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I. Awards Papers

The Beth Fine Kaplan Student Abstract Award

Exploring the Relationship Between Diagnoses of
Congenital Anomalies or Genetic Conditions and
Postpartum Depression: A Retrospective Study

M.F.Wiesenhart1, P.Reitnauer2, R.Stewart3, M.Earls4,
P.Reitnauer2

1. The University of Alabama at Birmingham
2. Moses H Cone Memorial Hospital
3. University of North Carolina,Greensboro
4. Triad Adult and Pediatric Medicine

10-15 % of new mothers are affected by postpartum depres-
sion (PPD), making it the most common complication of
childbirth. There has not been significant research on the
relationship between caring for infants with congenital

anomalies and/or genetic conditions and PPD. The goal of
this study was to examine the association between diagnoses
of congenital anomalies and specific genetic conditions in
infants and PPD in their mothers. It was hypothesized that
there would be a positive correlation. This was a retrospec-
tive study of data collected from Triad Adult and Pediatric
Medicine (TAPM) clinics. Data from 502 medical records of
mother-infant pairs were analyzed for the following varia-
bles: Edinburgh Postpartum Depression Screen (EDPS)
scores, presence of congenital anomalies/genetic conditions
(ICD-9 codes), language of screen completion, maternal
age, gravidity and parity, NICU admission of infants, refer-
rals to social work and/or Tots of Teens (TOTs), a program
that provides additional services to teenage mothers. Pear-
son’s chi-square test was used to compare the proportions of
mothers with and without infants with congenital anomalies
and/or specific genetic diagnoses for each variable. A total
of 40 infants (7.9 %) had ICD-9 codes consistent with
congenital anomaly/genetic condition. There was a sig-
nificant difference (P 0.007) in the rates of PPD be-
tween mothers of infants with congenital anomalies and/
or specific genetic diagnoses (35 %) and mothers whose
infants did not (17.5 %). Noteworthy but not statistical-
ly significant associations with PPD included teenage
pregnancy, low gravidity and parity, and completing a
PPD screen in English rather than Spanish. Having an
infant with a congenital anomaly or genetic condition
may be a risk factor for PPD. Anticipatory guidance
about PPD should be provided after diagnoses of fetal
anomalies/genetic conditions. The EPDS can be used in
pediatric genetic clinics to identify clients that are at
greatest risk for PPD.
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Full Member Abstact Award

Genetic counseling for individuals with serious mental
illnesses: The first, and only, randomized controlled trial

C.Hippman1,2, A.Inglis1, A.Ringrose1, J.Cheek1,
A.Albert2, W.G.Honer1, J.C.Austin1,3

1. Department of Psychiatry, University of British Columbia
2. Women’s Health Research Institute, BC Women’s Hospital
and Health Centre
3. Department of Medical Genetics, University of British
Columbia

Serious mental illnesses (SMIs) are common, complex
conditions affecting ~3 % of the population. Individuals
with SMI have expressed interest in genetic counseling
(GC), and benefits of GC for this population have been
postulated but not empirically explored. To conduct the
first and only randomized controlled trial of the effect
of GC for people with SMI. Individuals with SMI
(schizophrenia, bipolar disorder, or schizoaffective dis-
order, confirmed by the Structured Clinical Interview for
Diagnosis), referred by self or psychiatrist, were ran-
domized to either GC, a control intervention involving
an educational brochure (EB), or a waitlist group (WL)
(N0120). Participants completed a purpose-designed
measure of knowledge and risk perception, the Internal-
ized Stigma of Mental Illness scale, and the Illness
Perception Questionnaire (mental illness version), at
baseline (T1) and 1 month later (T3); those in GC and
EB also completed measures immediately post-
intervention (T2). The Brief Symptom Inventory was
administered at T1 and T3 to control for current symp-
toms. Analyses included ANCOVAs for between-group
effects, and nested mixed-effects linear regressions for
within-group effects. Knowledge increased for GC com-
pared to WL at T3 at the trend level (p00.09). Risk
perception accuracy increased for GC compared to WL
and EB at T3 (p<0.001). Stigma scores decreased in
GC and EB at T2 (p<0.01) and at T3 on the stereotype
endorsement subscale for GC compared to WL (p<
0.05). For perceived control, consequences subscale
scores decreased in GC compared to WL and EB at
T3 (p<0.05), treatment control subscale scores in-
creased at T2 for GC and EB (p<0.01), and timeline
acute/chronic subscale scores decreased for GC and EB
at T2 (indicating perception of illness as less chronic)
(p<0.05). GC improves risk perception accuracy for this
population, and has potential to improve knowledge,
decrease internalized stigma, and increase perceived
control.

II. Platform Presentations

Adult

Utilizing Illness Representations to Improve Family
Communication Within A Population At-Risk for
Cardiomyopathy

B.Bat te1 , J .She ldon2 , S .M.Day1 , P.Arscot t1 ,
D.J.Huismann1, B.M.Yashar1

1. University of Michigan
2. Department of Psychology, University of Michigan,
Dearborn

Genetic information is truly a family affair; thus, en-
couraging family communication is an integral compo-
nent of genetic counseling. Determining factors
important in the decision to communicate risk informa-
tion to relatives can help focus a counseling session. We
established a framework based on Leventhals Self-
Regulation model to identify factors impacting commu-
nication to family members at risk for Hypertrophic
Cardiomyopathy (HCM). Illness representations, family
functioning and closeness are important factors in HCM
familial risk communication. A 30-item survey was con-
structed using validated and novel scales that assessed
the impact on familial risk communication of i) respon-
dent demographics (gender, genetic test results, HCM
family history, and disease severity), ii) knowledge of
autosomal dominant inheritance, iii) illness representa-
tions, iv) family functioning and closeness, and v) indi-
vidual coping styles. The survey was administered on-
line to a national HCM sample recruited through the
Hypertrophic Cardiomyopathy Association. Data from
383 participants were analyzed using logistic regression,
with family communication as a dichotomous dependent
variable. 95.1 % of participants communicated with at
least one of their at-risk siblings and children. We found
that knowledge and gender significantly impacted the
decision to communicate with at-risk relatives; higher
knowledge of autosomal dominant inheritance (OR0
3.574, 95 % Confidence Interval (CI)01.192–10.710,
p00.023) and female gender (OR02.455, 95 % CI0
1.111–5.426, p00.026) predicted family communication
with all at-risk relatives. Factors in Leventhals model
were not significant predictors of familial risk commu-
nication. While our results did not support Leventhals
model in this population, we identified two novel pre-
dictors of family communication: gender and knowl-
edge. This gender difference suggests that there may
be gender-specific barriers to risk communication. Given
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that knowledge is an important factor in the decision to
communicate, utilizing a teaching model of genetic
counseling, providing educational resources, and incor-
porating public health-based initiatives may be success-
ful interventions to promote communication within
HCM families.

Disclosure of Whole Genome Sequencing Findings:
Perspectives of Individuals Affected with and Predisposed
to Genetic Disease

K.M.Bontempo1, L.Dellefave-Castillo2, E.McNally2,
S.Shah3, S.Aufox4

1. Children’s Memorial Hospital
2. University of Chicago
3. Northwestern Memorial Hospital
4. Northwestern University

With the increasing use of whole genome sequencing
(WGS), there has been considerable debate amongst the
scientific community as to what information should be
returned to participants. Since WGS has the potential to
uncover unexpected results, it is necessary to consider
the information patients would want to receive and their
plans for sharing results with family members. Physi-
cians are just beginning to use WGS to determine
diagnoses and risks for patients. Thus, we queried indi-
viduals prone to genetic disease to ascertain their opin-
ions on the return of information. From December 2011
to January 2012, 123 individuals from the University of
Chicago Cardiovascular Genetics Clinic and research
database completed an internet-based or paper-based
survey. Participants were adults highly enriched for per-
sonal or family history of Mendelian cardiovascular or
neuromuscular disease. We investigated their motiva-
tions, perceptions, and preferences towards receiving
information from WGS, following an educational pas-
sage explaining WGS. Frequency and descriptive statis-
tics were performed. Ninety-four percent of subjects
wanted to know about risks for conditions where treat-
ment guidelines exist, while 64.2 % wanted to know
about severe conditions even if no treatments were
available. Confidence in understanding genetic informa-
tion correlated to the level of control the participant
wanted in choosing what information is disclosed. Most
participants (82 %) would share results of WGS with
family members. Of those with previously banked DNA
research specimens, 57 % would want to be re-
contacted prior to WGS being performed on their sam-
ple. While the majority of participants were interested in

learning the results of WGS regardless of availability of
treatments, this was not true of all participants. Thus,
we recommend using a stratification system when pro-
viding genetic counseling prior to and during disclosure
of WGS results. Doing so would allow participants and
family members to decide which types of information
they would want to receive after WGS.

Sickle Cell Trait Testing at NCAA Division 1 Universities:
Sports Physicians’ and Athletic Trainers’ Perspectives

N.G.Brown1, S.O’Neill2, C.A.Wicklund2, K.Clemenz3,
A.Thompson3

1. Perinatal Associates of New Mexico
2. Northwestern University Graduate Program in Genetic
Counseling
3. Children’s Memorial Hospital

In 2010 the National Collegiate Athletic Association
(NCAA) issued a mandate requiring all Division 1 ath-
letes undergo sickle cell trait (SCT) testing prior to
participation in athletics, although institutions can
choose to allow individual students to opt out. The
aim of this study was to investigate attitudes toward
and implementation of the new mandate among college
sports personnel. An online survey was sent to 475
Division 1 athletic trainers and sports physicians inquir-
ing about institutions prior and current SCT testing
policy, changes to training methods, and perceived use-
fulness of the policy. The majority of the 173 respond-
ents were male (75 %), athletic trainers (75 %), and had
16 or more years of experience (55 %). There was at
least one respondent from each Division 1 athletic con-
ference and all were aware of the mandate. Most
responded that an athletic trainer (86.6 %) and/or sports
physician (73.8 %) was involved in institutional SCT
policy development. Fifty five percent indicated that
athletes are currently allowed to opt out of testing.
Almost 85 % indicated athletes receive pre-test informa-
tion about SCT. Post-test counseling for positive athletes
included training modifications (95 %) and differences
between SCT and sickle cell disease (92 %), although
fewer were counseled about reproductive implications
for SCT carriers (62 %). If training practices were
modified, it was most likely only for athletes who tested
positive. The majority of individuals indicated the pol-
icy was useful (77 %), believe it should stay in place
(74 %), and should be extended to Divisions 2 and 3
(73 %). Belief the policy was useful was associated
with being an athletic trainer, not having an opt out
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policy and making athlete training modifications. Al-
though controversy exists among professional organiza-
tions regarding SCT testing and athletes, the majority of
respondents believed the policy was useful. Counseling
of SCT carriers is done, but content varies.

Phenotypic and Neurocognitive Characterization of
Adults with 17p13.3 Microduplication Syndrome

S.Goldstein1, K.Dalton1, T.Whelan1, C.Lu2, M.R.Fickie1

1. Baystate Medical Center
2. Tufts University School of Medicine

The 17p13.3 microduplication syndrome is a recently
characterized condition with behavioral abnormalities,
learning disabilities, and nonspecific dysmorphic fea-
tures. There is limited data regarding affected adults
and their neurocognitive and behavioral features. We
describe three related adults with a 252.9 kb microdu-
plication at 17p13.3 identified by chromosomal micro-
array. Patient 1 is a 45-year-old woman with depression
and a history of speech delay. She received special
education services and obtained a Masters degree in
accounting. On exam she had iris heterochromia. Patient
2, the 22-year-old daughter of Patient 1, has bipolar
disorder, depression, and anxiety. She received special
education services and obtained a GED. She had a
broad forehead, long nose with a bulbous tip, small
chin, and a coarse tremor bilaterally. Patient 3, the 20-
year-old full brother of Patient 2, has a history of
speech delay, attention-deficit hyperactivity disorder, be-
havioral problems, bipolar disorder, and three psychiat-
ric hospital admissions. His physical examination is
notable for a broad forehead, long nose with a bulbous
tip, small chin, iris heterochromia, and a coarse tremor
bilaterally. On neuropsychological assessment, Full
Scale IQs ranged from 77 (Patient 3) to 106 (Patient
2). Academic skills were either globally affected (Pa-
tient 3), or better in math. Each individual displayed
better verbal than figural memory, and better verbal memory
than intellect would predict. All patients showed slow motor
speed in addition to tremor. Thus there were some similarities
in the pattern of cognition, with different global levels of
functioning. Our review of the literature reveals this to be
the first comprehensive report of adults with the 17p13.3
microduplication. The coarse tremor and iris heterochromia
have not been reported previously and may represent addi-
tional features of the 17p13.3 microduplication syndrome.
Our findings support and add to the data regarding the

neurocognitive phenotype of children and adults with this
condition.

Comparison of Informed Consent Preferences for
Multiplex Genetic Carrier Screening Among a Diverse
Population

A.Reeves1, A.Trepanier2

1. Beaumont Hospital
2. Wayne State University

Multiplex genetic carrier screening is increasingly being
integrated into reproductive care. Obtaining informed
consent becomes more challenging as the number of
conditions screened for increases. Implementing a mod-
el of generic informed consent may facilitate informed
decision-making.To assess preferences for content and
amount of information included in generic informed
consent for multiplex carrier screening and identify
factors that influence preferences. Current Wayne State
University students and staff with active email accounts
were invited to complete a web-based survey by blast
email solicitation. Participants were asked to determine
which of two scenarios they preferred: a brief versus a
detailed generic consent. They were asked to rank how
important different informational components were to
them in making an informed decision and to provide
demographic information. Comparisons between infor-
mational preferences, demographic variables and sce-
nario preferences were made. 693 part icipants
completed the survey. A majority were female
(72.7 %), White (70.5 %) with a household income <
$45,000. The majority preferred the more detailed sce-
nario (74.5 %), and agreed enough information was
provided to make an informed decision about carrier
screening (89.5 %). Those who thought it would be
more important to know how many diseases are
screened for (p00.028), how serious these conditions
are (p0 .002), the range of symptoms (p0 .000), whether
a child’s life expectancy would be shorter (p0 .010) and
what options were available for continuing or ending an
affected pregnancy (p0 .004) were more likely to prefer
the more detailed scenario. There were no significant
associations between scenario preferences and demo-
graphic variables. Detailed generic informed consent
appears to be sufficient for multiplex carrier screening.
Individual attitudes influence preferences for informa-
tion, and should be identified to ensure adequate in-
formed consent.
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A Collaborative Approach to Integrating Genetics into
Healthcare

A .M .Tr ep an i e r 1 , J . J e nk i n s 2 , J . B odu r t h a 3 ,
C.A.Wicklund4, F.Chen5, M.Rackover6

1. Wayne State Unversity
2. National Human Genome Research Institute, National
Institutes of Health
3. Johns Hopkins Institute of Genetic Medicine
4. Northwestern University Graduate Program in Genetic
Counseling
5. University of Washington
6. Philadelphia University

Integrating genomics into health care requires collaboration
between genetics specialists and primary care. The National
Society of Genetic Counselors (NSGC) Collaborative Ge-
netic Services Summit Project brought together nurses, phy-
sician assistants, family physicians, genetic counselors,
geneticists and others to develop competency (skills and
knowledge) based triage models for common genetics indi-
cations. The purposes were to reach consensus on all the
components (tasks) involved in providing genetics services
for each indication, from risk identification in primary care,
through risk assessment/testing/long term management; de-
scribe the skills and knowledge needed to complete each
task; and to map the existing genomic competencies of each
profession to these skills. The overarching goal was that
providers could use these models to recognize the steps
involved in providing genetics services and to assess, based
on their knowledge/skills, when to manage a patients genet-
ic risk and when to refer to genetics specialists. Prior to the
Summit, the investigators, with input from an advisory
committee and the NSGC leadership, convened to identify
goals and methods. Five indications were selected:
population-based carrier screening; Lynch syndrome risk
assessment/testing; pharmacogenetic testing; complex dis-
ease risk assessment (cardiovascular); and diagnostic eval-
uation for developmental delay. Draft components of each
case were identified using the medical literature and profes-
sional experience. Next, cases were assigned to work groups
charged with further delineating components, identifying
skills needed for each, mapping competencies to the skills,
and reaching consensus on a triage model based on the
mapping. The models were then vetted through moderated
discussions at the Summit. Over 70 professionals represent-
ing various professions/organizations participated in the
project. Summit attendees supported further development of
these models, and modules on family history, informed con-
sent, and genetic testing. Barriers to triaging services were

identified. This project was a first step in collaborating with
primary care to facilitate integrating genetics into medicine.

Cancer

Turcot Syndrome: A case Report of a 15-year-old with
Diffuse Colon Polyposis and Medulloblastoma

J.Fulbright1, L.Dohany1, D.Zakalik1

1. Beaumont Hospital

We report a case of a 15-year-old female with a diagnosis of
Turcot syndrome, a clinical variant of familial adenomatous
polyposis (FAP). The patients family history is significant for
colon cancer in a maternal great uncle, stomach cancer in her
maternal grandmother, and diffuse colonic polyposis in her
mother who underwent a sub-total colectomy at age 20, and is
now cancer-free at age 40. Our patient recently underwent a
sub-total colectomy for extensive colonic polyposis. Follow-
ing this surgery, she presented to the emergency room with a
5-month history of severe headaches, dizziness, double vision,
unstable gait, nausea and vomiting. An MRI revealed a 5 cm
posterior fossa mass with obstructive hydrocephalus. Genetics
was subsequently consulted by her neurosurgeon. She under-
went a gross total resection and pathology revealed a grade IV
medulloblastoma. Post-operative chemotherapy and radiation
have been initiated. Germline sequencing of the APC gene
revealed the frameshift mutation c.3439dupT (p.Tyr1166fs) in
exon 15, codon 1147. Previous genotype-phenotype studies
have identified that mutations in this region correlate with a
higher risk of brain tumors (3-fold higher), specifically me-
dulloblastoma (13-fold higher). Although the association of
central nervous system (CNS) tumors with FAP is rare, this
case illustrates the importance of recognizing this association
particularly when a patient with FAP presents with suspicious
neurological symptoms. Comprehensive genetic counseling
about the various manifestations of FAP is key for early
diagnosis and prevention of associated cancers.

Universal Lynch Syndrome Screening Result Notification

H.Hampel1, I.Lattimer1, W.L.Frankel2

1. Division of Human Genetics, The Ohio State University
2. Department of Pathology, The Ohio State University

Universal screening of all colorectal cancer (CRC) patients
for Lynch syndrome (LS) using immunohistochemistry
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(IHC) staining for the four mismatch repair proteins has
been ongoing at The Ohio State University (OSU) since
March 1, 2006. Genetic counseling and testing of all
patients with abnormal IHC is critical to the success of this
program. OSU has utilized three different methods of con-
tact for notification of patients with abnormal IHC results:
1) Elective MD referral based on the result in the pathology
report (10 months); 2) Direct phone calls to patients from
Genetics (47 months); and 3) In person contact with patients
by Genetics personnel at a follow-up surgery or oncology
visit (17 months). This study addresses the relative efficacy
of these three common approaches to notify patients who
are found to be more likely to have LS through a universal
screening program. Using notification methods 1–3, 138,
477, and 163 CRC cases were screened and 24 (17 %; 2.4/
mo), 91 (20 %; 1.9/mo) and 36 (22 %; 2.1/mo) had abnor-
mal IHC, respectively. Again stratified by contact method, it
was felt that 11, 16 and 16 of the abnormal cases were
probably methylated based on history or BRAF mutation
leaving 13, 75 and 19 cases that needed to be referred to
Genetics. Of these, 0/13 (0 %), 47/75 (63.5 %) and 16/19
(84.2 %) were successfully contacted by Genetics. Using
elective MD referral, no patients were diagnosed with LS
(0 %); 8 (1.8 %) were diagnosed with LS using phone
contact; and 5 (3 %) were diagnosed with LS using in
person contact. In person notification has been the most
effective notification method in our universal LS screening
program. Moreover, this method has resulted in an appro-
priate number of patients being diagnosed with LS (3 %
diagnosed; 2.8 % expected).

Implementation of Institutional MSI and IHC Testing
for Diagnosis of Lynch Syndrome: The Cleveland Clinic
Experience

B.Leach1, T.Plesec1, X.Liu1, C.Burke1, M.Kalady1,
J.Church1, C.Eng1

1. Genomic Medicine Institute, Cleveland Clinic
2. Department of Anatomic Pathology, Cleveland Clinic
3. Department of Gastroenterology, Cleveland Clinic
4. Department of Colorectal Surgery, Cleveland Clinic

In 2009, the Evaluation of Genomic Applications in Practice
and Prevention recommended all colorectal cancer (CRC)
tumors be screened for Lynch syndrome (LS) through
microsatellite instability (MSI) or immunohistochemistry
(IHC). No studies report how this information is utilized
within an institution. Since 2004, Cleveland Clinic has
screened CRCs with MSI/IHC. Our approach to conveying
positive results has evolved. Between 1/2004–7/2007, MSI/
IHC results went only to the colorectal surgeon (CRS,

approach 1). Between 8/2007–6/2008, CRSs and a genetic
counselor received the MSI/IHC results, and the counselor
emailed the CRS regarding appropriate patients for a genetic
counseling (GC) referral (approach 2). After 7/2008, the
CRS and counselor received MSI/IHC results, but the coun-
selor contacted the patient to facilitate GC referral (approach
3). In approaches 2 and 3, patients were presumed to have
sporadic CRC and not recommended for GC if the tumor
lacked MLH1 expression and was BRAF mutated, diag-
nosed >72 years, or had no family history of cancer. Abnor-
mal results occurred in 178/1108 (16 %). 59/178 (33 %)
were presumed sporadic (6 approach 2 and 53 approach 3)
In Approach 1, 21/52 (40 %) patients with abnormal MSI/
IHC were referred, 12/21 (57 %) underwent GC, and 10/21
(47 %) genetic testing (GT). In Approach 2, 9/11 (82 %)
were referred for GC, 7/9 (78 %) had GC and 5/9 (56 %)
GT. In Approach 3, 56/56 (100 %) were referred, 40/56
(71 %) had GC, and 37/56 (66 %) GT. Reasons for discrep-
ancies between GC and referral include: declined visits, no
shows, death/loss to follow up. Three (25 %), 1 (20 %), and
17 (50 %) deleterious mutations were identified in
approaches 1, 2, and 3, respectively. Successful implemen-
tation of institutional MSI/IHC testing with high GC/GT
uptake requires multidisciplinary-care with detailed plans
of responsibility for patient contact. Challenges capturing
all patients at risk of LS remain yet we are making progress.

TheClinical Presentation of anAdult Patient with Biallelic
Mutations in PMS2

L.S.Mar1, R.Koff1, A.M.Blanco2, J.Youngblom1

1. California State University, Stanislaus
2. Cancer Risk Program, University of California, San
Francisco

Constitutional mismatch repair-deficiency (CMMR-D)
caused by biallelic mutations in the mismatch repair genes,
is characterized by childhood-onset colorectal cancer and
polyps, brain tumors, hematological malignancy, and cutane-
ous features of NF1. We present the history of a 43 year old
man with an extensive cancer history and biallelic mutations
in PMS2. The patient presented with polyposis, resulting in
total colectomy at 26. He was subsequently diagnosed with
rectal adenocarcinoma and multiple adenomatous polyps at
29. He underwent total proctectomy resulting in permanent
ileostomy. He was found to have a squamous cell carcinoma
of the scalp at 30 and of the tongue at 41. At 42, he presented
with four primary gastrointestinal cancers—two duodenal
adenocarcinomas, adenocarcinoma at the gastroesophageal
junction, and adenocarcinoma at the ileostomy. He was also
found to have multiple tubular adenomas. His history includes
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numerous sebaceous adenomas and squamous cell carcino-
mas of the head and neck. Analysis of the duodenal adeno-
carcinoma revealed high levels of microsatellite instability
(MSI-H) with loss of PMS2 expression. Analysis of other
tumor sites showed variable expression of PMS2. Mutation
analysis revealed biallelic PMS2 mutations—one previously
reported deleterious mutation (137 G>T) and the other, a
novel truncating mutation currently classified as a variant of
uncertain significance (2500delATinsG). His family history
includes his father with tonsil cancer and colon polyps in his
60s and a maternal cousin with colon cancer at 47. Mutation
analysis of the proband’s parents and siblings has provided
further information regarding the variant’s pathogenicity and
association with CMMR-D. This case represents one of the
oldest ages at diagnosis of gastrointestinal cancer in individ-
uals with PMS2 biallelic mutations. It illustrates the potential
natural history of CMMR-D in individuals who survive child-
hood and highlights the importance of setting in place long-
term surveillance recommendations for a condition involving
a broad spectrum of cancers.

Comprehension and Family Communication of Hereditary
Cancer Risk Among African Americans

T.Morgan1, T.Pal2, J.V.Bowie3, B.Biesecker4, L.Leonard3,
C.Snyder3, L.H.Erby3

1. Genetic and Rare Disease Information Center
2. Moffitt Cancer Center
3. Johns Hopkins Bloomberg School of Public Health
4. National Human Genome Research Institute, National
Institutes of Health

Family communication about hereditary breast and ovarian
cancer (HBOC) risk may have a significant impact on fam-
ily members risk reduction strategies. Many studies have
examined HBOC family communication, but few have in-
cluded a significant number of African Americans. To facil-
itate future family communication, additional studies are
needed. The goal of this study was to explore how African
Americans comprehend and communicate with family
members about information from an HBOC genetic
counseling session. This mixed methods study used data
from two sources: 1) comprehension data from 79 African
American and Caucasian analogue clients (ACs) who pre-
viously watched a videotaped simulated HBOC counseling
session and 2) interview data from eight African American
women who had undergone BRCA1 and BRCA2 genetic
testing. ACs were asked to imagine that they were the client
and to describe the information learned as if sharing it with
family members. Quantitative content analysis was per-
formed on open-ended responses, and Pearsons chi-square

statistics were calculated to examine differences between
African American and Caucasian ACs. Semi-structured
interviews with actual clients focused on communication
of genetic test results with family members and related
facilitators and barriers. There were statistically significant
differences between African American and Caucasian ACs
in describing several categories of information, including
the 50 % risk of passing on a genetic mutation, risks to
specific family members, and the need to begin genetic
testing with an affected family member (p< .05). Women
participating in qualitative interviews were aware of the
familial cancer risk implications provided in genetic
counseling and had positive attitudes and experiences with
family communication. A minority mentioned difficulties
understanding specific information from their genetic
counseling visits. To improve family communication for
African American clients, genetic counselors should tailor
their visits by assessing clients comprehension and motiva-
tions to assess the likely salience of key information.

Age ofOnset and Predictors ofMedullary Thyroid Cancer
in Patients with Lower Risk RET Proto-Oncogene
Mutations

T.A.Rich1, S.Waguespack1, R.Gagel1, A.K.Ying1,
M.Hu1, N.Busaidy1, C.Jimenez1, N.Perrier1, J.Lee1,
E.G.Grubbs1

1. The University of Texas M.D. Anderson Cancer Center

Multiple endocrine neoplasia type 2 is associated with a
high risk for medullary thyroid carcinoma (MTC). MTC
can be prevented through the identification of pre-
symptomatic RET mutation carriers and prophylactic thy-
roidectomy. Improved understanding of the variable aggres-
siveness of MTC by genotype and use of calcitonin
measurements in predicting MTC have led to the contem-
porary dilemma of determining the optimal timing of pro-
phylactic thyroidectomy, particularly in individuals with
mutations associated with the lowest risk for aggressive
MTC.Patients with lower-risk RET mutations ascertained
through predictive genetic testing/family screening were
identified from a retrospective database at our institution
and review of published cases providing sufficient data on
individual patients. Codon mutated, age at thyroidectomy or
last evaluation if no thyroidectomy, calcitonin level (preop-
eratively or at last follow-up if no surgery), and outcome
(MTC vs. no evidence of MTC) were evaluated. Kaplan-
Meier, log-rank, and multivariable analyses were used to
identify predictors of MTC and estimate age-specific MTC
penetrance by codon. 525 patients from six codons had
sufficient data to be included. None of the codon 791

890 Heald, Melvin and Madeo



screened carriers had MTC. Median ages of MTC diagnosis
and penetrance by age 20 were: 51y and 2 %, 40y and 9 %,
44y and 5 %, 32y and 20 %, and 24y and 45 %, for codons
804, 609, 611, 618, and 620, respectively. Metastatic MTC
was found locally in 32 % and distally in 5 %. Eight patients
died of MTC. Factors predicting MTC included increasing
age at evaluation (p<0.0001), elevated calcitonin (p0
0.002), and codon (p00.004). Age-related incidence of
MTC differed among all codons except between 804 and
611 (p<0.03). Among screened patients with relatively low
risk RET mutations, a difference in MTC incidence exists
between codons after controlling for age and calcitonin
level. Codon-specific age-related penetrance data may aid
counseling individuals about timing of thyroidectomy.

Counseling/Psychosocial Issues

Retrospective Study of Little People (LP) Pregnancy:
Experiences, Opinions and Utilization of Genetic
Counseling Services

C.L.Blout1, Y.Alade1, T.Martino1, D.Krakow2,
J.Rossiter3, I.Berkowitz1, D.Penning4, J.Hoover-
Fong1

1. Johns Hopkins University
2. International Skeletal Dysplasia Registry, Cedars-Sinai
Medical Center
3. St Joseph Perinatal Center
4. Denver Health Medical Center

Medical literature regarding Little People (LP) pregnancy is
sparse. Despite a cumulative skeletal dysplasia (SD) inci-
dence of ~1:4,000, published management guidelines are
non-existent for this high-risk pregnancy group with normal
fertility. Our objective was to assess LP pregnancy experi-
ences, opinions, and genetic counseling (GC) utilization
with the ultimate goal to improve care.Women were
recruited via gender- and age-selected mailing to Little
People of America (LPA) members, personal contact at
LPA events, and re-contact of prior clients. After informed
consent, each subject completed a survey, developed by SD
experts. Results were complied in an Access database and
analyzed with Stata 10 using descriptive statistics, Fishers
exact test and t-tests. Seventy women participated, repre-
senting 150 pregnancies (105 term, 15 preterm, 26 SAB, 3
EAB, 1 stillbirth), mean age at survey completion 44.9+
11.4 years. 55.1 % had achondroplasia; the remaining car-
ried one of 11 other SD diagnoses. Ten women adopted 12
children, all short stature. Of the 57.1 % of the women that

had GC, 31.7 % cited SD as the reason though both parents
had a SD in 64.2 % of pregnancies. The mean age of first
pregnancy of the GC group was 30.5+5.6 years compared
to 25.2+4.2 years in non-GC (p <0.001). 17.6 % believed
carrying a pregnancy damaged her health; 58.3 % had a
history of spine surgery compared to 23.2 % in those who
reported no pregnancy ill effect (χ200.01). 95.7 %
responded that LPs should have pregnancies, health permit-
ting. Compared to average stature women, preterm delivery
and miscarriage incidence were similar and adoption rates
higher. Overall GC is underutilized in this population.
Though ACMG encourages pre-pregnancy/prenatal genetic
testing for all LPs, less than 1/3 specifically cited SD as their
reason for GC. Further studies are needed to understand
long term health effects of pregnancy in LPs and GC moti-
vations and deterrents.

Parental Attitudes Regarding Newborn Screening for
Duchenne Muscular Dystrophy

K.Buser1, A.Goldenberg2, L.Konczal3, S.McCandless3,
M.Merrill3, A.Matthews2

1. University of Minnesota
2. Case Western Reserve University
3. University Hospitals of Cleveland Case Medical Center

Duchenne Muscular Dystrophy (DMD) is an X-linked ge-
netic condition that causes progressive muscle weakness,
cardiac and respiratory complications and a shortened life-
span. Some states are considering adding DMD testing to
their newborn screening (NBS) panels. This qualitative
study used in-depth semi-structured interviews with parents
of sons with DMD to assess their attitudes regarding NBS
for DMD. Parents were asked questions about their son
regarding the diagnostic process, current stage of disease,
knowledge about NBS, opinions regarding the potential
risks and benefits of NBS for DMD, and demographic
information. Twenty audio-recorded interviews were con-
ducted with parents representing 17 unique families. Tran-
scripts were coded inductively and thematically analyzed.
Analysis of responses yielded three key themes as a model
for understanding how parents perceived NBS for DMD: 1)
support/decision making—diagnosis at birth might provide
anticipatory guidance for issues of everyday life, 2) medi-
cally related—NBS might allow for improved interventions,
and 3) emotional/relational—balancing positives of know-
ing what to expect with negatives of losing “carefree years”.
Importantly, while NBS programs have traditionally sought
to decrease morbidity and mortality through screening, the
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theme “medically related” was the least discussed by par-
ticipants. Participants in this study were generally in favor of
NBS for DMD, but analysis of their perceptions emphasized
complex relational issues, and revealed that many parents
were unsure about their feelings regarding NBS for DMD.
Participants in this study provided evidence that adding
DMD screening to NBS panels is multifaceted and will
likely have non-medically related consequences. These
results highlight important issues that clinicians and health
departments should take into account when considering if
testing for DMD should become part of NBS. If DMD is
added to NBS panels, these data may help provide anticipa-
tory guidance for providers.

Importance of Confirmation for Positive Non-invasive
Prenatal Testing Results

V.Cherepakho1,2, A.L.Swanson3, J.D.Goldberg1

1. San Francisco Perinatal Associates, Inc.
2. University of California, San Francisco
3. Verinata Health, Inc.

Several clinical studies published recently demonstrate
that massively parallel sequencing of cell free DNA
from maternal plasma is an effective technique for
detecting aneuploidy. As chorionic villus sampling
(CVS) and amniocentesis remain the gold standard for
prenatal diagnosis of aneuploidy, confirmatory testing of
positive non-invasive prenatal testing (NIPT) results via
CVS and/or amniocentesis is recommended practice.
The following case report exemplifies the need for
confirmation of positive NIPT results and suggests
why fluorescence in situ hybridization (FISH) may also
be useful. We report on a 37 year old woman who
presented for advanced maternal age genetic counseling.
The patient underwent NIPT at 12 weeks gestation. Her
NIPT result was positive for chromosome 13 aneuploi-
dy. Transabdominal CVS was performed for confirma-
tion. FISH was ordered on the uncultured villi and the
results showed a trisomy 13 signal pattern in 20 of 50
uncultured interphase cells. However, analysis on cul-
tured villi and subsequently cultured amniocytes was
performed and revealed a normal karyotype (46,XY).
Comprehensive fetal ultrasound at 19 weeks was unre-
markable. Recent publications have supported the hy-
pothesis that the majority of cell free fetal DNA is
derived from placental cytotrophoblasts. While cells
from the mesenchymal core are primarily analyzed on
cultured villi, FISH primarily analyzes cells from the

cytotrophoblast. As such, based on the normal cultured
CVS and amniocentesis karyotypes and a reassuring
fetal ultrasound, it is likely that the chromosome 13
aneuploidy detected by NIPT and FISH is representative
of confined placental mosaicism (CPM). As this case
illustrates, when counseling patients about the benefits
and limitations of non-invasive prenatal testing, it is
important to discuss the possibility of detecting CPM.
Furthermore, for positive NIPT results, not only is con-
firmatory testing recommended for positive NIPT
results, but practitioners should also consider ordering
FISH to assist in the determination of CPM.

