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Take Home Points:
· Heart failure and systemic ventricular dysfunction are a growing problem in older ACHD patients 
· Cardiac Resynchronization Therapy (CRT) was effective in improving NYHA Class in 1-2 (Early) and 4-5 years (Late) after CRT placement in ACHD patients
· CRT was effective in improving systemic left ventricular function 1-2 years and 4-5 years after CRT placement in ACHD patients
· CRT was not effective in improving systemic right ventricular function 1-2 years and 4-5 years after CRT placement in ACHD patients
· QRS duration was the only predictor of CRT response though systemic LV morphology appears to important as well.
· CRT implantation can be achieved in biventricular circulation but does carry a high rate of device implant complications (20%).
· CRT should be considered in patients who meet criteria from the 2014 PACES/HRS Expert Consensus Statement on the Recognition and Management of Arrhythmias in Adult Congenital Heart Disease.
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Comment from Dr. Akash Patel (San Francisco), section editor of Congenital Electrophysiology Journal Watch.  As congenital heart disease patients continue to survive into older adulthood, the population of patients at risk for developing heart failure will continue to increase.  The use of cardiac resynchronization therapy (CRT) for the treatment of heart failure in adults with congenital heart disease (ACHD) is poorly understood due to the limited number of patients, heterogeneity of congenital heart disease lesions, morphology of the systemic failing ventricle (right vs. left), impact of single ventricle vs. biventricular circulation, and short duration of follow-up.  This study aimed to assess the impact of early and late effects of CRT in ACHD.
This was a retrospective single center study of all patients with ACHD who had reduced systemic ventricular function (LV Ejection Fraction (LVEF) < 40% or RV Fractional Area Change (RV FAC) < 35%), received CRT between 2004 and 2017, and had >90% biventricular pacing.  The clinical practice for determining who underwent CRT placement during this time period was made on an individual basis through a multidisciplinary team approach (ACHD Cardiologist, Electrophysiologist, and Congenital Surgeon).  After implantation, optimization of device programming was based on routine clinical practice.  Baseline clinical, device, electrocardiographic, and echocardiographic data were obtained. Follow-up data was obtained during two time periods: early (1-2 years after CRT) and late (4-5 years after CRT).  Outcome measures included death, heart transplantation, and positive response to CRT defined as a ≥ 5% absolute increase in LVEF or RVFAC at follow-up.
The study group included 54 patients who had reduced systemic ventricular function, a CRT device implanted with BiV pacing >90%, and acceptable imaging.  The majority of patients had systemic left ventricles (72%). The lesions included were LVOT lesions (31%), ccTGA (24%), TOF (20%), others systemic LV (20%), and other systemic RV (4%). See figure below.





The mean age of the cohort was 46 ± 13 years with 74% male and a mean follow-up of 5.7± 3.0 years after CRT. 96% had NYHA Class II-IV heart failure. Baseline demographic in Table below. 
	Demographic and clinical characteristics
	 

	Age at CRT implantation (Years)
	46 ± 13

	Men 
	40 (74%)

	Follow-up duration
	 5.7 ± 3.0

	SBP at CRT implantation, mmHg 
	112 ± 15

	DBP at CRT implantation, mmHg 
	70 ± 10

	BMI, kg/m2 
	25.7 (22.9–29.7)

	 
	 

	Biochemical parameters
	 

	Urea, mmol/L 
	7.1 (5.2–7.9)

	Creatinine, Imol/L 
	84 (76–94)

	 
	 

	NYHA functional class
	 

	I 
	3 (6%)

	II
	20 (37%)

	III
	28 (51%)

	IV
	3 (6%)

	 
	 

	Drug treatment
	 

	ACEI or ARB
	52 (96%)

	Beta-Blocker 
	48 (89%)

	Aldosterone antagonist 
	35 (65%)

	Loop diuretic
	28 (52%)

	Amiodarone
	 11 (20%)

	Anticoagulation
	 36 (67%)

	Digoxin
	 5 (9%)



The majority of patients were in sinus rhythm (81%) with the remainder in permanent atrial fibrillation which effected pacing modality (VVIR/DDIR in 15%).  As expected, the majority of ACHD patients had a non-LBBB QRS morphology (72%).  See table below.

