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Background
• Cardiovascular disease (CVD) is the leading cause of maternal 

death. Maternal mortality has steadily increased in the US. 
More than 60% of deaths due to CVD are preventable. 

• Due to both maternal and fetal risk, it is recommended for 
women with CVD to be treated in specialized cardio-
obstetrics (CVOB) teams.

• In 2018, a non-academic multidisciplinary cardio-obstetrics 
program was formed at a Midwest hospital system. 

• We describe the demographic and clinical characteristics of 
patients enrolled in a non-academic multidisciplinary CVOB 
specialty program compared to standard of care.
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• Cardiologists and Maternal Fetal Medicine (MFM) specialists work 
together to provide evidence-based care to pregnant women with 
new or pre-existing CVD or CVD symptoms. 

• All patients have an RN Care Coordinator; most visits are conducted 
with multi-disciplinary providers (e.g., cardiology, perinatology, 
pharmacy). 

• Program components: Preconception counseling, risk stratification, 
prenatal care, development of a collaborative individualized 
pregnancy and birth plan, and coordinated postpartum care.

• All cases are presented at conference prior to delivery and 
postpartum planning. 

Cardio-Obstetrics Program

Women seen by the CVOB program will have higher 
CVD risk profiles compared to pre-program controls

Hypothesis
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• A retrospective chart review was conducted of 113 patients who 
received care from the CVOB program in 2018/2019 as well as 338 
pregnant women seen by cardiology in 2016/2017 prior to the 
program’s inception. 

• Data on demographics, cardiovascular disease status/co-
morbidities, risk predictor scores, tobacco and substance use, and 
medication use were collected.

• CVD risk profile was measured using the CARPREG2 risk index, and 
the modified World Health Organization (mWHO) classification 
system for pregnant women.

Methods

Demographics and clinical characteristics of women enrolled in 
the CVOB program and historical comparisons

CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

mWHO, n (%)*
none 10 (9) 156 (46)
I 15 (13) 67 (20)
II 24 (21) 59 (17)
II-III 37 (33) 29 (9)
III 22 (19) 19 (6)
IV 5 (5) 8 (2)

Carpreg2, n (%)*
0 56 (49) 218 (65)
1 0 22 (7)
2 12 (11) 11 (3)
3 38 (34) 69 (21)
4+ 7 (6) 16 (4)
Missing 0 2
* p < 0.01, ** p <0.05
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CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

Comorbidities, n (%)
CAD 2 (2) 5 (2)
HTN 21 (19) 40 (12)
Hyperlipidemia 4 (4) 6 (2)
Cerebrovascular disease 3 (3) 5 (2)
Renal Disease** 4 (4) 1 (0.3)
Pulmonary HTN 0 0
Heart Failure 3 (3) 3 (1)
Cardiac Arrest 1 (1) 4 (1)

Aortic Dissection 1 (1) 0
Cardiac Valve Insufficiency* 17 (15) 13 (4)
Cardiac Valve Stenosis* 14 (12) 13 (4)

* p < 0.01, ** p <0.05

Demographics and clinical characteristics of women enrolled in 
the CVOB program and historical comparisons

CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

Parity, n (%)
0 41 (36) 126 (38)
1 41 (36) 98 (29)
2+ 31 (28) 114 (33)

Age, mean(SD) 30.0 (5.5) 30.6 (5.3)
Race, n (%)**
American Indian 2 (2) 2 (1)
Asian 5 (5) 14 (4)

Black or African American 21 (19) 57 (17)
Multiracial 9 (8) 7 (2)
White 73 (66) 254 (76)
Missing 3 4

Ethnicity, % Hispanic 6 (5) 15 (4)
* p < 0.01, ** p <0.05

Demographics and clinical characteristics of women enrolled in 
the CVOB program and historical comparisons
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CVOB 
2018-2019

(n=113)

Comparison 
2016-2017 

(n=338)

Medications prior to pregnancy, n (%)
Anticoagulation 8 (7) 10 (3)
Anti-cholesterol 1 (0.9) 7 (2.1)
Anti-platelet 8 (7) 21 (6)
Anti-hypertensive 24 (21) 72 (21)
Antiarrhythmic 4 (3.5) 5 (1.5)
Antidepressant 22 (19) 57 (17)

Medications during pregnancy, n (%)
Anticoagulation  6 (5) 9 (3)
Anti-cholesterol 0 3 (0.9)
Anti-platelet* 30 (27) 29 (9)

Anti-hypertensive* 40 (35) 61 (18)
Antiarrhythmic 5 (4.4) 6 (1.8)
Antidepressant 19 (17) 43 (13)

* p < 0.01, ** p <0.05

Demographics and clinical characteristics of women enrolled in 
the CVOB program and historical comparisons

• CVOB patients were more racially diverse (34% nonwhite vs 24% in 
the comparison group)

• There was no difference with regard to parity, age, or Hispanic 
ethnicity. 

