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Long QT syndrome (LQTS) is an inherited channelopathy. Although considered to be rare in children, LQTS is 3 times more common than childhood leukemia. LQTS may cause syncope, cardiac arrest or sudden death as a result of life-threatening ventricular arrhythmias at any age, from fetal to adult life. In fact, LQTS is the leading cause of sudden arrhythmic death in people <35 years of age and is often diagnosed only after cardiac arrest.  LQTS diagnosis before symptoms is important because primary prevention is extremely effective in preventing LQTS associated life-threatening ventricular arrhythmias. Ideally, LQTS would be diagnosed before birth and primary prevention initiated during infancy. Unfortunately, the fetal diagnosis of LQTS is challenging due to lack of a suitable method to distinguish normal fetuses from those with LQTS. The objective of this study is to address this problem by defining an algorithm to discriminate fetuses with LQTS from those who do not have LQTS. 
The postnatal diagnosis of LQTS is suggested by a prolonged QT interval on 12 lead ECG, strengthened by a positive family history and/or characteristic arrhythmias and confirmed by genetic testing. However, for several reasons such LQTS testing cannot be performed successfully before birth. First, fetal ECG is not possible and direct measure of the fetal QT interval by magnetocardiography is limited to fewer than 10 sites world-wide. Second, while genetic testing can be performed in utero, there is risk to the pregnancy and the fetus. Third, although some fetuses present with arrhythmias easily recognized as LQTS (torsade des pointes (TdP) and/or 2° atrioventricular (AV) block), this is uncommon, occurring in <25% of fetal LQTS cases. Rather, the most common presentation of fetal LQTS is sinus bradycardia, a subtle rhythm disturbance that often is unappreciated to be abnormal. Consequently, the majority of LQTS cases are unsuspected and undiagnosed during fetal life, with dire consequences. For example, maternal medications commonly used during pregnancy can prolong the fetal QT interval and may provoke lethal fetal ventricular arrhythmias. But the most significant consequence is the missed opportunity for primary prevention of life threatening ventricular arrhythmias after birth because the infant is not suspected to have LQTS before birth. The over-arching goal of our study is to overcome the barriers to prenatal detection of LQTS. We plan to do so by developing an algorithm using fetal heart rate (FHR) which will discriminate fetuses with or without LQTS. 
Immediate Goal: We propose a multicenter pre-birth observational cohort study to develop an FHR/gestational age (GA) algorithm from a cohort of fetuses recruited from 13 national and international centers where one parent is known by prior genetic testing to have a mutation in one of the common LQTS genes (KCNQ1, KCNH2 or SCN5A). We have chosen this population because 1.) these mutations are the most common genetic causes of LQTS, and 2.) offspring will have high risk of LQTS as inheritance of these LQTS gene mutations is autosomal dominant. Thus, progeny of parents with a known mutation are at high (50%) risk of having the same parental LQTS mutation. The algorithm will be developed using FHR measured serially throughout pregnancy. All offspring will undergo postnatal genetic testing for the parental mutation as the gold standard for diagnosing the presence or absence of LQTS.  
Specific Aim: To accurately identify LQTS during the prenatal period in this high risk cohort. 
Hypothesis 1: We hypothesize that from this fetal cohort, we can construct a FHR/GA algorithm that will discriminate fetuses who inherit the parental LQTS mutation from those who do not, with an area under the ROC ≥0.75.  
Hypothesis 2: The area under the ROC of the FHR/GA algorithm compared to a gold standard of genetic testing will remain ≥0.75 across mutation types and offspring sex. Based on power calculations using preliminary studies, we estimate we can test this hypothesis by study of 200 fetal subjects.
Impact: We anticipate that identifying a sensitive and specific algorithm will allow us to discriminate fetuses with or without the family LQTS mutation. Successful completion of the proposed study will allow for a paradigm shift from post-event recognition of LQTS and secondary prevention of ventricular arrhythmias to prenatal recognition of LQTS and primary prevention of ventricular arrhythmias. Based on the support of the North American and European fetal cardiology and electrophysiology communities, we are uniquely poised to test our hypothesis. If our hypothesis is correct, we expect that the novel use of a simple fetal vital sign measured serially during gestation will successfully identify fetuses with LQTS. Such findings will provide preliminary data and a FHR/GA algorithm that could be applied in future studies to identify LQTS in fetuses without known risk factors. 

