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Cardiac Resynchronization Therapy
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—Abstract—

Heart failure is a clinical syndrome comprised of a number of symptoms and signs
associated with congestion and/or hypoperfusion. Specific pharmacologic therapies have been
developed to slow disease progression from early to more advanced stages. Once symptoms
have developed, aggressive multimodality interventions are instituted to alleviate symptoms
and improve clinical status and quality of life; especially in those patients that present
symptoms. Recently, an evolving adjunctive therapeutic modality, that involves using
mmplanted electrical devices: cardiac resynchronization with or without implantable cardioverter
defibrillators (ICD). has been used for management.

Cardiac resynchronization therapy (CRT) is a proven treatment for selected patients with heart
failure-induced conduction disturbances and ventricular dyssynchrony. When used in combination
with stable, optimal medical therapy, CRT is designed to reduce symptoms and improve cardiac
function by restoring the mechanical sequence of ventricular activation and contraction.

This review summarizes the rationale, procedure, clinical trials, and clinical indications for
CRT.
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Table 1. 43 AA3 X589 F2AAU4ATY M8
Study Design  Participants Endpoints Inclusion Comments
Blind QRS >120-150ms Significant for patients
PATH CHF-IY  cross 8 VO, MWD m%b@m“éwwﬁmm
over LVEF <30% v
Single 6MWD, VO2, QOL, NYHA III, QRS  First major evidence for
MUSTIC” blinded 48 o ’ .
m Hospitalization >150 ms benefit from CRT
Cross over
Single Also included RV paced
MUSTIC-AF"  blinded g M ,E’ ‘VO.Z’ QOL, NYHAIIL QRS patients with QRS >200
Hospitalization >150 ms
Cross over ms
Double NYHA II-IV QRS .. .. ..
CLE" blind 153 NYHA, QOL, 130, LVEF < Significant r§duct10n n
6MWD hosp for device group
parallel 35%
All cause mortality
Double NYHA II-IV QRS RR=24% (p=0.06)
18 11 Death and all o .
COMPANION™ blind parallel 1600 cause hos >120, PR >150 ms Significant result in the
groups P & LVEDD >6cm  ICD group, CRT trend to
benefit
Blinded NYHA II-IV QRS QRS 120-150 requires
CARE-HF" parallel 816  Death & CVS hosp =120, LVEF <  echo evidence of
groups 35% dyssynchrony
Double ior:tﬁ?te Ofr _ NYHA IIIV QRS
CONTAK-CD”  blind gl oML, WOISEHE 100 LVEF < Trend to benefit
aralle] HF, ICD shock, %50
P 6MWD, QOL, Vo2 *°
NYHA II-IV QRS
Double q No differences in ICD
21) . NYHA, QOL, >130, LVEF <
MIRACLE-ICD blind 369 therapy rates due to
6MWD 36%, ICD
parallel . CRT noted
indication
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049, 95%CI 0.25-0.93)7F43F L, AFHe=
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COMPANION(comparison of medical therapy,
pacing, and defibrillation in chronic heart
failure) A9 27} AFATAI S BT 24%
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Trial Patients Mean age(yr) Mean LVEF NYHA class CAD  Mean QRS LBBB
Clinical Improvement Trials
CONTAK CD 490 66 21% I-1v 69% 158 54%
InSync ICD 554 66 21% v 65% 165 69%
MUSTIC 58 63 23% I 37% 176 87%
MIRACLE 453 64 22% m-1v 54% 166 80%
MIRACLE ICD 369 67 24% m-1v 69% 164 87%
Trial Patients Mean age(yr) Mean LVEF CAD Mean QRS LBBB MR
Mortality Trials
Meta-analysis 1,634 63-66 21%-23%  371%69%  158-176  54%-87%  23%
COMPANION 1,520 65 22% 56% 158 71% 24%
CARE-HF 809 66 25% 36-41% 160 50%
F9 ICDE 2] AFEE wollde 36%2 F QRSZHA] AAFSe] 7AH wiE7|ste] 4
2(P=0003)5 Btk A5 dRlez Byt =5 ZAse 7MY $83% A3o|tKTable
S o), A ATZME ICDE o] A% 2. 282z dA9 dF APz E QRSTH
IS A 21%A, HiEEA AadEer o] FE Ayl YBSEE AR
AP ARPBA) A9 50%e] ARELL B EAE B 4 9T @ 4 Aok 20024
£ YJehiiolth. 8139 & udo® 3 CARE- o 23€ A CC/AHA/NASPEXli‘ZS)OHH A4
HFATVo e BT RT ABASAE  ASASAgS] fdaa 4471Fe= 1) 9
AN 36%9] FAMRERAE BT EXEAE &8l NYHA class IM-IVS]
A 52 A AIFTIHAEA 2) QRSTE
XS (Indication) Zo] 130 mso)/delH, 3) FAAolehdr] 27
o] 55 mmol4oln Fago] Hoeolalel A
AFAEAE AR 7P BRE B F A SR soy A v ARAY A
< U e A dAEA AXEAE 9 A8 diste J1gE 200519 ACC/AHA