	ECG
	 

	Sinus rhythm
	 44 (81%)

	Atrial fibrillation 
	10 (19%)

	QRS duration, ms 
	174 ± 27

	 
	 

	QRS morphological characteristics
	 

	LBBB
	15 (28%)

	Non-LBBB 
	39 (72%)



Retrospective review of device indications for CRT based on the 2014 PACES/HRS Expert Consensus Statement on the Recognition and Management of Arrhythmias in Adult Congenital Heart Disease showed the majority met criteria. 44 (81%) had systemic dysfunction (LVEF/RVFAC ≤ 35%), clinical heart failure (NYHA Class II-IV), and electrical dyssynchrony (QRS ≥ 120 msec).   There were 8 (15%) patients who has >40% pacing (5 with systemic LVEF > 35% and 3 with NYHA Class I). There were 2 (4%) patients who had systemic LVEF > 35% and broadening QRS duration. 
Device implantation occurred due to high grade heart block in 61%.  The majority of patients had an existing device (57%).  A CRT-D was implanted in 85% and CRT-P in 15%. See figure below. 

	Device implantation
	 

	Permanent Pacemaker/ICD upgrade to CRT 
	31 (57%)

	   Permanent Pacemaker
	21

	   ICD
	10

	CRT de novo 
	23 (43%)

	CRT-D 
	46 (85%)

	CRT-P
	 8 (15%)



Implantation approach varied based on congenital heart lesion.  96% had a standard CRT approach with leads placed in the right atrium, non-systemic ventricle, and systemic ventricle via coronary sinus branch.  4% had an epicardial or hybrid approach. 
Device complication were noted in 19% with infection as the most common complication. See Table below.
	Device-related complications
	 

	Infection 
	5 (9%)

	Lead dislodgement
	 3 (6%)

	Venous obstruction
	 1 (2%)

	Pneumohemothorax and pulmonary embolism
	 1 (2%)



The effects of CRT were assessed at 1.8 ± 0.8 years (Early Period) and 4.7 ± 0.8 years (Late Period).   CRT was associated with improved cardiothoracic ratio, QRS duration, and NYHA Functional Class (p<0.05) during the Early Period.  Only NYHA Functional Class improved in the Late Period. See figure below.
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NYHA Functional Class improved in the Early and Late Period with CRT (See Below). In the Early Period, improvement in functional class was seen 65%, no change was seen in 33%, and worsening was seen in 2%.  In the Late Period when compared to the Early Period, further improvement in functional class was seen in 2%, no change was seen in 37%, and worsening from prior class in 31%. Of note, only Late Period data on NYHA Functional Class was available in 70%. See figure below.
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Response to CRT with a ≥ 5% increase in LVEF or RVFAC was seen in 65%.  Most responders had a systemic LV (74%) compared to systemic RV (40%).  There was significant improvement in ejection fraction at both the early and late period for systemic left ventricles. However, there was no significant improvement in RV fractional area change in the systemic right ventricles. See figures below. 
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On further echocardiographic assessment of systemic left ventricles, improved LVEF and LV End systolic volume persisted in Late Period follow-up.  
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On further echocardiographic assessment of systemic right ventricles, there was no significant improvement in RV function that persisted in the Late Period follow-up.  
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Predictors of CRT response on multivariate analysis showed only baseline QRS duration was a significant predictor (OR: 1.4 per every 10-msec increase in QRS duration; 95% CI, 1.042– 1.838; p= 0.025). The QRS duration for responders vs non-responders was 182 ±23 msec vs. 159 ± 29 msec (p<0.007). There was no difference in QRS duration in those without or without a pre-existing pacemaker and prior pacemaker was not shown to be a risk factor.  See figure below.
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Overall, 20% died from all-cause mortality between 4.2 and 11.8 years after CRT. Below are 
Kaplan-Meier curves depicting freedom from death and heart transplantation from CRT in patients with systemic left and right ventricles. Of note, 2 patients listed for transplant were removed from the list due to clinical improvement with CRT. 
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This study demonstrates the efficacy of CRT in an older cohort of heterogenous ACHD patients with improvement in both NYHA Functional Class and systemic ventricular function. The design of this study allowed for analysis of early and late effects of CRT which had not previously been reported. 
The improvements in ventricular function were seen at both short and long-term follow-up in those with systemic left ventricles but were not seen in those with systemic right ventricles. This lack of response may be reflective of the small sample size, heterogeneity of cardiac lesions, or ventricular morphology.  Overall, the majority of patients had an improvement (65%) or no change (33%) in NYHA Class early after CRT but a subsequent decline in NYHA Class was seen overtime in 31% raising concern for the long-term effectiveness of CRT in these patients.  
The response to CRT was dependent on QRS duration consistent with data from adults without ACHD. However, bundle branch block morphology was not associated with response. In addition, left ventricular morphology plays an important role in those with the highest likelihood to respond. 
Despite the positive effects of CRT in this population, 20% died of all-cause mortality. Identifying and improving methods to treat heart failure in the ACHD population is therefore critically important.  
This study raises the importance of using CRT in ACHD with systemic ventricular dysfunction and heart failure. In particular, the study demonstrated minimal deleterious effects on cardiac function with significant potential benefits.  Clearly there are important anatomic and procedural aspects to consider as device complications were seen in 19%.  However, increased experience should result in reducing these issues. 
[bookmark: _GoBack]Ultimately, more data is needed with larger sample sizes, more homogenous populations, and longer term follow-up to determine the response to CRT and better identify predictors to refine existing guidelines.  In addition, the cohort in this study focused only on the failing systemic RV and LV in biventricular circulation.  Further consideration is needed in those with failing single ventricles (RV vs. LV) or failing subpulmonary ventricles.  
Management of heart failure in ACHD patients is important to reduce deaths, need for transplantations, reduce comorbidities, need for hospitalization, and improve quality of life. Similar to this study, a multidisciplinary individualistic approach is needed when determining CRT placement in ACHD patients until additional data is available.   
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Table 2. Echocardiographic Measurements Early and Late From CRT in Patients With a Systemic LV
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Table 3. Echocardiographic Measurements Early and Late From CRT in Patients With a Systemic RV
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Table 4. Logistic Regression Analysis to Predict Response to CRT Among Baseline Parameters.

