do § 2 18 24 30 38 42 48 B4 &0 8 T2 7 M
Cardiovascular Death Stroke / TIA
Propensity score matching e L S S S
‘ ‘ 7 0.95 3
174 dts 174dts g ™ g
= 088 g
g 080 "é wo! AAD: 2.21% per year
Progressio FA permanente: g on{ AAD: 1.77% per year 2 os| Ablacdo: 0.59% per year
AAD: 60,3%; Ablacio: 9,8% ¥ e z Log Rank Test: P=0.02
. '1; - E‘, ™1 Ablagio: 0% per year E - (beneficiondosignifnosdtsc/
Recorréncia FA apos ablacao: ess{ Log Rank Test: P=0.001 o8 { recorréncia de FA)
32,2% ) % e p— . ade

O 6 12 18 24 20 3 42 48 S % 6 T2 T M
Follow up duration (months) Follow up duration (months)

) r -
0 6 12 18 24 30 36 42 483 54 60 66 T2 TE B4

Lin YJ. Europace. 2012 Nov 28. [Epub ahead of print]
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Health economic evaluation

Custo-Efectividade da
Ablacao

Custos da FA

Beneficios da Ablacao
Custos da Ablacao

Conclusoes

CustosdaAblacao de FA

» Heterogeneidade das estratégias de ablacao

o Sistema de mapeamento electro-anatomico

« TAC/RMN

e Eco intracardiaco

» Monitorizagao da temperatura esofagica

e Duragao do internamento

e Complicagoes (6% no Worldwide Survey)

TABLE 4

Prevalence and Cost of Procedural Complications

3

ttimates

Complication Type Prevalence (%) Cost Low Medium High
Tamponade 1.22 $5,382 CARTO/3-D mapping case
Stroke 0.28 $13,700 Diagnostic decapolar catheter $£636.00 $§83234030 $§830760[?0
ient i " Navistar catheters (8 mm) ,050.00 3241 ,000.
pransien ischemic attack 8 g%gfg Thermocaol catheters $4450.00 $5050.00  $5.900.00
Total cost of complications $2§6 01 Average of above-listed catheters $4,250.00 $4,687.00 §5,450.00
P . Reference patches $764.00 $1.346.00 $2,000.00
Non-CARTO/non-3-D mapping case
Diagnostic decapolar catheter $636.00 $829.00 $897.00
TABLE 3 Celsius catheter (8 mm) $786.00 $916.00 $1,189.00
AbLL> . LASSO catheter $1.837.00 $2,286.00 $2,657.00
Total Pulmonary Vein Ablation Cost?"-30-32 ICE probe NA NA $4,000.00
NAVx case
Item Cost Diagnostic decapolar catheter $636.00 $829.00 $897.00
Celsius catheter (8 mm) $786.00 $916.00 51,189.00
Cost of anticoagulation for 1 month $57.02 LASSO catheter $1.837.00 $2.286.00 $2,657.00
pre-procedure* NAVx paich $1,200.00 $1,200.00 $1,200.00
Average cost of procedure (fixed $1,700.00 Total CARTO/3-D mapping case (_33?( of total volume) $5,650.00 $6,862.00 §8,347.00
costs, patient charges, EP lab Total non-CARTO/non-3-D mapping case (33% of total volume)  $3.259.00 $4,031.00 $8,743.00
staff costs, materials, and supplies) TC')I?I NAVx case (33% of total volume) $4.459.00 $5,231.00 $5,943.00
CT chest scan $356.60 Weighted average cost of catheters $4,455.55 $5,374.13 §7.676.90
Physician fees $1,276.00 NA = not applicable.
3 months post-procedure follow-up $1,566.65
Cost of procedure complications $256.91
Catheters $5,374.13
Total 10,588.21

*Cost of anticoagulation in 44% of the patients who would not otherwise be

anticoagulated for 1 month pre-ablation.

Khaykin Y. J CardiovascElectrophysiol. 2007;18(9):907-13
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Conclusoes

AF ablation total cost (I procedure)
12,090-15,815 €
11,511 €

8,604-16,350€

Canada (2007):
U Kingdom (2009):

Japao (201 1):

Administration costs
230&

Lab 2324
(200min)
214
Ward
(2 days)

Khaykin Y. J Cardiovasc Electrophysiol. 2007;18(9):907-13
McKenna C. Heart. 2009;95(7):542-9

Noro M. Circ J. 2011;75(8):1860-6

6679

Total
consumable

McKenna C. Heart. 2009;95(7):542-9



Cost-Effectiveness of Radiofrequency Catheter Ablation
Compared With Antiarrhythmic Drug Therapy for
Paroxysmal Atrial Fibrillation

Matthew R. Reynolds, MD, MSc; Peter Zimetbaum, MD; Mark E. Josephson, MD; Ethan Ellis, MD;
Tatyana Danilov, MD; David J. Cohen, MD, MSc

Heart rhythm disorders and pacemakers

d Cost-effectiveness of radiofrequency catheter
comons ablation for the treatment of atrial fibrillation in the
United Kingdom

C McKenna," S Palmer,” M Rodgers,? D Chambers, N Hawkins,' S Golder,? S Van
Hout,' C Pepper,® D Todd," N Woolacott?