Table 3. AZAANE7 X7 A-2=9 W3}

2002 ACC/AHA/NASPE guidelines™
(class ITA/level of evidence: A)

2005 ACC/AHA guidelines™

Medically refractory advanced heart
failure(NYHA class II/IV)

Idiopathic dilated or ischemic
cardiomyopathy with LVEDD 55 cm

LVEF 35%

QRS complex duration 130ms

NYHA class II/IV
Sinus rhythm
LVEF 35%

QRS duration 120ms
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Implant technique &4
Identification of the best pacing site
Identification of optimal A -V delay
Selection of “responder”

Methods for detection of Ventricular dyssynchrony(ex, Tissue Doppler Imaging)
Potential benefits in patients with normal QRS or patients with AF
Indication and criteria for the use of ICD back-up
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More long-term results in terms of QOL, hospitalization rate, morbidity and mortality




1) Hk %E(Responder) vs H[ESXNonresponder)
AAAFsAIER| B0l HE©] §ie “non-responder”
8%32%11 1&&1?2 2 g Aol A
JAY FEAY AEF Z2
7497} non-responderd
0] =ttz 39h? Non-responderE
= AslM QRSIHAS VIR & U
%RH At ded 249 OE jhed
ZAtel gk A57F slojok & Aotk

o HJ o= n

2) AEtMSERRI0|AM Q| E_EF
MUSTIC AF&TolA 4%
AR g#ﬂ o}"d

A 4

&3 3@1}401]/‘1&‘3}
{rLOﬂH functional capacity”} Zo}
SWHPAVE study), ol 4F9
@71z BEg AFol7] Wi
o B S 471 SlsiA
oz g A 28 A

[¢]

OFA]

2
=4

P

r =2 r%' ol > o |
P

T 2hxjol|lM

i

= AR 1s]
JM A BTk 2

s8R0l o]
2287t 1
g0} olF YA

137

Aol Mo a3t Ao &

1:]_19 31) ?5]‘;(]?_]_' }];17(;)]

Ho 12 & rl
¥y oy
ot

o Mo S mx
ki

Ax7E A2 ARE AAFHAL QRSZE]
Fololx= AAuIFAISL FHHE A7t B
Folggk Aol ABABH B} B
gt Rugn o agez 4o 7
AR HFAIBA R AEASA 5 g

123 $e AN/t 95 Qo

%

al

O

2

2
TN

K

o oo
ko
%o,

+

Ventricular defibrillation back-up2| Z M

A AR E7E B8 o
A e 4 A AR
278 ASASAEA AAE7
backup) FAE Aol A=
=83 #AFY sfvolth. COMPANION <
TollA ASASAE7L AFREC PIA=
I} AMEHEZRACD back-up)e] F7}F
e diaf EEEHIAT o] AFlA AR

rz oSL‘

3
2
]

A AR AES] e e B
A Aole YAAT AHE A9} ABA A
B2 7o) Al&3 AF 43%9] A].u}Eﬂé\_g__

Frk. 2B EE AMERAS FL3 Q9L
AXEZA Azl o AR & o Slrkh
o] AT 9wl FHPAY} HFHPA AR



>

2%, B%=EA =4 T AT
FRWMAY FANIAE A
7171 fleixe AsA3 A58 AMFE ARE
A ARgStof dhs & 4 2tk #HT MADIT,
MADIT I Z18]al SCD-HeFTH+ 23S X
g% ICD back-up@x|e] QAo HA=#
S 7HAAL Sl

=

ijal]

tD 2§

. Grines CL, Bashore TM, Boudoulas H, Olson
S, Shafer P, Wooley CF. Functional abnormalities
in isolated left bundle branch block: the effect
of interventricular asynchrony. Circulation
1989 Apr;79(4):845-53.

. Baldasseroni S, Opasich C, Gorini M, Lucci D,
Marchionni N, MariniM, et al. Left bundle-
branch block is associated with increased
1-year sudden and total mortality rate in 5517
outpatients with congestive heart failure: a
report from the Italian Network on Congestive
Heart Failure. Am Heart J 2002 Mar;143(3):
398-405.

. Shamim W, Francis DP, Yousufuddin M,
Varney S, Pieopli MF, Anker SDet al. Intraven—
tricular conduction delay: a prognostic marker
in chronic heart failure. Int J Cardiol 1999
Jul;70(2):171 - 8.