[—— —
i Nonresporders 1-19) | Responders pe5) | R | 9x el pvae |0 | oma Pyae
‘Demography

Ay 4161143 w224 1040 [ 0994 101,068

Men_ 1) 29 3515 | 0991 1012464

B kg 29@17211) | 260042316 1216 | 10%5 01028

58P, mm Hg 11217 112414 1002 | 0964 101,041

o8P, mm g 71413 69:8 0978 [ 09101086 | 0457

Systemic venticke

w 06 296 4350 [ 12% 1015312 [ 022 34m [ 0s® 101447 [ 0088
A Ez) 607

1A functon dass

w 59 18(51) 09 0901016 om0 | . |- .
[ 140 1708

Laboratory vaiable

Urea nirogen, mmoll_| 58 6075 736686 | 10% | 08910125 |06 | | ,
Creaiine, unoll__| 7954168 9251266 103 [ 097 01070 | 0072

&5

Pemanent AF 4@) 607 0776 [0 w3s [ome | |- .
Sinus thytm 15(9) 29(8)

RS curation, ms’ | 150420 82423

ORS mophobgical charcteristies

[ 309 123 2788 |06 wotia [0t | . |
NonL585 16 64) 23 @)
Chestxray

TR, % 595468 63274 1081 [o9mtorie1 oo | . | .
CAT implantaton

Incication of V-pacing_| 13 (68) 20 (1) 0615 [o1mtorees [oas | . | -
Preexiting PPU 10(E9) 11.631) 0413 [ 013101301 | 0131

Valis are mean50, madan (tequartie gl o rumber ercetsge), AFindeste s rton B by mas s, CAT, cardio resyehvanzation hrpy,CTR,
cartotorsc 3t D3, s i bood presre; LB, ft bl brnch Hock LV, e NYHA, New York Haart Assodaton; OR, o0 et P, pasmanen pacemsker; R,
gt v, SO, syt boad presure; Vgacing, s pachg.
1OR estimation fs refemd to per 10-mBsccond increase of GRS duation.




image10.png
(B) Systemic RV

Systemic LV

(A)

S ) ) ) F) >
S 8 8 s &

% ‘UopejuB|dSUBI L JIBBH PUB YBeq WO Wopesl

10

©
-
~
S T 3 z z 5
g 8 8 8 R
5 “UoeIUEIdSUBIL HBOH PUB 4y8eq WOY Wopeel

10

Number at Risk Years from CRT

Years from CRT

isk

Number at

13

13

15

15

27




image1.png