Motivations and Characteristics of Families who Adopt
Children with Special Needs: A Qualitative Study

B.Gallinger1, C.Perry2, J.Salamone3, G.Schneider1

1. Brandeis University
2. MJ Henry & Associates, Inc.
3. School of Medicine and Dentistry, University of Roches-
ter Medical Center

A substantial body of research on special needs adoption
characterizes the adoption process itself and relevant out-
comes. However, much of this research lacks an in-depth
view of the adoptive families. Genetic counseling should
include discussing the option of adoption with clients who
learn pre- or postnatally of a diagnosis or suspected disabil-
ity, and deeper insight into families who adopt children with
special needs will aid this discussion. The goal of this study
was to understand the motivations and experiences of fam-
ilies who adopt children with special needs. We conducted
semi-structured interviews with twelve mothers who adop-
ted children with a variety of special needs. The interviews
focused on three major areas: (1) Motivations for adopting a
child with special needs, (2) Acceptance of the adoption by
others, and (3) Messages to others about special needs
adoptions. We analyzed and coded interview transcripts
using grounded theory. Participants reported many motivat-
ing factors including previous experiences with individuals
with special needs and religious beliefs. Although some
mothers experienced initial negative reactions, overall they
felt that their other children, family members, and friends
accepted their decision to adopt a child with special needs.
The adoptive mothers felt no negativity toward the
childrens birth mothers; rather, they were extremely
grateful for their decisions. The mothers also expressed
concerns that people are unaware of the many families
waiting to adopt children with special needs, and that
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more exposure is necessary. Our findings provide in-
sight into families who adopt children with special
needs, and this may in turn help birth parents who are consid-
ering making an adoption plan. Sharing results of this study
with genetic counselors and other health professionals can
help them approach this option with greater ease, and hope-
fully help them provide support and referrals to clients in-
volved in special needs adoptions.

Genetic Testing in Potential BRCA1/2 Carriers Aged 18
to 25 Years: Decision-making and Impact

A.T.Hershner1, R.Lee2, J.D.Weil2, J.H.Youngblom1

1. California State University, Stanislaus
2. University of California, San Francisco

Most genetic counselors advise that individuals at risk for
carrying a familial BRCA1 or BRCA2 mutation wait until
after age 25 to have genetic testing. However, it is likely that
young adult patients between the ages of 18 and 25 make
decisions to pursue testing for a variety of reasons, some of
which may be unique to this age group. This study sought to
obtain a deeper understanding of the influences and the
decision-making process that lead individuals to seek testing
before the recommended age. Semi-structured qualitative
interviews were conducted with nine patients who received
genetic counseling for a familial BRCA1/2 mutation be-
tween the ages of 18 and 25. Most of these participants
subsequently pursued genetic testing while still in the spec-
ified age range. The interview subjects were questioned as
to their retrospective feelings about their own counseling
and testing, as well as their current attitudes toward the
impact and suitability of testing in young adults. Interview
transcripts were coded and analyzed by systematically iden-
tifying recurrent themes and developing a list of conceptual
categories. The key findings of the study showed that the
majority of participants were aware of the reasons that
young people are advised to wait for genetic testing. Nev-
ertheless, most individuals felt that they would rather face
the knowledge of their mutation status sooner rather than
later. When making decisions about genetic testing, partic-
ipants discussed their options primarily with family mem-
bers and did not rely on input from peers or other resources.
Many participants cited the possibility of implementing
cancer surveillance techniques and positive lifestyle changes
earlier in life as a motivating factor. Overall, the participants
were satisfied with their genetic counseling and testing
decisions, but recognized the necessity of individualized
counseling approaches when working with other members
of such a diverse age group.

The Role of Family Functioning in Promoting Adaptation
Among siblings of Individuals with Duchenne Muscular
Dystrophy

B.Pappa1, L.H.Erby2, H.Peay3, R.D.Cohn4, A.C.Madeo3,
B.Biesecker3

1. Children’s National Medical Center
2. Johns Hopkins Bloomberg School of Public Health
3. National Human Genome Research Institute, National
Institutes of Health
4. McKusick-Nathan Institute for Genetic Medicine, Johns
Hopkins University

Duchenne muscular dystrophy (DMD) is a progressive X-
linked recessive condition that affects all muscles. Studies of
unaffected siblings of individuals with DMD suggest a wide
range of outcomes as they adapt to having a sibling with a
life-limiting illness. Family functioning and communication
may affect the adaptation process. Existing evidence has
relied primarily on parental reports of family functioning
and sibling adaptation, and few studies have explored the
role of DMD-specific family communication (DMD-
COMM). The goal of this study was to explore the relation-
ship between family functioning variables, including DMD-
COMM, and psychosocial adaptation in 13-18 year-old
unaffected siblings of individuals with DMD. It was hypoth-
esized that more effective family functioning and higher
levels of DMD-COMM would be related to higher levels
of sibling adaptation. Twenty-nine parent-sibling dyads
completed self-administered cross-sectional quantitative
surveys informed by family systems theory, the Process
Model of Family Functioning, and the Resiliency Model
for Family Stress. Parents completed measures of family
functioning (FAM III), extent of DMD-COMM (developed
for this study), and child behavioral problems (Child Be-
havior Checklist). Siblings completed measures of family
functioning (Revised Family APGAR), self-concept (Child-
rens Piers-Harris Self-Concept Scale), behavioral outcomes
(SDQ), and psychosocial adaptation (unpublished validated
measure). Both parent- and sibling-reported family func-
tioning were positively related to sibling adaptation in bi-
variate analyses (r0.452, p0 .014; r0.594, p< .001). Talking
more about shortened life-expectancy (an item in DMD-
COMM) was also associated with higher levels of sibling
adaptation (r0.410, p0 .03). Multiple linear regression anal-
ysis, controlling for socio-demographics, showed that both
sibling-reported family functioning (p< .01) and the extent
of DMD-COMM (p< .01) were significantly associated with
the siblings level of adaptation. Genetic counselors may find
family-centered interventions that foster open communica-
tion particularly beneficial to adaptation among adolescent
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siblings of individuals with DMD. Future studies should
further explore the role of stressor-specific communication
in promoting sibling adaptation.

Education

Development of a Clinical Supervisor Support Program

C.L.Atzinger1, K.Wusik1,2

1. Cincinnati Children’s Hospital Medical Center
2. University of Cincinnati

In 2011, concerns about the potential for burnout among
clinical supervisors led the University of Cincinnati
(UC) Genetic Counseling Program (GCP) to create a
Supervisor Support Program. A needs assessment survey
was sent to 49 genetic counselors who had previously
supervised UC genetic counseling students on their clin-
ical rotations or were planning to act as supervisors in
the coming academic year. This survey included ques-
tions about supervision experience and interest in dif-
ferent supervision support formats and content. Of the
30 individuals who completed the survey, 26 (87 %)
had supervised a UC genetic counseling student in the
past year. The majority of supervisors (85 %) indicated
interest in more support or resources related to supervi-
sion. Types of support that individuals indicated interest
in were a yearly supervision workshop (78 %), written
resources (52 %), live lectures on supervision topics
(48 %), and peer supervision related to supervision
topics (35 %). Based on these responses as well as
written comments, we developed a three part Supervisor
Support Program. This included quarterly peer supervi-
sion meetings related to supervision, a lecture series on
supervision topics available for CEUs, and a new-
supervisor mentor program. In addition, written materi-
als and self-paced activities were emailed to those
supervisors who could not attend the in-person lectures.
Lectures addressed topics that supervisors indicated in-
terest in on the needs assessment and included setting
expectations for students in clinic, providing effective
feedback, and working with challenging students. Fif-
teen supervisors provided feedback on the program and
of those 12 (80 %) found the program helped their
development as a supervisor. The remaining three
(20 %) reported that they were not able to participate
in the program. Based on the success of this program,
we plan to re-assess supervisor needs yearly and update
the program. We will also work on development of a
yearly workshop on this topic.

The Pregnancy andHealth Profile Pilot Project: Evaluating
the Patient Satisfaction and Usability of a Novel Prenatal
Family History and Genetic Screening Tool

E.Ede lman1 , B.Lin2 , T.Doksum3, B.Drohan4 ,
K.Hughes4, S.M.Dolan5, V.Edelson6, J.O’Leary6,
L.Vasquez7, S.Copeland7, J.Scott1

1. National Coalition for Health Professional Education in
Genetics
2. March of Dimes
3. Doksum Consulting
4. Massachusetts General Hospital
5. Albert Einstein College of Medicine
6. Genetic Alliance
7. Health Resources and Services Administration

To evaluate prenatal patient satisfaction, usability, and
comfort in using a self-administered, computerized preg-
nancy and family history questionnaire. Efficient
patient-entered and EHR-compatible collection tools are
needed to support translation of family health history
(FHH) into primary care. However, there are limited
data about patient acceptance and comfort providing
FHH into a computerized tool. The Pregnancy and
Health Profile, (PHP) is a free prenatal genetic screen-
ing and risk assessment software for primary prenatal
providers that uses a tablet-PC to collect FHH during
intake and provides point-of-care education for patients.
The study population includes patients presenting to the
first prenatal appointment at four practices in Indiana,
Maine, North Carolina, and New York. Patients com-
pleted PHP questionnaire to provide FHH and a feed-
back survey about their experience using PHP.
Quantitative survey results were entered into a SPSS
database and analyzed using descriptive statistics, Fish-
ers exact test, and paired t-tests. Qualitative thematic
analysis was used for responses to open-ended ques-
tions. At four sites, 513/618 (83 %) patients provided
feedback. Patients were of diverse age and education
levels. Eighty-one percent were white, 11 % black,
and 9 % Latina. Patients felt PHP was easy to use
(96 %) and understand (98 %). Patients were equally
willing to provide FHH through PHP (93 %) and pro-
vider interview (93 %), and preferred the tool over
paper intake (77 %, p<0.001). Ninety-six percent
reported they were not worried about the confidentiality
of entering FHH into PHP. These data demonstrate that
PHP is acceptable to patients as a method of providing
FHH during the first prenatal visit. Importantly, we have
identified high patient satisfaction, usability, and com-
fort level in providing FHH through a computerized
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tool. Our results can inform future strategies that use
point-of-care tools or online portals to improve patient
participation around FHH. Additional research is needed
to validate patient-entered data in the prenatal setting.

The New Face of Genetics: A Multimedia Educational
Tool

A.Fan1, J.Martineau1, C.Lieber1

1. Joan H Marks Graduate Program in Human Genetics,
Sarah Lawrence College

“The New Face of Genetics” is an educational film
project that teaches genetic counseling students (and
interested medical professionals) about the dysmorphol-
ogy of various genetic conditions by introducing affect-
ed individuals and demonstrating the condition’s
hallmark physical characteristics. Three pilot films
about Marfan syndrome, Sturge-Weber syndrome and
Joubert syndrome were made over the past year as a
capstone project, and two films (on Turner syndrome
and 22q11.2 deletion syndrome) are currently in prog-
ress. This project, a reimagining of The Pearls of Dys-
morphology by Dr. Bryan D. Hall, will ultimately be a
compendium of at least twenty different short films,
each focusing on a specific condition. In each segment,
several individuals that represent the variable expressiv-
ity of their genetic conditions each introduce them-
selves to viewers before explaining and demonstrating
a physical feature. A written supplement and interactive
tool (searchable by feature) will assist students with
post-viewing study. Our project utilizes film and mod-
ern technology to help future genetic counseling stu-
dents synthesize their textbook knowledge of a rare
condition with an animated, speaking person who has
that condition. Still photography cannot capture all the
physical features of a condition (for example, a charac-
teristic gait or tone of voice). Also, film more vividly
showcases the innate humanity and beauty of the per-
son manifesting those features. In our films, partici-
pants talk, move, smile and laugh, making this a
departure from the “patient-as-a-specimen” model of
most educational medical literature. This project is done
in conjunction with Rick Guidotti of Positive Exposure,
a non-profit arts organization that aims to promote the
beauty of genetic difference through photographic
images. “The New Face of Genetics” will provide fu-
ture genetic counselors with a more robust understand-
ing of rare genetic conditions and also model an

attitude of respect for the humanity of their future
patients.

Genetic Education Materials for School Sucess
(GEMSS): A Guide for the Classroom for Children with
Genetic Conditions

C.Giummo1, L.Burke2, B.Burke3, A.Dillon4, C.Ingham5,
F.Larson6, M.Lavochkin7, E.Mulcahy8, W.Smith9,
H.Tutko10, D.Edwards11

1. University of Vermont
2. Fletcher Allen Health Care
3. Connecticut Department of Public Health
4. Institute on Disability,University of New Hampshire
5. Vermont Department of Health
6. Genetic Newborn Screening Program
7. New Hampshire Newborn Screening Program
8. Children with Special Health Needs Program
9. Maine Medical Partners, Pediatric Specialty Care
10. New Hampshire Institute for Health Policy and Practice
11. SCDAA of Southern CT, Inc.

Children with genetic and metabolic conditions are usually
taught in regular classrooms. The individuals involved in
their education often do not have formal training in genetics.
The availability of practical information to help support
these educators is limited. The Dissemination, Education
and Marketing (DEM)group of the New England Genetics
Collaborative (NEGC) developed a web-based tool to pro-
vide practical guidance to educational teams,in school set-
tings, Following a presentation to three groups of educators
in Connecticut, New Hampshire, and Vermont it was deter-
mined that a web-based tool for practical information on
genetic disorders would be very useful in the classroom. In
order to develop a beta site, six conditions were chosen for
the initial phase. These included 3 metabolic conditions:
PKU, VLCAD, and MCAD; and other genetic conditions:
sickle cell disease, Fragile X syndrome, and 22q deletion
syndrome. The opening pages for each condition include
basic information as well as buttons linked to the practical
information organized into 7 “Thing to Think About” cate-
gories: Dietary/Medical Needs; Special Ed Supports; Be-
havior and Sensory Supports; Physical Activity, Trips,
Events; School Absences and Fatigue; Emergency Plan-
ning; and Resources. Within each of these, the possible
challenges present in the individual conditions are out-
lined as well as suggested plans for meeting those
challenges. The information for each condition was
written by a genetic counselor, reviewed by a clinical
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geneticist and then edited by an educational specialist
for reading level and cultural sensitivity. At the annual
meeting of the NEGC, discussion groups reviewed the
beta site and further revisions were made. These dis-
cussion groups included public health personnel, family
support group members and experts in the field. The
dissemination of this classroom tool is now in process.
Feedback is being obtained through surveys and web-
page monitoring. The website will be presented and the
evaluations will be reviewed and presented.

The Impact of Supervision Training onGenetic Counselors
Supervisory Identity Development

K.M.Lewis1,2, K.Wusik1,2, G.Yager2, C.Ramstetter2,
C.L.Atzinger1

1. Cincinnati Children’s Hospital Medical Center
2. University of Cincinnati

Supervisory identity development (SID) can be defined
as the extent to which a supervisor is both confident
and competent in their current supervisory skills and
professional identity. Despite the importance of supervi-
sion in the training of genetic counseling students, there
are no guidelines on supervision training for genetic
counselors (GCs) who supervise students. The purpose
of the present study was to investigate the impact of
experience and supervision training on SID in the field
of genetic counseling. Two hundred and seventy seven
full and new members of the National Society of Ge-
netic Counselors (NSGC) enrolled in the listserv or
discussion form completed an anonymous online ques-
tionnaire measuring clinical experience, supervision ex-
perience, and methods of supervision training received.
GCs who had supervised students (n0210) took a val-
idated survey tool called the Psychotherapy Supervisory
Developmental Scale (PSDS) that measured SID.
ANOVA was used to find if signficant mean differences
in PSDS score existed with each variable. Formal su-
pervision training (p00.006), greater supervision experi-
ence (p00.002) and clinical experience (p00.009) were
shown to increase GCs SID. These variables were not
independent of each other and there was no significance
when accounting for interaction effects. However, GCs with
less than 10 years of experience supervising genetic counsel-
ing students that received two or more methods of formal
supervision training had significantly higher SID than those
who reported only informal methods of training (p00.046).
Greater clinical experience, supervision experience, and

formal supervision training lead to higher SID in GCs who
supervise students in a clinical setting, showing an additive
effect. Training seems to have the greatest effect for GCs with
less supervision experience. Therefore, supervision training
could be focused on GCs early in their professional career.
Further studies could focus on supervision training content.

Evaluation of Knowledge Regarding Diagnostic Strategies
for Genetic Diseases in Select Residents

S .Penney 1 , J .L .Cze rw in sk i 1 , 2 , S .Hashmi 1 , 2 ,
H.Northrup1,2, A.Ownby2, K.Smith2, S.J.Noblin1,2

1. The University of Texas Graduate School of Biomedical
Sciences at Houston
2. The University of Texas Medical School at Houston

Decreasing numbers of medical genetics professionals
and an increasing volume of genetic information has
created a dire need for additional genetics training in
medical school and in residency. This study aimed to
assess how well pediatrics-focused primary care resi-
dents apply general genetics knowledge to clinical ge-
netic testing using scenario-based questions. We chose
to specifically focus on knowledge of the diagnostic
applicability of Chromosomal Microarray (CMA) tech-
nology in pediatrics because of its recent recommenda-
tion by the International Standard Cytogenomic Array
(ISCA) Consortium as a first-tier genetic test for indi-
viduals with developmental disabilities and/or congenital
anomalies. Proficiency in ordering baseline genetic test-
ing was evaluated for eighty-one respondents from four
pediatrics-focused residencies (categorical pediatrics, pe-
diatric neurology, internal medicine/pediatrics, and fam-
ily practice) at two large residency programs in
Houston, Texas. Similar to other studies, we found an
overall deficit of genetic testing knowledge, especially
among family practice residents. Of note, residents who
elected to complete a genetics rotation in medical
school scored significantly better than expected, as well
as better than residents who did not elect to complete a
genetics rotation. In addition, cost analysis revealed that
the incorrect testing options chosen by the majority of
residents were significantly more expensive than those
options leading to a correct diagnosis. We provide preliminary
evidence that the insufficient knowledge among residents
regarding a baseline genetics work-up is leading to redundant
(i.e. concurrent karyotype and CMA) and incorrect (i.e. order-
ing CMA to detect achondroplasia) genetic testing and is
contributing to rising health care costs in the United States.
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Our results provide specific teaching points upon which med-
ical schools can focus education about clinical genetic testing
and suggest that increased collaboration between primary care
physicians and genetics professionals could benefit patient
health care overall.

Genetic Testing

Assessment of Individuals with BRCA1 and BRCA2
Large Genomic Rearrangements in High-Risk Breast
Cancer and Ovarian Cancer Families

A.G.Arnold1,M.Harlan Fleischut1, S.Boyar1, E.Glogowski1,
B.Siegel1, E.Salo-Mullen1, K.Amoroso1, M.Sheehan1,
J.Berlinger1, Z.Stadler1, N.D.Kauff1, K.Offit1,
M.E.Robson1, L.Zhang1

1. Memorial Sloan-Kettering Cancer Center

Standard BRCA1/BRCA2 genetic testing (BRACAnalysis)
has consisted of full gene sequencing and a BRCA1 gene 5-
site rearrangement panel (Myriad Genetics Laboratories).
Detection of other large rearrangements (LRs) in BRCA1and
BRCA2 has been available since 2006. Although it has been
reported that LRs comprise a significant component of
identifiable mutations BRCA1/2, the prevalence of these
mutations has not been fully established. Testing for LRs
in BRCA1/2 is often not covered by many insurance com-
panies. Our cohort consisted of 3301 probands seen for
genetic counseling and BRCA1/2 genetic testing at Memo-
rial Sloan-Kettering Cancer Center from September 2006 to
September 2011. A proportion of individuals (1279) without
deleterious point mutations were screened for LRs in
BRCA1/2. The cancer family history and ethnicity of
patients having LRs were reviewed. The pre-test probability
each proband had for carrying a BRCA1/2 gene mutation
was retrospectively calculated by applying the BRCAPRO,
Penn II and Myriad II models. Patients were excluded from
this review if they presented for testing for a known familial
BRCA1/2 LRs. 147 probands were BRCA1/2 positive. 19
patients were found to have LRs. 17 probands (11.6 %) had
LRs not detectable by standard testing. 5/17 (29.4 %)
patients with LRs had a less than a 10 % pre-test probability
of carrying a BRCA1/2 mutation using BRCAPRO which
outperformed the two other models. 13/17 (76.5 %) of
patients were diagnosed with breast cancer at an average
age of 32.9 years. 4/17 of patients (23.5 %) had a diagnosis
of high-grade serous ovarian/fallopian tube cancer with an
average age of 47.5 years. The sensitivity of risk assessment
models of a priori risk of harboring a BRCA1/2 mutation is

relatively low. Our data support the recently published
NCCN guidelines that LRs should be part of BRCA1/2
testing for all patients that meet testing criteria for the
BRCA1 and BRCA2 genes.

Accuracy of the BRCAPro Risk Assessment Model in
Males Presenting to MD Anderson Cancer Center for
BRCA1 and BRCA2 Testing

C.Garby1,M.Jackson2, S.Hashmi3, J.Litton2, S.Giordano2,
C.N.Singletary1, B.Arun2

1. University of Texas Health Science Center at Houston
2. University of Texas MD Anderson Cancer Center
3. University of Texas Medical School at Houston

Hereditary Breast and Ovarian Cancer (HBOC) syndrome is
due to mutations in the BRCA1 and BRCA2 genes. Males
with HBOC are at increased risk for male breast cancer,
prostate, and pancreatic cancers. Only one study has been
conducted to date to evaluate the accuracy of BRCAPro in
males and was based on a cohort of Italian males and
utilized an older version of BRCAPro. The objective of this
study is to determine if BRCAPro5.1 is a valid risk assess-
ment model for males who presented to MD Anderson
Cancer Center for BRCA1/2 genetic testing. BRCAPro has
been previously validated for determining the probability of
carrying a BRCA1/2 mutation, however has not been further
investigated in males. The total cohort consisted of 152
males who underwent BRCA1/2 genetic testing. The cohort
was stratified by indication (known familial mutation, per-
sonal diagnosis of a BRCA-related cancer, or a family his-
tory suggestive of HBOC). Receiver operating characteristic
curves were constructed for the cohort overall. Our findings
revealed that the BRCAPro5.1 overall median score was
3.85. The optimal BRCAPro threshold was calculated from
the Maximum Youdens J value and was found to be 32 %,
which correlated with an area under the curve of 0.8070.
Lowering the BRCAPro threshold to 12 % maintained the
negative predictive value of 88 %, increased sensitivity by
2 %, however, decreased both specificity and positive pre-
dictive value (PPV) by 12 % and 13 %, respectively. At our
optimal threshold the BRCAPro 5.1 model performs rela-
tively well, however when adjusting the threshold to a more
realistic clinical calculation of 12 % we demonstrated that
the model drastically lowers both specificity and PPV,
which therefore increases the number of false positives
causing the model to perform inadequately. Future investi-
gation of men at risk for BRCA1/2 mutations is necessary to
provide a more accurate risk assessment.
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Interpreting and Delivering Microarray Results of
Variants of Unknown Significance: Genetic Counselors
Perspectives

V.Mehta1, P.Walker1, R.Best2, D.Wolff3, K.Corning4

1. University of South Carolina
2. University of South Carolina School of Medicine
Greenville
3. Medical University of South Carolina
4. Greenwood Genetic Center

Variants of unknown significance (VUS) reported following
microarray testing can be challenging to interpret and com-
municate to parents in the pediatric clinical setting. The
purpose of this study was to investigate current practices
of delivering VUS results in pediatric genetic counseling,
and to better understand counselors experiences. Pediatric
genetic counselors currently offering microarrays were
accessed through NSGC electronic mailing lists. They com-
pleted a mixed-mode survey designed to assess how they are
challenged with VUS results. Questions focused on consent-
ing, clinical interpretation of lab results, communication to
parents, and counselors degree of satisfaction and frustra-
tion. The survey included Likert-scale and multiple choice
questions, for which frequency analysis, Chi-square test,
and Spearmans rho correlation analysis were completed.
Open-ended questions were grouped into thematic catego-
ries using grounded theory methods. Of the total 116
respondents, 63 participants met inclusion criteria. Over
85 % reported that they discussed possible VUS in pre-test
counseling. Relationship between having an established
consenting process addressing the possibility of VUS and
the amount of time spent explaining the possibility of VUS
was statistically significant (p< .001). Almost 60 % of
respondents reported limited availability of time as their
top barrier. Key reasons for counselors frustrations included
inability to answer all of parents questions (84 %); lack of
standard criteria for VUS clinical interpretation (82 %);
and increased workload following VUS results (75 %).
For 61 % of respondents, explaining VUS results has
neither positively nor negatively affected their relation-
ship with parents. Counselors recommended improve-
ments to the clinical application of microarray
technology, including improved laboratory standardiza-
tion, receiving more clinical information about VUS
from laboratories, and desire for a comprehensive cen-
tralized database of VUS. The findings of this study
will guide us in addressing limitations of microarray
utility in the pediatrics genetic clinic, specifically in
the context of clinical translation of VUS results.

Deaf Genetic Testing and Psychological Well-being

C.G.S.Palmer1, P.Boudreault2, E.Baldwin3, M.Fox4,
J.Deignan1, Y.Kobayashi5, Y.Siniger1, J.Sinsheimer1,
W.Grody1

1. University of California Los Angeles
2. University of San Francisco
3. ARUP Laboratory
4. University of California Los Angeles Medical Center
5. University of Tsukuba

Enhanced self-knowledge from genetic information related
to non-disease traits can have a positive impact on health
outcomes and psychological well-being. Deaf individuals
undertake genetic testing (GT) for deaf genes to increase
self-knowledge. Because deafness is considered a non-
medical trait by many individuals, we hypothesized that
deaf individuals receiving a genetic explanation for why
they are deaf will experience increased psychological well-
being. We report results from a prospective, longitudinal
study to determine the impact of Connexin26/Connexin30
GT on perceived personal control (PPC) and anxiety in deaf
adults. Participants received pre- and post-test genetic
counseling (GC) and Connexin26/Connexin30 testing. State
anxiety and PPC were assessed at baseline, following pre-
test GC, 1-month, and 6-months following test result dis-
closure. Repeated measures regression analyses examined
the effect of receiving a Connexin positive, negative, or
inconclusive result on PPC and anxiety, with sociodemo-
graphic factors as covariates.248/263 eligible deaf partici-
pants attended pre-test GC; 247/248 had GT; 241/247
returned for test result disclosure GC. Questionnaire re-
sponse rates were 76 %–99 %. Sample characteristics: av-
erage age 46.2 years; 59 % female; 78 % Caucasian; 66 %
preferred American Sign Language; 55 % self-identified as
culturally Deaf, 35 % bicultural, 7 % culturally hearing.
Connexin results: 39 % positive, 47 % negative, 14 %
inconclusive. The interaction between Connexin result
and time was significant for PPC (p00.0001) and anx-
iety (p00.01). There were no Connexin result group
differences in PPC or anxiety scores at baseline or
following pre-test GC. However, PPC scores were sig-
nificantly higher, and anxiety scores significantly lower,
for the Connexin positive group than the negative group
at 1-month and 6-months post-test result. GT for deaf
genes increases the psychological well-being of deaf
individuals who receive a genetic explanation. Increas-
ing deaf adults access to GT may potentially enhance
self-knowledge and increase psychological well-being,
which could offer downstream health benefits.
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Consumer Preferences for the Reporting of Genetic
Variants of Uncertain Significance

N.Smith1, K.Collins2, L.J.Martin2, K.Shooner2, B.T.Tinkle2

1. University of Cincinnati
2. Cincinnati Children’s Hospital Medical Center

Variants of uncertain significance (VUS) are novel changes in
DNA whose contribution to disease phenotype is unknown.
Technological advances, such as next generational sequencing,
result in detection of more VUS. Lack of strict guidelines for
reporting of VUS by testing laboratories has created a gap
between type and amount of information included in a result
report and information that ordering health professionals find
useful. This study sought to characterize preferences of genetics
health professionals (GHP) regarding reporting of genetic test
results, discriminating between VUS and general (any) results,
by analyzing factors relevant to provider understanding. A
cross-sectional survey of members of the American Col-
lege of Medical Genetics and Genomics and the National
Society of Genetic Counselors was performed using an
anonymous, self-administered questionnaire. In total,
3,295 GHP were contacted, of which 462 completed
the survey (16.4 %). Paired t-tests were performed to
evaluate usefulness of report components (Test Sensitiv-
ity, Results, Clinical Significance, Clinical Recommenda-
tions, Genetic Counseling Recommendations, and
Resources/References). Clinical Significance and Resour-
ces/References components were more often selected as
“most useful” for VUS reports than general reports (p<
0.0001 for both components). Result and Test Sensitivity
components were more often selected as “most useful”
for general reports than VUS reports (p<0.0001, p00.0014,
respectively). This study’s findings demonstrate that, although
all report components are perceived to be useful, the content
and focus of a VUS report should be different than that for a
general report. In conclusion, recent advances in technology
will result in an increased likelihood of identifying VUS, thus
magnifying the importance of establishing rigorous guidelines
for reporting genetic sequencing test results to improve clin-
ical utility and consumer understanding of genetic testing
reports, and ultimately improve overall patient care.

Role of Numeracy and Genetic Literacy in the Desire to
Receive Genetic Risk Information

I.R.Yurkiewicz1, M.R.Fickie2, S.Goldstein2, L.S.Lehmann3

1. Harvard Medical School
2. Baystate Health
3. Brigham and Women’s Hospital

Whole genome sequencing (WGS) will soon be integrated
into clinical medicine, but the question of what genetic risk
information should be returned to patients remains conten-
tious. Some argue that a narrow subset of findings should be
returned to prevent misinterpretation and anxiety. This ar-
gument is partially supported by research showing that
patients’ ability to interpret quantitative medical information
is influenced by numeracy and health literacy. However, the
effect of numeracy and literacy on the desire to receive
genetic risk information remains unknown. We hypothe-
sized that higher numeracy and literacy would be associated
with increased interest in genetic risk information. From a
population-based cohort of 3,139 individuals affiliated with
The Sample Network, 992 responded to an electronic survey
assessing interest in WGS. Literacy was assessed using
eight genetic knowledge questions. Numeracy was assessed
by a validated scale of three probability questions. Desire to
receive genetic risk information about various diseases was
indicated by a four-point scale from “definitely not” to
“definitely yes.” Multiple regression analysis was per-
formed to determine associations between numeracy/litera-
cy and interest in risk information. Education correlated
with numeracy (p<0.0001) and literacy (p<0.0001). Inter-
est in curable diseases (e.g. tuberculosis) correlated with
numeracy (p00.020) and literacy (p00.037). Interest in
treatable but incurable diseases (e.g. diabetes) correlated
with numeracy (p00.001) and fell just short of significance
for literacy (p00.054). The same trend was seen for pre-
ventable diseases (e.g. blood clots) (numeracy: p00.007,
literacy: p00.055). However, interest in incurable diseases
(e.g. Alzheimer’s) and untreatable and incurable diseases
(e.g. Huntington’s) did not correlate with numeracy or liter-
acy. Numeracy and literacy correlated with interest in
diseases that have clinical interventions, challenging the
objection that patients will desire information they can-
not interpret. Understanding how patient characteristics
predict interest in genetic risk information can help
genetics professionals tailor discussions with diverse
patient populations.

Pediatrics

GaucherDisease Type 3Due toChromosome 1Uniparental
Disomy

C.K.Brasington1, L.Bailey2, G.Grabowski2, S.Sparks1

1. Carolinas Medical Center
2. Cincinnati Children’s Hospital Medical Center

Gaucher disease is an autosomal recessive condition result-
ing from deficiency of lysosomal glucocerebrosidase. There
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are three clinical subtypes with typical features including
hepatosplenomegaly, thrombocytopenia and anemia, pulmo-
nary and bone disease. Type 3 Gaucher, also called neuro-
nopathic Gaucher, is distinguished by primary neurologic
symptoms. Diagnosis is made enzymatically with confirma-
tory DNA testing of the GBA gene. Sequencing of GBA,
located on chromosome 1q21, will typically identify muta-
tions in ~99 % of affected individuals. Deletions or inser-
tions are rare. Homozygosity of L444P is associated with
type 3 Gaucher disease. Treatment is by bone marrow trans-
plant, oral miglustat, or enzyme replacement by injection
with imiglucerase or velaglucerase. We report a child who
presented at 19 months of age with thrombocytopenia and
hepatospenomegaly. Enzyme analysis showed reduced glu-
cocerebrosidase. DNA sequencing of GBA identified appar-
ently homozygous L444P mutations. ERT with 60 u/kg
Cerezyme was initiated by 22 months of age. Subsequent
parental carrier testing identified the L444P mutation in the
father but no mutation in the mother. SNP microarray iden-
tified uniparental disomy of chromosome 1. Uniparental
disomy occurs when an individual inherits two copies of a
chromosome pair from one parent and no copies from the
other parent and can result in clinical features of autosomal
recessive conditions. Our case demonstrates the second
reported case of Gaucher disease due to uniparental disomy.
During genetic counseling for recessive conditions, it is
often assumed that both parents must be carriers and a
25 % recurrence risk is given. This case emphasizes the
importance of subsequent parental carrier testing for chil-
dren diagnosed with autosomal recessive conditions as the
recurrence risk is obviously quite different for this family.
Knowledge of this childs UPD also alerts her healthcare
providers to be more aware of the possible development of
additional symptoms due to other recessive genes along
chromosome 1.