C.  Approach
	(1.) Specific Aim: To accurately identify LQTS during the prenatal period in this high risk cohort using a FHR/GA algorithm that distinguishes fetuses with LQTS from those without LQTS. We will collect FHR data across gestation of fetuses at high risk for LQTS because of a known parental LQTS mutation, using standard of care methods. Following birth the presence or absence of LQTS will be determined by genetic testing. We hypothesize that from this fetal cohort, we can construct a FHR/GA algorithm that will discriminate fetuses who inherit the parental LQTS mutation from those who do not, with an area under the ROC ≥0.75 and that   
the area under the ROC of the FHR/GA algorithm compared to a gold standard of genetic testing will remain ≥0.75 across mutation types and offspring sex. Based on power calculations using preliminary studies, we estimate we can test our hypothesis by study of 200 fetal subjects.
	(2.) Rationale: Previously we and others showed that although FHR is dependent on GA (9), the FHR of LQTS fetuses were significantly lower than FHR in control fetuses at similar GAs (4, 5). 
	(3.) Experimental Design and Methods
Subjects:  
	We will recruit fetuses from pregnancies of 7-20 weeks of gestation in which the mother or father has confirmed genetic testing for a mutation in one of the 3 common LQTS genes. The study period will begin upon enrollment and end after the infant is born and the genetic testing for the parental LQTS mutation has been completed. All efforts will be made to genotype fetuses that die before birth. Exclusion criteria are: 1. non-documented LQTS mutation; 2. parental LQTS phenotype with negative genetic testing for LQTS; 3. LQTS mutation other than KCNQ1, KCNH2 or SCN5A; 4. pregnant women at later than 20th week of gestation; 5. fetuses with major central nervous system malformations or structural cardiac defects.  

 Recruitment strategies: 
	1.) The investigators (the PI, subcontract PI, and consultants) will contact the Directors of LQTs registries, and pay them to mail information about our study to LQTS subjects in their registries that are of child bearing age. These registries include the International LQTS Registry (Rochester, NY), the LQTS Registries of Utah (Salt Lake City), Finland (Helsinki), the Netherlands (Amsterdam), France (Paris) and Italy (Milan). 2.) Inform physician members of the Pediatric Arrhythmia and Congenital Electrophysiology Society (PACES) by email about the study. 3.) Contact potential subjects from the inherited arrhythmia clinics at the participating centers. 4.) Advertise in the news letters/on the websites of the Sudden Arrhythmic Death (SADS) foundation and the Sudden Cardiac Arrest (SCA) foundation. 5.) Advertise the Fetal LQTS website (fetallqts.com) to potential subjects, physicians and genetic councilors who care for LQTS individuals and families. 

(4.) Participating Centers:  
	This proposal is a prospective international multicenter pre-birth observational cohort study of fetal LQTS subjects recruited by 16 electrophysiologists, channelopathy scientists, obstetricians and fetal cardiologists from 13 medical centers (see Table 1). The research protocol will be approved by the Institutional Review Boards at the participating centers. 

	Table 1: Core Sites and Participating Centers (* indicates IRB approval already obtained)
	
	Core Sites
	PIs

	1.
	The University of Colordo, Denver CO USA*
	Bettina Cuneo MD

	2.
	Center Cardiac Arrhythmias of Genetic Origin, 
Milan, IT
	Peter Schwartz MD 
Lia Crotti MD

	
	Participating Centers
	Consultants

	3.
	University of Toronto, Ontario, CA
	Edgar Jaeggi MD

	4.
	The University of Utah, Salt Lake City UT, USA*
	Susan Etheridge MD

	5.
	The University of Rochester,  Rochester NY, USA*
	Arthur Moss MD

	6.
	Mayo Clinic, Rochester MN, USA
	Michael Ackerman MD, PhD

	7.
	University of Helsinki, Helsinki, Finland*
	Heikki Swan MD, PhD

	8.
	The University of Amsterdam, the Netherlands*    
	Arthur Wilde MD
Sally-Ann Clur MBBCh, MSc(Med), PhD

	9.
	Hospital Bichat-Claude Bernard, Paris, FR*
	Isabelle Denjoy MD

	10.
	University of Oslo, Oslo, Norway
	Kristina Haugaa MD

	11.
	Umea University, Umea, Sweden
	Annika Winbo MD, PhD 
Annika Rydberg MD

	12.
	Royal Brompton Hospital, London, UK 
	Julene Carvalho MD

	13.
	University  of Munster, Munster, GE
	Eric Schultze-Bar MD, PhD



To date, 6 of the participating sites have obtained IRB approval. At these sites 33 subjects have already been recruited and 10 have completed the study protocol. This demonstrates our protocol is feasible. 

(5) Study Design: The specific aims and hypotheses of this study will be evaluated through a pre-birth prospective observational cohort study. 
 