• CVOB group had higher rates of valvular heart disease (27% vs 8%)
• CVOB patients had higher CVD risk scores based on mWHO and 

CARPREG2
• Antiplatelet and antihypertensive use was higher during pregnancy 

among CVOB patients

Results
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• Guidelines recommend multidisciplinary CVOB management for 
women with heart disease and pregnancy 

• The CVOB group referral was less than ½ of the prior year’s referral to 
cardiology in pregnancy. 

• The CVOB group patients were those who were at higher risk, 
however, utilization of the program could be increased in all risk 
categories as a CVOB program model may have the potential to 
improve health related outcomes. 

Conclusions
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Women who received care in the CVOB program:
• Had more cardiology tests during pregnancy relative to pre-program 

controls (median of 8 tests vs 5; p < 0.001).
• Experienced ½ day longer LOS (median of 2.66 vs 2.13 days; p= 

0.006) for vaginal deliveries. 
• Had more telemetry during pregnancy and were more likely to see a 

perinatologist postpartum.
• Were less likely to have inpatient or ED visits in the 6 months 

postpartum (34% vs 71%; p < 0.001).

Results

• CVOB patients were more closely monitored by cardiology and 
MFM during pregnancy as well as postpartum (i.e. more tests, 
telemetry, longer LOS).

• In a multidisciplinary, non-academic CVOB program, 
coordination of care and monitoring during pregnancy may 
have contributed to fewer postpartum emergency visits and 
readmissions. 

Conclusions
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Thank you!

Adverse Events Associated with AV 
Node Ablation in Patients with an  
Implanted Leadless Pacemaker

Robert G. Hauser MD, Susan A. Casey RN, Elizabeth A. Steele MS, Jay D. Sengupta MD

Heart Rhythm Science Center
Minneapolis Heart Institute Foundation

Minneapolis, Minnesota, USA  
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Elizabeth A. Steele MS: None

Jay D. Sengupta MD: None

Introduction

• AV node ablation (AVA) is performed in 5-10% of patients who have or are undergoing leadless 

pacemaker (LPM) implantation.

• Data from the Micra™ Transcatheter Pacing (IDE) Study, Continued Access study, and Post-Approval 

Registry showed that concomitant  AVA + LPM implantation is feasible, but the risk of major 

complications and need for system revision was higher than with LPM implantation alone.

• Recently, we reported our analysis of adverse events (AE) associated with Micra LPM implantation based 

on information obtained from the Food and Drug Administration (FDA) Manufacturers and User Facility 

Device Experience (MAUDE) database.  Included were AEs that occurred during concomitant or staged 

AVA and LPM implantation.   
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His bundle recording/RF ablation Complete heart block/Micra pacing RV

Micra

Ablation catheter

Ho & Prutkin HRJ 2017

Hypothesis

Concomitant or staged  Micra™ LPM implantation and AVA may 

result in serious adverse events or malfunctions due to increased 

pacing thresholds, exit block, or interference with the 

pacemaker’s electronics.
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Methods

• The FDA MAUDE database was searched for “Micra and ablation” adverse 

events from 2016-October 2021 using Basil Systems software.

• Duplicate reports and reports from sources other than the manufacturer were 

excluded.

• Data were extracted from event descriptions and the manufacturer’s narratives.

• 28  patients had  AV node ablation at the time of Micra implant, and 15 patients 

had ablation done 1-2 days after implant.

Results
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Results 3

• 4 Micras could not be interrogated temporarily, including one where 

electromagnetic interference (EMI) from the ablation system 

appeared to be the cause.

• 1 Micra’s automatic threshold test feature malfunctioned.

• No permanent Micra malfunctions or damage were identified.

Conclusions

1. AV node ablation during or shortly after leadless pacemaker 
implantation may cause exit block or high thresholds, and 
result in serious adverse events and need for pacemaker 
replacement.