CADTH Technology Overviews March 2012, Volume 2, Issue 1 ?-5

Ablation Procedures for Rhythm Control in Patients with Atrial Fibrillation:

Clinical and Cost-Effectiveness Analyses
Assasi N, Blackhouse G, Xie F, Gaebel K, Robertson D, Hopkins R, Healey |, Roy D, Goeree R.

Circu.]ation Journal ) . . ORIGINAL ARTICLE
Official Journal of the Japanese Circulation Society
http: //www. j-circ.or.jp Arrhythmia/Electrophysiology

Cost Effectiveness of Radiofrequency Catheter Ablation
vs. Medical Treatment for Atrial Fibrillation in Japan
— Cost Performance for Atrial Fibrillation —

Mabhito Noro, MD, PhD; Shingo Kujime, MD: Naoshi Ito, MD; Yoshinari Enomoto, MD;
Keijirou Nakamura, MD, PhD; Tsuyoshi Sakai, MD, PhD;
Takao Sakata, MD, PhD; Kaoru Sugi, MD, PhD




Markov Model Design US Model Inputs

5-year time horizon
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Recurrence rate within | year: 75% X

(65% for amiodarone) . "
AF Ablation '
Single-procedure efficacy rate: 65% ,
Rate of repeat ablation: 25% e e : "

(1.25 procedures per patient)
Overall failure rate: 10% Reynolds MR. Circ ArrhythmElectrophysiol. 2009;2:362-9



US Model Inputs

Incremental Cost-Effectiveness: RFA vs. AAD

[ Utility: ablation success (0.82 - 0.76) |
| Time horizon (10 - 3 years) ——————————— |
Utility: rate control (0.69 - 0.76) e —
| Ablation Cost ($10,000-20,000)  7,400¢€ 14,800€ |
Rate Control Cost ($5000-$900/yr) ——
Cost of Drug Load ($7000 - 0) i —
Single procedure success (70%-50%) —
Amiodarone Rx Cost ($5000 - $1200) S
Discount Rate (0-5%) s
First line drug cost ($6000 -$2500) s
I; 50 1I;HJ 1&0 ZI;D Zéﬂ EI;D
iCER ($thousand/QALY)
5-year analysis Ablation AAD 17,745 — 14779 = _4%6<€
3.51 -3.38 0.13 QALY
Cumulative cost 19,745 € 14,779 €
QALY over 5-year 3.51 3.38 ICER = 38,199 € per QALY*

* 51,431 US$ per QALY

Reynolds MR. Circ ArrhythmElectrophysiol. 2009;2:362-9



Markov Model Design U Kingdom Model Inputs

5-year and lifetime analyses

Stroke M
NSR M
Cardiac tamponade
Complications AF M
L
NSR M
PV stenosis
+AF M Long-term Markov Model
RFCA Operative death (dead) M
NSR M Eagg— <
~ No complications + SR \ /AF
Populacao AF M S
O,
H/M 80/20%, I 1
idade 252a, NSR " seoke
— " . (one eycle only)
7. Reversible general toxicity (NSFﬂl . _
FA paroxistica ar " <
Dead
’ A~ 3 Reversible pulmonary toxicity I \
aPOSfaIenCIa de (AF, no irreversible pulmonary toxicity) M < fotrokel
Adverse drug toxicity . . 7
. Irreversible pulmonary toxicity Post-stroks
2|AAD Pulmonary complication | (aF, imeversible pulmonary toxicity) M o 'D
Death from toxicity (dead) M
AADs Irreversible general toxicity (AF)
No pulmonary complication (AF, no irreversible pulmonary toxicity) M
NSR M
No adverse drug toxicity l
T AF (no. irreversible pulmonary toxicity) M

Model Inputs:

Stroke risk sensitive to the rhythm (60% higher during AF), CHADS and OAC use
Risk of death similar for both therapies (but 7,40 times higher after stroke)

AAD (all AAD patients treated with amiodarone)

Recurrence rate within | year: 65% (29%/year thereafter)

AF Ablation
Recurrence rate within | year: 16% (3%/year thereafter)

McKenna C. Heart. 2009;95(7):542-9



U Kingdom Model Inputs

Incremental Cost-Effectiveness: RFA vs. AAD

0 10 20 30 40 50
CHADS, =0 @ s @
|
CHADS, = | e @
|
CHADS, =2 @ ] !
CHADS, =3 @ Q I
Prognosis for NSR and 1
AF equivalent T Frommmeees @
Annual probability of |
reversion back to AF
5% S — e :
I
10% @ QO
|
15% @ - e ® ;
0 10 20 30 40 50
ICER (€thousand/QALY)