. Yee R, Klein GJ, Leitch JW, Guiraudon GM,
Guiraudon CM, Jones DL, et al. Permanent

left ventricular pacing with transvenous leads

138

10.

11.

12.

inserted into the coronary veins. PACE 1998
Jan;21(1 Pt 2):239-45.

. Butter C, Auricchio A, Stellbrink C, Schlegl M,

Fleck E, Horsch W.et al. Should stimulation
site be tailored in the individual heart failure
patient? Am J Cardiol 2000 Nov 2;86(9 Suppl
1):K144-51.

. Blanc JJ, Benditt DG, Gilard M, Etienne Y,

J, Lurie KG. A method for
permanent transvenous left ventricular pacing.
PACE 1998 Nov;21(11 Pt 1):2021-4.

Mansourati

. Ricci R, Ansalone G, Tosacano S. Cardiac
synchronization materials, technique, and
results. The InSync Italian Registry. Eur

Heart J 2000;2(suppl):J6-15.

. Leclereq C, Kass DA. Retiming the failing

heart : Principles and current clinical status of
cardiac resynchronization. ] Am Coll Cardial
2002 Jan 16;39(2):194-201.

. Pitzalis MV, lacoviello M, Romito R, Guida P,

De Tommasi E, Luzzi G, et al. Ventricular
asynchrony predicts a better outcome in
patients with chronic heart failure receiving
cardiac resynchronization therapy. ] Am Coll
Cardiol 2005 Jan 4,45(1):65-9.

Sogaard P, Egeblad H, Kim WY, Jensen HK,
Pedersen AK, Kristensen BO, et al. Tissue
Doppler imaging predicts improved systolic
performance and reversed left ventricular
remodeling during long-term cardiac resynchroni-
zation therapy. ] Am Coll Cardiol 2002 Aug
21;40(4):723-30.

Soo-Jin Kang, Jae-Kwan Song, Jong-Min Song,
Duk-Hyun Kang, Jae-Joong Kim, Kee-Joon
Choi, et al. Usefulness of Doppler Myocardial
Imaging for the Quantitative Assessment of
Ventricular Asynchrony in Patients with Heart
Failure. Korean Circulation J 2004;34(5):492-9

So-Yung Ku, Goo-Yeong Cho, Sung Woo Han,
Seung-Hyuk Choi, Woo-Jung Park, Young-



13.

14.

15.

16.

17.

18.

Cheoul Doo, et al. Doppler Tissue Image for
Diagnosis of Myocardial Dyssynchronicity in
Congestive Heart Failure : Comparison with
EKG. Korean Circulation ] 2004;34(4):388-94
Bradley D], Bradley EA, Baughman KL,
Berger RD, Calkins H, Goodman SN, et al.
Cardiac resynchronization and death from
progressive heart failure: a meta-analysis of
randomized controlled trials. JAMA 2003 Feb
12;289(6):730-40.

Stellbrink C, Auricchio A, Butter C, Sack S,
Vogt J, Bocker D, et al. Pacing therapies in
congestive heart failure I study. Am ]
Cardiol 2000 Nov 2;86(9 Suppl 1):K138-43.
Cazeau S, Leclercq C, Lavergne T, Walker S,
Varma C, Linde C, et al. Multisite Stimulation
in Cardiomyopathies (MUSTIC) Study Investigators.
Effects of multisite biventricular pacing in
patients with heart failure and intraventricular
conduction delay. N Engl ] Med 2001 Mar
22,344(12):873-80.

Leclercqg C, Walker S, Linde C, Clementy ],
Marshall A]J, Ritter P, et al. Comparative
effects of permanentbiventricular and right-
univentricular pacing in heart failure patients
with chronic atrial fibrillation. Eur Heart J
2002 Nov;23(22):1780-7.

Abraham WT, Fisher WG, Smith AL, Delurgio
DB, Leon AR, Loh E, et al. MIRACLE Study
Group. Multicenter InSync Randomized Clinical
Evaluation. Cardiac resynchronization in chronic
heart failure. N Engl ] Med 2002 Jun 13;346
(24):1845-53.

Bristow MR, Saxon LA, Boehmer J, Krueger
S, Kass DA, De Marco T, et al. Comparison
of Medical Therapy, Pacing, and Defibrillation
in Heart Failure (COMPANION) Investigators.
Cardiac-resynchronization therapy with or
without an implantable defibrillator in advanced
chronic heart failure. N Engl ] Med 2004 May

139

19.

20.

21.

22.

23.

24.

]

>
o3
2L
offt

AlsHA 5~

d

20;350(21):2140-50.

Cleland ]G, Daubert JC, Erdmann E, Freemantle
N, Gras D, Kappenberger L, et al. The effect
of cardiac resynchronization on morbidity and
mortality in heart failure. N Engl J Med 2005
Apr 14;352(15):1539-49.