Associations between Parents Psychosocial Outcomes
and their Perception of Providers Communication after
Newborn Screening Identifies Genetic Carrier Status for
Cystic Fibrosis or Sickle Cell Hemoglobinopathy

A.LaPean1, J.L.Collins1, M.H.Farrell1

1. Center for Patient Care and Outcomes Research, Medical
College of Wisconsin

Infants undergo newborn screening (NBS) for sickle cell
hemoglobinopathy (SCH) and cystic fibrosis (CF), which
inadvertently identifies carriers for these conditions. Prima-
ry care providers (PCPs) are commonly tasked with disclos-
ing carrier results to parents. These parents may then
develop psychosocial problems because carrier status can

be confusing and PCPs communication is often inadequate.
We examined associations between parents perceptions of
PCPs communication and parents self-reported anxiety, un-
derstanding, and misconceptions about their infants carrier
status. This secondary analysis used data from 269 parent
interviews after NBS identified carrier status for CF or SCH.
Twelve fixed-answer questions focused on parental anxiety,
understanding, and misconceptions, as well as satisfaction
with results disclosure and reports about PCP communica-
tion. Bivariate correlations were obtained using Spearmans
rho coefficient(), and partial correlations controlled for pa-
rental anxiety. Parent-reported data showed that: 19 % were
less than satisfied with PCPs explanation, 16 % reported the
explanation was poor or they were given no explanation at
all, 52 % were worried or very worried when they were first
informed, and 27 % remained worried after the PCPs expla-
nation; 13 % reported confusion or not understanding, and
16 % reported the misconception that their infant could
develop SCH or CF (the disease). Parents who reported that
PCPs explanation was poor quality or nonexistent were less
likely to understand (00.48, p<0.001) or to be satisfied
(00.63, p0.001), and were more likely to feel worried even
after PCPs explanation (00.33, p0.001). PCPs should be
cognizant of the potentially anxiety-provoking nature of
disclosing routine NBS carrier results and provide thorough,
effective explanations to parents. PCPs’ communication can
affect parents’ understanding, satisfaction, and development
of misconceptions. Since genetic counselors often follow-up
with these parents for further counseling or testing, it is
important to be aware of the additional potential psychoso-
cial and educational needs of this population.

Deletion Mutations Bordering Exon 44 of the DMD
Gene: The CINRG Experience

N.Z.Mans1, L.P.Hache2, D.J.Harvey1, E.Henricson1,
J.H.Youngblom3, CINRG Investigators4

1. University of California, Davis
2. Children’s National Medical Center
3. California State University, Stanislaus
4. The Cooperative International Neuromuscular Research
Group

Duchenne muscular dystrophy (DMD), caused by DMD
mutations, exhibits a spectrum of severity unaccounted for
by current genotype-phenotype models. In whole-exon dele-
tions (60–70 % of DMD mutations), phenotype can be
grossly predicted with the frameshift rule; however, more
subtle variation is unexplained. Case reports and anecdotal
evidence have suggested that DMD patients with deletions
bordering exon 44 may be more mildly affected. DMD
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patients with deletions bordering exon 44 (exon 44 group)
display a milder phenotype than those with deletions in
other regions of the gene (comparison group). Phenotypes
of the exon 44 group (n039) and comparison group (n0
171) were compared at baseline and over the span of 1 year.
Phenotypic measures included isometric strength (hand grip,
elbow and knee flexion/extension), pulmonary function
(forced vital capacity, forced expiratory volume, maximum
inspiratory/expiratory pressure), and motor function
(Brooke and Vignos functional scales, timed motor perfor-
mance tests) collected in a Cooperative International Neu-
romuscular Research Group (CINRG) longitudinal study.
Linear or logistic regression models were used for each
outcome measure, controlling for age and glucocorticoid
use. Grip strength was significantly higher in the exon 44
group, both at baseline and over the first year. Of the other
measures analyzed, 13 out of 16 showed a nonsignificant
trend towards a milder phenotype in the exon 44 group at
baseline. Patients with deletions bordering exon 44 of DMD
show significantly increased grip strength, both at baseline
and over the course of 1 year. A more generalized, milder
phenotype may be present; however, we were unable to
detect it in this study.

Mosaicism Due to Reversion: A Report of a Rare 20pter-
p13 Deletion

M.M.Martin1, R.J.Vanzo1, M.Sdano1, A.Baxter1,
S.South2,3, H.Kearney4

1. Lineagen, Inc.
2. Department of Pediatrics, University of Utah
3. ARUP Laboratories
4. Fullerton Genetics Center, Mission Health

We report on a unique case of a mosaic 20pter-p13 deletion
due to a somatic repair event identified by SNP markers on
genomic microarray. Small terminal deletions of the short
arm of chromosome 20 have been reported in only a few
individuals and appear to result in a variable phenotype.
This patient was a 24 month old female who presented with
failure to thrive and speech delay. Her neonatal course was
complicated by mild jaundice and significant feeding diffi-
culties due to gastroesophogeal reflux disease (GERD),
lactose intolerance, and oral aversion. At 24 months, she
used less than five words purposefully and was not using
two word phrases. The patient was noted to have macro-
cephaly, slight frontal bossing, and prominent ears. Ge-
nomic microarray with the Affymetrix Cytoscan HD
platform was performed on peripheral blood as part of the
FirstStepDx genetic testing service. A 1.6 Mb deletion in-
volving the terminus of 20p (20pter–20p13) was identified.

This deletion was apparently mosaic by CMA, and this
suspicion was confirmed by fluorescence in situ hybridiza-
tion (FISH) testing. Additionally, the deletion interval at 20p
was directly adjacent to about 16 Mb of apparent mosaic
loss of heterozygosity (LOH). Parental testing via FISH
analysis indicated that the deletion was de novo in the child.
The detection of mosaic LOH highlights the importance of
genomic microarray platforms with SNP inclusion. This
pattern of SNP markers was highly suggestive of a somatic
repair/rearrangement event that resulted in rescue of the
deleted region using the non-deleted homologue as a tem-
plate. This finding challenges prior assumptions regarding
mosaicism and possible modes of inheritance. This case
report adds to the two previous case reports of 20pter
deletions not involving JAG1. Additionally, this patient
may have distinct features due to the presence of mosaicism
and LOH.

Evidence for Maternal Mosaicism in OPHN1

A.Schreiber1, K.King2, M.Basehore2, M.Friez2,
V.Zurcher1

1. Genomic Medicine Institute, Cleveland Clinic
2. Greenwood Genetic Center

OPHN1 gene mutations cause X-linked Intellectual Disabil-
ity (ID) with Cerebellar Hypoplasia and Distinctive Facial
Appearance (OMIM #300486). Individuals with this condi-
tion typically have cerebellar hypoplasia or dysplasia and
moderate to severe ID. Other common features include
seizures, nystagmus, hypotonia, and hyperactivity. This con-
dition primarily affects males, although some carrier
females are mildly affected. We present a family with a
mutation in OPHN1 that appears to be mosaic in the carrier
mother. Our patient was a 2-year-old male with global
delays, seizures, truncal hypotonia, nystagmus, and bilateral
optic nerve hypoplasia. Dysmorphology examination iden-
tified coarse features, large ears with squared superior helix,
mild epicanthal folds, short philtrum, down-turned mouth,
eversion of upper lip, hypermobile fingers, bridged trans-
verse creases, lateral deviation of great toes, and flat feet.
Height and weight were above the 97th percentile. MRI
showed ventriculomegaly, diffuse white matter volume loss,
and a small cerebellum. Chromosome oligoarray was nor-
mal. The patient had a typical older brother and a younger
brother with delayed milestones and dysmorphic features. A
clinically available 92-gene XLID panel identified an appar-
ent deletion of exon 20 in the OPHN1 gene. Additional PCR
studies with several primer combinations confirmed the
deletion. The typical brother did not possess the deletion,
whereas the younger brother was affected. The testing
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strategy to determine carrier status for the probands mother
was adjusted to utilize quantitative PCR, given the limita-
tions of the original confirmation method in females. This
method indicated an approximate 13 % reduction in ge-
nomic dosage for exon 20, suggesting the mother is likely
mosaic for the deletion. This interpretation implies that other
family members are not at increased risk to have an affected
child. Mothers sister was tested and no deletion was identi-
fied. To our knowledge, this is the first report of mosaicism
involving the OPHN1 gene.

Integration of Genetic Services into Pediatric Patient
Care: A National Survey of Pediatric Primary Care
Physicians

W.R.Uhlmann1, B.J.Zikmund-Fisher1, H.M.Saal2,
L.S.Edmondson1, B.A.Tarini1

1. University of Michigan
2. Cincinnati Children’s Hospital Medical Center

Limited data exist on use of genetic services in pediatric
patient care. Given advances in genetics, it is important to
determine factors that influence referral and non-referral to
genetics. To characterize family history ascertainment, use
of genetic testing and reasons for referral/non-referral to
genetics among pediatricians and family physicians. A 32-
question survey, including clinical vignettes, was sent in
2011 to 1,200 pediatricians and family physicians working
in office-based direct patient care, randomly selected from
the American Medical Association masterfile. Data was
analyzed by demographic information and descriptive sta-
tistics used to summarize responses. Response rate was
50.4 % (n0526). While 86 % take family history most of
the time/always, few (15 %) use checklist or ask about
specific family members (30 %). Past year, top genetic tests
ordered: karyotypes (16 %), biochemical (13 %) and
microarrays (7 %). Sixty-seven percent reported nearest
genetics clinic <1 hour away and 71 % indicated wait
time was <2 months. Median number of patients re-
ferred to genetics annually was 2 (IQR 1–5). Top 3
condition factors influencing genetics referral were: se-
verity (93 %), complexity (93 %) and unfamiliarity
(90 %). Main reasons for non-referral: another specialist
can handle genetics issues (58 %), parents not interested
(39 %) and can just talk to geneticist (25 %). To work-
up a 9-month old boy with global developmental delay,
the first step would be referral (74 %), order test (4 %)
or both (22 %). Most would refer to a developmental
pediatrician (57 %) or neurologist (28 %), few to ge-
netics (5 %). Top three tests if ordering: biochemical
(63 %), karyotype (39 %) and brain MRI (33 %).

Family history information collected from patients is
limited. Alternate specialist referral and lack of family
interest were associated with non-referral to genetics.
Frequency of referral to genetics and utilization of ge-
netic testing was modest and was not selected first in
vignette of workup for global developmental delay.

Pre- and Perinatal

Value of Non-invasive Prenatal Testing in the Third
Trimester

W.O.DiNonno1, A.L.Swanson2, A.Z.Abuhamad1

1. Eastern Virginia Medical School
2. Verinata Health, Inc.

One of the current focuses of non-invasive prenatal testing
(NIPT) has been early detection of aneuploidy. Most clinical
studies to date have analyzed serum samples of pregnant
women in the first and second trimesters. Early non-invasive
detection of fetal aneuploidy has eliminated procedural risks
and enhanced pregnancy management decisions. Could de-
tection of aneuploidy later in pregnancy be beneficial? We
report a case where NIPT was used in the third trimester for
detection of aneuploidy. A 41 year old, G2P1, woman
presented to our high-risk pregnancy clinic at 29 weeks
gestation with an ultrasound finding of large, echogenic
fetal kidneys. Her calculated serum integrated screening risk
for Down syndrome was 1:930 and risk for trisomy 18 was
1:10,000. The patient initially declined amniocentesis due to
her low risk by screening. Ultrasound in our clinic con-
firmed large, echogenic kidneys, and a 34 week fetal echo-
cardiogram showed a ventricular septal defect and
dysplastic cardiac valves. Following genetic counseling,
the patient declined amniocentesis given the associated pro-
cedural risk. The patient had a prior Cesarean section and
planned to deliver at a non-tertiary hospital. Therefore,
knowing the fetal chromosome status was important for
delivery and neonatal management. At 34 weeks, the patient
elected NIPT and aneuploidy was detected for chromo-
some 13. Based on these results, the patient transferred
her care to a tertiary care center for pregnancy and
neonatal support. Amniocentesis and postnatal karyotype
confirmed trisomy 13 in the neonate (47,XX,+13). The
neonate died at 2 days of life after supportive care was
withdrawn. This case demonstrates that NIPT should be
considered for patients at later gestational ages to facil-
itate management of delivery and the newborn. For both
the patient and the clinician, NIPT is especially valuable
in complex decision-making in the third trimester of
pregnancy.
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Exploring the Perceptions and the Role of Genetic
Counselors in the Emerging Field of Perinatal Palliative
Care

M.E.Dudek1, C.Wool2

1. Vanderbilt University Medical Center
2. York College of Pennsylvania

Perinatal palliative care (PPC) is an emerging model of care
dedicated to providing health care to fetuses diagnosed prena-
tally with life-limiting conditions along with supportive care
to parents. Palliative care ideally begins at the point of diag-
nosis and extends to the birth and death of a baby. The aim of
this research was to explore the reported barriers and current
practice trends of genetic counselors. An ethics framework
was used to structure the study. This cross sectional mixed
method study was conducted to illuminate perceptions, prac-
tice barriers, familiarity with PPC, clinician comfort, and
referral comfort. The Perinatal Palliative Care Perceptions
and Barriers Scale was self-administered online to 212 genetic
counselors who were recruited through snowball sampling
and an electronic post on the National Society of Genetic
Counselors (NSGC) list-serv. Hierarchical multiple regression
was used to test the hypothesis that perceptions, barriers to
PPC, years of experience, personal comfort and prior famil-
iarity with PPC explain variation in comfort with referral to
PPC. A significant regression equation with an overall R2 of
.58 explained variation in referral comfort. These findings are
the first data reporting genetic counselors perspectives and
some of the factors that contribute to referral comfort. Genetic
counselors broadly endorse the importance of palliative care
concepts and can identify barriers within practice settings.
They vary in their comfort with referral practices in ways that
may be mitigated by increasing their familiarity with this
emerging model of care. Their role on the interdisciplinary
team positions them to validate information and provide full
informed consent to clients about the perinatal palliative care
option. Further, genetic counselors are ideally suited to par-
ticipate in collaborative efforts to facilitate the growth of
service lines aimed at providing comprehensive, coordinated
services to families who wish to continue a pregnancy despite
a poor prenatal diagnosis.

Prenatal Testing for Noonan Spectrum Disorders in
Fetuses with Increased NuchalTranslucency and Cystic
Hygroma

E.Kramer1, B.Williams1, D.Goldberg-Strassler1,
G.Richard1, E.Harverfield1, J.Meck1

1. GeneDx

From 2009–2012, 443 prenatal tests for suspected Noonan
spectrum disorders (NSD) were ordered on fetuses with
abnormal ultrasound findings. The most common ultra-
sound abnormalities were cystic hygroma (174; 39 %) and
increased nuchal translucency (NT) (185; 42 %). Additional
reasons for referral were congenital heart defects (21), fetal
hydrops (16),, and pleural effusion (10). Aneuploidy FISH,
chromosome analysis and/or array CGH revealed a chromo-
some abnormality in 40 cases (9 %), 31 of which (78 %) had
chromosomal aneuploidy. Prenatal NSD testing was per-
formed in the remaining 403 fetuses, using a comprehensive
9-gene panel, which includes the complete coding regions
of PTPN11 and 7 other genes in the RAS/MAPK pathway
and 1 common mutation in SHOC2. A known pathogenic
mutation causing a Noonan spectrum disorder was identi-
fied in 19/403 fetuses (4.7 %). Of the mutation-positive
fetuses, 16/19 (84 %) had cystic hygroma and 3/19 (16 %)
had an increased NT. Another 21/403 fetuses (5.2 %) har-
bored a variant of unknown significance (VUS), which
prompted parental testing. 12/21 (57 %) variants initially
classified as a VUS were inherited from an unaffected parent
and re-classified as likely benign, while two variants (9.5 %)
occurred de novo, and are considered pathogenic. After this
further workup, 7/21 (33 %) of the VUS cases remained
unclassified, and the overall positive rate increased to 5.2 %.
These data underscore the importance of targeted molecular
testing and thorough clinical evaluation of the parents to
resolve the clinical significance of a fetal VUS. Our results
also demonstrate the clinical utility of multi-gene testing for
NSD in the prenatal setting and suggest that, in the context
of normal chromosomes and ultrasound findings of cystic
hygroma or increased NT, the NSD panel can provide addi-
tional clinically relevant information during pregnancy.

Long Term Follow-up of Morbidity and Quality of Life
Associated with Isolated Gastroschisis

R.Mostafavi , K.Tsao1 , S .Hashmi2 , S .Lopez1 ,
J.Mastrobattista3, P.Robbins-Furman1, C.N.Singletary1

1. University of Texas Health Science Center
2. University of Texas Medical School at Houston
3. Baylor College of Medicine

Gastroschisis is a birth defect in which an opening in the
abdominal wall allows herniation of the viscera. Prenatal
counseling regarding gastroschisis typically discusses that,
although these infants often endure a difficult neonatal
course, they experience few long-term complications. How-
ever, information regarding long-term outcomes is based on
limited studies that lack specificity. Therefore, we aimed to
study the long-term morbidity and quality of life in children
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born with gastroschisis in a large and diverse population
drawn from the Texas Birth Defects Registry (TBDR).
Study packets with informed consent, a questionnaire, and
the Pediatric Quality of Life Inventory Generic Core Scale
4.0 (PedsQL 4.0) in English and Spanish were mailed to
1,112 parents of children born with isolated gastroschisis in
Texas between 1999 and 2008 via the TBDR. Information
was abstracted from the TBDR for 58 mothers of children
with gastroschisis who returned study materials. Three hun-
dred fifty five packets were returned to sender, giving a
response rate of 7.7 %. Children born with gastroschisis
had quality of life scores that were not significantly worse
than those in healthy children (p00.981). However, factors
such as having a learning disability (p00.001) and missing
school due to gastrointestinal issues (p00.020) were found
to significantly decrease quality of life. Overall, children
with gastroschisis had a significantly increased risk for
learning disabilities regardless of whether they were preterm
(p00.021) or full term (p00.021). Additionally, there
appeared to be an increased risk for auditory impairment
in Non-Hispanic white children (p<0.0005). Therefore,
while overall long-term quality of life is not significantly
altered for children born with gastroschisis, the previously
unreported increased risk for learning disabilities and possi-
ble association with hearing impairment are important find-
ings that should be conveyed to prospective parents.

Non-vascular Ehlers-Danlos Syndrome and Pregnancy:
What are the Risks?

K.Sondergaard1, A.Matthews1, A.Mitchel l1 , 2 ,
G.Wiesner1,2, R.Darrah1

1. Case Western Reserve University
2. University Hospitals of Cleveland Case Medical Center

The purpose of this descriptive study was to identify obstet-
rical complications women with non-vascular Ehlers-Danlos
syndrome (NV-EDS) experience and to compare these to the
general pregnant population and those with vascular EDS.
Additionally, pregnancy risk information provided to these
women was explored. Women with NV-EDS were recruited
on-line and at a national meeting in July 2011 through the
Ehlers-Danlos National Foundation (EDNF). Participants
were asked about their obstetrical complications and what
information regarding obstetrical risks they had received.
Published rates for the general obstetrical and vascular EDS
populations were compared to study data using a one-tailed
binomial test. Open-ended responses were tabulated and
categorized. Of 517 responses, 437 were analyzable. Ob-
stetrical complications which were significantly more likely
to occur in the NV-EDS group than the general population

included abnormal fetal presentation, incomplete epidural
efficacy, joint dislocation, premature rupture of membranes
and post-partum bleeding/uterine hemorrhage (all p<
0.001). Miscarriage (p00.281), premature delivery (p0
0.09) and stillbirth (p00.496) were not more likely to have
occurred. If the fetus was affected, the rate of premature
delivery was significantly higher than the general popula-
tion (p00.02). Participants were significantly less likely
than the vascular EDS population to have premature deliv-
ery (p00.007) or an arterial rupture during or after delivery
(p<0.001); however, there was no difference regarding
premature rupture of membranes (p00.476). Of 52 partic-
ipants who were diagnosed prior to pregnancy, only 32
physicians/obstetricians and 23 geneticists/genetic counse-
lors discussed pregnancy issues; however, none discussed
delivery or post-delivery complications. Participants com-
mented that they desired more information regarding NV-
EDS and pregnancy. This is the largest study we are aware
of in this area. Results suggest that women with NV-EDS
are at higher risk to experience complications related to
collagen abnormalities. These patients desire additional in-
formation and referral for genetic counseling for anticipato-
ry guidance and discussion is warranted.

Utility of SNPMicroarray for Chromosomal Abnormality
Analysis in Products of Conception by Trimester

H.Taylor1, J.Tepperberg1, R.D.Burnside1, B.Rush1,
I.Gadi1, V.Jaswaney1, E.Keitges1, R.Pasion1, K.Phillips1,
R.Potluri1, H.Risheg1, J.Shafer1, S.Schwartz1,
P.Papenhausen1

1. Laboratory Corporation of America

Approximately 10–15 % of all recognized pregnancies re-
sult in miscarriage. Over half of these losses have a chro-
mosomal abnormal i ty on karyo type . Detec t ing
abnormalities by karyotype on products of conception
(POC) can be complicated by failed cultured cell growth
and overgrowth of maternal decidua. SNP based high den-
sity microarray, Affymetrix 6.0 or CytoScan, can avoid
these limitations by using direct tissue DNA extraction for
cytogenetic microarray analysis. Over a 16 month period,
~75 % (1464/1945) of POC cultures for karyotype provided
a result mainly due to culture failure while ~97 % (479/492)
of direct tissue DNA extraction provided a SNP result.
Seventy-seven percent of karyotype cases resulted female
and 23 % male. Fifty-four percent of microarray cases
resulted female and 46 % male. Of the 479 POC arrays
performed, 30 % had an abnormal result. Most were aneu-
ploid including trisomies 16, 21, Turner syndrome, triso-
mies with maternal admixture, and compound trisomies.
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Additionally, complete moles, UPD, microduplication/dele-
tion syndromes, and cases with significant regions of homo-
zygosity (ROH) were found. About 45 % (78/172) of first,
~15 % (20/132) of second, and 27 % (12/44) of third
trimester losses were abnormal. Over 97 % of the abnormal-
ities detected in first trimester losses were aneuploid. Of the
abnormalities detected in second trimester losses, 75 % were
aneuploid, and 41 % of abnormalities in the third trimester
losses were aneuploid. The remaining 59 % of third trimes-
ter losses were due to microduplications/deletions and copy-
neutral changes (ROH and UPD). In conclusion, 1) the
higher result success rate indicates the microarray is advan-
tageous as a first tier test for first trimester demises. 2)
Microarray reduces the risk for maternal cell contamination.
3) The SNP microarray is advantageous in later gestational
age loss analyses due to its ability to detect microduplica-
tions/deletions and copy-neutral changes. 4) The SNP array
is successful when tissue fails to proliferate in culture.

Professional Issues

A Strategy to Improve the Quality and Economics of
Laboratory Send-outs at Seattle Childrens Hospital:
The Role of the Laboratory Genetic Counselor

J.H.Conta1, B.L.Cole1, J.Dickerson2, R.M.Jack1,
M.Wellner1, M.L.Astion1

1. Division of Laboratory Medicine, Seattle Children’s
Hospital
2. Division of Laboratory Medicine, University of Washington

To address concerns raised by patients, families and hospital
administration related to expensive and often unreimbursed
genetic tests, our laboratory has implemented a utilization
management strategy to monitor send-out testing. A team of
doctoral-level consultants rotates with one genetic counselor
to review all requests for send-out tests that meet certain
criteria. The criteria include tests that cost >$1000, requests
that include more than one test (including panels), requests
for alternate reference labs, and requests for international
labs. Through a review of chart notes and discussions with
ordering providers, we evaluate the clinical utility of the
test, explore options for sequential analysis, and determine
whether insurance authorization has been obtained. The
following is a summary of our experience from March
2012 through May 2012. We reviewed 54 total requests;
43 were genetic test requests. Approximately 40 % (17/43)
of the requests for genetic tests came from non-genetics

providers and 60 % (26/43) were from genetics providers.
Of these, 34 requests (80 %) were approved without mod-
ification. Six requests (13 %) were cancelled with approxi-
mate cost savings of $29,000. Three requests (7 %) were
modified to a sequential testing approach, which could save
an additional $7530. In general, the response from providers
has been positive. We have created tools to facilitate insur-
ance preauthorization prior to initiating testing. Sequential
testing is monitored so that providers are informed of results
and testing is efficiently completed. In addition to these
active management strategies, we have partnered with neu-
rologists to develop a testing algorithm for Charcot-Marie-
Tooth Hereditary Neuropathy and with other specialties to
develop additional best practice recommendations for ge-
netic testing, including cardiomyopathy panels, hearing loss
testing and full exome sequencing. In a short period of time,
our strategy has improved the quality of send-out genetic
tests and reduced unnecessary tests and associated costs.

Training Genetic Counselors for the Variety of Roles
Available within the Field

E.M.Heckaman1, C.Miller2, R.J.Vanzo3, D.Viskochil1

1. University of Utah
2. ARUP Laboratories
3. Lineagen, Inc.

The genetic counseling field is steadily growing and genetic
counselors are expanding into new types of roles. The
emphasis and content of the genetic counseling training
programs must continually evolve to meet the demands of
the expanding field. We hypothesized that while programs
are effectively training students for direct patient care duties,
the programs are less adequately preparing students for
other roles in the field. A National Society of Genetic
Counselors (NSGC) eblast containing an online survey
was sent to genetic counselors in December 2011. In the
survey, genetic counselors had the option of including con-
tact information for supervisors, who were emailed a sepa-
rate online survey in January 2012. The surveys included
questions to determine 1) the percentage of time genetic
counselors spend in each role, 2) the roles for which genetic
counselors feel most and least prepared, and 3) to seek
recommendations from genetic counselors and their super-
visors on ways to better prepare for these roles. Analysis of
the survey data included both quantitative analysis (descrip-
tive statistics and common measures of variability) and
qualitative analysis (thematic coding of open-ended
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responses). Completed surveys were received from 511
genetic counselor respondents (response rate 0 23 %) and
from 22 supervisors (response rate 0 40 %). We confirmed
that genetic counselors feel most prepared for their role in
direct patient care. Genetic counselors feel least prepared for
their roles in administration, marketing, and research. The
majority of genetic counselors (84 %) and supervisors
(77 %) indicated that additional coursework would have
better prepared genetic counselors for their current roles.
Although training for roles in direct patient care should
remain the focus for genetic counseling programs, addition-
al training in other areas is not only desired, but also needed
to better prepare genetic counselors for their professional
practice.

Diagnostic Yield of a 180 K Array-based Comparative
Genomic Hybridization in a Pediatric Population

J.A.Kaylor1, N.Danylchuk2, T.Lepard-Tassin2, J.Vuk2

1. Arkansas Children’s Hospital
2. University of Arkansas for Medical Sciences

In 2010, the American College of Medical Genetics
amended its practice guidelines to include a recommenda-
tion that microarray testing should replace karyotyping as
the first test to detect genetic abnormalities in postnatal
evaluations of patients with developmental delay (DD)/in-
tellectual disability (ID), autism spectrum disorders (ASD),
or multiple congenital anomalies (MCA). Despite this rec-
ommendation and previous reports that the 12–13 % diag-
nostic yield of microarray is better than a 2–3 % diagnostic
yield of karyotype, multiple health insurance providers use
coverage policies that exclude coverage of aCGH, citing a
lack of clinical utility, low diagnostic yield, and the exper-
imental status of the test itself. We hypothesized the diag-
nostic yield of the aCGH at the study location would be
similar to established diagnostic yields of 12–13 %. We
reviewed 393 medical charts in one Mid-South pediatric
hospital to establish the diagnostic yield of the array com-
parative genomic hybridization (aCGH), when ordered be-
tween October 2010 to March 2011 by various physician
specialties. The overall diagnostic yield for the aCGH in our
study was 15.5 %, consistent with other diagnostic yields in
literature. While 15.5 % of test results were pathogenic
variants, an additional 8 % were variants on uncertain sig-
nificance. We were also able to calculate diagnostic yields
for indications not previously addressed in the literature
[23.7 % for Growth Problems (n023)]. Furthermore, the

diagnostic yields were comparable regardless of the special-
ty of the ordering physician. The findings from our study
provide further evidence of the greater diagnostic yield of
the aCGH as a first tier genetic test, regardless of the
specialty of the ordering physician. The frequency of path-
ogenic variants or variants of uncertain significance may
indicate the importance of proper pre and post-test counsel-
ing services.

Creating Professional Development Opportunities in
Research for Practicing Genetic Counselors

M.F.Myers1,2, S.C.Knapke2, C.L.Atzinger2

1. Univeristy of Cincinnati
2. Cincinnati Children’s Hospital Medical Center

The University of Cincinnati Genetic Counseling Program
and the Division of Human Genetics at Cincinnati Childrens
Hospital Medical Center (CCHMC) are committed to creat-
ing professional development opportunities for genetic
counselors (GCs). We conducted a needs assessment to
learn whether GCs would like additional opportunities to
conduct research and if so, whether they felt they needed
additional training. An online needs assessment survey re-
garding research interest and skills was developed and
reviewed by the co-authors. The link to the survey was
emailed to 18 clinical and laboratory GCs at CCHMC.
Fourteen GCs completed the survey (78 % response rate).
Most (86 %) had previously performed independent re-
search, but only 7 had completed research as a practicing
GC. The greatest barriers to completing research were time
(71 %) and perceived lack of resources to conduct research
(50 %). Most GCs felt they had the skills to conduct re-
search with the exception of using statistical methods to
address a specific scientific question. Five GCs were inter-
ested in conducting more research, five were not, and four
were unsure. However, all respondents felt GCs should
perform research. The most frequently reported areas in
which GCs wanted additional training were data analysis/
statistical computation (54 %), and technical writing skills
for summarizing research findings (46 %). Additional train-
ing in each of the following was requested by 39 % of GCs:
project design, grant writing, manuscript writing, and bud-
get development. We created and obtained CEUs for a
monthly research seminar that was attended by 13 different
GCs. Topics were identified through the needs assessment,
and included identifying funding sources, generating re-
search ideas, data analysis methods, grant writing basics,
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writing manuscripts and research results, submitting an IRB
protocol, and budget development. Based on the success of
this seminar, additional professional development opportu-
nities will be created with input from practicing GCs.

Expanding the Genetic Counseling Workforce:
Program Directors Views on Increasing the Number
of Graduates and Factors Influencing the Growth of
Graduate Programs

V.Y.Pan1, B.M.Yashar2, R.Pothast3, D.Waggoner4,
C.A.Wicklund5

1. University of Chicago
2. Department of Human Genetics, University of Michigan
3. Northwestern Medical Faculty Foundation
4. University of Chicago
5. Northwestern University Graduate Program in Genetic
Counseling

Despite an anticipated need for more genetic counselors,
little is known about the feasibility and limitations of
expanding the genetic counseling workforce; therefore
this study aims to understand the workforce pipeline by
exploring program directors perspectives on graduate
training (increasing the number of graduates) with the
goal of identifying factors influencing program size.
Program directors of thirty graduate programs in the
United States were invited to participate through the
program directors listserv. An online survey collected
demographic information and program directors opinions
toward expanding the workforce. Using an interview
guide developed to assess beliefs about expansion and
the factors that influence the size of each program,
semi-structured phone interviews were conducted and
analyzed for emerging themes. Twenty-five participants
completed the survey and eighteen participants complet-
ed both the survey and interview. 73 % of program
directors believe that the workforce is growing too
slowly and the number of graduates should increase.
Attitudes were mixed regarding job availability for
new graduates and whether the job market should be
the main factor driving the expansion of the workforce.
Thematic analysis of transcripts identified barriers to
program expansion in seven categories: clinical sites,
faculty, funding, applicant pool, American Board of
Genetic Counseling requirements, physical space, and
program director preferences. Directionality of influence
and contradictions amongst these barriers were exam-
ined. Based on these results and estimated growth rates,

a model for future workforce growth was constructed.
There is general agreement to increase the workforce
pipeline. Projection of the workforce size suggests that
substantial expansion is feasible with increase to both
the number and size of programs. Analysis of the rela-
tionships between barriers recommends addressing fund-
ing issues and re-evaluating the current education
model. Practicality of increasing the number of pro-
grams and a needs assessment for genetic counseling
services were also suggested for future research.

The Long and Short of Genetic Counseling Summary
Letters: A Case-control Study

J.Roggenbuck1, R.Temme1, D.Pond1, J.Baker1, M.Liu1,
K.Jarvis1, S.Dugan1, N.Mendelsohn1

1. Children’s Hospital of Minnesota

Patient-directed summary letters are intended to reinforce
information received during genetic counseling, but little
information is available on patient/family responses to these
letters. We conducted a case–control study to assess the
effectiveness of two different letter formats. Parents of chil-
dren receiving a new diagnosis were enrolled. The control
group (n085) received a letter in the traditional narrative
format, 4-5 pages in length. After the control enrollment
period, genetic counselors were trained by a professional
medical writer to develop a concise letter format. The case
group (n064) received a concise letter, approximately 1.5
pages in length, utilizing lists/bullet points, lay terms, and
simple sentences. Parents completed a survey 4 weeks after
the visit to rate the letters format, usefulness, and their
emotional reaction. Results show that parents in the case
group rated the letter more highly (p00.023), particularly in
the emotional response dimension (rating changes in anxi-
ety, depression, fear, ability to cope, and confidence in
response to the letter). Parents in the case group also rated
the genetic counseling session more highly (p00.039). In
the control group, parents without a college degree were
more likely to rate the letter as too long and the level of
medical detail as too high. In the case group, no significant
differences were seen between parents with or without a
college degree. These data suggest that a short genetic
counseling summary letter is rated higher by parents,
and is particularly associated with a more positive emo-
tional reaction. We propose that a short letter format
highlighting the basic facts related to the genetic condi-
tion may be more useful to parents of diverse educa-
tional backgrounds, and may support a positive
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emotional adaptation at the time of a new diagnosis.
Genetic counselor training and continuing education
should include specific instruction in medical and edu-
cational writing.