2. While ablation may not cause permanent leadless pacemaker 
damage, it may temporarily interfere with pulse generator 
communication and diagnostics.

3. The incidence of complications in patients undergoing 
concomitant or staged leadless pacemaker and AV node 
ablation is unknown; studies are needed to determine when 
and how ablation can be performed safely.  
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real or apparent conflict of interest in the context of the subject of this 
presentation.

Disclosures

Background
The use of mechanical circulatory support (MCS) in complex percutaneous 
coronary intervention (PCI) is the subject of ongoing investigation, but the role of 
MCS in chronic total occlusion (CTO) PCI is not well studied

Danek et al. : Elective MCS in 4% of CTO-PCI, in high-risk patients is 
associated with similar technical and procedural success rates, but higher 
risk of complications

J Invasive Cardiol 2018 Mar;30(3):81-87
Interventional Cardiology Review 2017;12(1 
Suppl 1):10-13. 
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Goals

• To examine the frequency, outcomes and predictors of mechanical circulatory 
support (MCS) in chronic total occlusion (CTO) percutaneous coronary 
intervention (PCI)  

Methods

• DESIGN: Prospective, multi-center observational registry
PROGRESS CTO registry

• STUDY POPULATION:  8718 patients enrolled between 2012 and 2020 in 35 
international centers 

• ANALYSES PLANNED: 
- Determine the frequency, outcomes and predictors of MCS
- Compare baseline clinical, angiographic characteristics and clinical 
outcomes of cases with MCS to cases without MCS

31

32

16 of 38



MHIF Cardiovascular Grand Rounds | 
November 8, 2021

Funding: Abbott Northwestern Hospital Foundation
Joseph F. and Mary M. Fleischacker Foundation

www.progresscto.org

International sites:
 Meshalkin Novosibirsk Research Institute, Russian Republic

O. Krestyaninov, D. Khelimskii
 Kogialeneio-Benakeio Hellenic Red Cross, Greece

M. Koutouzis, Y. Tsiafoutis
 Henry Durant Hospital Center, Greece

V. Tzifos, A. Kolyviras, D. Dimitris
 London Health Sciences Center, Canada

L. Ybarra, R. Bagur
 St. Boniface General Hospital, Canada

B. Elbarouni, M. Love
 The Promed Hospital, India

A. Kalyanasundaram
 Marmara University School of Medicine Pendik Training and Research Hospital, Turkey, 

Mustafa Kürşat Tigen, Altuğ Çinçin
 St. George Hospital University Medical Center, Lebanon

A. Maalouf, F. A., Jaoudeh, N.A. Rafeh
 Aswan Heart Centre, Magdi Yacoub Foundation, Egypt

A. ElGuindy
 Mohammed Bin Khalifa Cardiac Centre, Kingdom of Bahrain

Husam Noor
 Al Zahraa Hospital University Medical Center, Beirut, Lebanon

Ali Amine El Sayed

NCT02061436

Global Coordinating Center: Chairman/PI: E. S. Brilakis;  Global Director: B.V. Rangan; 
Database Managers: Spyridon Kostantinis, Bahadir Simsek, Judit Karacsonyi

Project Impact: Data from > 9.000 procedures at 63 participating centers,
Resulting in 67 publications, 102 conference presentations

St. Vincent, IN
Michael J Kourany
Charles Orr
Jarrod Frizzell

Dallas VAMC, TX
S. Abdullah, H. Khalili

Providence Health Center, TX
C. Shoultz

Henry Ford, MI 
K. Alaswad

CAVHS, AR
B. Uretsky

Baylor Dallas, TX
J. Choi

Medical Center of the Rockies, CO
A. Doing, P. Dattilo

Tulane, LA
N. Abi-Rafeh, O. 
Mogabgab

UT Southwestern, TX
S. Banerjee

Northwestern Cardiovascular Institute, IL
M. Ricciardi

Minneapolis Heart Institute, MN 
N. Burke, E.S. Brilakis

Baylor Plano, TX
E. Holper
S. Potluri

Banner Samaritan Medical Center, AZ 
A. Pershad

Memorial Hospital, FL
A. Lishmanov

Tristar Hospitals, TN
B. Jefferson, T. Patel

Emory Hospital, GA
W. Jaber, H. Samady

UPMC, PA
C. Toma, A.J. Conrad Smith

Carolina East HC, NC 
D. Jessup, M. Groove, Alex R. Kirby

Maimonides MC, NY
B.A. Malik

CWRU, OH
M. Costa, H. Bezerra, P. Poommipanit, 
F. Forouzandeh

Columbia University, NY
D. Karmpaliotis, J. Moses, N. Lembo, A.J. 
Kirtane, R. Hatem, M. Parikh, Z. Ali