A. Study Population:  
	We will recruit a cohort of fetuses from 13 international centers where one parent is known by prior genetic testing to have a mutation in one of the common LQTS genes (KCNQ1, KCNH2 or SCN5A). We have chosen this population because 1.) these mutations are the most common genetic causes of LQTS, and 2.) offspring will have high risk of LQTS as inheritance of these LQTS gene mutations is autosomal dominant. Thus progeny of parents with a known mutation are at high (50%) risk of having the same parental LQTS mutation. Inclusion criteria are: 1. Documented LQTS mutation in one of the parents; 2. the mother must be at 7-20 weeks of gestation. Exclusion criteria are: 1. Non-documented LQTS mutation; 2. LQTS phenotype with negative genetic testing for LQTS; 3. LQTS mutation other than KCNA1, KCNH2 or SCN5A; 4. pregnant women at later than 20th week of gestation; 5. fetuses with major central nervous system malformations or structural cardiac defects. 
 
B. Initial Visit and Medical Histories
	The investigators (PI, subcontract PI and consultants) will evaluate potential research subjects based on inclusion/exclusion criteria as listed above. If the subject choses to participate, the investigator will review the subject’s medical record and the medical record of the LQTS parent. Data collected will include: maternal age, specific mutation type of the LQTS parent, mothers obstetrical history including number and outcome of pregnancies (still birth, live birth or abortion), and number of offspring with the parental mutation. Only the source document of the genetic test results will be accepted as proof of the mutation. 

 B. Instructions to OB care provider 
	The investigator will inform the subject’s OB provider about the study. 1. The investigator will call the OB provider to provide details of the study, share his/her contact information and answer any questions. 2. The investigator will email or mail the specific FHR acquisition protocol to the OB care provider 3. The investigator will give a copy of the FHR acquisition protocol to the research subject to give to her OB provider. The protocol will explain the purpose of the study and how to measure and record the FHR by auscultation and by ultrasound, to include the exact (weeks and days) gestational age (see below) and the investigators contact information.  
 
C. Measuring FHR during the pregnancy 
	1.) To insure that FHR is measured uniformly across centers, written instructions (see section B) will be provided to the OB provider as follows: (1.) listen to the fetal heart tones 3 separate times during each ambulatory visit when the fetus is quiet and not moving. 2. Count the FHR for 15 seconds while and multiple the results by 4 to record the FHR in beats per minute. 3. Document the 3 FHRs and the exact gestational age (in weeks and days) in the mother’s chart. 4. Fax or email the FHR/GA results to the investigator. 
 	2.) If an obstetrical ultrasound or fetal echocardiogram is performed, the ultrasonographer will be asked to: 1. Average 5 consecutive heart beat intervals obtained by semilunar valve Doppler recordings when the fetus is not moving at 3 separate times during the fetal ultrasound/echocardiogram. 2. Enter the results of the 3 FHRs and the fetus’s exact gestational age (weeks and days) into the medical record. 3. Fax or email the results to the investigator. 
	3.) In the event the subject’s pregnancy dating changes (the fetus is found to be either at a more advanced or less advanced gestational age),  the OB provider will inform the investigator and the past and future FHRs will be adjusted to the new dating schedule.
	4.) Based on the standard obstetrical guidelines (10), the pregnant woman is seen every 4 weeks for the first 28 weeks, every other week from 28-30 weeks, and every week thereafter until delivery. As part of routine OB assessment, FHR is documented at each visit. The timing of obstetrical visits will not be the same for all pregnancies since pregnant women present for prenatal care at different GA. Similarly, ultrasounds are performed at different GA depending on indication, clinical course of the pregnancy and obstetrical preference. 
  
D. Postnatal Genetic and ECG Testing
	1.) Post-natal genetic testing: Because the 50% risk of LQTS in the progeny with a parental LQTS mutation, it is standard of care to test the offspring for the parental mutation. Cord blood will be sent for commercial genetic testing from the delivery room. Within the first 24 hours of life, as is standard of care, a 12 lead ECG will be performed and sent by mail to the central ECG reader (see letter of support from D. Woodrow Benson MD, PhD). The results of the genetic testing and the ECG will be sent to the infant’s physician and the investigator and shared with the parents by the investigator, the infant’s physician or both.  
	
E. Data Entry
	All pre and postnatal data including the OB and medical histories and the FHR/GA results, genetic testing results will be entered by the investigator into a REDcap data-base that is, accessible only to the investigator at that site and the PI and subcontract PI. Participating centers will be able only to review data from their centers. If at any time during the pregnancy TdP or 2° AVB is observed this will be noted in the chart