III. Posters

Adult

Cholesteryl Ester Storage Disease (CESD): An Under-
Recognized Disease of Lysosomal Acid Lipase Deficiency
with Liver Dysfunction/Failure and Hyperlipidemia

D.L.Bernstein1, M.G.Bialer1, R.J.Desnick2

1. Steven and Alexandra Cohen Children’s Medical Center
of New York North Shore Long Island Jewish Health System
2. Mount Sinai School of Medicine

CESD is a recessively inherited lysosomal storage disorder
resulting from deficient (~1–10 % of normal) lysosomal
acid lipase (LAL) activity due to LIPA gene mutations at
chromosome 10q 23.31. The enzyme deficiency results in
massive cholesteryl ester and triglyceride accumulation,
predominantly in liver and cells of the macrophage-
monocyte system. The disease is phenotypically variable,
presents from infancy to adulthood, and is typically charac-
terized by severe liver disease, and type IIb hyperlipopro-
te inemia , wi th acce le ra ted a therosc le ros i s and
cerebrovascular disease. CESD is panethnic, with an esti-
mated frequency of 1 in 40,000 to 90,000, the higher fre-
quency among Europeans. Recently a phase 1/2 LAL
replacement clinical trial demonstrated safety and indicated
potential effectiveness. To review the clinical, pathologic,
biochemical and molecular genetics of CESD, and identify
features to facilitate diagnosis of this under-recognized dis-
ease. We reviewed all 135 CESD cases for whom clinical
information, liver pathology, serum lipid levels, LAL activ-
ities and/or LIPA gene mutations were reported, including
112 liver biopsy reports. The analysis revealed significant
CESD-associated liver disease, independent of age, in all
patients, including hepatomegaly in 134 of 135 (99 %), and
mildly to markedly elevated transaminases in all 52 patients
with AST and ALT results. Characteristic hepatopathology
including a striking yellow-orange color, massive lyso-
somal lipid accumulation (microvesicular steatosis), pa-
thognomonic, birefringent cholesteryl ester crystals,
fibrosis and/or micronodular cirrhosis was present in
all 112 biopsies. Liver failure resulted in secondary
esophageal varices in 12 patients, nine liver transplants

and 8 of 11 reported deaths. Clinical suspicion of CESD
should arise for type IIB dyslipidemia, elevated serum
transaminases, and hepatomegaly. Although common
features of other liver disorders, in combination they
should raise suspicion of CESD. Pathologists should
use lysosomal- membrane stains, and a new, reliable
LAL assay and genetic testing are available for diag-
nostic confirmation.

Liver Disease and Chronic Liver Failure have Complete
Penetrance in Cholesteryl Ester Storage Disease, a Form
of Lysosomal Acid Lipase Deficiency

D.L.Bernstein1, M.G.Bialer1, R.J.Desnick2

1. Steven and Alexandra Cohen Children’s Medical Center
of New York North Shore Long Island Jewish Health System
2. Mount Sinai School of Medicine

Cholesteryl Ester Storage Disease (CESD) is a recessively
inherited lysosomal storage condition, caused by LIPA gene
mutations on chromosome 10q 23.31, and resultant lyso-
somal acid lipase deficiency (LAL). Near absent LAL ac-
tivity causes classic, infantile lethal Wolman disease,
whereas residual enzyme activity of <1 % to up to 16 %
of normal causes CESD, with massive cholesteryl ester and
lipid accumulation, predominantly in the macrophage-
monocyte system, in hepatocytes and Kupffer cells from
impaired cholesteryl ester and triglyceride hydrolysis.
CESD has phenotypic heterogeneity, affects multiple organ
systems, and causes type IIb dyslipidemia, predisposing to
early atherosclerosis and cerebrovascular disease. CESD has
an estimated prevalence of one in 40,000 to one in 90,000,
with the greatest frequency among Europeans. To date 97
peer-reviewed case reports in six languages describe the
clinical phenotype on only one to 13 patients. Therefore,
this meta-analysis assesses the previously unknown likeli-
hood of developing liver disease and liver failure in CESD.
We reviewed all 135 CESD cases for whom clinical infor-
mation, liver pathology reports or liver disease findings
were published, including 112 liver biopsy reports. The
analysis revealed significant CESD-associated liver disease,
independent of age, in all patients, including hepatomegaly
in 134 of 135 (99 %) and elevated transaminases in 52 of 52
CESD patients with AST and ALT results. Characteristic
CESD-associated hepatopathology including massive lipid
and birefringent cholesteryl ester crystal accumulation in
enlarged hepatocytes and Kupffer cells, striking yellow-
orange color, microvesicular steatosis, necrosis, fibrosis
and/or micronodular cirrhosis was present in all 112 liver
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biopsy reports. Liver failure resulted in 12 cases of second-
ary esophageal varices, 9 liver transplantations, and 8 of 11
reported deaths. Severe CESD-associated liver disease and
liver failure, including massive cholesteryl ester and lipid
storage, necrosis, fibrosis and micronodular cirrhosis, have
complete (100 %) penetrance in cholesteryl ester storage
disease.

Left Ventricular Hypertrophy Aids in Identification of
Patients with Aneurysm Osteoarthritis Syndrome
Caused by SMAD3 Mutations

D.S.Clements1, C.M.Rigelsky1, R.Moran1

1. Genomic Medicine Institute, Cleveland Clinic

The SMAD (small mother against decapentaplegic) fam-
ily comprises transcription factors that work as signalers
of transforming growth factor (TGF)- superfamily mem-
bers. The number of studies showing involvement of
both SMAD and TGF family members in cardiovascular
diseases is rising. Mutations in SMAD3 were recently
described in individuals with thoracic aortic aneurysms,
early osteoarthritis and connective tissue findings and
has been called Aneurysm osteoarthritis syndrome. Left
ventricular hypertrophy (LVH) has been described in
patients with SMAD3 mutations but is not common in
other familial aneurysm conditions. One study found
LVH in 6 of 33 (18 %) SMAD3 positive patients.
Significant phenotypic overlap exists between TGF-
related syndromes. The purpose of this descriptive study
was to determine if the presence of LVH may aid in
tiering appropriate genetic testing. Medical records were
reviewed for individuals with SMAD3 mutations. Echo-
cardiogram reports were used to determine the presence
of LVH. Six patients were identified with SMAD3 muta-
tions; one patient did not have an echocardiogram avail-
able for review and was therefore excluded. Patients
ranged in age from 16 to 57 years. All the patients
had involvement of the thoracic aorta. Two of four
(50 %) adults had been diagnosed with osteoarthritis
in their 40s. One reported significant joint pain but
had not been formally evaluated for osteoarthritis.
Two normotensive patients (40 %) were identified with
moderate to severe LVH. One required a septal myec-
tomy at the time of aortic replacement. The TGF/
SMAD3 pathways play an essential role in cardiac
pathogenesis and skeletal muscle growth. This pilot
study supports the role of SMAD3 in the development

of LVH. This study, along with previously reported
findings of LVH, highlights the potential usefulness in
recommending SMAD3 testing when LVH is identified
along with aortic aneurysms.

The Iceberg and the Helix: Investigating the Role of
Genetic Ttesting and Genetic Counselors in the Diagnosis
and Management of Celiac Disease

V.Duke1, E.Hiller2, J.Douglas3, L.Mandel1, J.Tsipis1

1. Brandeis University
2. Dana-Farber Cancer Institute
3. The Feingold Center for Children, Children’s Hospital
Boston

Celiac Disease (CD) is an autoimmune disorder character-
ized by an aberrant immune response to the ingestion of
gluten, found in wheat, barley, and rye, that causes intestinal
and extra-intestinal symptoms. One in 133 Americans is
affected with CD. However, only one in seven affected
individuals is diagnosed - an issue termed the “Celiac Ice-
berg.” Without diagnosis and treatment, individuals with
CD have an increased risk to develop non-Hodgkin lym-
phoma and other cancers. CD predisposition is associated
with the presence of human leukocyte antigen (HLA) alleles
DQ2 and/or DQ8, and genetic testing can rule out CD in
individuals with neither CD-associated allele. Genetic
counseling is recommended for individuals electing genetic
testing for CD, yet consensus is lacking regarding which
health care professionals should provide these genetic serv-
ices. We used an anonymous online survey of genetic coun-
selors recruited through the NSGC listserv to ascertain
genetic counselors knowledge, experiences, and current
practices regarding genetic testing and counseling for CD.
Approximately 65 % of 155 respondents had seen a patient
with CD in the past year and 26 % had seen someone with a
primary indication of CD. A majority (84 %) knew the
multifactorial mode of inheritance of CD and 50 % knew
the role of the HLA gene in CD. A minority (22 %) identi-
fied that genetic testing can exclude a diagnosis of CD.
Respondents with the most experience with CD were more
likely to identify resources for CD patients and ask about the
health of extended family members. Given the large number
of undiagnosed individuals and the serious consequences of
undiagnosed CD, we propose that genetic counselors be
educated further about CD and the risks to the undiagnosed.
We also suggest that increasing the employment of knowl-
edgeable genet ic counselors wi thin specia l ized
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gastroenterology settings could play an important role in
shrinking the Celiac Iceberg.

Factors Influencing Clinician Satisfaction with APOE
Genotype Disclosure Counseling Sessions: The REVEAL
Study

S.Everhart1,2, E.McCarty Wood3, L.Medne4, K.Valverde1

1. Arcadia University
2. Children’s Hospital of Philadelphia
3. University of Pennsylvania
4. Children’s Hospital of Philadelphia

Many factors can impact a clinicians satisfaction with
a patient encounter, including interpersonal relation-
ships, demands of the patient, data collection process,
and time. Improving clinician satisfaction can lead to
improved patient satisfaction, providing an overall
benefit in the clinical setting. As part of the REVEAL
II (Risk Evaluation and Education for Alzheimers Dis-
ease) study, five genetic counselors and four physi-
cians from four institutions completed clinician
satisfaction surveys after providing APOE genotype
disclosure and Alzheimers disease (AD) susceptibility
counseling. A confirmatory factor analysis (CFA) was
performed to validate whether previously found factors
(interpersonal connection between clinician and pa-
tient, the process of obtaining patient information,
the intensity of patient demands, and appropriate use
of time) that impact clinician satisfaction were the
same for AD susceptibility counseling sessions. Data
was then analyzed with an exploratory factor analysis
(EFA). To determine the best factor model and the
reliability of the EFA factors, model fit statistics and
alphas were computed. Similar to the previous study,
interpersonal connection, the information collection
process, and patient demands was associated with
overall satisfaction. A newly identified factor, percep-
tion of patients needs and understanding, was associ-
ated with satisfaction of clinicians in APOE genotype
disclosure. Each identified factor had a Eigenvalue
greater than one and was found to be reliable with
alphas of 0.90, 0.76, 0.83, and 0.75 respectively. Con-
trary to the defined hypothesis, time was not found to
impact satisfaction. Overall, clinician satisfaction with
APOE genotype disclosure was positive. Four factors
were determined to impact satisfaction with risk dis-
closure counseling sessions, but interestingly, factors

relating to time were not found to impact clinician
satisfaction. As discovery of risk factor genes is ever
increasing, this study can act as a foundation for
future studies of satisfaction when disclosing genetic
susceptibility results.

Prevalence of Premature Ovarian Failure in Women
with Tuberous Sclerosis Complex

E.Gabitzsch1, M.J.Gambello2, V.Whittemore3,
H.Northrup4, S.Hashmi4, M.K.Koenig4, S.Nader-
Eftekhari4, M.H.Raia5

1. Genomic Medicine Institute, Cleveland Clinic
2. Emory University School of Medicine
3. National Institute of Neurological Disorders and Stroke,
National Institutes of Health
4. University of Texas Medical School at Houston
5.Department of Pediatrics, University of Texas Medical
School at Houston

Tuberous Sclerosis Complex (TSC) is an autosomal domi-
nant tumor suppressor disorder characterized by hamarto-
mas, or benign growths, in various organ systems.
Inactivating mutations in the TSC1 or the TSC2 gene cause
most cases. Recently, the use of ovarian specific conditional
knock-out mouse models has demonstrated a crucial role of
the TSC genes in ovarian function. Mice with complete
deletion of Tsc1 or Tsc2 showed accelerated ovarian follicle
activation and subsequent premature follicular depletion,
consistent with the human condition premature ovarian fail-
ure (POF). POF is defined in women as the cessation of
menses before the age of 40. The prevalence of POF is
estimated at 1 %, affecting a substantial number of women.
Nonetheless, the etiology of most cases of POF remains
unknown. Based on the mouse model results, we hypothe-
sized that the human TSC1 and TSC2 genes are likely to be
crucial for ovarian development and function. Moreover,
since women with TSC already have one inactivated TSC
gene, we further hypothesized that they may show a higher
prevalence of POF. To test this hypothesis, we surveyed
1000 women with TSC belonging to the Tuberous Sclerosis
Alliance, a national support organization. 182 question-
naires were analyzed for information on menstrual and
reproductive function, as well as TSC. This self-reported
data revealed 9 women (4.95 %) with possible POF, as
determined by menstrual history report and additional
supportive data. The prevalence of 4.95 % is much
higher than 1 % in the general population. Data from
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all women suggested other reproductive pathology asso-
ciated with TSC such as a high rate of miscarriage
(41.2 %) and menstrual irregularity of any kind
(31.2 %). These results establish a previously unappre-
ciated effect of TSC on womens reproductive health.
Moreover, these data suggest that perturbations in the
cellular pathways regulated by the TSC genes are likely
to be an important etiology of POF.

Differences in Management Recommendations for
Adults with Cognitive Disability Based on Genetic
Diagnosis Status

L.A.Gress1,2, K.Wusik1,2, V.Pilipenko2, R.J.Hopkin2

1. University of Cincinnati
2. Cincinnati Children’s Hospital Medical Center

Research on adult use of genetic services largely focus-
es on use of predictive services (cancer, prenatal, adult-
onset). As part of a descriptive study of adult use of
non-predictive genetic services, this study sought to
determine if management recommendations for adults
with cognitive disabilities (CD) differed between indi-
viduals with a genetic diagnosis and those without. We
hypothesized adults with a diagnosis would receive
more recommendations than those without. A retrospec-
tive chart review of individuals over age 18 with CD
who did not have established care in Genetics but
accessed non-predictive genetic services from January
1, 2001 to July 1, 2010 was completed. Wilcoxon’s
rank sum test (two-sided, p<0.05) was used for com-
parison between groups with and without a diagnosis to
identify differences in recommendations. Sixty-five par-
ticipants met full inclusion criteria. 30/65 participants
had a diagnosed genetic condition whereas 35/65 did
not. 144 recommendations of 49 types were given.
There was no difference between groups in the number
of recommendations given (p00.841). A majority (50/
65) received 1–4 recommendations and 10/65 received
none. Recommendations were grouped by frequency (n/
144) into categories of: genetics follow-up (52), non-
genetic testing (23), behavioral management (20), imag-
ing (18), support (16), specialty evaluation (12), and
self-care (3) to further identify differences between
groups. The sample size of all categories was too small
for statistical analysis however a qualitative pattern was
noted: adults with a diagnosis received targeted recom-
mendations related to their diagnosed genetic condition
whereas those without received recommendations that
were more general. Our findings identified a variety of
recommendations given to adults with CD indicating

unmet needs that can be inherently met through a genetics
evaluation, regardless of diagnostic status. Genetic providers
should actively market their services to this population and be
aware of adult services in their community to address the
variety of needs of this population.

Developing and Validating the Family Members of
individuals with Mental Illness Internalized Stigma
(FaMIL-IS) Scale: A New Genetic Counseling Outcome
Measure

C.Hippman1, E.M.Morris2, E.Michalak2, J.Livingston3,4,
G.Murray5, J.Boyd6, A.Inglis2, P.Carrion2, J.C.Austin2

1. Women’s Health Research Institute
2. University of British Columbia
3. BC Mental Health and Addiction Services
4. Simon Fraser University
5. Swinburne University of Technology
6. University of California, San Francisco

Serious mental illnesses (SMIs) are so profoundly affected
by illness-related stigma that even relatives of people with
SMI are stigmatized. Recently, internalized stigma (IS) has
been postulated as the most damaging facet of stigma, and is
potentially amenable to change. Genetic counseling (GC)
has been theorized to reduce stigma in this population,
however, there are no validated instruments targeted to
comprehensively measure IS in a broad range of relatives
of individuals with SMI with which to evaluate the impact
of GC on stigma. To develop and validate the first scale to
comprehensively measure IS in all first-degree relatives of
individuals with SMI. We conducted six group interviews
(N022) with first-degree relatives about their experiences of
SMI-related IS. Experts reviewed the transcripts and
reached consensus that five core content areas of IS (stereo-
typing, separation, devaluation, status loss/discrimination,
and culpability) were represented and no new content areas
were identified. We reframed 74 representative quotations as
Likert-type items (1 0 strongly disagree, 5 0 strongly agree)
and conducted cognitive interviews with relatives (N012) to
gather feedback on item understandability and pertinence.
Through this process, 30 items were selected for the FaMIL-
IS scale. Relatives (N071) then completed the FaMIL-IS
scale at baseline and 1 month later, along with scales mea-
suring depression, perceived stigma, empowerment, and
self-esteem. At all stages, we recruited to ensure represen-
tation from all groups in terms of relationship to an individ-
ual with SMI (parent, sibling, or child) and SMI diagnosis.
The FaMIL-IS is internally reliable (?00.9) and scores were
stable over time (r0.88, p< .01). Construct validity was
supported by moderate positive correlations with depression
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and perceived stigma scores, and moderate negative corre-
lations with empowerment and self-esteem scores. The
FaMIL-IS scale is a valid and reliable instrument appropri-
ate for use in future GC outcome research with relatives of
people with SMI.

Interest in Genetic Testing for Complex Diseases: Age-
Related Macular Degeneration (AMD) and the Elderly
Perspective

M.L.Kluge1, B.M.Yashar1, W.R.Uhlmann1, K.Branham1

1. University of Michigan

Age-related macular degeneration (AMD) is a complex
inherited disease of the elderly. While genetic testing is
available, it is not routinely offered and no studies have
explored the unique issues associated with offering ge-
netic testing for complex diseases to the elderly. We
undertook an exploratory investigation to better under-
stand attitudes and knowledge about genetic testing for
AMD to aide in effective implementation in a clinical
setting. A study population of 190 individuals with
AMD and 188 matched controls were recruited from
the University of Michigan AMD Genetic Research
Study database. Participants were mailed a survey of
validated and novel questions about their family and
medical history, quality of life, beliefs about develop-
ment and progression of AMD, and interest in AMD
genetic testing. Frequency analysis was performed using
SPSS and logistic regression to analyze factors related
to interest in genetic testing. 82 affected and 75 unaf-
fected participants completed the survey appropriately.
The unaffected control population was shown to be
significantly more likely to believe that family history
(p≤0.05), genetics (p≤0.05), being overweight (p≤0.01),
and ethnicity (p≤0.001) were important risk modifiers
for AMD disease progression. The majority of both the
affected (76 %) and unaffected (57 %) participants were
interested in genetic testing; interest was greater for
affected participants, p≤0.05. Personal family history,
beliefs about the importance of family history in AMD
progression, and quality of life, were not statistically
significant in predicting interest in genetic testing. How-
ever a positive family history did increase interest in
genetic testing in the affected population, p≤0.06. Par-
ticipants in this study showed an interest in genetic
testing for AMD. Although we were not able to identify
additional factors that predicted interest in genetic test-
ing, our results suggest that participants have inaccurate
knowledge about AMD, and highlight the importance of
patient education before genetic testing.

Huntington Disease-Ten Years After Testing

R.Koff1, A.Zanko2, W.L.Packman3, J.H.Youngblom1

1. California State University, Stanislaus
2. University of California, San Fransisco
3. Palo Alto University

Many studies have described the psychological effects im-
mediately after receiving a predictive test result for Hun-
tington disease (HD), but few have described the long-term
effects patients experience more than 10 years after predic-
tive testing. This preliminary study contacted patients
10 years after testing to determine whether patients who
tested gene mutation positive are receiving appropriate med-
ical management and whether participants regretted under-
going predictive testing. It also assessed qualitative
psychological effects among both gene mutation positive
and gene mutation negative individuals. Qualitative data
were collected from twenty-four participants; twenty-two
semi-structured telephone interviews and two participant let-
ters were analyzed and coded for content themes. Eighteen
participants (75%) responded that testing was a good decision
(eight gene mutation positive, ten gene mutation negative).
Sixty-two percent of living genemutation positive participants
receive care from a neurologist and the remaining 38% receive
care from a non-neurologist physician. The major themes that
emerged from participants responses were: 1) The impact
gene status had on reproductive decisions 2) The relief testing
provided from uncertainty and symptom burden 3) The feel-
ing of freedom from HD for patients with a negative gene
mutation status and 4) Family communication challenges.
This study contributes information regarding the feasibility
of contacting patients 10 years after testing and opens avenues
for continued psychological exploration with this population.

Referral Patterns and Utilization of Clinical Genetic
Testing for Patients with Inherited Cardiac Disease

O.Myers1, V.Vincent2

1. University of South Carolina
2. University of South Carolina School of Medicine

The underlying genetic etiologies for a group of conditions
known as inherited cardiac disease are becoming clearer,
and genetic testing for these conditions is rapidly expanding
as new genes are being identified which contribute to dis-
ease phenotypes. The purpose of this study was to assess
adult cardiologists knowledge of the genetic basis of
inherited cardiac disease and their utilization of genetic
testing and genetic counseling services. In this study,
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practicing adult cardiologists from Georgia, North Carolina
and South Carolina were invited to complete a survey
designed to assess their knowledge of the genetic basis of
inherited cardiac disease as well as their knowledge, atti-
tudes and practices regarding genetic testing and genetic
counseling. Quantitative data was obtained, and summa-
rized by counts and frequencies for discussion. 22 partic-
ipants completed this study. Participants seemed to lack a
full understanding of the genetic basis of inherited cardiac
disease as only 14 % (n03) of participants correctly an-
swered all genetic knowledge questions. The majority of
participants in this study responded that they never or rarely
utilize genetic testing (81 %, n017) or genetic counselors
(86 %, n019). Participants felt that uncertainties concerning
where and how to obtain these services coupled with cost
and medical management issues prevented them from or-
dering genetic testing or utilizing genetic counselors. Adult
cardiologists in this study are not as knowledgeable about
the genetics of inherited cardiac disease and they are not
commonly utilizing genetic testing and genetic counselor
services for patients with these conditions.

Factors Impacting Attendance for Cardiovascular
Genetic Counseling after Physician Referral of
Hypertrophic Cardiomyopathy Patients

B .Psensky1 , C .M.Rige l sky2 , S .McCand le s s 3 ,
S.DeBrosse3, A.Matthews1

1. Case Western Reserve University
2. Genomic Medicine Institute, Cleveland Clinic
3. University Hospitals of Cleveland Case Medical Center

The purpose of this study was to determine what factors
influence the uptake of genetic services by patients with
hypertrophic cardiomyopathy (HCM) who were referred
for genetic counseling and how these differ from factors
influencing uptake in other areas of genetic counseling.
The variability of symptoms, including sudden death as
the presenting symptom, makes this population unique com-
pared to those previously studied and may impact underly-
ing motivations why patients would attend a genetic
counseling session. Patients referred for genetic counseling
for HCM at the Cleveland Clinic were invited to complete a
survey regarding demographic information, medical history,
reason for referral to genetic counseling and what benefits
and barriers impacted the participants decision to attend or
not attend their appointment. Chi-square, exact tests, and
one-way analyses of variance, were used to describe and
analyze the responses to questionnaires. Of 287 eligible
participants, 97 responded (34 %). Of the respondents,
82.4 % attended their appointment, 7.7 % did not attend,

but planned to in the future, and 9.9 % did not attend and did
not plan to attend. Participants were significantly more
likely to attend counseling if they had insurance coverage
(p00.012), were more informed about counseling (p0
0.007), and felt that coming to an appointment was impor-
tant (p00.006). Additionally, participants were significantly
more likely to attend if they agreed with wanting informa-
tion about their childrens (p00.007) and familys (p00.008)
risks for HCM, and desired to learn about screening and
surveillance (p00.005) and genes involved in HCM (p0
0.023). Requests to attend from family members were also
found to affect attendance (p00.033). Results of this study
suggest that informing patients of the purpose of genetic
counseling may increase attendance rates, as would ed-
ucating insurance companies of the importance of ge-
netic counseling and encouraging more coverage of
these services.

Evaluating the Current Genetic Testing Practices
around Huntington Disease

N.Rayes1, A.Zanko2, K.J.Delp3, A.Kwan1

1. Stanford University
2. University of California, San Fransisco
3. Spectrum Health Genetics

Huntington disease (HD) is an autosomal dominant neuro-
degenerative disorder, typically presenting in adult life for
which predictive testing programs have existed since the
1980s. The disease causes psychiatric disturbances, person-
ality and mood changes, chorea, involuntary movement and
dementia that is progressive and results in death about 15 to
20 years after the onset of symptoms. Although, genetic
testing protocols and guidelines do exist, there is no infor-
mation in the literature or the guidelines specifying the type
of proactive and/or practical information that may be con-
veyed to clients regarding advanced care planning (ACP),
including issues such as GINA, and financial and legal
planning for end of life. We investigated the current practi-
ces in genetic testing for HD by surveying providers in the
United States and Canada about the information and resour-
ces provided to clients regarding these topics. We also asked
providers who typically communicates this information at
their testing center and how important it is to give this
information. The survey was comprised of 22 questions
divided into three sections: demographics, general practice,
and genetic testing practices. Ninety responses were re-
ceived. Similar responses were captured for topics
concerning insurance, in regards to frequency, depth, timing
and importance of discussion when compared to ACP and
state/federal resources. Lack of appropriate knowledge
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regarding the topics was the most frequently identified bar-
rier to discussion. These results indicate that there are incon-
sistencies across sites in the delivery of this type of
information, which may result in a gap in services being
provided to clients regarding the practical aspects fol-
lowing HD genetic testing results. Our data suggests
that centers providing genetic testing for HD may ben-
efit from current education regarding insurance, legal
and legislative knowledge in order to best prepare and
guide their clients in regards to anticipatory guidance
and ACP.

Evaluation of Mutations Causative of Inherited
Cardiovascular Disease

E.Smith1, A.Mani1

1. Yale School of Medicine

Genetic testing is a valuable tool for risk stratification and
screening relatives at risk. The process usually begins with a
single case that is sent for targeted sequencing of genes
known to be causative of disease. Many of the genes have
been identified by the robust methods such as linkage anal-
ysis. Yet, the significance of every amino acid substitution
and their functional consequences are not always known.
New technologies, such as whole exome analysis, and pub-
lic databases, like 1,000 Genomes and the National Heart,
Lung, and Blood Institute (NHLBI) Exome Sequencing
Project, have shown that control populations have mutations
in every single gene. At the Yale cardiovascular genetics
program, we utilize whole exome sequencing, by a team of
physicians, genetics professionals, and researchers. As we
have established an exome-sequencing pipeline, we have
found that interpretation of a mutation can be extremely
complicated. Previously identified pathogenic mutations
are now observed in control population and/or mutation
significance has not been tested in biological systems.
Therefore the clinical significance of these mutations are
unknown. To provide accurate mutation analysis to patients
and their families, we believe that geneticists and genetic
counselors should use additional investigation, such as seg-
regation analysis, searching the literature and databases for
the presence of the mutation in other affected families, and
thorough review of the literature to assure diagnosis of
disease causing mutation has been carried out carefully. In
three cases analysis had found pathogenic mutations for
different disorders (dilated cardiomyopathy, arrthymogenic
ventricular cardiomyopathy, and long QT syndrome). After
additional investigation, these pathogenic mutations are be-
lieved to more likely be benign polymorphisms. As a car-
diovascular genetics program we have found it is difficult to

provide clear management recommendations in these cases,
as additional studies and review become mandatory to de-
termine pathogenicity of a mutation.

Implications for the Prevention of Type 2 Diabetes:
Investigating the Relationship Between Religiosity, Genetic
Explanations for Diabetes and Control Over Diabetes Risk

J.A.Tietjen1, T.Jayaratne2, B.M.Yashar1

1. University of Michigan
2. University of Michigan School of Public Health

While Type 2 Diabetes can be prevented through diet and
exercise, implementing lifestyle changes is difficult and
requires sustained motivation. Personal religious beliefs
can shape ones understanding of the genetics of a disease
like diabetes and thus impact motivating health decisions.
We explored the impact of Gods influence and individual
religiosity on 1) genetic explanations for diabetes, 2) per-
ceived control over diabetes risk, and 3) perceived effort
needed for diet/exercise to effectively prevent diabetes.
White (N0397), Black (N0355), and Mexican (N0388)
American adults without a history of diabetes were recruited
from telephone listings throughout the country. They com-
pleted a telephone survey regarding beliefs/attitudes about
the causes of diabetes, preventive behaviors, and personal
risk. Scales created from multiple items measured religios-
ity, genetic explanations for diabetes, and control over risk.
Multiple linear regression analysis was used to examine
associations, with separate tests conducted among each eth-
nic/racial group. Perceptions that God influences diabetes
risk was positively associated with genetic explanations
among White Americans (β0 .115, p<0.05) and Black
Americans (β0 .104,p<0.05) and negatively associated with
personal control over diabetes risk among Mexican Ameri-
cans (β0-.111, p<0.05). For White Americans religiosity
was positively associated with perceptions of effort needed
to prevent diabetes (β0 .162, p<0.001; β0 .115, p<0.05).
Our findings suggest that religion affects perceptions of
health behaviors. Positive associations between the belief
that God influences diabetes risk and genetic explanations
may be attributed to teachings related to predeterminism of
health through genes, while the negative association be-
tween Gods influence and personal control over diabetes
suggests that God is perceived as an external control. The
positive association between religiosity and perceptions of
diet and exercise are congruent with teachings encouraging
avoiding unhealthy behaviors. Differing results by ethnicity
suggest that it is important to consider how ethnicity and
religion may influence a clients understanding of genetics
and disease.
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A Clinical Tool for Classification of Frontotemporal
Degeneration Pedigrees

E.McCarty Wood1, D.Falcone1, E.Suh1, V.Van Deerlin1,
M.Grossman1

1. University of Pennsylvania

Frontotemporal degeneration (FTD) is a neurodegenerative
condition that presents with language and/or behavior
changes. 40 % of FTD cases have a positive family history
and mutations in known genes are found in 15-30 % of all
FTD cases. The majority of mutations are found in familial
cases, but a 6-8 %mutation rate in apparent sporadic cases has
been reported. There is a significant need to counsel families
on the genetics of FTD. Due to variable penetrance and
phenotypes, interpretation of pedigrees that do not meet clas-
sic autosomal dominant inheritance is difficult. The creation
of a clinical tool to guide FTD pedigree interpretation would
provide a standardized means for assessing risk of hereditary
FTD. Pedigree classification criteria were created using an
original cohort of 196 FTD probands. The criteria were based
on the number of 1st and/or 2nd degree affected relatives and
the diagnoses and ages of onset in relatives. An Unknown
Significance category was used for pedigrees with incomplete
information; these cases were not used for data analysis. The
criteria were revised after the discovery of mutations in
C9orf72, believed to be the most frequent genetic cause of
FTD. The revised criteria, which define categories of High,
Medium, Low, and Sporadic, were applied to both the original
cohort and a replication set of 112 probands. Mutation detec-
tion rates for the two cohorts were not significantly different
[p-values >0.3956]. The overall mutation detection rate
for the entire series was 61.5 % for High, 29 % Medi-
um, 13 % Low, and 1 % Sporadic. The application of
defined pedigree criteria provided a reproducible assess-
ment regarding the probability genetic testing would
detect a pathogenic mutation. These criteria could be
applied in the clinical setting to guide conversations
concerning the significance of the FTD family history
and the likelihood of detecting a known mutation.

Cancer

Attitudes and Awareness about Insurance Discrimination
AmongConsumers Seeking Information from aHereditary
Breast and Ovarian Syndrome Advocacy Group

D.C.Allain1, S.Friedman2, L.Senter1

1. The Ohio State University
2. Moffitt Cancer Center

We examined the attitudes and awareness about the Genetic
Information Nondiscrimination Act (GINA) in individuals
who made contact with the advocacy group, FORCE: Fac-
ing Our Risk of Cancer Empowered. This is a descriptive
study of individuals (n01699) who were invited via email
and advertisements to complete an online questionnaire
available from August 2009 through December 2010.
Responses to survey questions were summarized as frequen-
cies and percents. Response distributions of relevant sub-
groups were compared using cross tabulation of the
subgroups with survey response categories. Frequency and
percent by subgroup were reported and distributions of
response by subgroup were compared using chi-squared
tests. The majority of respondents (69.2 %) had undergone
genetic testing (n01156). Among those who did not under-
go genetic testing and were not in the process of testing, the
most common reason given for not having genetic testing
was cost related (28.8 %), followed by concerns about
insurance discrimination (19.5 %). In regards to concerns
about insurance discrimination, health insurance discrimina-
tion was a concern for approximately 60 % of study partic-
ipants and 28.6 % were worried about employment
discrimination. Our data further suggest that healthcare pro-
viders did not discuss GINAwith participants before or after
genetic testing in more than half of the cases. While cost
was cited most frequently as the reason not to undergo
genetic testing, fear of insurance discrimination was the
second most common reason. This study shows that aware-
ness of GINA among consumers is still limited and public
and healthcare provider education may help promote reduc-
tion in fear and could lead to better uptake of genetics
services in the United States.

The Genetic Counseling Experience in aMultidisciplinary
Childhood Cancer Survivor Center

K.Armstrong1,2, D.Eshelman-Kent2, R.Nagarajan2,
V.Pilipenko2, S.C.Knapke2

1. University of Cincinnati
2. Cincinnati Children’s Hospital Medical Center

The majority of children who are diagnosed with cancer are
surviving into adulthood, which has led to the development
of a specialized area of multidisciplinary healthcare specific
to cancer survivorship and focuses on detection, provision
of care, and counseling for the survivor regarding the late
effects of therapy. In 2007, the Cincinnati Childrens Hospi-
tal Medical Center (CCHMC) Cancer Survivor Center
(CSC) added a certified genetic counselor to provide genetic
risk assessment for hereditary cancer syndromes and genetic
counseling to pediatric cancer survivors and their families.
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Survivors in the CSC who were at least 18 years old (N075)
and the parent/caregiver of survivors under the age of eigh-
teen (N039) were asked about their genetic counseling
experience through a paper or online questionnaire. In ad-
dition, 148 survivors and parents/caregivers who had not
received genetic counseling were surveyed. All participants
were also asked their opinion of the most appropriate time
for childhood cancer survivors to receive genetic counsel-
ing. Most participants expressed satisfaction with the genet-
ic counseling service (82 % of survivors and 89 % of
parents/caregivers), and 78 % of survivors and 74 % of
parents/caregivers found the information useful. Overall,
about 40 % of patients and parents/caregivers indicated that
they would have preferred genetic counseling 1–5 years
after the completion of cancer treatment, but the remaining
participants were split in determining the most appropriate
time to receive genetic counseling in relation to the time of
diagnosis and during cancer treatment. This study reveals
that genetic counseling in a pediatric cancer survivor clinic
is a desired and valuable service. Discussion of the impact
of a family history of cancer and the presence of hereditary
cancer syndromes should begin around the time of the
childhood cancer diagnosis and should be revisited through-
out and after the childs cancer treatment.