San Diego VAMC and UCSD, CA
E. Mahmud, M. Patel

Torrance Medical Center, CA
M.R. Wyman

Massachusetts General Hospital, MA
F. Jaffer

Beth Israel Deaconess MC, MA
R.W. Yeh

Cleveland Clinic, OH 
J. Khatri

Houston Methodist, TX
A. Shah, J. Parker

WellStar Health System, GA
A. Sheikh

Oklahoma City VAMC, OK
C. Adams, F. Latif

The Christ Hospital, OH 
R. Riley, J. Kong, J. Reginelli

Kettering Health Network, OH 
N. Reddy

Wellspan York Hospital, PA
William Nicholson

Oklahoma Heart Institute, Tulsa, OK
Raj Chandwaney

Providence Heart institute, Portland, OR
Jason R. Wollmuth, Michael A. Wilson, 
Richard H Sohn

North Oaks Memorial, LA
N. Abi-Rafeh, G. Khoueiry

Saint Thomas Hospital, TN 
J. Kerrigan, E. Haddad

St. Vincent Heart Center, IN
C.Orr, M. Kourany, J. Fizzell, 

 Ondukuz Mayis University, Samsun, Turkey
Korhan Soylu

 Kocaeli Acibadem Hospital, Izmit, Turkey
Sevket Gorgulu

 Selcuk University, Konya, Turkey
Nazif Aygul

Statistical analyses

• Categorical variables were expressed as percentages and were compared 
using Pearson’s chi-square test or the Fisher exact test. Continuous 
variables are presented as mean ± SD or as median (interquartile range 
[IQR]) and were compared using the Student’s t-test and the Wilcoxon rank 
sum test and as appropriate. 

• All statistical analyses were performed using JMP version 13.0 (SAS 
Institute, Cary, NorthCarolina). 

• A 2- sided p value of 0.05 was considered to indicate statistical significance.
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Results

6861 cases (95.68%) with 
no MCS not used

310 cases (4.32%) with 
MCS use

7,171 CTO PCIs with information on 
MCS use

8718 patients enrolled between 2012 
and 2020 in 35 international centers 

1,795 cases excluded with no information on 
MCS use

Results: Baseline clinical characteristics I.

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

Age (years)a 66.7 ± 10 64.4 ± 10 <.0001

Men 263 (85.4%) 5538 (81.3%) 0.069

BMI (kg/m2)a 29.4 ± 6 30.6 ± 8 0.002

Diabetes Mellitus 153 (51.0%) 2837 (42.4%) 0.003

Hypertension 267 (87.5%) 6048 (90.0%) 0.174

Dyslipidemia 286 (93.8%) 5871 (87.2%) 0.001

LVEF (%)a 34.0 ± 15 51.0 ± 12 <.0001

Family History of CAD 75 (31.8%) 1900 (31.9%) 0.981

Congestive Heart Failure 183 (60.6%) 1835 (27.9%) <.0001

Prior Myocardial Infarction 151 (52.3%) 2923 (45.3%) 0.020

a: mean ± standard deviation; b: median (interquartile ranges), BMI: Body Mass Index, LVEF: Left 
Ventricular Ejection Fraction, CAD: Coronary Artery Disease
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Results: Baseline clinical characteristics II.

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

Prior CABG 108 (35.3%) 1947 (29.1%) 0.020

Prior CVD 46 (15.2%) 669 (10.1%) 0.004

Prior PVD 53 (17.4%) 919 (13.8%) 0.076

Clinical presentation

▪ Stable angina 146 (48.7%) 4474 (67.4%) <0.001

▪ Unstable angina 61 (20.3%) 994 (15.0%)

▪ NSTEMI 64 (21.3%) 528 (8.0%)

▪ STEMI 10 (3.3%) 81 (1.2%)

▪ Non-ischemic symptoms 6 (2.0%) 167 (2.5%)

▪ No symptoms 13 (4.3%) 398 (6.0%)

CABG: Coronary Artery Bypass Graft Surgery, CVD: Cerebrovascular Disease, PVD: Peripheral Vascular 
Disease, NSTEMI: non ST Segment Elevation Myocardial Infarction

Angiographic characteristics I.