O Lifetime analysis @ 5-year analysis

5-year analysis Ablation AAD 31,676 — 19,377 12,301 €
10.97 — 10.52 0.45 QALY

Cumulative cost 31,676 € 19,377 €

QALY over 5-year 10.97 10.52 ICER = 27,332 € per QALY*

assuming CHADS, score = 2 * 36,800 US$ per QALY McKenna C. Heart. 2009;95(7)2542-9
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Cost neutrality between 3.2 and 8.4 years (average: 4 years)
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15000

Cumulative Cost

7500

—o— Ablation

—o—  AAD

Khaykin Y. J CardiovascElectrophysiol. 2007;18(9):907-13




Conclusoes

* Ablacao de FA é custo-efectiva em doentes com FA paroxistica
e sintomas refractarios a AAD

* Custo inicialmente elevado € compensado pelo decréscimo dos
custos (hospitalizagoes)

e Neutralidade de custos atingida apos 5-10 anos (assumindo que
os resultados da abla¢cdo se mantém a longo prazo...)

» Evidéncia actual sugere que a ablagao dificilmente sera custo-
efectiva em doentes sem sintomas significativos (custo-
efectividade dependente da melhoria sintomatica)

e Se for confirmado o impacto favoravel na mortalidade e risco
de AIT/AVC em ensaios clinicos controlados e aleatorizados, a
relacao custo-efectividade da ablacao de FA tornar-se-a muito
favoravel, eventualmente mesmo noutros grupos de doentes






Additional cost
(€, %, £)

A

Threshold

L

>

Health Effect
(QALY)

Incremental cost-effectiveness ratio (ICER) - difference between
the mean costs of each strategy divided by the difference in mean
health outcome (the slope of the line that connects the strategies).



AnnualFollow-Up Costs - Medical Therapy

Rhythm Control

Rate Control

Warfarin ASA Warfarin ASA Total

Percentage of patients (in Ontario) 26.39 10.77 43.64 19.20
Clinical tests (number/year)

INR 14 0 14 0

ECG 3.11 2.63 3.11 2.63

Holter monitoring 1.06 0.69 0.15 0.3

Echocardiography 0.67 0.73 0.67 0.73

Exercise testing 0.05 0.1 0.05 0.1

Thyroid function 0.03 0 0.03 0

Digoxin levels 0 0 0.28 0.28

Weighted annual cost $176.95 $£31.46 $254.18 $£49.60 $512.18
Physician visits no CHF (per year, 45% patients without CHF)

GP 6.6 5.56 7.44 5.67

Specialist 2.6 2.11 2 1.67

Hospital days 1.4 0.5 0.69 0.76

Weighted cost §123.02 $£20.91 $146.54 $58.14 $357.61
Physician visits CHF (per year, 55% CHF prevalence)

GP 11.22 10.14 10.89 B.13

Specialist 3.80 3.5 3 2.75

Hospital days 3 4.14 413 3.57

Weighted cost $388.79 $134.41 $530.50 $197.47 $£1.251.26
Unscheduled visits (per year)

Cardiologist 0.99 0.99 0.39 0.39

Hospital days (assumed ICU) 2.01 2.01 0.49 0.49

Weighted cost $707.38 $288.60 $203.27 $129.03 $1.418.37
Annual weighted cost of clinical tests and visits $3.530.42

Proportions of patients in each therapeutic strategy was derived from the CARAF registry.

Khaykin Y. J CardiovascElectrophysiol. 2007;18(9):907-13



Table 2. Quality of Life Assessment With Change From Baseline to 3 Months

Absolute Change From Baseline

Catheter Ablation Antiarrhythmic Drug Therapy
I I 1 Mean Difference
No. of Mean Change No. of Mean Change Between Groups P
Scale Patients (95% Cl) Patients (95% ClI) (95% Cl) Value
SF-36 mental a0 85059t 11.1) 39 1.6(-1.1t04.3) 6.9 (2.6t0 11.2) <.001
SF-36 physical a0 6.9 (5.2 t0 8.6) 39 0.4(-1.7102.6) 6.6 (3.6 t0 9.4) <.001
Symptom frequency 82 -11.1 (-12.9t0 -9.3) 29 0.7 (-2.4 10 3.9 -11.8 (-15.4 to -8.3) <.001
Symptom severity 65 -94(-109to-7.9) 23 0.0(-3.31t03.4) -9.4 (-12.6to -6.3) <.001

Abbreviations: Cl, confidence interval; SF-36, 36-item Short-Form Health Survey.

Wilber. JAMA. 2010
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