A Contiguous Gene Deletion of 9p21.3 Characterized by
Neurofibromatosis-like Features, Melanoma, and CNS
Tumors

M.J.Baker1, K.S.Harbaugh1, H.Mackley1, M.J.Glantz1,
J.J.Drabick1

1. Penn State Hershey Medical Center

Familial Atypical Multiple Mole Melanoma Syndrome
(FAMMM), also referred to as Familial Cutaneous Malig-
nant Melanoma (FCMM) is a well known cancer predispo-
sition syndrome characterized by multiple dysplastic nevi,
malignant melanoma, as well as an increased risk for pan-
creatic cancer. Affected individuals exhibit mutations in the
CDKN2A gene with large deletions of the gene involved in
only a small percentage, up to 1 %, of cases. We present a
family with multiple cases of malignant melanoma at young
ages, features characteristic of Neurofibromatosis including
neurofibromata and a benign peripheral nerve sheath tumor,
as well as Central Nervous System (CNS) tumors. In addi-
tion, 2 family members were diagnosed with a chondrosar-
coma and leukemia, respectively. Prior molecular testing
failed to identify a mutation in the NF1 gene by sequencing
and multiplex ligation-dependent probe amplication
(MLPA). Although sequencing of the CDKN2A gene, like-
wise, failed to identify a causative mutation, a heterozygous

deletion of the gene was identified by targeted array CGH
analysis. Further testing, utilizing whole-genome oligonu-
cleotide array CGH and SNP analysis, identified an intersti-
tial deletion of at least 1.5 Mb within cytogenetic band
9p21.3 and spanning approximately 25 genes. Identification
of the underlying molecular abnormality in this family
makes possible the option of predictive testing for at-risk
family members. Given the young age of cancer diagnoses
within the family, it is appropriate to offer genetic testing to
minor children with parental consent. Further, given the
various cancer diagnoses exhibited by family members,
screening recommendations should address not only the
risks associated with FAMMM/FCMM, but also the risks
for various neurofibromatosis-associated/CNS tumors.

Do BRCA1 and BRCA2 Positive Women Need Better
Follow-up?Gaining Perspective from aMidwest Population

S.A.Cohen1, D.E.McIlvried1

1. St. Vincent Cancer Genetics Risk Assessment Program

Women who test positive for a BRCA1 or BRCA2 gene
mutation in our Cancer Genetics clinic are provided with
the most recent National Comprehensive Cancer Network
(NCCN) guidelines, support group resources and contacts
for medical providers, but receive no on-going follow-up
from our department. The aim of this study was to determine
if these women were following current NCCN screening
guidelines and willingness to attend a multidisciplinary spe-
cialty follow-up clinic. A survey was sent to BRCA1/2
positive patients in our Cancer Genetics Risk Assessment
Program database from 2006 to early 2011. We also includ-
ed a survey invitation in two local Indianapolis support
group chapter newsletters. Of 50 BRCA positive women
who responded (56 % BRCA1, 44 % BRCA2), most had
testing in the past 1–5 years (72 %). Among BRCA carriers
with breast tissue, 10/25 (40 %) reported conducting month-
ly self-breast exams, 23/26 (88 %) reported annual or semi-
annual clinical breast exams, 14/21 (67 %) reported annual
mammograms and 9/26 (35 %) reported annual breast MRI.
Among BRCA1/2 carriers with intact ovaries, 2/11 (18 %)
reported semi-annual transvaginal ultrasound and 2/11
(18 %) reported CA-125 levels every 6 months. Among
BRCA1/2 carriers, 28/50 (56 %) were definitely interested
in a multidisciplinary BRCA1/2 follow-up clinic and 20/50
(40 %) might be interested. Updates and new information
about BRCA1/2 were highly desired (84 % rated as very
important). 27/50 (56 %) indicated willingness to drive 60
miles or further for such a clinic. A significant proportion of
BRCA1/2 positive women in Central Indiana are not adher-
ing to NCCN guidelines. Many are willing to attend a clinic
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specializing in BRCA1/2 follow-up, even at a distance,
especially to receive the most up-to-date information about
BRCA1/2. Multidisciplinary BRC1/2A follow-up clinics are
not currently widely available, and further studies are need-
ed to demonstrate their impact on adherence to screening
guidelines, especially since these are updated frequently.

Current Lynch Syndrome Screening Practices: A Survey
of Genetic Counselors

S.A.Cohen1

1. St. Vincent Cancer Genetics Risk Assessment Program

As much as 3–5 % of all colon and endometrial cancers
are due to Lynch syndrome. Screening tumors with
immunohistochemistry and/or microsatellite instability
using age and tumor characteristics as selection criteria
will miss half of individuals with Lynch syndrome.
Recent evidence has supported universal screening of
all colon tumors to identify individuals at increased risk
and has been shown to be cost-effective. However, there
is still debate about which approach to take, whether
consent is required and how to follow-up abnormal
results. The purpose of this study was to assess the
prevalence of Lynch syndrome screening, determine
common protocols in use and identify barriers to imple-
mentation. An electronic survey of the National Society
of Genetic Counselors Cancer Special Interest Group
was conducted in July 2011. There were 128 respond-
ents, over half (55.5 %) of whom reported having a
routine Lynch screening protocol. There was a steady
increase in the number of those screening over time,
with a more substantial increase in the past 3 years. Of
those screening colon tumors, 53.6 % reported a truly
universal approach. Screening practices varied; 64.2 %
started with immunohistochemistry, 20.8 % started with
microsatellite instability testing and 16 % performed
both on colon tumors. Some respondents (39.3 %) indi-
cated that they have a screening program in place for
endometrial cancer. Written consent is rarely obtained
(5.6 %) and handling of results was variable among
respondents with no statistically significant difference
in patient compliance in follow up (p00.54). The largest
barriers to implementation were concern about cost,
bringing key players together and convincing medical
staff of the necessity. Use of Lynch syndrome screening
is increasing in clinical practice, but protocols vary
widely. This information will be helpful to institutions
who want to implement a Lynch screening program by

providing a glimpse of current practices and common
barriers.

Integration of Family Health History inClinical Guidelines
for Breast, Ovarian, and Colorectal Cancer

A.A.Collier1, C.Prada1, M.F.Myers1,2, R.Valdez3

1. Cincinnati Children’s Hospital Medical Center
2. University of Cincinnati
3. Division of Human Development and Disability, National
Center on Birth Defects and Developmental Disabilities,
Centers for Disease Control and Prevention

Family health history (FHH) is clinically useful in identify-
ing individuals at increased risk for chronic diseases like
cancer. In this study, we explored FHH integration into
counseling (patient education and psychosocial support),
prevention, risk assessment, and screening guidelines for
breast, ovarian, and colorectal cancer to determine the pro-
portion of guidelines that integrated FHH. We used the
National Guideline Clearinghouse (NGC), an online, public
database of evidence-based clinical practice guidelines, to
identify guidelines that addressed counseling, prevention,
risk assessment, and/or screening for breast, ovarian, and
colorectal cancer. FHH was coded as well-integrated if the
guideline included all three of the following points: defined
FHH in terms of familial relationship, utilized FHH to
stratify risk of developing disease, and utilized FHH to
recommend modified medical management. 65 guidelines
met inclusion criteria (23 breast cancer, 18 colorectal cancer,
four ovarian cancer, and 20 for multiple conditions). FHH
was well-integrated into 15 guidelines (23 %). However, 19
(29 %) did not include FHH at all, and five (8 %) included
FHH but did not include any of the above points. In the
remaining 26 guidelines, only one or two of the three above
points were included. FHH was well-integrated into the
highest proportion of colorectal cancer GLs (50 %) and the
lowest proportion of breast cancer GLs (13 %). Despite
evidence that FHH is a useful tool to identify individuals
at increased risk for disease who might benefit from
counseling (including patient education and psychosocial
guidance), risk assessment, genetic testing, and earlier or
different screening/management for disease detection or
prevention. FHH was not well-integrated into most of the
breast, ovarian, and colorectal cancer guidelines examined.
Better integration of FHH into evidence-based guidelines
will help practitioners identify and manage individuals at
increased risk for disease, and may result in early detection
and even prevention of disease.

Presented Abstracts from the Thirty First Annual Education Conference 917



Influence of Cost on Patient Interest in Genetic Testing for
Hereditary Colorectal Cancer: Implications for Universal
Tumor Screening

D.L.Cragun1, T.L.Malo2, T.Pal2 , D.Shibata2,
S.T.Vadaparampil2

1. University of South Florida
2. Moffitt Cancer Center

Lynch syndrome (LS), the most common cause of hereditary
colorectal cancer (CRC), confers a 50-70 % lifetime risk of
CRC. Universal tumor screening (UTS) can improve the iden-
tification of LS and subsequently decrease associated mortality
among patients and family members. However, for UTS to be
effective, patients who screen positive must pursue germline
testing. The purpose of this study was to explore how cost
influences interest in genetic testing among CRC patients who
have not previously received tumor screening, genetic testing,
or genetic counseling. Using data from a cross-sectional survey
of CRC survivors (n091), frequencies were computed for
genetic testing interest: (1) in the absence of specified contex-
tual factors, (2) if they had to pay $2,000, and (3) if testing
were covered by insurance. Descriptive analyses characterized
participants who were willing to pay for testing; and bivariate
analyses were conducted to identify differences in intention to
seek genetic counseling based on willingness to pay. The
sample was predominately male (59 %), White (94 %), mar-
ried (69 %), retired (52 %), had health insurance (98 %) and
annual household income $75,000. Among those who were
initially interested in testing, those who were willing to pay
were significantly more likely to report they intend to make an
appointment to discuss genetic testing (p0 .02). Results from
this preliminary study raise practical and ethical concerns
given the potential importance of cost considerations on uptake
of genetic counseling and germline testing. Lack of insurance
coverage may influence the overall effectiveness of UTS and
has the potential to increase health disparities.

A Statewide Survey of Practitioners to Assess
Recommendations and Clinical Practices Regarding
Hereditary Breast and Ovarian Cancer

D.L.Cragun1, C.Lewis2, A.Doty2, M.Rodriguez2,
C.Radford3, Z.Thompson2, J.Kim2, S.T.Vadaparampil2,
T.Pal2

1. University of South Florida
2. Moffitt Cancer Center
3. Sarasota Memorial Hospital and Moffitt Cancer Center

An increasing number of community-based practitioners
order BRCA1/2 testing, interpret results, and manage
patients at risk for hereditary cancer. This study describes
how practitioners identify, test, and manage individuals at
risk for BRCA1/2 mutations. A 51-item survey was mailed
to all practitioners listed in a publicly available directory of
BRCA1/2 counseling and testing service providers in the
state of Florida. Descriptive statistics characterized partic-
ipants and their responses. A total of 91 practitioners (23 %)
completed the survey, including 51 physicians (of which 28
were obstetricians and gynecologists), 26 nurse practi-
tioners, and 6 genetic counselors. Respondents had a median
age of 51 years, had provided testing services for a mean of
6 years, and were primarily in private practice (72.5 %) or
based at a private hospital (12 %). Over 35 % of respondents
inaccurately estimated the percentage of breast cancer
patients with a BRCA1/2 mutation as >10 %. For a 35-year
old unaffected BRCA1/2 mutation carrier, the majority fol-
low national breast and ovarian cancer screening guidelines.
However, nearly 63 % would also recommend breast ultra-
sound despite its limited clinical benefit. Furthermore, the
majority indicated they would not recommend BART in a
woman with a 30 % risk of a BRCA1/2 mutation who tested
negative for comprehensive BRACAnalysis. Finally, less
than 15 % recognized that no genetic testing would be
indicated in an unaffected sister of a breast cancer patient
identified with a BRCA1/2 Variant of Uncertain Signifi-
cance. Results from this preliminary study raise concerns
that inappropriate screening/testing may result in unneces-
sary health care costs. Our findings also suggest specific
areas in which practitioners may benefit from more educa-
tion and training in order to improve care for women at high
risk for hereditary breast and ovarian cancer.

Comparing Male and Female BRCA1/2 Mutation
Carriers Communication of their BRCA1/2 Test Results
to Family Members

H.J.Dreyfuss1, M.L.Marvin2, L.Dohany1, K.Milliron2,
S.Merajver2, E.Stoffel2, B.M.Yashar2, D.Zakalik1

1. Beaumont Health System
2. University of Michigan

The National Society of Genetic Counselors’ Genetic Can-
cer Risk Assessment and Counseling Practice Guideline
states that patients with positive test results should be urged
to notify at-risk relatives. Most research on communication
of BRCA1/2 results is limited to communication by females
and suggests that communication to males occurs less
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frequently. The objective of this exploratory study was to
identify gender-related characteristics in communication of
BRCA1/2 results to improve familial communication. 677
individuals who received genetic counseling from three
clinics in Michigan were invited to participate. Subjects
completed a 34-item survey comprised of novel and previ-
ously published questions exploring whom they informed,
information shared, method of communication, and factors
impacting the decision to undergo testing and disclose
results. Communication patterns were examined within the
entire cohort and comparisons were made between males
and females. Participants included 25 males and 119
females. 85 % of fathers and mothers shared their test results
with at least one of their children and did so in-person. The
type of information shared was similar between the genders.
For both males and females, the top reasons for disclosing to
children included: 1) wanting to inform them about their
risk, 2) feeling the results will impact management, 3)
wanting to encourage testing, and 4) having a close rela-
tionship. There was no difference between the genders in
whom they told, what information they shared, how they
disclosed, and why they communicated to their children.
There was no statistically significant difference in disclosure
to sons or daughters by males or females. In genetic
counseling, gender of a BRC1/2A mutation carrier does not
appear to affect the frequency or method of communication
of test results. Furthermore, we found that communication to
male and female relatives occurred with a similar frequency.
This suggests that current practice effectively enables com-
prehensive family communication.

Desmoid Tumor as an Extracolonic Manifestation in
MYH-associated oPlyposis: A Case Report

V.Duke1, S.Goldstein2, A.Rooney2, M.R.Fickie2,
J.Tsipis1

1. Brandeis University
2. Baystate Health

MYH-associated polyposis (MAP) is an autosomal recessive
condition with predisposition to multiple colorectal adeno-
mas and cancers. MAP is caused by biallelic germline
mutations in the MUTYH (MYH) base excision repair gene,
leading to an increase in somatic G:C>T:A transversions in
other genes, including APC. Reported extracolonic manifes-
tations include: duodenal polyposis; congenital hypertrophy
of the retinal pigment epithelium; and an increased risk of
ovarian, bladder and skin cancers. We report a female pa-
tient who presented with a desmoid tumor at age 30. Colo-
noscopy revealed approximately 15 polyps, 3 of which were
tubular or tubulovillous adenomas. The patients father had a

few colon polyps, but her family history was otherwise
negative for cancer. Genetic testing was negative for muta-
tions in the APC gene, but positive for biallelic known
deleterious MYH mutations (G382D and Y165C). Our case
is notable because desmoid tumors are known to be associ-
ated with Familial Adenomatous Polyposis (FAP) but not
with MAP. To our knowledge, only one other identified case
of a desmoid tumor in an individual with MAP exists in the
literature. This case describes a 30 year old male who
presented with greater than 100 colon polyps and 4 colonic
adenocarcinomas. At age 35 he was found to have duodenal
adenomatosis. At age 39 he developed three synchronous
jejunal adenocarcinomas and a mesenteric desmoid tumor.
MYH sequencing revealed homozygous G382D missense
mutations. This case expands the spectrum of extracolonic
manifestations of MAP to reflect a more comprehensive
phenotype. For those already diagnosed with MAP, desmoid
tumors should be considered a feature of their condition,
which could be important for patients undergoing colec-
tomy. Additionally, we suggest genetic analysis of the com-
mon mutations, and perhaps sequencing of the MYH gene,
for diagnosis of patients presenting with desmoid tumors.

Lost To Follow Up: An Investigation of Individuals
Reasons For Declining Cancer Genetic Counseling

J.Fan1, P.McCarthy Veach1, A.Leininger2, B.S.LeRoy1

1. University of Minnesota
2. Minnesota Oncology Hematology PA

Studies have shown that despite expressed interest in genet-
ic testing for cancer risk by a majority of high-risk patients,
only a small proportion actually pursue testing. Barriers for
patients who decline genetic testing and concomitant genet-
ic counseling include worries about insurance, test accuracy,
and personal and/or relatives emotional reactions. Relatively
few studies have examined decliners’ attitudes and beliefs
about cancer genetic counseling itself. Accordingly, the
present study involved semi-structured, recorded telephone
interviews with 15 individuals (12 females, 3 males) re-
ferred by their health care provider for cancer genetic
counseling at a cancer clinic in a major metropolitan area
but did not attend. The failed referral rate at this clinic was
31 %. Nine participants reported a personal history of can-
cer; 6 did not. There were three major research questions:
(1) What factors influenced participants’ decisions to de-
cline cancer genetic counseling? (2) What factors could
have altered their decision to not attend cancer genetic
counseling at the time of referral? and (3) How appropriate
were their referrals, based on established guidelines.
Responses to closed ended questions and Likert-type items
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(e.g., demographic and family history questions) were quan-
tified, while inductive and cross-case analysis methods were
used to extract themes in responses to open-ended ques-
tions. The most common factors influencing participants’
decisions to not undergo genetic counseling included lack of
perceived urgency/benefit, other life events, and feeling
overwhelmed. Seven participants commented that better
understanding of the genetic counseling process could have
altered their decision to not follow through at the time of
their referral, whereas 8 participants stated nothing could
have altered their decision. Eleven individuals had family
histories that met national criteria for a referral to a genetics
specialist, while the other four provided family histories that
could have benefitted from further evaluation. Additional
findings, practice implications, and research recommenda-
tions are presented.

Evaluating the Approach to Unaffected Consultands
Presenting to High-risk Clinical Cancer Genetics
Program

S.L.Gustafson1, J.N.Everrett1, V.M.Raymond1, M.Marvin12,
S.B.Gruber3, E.Stoffel4

University of Michigan, Department of Internal Medicine,
Divisions of
1. Molecular Medicine and Genetics
4. Gastroenterology; and
2. Department of Human Genetics
3. University of Southern California Norris Comprehensive
Cancer Center

Evaluation for inherited cancer predisposition is most infor-
mative when initiated in affected family members. This
strategy is often confusing to unaffected consultands with
concerns for their own cancer risks. While standard practice
is to request the consultand contact an affected family mem-
ber to have testing, we hypothesize that this strategy results
in missed opportunities to identify mutation carriers.
Records from cancer-free, returning and new consultands,
who presented to the University of Michigan Cancer Genet-
ics Program from 6/1/2011–12/30/2011 were reviewed and
coded according to recommendations and results. Consul-
tands were coded as: G1) No testing recommended for
family; G2) Consultand testing offered due to phenotypic
features or known mutation in family; G3) Unaffected con-
sultand offered testing; G4) Testing recommended for af-
fected relative. 141 cancer-free consultands presented to
clinic during the study time frame for differential diagnoses
including BRCA1/2, Lynch syndrome, inherited gastrointes-
tinal polyposis, multiple endocrine neoplasia type 1, and
Cowden syndrome. Six consultands required evaluation

for multiple syndromes and were coded more than once.
Sixteen consultands belonged to G1 (10.9 %) and required
no further follow-up. Seventy consultands belonged to G2
(49.6 %). Testing was recommended for 23 (16.3 %) unaf-
fected consultands (G3) and identified mutations in 2 of 16
(12.5 %) in whom testing was pursued. Thirty-eight con-
sultands belonged to G4 (25.9 %). Eleven of 38 consultands
(28.9 %) returned to clinic following initial consultation.
Seven documented that an affected family member had
testing, with one deleterious mutation identified. There
was no documented follow up in the remaining 27 un-
tested consultands (71.1 %). Sixty-one unaffected consul-
tands presented with family histories suggestive of an
inherited cancer predisposition. Mutations were detected in
12.5 % of unaffected consultands tested. 71.1 % of consul-
tands who were requested to seek additional family evalua-
tion were lost to follow-up. The evaluation of the cancer
genetics consultand should include the option of testing the
unaffected consultand.

Personalized Risk Assessment through Genetic Testing
of Uveal Melanoma: Patient Desire, Uses, and Impact

A.Hildebrandt1, S.E.Walther2, L.Conway1, A.Ganguly2,
C.L.Shields3

1. Genetic Counseling Program, Arcadia University
2. Department of Genetics, University of Pennsylvania
3. Oncology Service, Wills Eye Institute

Genetic testing can sometimes provide prognostic informa-
tion for diseases where it may not influence treatment or
screening recommendations. There has been debate
concerning the utility and desirability of such testing for
patients. Uveal melanoma (UM) provides a model system to
test patient acceptance and uptake. UM carries a 50 %
chance of metastasis, usually fatal, within 15 years. Prog-
nostic genetic testing in UM is clinically available, and
provides a personalized metastatic risk assessment. The
current study investigates patients reasons for accepting or
declining prognostic genetic testing for UM, their educa-
tional needs, and the psychological impact of the test. Par-
ticipants were drawn from patients diagnosed and treated for
UM at Wills Eye Institute, Philadelphia between 11/2008
and 6/2011. 94 patients who were offered prognostic genetic
testing at the time of diagnosis and remained metastasis-free
participated during follow-up appointments between 10/
2010 and 6/2011. Data collection was by paper survey.
The survey asked about demographics, testing and results,
understanding of diagnosis, stressors of diagnosis, factors in
the decision regarding testing, and medical management
regimen, and included a validated depression scale. The
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responses suggest that participants understood the benefits
and limitations of the testing, and desired and used the
information provided. Patients declining testing were more
influenced by cost (73.3 %); those accepting wanted guid-
ance for medical management (85.7 %) and future planning
(93.8 %). Patients receiving a poor prognosis had the high-
est depression score (ave 0 8.98) but were well below the
depression threshold of 16. Patients accepting testing were
more compliant with systemic screening (p00.001). Some
therapeutic misconception was indicated. No patients indi-
cated regret for receiving results. These results support the
continued use of prognostic genetic testing in UM, with
proper pre- and post-test counseling and management of
results, and suggest that similar prognostic testing in other
diseases may be well received.

Assessing the Role of the Cancer Genetic Counselor
following Disclosure of BRCA1/2 Positive Results

J.Kent1,2, J.Scalia Wilbur1,2, R.D.Legare1,2

1. Program in Womens Oncology, Women & Infants
Hospital
2. The Warren Alpert Medical School of Brown University

The recommendation for genetic counseling for patients
undergoing BRCA1/2 testing is reflected in policy state-
ments by multiple medical societies. However the role of
the cancer genetic counselor following positive results dis-
closure and the benefit of continued follow-up has not been
thoroughly assessed. The charts of 221 BRCA1/2 positive
patients undergoing genetic counseling in our High-Risk
Clinic were reviewed to determine the frequency of contin-
ued follow-up, role of the counselor and characteristics of
those patients attending. Percentages and where appropriate
P-values were calculated. The majority (80.1 %) were rec-
ommended to return for an additional follow-up with the
genetic counselor. Appointments were more likely to be
recommended in positive female versus male patients (p0
<.0001) however attendance did not differ significantly by
gender (33.3 % vs. 29.2 %). 52 patients attended a post-
disclosure appointment (29.4 %) resulting in a total of 88
visits. The majority (55.8 %) attended a single appointment.
Having children (82.7 % vs., 81.7 %) or personal cancer
history (59.6 % vs. 57.6 %) were not significant differences
between attendees and non-attendees. The majority of con-
sultations involved discussions regarding testing for rela-
tives including communication of results and facilitation of
testing (88.6 %). Emotional and educational support resour-
ces were provided in 17 %. Changes to personal and family
history were reported during 34.1 % and 28.4 % of visits
including new cancer diagnoses, prophylactic surgery and

additional testing in relatives. In 2 cases testing for addi-
tional cancer syndromes was recommended. In one third
(29.5 %) of consults patients were educated on or enrolled
in screening/risk reducing research protocols. Further re-
search is needed to assess the motivations of BRCA1/2
positive patients seeking continued genetics follow-up. As
greater then half of patients reported significant personal or
family history changes, continued genetics follow-up
appointments may provide a forum for further education
on cancer risk, emotional support, family communication
and recruitment into research studies.

Universal Lynch Syndrome Screening Implementation
in an Integrated Health-Care Delivery System

M.Morse1, K.Goddard2, T.Kauffman2, J.Davis2,
J.Reiss2, C.Young2, E.Esterberg2, C.McGinley2

1. Kaiser Permanente
2. Center for Health Research Northwest, Kaiser Perma-
nente Northwest

Screening tests for Lynch syndrome (LS) have been recom-
mended as an evidence-based practice which decreases dis-
ease burden and save lives. Unfortunately, more than half of
patients meeting criteria do not receive LS screening. Cur-
rently, fewer than 5 % of patients diagnosed with colorectal
cancer (CRC) at Kaiser Permanente Northwest receive
screening for LS. How do we effectively improve access
to LS screening? We hypothesize that universal LS
laboratory-based screening will improve appropriate refer-
rals for subsequent genetic counseling and consideration of
additional testing, compared with the current practice of
provider-based referrals. Evaluation of the steps required
for implementation will aide in the determination of best
strategies for successful universal LS screening. Through a
randomized-controlled trial, this project mobilizes the
resources of an integrated health-care delivery system with
extensive electronic clinical data to implement and evaluate
a new strategy to maximize screening of CRC patients for
LS. We will implement LS screening to all CRC patients (up
to 900) undergoing colon surgery and evaluate its effective-
ness compared to usual care. We will determine the types
and impacts of system barriers on effective LS screening
implementation. We discovered both successes and hurdles
of universal LS screening implementation. While stakehold-
er engagement was crucial for implementation, it was chal-
lenging to coordinate due to varying stakeholder knowledge
of LS. We developed a program to identify eligible patients
daily from the electronic medical record, which required
revisions to locate the correct patients. The patient consent-
ing process, a requirement solely for the research study,
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required adjustments to address patient needs and timing
between diagnosis and surgery. The pathology procedure
required extensive modifications for specimen handling
and testing. We created genetic counseling educational talk-
ing points and result disclosure processes. The lessons
learned in this study will inform future implementation
efforts at new sites considering this approach for LS
screening.

Early-onset, Bilateral Clear Cell Renal Cancer Associated
with Germline Balanced Chromosome Translocation
t(3;8)(p14;q24.1) A Case Report

M.S.Niell1, R.O.Dillman1

1. Hoag Hospital

Should karyotype analysis be considered in individuals with
early onset clear cell renal cancer when evaluation for von
Hippel Lindau (VHL) is normal? There have been a few
reported cases of chromosome 3;8 translocations seen in
association with increased risk of early-onset, multifocal
clear cell renal cancer and possibly thyroid cancer; however,
it is not clear that it is standard practice to perform karyotype
in such individuals. A 32 year old man of northern European
ancestry was referred for genetic counseling and testing after
the incidental finding of bilateral, multifocal renal
tumors on an abdominal ultrasound. A CT scan of the
abdomen and pelvis identified at least five lesions on
the right kidney and two on the left, both of which
were about 4 cm in longest dimension. A diagnosis of
clear cell renal carcinoma was made on core biopsies of
both left kidney masses. Given his young age, evalua-
tion for VHL was pursued. Brain MRI and focused
retinal exam did not identify hemangioblastomas or
retinal angiomas. No mutation was detected by VHL
gene sequencing and deletion/duplication analysis. It
was learned that during one of his wifes previous preg-
nancies, an amniocentesis had disclosed a balanced
chromosome translocation in the fetus: 46, XY,t
(3;8)(p14;q24.1). This same 3;8 balanced translocation
was found in the patients karyotype. This case illus-
trates the importance of considering karyotype analysis
in individuals with early-onset clear cell renal cancer,
when VHL gene testing is normal. A 3-hit model,
among others, has been proposed as the mechanism
for tumorigenesis in these individuals. Case reports such
as this provide clinical information that can help both health
care professionals and patients understand the potential bene-
fits of karyotype testing, the risks associated with chromo-
some 3;8 translocations and the rationale for medical
recommendations for surveillance and management.

Don’t Google It: Perceptions of Internet Use and Social
Networking Among Young BRCA1/2 Carriers

R.Nusbaum1, M.Sharff1, T.A.DeMarco1, B.N.Peshkin1

1. Georgetown University

Health-related Internet usage is growing at a rapid pace;
however, utilization by target populations has not been well-
characterized. The goal of this project was to develop a
formalized description of how BRCA1/2 carriers use online
resources that relate to their carrier status. We conducted three
focus groups with a total of nine young female BRCA1/2
carriers (average age 30 years). Participants completed a ques-
tionnaire and tracked their BRCA1/2-related Internet usage for
four consecutive weeks following the focus group. We tabu-
lated descriptive statistics and analyzed the focus group tran-
scripts via two coders with a qualitative software program
(Nvivo, QSR International) using a thematic analysis ap-
proach. Themedian amount of time spent onBRCA1/2-related
sites across 4 weeks of use was 47.5 min. From the question-
naire data, of BRCA1/2 related-resources generally accessed,
60 % were online. Participants estimated that 0–2 % of their
Facebook friends were also BRCA1/2 carriers. Four major
organizing themes emerged from the qualitative analysis:
Why I go online, Why I dont go online, Resources I use,
and Resources I want. Reasons why carriers do not go online
included the desire to protect themselves from the informa-
tion, preferences for in-person interactions, lack of need and
because what they were looking for was not provided. Despite
these deterrents, participants indicated that they chose to go
online when faced with a decision, such as the initiation of
screening, or when a significant event occurred (e.g. immedi-
ately following receipt of test results). Participants also turned
to the Internet when they sought information they could not
find elsewhere and because it was a place devoid of personal
and family emotions. Recommendations for resources desired
by this growing population include customized websites tai-
lored to personal needs; anticipatory guidance, including ex-
pectation management for medical encounters and checklists
for recommended procedures; and the development of tar-
geted non-Internet resources.

A Comparison Study Evaluating Screening Practices
Post Genetic Counseling in Individuals with Lynch
syndrome Versus Individuals with HNPCC

K.E.Orio1, S.Delany Dixon1, Z.Alikhan-Catts2,
J.R.Joines1, J.Scott1

1. University of Maryland School of Medicine
2. Christiana Care
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Lynch syndrome (LS), also known as Hereditary Non-
Polyposis Colorectal Cancer (HNPCC), is an autosomal
dominant cancer predisposition syndrome accounting for
approximately 3 to 5% of all colorectal cancer (CRC) diag-
noses. Individuals with LS/HNPCC have an increased life-
time risk to develop several types of cancer; the highest
being CRC (70 % to 85 %) and endometrial cancer (40 %
to 60 %). Therefore, it is recommended that individuals with
LS/HNPCC undergo increased cancer surveillance follow-
ing guidelines updated annually by the National Compre-
hensive Cancer Network. This study used a questionnaire
and phone interview to investigate if there was an associa-
tion between genetic test results and screening compliance
among individuals with a detectable LS mutation in com-
parison to those with a clinical diagnosis of HNPCC using
Amsterdam I or II criteria without a detectable mutation. It
was hypothesized that genetic test results, effectiveness of
screening procedures, and risk perception would all impact
compliance. Across each group it can be concluded that
patients and their physicians may benefit from education
regarding the recommended prophylactic surgery, screening
procedures and frequency. Genetic test results, however, do
appear to influence compliance as those with a positive
result are more compliant than those who have never under-
gone genetic testing or those with an indeterminate genetic
test result. Using Fishers exact test, there was a statistically
significant difference among the groups when comparing
education about endometrial cancer symptoms (p00.017),
hysterectomy uptake (p00.005), oophorectomy uptake (p0
0.005) and perceived risk to develop CRC (p00.023) and
endometrial cancer (p00.039). It was also found that more
individuals opt against prophylactic surgery in circumstan-
ces where screening for that organ has proven to be effec-
tive. This study identified and provides preliminary
evidence to some barriers to screening compliance in indi-
viduals with LS/HNPCC.

Population based Cancer Genetic Screening in Rural
and Underserved Populations in Texas

L.Robinson1, M.Farley2, M.Pritzlaff1, P.Summerour2,
S.Pirzadeh-Miller1, A.Yorcyzk1

1. University of Texas Southwestern Medical Center
2. University ofTexas Southwestern Simmons Cancer Center

Cancer genetic counseling and testing has been traditionally
offered mainly to insured individuals. In order to reach the
rural and underserved population in 6 counties in Texas, a
population based screening program was designed and

funded by Cancer Prevention Research Institute of Texas.
This multi-faceted program involves screening over 45,000
mammogram patients for Hereditary Breast and Ovarian
Cancer Syndrome (HBOC) and 400 colon and uterine can-
cer patients by immunohistochemistry (IHC) staining for the
Lynch Syndrome per year. Genetic counseling is performed
through telemedicine, in group counseling settings and in-
dividually for patients identified as high risk. All patients
with an abnormal genetic screen are assisted by a genetics
patient navigator using a computerized navigation software
build into the CancerGeneConnect program. During the first
6 months of the program we navigated 1,117 patients: 228
colon/uterine cases and 888 mammogram patients. IHC
staining was not expressed in 11 % of the population tested
and 12 Lynch syndrome patients have been detected to date
(5 %). Overall, 4 % of mammogram patients have a positive
screen based on National Comprehensive Cancer Network
criteria. Of the mammogram screening patients contacted to
date, 37 % scheduled a genetics appointment, 24 % patients
declined referral to genetics, 14 % did not meet the clinical
criteria for testing after further discussion with the navigator
and 25 % of patients were unable to be reached. 80 % of
patients with an abnormal IHC were seen by a genetic
counselor. Two mammogram screening patients were iden-
tified with HBOC to date (5 % detection). There is a higher
expected no show rate with our mammogram screening
patients (43 %) than with our typical cancer genetic patient
seen in a safety net hospital (27 %). Continued identification
of barriers to genetics services determined by our naviga-
tors, genetic counselors and data from our tracking software
will allow us to adapt our population based screening pro-
gram to be more effective.