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

CTO Target Vessel

0.525

▪ RCA 35 (58.3%) 3456 (52.8%)

▪ LAD 11 (18.3%) 1705 (26.0%)

▪ Left Circumflex Coronary 12 (20.0%) 1264 (19.3%)

▪ LM 0 (0%) 7 (0.1%)

▪ Other 1 (1.7%) 26 (0.4%)

J-CTO score a 3.50 ± 0.90 2.39 ± 1.27 <0.001

Progress CTO score a 1.53 ± 1.10 1.18 ± 1.00 0.014

a: mean±standard deviation, RCA: Right Coronary Artery, LAD: Left Anterior Descending Coronary Artery, 
LCX: Left Circumflex Coronary, LM: Left Main, J-CTO: Japan CTO score
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Angiographic characteristics II.

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

Calcification (moderate/severe) 218 (70.3%) 3028 (44.1%) <0.001

Proximal vessel tortuosity 
(moderate/severe) 123 (39.7%) 1898 (27.7%) <0.001

Proximal cap ambiguity 134 (45.7%) 2196 (34.0%) <0.001

In-stent restenosis 10 (17.5%) 1093 (16.8%) 0.882

Side branch at the proximal cap 29 (9.97%) 1093 (16.8%) 0.002

Vessel diameter (mm)b 3.0 (2.5, 3.5) 3.0 (2.5, 3.0) 0.057

Occlusion length (mm)b 30 (20, 50) 25 (15, 40) <0.001

Number of stents used 2.8 ± 1.2 2.3 ± 1.1 <0.001

b: median (interquartile ranges)

Procedural characteristics

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

Successful Crossing Strategy

<.0001

▪ Antegrade wiring 123 (39.9%) 3778 (55.3%)

▪ Retrograde 111 (36.0%) 1228 (18.0%)

▪ Antegrade dissection and re-entry 36 (11.7%) 916 (13.4%)

▪ None 38 (12.3%) 907 (13.3%)

First Crossing Strategy

<.0001
▪ Antegrade wiring 213 (68.9%) 5734 (83.9%)

▪ Retrograde 83 (26.9%) 770 (11.3%)

▪ Antegrade dissection and re-entry 12 (3.9%) 269 (3.9%)

Retrograde crossing strategy 161 (51.9%) 2058 (30.0%) <.0001

ADR crossing strategy 76 (24.5%) 1502 (21.9%) 0.275

ADR: Antegrade Dissection and Reentry
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Procedural outcomes

b: median (interquartile ranges), MACE: Major Adverse Cardiac Events

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

Technical Success 253 (81.6%) 5945 (86.7%) 0.011

Procedural Success 221 (71.3%) 5870 (85.6%) <.0001

MACE 39 (12.6%) 115 (1.68%) <.0001

Procedural Success 221 (71.3%) 5870 (85.6%) <.0001

Procedure time (min)b 212 (157, 270) 113 (74, 167) <.0001

Fluoroscopy time (min) b 71 (52, 105) 41 (25, 67) <.0001

Air kerma radiation dose (Gray) b 2.96 (1.67, 4.50) 2.24 (1.26, 3.72) <.0001

Contrast volumeb 230 (160, 300) 212 (150, 300) 0.281

Procedural outcomes
Technical, procedural success and major cardiac events (MACE) among study procedures classified according to  
mechanical circulatory support (MCS) use

81.6

71.3

12.60

86.7 85.6

1.68
0

20

40

60

80

100

Technical Success Procedural Success MACE

%

p=0.011 p<0.001

p<0.001

MACE: Major Cardiac Adverse Events
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Complications

Variable
MCS used MCS not used

P value
(n= 310 ) (n= 6861)

MACE 39 (12.6%) 115 (1.68%) <.0001

Death 18 (5.81%) 18 (0.3%) <.0001

Acute Myocardial Infarction 11 (3.55%) 36 (0.52%) <.0001

Re-PCI 4 (1.29%) 10 (1.29%) <.0001

Stroke 3 (0.97%) 11 (0.16%) 0.002

Emergency CABG 1 (0.32%) 5 (0.07%) 0.137

Pericardiocentesis 13 (4.19%) 52 (0.76%) <.0001

Perforation 36 (11.61%) 315 (4.59%) <.0001

Tamponade 8 (2.58%) 42 (0.61%) <.0001

Dissection/Thrombus of Donor Artery 12 (3.87%) 47 (0.69%) <.0001

Vascular Access Site Complication 10 (3.23%) 77 (1.12%) 0.001

MACE: Major Adverse Cardiac Events, PCI: Percutaneous Coronary Intervention, CABG: Coronary Artery 
Bypass Graft Surgery