Higgins SL, Hummel JD, Niazi IK, Giudici
MC, Worley SJ, Saxon LA, et al. Cardiac
resynchronization therapy for the treatment of
heart failure in patients with intraventricular
conduction delay and malignant ventricular
tachyarrhythmias. ] Am Coll Cardiol 2003 Oct
15,42(8):1454-9.

Young JB, Abraham WT, Smith AL, Leon AR,
Lieberman R, Wilkoff B, et al. Multicenter
InSync ICD Randomized Clinical Evaluation
(MIRACLE ICD) Trial Investigators. Combined
cardiac resynchronization and implantable
cardioversion defibrillation in advanced chronic
heart failure: the MIRACLE ICD Trial. JAMA
2003 May 28,289(20):2685-94.

Bax JJ, Marwick TH, Molhoek SG, Bleeker
GB, van Erven L, Boersma E, et al. Left
ventricular dyssynchrony predicts benefit of
cardiac resynchronization therapy in patients
with end-stage heart failure before pacemaker
implantation. Am ] Cardiol 2003 Nov 1592
(10):1238-40.

Yu CM, Fung WH, Lin H, Zhang Q, Sanderson
JE, Lau CP. Predictors of left ventricular
reverse remodeling after cardiac resynchronization
heart failure
idiopathic dilated or ischemic cardiomyopathy.
Am ] Cardiol 2003 Mar 15;91(6):684-8.

Reuter S, Garrigue S, Barold SS, Jais P,
Hocini M, Haissaguerre M, et al. Comparison
of

nonresponders with biventricular pacing for

therapy for secondary  to

characteristics in responders versus

drug-resistant congestive heart failure. Am J
Cardiol. 2002 Feb 1;89(3):346-50.



—%

2.

26.

21.

197 - AE T

HN

Gregoratos G, Abrams J, Epstein AE, Freedman
RA, Hayes DL, Hlatky MA, et al. ACC/AHA/
NASPE 2002 Guideline Update for Implantation
of Cardiac Pacemakers and Antiarrhythmia
Devices. A Report of the American College of
Cardiology/American Heart Association Task
Force on Practice Guidelines. J Am Coll
Cardiol. 2002 Nov;13(11):1183-99.

Hunt SA, Abraham WT, Chin MH, Feldman
AM, Francis GS, Ganiats TG, et al. ACC/
AHA 2005 Guideline Update for the Diagnosis
and Management of Chronic Heart Failure in
the Adult. A Report of the American College
of Cardiology/American Heart Association
Task Force on Practice Guidelines (Writing
Committee to Update the 2001 Guidelines for
the Evaluation and Management of Heart
Failure) 2005. ] Am Coll Cardiol. 2005 Sep
20,46(6):1116-43.

Saxon LA, Foster E, DeMarco T, Effect of
cardiac resynchronization therapy in patients
with right bundle branch block. ] Am Coll
Cardiol 2004;43(suppl):1059-19(abstract).

. Garrigue S, Reuter S, Labeque JN, Jais P,

Hocini M, Shah DC, et al. Usefulness of
biventricular pacing in patients with congestive
heart failure and right bundle branch block.
Am J Cardiol 2001 Dec 15;83(12):1436-41.

29.

30.

31.

32.

33.

Linde C, Leclercq C, Rex S, Garrigue S,
Lavergne T, Cazeau S, et al. for MUSTIC
study group. Long-term benefits of biventricular
results
from the MUItisite STimulation in cardiomyo—
pathy (MUSTIC) study. J] Am Coll Cardiol
2002 Jul 3;40(1):111-8,

Leon AR, Greenberg JM, Kanuru N, Baker
CM, Mera FV, Smith AL, et al. Cardiac
resynchronization in patients with congestive
heart failure and chronic atrial fibrillation:
effect of upgrading to biventricular pacing

pacing in congestive heart failure:

after chronic right ventricular pacing. ] Am
Coll Cardiol 2002 Apr 17;39(8):1258-63.
Gasparini M, Mantica M, Galimberti P,
Genovese L, Pini D, Faletra F, et al. Is the
2003 Jan;26(1 Pt 2):175-80.

Achilli A, Sassara M, Ficili S, Pontillo D,
Achilli P, Alessi C, et al. Long-term effectiveness
of cardiac resynchronization therapy in patients
with refractory heart failure and “narrow”
QRS. J Am Coll Cardiol. 2003 Dec 17;42(12):
2117-24.

Yu CM, Lin H, Zhang Q, Sanderson JE. High
prevalence of left ventricular systolic and
diastolic asynchrony in patients with congestive
heart failure and narrow QRS duration. Heart
2003 Jan;89(1):54-60.

140