The New Look of Lynch Syndrome: Uninformative
Genetic Testing

L.Robinson1, P.Summerour2

1.University of Texas Southwestern Medical Center
2. University of Texas Southwestern Simmons Cancer
Center

Lynch syndrome (LS) is defined by the Amsterdam criteria
as highly penetrant families with colon and other associated
cancers. However, recent implementation of universal
screening of all colorectal tumors <70y at our institution
has shown a new look to LS. During a 1 year period from 5/
1/2010–5/1/2012, IHC staining of the mismatch repair
(MMR) proteins was performed on 113 colorectal cases
and 12 cases (11 %) had abnormal results. Of the 12 cases,
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10 cases (83 %) had an IHC staining pattern and BRAF/
hypermethylation testing that would classify them as LS
according to the National Comprehensive Cancer Network
guidelines. However, in 6 cases (60 %) an identifiable
mutation was not detected; we define this as uninformative
LS and they are managed as a positive patient. In the 4 cases
in which a germline mutation was detected, they all met
either Amsterdam or Bethesda criteria. In the 6 cases de-
fined as uninformative LS, 4 cases (66 %) met Bethesda
criteria and 2 cases (33 %) did not meet any criteria. Re-
cently, commercial laboratories have advocated a direct-to-
germline (DTG) testing approach which does not utilize
tumor studies. If we had offered our 113 colorectal patients
DTG testing to patients that met Amsterdam or Bethesda
criteria we would only have found 4 patients with a germ-
line mutation (3.5 % positive rate). By utilizing tumor
testing, we were able to find 10 patients with LS (8.8 %
positive rate). DTG testing would have missed a substantial
portion of LS families. In our cohort, DTG testing would
have to have been performed on 43 cases. Using tumor
studies dramatically decreases the number of cases that need
germline testing by 72 %. Effective genetic testing for the
LS requires both tumor and germline testing and the recog-
nition by the clinician of the new uninformative LS patient.

Attitudes About Predictive MEN1 Genetic Testing in
Minors

K.R.Rock1, T.A.Rich2, Y.Han2, S.K.Peterson2,
E.G.Grubbs2, M.H.Raia3, A.K.Ying2, L.C.Strong2

1. The University of Texas Health Science Center at
Houston
2. The University of Texas M.D. Anderson Cancer Center
3. Department of Pediatrics, University of Texas Medical
School at Houston

Multiple Endocrine Neoplasia type 1 (MEN1) is an autoso-
mal dominant condition characterized by benign parathyroid
and pituitary tumors and malignant pancreatic tumors.
MEN1 is highly penetrant with a variable age of onset,
usually in early adulthood. Generally, genetics experts
advise testing in minors only when there is a clear medical
benefit during childhood, due to the potential for psychoso-
cial harm. Endocrinology experts currently recommend test-
ing for MEN1 at age 5 given rare cases reported in early
childhood; however, there are no evidence-based studies
that clearly demonstrate a medical benefit to initiating
screening at this young age. Opinions from patients with
MEN1 about testing in minors have not been examined.

Validated survey measures were adapted for MEN1 to ex-
plore attitudes about predictive MEN1 genetic testing
among mutation carriers and their spouses. General linear
mixed modeling was used to examine the relationship be-
tween attitudes scores and perceived ideal testing age with
demographics, MEN1-specific medical and family history
data, distress, knowledge, and perceived pros and cons
of testing. Fifty-eight affected participants and twenty-
two spouses/partners completed the survey. No partici-
pant saw more negative than positive general outcomes
from MEN1 genetic testing and most (87 %) felt testing
was appropriate in healthy minors. Younger age, in-
creased knowledge about MEN1, and a higher ratio of
perceived pros to cons predicted favoring younger ages
for genetic testing. Perceived medical benefits and in-
creased planning were among the most common reasons
cited for genetic testing at younger ages. Psychological
concerns were the primary focus of participants who
favored later ages of testing with the most frequent
consideration being that the child is able to understand
and participate in the testing process. This exploratory
study provides a framework for counseling patients
whose children are at risk of MEN1 by illustrating
issues that are important to parents.

Next Generation Sequencing of 14 Genes Implicated in
Hereditary Breast Cancer in the Clinical Setting

J.D.Siegfried1, A.J.Stuenkel1, R.Daringer1

1. Ambry Genetics

Analysis of 14 genes associated with moderate to high
risk for hereditary breast cancer beyond BRCA1 and
BRCA2 is now available in the clinical setting. Interpre-
tation and counseling for such testing is expected to be
complicated by variants of uncertain significance and
variable clinical utility. Questions are thus raised
concerning who should be ordering this test, appropriate
indications for testing, and how to adequately counsel
patients regarding risks, benefits and testing limitations.
An initial 40 cases were assessed to determine ordering
clinician demographics, insurance coverage, and pheno-
types of referred probands and their family members.
Results demonstrate genetic counselor involvement in
33/40 of cases (82.5 %). In cases where pre-
authorization or pre-determination was required by the
insurance company, 8/9 (88 %) were approved. Patient
age ranged from 23 to 72 (median 43). Thirty six
(90 %) probands had a personal history of breast
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cancer, with age of diagnosis ranging from 25–64 (me-
dian 39). Of cases in which BRCA1 and BRCA2 se-
quencing was reportedly performed and negative, 13/23
(56 %) also reported that BRCA1 and BRCA2 large
rearrangement analysis (BART) was performed and neg-
ative. Of the 36 probands with breast cancer, 9 (25 %)
reported bilateral disease, 14 (39 %) reported a second
(non-breast) primary cancer, 21 (58 %) had a 1st degree
relative with a history of breast cancer, and 19 (53 %)
reported 2 or more relatives with breast or ovarian
cancer. The four probands without a personal history
of cancer reported at least 3 relatives with breast cancer.
Preliminary data demonstrates genetic counselors are
involved in most cases, insurance coverage is predicted
to be favorable, and testing is ordered for families with
a significant history of breast cancer. Additional re-
search is needed to assess the most appropriate indica-
tions for testing and effective counseling models for
massive parallel sequencing of breast cancer genes be-
yond BRCA1 and BRCA2.

Pancreatic Cancer Risk Perception andWorry in Familial
High-Risk Patients Undergoing Endoscopic Ultrasound
for Surveillance

E.L.Silver1, R.Brand3, S.R.Solomon2, R.Grubs1,
M.Terry1

1. University of Pittsburgh
2. University of Pittsburgh Medical Center Shadyside
3. University of Pittsburgh Medical Center

Pancreatic cancer (PC) has a devastating 5 % 5-year
survival rate. Approximately 5–10 % of PC is due to a
hereditary predisposition. Individuals from families with
known genetic syndromes associated with increased PC
risk or those from families with familial pancreatic
cancer (FPC), defined as >2 first-degree relatives with
PC without known gene(s), are currently the only
patients whom PC surveillance is offered. Endoscopic
ultrasound (EUS), an invasive procedure that requires
sedation, is often the imaging modality used, despite no
data showing its effectiveness in extending life expec-
tancy. However, there is data suggesting EUS can detect
PC at a resectable stage or identify asymptomatic, pre-
malignant pancreatic cystic lesions in 5–20 % of
patients. Despite being counseled on the current limita-
tions of PC surveillance, in our experience, almost all
individuals elect to proceed with EUS. The goal of this
study was to assess cancer risk perception and worry

pre-and post-EUS in individuals undergoing surveillance
EUS. Using the Health Belief Model framework, 15
familial patients (FPC patients and germline mutation
carriers) undergoing surveillance EUS completed vali-
dated questionnaires about PC risk and worry pre- and
post-EUS. Data analysis showed participants felt EUS
would not prevent a future PC diagnosis; yet post-EUS
they increased their beliefs in PC early detection by
EUS. Participants expressed interest in encouraging rel-
atives to pursue surveillance only after their EUS. Ad-
ditional analysis divided the familial participants by
mutation status. FPC patients worried more about PC
than known germline carrier participants. Feelings of
control over cancer risk were higher in germline carriers
than in FPC patients. This pilot study shows surveil-
lance EUS modifies cancer worry and early detection
perceptions, particularly in familial cohorts. Germline
carriers felt more control over cancer risk than FPC
participants. With future research, the psychosocial im-
pact of EUS in this population can be better understood.

Genetic Counselors Improve Outcomes for BRCA1/2
Positive Patients

D.Wham1, C.Prochniak1

1. Aurora Health Care

Although cases have been reported in the literature of mis-
use of genetic testing by non-genetic counselors, studies
performed to date have not addressed the differential effec-
tiveness of the act of genetic counseling when it is per-
formed by genetic counselors vs. other medical
professionals. The purpose of the current study was to
identify if whether a consult with a Masters prepared genetic
counselor from an American Board of Genetic Counseling
accredited genetic counseling program led to improved out-
comes for BRCA1/2+ patients. Patients who had undergone
BRCA1/2 testing between the years of 2005 and 2010 were
identified by querying the cancer registry. Of 405 patients
who had BRCA1/2 testing, 51 patients had a positive
BRCA1/2 test result (12.5 %). Of these BRCA1/2+ patients,
41 had genetic counseling (80.3 %). Statistical analysis
revealed no significant differences in cancer site, age at
diagnosis or race between patients that saw a genetic coun-
selor and those that did not. Patients who saw a genetic
counselor were more likely to have a complete family his-
tory documented in the medical record (p00.023). Patients
who saw a genetic counselor were also more likely to be
receiving adequate ovarian cancer follow-up (either bilateral
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salpingo-oophorectomy or transvaginal ultrasound and CA-
125; p00.035). Although not significant, patients who saw a
genetic counselor were more likely to be receiving adequate
breast cancer follow-up (either bilateral mastectomy or
mammogram and MRI surveillance; p00.053). Further-
more, a conversation regarding duty to warn relatives, in-
cluding an explanation of inheritance patterns, was more
often documented when a genetic counselor was involved
in patient care (p00.004). These results suggest that genetic
counseling significantly improves follow up care recom-
mendations for both the individual patient and the whole
family affected by a BRCA1/2 mutation.

Counseling/Psychosocial Issues

Adoption and Family History

K.A.Calcagno1, S.O’Neill2, G.Steffen3, D.Corman4

1. Northwestern University
2. Northwestern University Feinberg School of Medicine
3. Northwestern Medical Faculty Foundation
4. Private law practice

Adopted individuals in the United States have historically had
limited knowledge of their family medical history. Family his-
tory assessment is an important aspect of genetic counseling that
has the potential to affect genetic testing, diagnosis, and man-
agement recommendations. This study surveyed private, domes-
tic adoption agencies in six Midwest states in order to elucidate
the type and extent of family history information currently
collected during infant adoptions, as well as how this informa-
tion is collected from biological families, communicated to
adopting families, and stored by adoption agencies. Of 171
agencies contacted, 64 responded, for an overall response rate
of 37.4 %. All respondents obtained medical family history
information from biological parents when available. Most
respondents (87.5 %) reported that a social worker was respon-
sible for obtaining this information. Paper questionnaires were
given to biological familymembers by twenty-eight respondents
(44 %) to obtain family medical history, although 24 of these
also involved a professional. All agencies surveyed reported that
medical family history information is stored by their agency, in
paper or electronic format or both, and the majority reported that
family history information is stored indefinitely. Additionally,
95 % of adoption agencies reported that adopting families are
able to receive all available medical family history information,
with 70 % reporting that this information is communicated to
adopting families in written form and 67.2 % of agencies
reporting this information prior to placement of the child with

the adopting family. Greater than 90 % of adoption agencies
reported collecting medical information on cancer, birth defects,
mental retardation, mental illness, and known genetic conditions
from first- and second-degree relatives. Medical family history
information obtained by adoption agencies can potentially ben-
efit adopted individuals undergoing genetic counseling. Actual
availability may be underestimated because of the common
belief that adopted individuals have limited or no access to
information regarding their biological family history.

Autism Spectrum Disorder in Multiplex Families: A
Qualitative Study of Diagnostic Experiences and
Parental Perceptions

I.Chilton1, B.Rosen-Sheidley1

1. Brandeis University

Autism spectrum disorders (ASDs) are among the most com-
monly diagnosed neurodevelopmental disorders with an inci-
dence of approximately 1 in 110 individuals, and are
characterized by impairments in communication, reciprocal
social interaction, and stereotyped patterns of behavior. For
parents, receiving an ASD diagnosis in a child can be a
distressing experience that significantly affects coping and
adaptation. Recent studies have demonstrated that the recur-
rence risk for siblings may be a high as 25 %, suggesting that
multiplex families may be much more common than original-
ly believed. To date, there is limited research focused on
multiplex families, and in particular there has been no explo-
ration of the emotional impact of receiving an ASD diagnosis
in more than one child. The aim of this study was to investi-
gate the diagnostic and lifestyle experiences of multiplex ASD
families. To this end, we conducted qualitative interviews with
seven parents. The parents we interviewed reported feelings of
confusion leading up to and during receipt of an ASD diag-
nosis as well as cyclic re-emergence of worry and grief fol-
lowing a diagnosis. Although they were familiar with ASDs,
they still did not feel prepared when faced with the possibility
of a second ASD diagnosis. Additionally, parents did not feel
that medical professionals took their concerns about their
second or third child seriously, despite the fact that one or
more children in the family had already been diagnosed.
Finally, parents of multiplex families reported that having
more than one child with an ASD creates additive emotional
and lifestyle challenges that are accompanied by increased
feelings of isolation and stress due to a “laser-beam” focus
on autism. Medical professionals should possess a heightened
awareness for ASD sibling recurrence and remain mindful of
the unique emotions experienced by multiplex families.
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Huntington Disease Living Positive Group: Expanding
Services for Gene Positive and At Risk Individuals

K.J.Delp1

1. Spectrum Health Genetics

Individuals who test positive through Pre-Symptomatic
Testing Programs for Huntington Disease (HD) and those
living-at-risk often feel isolation and uncertainty about their
future. Traditional HD Support Groups often are inadequate
to address the immediate needs of these individuals who are
coping with the challenge of deciding about whether to be
tested or how to live in relationships at work and in their
personal lives after testing positive. These individuals often
are not showing any clinical symptoms. In 2011 an HD
Living Positive Group was started in Grand Rapids Michi-
gan to meet this need for those who test positive and/or are
living-at-risk. The Huntington Disease Society of America
Michigan Chapter provides financial support for a monthly
group that meets at a private psychotherapy practice loca-
tion. A brochure was developed to include the topics for
discussion. The facilitator is a clinical social worker and a
certified genetic counselor. A total of 18 individuals have
attended one or more groups. Structure for the meetings
includes a talking stick for introductions and for closing.
Confidentiality is discussed to provide a trusting environ-
ment for everyone to share their personal concerns. Current
newsletters and other educational materials are provided.
Some of the topics discussed include how to “live positive”
following test results, how to prolong the onset of
symptoms, the benefits of meditation and exercise, the
use of alternative therapies, the challenge of losing the
independence of driving, who to tell and how to tell of
test results, how to prepare young children and adoles-
cents for HD in their lives, the difference between
unawareness and denial,how to navigate the dual roles
of being gene positive and a caregiver, how to support
one another, and how to deal with the secrecy and
stigma of HD. Recommendations for initiating other
similar groups will be offered.

Patient Decisions for Disclosure of Secondary Findings
Identified from Clinical Diagnostic Exome Sequencing

K.D.F.Gonzalez1, M.Parra1, A.Stuenkel1, E.Chao1

1. Ambry Genetics

Clinical diagnostic exome sequencing has rapidly made its
way from research to the clinical setting. While exome
sequencing has been instrumental in successfully providing

a molecular diagnosis for families who had previously been
unsuccessful in their pursuit of a diagnosis, the disclosure of
secondary findings has become an evident concern for
clinicians and their patients. Ambry Genetics provides a
patient consent form to allow patients to choose whether
to blind or reveal secondary findings among the following
categories; i. recessive disease carrier status, ii. adult-onset
disease, iii. predisposition to cancer, and iv. childhood-onset
disease. Based upon the genetics fields standard policies
regarding testing of minors, categories I, ii, and iii are
automatically blinded in children under the age of 18 years.
Among the first 50 cases to arrive to the laboratory, 94 % of
patients (47/50) have opted to receive information on all
available categories. Only three patients have opted for
blinding of results, consisting of two patients <18 years
and one adult who chose for blinding of the childhood-
onset category only. These results indicate that the majority
of patients desire to view his/her genetic health information
and may shape genetic counseling for patients undergoing
clinical exome sequencing.

Every Picture Tells a Story: Effects of Photographic
Images on Genetic Counseling and Medical Students
Perceptions of Genetic Conditions

J.Holle1, P.McCarthy Veach1, I.M.MacFarlane1, B.S.
LeRoy1

1. University of Minnesota

When healthcare providers discuss genetic conditions with
patients and families, they often rely on clinical photographs
from medical textbooks. Limited research suggests photo-
graphs both positively and negatively affect patients views
of genetic conditions, and their subsequent decision making
processes. To date, no published studies have examined the
effects of photographs on health care providers perceptions
of genetic conditions. In this study, 181 genetic counseling
students and medical students completed an online survey
assessing their perceptions of severity, burden, and repro-
ductive options associated with Marfan syndrome and
Prader-Willi syndrome. Respondents were randomly
assigned to one of three experimental groups, varying by
photograph type: clinical photographs of a child with each
syndrome, everyday photographs of a child with each syn-
drome (source: POSITIVE EXPOSURE), and no photo-
graphs. Respondents in every group received a written
description of each syndrome. Each syndrome was random-
ly presented on surveys. Survey items included demograph-
ic questions and questions assessing perceptions of quality
of life, severity, reproductive options, and perceived family
burden. Two open-ended items assessed initial reactions to
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the photographs for students who viewed them. Multivariate
analyses revealed significantly higher ratings of quality life
for individuals with Prader-Willi syndrome by respondents
in the everyday photograph groups than by respondents in
the clinical photograph group or the no photos group, F(2,
172)05.64, p0 .004. Furthermore, for Prader-Willi syn-
drome, genetic counseling students endorsed significantly
greater effects on parents reproductive decisions F(2, 172)0
16.44, p< .001, and significantly less challenging aspects
(severity, burden) than did medical students, F(2, 172)0
7.32, p0 .008. Content analysis of responses to open ended
items indicate students viewing the everyday photographs
perceived them as more respectful to the patient, less medical,
and overall more appealing than students viewing the clinical
photographs. Additional findings are reported, and practice
implications and research recommendations are provided.

Coping Mechanisms in Fathers of Children with
Mucopolysaccharidoses

J.Jesiolowski1, B.Wedehase2, A.Fisher3, N.P.Callanan1

1. University of North Carolina at Greensboro
2. National MPS Society
3. Shire Human Genetic Therapies

While several research endeavors have revolved around the
coping mechanisms of parents of chronically ill children,
parents of terminally ill children have not been the focus of
many studies. Specifically, no studies to date have explored
coping mechanisms in fathers of children with mucopoly-
saccharidoses (MPS). The goal of this study was to use the
Coping Health Inventory for Parents (CHIP) survey to as-
sess coping styles in these men. Fathers who are members of
the National MPS Society were asked to complete an anon-
ymous online survey comprised of the CHIP and demo-
graphic questions. A total of 84 fathers completed the
survey. Based on data obtained from the National MPS
Society, this represents a conservative response rate of
37 %. All participants indicated that they had one or more
child(ren) with MPS or a related MPS disorder, either living
or deceased. Regardless of any demographic variable or
type of MPS the child had, the majority of respondents
scored highest on coping subscale II from the CHIP survey.
This subscale is defined as maintaining social support, self-
esteem, and psychological stability. Descriptive statistics
suggests that fathers also rely heavily on their spouse for
support, as well as investing themselves in their children. It
appears that having a stable family unit is crucial for posi-
tive coping. The results also suggest a lack of support from
other fathers of children with MPS. Common themes that
emerged from the qualitative responses included having an

optimistic outlook on life and living in the moment. Overall,
fathers appear to be coping by preserving their personal
well-being and relying on social support. This study pro-
vides guidance for health care providers, genetic counselors,
and support persons working with these and other families
with children with chronic genetic disorders.

A Descriptive Study on the Effect of Carrier Status on
Mothers Adaptation to Duchenne and Becker Muscular
Dystrophy

C.Khudai1, M.E.Walker2, K.Kinnett3, X.Zhang2, J.Collins2,
H.Peay4

1. University of Cincinnati
2. Cincinnati Children’s Hospital Medical Center
3. Parent Project Muscular Dystrophy
4. National Human Genome Research Institute, National
Institutes of Health

Duchenne and Becker muscular dystrophy (DBMD) are
progressive and debilitating neuromuscular disorders caused
by X-linked recessive mutations in the dystrophin gene.
DMD presents in childhood and limits life to the second or
third decade. BMD, a relatively milder form, presents in
childhood, persisting to adulthood. Although improvements
in the care of patients with DBMD have enhanced patients
quality and duration of life, there has been no effect on long-
term prognosis. Little is known of the psychological mor-
bidity associated with DBMD on families and patients. Birth
mothers of children with DBMD, who are themselves car-
riers of DBMD, may have increased psychological burden.
The purpose of this analysis was to describe differences in
adaptation and wellbeing between mothers who were car-
riers and those who were not carriers of DBMD. Data was
collected from mothers with biological children with
DBMD using a mixed-methods web-based survey. The Psy-
chological Adaptation to Illness Scale and various
investigator-developed questions were used. One hundred
sixteen participants were enrolled in the study. Fifty-one
(44 %) were carriers of a DMD gene mutation, 47 (40 %)
were not carriers, and 18 (16 %) did not know their carrier
status. The mean adaptation score was 3.68 (SD00.9) for
carriers and 3.25 (SD00.9) for non-carriers. Carriers
showed better adaptation than non-carriers (pooled t-test,
p00.02). An open-ended question completed by the carriers
revealed various positive and negative effects of being a
carrier. The data suggest that, in this population, being a
carrier for DBMD may have a positive effect on a mothers
adaptation to her childs diagnosis. Further research into this
effect may help improve genetic counseling practice for
families affected with DBMD.

928 Heald, Melvin and Madeo



Genetic Counselors’ Views of Consanguineous Couples

R.E.Kiely1, K.Spitzer Kim1, C.Tsikerdanos2

1. Arcadia University
2. Med Star Health

Genetic counselors views on diverse topics may influence the
services they provide to different patients. Sometimes these
views are subconscious biases that the counselors are unaware
that they hold. To our knowledge, no study has directly looked
at genetic counselors views of consanguineous couples. This
study aimed to reveal genetic counselors views of consan-
guineous couples in order to identify strategies to improve
counseling techniques and to increase awareness of uncon-
scious biases that may appear in the genetic counseling ses-
sion, thus improving patient care. This qualitative study
included nine subjects who participated in semi-structured
interviews lasting approximately 10 to 20 min each. Subjects
were recruited via e-mail using the National Society of Ge-
netic Counselors’ (NSGC) listserv and by e-mailing the pre-
natal special interest group’s) listserv. Subjects were also
recruited by distributing flyers at the NSGC’s Annual Educa-
tion Conference held in October of 2011. Interviews were
audio-recorded, transcribed, and common themes were iden-
tified. During the study, six themes were identified including:
frequently counseling consanguineous couples makes a coun-
selor more open to consanguinity; incest is not acceptable;
normalizing prevents stigma: genetic counselors act according
to their training when counseling patients rather than accord-
ing to their personal belief systems; the stigma a couple feels
can be culturally derived; and seeing bad outcomes with
consanguinity leads to having a negative opinion of consan-
guinity. Based upon these themes five recommendations for
practice were developed. These recommendations are as fol-
lows: recognize your own biases; know when to recognize
incest; normalize a couples experience; maintain non-
directiveness in counseling; and administer self-care as need-
ed. A future quantitative study examining the relevance of the
themes identified in this study with a larger and more diverse
group of genetic counselors might be beneficial to further
analyze the topic and the relevance of themes identified in
this study.

Disability Awareness Training and Implications for Current
Practice: A Survey of Genetic Counselors

L.A.Kline1, B.G.Skotko2, C.Haun3, B.R.Sheidley1

1. Brandeis University
2. Children’s Hospital Boston
3. Kaiser Permanente

Last yearMadeo and colleagues challenged the genetic counsel-
ing profession by calling attention to tensions between the
profession and the disability community. This inspired renewed
debate about whether the genetic counseling profession is com-
mitted to understanding the perspective of people with disabil-
ities, to partnering with disability rights organizations, and to
educating students regarding disability awareness. The aim of
this study was to assess the extent to which recently trained
genetic counselors have had disability awareness experiences,
including experiences before, during and after their training.We
also sought to assess respondents perception of the adequacy of
their training with respect to disability awareness and their
comfort levels in discussing disability in clinic. We recruited
genetic counselors who graduated between 2007 and 2011 to
complete an anonymous, online survey. Of 107 respondents,
36 % reported that they had experience working with individ-
uals with disability prior to graduate school. Only 14 % of
respondents reported direct interaction with people who have
disabilities during their training, aside from time spent in clinical
internships. Only 26 % felt highly adequate in their preparation
to counsel patients about disability immediately after gradua-
tion, and in their current jobs, 41 % of counselors replied that
they sometimes felt conflicted in their discussions about dis-
ability. However, 54 % reported continued direct interaction
with people who have disabilities after graduating from their
programs, aside from their jobs. Genetic counselors who had
direct interaction with individuals who have disabilities before,
during, or after training felt higher levels of comfort in discus-
sing disability in clinic. This may reflect that genetic counselors
are becoming increasingly aware of the benefit of continued
interaction with the disability community. Finally, participants
suggested that the genetic counseling profession should consid-
er changing genetic counseling program requirements to in-
clude education in disability awareness and offer more
opportunities for CEUs to promote disability awareness.

ATheory-based Decision Tree for Determining Psychosocial
Goals for Genetic Counseling Sessions

T.Magyari1

1. Johns Hopkins University/National Human Genome Re-
search Institute Genetic Counseling Training Program

Genetic counseling sessions are often replete with psychosocial
issues and yet time for addressing them is limited; thus, deter-
mining appropriate goals for the session and prioritizing them
in a timely manner are essential to ultimately addressing those
goals. A three-level theory-based decision tree was designed to
efficiently, accurately, and systematically aid genetic counselors
in determining their highest priority psychosocial goal. It
guides counselors through a series of decisions that have no
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more than four options at each juncture; some branches involve
only a yes/no response. The decision tree is flexible enough to
be used in all genetic counseling sub-specialties (prenatal,
pediatrics, cancer, etc.) and is equally useful for new or
follow-up patient sessions. The decision tree begins with an
assessment of the major psychosocial process the patient(s) is
in: grief, adaptation, or decision-making. The second level
assessment is to identify what stage the patient(s) is in the
process. This assessment is based on Worden’s Four Tasks of
Mourning (Grief), Rolland’s Family Systems Three Stages of
Adaptation to Disability/Illness (Adaptation), and Kesslers’
Three Stages of Non-directive Decision Making (Decision-
Making). The third level is to determine if the patient(s) are in
a normally unfolding (adaptive) process, or a process that has
become derailed (maladaptive). Levels two and three rely on
the genetic counselors theoretical knowledge and clinical skills
for determining the decision-path; however, guiding prompts
are included. For patients deemed to be firmly in a maladaptive
process, the priority psychosocial goal is referral to mental
health services since these patients require more time and
expertise than can normally be given within the confines of
genetic counseling setting. For those in a normally unfolding
process, the third level determines the psychosocial goal of
facilitating the stage-specific grief, adaptation, or decision-
making process as the priority goal. Case examples from each
sub-category will be included.

Male Attitudes on Forming and Maintaining
Romantic Relationships with Women Who Have
BRCA1/2 Mutations

C.Mauer1, S.Spencer2, J.Dungan3, K.Hurley4,5

1. The Center for Genetic Medicine: Genetic Counseling
Masters Program, Northwestern University
2. Department of Obstetrics and Gynecology, Northwestern
Memorial Hospital/Prentice Women’s Hospital
3. Department of Obstetrics and Gynecology, Northwestern
University Feinberg School of Medicine
4. Private Practice, NY
5., Department of Psychiatry and Behavioral Sciences, Me-
morial Sloan-Kettering Cancer Center

Female BRCA1/2 mutation carriers have increased risk toward
developing breast and ovarian cancer. As women learn they
have a BRCA1/2 mutation, they are inundated with decisions
about increased screening, preventative surgeries, and childbear-
ing considerations. These decisions becomemore difficult when
a woman faces the idea of disclosing her mutation and risk-
reduction options to a potential/current romantic partner. Our
study explores the concerns and opinions of male romantic
partners regarding mutation disclosure, prophylactic surgeries,

and childbearing. A link to a quantitative survey was posted on
the message boards of cancer support groups Bright Pink,
Facing Our Risk of Cancer Empowered, and Young Survival
Coalition. BRCA1/2 positive women on these message boards
were asked to forward the survey link to their current partner.
Twenty-five participants completed the survey in full. Partici-
pants expressed concerns about issues surrounding mutation
disclosure and their partners’ surgical options. After disclosure,
participants (n025) felt relationship changes regarding intimacy
levels (36.0 %), attraction (8.0 %), and communication aspects
(88.0 %). Participants whose partners had not undergone pro-
phylactic mastectomy (n012) had more concerns regarding
sexual relations with their partner (41.7 %), her post-surgical
appearance (16.6 %), post-surgical attraction to her (41.7 %),
and her health/lifespan (75 %). Eighty percent of participants
who desired their partner to undergo breast reconstruction after
prophylactic mastectomywere married. Despite the potential for
offspring to inherit the BRCA1/2 mutation, participants did not
express significant attitude changes toward childbearing. While
mutation status disclosure conversations and surgical decisions
are concerns for many BRCA1/2 mutation carriers when think-
ing about relationships, it is important for women to know that
male partners share these concerns. Aspects of the relationship
may change, but male study participants expressed seeing be-
yond the mutation and supporting their partners. This informa-
tion is beneficial for female BRCA1/2 mutation carriers, their
current or future partners, and health care providers.

Discussing the Psychiatric Manifestations of 22q11.2
Deletion Syndrome: An Exploration of Clinical Practice
Among Medical Geneticists

E.M.Morris1, A.Inglis1, J.M.Friedman3, J.C.Austin1

1. University of British Columbia
2. University of British Columbia Faculty of Medicine

22q11.2 deletion syndrome (22qDS) has many features, in-
cluding a 30 % risk for psychiatric disorders. A study with
parents of individuals with 22qDS showed that compared to
the other features of the syndrome, psychiatric manifestations
were the most worrisome but were rarely mentioned by health-
care professionals- families found out about these issues via the
Internet. Given that medical geneticists (MGs) often diagnose
22qDS, we set out to study this group to test the hypotheses
that: 1) Psychiatric disorders are discussed less often than other
features of 22qDS, 2) Psychiatric disorders are discussed more
often with families when the patient is ≥13 years old, and 3)
MGs who discussed psychiatric disorders the least have higher
levels of stigma. We surveyed MGs in the United States and
Canada regarding the frequency with which they discuss var-
ious features of 22qDS with families in the context for four

930 Heald, Melvin and Madeo



clinical scenarios (in which the age of the patient at diagnosis
differed). MGs also completed a validated psychometric mea-
sure of stigma towards psychiatric disorders. T tests and a
significance threshold of p<0.01 were used. Between October
2011 and February 2012, 308/546 MGs completed the survey
(56 % response rate). All hypotheses were supported: overall,
psychiatric disorders were discussed significantly less often
than other features of 22qDS, (p0<.0001); but were discussed
significantly more often when the affected individual was
≥13 years old (p0<.0001); and, MGs who discussed psychi-
atric disorders the least had significantly higher levels of stig-
ma towards psychiatric disorders (p0 .006). Psychiatric
disorders were discussed less often when the patient was
younger, but this is when most individuals are diagnosed, so
follow-up visits to address psychiatric concerns are critical.
Implementation of interventions to reduce stigma may warrant
exploration in this population, as this may be a barrier imped-
ing discussion of psychiatric risks.

Understanding the Beliefs of Ashkenazi jewish Individuals
Regarding Cancer Genetic Counseling Services

R.S.Pearlman1, M.L.Marshall2, S.R.Solomon1, S.M.Gollin1,
J.Trauth1, A.Hertz3, E.A.Gettig1

1. University of Pittsburgh
2. West Penn Allegheny Health System
3. Rodef Shalom Congregation

Individuals of Ashkenazi Jewish (AJ) ancestry have an a priori
risk of 1 in 40 to carry a BRCA1/2 gene mutation. Several
published studies have focused on the beliefs of AJ individuals
regarding genetic testing for Hereditary Breast and Ovarian
Cancer Syndrome (HBOC); however, studies focusing specif-
ically on genetic counseling are limited. We designed a pilot
study to document common beliefs about cancer genetics
services (CGS) and to identify the preferred methods of com-
munication regarding cancer risks and inherited cancer predis-
positions. Participants were recruited on a voluntary basis from
the Jewish community of Pittsburgh, PA to participate in an
informal information session about HBOC. Eight out of 25
participants (32 %) completed pre- and post-information ses-
sion surveys, which were analyzed using a qualitative descrip-
tive method in order to identify differences in perceptions
about cancer genetics and genetic counseling services, as well
as changes in genetic knowledge. Findings revealed that
68.75 % of participants felt that lack of genetic information
prevented them from participating in CGS. However, 77 %
answered the knowledge based questions correctly on the pre-
survey (increased to 94 % post-information session), implying
that an alternative underlying barrier must be present. The
majority (75 %) of participants reported that they prefer a

healthcare provider be the main source of information and
communication about cancer risk, genetic information, and
referrals for genetic services; however, 56.25 % reported that
their physicians or healthcare providers were not aware of their
AJ ancestry. The results of this study encourage the idea that a
preferred service delivery model for AJ population-specific
genetic counseling might include informal group information
sessions at synagogues or Jewish community centers to pro-
vide a basic cancer genetics education, thus allowing tradition-
al genetic counseling to focus on personalized risk assessment,
benefits and limitations of testing, and potential psychosocial
issues that are unique to each individual or family.

Is Worry Associated with Screening for Colon and
Breast Cancers?

J.Quillin1, M.Gyure1, V.Rodriguez1, J.Borzelleca, Jr.1,
D.Bowen2, A.Krist1, J.Bodurtha3

1. Virginia Commonwealth University
2. Boston University
3. Johns Hopkins University

Addressing worry is integral to genetic counseling. Genetic
counselors also encourage cancer prevention. Understanding
the relationship between worry and screening could inform
counseling. Limitations of past studies include using only one
measure of cancer worry and/or lacking racial diversity. We
investigated breast/colon cancer worry and screening using
multiple worry measures in a racially diverse sample. We
performed cross-sectional data analyses of womens health
patients in the Kin Fact Study (R01 CA140959). Participants
completed published worry measures (the Cancer Worry Scale
and CancerWorry Chart), adapted for colon and breast cancers.
Behavioral Risk Factor Surveillance System items assessed
reported cancer screening. Associations between worry and
screening were investigated in regression models controlling
for race.We also explored family history and age effects. Of the
490 participants, most were Black (59 %) and under 50 years
old (87 %). Family history of breast or colon cancer was
reported from 29 % and 14 %, respectively. Previous mammo-
gram was reported by 34 %, and 26 % reported prior colon
cancer screening. Controlling for race, colon cancer screening
was associated with the worry scale (OR02.8, p00.001) and
chart (OR04.2, p<0.001). The effect was non-significant when
also controlling for family history and age, however. No asso-
ciations with worry andmammography were identified. Cancer
worry, independent of race, appears to be associated with colon
cancer screening, but not mammography. The associations
could be confounded by family history and age, and/or our
analyses may be underpowered. A larger prospective study
could address statistical power and help determine direction
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of causality - does having to be screened heighten worry, or
does worry motivate screening? We found general agreement
between measures of cancer worry. These rapid worry assess-
ments could easily be incorporated into genetic counseling
practice. Our results may help guide psychosocial assessment
during genetic counseling for cancer.