Complications
Procedural complications classified according to mechanical circulatory support use

p<0.001

12.60

5.81

3.55

1.29 0.97
0.32

4.19

11.61

2.58

3.87
3.23

1.68
0.30 0.52

1.29

0.16 0.07

0.76

4.59

0.61 0.69
1.12

0

2

4

6

8

10

12

14

MCS used MCS not used

%
p<0.001

p<0.001

p<0.001

p-=0.002

p-=0.137

p<0.001

p<0.001

p<0.001 p<0.001

p=0.001

MACE: Major Cardiac Adverse Events; MI: Myocardial Infarction, PCI: Percutaneous Coronary Intervention, CABG: Coronary Artery Bypass Grafting 
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Types of mechanical circulatory support

78.7%

21.3%

Prophylactic MCS use Urgent MCS use

14.8

8.7

55.5

3.2

10

3.2
0

3.5

0

10

20

30

40

50

60

IABP Impella 2.5 Impella CP Impella 5.0 Tandem
Heart

VA ECMO HeartMate
PHP

Other

%

IABP: Intraaortic Balloon Pump; VA ECMO: Venoarterial Extracorporeal Membrane Oxygenation, PHP: percutaneous heart pump

Conclusions

• In a contemporary, multicenter registry mechanical circulatory support was used in 
4.3% of CTO PCI

• Urgent MCS was associated with lower technical and procedural success and higher 
major complication rates

• Further investigation is required to see if elective use of MCS can improve outcomes 
in patients with increased comorbidities and higher lesion complexity. 
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#AHA21

THANK YOU

Contact: judit.karacsonyi8@gmail.com

Clinical Impact of Hypoattenuating Leaflet 
Thickening (HALT) After Transcatheter Aortic 

Valve Replacement

Santiago Garcia, MD
Minneapolis Heart Institute
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Methods: Study Design

• In July 2015, the Minneapolis Heart Institute (MHI) adopted a 
strategy of routine screening for HALT after TAVR with cardiac CT 
performed 30-days post-procedure

• Patients with evidence of HALT were recommended to initiate 
anticoagulation for 3-6 months with an oral vitamin K antagonist 
(VKA), irrespective of HALT or RELM severity

Methods: HALT Definition and Grading

• HALT was defined as increased leaflet thickness with typical meniscal appearance in at least 
2 different multiplanar projections and present on at least 2 different reconstruction time 
intervals 

• The extent of leaflet thickening and leaflet motion was classified using a 5-grade system with 
higher grades indicating more severe cases 

• All HALT + were reviewed by 2 independent readers

Blanke JACC Imaging 2019 and Ole de Backer et at. NEJM 2019
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Methods: Clinical Outcomes

• Echocardiographic, ischemic, and bleeding outcomes were 
compared between HALT + and HALT – patients 

• Survival rates were compared between HALT + and HALT – patients 
using log-rank test

• Cox regression analysis used to identify variables independently 
associated with long-term death landmarked at time of CTA  

• This analysis included patients treated from July 1st 2015 to October 
31st 2019

856 Patients underwent commercial TAVR (2015-2019)

638 (75%) CTA at 30-days

No CTA at 30 days (25%)
• CKD, n=83 (39%)
• Distance from TAVR hospital ≥ 2 hours, n=24 (11%)
• Hospitalization within 30 days, n=25 (12%)
• Contrast allergy, n=3 (1%)
• No show, n=28 (13%)
• Miscellaneous/Declined, n=52 (24%)

Results

12 % HALT + (n=79) 

88 % HALT - (n=558) 
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Baseline Characteristics
HALT-

n = 558

HALT +  

n = 79

P-value

Male (%) 302 (54%) 50   (63%) 0.16

Age- years (IQR) 81 (76, 86) 83 (80, 87) 0.025

Body Mass Index (kg/m2) 29 (25, 33) 29 (26, 32) 0.94

Current Smoker 24 (4.3%) 4 (5.1%) 0.77

Arterial Hypertension 484 (87%) 64 (81%) 0.23

Diabetes Mellitus 171 (31%) 16 (20%) 0.077

Prior Stroke or TIA 90 (16%) 10 (13%) 0.53

Atrial Fibrillation/Flutter 199 (36%) 25 (32%) 0.57

Coronary Artery Disease 296 (53%) 36 (46%) 0.26

STS PROM Score (%) 3.29 (2.13, 5.15) 3.12 (2.58, 4.30) 0.87

Warfarin (%) 129 (23%) 11 (14%) 0.089

NOAC (%) 49 (8.8%) 1 (1.3%) 0.036

Baseline Echocardiographic Characteristics

HALT-

n = 558

HALT +  

n = 79

P-value

LVEF (%) 60 (55, 65) 60 (54, 66) 0.63

End-Diastolic Dimension (mm) 45 (40, 50) 44 (40, 49) 0.6

End-Systolic Dimension (mm) 29 (25, 35) 29 (25, 34) 0.82

Peak Aortic Velocity (m/sec) 4.10 (3.70, 4.40) 3.90 (3.50, 4.30) 0.036

Mean Gradient (mmHg) 40 (32, 47) 36 (29, 42) 0.014

Dimensionless Index 0.22 (0.19, 0.25) 0.22 (0.20, 0.26) 0.49

≥ Moderate MR (%) 110 (20%) 11 (14%) 0.28

≥Moderate TR (%) 92 (16%) 12 (15%) 0.9
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CT and Procedural Characteristics

HALT-

n = 558

HALT +  

n = 79

P-value

Annulus Area (mm2) 478 (411, 552) 478 (428, 552) 0.69

Annulus Perimeter (mm) 79 (73, 85) 79 (75, 84) 0.7

Minimal Diameter (mm) 22.0 (21.0, 24.5) 22.0 (21.0, 24.0) 0.72

Maximal Diameter (mm) 27.0 (25.0, 29.0) 27.0 (25.0, 29.0) 0.65

AV Calcium Score (AU) 2,397 (1,661, 3,140) 2,384 (1,565, 3,435) 0.62

Transfemoral Access – no. (%) 532 (95%) 76 (96%) 0.69

Balloon Expandable Valves 343 (61%) 55 (70%) 0.2

VKA Utilization post-CTA 
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HALT + HALT -

p=0.062 p= <0.001p= <0.001p= <0.001p= <0.001
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Echocardiographic Gradients

HALT –

(n=558)

HALT +

(n=79)
P value

Mean Gradient ≥ 20 mmHg at 1-Month 10/558 (1.8%) 3/79 (3.8%) 0.21

Mean Gradient ≥ 20 mmHg at 1-Year (*) 10/343 (2.9 %) 1/48 (2.1%) 0.99 

All patients had a post-procedure echocardiogram at 1-month. Numbers listed as (X/XX) show X as number of patients with 
increased gradients, and XX as total number of patients who had an echo at that time point. *Only those patients surviving 12

months were included. 
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Leaflet Level Analysis: HALT Severity 
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Leaflet Level Analysis:  RELM Severity 
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Clinical Outcomes: 
Bleeding events (VARC-2)  landmarked at the time of CT according to HALT status

Clinical Outcomes: Survival Landmarked at Time of CT 

Median follow-up 2.2 years 
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Clinical Outcomes Landmarked at the Time of Post-TAVR 
CT According to HALT Status

HALT –

(n=558)

HALT +

(n=79) P-value
Death 112 (20%) 24 (30%) 0.0096

Myocardial Infarction 25 (4.5%) 3 (3.8%) 0.87
Hemorrhagic Stroke 1 (0.2%) 1 (1.3%) 0.11

Ischemic Stroke 24 (4.3%) 4 (5.1%) 0.57
Transient ischemic attack 8 (1.4%) 0 -
Cardiovascular Surgery 18 (3.2%) 2 (2.5%) 0.76

*Outcomes are to the end of follow-up and were compared using log-rank test 

Cox Proportional Hazard Regression Analysis for Long-
Term Mortality Landmarked at the Time of CTA