Clearing the Air: An Investigation of Genetic Counselors’
Experiences with Patient Anger

L.Schema1,2, P.McCarthy Veach1, J.Greenberg3,
B.S.LeRoy1

1. University of Minnesota
2. Marshfield Clinic
3. University of Minnesota Medical Center, Fairview

Patient anger is challenging for healthcare professionals, par-
ticularly when they are the target of this complex emotion. Yet,
literature investigating patient anger in genetic counseling is
virtually non-existent. This study comprises the first in-depth
investigation of genetic counselors experiences with patient
anger directed at the counselor. We surveyed practicing genetic
counselors (n0302) and conducted follow-up phone interviews
with 22 respondents to explore five major research questions:
(1) What is the prevalence and nature of patient anger directed
at the genetic counselor? (2) What triggers provoke this type of
patient anger? (3) How do patients express their anger towards
the counselor? (4) How do genetic counselors manage patient
anger effectively and ineffectively? and (5) What should genet-
ic counseling students and new counselors know about patient
anger? Interview participants were selected to include a range
of years of genetic counseling experience and practice special-
ties. Analysis of usable survey data (n0254) revealed a vast
majority (95.7 %) of respondents experienced patient anger
directed at them, and 19.4 % experienced situations in which
they feared for their safety. Common triggers included receipt
of unfavorable test results, perceptions of the counselor as
insensitive, condescending, or too directive, and clinic logistics
(e.g., lengthywait times, receipt of test results by phone). Anger
ranged from direct or threatening expression to indirect,
passive-aggressive expression and often was expressed by
individuals accompanying the proband, especially males. In-
ductive analysis of interview data yielded numerous themes
mirroring those in the literature from other healthcare fields. For
instance, unaddressed patient anger affects patient and counse-
lor emotional well-being and hinders the goals of genetic
counseling. Strategies counselors considered effective included
understanding the origins of patient anger, empathic processing
of patient emotions, and debriefing with colleagues afterwards.
Additional themes are reported along with training and practice
implications and research recommendations.

Assessing and Addressing Family Member Attitudes and
Perceptions of Acute Necrotizing Encephalopathy

R.J.Sisson1, L.J.Martin2, C.Prows2, C.G.Spaeth2, D.Neilson2

1. University of Cincinnati
2. Cincinnati Children’s Hospital Medical Center

Acute necrotizing encephalopathy (ANE) is a rare neurological
disease requiring an infectious trigger that affects otherwise
healthy children. Outcomes of ANE episodes range from full
recovery to death. Patients are spread throughout the world, so
there is little opportunity for families to communicate, and little
information about ANE is publicly available. The goal of this
study is to document the need for an ANE support network.
Questions were designed to assess what resources ANE fami-
lies want and need from a support network, quantify worry and
assess behavior change in response to ANE. Participants were
relatives of patients previously enrolled in a Genetics of ANE
study. An investigator developed, online questionnaire was sent
to physicians of ANE patients and forwarded to families. We
received 25 completed questionnaires out of 86 eligible fami-
lies. Overall, 92 % of participants reported interest in an online
support network. Participants ranked interest in information
about ANE and ANE research more highly than communica-
tion and emotional support. Most participants reported that they
would use the network at least monthly (75.00 %). Worry was
ranked on a scale of 1–10 with 10 being the highest level of
worry. Most participants reported high levels of worry for their
children and other family members. Worry was ranked signif-
icantly higher after an ANE episode. Participants were most
worried about ANE during the winter/flu season (median 09
(5.5–10)) andwhen amember of their family has a cold or fever
(median 010 (8.25–10)). Families reported that they have
changed their lives and plans for the future after experiencing
an ANE episode (median010 (8–10) and 9.5 (5.5–10)). The
results of this study support the development of an ANE
support network to address the informational needs of families.
This network could also serve as a source of support for
families impacted by this diagnosis.

Potential Co-occurrence of Amyotrophic Lateral Sclerosis
and Huntington Disease: A Family’s Burden of
Knowledge and a Genetic Counseling Challenge

A.L .Smi th1 , W.R.Uhlmann1 , J .Harr ing ton1 ,
B.C.Callaghan1, J.Teener1

1. University of Michigan

Amyotrophic Lateral Sclerosis (ALS) and Huntington disease
(HD) are generally thought to be distinct and easily clinically
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differentiated neurologic conditions. However, the co-
occurrence of ALS and genetically defined HD has been ob-
served in four published case reports, suggesting that HD can
present with features of ALS with or without features of HD.
We present a 57 year old male with a clinical diagnosis of
sporadic ALS in the context of a maternal history of HD
(mother symptomatic around age 30). He presented with upper
extremity weakness and diffuse fasciculations at age 54 and
was diagnosed with ALS based upon his clinical history, neu-
rologic examination, and electrodiagnostic testing. No symp-
toms of HDwere observed. The patient and his family assumed
he was not at risk for HD because he remained healthy past the
familial age of onset. When presented with the possibility of an
underlying diagnosis of HD based upon the aforementioned
case reports and the disparate intrafamilial age of onset of HD,
the family was understandably distraught given the implica-
tions for their children. The patient was nonverbal but retained
guardianship over medical decision-making. Additional chal-
lenges included difficulty in risk assessment, counseling during
a time of medical crisis, and reversing the idea that the patient
was in the clear. The choice was made by the family not to have
HD genetic testing but to bankDNA for potential future testing.
This case has implications for genetic counseling, as it illus-
trates the struggle to cope with the potential diagnosis of more
than one condition, a situation that will be observedwith greater
frequency given advances in genomic testing. It also highlights
the usefulness of DNA banking to reserve the right of the
patient the choice not to know,while preserving the opportunity
for future generations to know.

Perinatal Loss Manifested Through the Lens of the
Extended Family Unit

M.Steeves1, L.Mandel1, D.Obler1, J.Tsipis1

1. Brandeis University

Perinatal loss secondary to a genetic disorder is a complex,
multidimensional experience, often felt across the extended
family unit, including parents, relatives, friends, and clini-
cians. Most literature on perinatal loss centers on parents,
employing quantitative analytical methods. This highly
structured perspective is limited, leaving many interpersonal
and psychosocial questions unanswered. We used the qual-
itative methodology of narrative analysis to explore how
perinatal loss and the grieving process are manifested and
reported by different members of one extended family unit.
It explored if and how grieving of the extended family unit
impacted narrative, future experiences, and decisions of one
set of parents. This approach facilitated expansion upon the
personal experiences that drive the narrative course. The
goal of this endeavor was to explore and highlight the

complexities of grief following perinatal loss such that fu-
ture genetic counselors and clinicians can more fully appre-
ciate the scope of extended family grief and provide optimal
care. This study addressed the grief process of three cohorts
parents, friends, and clinicians surrounding the death of twin
infants to spinal muscular atrophy. We identified recurring
themes, four of which emerged across all cohorts: reacting
to diagnosis, coping with loss, finding community, and
preparing for future pregnancy. Notably, all parties were
affected by the experience with the loss. Disenfranchised
grief was evident across the medical and social community
even years after the loss took place. All parties expressed
shock at the diagnosis with specific patterns of adaptation to
the shock. All groups reported seeking information in
cohort-specific patterns, and all cohorts reported behavioral
changes in response to the grieving process. The results of
this narrative analysis suggest that cross-disciplinary appre-
ciation of the ways in which perinatal loss manifests across
the extended family unit may strengthen clinicians delivery
of comprehensive, empathic care to families facing perinatal
loss.

There’s a Whole Different Way of Working with
Adolescents: Interviews with Australian Genetic Counselors
about Their Experiences with Adolescent Clients

C.A.K.Tse1, J.Wallace1, R.E.Duncan1, M.Sahhar1

1. Murdoch’s Children Research Institute

Adolescence is a developmental period marked by unique
physical, psychological, cognitive, emotional, and social
changes. As a result, adolescents have specific developmen-
tal needs that differ from those of children and adults. The
presence of a health condition at a time when adolescents
are undergoing substantial life changes can make the period
of adolescence even more complex. This poses a number of
challenges for health professionals who work with young
people in a clinical setting. Because of the familial nature of
genetic information, genetic professionals regularly work
with adolescent clients. However, although various training
programs, guidelines and recommendations are available to
health professionals in other fields who work with adoles-
cents, there are no such resources tailored specifically for
genetic counsellors about best practice with adolescent cli-
ents. The current study was designed to explore the experi-
ences of genetic counselors with adolescent clients to
determine whether challenges exist, and if further training
and support is needed. The study used a qualitative research
approach to explore the lived professional experiences of
genetic counselors in Victoria who have worked with ado-
lescents. Semi-structured interviews were conducted with
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eleven genetic counselors, from which eight key themes
emerged. These themes were: 1) differing perceptions of
adolescent clients; (2) common characteristics of adoles-
cence; (3) the added complexity of a genetic condition; (4)
genetic counselling strategies with adolescents; (5) confi-
dentiality; (6) parental involvement and presence in ses-
sions; (7) benefits of working with adolescents; and (8)
professional development. Given the lack of existing re-
search documenting genetic counselors experiences and
challenges with adolescent clients, these findings hold im-
portant implications for clinical practice, future training
programs and guidelines within the genetic counseling field.

Exploring the Nature of Empathy in Genetic Counseling:
Components, Functions, and Counselor Behaviors

E.Vanden Langenberg1 , P.McCarthy Veach1 ,
M.McLaughlin1, B.S.LeRoy1

1. University of Minnesota

Empathy is considered fundamental to genetic counseling,
but empirical data regarding genetic counselor empathy are
lacking. In this descriptive study, 79 genetic counselors,
recruited through the National Society of Genetic Counse-
lors, completed an online survey. They provided written
definitions of empathy, responded to demographic ques-
tions, and indicated their willingness to participate in a
follow-up interview. Sixteen of these respondents were se-
lected to interview. Additionally, genetic counselor program
training directors nominated genetic counseling supervisors
they perceived as focusing on empathy development with
students. Eleven of their nominees were selected to inter-
view. The sample of 27 individuals participated in a semi-
structured, recorded phone interview investigating two ma-
jor research questions: (1) How do genetic counselors use
empathy in genetic counseling sessions? and (2) How is the
use of empathy in genetic counseling taught/learned? Con-
tent analysis of survey respondents written definitions
yielded themes consistent with Barrett-Lennards (1981)
widely accepted, 3-component empathy model: (1) ability
to understand another persons experience; (2) communicat-
ing that understanding; and (3) the other persons perception
of being understood. The research team, using modified
Consensual Qualitative Research methods to analyze inter-
view transcripts, extracted four themes: (1) Understanding
and use of empathy is an evolving process for genetic coun-
selors, (2) Empathy expression involves the use ofmicroskills,
(3) Methods that genetic counselors believed enhanced their
learning of empathy were consistent with supervisors reported
teaching methods, and (4) With increased professional expe-
rience, genetic counselors and supervisors value empathy

more and incorporate it to a greater extent in genetic counsel-
ing sessions. There were no major thematic differences be-
tween genetic counselors and supervisors. Goals and
functions of empathy in genetic counseling, behaviors used
to communicate empathy, and methods for teaching/learning
empathy are described. Additional findings, practice implica-
tions and research recommendations are presented.

Genetic Counseling for Incomplete Penetrance Mutations
in Retinoblastoma

S.E.Walther1, C.L.Shields2, A.Ganguly3

1. Genetic Diagnostic Laboratory, University of
Pennsylvania
2. Oncology Service, Wills Eye Institute
3. Department of Genetics, University of Pennsylvania

Retinoblastoma (Rb) presents in two forms: familial and
sporadic. In the familial form, a germline inactivating RB1
mutation is inherited, and Rb initiates after loss of the
second allele in the developing retina. In the sporadic form,
there is no known family history of the disease, and the
initiating mutation occurs either at conception as a germline
mutation or both allelic RB1 mutations occur somatically in
a developing retinal cell. Up to 90 % of RB1 germline
mutation carriers present the classical form of Rb, charac-
terized by early onset of bilateral disease. In some families,
an affected child of a parent with an incomplete penetrance
mutation presents clinically with disease that appears to be
sporadic Rb. We report on cases illustrating the complexity
in genetic counseling and surveillance of individuals within
a family with incomplete penetrance hereditary retinoblas-
toma. A current NIH-funded study in our laboratory pro-
vides RB1 testing for children affected with sporadic
retinoblastoma. In children found to have a germline muta-
tion, testing is included for both parents. Genetic counseling
is provided and arrangements are made to test siblings. All
unaffected family members found to carry a germline mu-
tation are evaluated for evidence of regressed retinoblasto-
ma. Nine families (n0300; 3 %) were identified with
incomplete penetrance germline mutations. The father car-
ried the mutation in six families, and the mother in three
families. In one family, an older sibling was identified with
the mutation and found to have bilateral tumors. Seven of
the families performed prenatal diagnosis or newborn cord
blood testing for subsequent pregnancies. Genetic testing
should occur soon after the affected child is diagnosed due
to the possibility of identifying an incomplete penetrance
mutation. Identification of a germline mutation in an unaf-
fected parent has significant implications for genetic
counseling and surveillance of at-risk family members.
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Genetics/Genomics Competency Center for Education
(G2C2)

M.Doerr1, S.Aufox2, L.Cohen3, R.Christie4, R.Grubs5,
S.Kumaravel6, D.Sharaga7, J.Jenkins8

1. Genomic Medicine Institute, Cleveland Clinic
2. Northwestern University
3. University Hospitals of Cleveland Medical Center
4. University of Louisville
5. University of Pittsburgh
6. Kaiser Permanente
7. The Queen’s Comprehensive Genetics Center
8. National Human Genome Research Institute, National
Institutes of Health

Given the rapid advances in genetics and genomics, one of
the critical challenges in health professional training is
maintaining a store of up-to-date educational resources.
The Genetics and Genomics Competency Center (G2C2),
an online learning management system sponsored by the
National Human Genome Research Institute (NHGRI),
was designed as an easily accessible, sustainable repository
for genetics and genomics educational resources. Started in
2008 as a joint project with the University of Virginia, the
site was initially conceptualized as a toolkit for nursing and
physician assistant training programs. Following the success
of G2C2 in improving access to genetics and genomics
educational resources within these fields, NHGRI reached
out to the National Society of Genetic Counselors to add
genetic counseling to the resource. On the G2C2 website,
the American Board of Genetic Counseling (ABGC)
practice-based competencies are mapped to peer-reviewed
educational resources for use in didactic and clinical training
settings. This mapping process was led by a team of genetic
counselors (editorial board) convened by NHGRI, and was
reviewed by a team of volunteers from genetic counseling
training programs across the United States. The site allows
for searches by learning activities and resources, competen-
cies and core knowledge, performance indicators, and
assessments. Genetic counselors and others can submit
resources, such as class syllabi, PowerPoint presentations,
or curricular materials to be included in the site. Suggested
resources are reviewed in detail and feedback is provided to
the submitter by the editorial board. G2C2 educational
resources are reviewed annually by the editorial board to
ensure resources are current and accurate. There is also a
Request Resource feature that allows counselors to guide
addition of needed resources to the site. It is the hope of the
editorial board that the centralized and easily accessible
nature of G2C2 will enhance the dissemination of up-to-
date resources to educators, clinical supervisors, and
trainees.
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Educating Genetic Counseling Graduate Students:
Impact of Year of Training, Learning Styles, and Use
of Practice-based Learning on Satisfaction with the
Learning Environment

L. Cohen1, J. Messemer1, X. Liu1, A. Matthews2

1. University Hospitals of Cleveland Medical Center
2. Case Western Reserve University

Formal education of master level genetic counseling
trainees has occurred since the 1970s; however, unlike
other health care disciplines there has been no research
conducted into their learning styles. Practice-based
learning is widely utilized in the medical school setting;
however, it is unknown how extensive this teaching
modality is used in the genetic counseling training pro-
grams. Use of this experiential learning technique has
proven to be perceived positively by trainees in other
fields. Assessments of student satisfaction within genetic
counseling training programs have not been performed.
The purpose of this study was to determine the varia-
bles that affect genetic counselor trainees learning styles
and factors that influence student satisfaction specifical-
ly related to the learning environment, including the
perception of practice-based learning techniques.
Surveys were distributed to 468 genetic counseling
trainees enrolled in American Board of Genetic
Counseling accredited training programs with a 58 %
response rate (n0271). The study population was com-
prised of 53.5 % and 45.8 % first- and second-year
students, respectively. When asked if they were satisfied
overall with the teaching methods used in their respec-
tive training programs, 49 % stated they strongly agreed
and 44 % stated they agreed; approximately 4 % of
students were not satisfied. Learning styles were
assessed by using the Kolb Learning Style Inventory
and the most common style (18 %) identified was
Imagining (observers, likes brainstorming), with
Initiating (risk takers, likes hands-on experience) and
Analyzing (integrates ideas after reflection, likes to
work alone) the next most common with 14 % reported
for each. Satisfaction with the learning environment was
evaluated by the Genetic Counseling Training Learning
Environment Scale that is modeled after the Dental
Student Learning Environment Scale. Structural equation
modeling was used to determine which factors influence
favorable ratings of the learning environment. Genetic
counseling training programs have the opportunity to
enhance student satisfaction based on the results of this
study.



Clinical Cancer Genetics Resources requested by
Florida-based Healthcare Providers who Offer BRCA1
and BRCA2 Testing

C.Lewis1, S.T.Vadaparampil1, A.Doty1, T.Pal1,
Z.Thompson1, J.Kim1

1. Moffitt Cancer Center

Commercial marketing of genetic testing in combination with a
shortage of trained genetics professionals has increased the
number of providers offering BRCA1/2 testing without the aid
of a certified genetic counselor (CGC). Recognizing the limited
number of trained genetics professionals within the state of
Florida, we sought to offer resources to providers of BRCA1/2
testing. A statewide survey was disseminated to healthcare
providers offering BRCA1/2 testing to explore current practices.
A supplemental resource card was included in which partici-
pants had the option to request access to provider-targeted
resources. Available resources were offered through the
Inherited Cancer Registry (ICARE) and included: case confer-
ences, cancer genetics resource guide, ICARE newsletter, and an
overview of ICARE by a CGC. Bivariate analyses were per-
formed to identify factors associated with the uptake one or
more resources. Of the 90 providers who completed the survey,
52 (58 %) expressed interest in accessing at least one ICARE
resource while 38 (42 %) did not indicate interest. The most
frequently requested resources included the resource guide
(83 %) and case conferences (69 %). The majority of those
requesting access to resources included physicians (71 %) and
nurse/nurse practitioners (27 %). Of the 17 (33 %) providers
requesting resources who reported attending at least one formal
education/training course in cancer genetics, 76 % attended the
Myriad Genetics training program only. Furthermore, 64 % of
those requesting resources indicated no formal training in cancer
genetics. Those who requested resources encompassed a larger
proportion of physicians (p00.008) and had shorter pre-test
counseling time (21.5 min versus 30.4 min; p00.05). The need
for and interest in ongoing education for those who order
BRCA1/2 testing is highlighted by the majority of providers
requesting access to at least one resource. The variation in
profession type underscores the importance of providing educa-
tional resources to those involved with genetic testing.

Supervision Experiences of Genetic Counseling Students
with Differing Levels of Trait Anxiety: A Qualitative
Investigation

I.M.MacFarlane1, P.McCarthy Veach1, J.E.Mayer1,
D.J.Meister1, B.S.LeRoy1

1. University of Minnesota

Supervision during clinical rotations is a lynchpin of student
preparation for professional practice. Yet limited empirical
data exist concerning genetic counseling students experien-
ces of supervision. In the present study, 41, 2nd year genetic
counseling masters students completed the State-Trait
Anxiety Inventory . Based on their scores, they were sorted
into low, moderate, and high trait anxiety groups. Trait
anxiety refers to ones tendency to become anxious. Next
students participated in semi-structured phone interviews
designed to investigate two major research questions: (1)
what are genetic counseling students experiences in clinical
supervision? and (2) do these experiences differ across
levels of student trait anxiety? A 3-member team used
inductive analysis processes from Consensual Qualitative
Research to extract themes from transcribed interviews.
Team members were not aware of participants anxiety lev-
els. Certain themes were common across anxiety levels
[e.g., identifying supervisor support as a particularly posi-
tive aspect of supervision, being observed as the most chal-
lenging aspect, perceiving both advantages of having
multiple supervisors (modeling varied styles and methods)
and disadvantages (having to adapt ones counseling to each
supervisors preferences)]. Other themes were less common
in different anxiety levels. Low anxiety participants men-
tioned fewer affective experiences when describing super-
vision challenges, they identified inflexible supervisors as
the most challenging to work with, and they referenced
fewer instances of being tongue-tied when conversing with
supervisors. Moderately anxious students described super-
visors with inconsistent expectations as most challenging.
Highly anxious students were more likely to: mention (lack
of) supervisor credibility, describe live supervision as an
optimal training method and a vehicle for catching ones
blind spots, and use words such as overwhelmed when
discussing their experience of anxiety during supervision.
Additional findings are discussed, and training and practice
implications and research recommendations are presented.

Investigating the Feasibility of a Clinical Doctorate for
Genetic Counselors:Managerial and Institutional Support

R.Mueller1, L.Conway1, B.Paciotti2, K.Valverde1

1. Arcadia University Genetic Counseling Program
2. Mixed Methods Research Lab (MMRL), University of
Pennsylvania

Creation of an advanced degree in genetic counseling has
been discussed for decades. Recent work suggests value in a
clinical doctorate, yet there is a significant gap in the liter-
ature describing employers perceptions of such a degree. In
this study, we describe employers perspectives on
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developing a genetic counseling clinical doctorate. We have
conducted 15 of an anticipated 30 semi-structured telephone
interviews with employers/supervisors of genetic counse-
lors. We invited members of the National Society of
Genetic Counselors (NSGC) via email to provide contact
information for their employers/supervisors. Participants in-
cluded 8 administrators/supervisors, 5 medical geneticists,
and 2 hospital administrators from commercial companies,
health management organizations, and large teaching hospi-
tals who collectively employ 202 genetic counselors (~8 %
of the genetic counseling workforce). Interviews were audio
recorded, transcribed verbatim, and coded in NVivo 9 soft-
ware by two independent investigators using a grounded
theory approach. Most subjects voiced general support for
creation of a clinical doctorate, though some questioned the
added value of the degree. Most subjects reported having
tuition benefits that could be applied towards the degree. A
minority reported that tuition assistance was unlikely,
depended upon whether the degree was required for the
position, or were unsure. Most subjects stated that granting
flexible schedules to attend classes would depend on several
factors, such as ability to maintain patient volume, while
some were confident that flexibility could be granted and a
small minority reported that flexibility to obtain the degree
was not possible. These data suggest that employers are
generally supportive of the genetic counseling clinical doc-
torate and that institutional support in the form of tuition
assistance would be granted by most employers, while flex-
ible schedules would be considered by most, and provided
by a portion thereof.

Genetic Counselors Laboratory Experiences: Perspectives
from Recent Graduates

K.Krepkovich1, M.W.Campion1, A.Muirhead1

1. Boston University School of Medicine

Laboratory genetic counseling is a specialty that has become
more common since the inception of the genetic counseling
field, especially for non-clinical genetic counselors.
However, the laboratory experience requirements for
accredited training programs as outlined by the American
Board of Genetic Counseling (ABGC) are non-specific and
allow freedom for the types of experiences that programs
can include in their curriculum. It is unknown what types of
laboratory experiences genetic counselors view as the most
valuable and which ones are correlated with a higher feeling
of preparedness. An online survey was implemented, which
included four sections: background information, demo-
graphics, laboratory experiences, and interest in and pre-
paredness for laboratory genetic counseling. Most genetic

counselors had observations and single course-related op-
portunities. A minority had more extensive training such as
rotations or internships. Experiences rated as very valuable
were rotations or internships, work experiences, and short
courses at a diagnostic laboratory. Experiences rated as
valuable were prior work experience, course work or proj-
ects, a laboratory methods course, and observations.
Preparedness to work in a laboratory genetic counseling
position was correlated with prior work experience, a rota-
tion or internship, or current or past positions involving
laboratory genetic counseling responsibilities. Individuals
who did not feel adequately trained in laboratory counseling
wished they had more exposure to laboratory genetic coun-
selors, more practice interpreting laboratory results, practice
in drafting reports and other hands-on experiences, more
training in laboratory methodologies, and more classroom
education. Training programs should consider offering lab-
oratory rotations, a laboratory methods course, or a labora-
tory short-course.

Physicians & GINA: Awareness & Knowledge of Anti-
genetic Discrimination Laws Amongst Obstetrician-
Gynecologists & Oncologists

B.M.Nehoray1, J.M.Ford1, K.Kingham2

1. Stanford University
2. Stanford Hospital & Clinics

Previous studies have shown that clinicians concerns about
genetic discrimination (GD) may influence genetics referral
practice and access to medically necessary care. Few have
been done following the passage of the Genetic Information
Nondiscrimination Act (GINA) in 2008. We sought to de-
scribe oncologists and obstetrician and/or gynecologists ac-
tual and self-perceived knowledge of GINA, their personal
concerns for potential types of GD, current genetics referral
practices, and factors that may influence referral practice.
Invitations to participate were sent to obstetrician and/or
gynecologists and clinical oncologists in the state of
California. Responders who were in practice were eligible
and completed an anonymous 25-item survey. Data was
analyzed by SPSS software. 801 physicians were recruited
for the study, and a total n0118 met inclusion criteria and
were included in the analysis. 59 % reported that they had
some awareness of GINA but lacked knowledge of the
protections provided. 6 % correctly identified all of the
protections and limitations provided by GINA. The mean
number of questions correct was 1.9298 out of 6. Over 80 %
of physicians reported that they were either very concerned
or somewhat concerned for each of the potential types of
GD. However, the majority reported that their personal
concern for GD is not at all important when considering a
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referral for a patient. GD was never specified as a reason for
non-referral to a genetics professional. Physicians continue
to be unaware of GINA and most still lack knowledge of the
protections and limitations of the Act. Although physicians
do not have a robust knowledge of GINA, this lack of
knowledge does not appear to be a major barrier to referrals
to genetics. Their high level of concern for GD, however,
may serve as a barrier to genetics referrals. Educating clini-
cians may promote access to genetics services.

Assessing the Integration of Genomic Medicine into
Genetic Counseling Training Programs

J.Profato1, E.S.Gordon2, S.Delany Dixon3, A.Kwan3

1. Stanford University
2. Coriell Institute for Medical Research
3. University of Maryland

Medical genetics has entered a period of transition from
genetics, the study of single genes, to genomics, the study of
the entire genome. The knowledge gained from genomic
investigations needs to be applied in clinical settings.
Genetic counselors (GCs) may take on critical roles in the
clinical implementation of genomic medicine, but they must
be trained in genomics and its application to disease. This
study explores the perspectives of program directors (PDs) on
the inclusion of genomic medicine into GC training programs,
as well as the current state of the integration of related topics
into program curricula. This project consisted of three parts:
an anonymous online survey, an optional one-on-one tele-
phone interview, and an optional content analysis of curricular
materials. Eligible study participants included PDs or faculty
members from 32 American Board of Genetic Counseling
training programs. The majority of respondents (15/16)
reported that it is important to include topics of genomic
medicine in GC training programs. Most topics are either
currently taught or under development in all of the participat-
ing programs. Data from 6 interviews supported the survey
data. PDs report that it is difficult to estimate the number of
training hours spent on genomics because the topic is inte-
grated throughout the curriculum. Several barriers to the inte-
gration of genomic medicine into curricula were identified,
including lack of time and resources. PDs were interested in
genomic resources, such as case examples, content outlines,
expert lecturers, and a data-driven genomics curriculum. GC
training programs are incorporating genomic medicine into
curricula. New graduates should have a foundation of knowl-
edge about genomics and should be able to take on roles in
genomic medicine. The integration of these topics into pro-
grams is gradual and challenging, and it is essential to develop
resources related to the role of GCs in genomic medicine.

Knowledge, Attitudes and Behaviors ofWomen in College
Towards Alcohol Consumption During Pregnancy

D.Ratousi1, D.Scott1, F.Ampy1, B.Harrison1

1. Howard University

Alcohol is a known teratogen, yet there is a general
lack of knowledge in women about the association of
alcohol consumption and poor pregnancy outcomes. The
importance of womens knowledge, attitudes and behav-
iors about the risks involved with alcohol use during
pregnancy supports the need to incorporate better
counseling and education preconceptionally. However,
before this is pursued, determining the knowledge of
women and understanding their behaviors and attitudes
towards alcohol consumption during pregnancy is cru-
cial. The primary goal of this study was to assess
associations of alcohol consumption in pregnancy with
participants knowledge, attitudes and behaviors among
college women, who are known to have increased rates
of alcohol use. 110 female students from Howard
University were recruited through email and fliers to
complete a survey. This study indicated that there was
no significant difference between the attitudes and
behaviors of women in undergraduate/graduate and bio-
logical science/non-biological science major students.
More than 50 % of women had negative attitude to-
wards pregnant women drinking and 98 % of them
agreed that pregnant women should not drink alcohol
during pregnancy. In addition, more than 85 % of them
said that they would be less likely to drink alcohol if
their physician recommended them to abstain from alcohol
during their pregnancy or if their partner encouraged them to
stop. However, there was a significant difference between the
levels of knowledge among the participants. More than 25 %
of undergraduate and non-biological science major students
were not sure what fetal alcohol syndrome was, in comparison
to less than 5 % of graduate and biological science major
students. The information gained from this study will provide
insight to genetic counselors and other health professionals
about the services needed for female college students who of
are childbearing age and also plan to conceive.

Genetic Counselors as Educators: Teaching High School
Students about Rare Diseases

J.Su1, C.Lieber1, M.Lanes2

1. Joan H. Marks Graduate Program in Human Genetics,
Sarah Lawrence College
2. National Organization for Rare Disorders
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Rare diseases are medical conditions with prevalence less
than 200, 000 in the United States. About 1 in 10 Americans
live with one of the 6000 to 7000 recognized rare diseases,
of which about 80 % are genetic conditions. Genetic coun-
selors often work with individuals and families with rare
diseases in clinical or research settings. Genetic counselors
are also uniquely equipped to engage actively in promoting
awareness and educating the general public about rare dis-
eases. A great way to accomplish these goals is through the
education of high school students. We developed a short-
term high school curriculum supplement for Rare Disease
Day 2012 (February 29th) with the National Organization
for Rare Disorders (NORD). Individuals with rare diseases,
their family members, healthcare providers, researchers, and
patient advocates were surveyed to identify the most salient
aspects of rare diseases. The results of the survey combined
with a literature search dictated the content of the curricu-
lum, which included an introduction to rare diseases, scien-
tific knowledge of various rare diseases, a glance at the lives
of individuals who have rare diseases, and the related ethi-
cal, legal, and social issues. The curriculum supplement was
downloaded 162 times from the national Rare Disease Day
website from December 1, 2011 to February 29, 2012. High
school biology and health teachers across the US used it in
their classrooms on Rare Disease Day, and over 600 stu-
dents were reached. Teachers who used the curriculum and
completed the quality assessment survey gave very positive
responses and comments. This pilot project demonstrates
the important role genetic counselors play as educators for
topics of genetics and genetic diseases to the general public.
This project also serves as an example for similar genetics
outreach approaches initiated by genetic counselors in the
future.

Genomics Knowledge, Impact and Importance in a
Survey of Physicians in British Columbia (BC), Canada

R.Thomas1, S.Adam1, Z.Johnson1, L.Philips1, J.Taylor1,
M.Thomas1, P.Birch1

1. University of British Columbia

With the increasing availability of chromosomal microarray
and next generation sequencing, health care providers with
genomics knowledge will be critical to the proper utilization
of the technology. Recent studies have shown that non-
geneticist physicians have inadequate knowledge on
genomics/genetics. This impacts clinical care through im-
proper referrals to genetic services, and testing that is or-
dered and interpreted incorrectly. The British Columbia
(BC) Clinical Genomics Network conducted a survey of

BC physicians to assess their genomics knowledge, per-
ceived level of its importance and its impact in clinical care.
The questionnaire was distributed to 2,094 physicians in
BC; 94 General Practitioners (GPs) and 229 Specialists
responded. Eighty % (N0225/282) of respondents said that
genomics was either already impacting their practice, or that
they expected it to within 5 years. Most respondents (N0
195/320) indicated that they had been asked about genomic/
genetic testing by their patients and one quarter (N079/319)
had a patient who had used Direct-To-Consumer genetic
testing. Almost 70 % (N035/51) of pediatricians surveyed
had referred patients for chromosomal microarray testing,
and over half of oncologists surveyed (N023/43) reported
having ordered pharmacogenetic testing. Even though close
to 70 % of respondents (N0217/322) stated genomics
knowledge was important, only 11 % (N035/322) rated
their knowledge as greater than three out of five on a scale
from 1 to 5 (one being very little, 5 being a lot). There was a
similar lack of confidence on how to incorporate genomics
into clinical practice. On average, GPs were found to be less
knowledgeable than specialists. As genomic technologies
become more ubiquitously used in clinical care, health care
providers need to be prepared to meet their patients needs
for appropriate clinical genomic testing. This survey indi-
cates that while most physicians recognize the importance of
genomics knowledge, by their own report, physicians have
not kept pace with the advances in genomic technology.