Variable Hazard ratio 95% CI p-value

Age, per 10 years 1.23 (0.97, 1.55) 0.088

Male Gender 1.64 (1.15, 2.34) 0.007

Warfarin Use 1 mo. Post-Op 0.87 (0.58, 1.31) 0.52

Self-Expanding Valve 1.18 (0.83, 1.66) 0.36

Atrial Fibrillation 1.14 (0.96, 2.09) 0.079

TF Access 0.49 (0.26, 0.95) 0.034

HALT+ 1.83 (1.13, 2.97) 0.014
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Findings of Repeat CT imaging in HALT + Patients 
Stratified by Valve Type

79 HALT +

43 out of 55 SAPIEN 
had FU CTA (78%)

4 out 43 still HALT + 
(10%)

21 out of 24 
EVOLUT had FU 

CTA (87%)
8 out of 21still  HALT 

+ (38%)

64 (81%) FU CTA 

82% of treated patients with FU CTA had complete resolution of HALT 

Limitations

• Observational study, hence findings should be considered hypothesis-
generating rather than confirmatory

• Role of routine screening for HALT in asymptomatic patients without 
elevated gradients is controversial

• It is not clear if all patients with HALT, irrespective of severity or 
gradients, require treatment with anticoagulation

• One treatment arm with no control group of untreated HALT patients
• Single-center design limits the generalizability of our findings
• Time in the therapeutic range (TTR) not reported
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Conclusions

• Screening for HALT is feasible in most 
(74%) patients undergoing 
commercial TAVR

• HALT is present in 12% of patients at 
30-days 

• Treatment with VKA was associated 
with resolution of HALT in 82% of 
patients with FU CT and low 
transvalvular gradients

• HALT at 30-days was associated with 
increased mortality during long-term 
follow-up

• The value of routine screening for HALT 
and treatment of asymptomatic patients 
with normal valvular gradients remains 
unproven and cannot be recommended

• Further studies are needed

Clinical Impact of Hypoattenuating Leaflet 
Thickening (HALT) after Transcatheter Aortic 

Valve Replacement

Santiago Garcia, MD
Minneapolis Heart Institute
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Previous HALT CT Studies (total HALT n=93) 
Study Title Publication Sample 

Size
Incidence 
of HALT

HALT + Mean Age Follow-
up time

Findings

PARTNER 3 
HALT Sub-study

Makkar et al. 
JACC 2020

435 10% at 30 d
24% at 1 

year

n=35 72 1 year • Increased 
gradients at 1 year

• No difference in 
clinical outcomes

Low risk TAVR 
trial

(Washington 
hospital Center)  

J. Khan 
Circ CV Int 

2019

170 16% N= 27 75 1 year • No difference in 
gradients or clinical 
outcomes

• HALT + had lower 
DI at 30-days but 
not 1 year

EVOLUT Low-
Risk Trial 

Blanke et al. 
JACC 2020

197 17% for pts. 
Not on OAC

N=31 74 1 year • No correlation with 
valve 
hemodynamics

G. Dangas et al. NEJM 2019

Surrogate Marker Clinical End-Point 
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NOAC Trials in TAVR
Trial NCT # N AFib Test arm Control Arm Duration Endpoint

POPular TAVI 2247128 1,000 Yes, 
cohort B

Cohort A: 
Clopidogrel for 3 

months
Cohort B: OAC

Cohort A: 
Clopidogrel for 3 
months + ASA 

100 mg for 1 year
Cohort B: OAC + 

ASA 100 mg

12 months Freedom from  non-
procedure-related 
bleeding at 1 year

GALILEO 2556203 1,644 No Rivaroxaban 10 
mg + ASA for 3 
months followed 
by rivaroxaban 

alone

ASA long term + 
Clopidogrel for 3 

months

25 months Composite of death, 
stroke, systemic 

embolism, MI, PE, 
DVT and valve 

thrombosis 

ATLANTIS 2664649 1,510 Yes Stratum 1 and 
2: Apixaban 5 

mg bid

Stratum 1: VKA
Stratum 2: 

Antiplatelet Rx 

13 months Composite of death, 
MI, systemic 

embolism, DVT, PE, 
major bleeding, 

valve thrombosis

ENVISAGE 0294378
5

1,400 Yes Endoxaban VKA 36 months Composite of death, 
MI, stroke, systemic 
embolism and valve 

thrombosis

Deformation of Transcatheter Aortic Valve Prostheses: 
Implications for Hypo-Attenuating Leaflet Thickening

Miho Fukui, MD, PhD
Research Scholar, Minneapolis Heart Institute Foundation
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In HALT + patients, 10 of 24 deaths were CV deaths
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