The Effect of Perceived Increased Risk for Unhealthy
Body Shape on the Attitudes and Behaviors of
Adolescent Girls: Evaluating an Educational Intervention

K.Young1, R.Gannaway1, L.Vanner-Nicely1, L.Dumenci1,
S.Elsea1

1. Virginia Commonwealth University

Personalized medicine proposes that informing individ-
uals of their increased risk for multifactorial conditions
based on genotype or family history may lead to the
adoption of health behaviors that reduce the risk.
Previous research has demonstrated conflicting results
regarding effectiveness of tailored risk information and
educational interventions designed to increase knowl-
edge of risk-reducing behavior. Additionally, a small
subset of high-risk people may perceive that their genes
are destiny, or a fatalistic approach, altogether foregoing
healthy behavior. This study explored the attitudes and
behaviors of adolescent females toward perceived genet-
ic risk for unhealthy body types and evaluated the
effectiveness of a class focused on genetics education.
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82 seventh graders from an all-girls private school com-
pleted a pre-class survey (T1) measuring their level of
perceived risk for unhealthy body type and other risk-
behavior interactions prior to the class and then the
same post-class survey (T2) afterwards. Results demon-
strated that the educational class did not change atti-
tudes or behaviors negatively or positively (p> .05),
consistent with previous literature. However, students
who perceived themselves to be at increased risk for
an unhealthy body type due to their genes were more
likely to report negative self-image and eating behaviors
on a greater number of days each month (p< .001). A
minority of students (5 %) endorsed that they would be
less likely to practice healthy lifestyle habits like diet
and exercise if they knew they were at increased risk
for unhealthy body type based on their DNA, suggest-
ing that a small subset of this population adopts a
fatalistic perception. This study supports the ineffective-
ness of education in moderating multifactorial risk per-
ception and demonstrates that a new approach to
educating individuals about risk may be necessary, es-
pecially given the potentially pre-existing negative per-
ception by those at high-risk.

Genetic Testing

Assessing Genetics Providers’ Perspectives of and
Experiences with Direct to Consumer (DTC) Genetic
Testing: Creation of an Educational Module

A.Bettinelli1, A.Sellers2, M.A.Giovanni3, R.Best2

1. Ochsner Health System
2. University of South Carolina School of Medicine
3. Brigham & Women’s Hospital

Direct-to-consumer (DTC) genetic testing exemplifies the evo-
lution of themedical genetics field towardsmore encompassing
genomic medicine and the implementation of personalized
medicine. This at home type of genetic testing can be ordered
from the Internet and mailed for analysis without the involve-
ment of healthcare professionals. These tests indicate certain
DNA changes associated with individual variation between
physical traits, health conditions, or increased risk for disease
susceptibility. Concerns about the clinical validity and utility of
DTC genetic testing and potential misinterpretation by con-
sumers have arisen. The purpose of this study was to evaluate
genetics providers personal experiences with and perspectives
of DTC genetic testing as well as their preferences about the
content and format of an educational module. The goal of our
study was to create an educational module about DTC genetic

testing for use by healthcare professionals for self-education or
in assisting in results interpretation. Practicing genetics pro-
viders (N098) from across the United States completed an
online survey to address the goals of this study. Of all respond-
ents, 100 % agreed that genetics providers have a professional
responsibility to educate themselves about DTC genetic testing.
Approximately half (53 %) of respondents agreed that genetics
providers currently have enough knowledge to help individuals
interpret the results of personal genome tests. Only 20 % of
respondents agreed that genetics providers have access to con-
cise educational tools to educate themselves about DTC genetic
testing. Our study revealed that genetics providers feel profes-
sional responsibility to educate themselves, other healthcare
professionals, and patients who have ordered testing about
DTC genetic, but that concise educational materials are not
readily available for this purpose. Based on data collected from
this study, we have created educational modules about DTC
genetic testing for the use of genetics providers and general
healthcare professionals.

Mutation Distribution and VUS Rates among the Tive
Genes Currently Analyzed in Lynch Syndrome Testing

A.Bodell1, J.Eggington1, K.Bowles1, L.Burbidge1,
D.Pruss1, L.Esterling1, B.LeClair1, S.Rajamani1,
J.Trost1, J.Landon1, B.Roa1, A.Bodell1, J.Saam1,
R.Wenstrup1

1. Myriad Genetic Laboratories, Inc.

Lynch syndrome is an autosomal dominant genetic syn-
drome that is responsible for 2–4 % of colorectal can-
cers, as well as other cancers, within the United States.
Testing for Lynch syndrome has evolved over time. In
2002 testing at Myriad Genetic Laboratories, Inc. con-
sisted of sequencing of MLH1 and MSH2 genes. As of
2012, testing includes analysis of MLH1, MSH2, MSH6,
and PMS2 and EPCAM (mutations in EPCAM can effect
expression of MSH2). With the addition of new genes
to Lynch syndrome testing, we wanted to determine the
distribution of mutations among the different genes and
to update the uncertain variant rate for these genes.
Approximately 37 % of the causative Lynch syndrome
mutations were identified in MSH2, 29 % in MLH1,
18 % in MSH6, 14 % in PMS2 and 1.8 % in EPCAM. An
additional 1 % of mutations detected extended from the 3’
untranslated region of EPCAM through the 5’ end of MSH2.
The current VUS rate for MLH1/MSH2/MSH6/EPCAM is
6.6 % and for PMS2 is 4.0 %. In order to compare variant
rates in Lynch syndrome testing over time, we compared
MLH1/MSH2 variant rate from 2005 to the 2012 overall
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variant rate of MLH1/MSH2/MSH6/EPCAM. The overall rate
of VUS for Lynch syndrome associated genes has decreased
34.7 % over time across multiple ancestries with the exception
of the Latin American population. Over time Lynch syndrome
testing has improved by adding more genes allowing for in-
creased sensitivity while at the same time the decrease in VUS
rate has allowed for more definitive interpretation of results.

Parental Beliefs and Attitudes Towards Testing Children
for Hereditary Breast and Ovarian Cancer Genes

A.Brosseau1, A.Greb1

1. Long Island University

This purpose of this study was to assess parental beliefs and
attitudes towards genetic testing in children for hereditary
breast and ovarian cancer genes. Study participants were
recruited from the support group, Facing Our Risk of Cancer
Empowered (FORCE). Individuals with a BRCA1/2 mutation
and children under the age of 18 were eligible to participate.
The following factors were assessed related to pediatric ge-
netic testing: attitudes and beliefs, decision-making and com-
munication, preferences in disclosure, and reasons for and
against testing. These factors were correlated with an outcome
variable that measured steps parents had taken towards seek-
ing genetic testing for their children. 59 surveys were com-
pleted. 72.9% of parents had little to no interest in having their
children tested for a BRCA1/2mutation; 62.5% had little to no
interest in meeting with a doctor or genetic counselor. There
was wide variation in the Pediatric BRCA1/2 Testing
Attitudes Scale (P-TAS) indicating a lack of consensus
among this group of parents towards pediatric genetic
testing. However, 51.9 % agreed that parents should
decide if children are allowed to have a BRCA1/2 test
even if a physician disagrees. A majority felt children
should be involved in decision-making and the informa-
tion shared with the pediatrician. 66.7 % agreed with
immediately telling their child negative results while
only 25.4 % agreed with immediately disclosing posi-
tive results. Overall 27.4 % of participants were in favor of
pediatric BRCA1/2 gene testing, however, only 15.7%wanted
their child tested. There was a moderate association between
attitudes and beliefs and steps taken towards testing (correla-
tion coefficient 0.681). Factors that affect decision-making the
most include if the child has cancer and health management
decisions. In general, parental beliefs and attitudes towards
pediatric genetic testing are consistent with established pro-
fessional guidelines. A majority, however, feel they should
have the ultimate decision-making authority.

Comprehensive Molecular Diagnostic Testing Using a
Next-generation Sequencing Panel and Exon-level
Array CGH Identifies Mutations in a Broad Spectrum
of Epilepsy Phenotypes

E.Butler1,G.Richard1, D.McKnight1, K.Hruska1,
R.Rubenstein1, S.Aradhya1

1. GeneDx

Epilepsy affects 1 % of the population. Current molec-
ular testing is costly and limited to a few genes. We
validated a sequencing and deletion/duplication test for
53 genes associated with major primary and syndromic
forms of epilepsy, including infantile epileptic encepha-
lopathy, genetic epilepsy with febrile seizures plus
(GEFS+), progressive myoclonic epilepsy, neuronal
ceroid lipofuscinosis (NCL), glucose transporter defi-
ciency, Rett, Angelman, Mowat-Wilson syndromes and
others. More than 700 coding exons and their splice
junctions were evaluated by exon array and by micro-
droplet multiplex-PCR followed by next-generation se-
quencing. Individuals were tested for the full panel or a
subpanel based on the age of epilepsy onset. In 176
unrelated clinical cases we reported 190 sequence var-
iants and two exonic deletions. Twenty-eight individuals
(16 %) received a conclusive molecular diagnosis, seven
(4 %) had a likely mutation, and eight (5 %) were
heterozygous for a single mutation in an autosomal
recessive gene. In fifty-five individuals (31 %), the
detected variants were of unclear significance (VUS)
and parental testing was recommended. 19 % (8/43) of
known or predicted mutations were in sodium channel
genes. The remaining were in genes associated with
Ohtahara syndrome, GLUT1 deficiency, Rett syndrome,
epilepsy with mental retardation limited to females
(EFMR), POLG- or CDKL5-related epileptic encepha-
lopathy, NCL, tuberous sclerosis, and vitamin-
responsive epilepsy. In eight cases the results had im-
mediate treatment implications. Twenty-five individuals
had a variant of definite or possible clinical relevance in
more than one gene. Our comprehensive sequencing and
exon array approach identified known or predicted
mutations in 20 % of individuals with a range of epi-
lepsy phenotypes. Several individuals with a single au-
tosomal recessive mutation required further evaluation to
clarify whether they were affected with the disorder or
were incidentally found to be a carrier. This testing
provided a molecular diagnosis in patients with non-
specific clinical presentations, including unexpected rare
disorders.
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Pathogenic Or Not? Discrepant Classifications Of
Genetic Variants Reveal Inherent Challenges In
Interpretation Of Genetic Test Results

C.Caleshu1, A.Pavlovic1, E.Ashley1

1. Stanford Center for Inherited Cardiovascular Disease

As the amount of genomic data available to clinicians and
researchers increases, genetic counselors and their colleagues
are being called on to interpret an increasing number of
genetic variants. Translation of the findings of genetic re-
search to the care of individuals and families depends on our
ability to accurately assess the role of variants in causing
disease. Emerging genomic data on both healthy and diseased
populations has revealed that many genetic variants that were
previously considered disease-causing are in fact likely be-
nign. To gain insight into the current challenges of genetic test
interpretation, we compared interpretations of the same vari-
ant by different laboratories. Genetic testing of two families
with arrhythmogenic right ventricular cardiomyopathy and
five families with hypertrophic cardiomyopathy identified
one variant in PKP2, two variants inMYH7, and two variants
in MYBPC3 that were classified differently by different labo-
ratories. Comparison of the divergent interpretations revealed
a variety of reasons for the differences including variability in
handling of novel variants, discrepancies in presence of the
variant in internal laboratory controls, differences in privately
held case data, and differing interpretations of published liter-
ature. These cases illustrate the inherent probabilistic nature of
genetic test results and the complexities of determining wheth-
er or not a genetic variant contributes to disease. They also
demonstrate the need for public sharing of data that is cur-
rently held privately. Discrepancies in test interpretation un-
derscore the importance of careful consideration of the
available data by laboratories and clinicians alike and the need
to re-review variants as new data emerge. While these cases
are drawn specifically from cardiovascular genetics, the points
they illustrate are relevant to sequencing of exomes and
genomes and to genetic testing for any genetic condition with
significant allelic heterogeneity.

When the Unexpected Occurs: The Importance of
Parental Testing Prior to Predictive Testing

L.M.Catalano1, Y.Cuperus1, A.K.Tanner1, B.H.Billotte1,
L.N.Hjelm1, C.D.Collins1, B.Coffee1, M.R.Hegde1,
L.J.H.Bean1

1. Emory Genetics Laboratory

Molecular laboratory genetic counselors are often asked to
explain the necessity of parental testing when the probands
test results appear to be straightforward. Here we demon-
strate the importance of parental testing through a series of
cases with unexpected results. In-frame deletions, even
when large, should be interpreted as variants of unknown
significance. We identified an 81 basepair (27 amino acid)
in-frame deletion in a gene for an autosomal dominant
disorder in a proband and the probands reportedly unaffect-
ed mother. Nucleotide changes not predicted to change an
amino acid (silent changes) are often assumed to be benign;
however, we recently identified a silent change in a gene for
an autosomal dominant disorder. Parental testing revealed
that this silent change occurred de novo indicating that it is
likely causative of disease. Parents of children with autoso-
mal recessive disorders are considered obligate carriers of
gene mutations and their relatives are also at risk for being
carriers. We have several examples in which one of the two
mutations identified in a proband with an autosomal reces-
sive disorder was found to have occurred de novo. Gene-
targeted array comparative genomic hybridation (CGH)
gives a copy number average for two alleles. We identified
an apparent three exon deletion within a gene for an auto-
somal recessive disorder in a proband. Parental testing
revealed a maternal seven exon deletion and a paternal four
exon duplication, the combination of which was copy neu-
tral for four exons. The proband inherited both changes and
had a deletion and a duplication in trans. Cases such as these
highlight the need for parental testing to accurately interpret
clinical results for the proband, as well as offer appropriate
carrier and prenatal testing.

Non-invasive Prenatal Testing: Views of Genetic
Counselors and Implications for the Profession

M.Clark1, L.Conway1, V.J.Weinblatt2

1. Arcadia University
2. Integrated Genetics

Prenatal diagnosis is an indispensable part of modern ob-
stetric care. Amniocentesis and CVS remain the gold stan-
dard of prenatal testing for aneuploidies such as Down
syndrome, but have a risk of miscarriage. Recently, new
and highly accurate screening tests have been developed
based on the presence of circulating cell-free fetal DNA in
maternal plasma. A major concern of prenatal genetic coun-
selors is how this non-invasive prenatal testing (NIPT) will
impact routine prenatal care. To address this question, mem-
bers of NSGC responded to an online survey that collected
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data on knowledge of and opinions about NIPT. 410 genetic
counselors completed the questionnaire; however, the data
analysis was performed using the responses from the 270
prenatal genetic counselors. The majority of genetic counse-
lors correctly answered all 10 questions that assessed their
knowledge of NIPT. Half of the respondents agree that NIPT
will decrease the number of children born with Down syn-
drome (51.5 %, n0138/268). Nearly all (98.1 %, n0264/269)
of the respondents agree that NIPT should require pre-test
genetic counseling, yet 72.8 % (n0195/268) do not agree that
women will receive adequate pre-test counseling for NIPT.
63.7 % (n0170/267) of genetic counselors agree that he/she
will be providing pre-test genetic counseling for NIPT and
nearly all (88.1 %, n0237/269) genetic counselors agree that
NIPT should require post-test counseling. Interestingly,
67.0 % (n0179/267) of genetic counselors disagree that
NIPTwill decrease the number of patients he/she sees; where-
as about half of respondents (50.7 %, n0136/268) believe that
NIPTwill increase the percentage of patients he/she sees who
are carrying affected pregnancies. Lastly 74.0 % (n0199/269)
of genetic counselors believe that all women who want NIPT
for Down syndrome should receive it. This survey indicates
that genetic counselors have a good understanding of NIPT
and may need to educate referring physicians about the need
for pre-test counseling.

Genetic Testing for Hypertrophic Cardiomyopathy and
Dilated Cardiomyopathy: Identification of Multiple
Mutations in a Large Cohort of Patients

A.Daly1, J.Tahiliani1, L.Williams1, S.Scottile1,
A.Singleton1, C.Sanderson1, N.Smaoui1, D.Macaya1,
K.Lynch1, S.Baxter1, W.K.Chung2, G.Richard1, S.Bale1

1. GeneDx
2. Columbia University

Hypertrophic cardiomyopathy (HCM) and familial dilated car-
diomyopathy (DCM) are common genetic cardiomyopathies.
Mutations in genes encoding sarcomere proteins or proteins
integral to cardiomyocyte structure/function are known to
cause HCM and DCM. Several studies report approximately
5 % of patients with HCM, and an undefined proportion of
DCM patients, carry two or more pathogenic mutations. This
study aims to define the detection rate of multiple mutations
identified in a large cohort of patients tested for HCM or DCM.
Sequence analysis of 17 genes associated with HCM and 23
genes associated with DCMwas completed on a large cohort of
individuals referred for genetic testing by their physician.
Positive sequencing results for 627 patients tested for HCM
and 118 patients tested for DCM were reviewed to identify

multiple mutation carriers. In 627 patients testing positive for
HCM, 30/627 (4.8 %) had two pathogenic mutations. The age
of diagnosis for HCM patients with multiple mutations ranged
from <1-69 years (mean 0 22.3 years), as reported by the
referring physician. The mean age of diagnosis in HCM
patients with one mutation was 31.2 years. In 118 patients
testing positive for DCM, 7/118 (5.9%) carried two pathogenic
mutations. The age of diagnosis for DCM patients with multi-
ple mutations was predominantly in childhood. All sevenDCM
patients with two mutations were diagnosed between <1-
16 years (mean 0 6.7 years). The mean age of diagnosis in
DCM patients with one mutation was 24.3 years. The identifi-
cation ofmultiple mutations provides important information for
recurrence risk and genetic counseling. Genetic testing of a
large series of patients with HCM confirms the estimated 5 %
frequency of multiple mutation carriers. This cohort of patients
tested for DCM determined multiple mutations occur with a
similar frequency as HCM, especially in cases of DCM diag-
nosed in childhood.

Clinical Re-sequencing of Over 410 Genes to Diagnose
Mitochondrial Disorders

J.Dare1, V.Vasta2, J.Penn1, T.Tran2, L.R.Susswein1,
J.Booker1, S.Hahn3

1. Transgenomic Inc.
2. Seattle Childrens Research Institute
3. Seattle Childrens Hospital

The diagnosis of mitochondrial disorders (MD) is very
challenging as they are clinically and genetically heteroge-
neous. We developed a next-generation sequencing (NGS)
test to diagnose mitochondrial disorders that targets >410
nuclear genes encoding subunits of the mitochondrial respi-
ratory chain complex (RCC), assembly factors, transcrip-
tion/translation and biogenesis factors, enzymes, carrier
proteins and genes causing secondary mitochondrial defects
or that present similarly. On average, 590 variants were
found per patient. After removing variants with a high minor
allele frequency in our cohort or public cohorts, we found an
average of 7 variants that could be pathogenic. Most were,
single heterozygous variants of unknown significance in
genes with autosomal recessive (AR) disease inheritance,
resulting in possible carrier status for the corresponding
disease. In 44 (56 %) cases, we identified variants consid-
ered to be possibly disease-causing, with 8 cases involving
genes with AR inheritance, 27 with autosomal dominant
(AD) inheritance, 4 with X-linked inheritance, and 5 with
positive findings in both AR and AD disease genes. Parental
testing was used to further evaluate the significance of
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variants, which decreased the cases with plausibly causative
mutations to 35 (45 %), though incomplete penetrance or
differences in expression remain possible. Of note, we found
only 3 cases with variants in RCC subunits or assembly
factors. Most variants were found in genes that cause sec-
ondary mitochondrial defects, or cause diseases with similar
phenotypes. The second most common category was the
mitochondrial DNA transcription/translation and mitochon-
drial biogenesis factors, indicating that mutations in these
genes may be more prevalent in primary mitochondrial
disease than mutations in RCC subunits or assembly factors.
While NGS shows promise for diagnosing suspected mito-
chondrial disease patients, the challenges remain as the
underlying genetic heterogeneity may be greater than sus-
pected and defining the significance of variants detected
may require additional studies.

Evaluation of Comparative Genomic Hybridization
(CGH) and Single Nucleotide Polymorphism (SNP)
Array Testing of Products of Conception

A.Fuller1, D.Riethmaier1, J.Meck1, S.Aradhya1

1. GeneDx

Approximately 10–20 % of recognized pregnancies result in
miscarriage in the first 20 weeks of gestation. About half of
these losses are due to fetal chromosome abnormalities.
Chromosome analysis on products of conception (POC) is
vulnerable to contamination and culture failure. Recently,
array-based comparative genomic hybridization has proven
to be a highly sensitive test for chromosomal analysis and is
suitable as a first tier test for POC analysis. Array CGH
combined with single nucleotide polymorphism analysis has
the ability to detect copy number variations and long
stretches of homozygosity, which may result from uniparen-
tal disomy. We have studied POC samples with a custom-
designed 180 K oligonucleotide CGH + SNP probe platform
that can detect copy number variation >500 bp up to the
length of an entire chromosome, as well as stretches of
homozygosity extending 5 Mb or longer. Array CGH +
SNP analysis was performed on 127 POC specimens, 72
of which also had traditional chromosome analysis per-
formed at our facility or at an outside facility. Array testing
identified pathogenic copy number variations or clinically
significant long stretches of homozygosity in 34 out of 127
(26.8 %) POC specimens, and copy number changes of
uncertain significance were identified in 5 out of 127
(3.9 %) cases. Of these 39 abnormal cases, 19 (48.7 %)
had aberrations that were not detectable by chromosome
analysis due to small size, maternal cell contamination, or

culture failure. Some of the abnormal results identified by
array testing that were undetectable by karyotyping were the
cause of the fetal loss, and others were incidental findings
that were likely not associated with the miscarriage.
However, detecting the incidental aberration by array CGH
+ SNP analysis in the POC provided relevant information
regarding recurrence risk for families. This study demon-
strates the clinical utility of CGH + SNP array testing of
POC samples by increasing the detection of chromosome
abnormalities.

The Practices, Knowledge and Comfort Level of
Genetics Professionals Counseling for Single Nucleotide
Polymorphism (SNP) Microarray Results that Suggest
Parental Relatedness

L.Grote1, M.F.Myers1,2, A.Lovell1, H.M.Saal1, K.Sund1

1. Cincinnati Children’s Hospital Medical Center
2. Univeristy of Cincinnati

SNP microarrays are frequently performed during the diag-
nostic work-up of individuals with developmental disabil-
ities and/or congenital anomalies. These microarrays
identify duplications/deletions as well as regions of homo-
zygosity (ROH) throughout the genome. ROH can inciden-
tally suggest parental consanguinity and incest. The pre-test
and post-test counseling practices, knowledge of relevant
laws, and comfort level surrounding disclosure of ROH
identified on SNP microarray vary among genetics profes-
sionals. A 35 question electronic survey was distributed to
305 geneticists and 2064 genetic counselors by email.
Results were analyzed with SurveyMonkey software.
Frequencies were calculated for close-ended questions.
Open-ended questions were post-coded and reported
according to common themes. 240 genetics professionals
completed the survey. 8 % reported pre-test counseling
patients that SNP microarray detects ROH, 7.5 % reported
pre-test counseling that ROH can indicate a parental blood
relationship, and 18 % reported pre-test counseling about
both. 42 %, 40 %, and 43 % of respondents felt familiar with
state laws regarding first, second, and third or more distant
cousin relationships, respectively. 20 % were familiar with
their duty to report incest. 57 % felt comfortable receiving
results of consanguinity and 17 % felt comfortable receiving
results of incest. Responses to open-ended questions
revealed moral concerns with disclosing results of consan-
guinity/incest due to fear of disrupting family dynamics,
fear of putting the mother in a dangerous situation, and
previous denial of a parental relationship. Providers who
pre-test counseled patients about ROH were more
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comfortable discussing incidental results with patients. This
study highlights variability in counseling practices, knowl-
edge and comfort level surrounding disclosure of incidental
findings detected on SNP microarray. Moral concerns and
gaps in genetics professionals’ knowledge were identified
that may contribute to discomfort when a parental relation-
ship is discovered. Based on these findings, there is a need
for professional organizations to offer guidance to genetics
professionals regarding how to handle results suggesting
consanguinity or incest.

Recruiting Diverse Populations for Large-Scale Genomic
Studies

M.Gyure1, V.Rodrigues1, J.Bodurtha2, D.Bowen3,
R.Corona1, J.Quillin1

1. Virginia Commonwealth University
2. Johns Hopkins Medical Institute
3. Boston University

Advancement of genetic counseling depends on successful
recruitment of diverse populations to large-scale genomic
studies. Appropriate interpretation of whole-genome se-
quence data will, in part, depend on willing participants to
provide information. This study seeks to examine women’s
willingness to provide a sample for cancer genomic research
from a diverse community sample. Preliminary data from
women enrolled in the ongoing Kin Fact Study (R01-
CA140959) was analyzed. Our objective is to examine
demographic characteristics of women who report willing-
ness to provide a sample for future cancer genomic research.
Willingness was measured using a Likert-scale ranging from
1 very unlikely to 4 very likely. Demographic characteristics
included race, age, education level, and genetic literacy. Our
current sample included 85 women, of whom 54 % were
African American and 39 % were Caucasian. Mean age was
35 years. Forty-eight percent of women reported being very
likely to provide a genetic sample for a future study. Chi-
square analysis revealed a significant difference by race on
willingness to provide a genetic sample, χ2010.59, p0 .001.
Caucasian women (60.5 %) were significantly more likely
to report being very likely to provide a sample compared to
African-American women (39.5 %). Age, education level,
and genetic literacy scores were not significantly associated
with willingness. Results show that approximately half of
women from our sample were very likely to provide a
sample for future cancer genomic research. These women
were already enrolled in a longitudinal study examining
familial cancer risk communication; therefore, it is possible
that any positive experiences or interpersonal relationships
built through the study may have led to a higher willingness

to participate in future genetic research. However, an im-
portant racial difference in willingness was observed, poten-
tially perpetuating current racial disparities within large-
scale genetic studies. Future research is needed to explore
best practices for including minority women in genetic
studies.

Whole-exome Sequencing Identifies Novel Risk Variants
for Thrombotic Storm

S.Hahn1,T.L.Ortel2, G.Beecham1, P.Whitehead1,
A.Beecham1, J.W.Lawson3, D.Erkan4, L.R.Brandao5,
A.H.James2, M.J.Manco-Johnson6, R.Kulkarni7,
C.S.Kitchens3, M.A.Pericak-Vance1, J.M.Vance1

1. University of Miami
2. Duke University
3. University of Florida
4. Hospital for Special Surgery
5. The Hospital for Sick Children
6. University of Colorado Denver
7. Michigan State University

Thrombotic storm (TS) is an extremely rare disorder defined
by two or more of the following in a short period: 1) more
than two acute arterial/venous thromboemboli, or thrombot-
ic microangiopathy, 2) unusual location, 3) progressive/re-
cent unexplained recurrence, or 4) refractory/atypical
response to therapy. We hypothesize prothrombotic genetic
risk factor(s) trigger an accelerated form of thrombosis
following an initial event. We performed whole-exome se-
quencing (WES) on two families with TS (one affected,
unaffected parents, and unaffected sibs). Another 25 TS
cases were sequenced to screen genes identified in these
two families. DNAwas captured using the Agilent 50mb kit
and sequenced using Illumina HiSeq2000. Alignment and
genotype calling were performed with Burrows-Wheeler
Aligner and Genome Analysis ToolKit. Variants were fil-
tered by putative function, conservation, damaging, quality
of sequencing, and frequency. Investigating de novo and
autosomal recessive (AR) inheritance patterns revealed 2
de novo (SLC26A2; PRMT7) and 7 autosomal recessive
(GRIK1, TUBGCP6, ADAMTS9, DPP6, HLA-E, EGFL8,
TNFAIP3) variants after filtering. All variants from genes
identified in these two families were filtered in an additional
25 affected individuals. Of the 9 genes identified, 6 had
coding, conserved, potentially damaging, and rare to mod-
erately rare (MAF 0.05) variants in at least 1 of the other 25
affected individuals C GRIK1, TUBGCP6, ADAMTS9,
DPP6, SLC26A2, and TNFAIP3. These are excellent TS
candidate loci. In particular, EGFL8 has two EGF domains,
a common motif in hemostatic and fibrinolytic proteins, and
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is, thus, potentially involved in coagulation. These variants
will be further analyzed for frequency in controls and tested
in animal models for functional significance. In addition, we
will look at genes shared among all 27 affected. Thus far, 12
genes have filtered variants in at least 8 affected, but have
not yet been confirmed by Sanger sequencing.

Genomic Technologies: Effective Integration into Clinical
Care

R.Hayeems1,N.Hoang1, S.Chenier1, J.Stavropoulos1,
S.Pu1, S.Wodak1, R.Babul-Hirji1, J.N.Davies2,
L.Velsher2, J.Aw2, R.Weksberg1, C.Shuman1

1. The Hospital for Sick Children
2. Medcan Clinic

Clinical interpretation, genetic counseling, and medical
management for pediatric chromosome microarray
(CMA) present ongoing challenges. To guide current
practice and to inform future strategies for genome-
wide analyses, the impact of CMA technology on clin-
ical care warrants evaluation. Our study aims to under-
stand the impact of CMA on pediatric medical
management. A retrospective chart review of children
who underwent CMA in 2010–11 is underway (N0900,
sample equally stratified by CMA result type: pathogen-
ic, uncertain, benign). Data elements include: age, gen-
der, ethnicity, phenotype, family history, microarray
results, and medical investigations immediately prior to
and following microarray testing. Descriptive and mul-
tivariate analyses are being used to understand the as-
sociation between microarray results and post-test
medical investigations. We hypothesize that an increase
in medical investigations will be observed in children
with pathogenic copy number variants (CNVs) com-
pared to those with uncertain or benign CNVs. 129
charts have been reviewed to date (146 CMA results:
30.1 % pathogenic, 37.7 % uncertain, 32.2 % benign).
Preliminary results show that 44.9 % of post-array
investigations occurred in the pathogenic variant group,
34.1 % occurred in the uncertain variant group, and
21.0 % occurred in the benign variant group. For path-
ogenic CNVs, 53.4 % of investigations were prompted
by the CNV itself and 46.6 % were prompted by phe-
notype. For non-pathogenic CNVs, 25.4 % of investiga-
tions were prompted by the CNV and 74.6 % of
investigations were prompted by phenotype and diag-
nostic quest (p00.0001). Our findings suggest that for
pathogenic CNVs, medical investigations are prompted
equally by the CNV finding itself and phenotype. For
non-pathogenic CNVs, the majority of medical

investigations are prompted by phenotype and diagnos-
tic quest. These findings will be instructive in anticipat-
ing the impact of next generation genomic analyses on
medical management and downstream use of health
services.

Informed Consent for Whole-Genome or Whole-Exome
Sequencing: Insights from Participants Across the Health
Spectrum

L.Jamal1, J.C.Sapp2, F.M.Facio2, B.Biesecker2

1. Kennedy Krieger Institute
2. National Human Genome Research Institute, National
Institutes of Health

How do research participants with varied health histories
perceive the uncertainties that accompany a decision to
participate in research involving whole-genome or whole-
exome sequencing (WGS/WES)? The precipitous drop in
cost of WGS/WES has coincided with an increased capacity
for data aggregation and sharing. Research involving WGS/
WES is conducted under uncertain conditions with limited
evidence for the long-term consequences of these develop-
ments. This study explored the perceptions of research par-
ticipants within 4 months of their enrollment in one of two
NIH research protocols employing WGS/WES methods. Its
purpose was to characterize how individuals with diverse
health histories perceive the uncertainties that accompany a
decision to participate in WES/WGS research. Its primary
aim was to illuminate these perceptions using participants
own words. Twenty-five participants enrolled in one of two
research protocols were interviewed during the 4-month
period following their initial informed consent session. An
interview guide was developed iteratively, and major themes
were coded and described. Recurring topics included moti-
vations for participation, expectations regarding research
results, and reasons for valuing informational privacy and
confidentiality. These narratives imply that the genetic
counseling encounter plays an important role in anchoring
trust in the genomic research enterprise during a time of
multifaceted uncertainty concerning the long-term impli-
cations of participating in whole-genome research.
Participants in WGS/WES research value the informed
consent process as an opportunity to establish control
over the terms of research participation. Expectations
regarding results range widely and are influenced by
personal health histories. Participants value privacy and
confidentiality as buffers against discrimination and as
instruments of control over their public identities. Many
participants expect re-contact even if their genome data
is not medically informative in the near term.
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The Next Generation of Cardiomyopathy Testing:
Experiences from the First Year

M.A.Kelly1, T.J.Pugh1, S.Gowrisankar1, K.A.Lafferty1,
D.L.Lee1, E.Duffy1, L.Farwell1, 1, H.L.Rehm1, B.H.Funke1

1. Laboratory for Molecular Medicine

Inherited cardiomyopathies are a group of genetically heteroge-
nous diseases with incentive for genetic testing based upon a
relatively high population frequency, association with sudden
cardiac death, and substantial genetic component.While over 60
cardiomyopathy genes have been reported, in the past traditional
gene panels were limited to a small number of genes. Next-
generation sequencing (NGS) technologies have enabled com-
prehensive testing for a given disease, as well as simultaneous
testing of genes for multiple conditions with clinical overlap.We
report our clinical experience using data from >450 patients with
cardiomyopathy tested using NGS gene panels that included
either 46 genes covering multiple diagnoses [pan cardiomyop-
athy panel covering hypertrophic cardiomyopathy (HCM), di-
lated cardiomyopathy (DCM), arrhythmogenic right ventricular
cardiomyopathy, restrictive cardiomyopathy, and left ventricular
noncompaction cardiomyopathy] or disease specific sub-panels.
For patients with HCM, the expanded content only marginally
improved the current detection rate of ~50 %, but drastically
increased the number of inconclusive reports when the pan
cardiomyopathy panel was used (64 %, n077 versus 22 %,
n0187 sub-panel) . In contrast, the detection rate for DCM (26–
29 %) increased significantly, with titin (TTN) contributing
~10 %, and essentially no difference was observed between
the pan cardiomyopathy panel (n098) and the DCM sub-
panel (n032). In addition, we report on complex cases where
testing all cardiomyopathy genes in the pan cardiomyopathy
panel proved beneficial, as well as cases illustrating interpretive
challenges. These results highlight the benefits and challenges of
large gene panels, which can be applied to the expanding scope
of molecular diagnostics, in particular to whole exome or whole
genome sequencing. In our experience, the clinical utility of
NGS panels is greatest for disorders with a high degree of
genetic heterogeneity and clinical uncertainty (e.g. DCM), while
for other diseases (e.g. HCM), the benefit of testing more genes
can be outweighed by the steep increase in inconclusive
findings.

Assessment of Awareness and Opinion of Direct-to-
Consumer Genome Testing Among Physicians and
Medical Students

S.Levy1, B.Harrison1

1. Howard University

Following the introduction of direct-to-consumer (DTC)
personal genome testing, many studies have examined the
consumers perspective on these products but almost none
have focused on the medical providers view of genome
testing. Obtaining a measurement of how physicians view
DTC genome testing may aid genetic counselors and others
that wish to provide educational information to their col-
leagues in the medical profession. This study assessed the
current level of awareness and opinion of direct-to-
consumer genome testing among physicians in Washington
D.C. and Montgomery County, Maryland through a ques-
tionnaire and examined whether differences in awareness or
opinion arose based on years of experience, area of medical
practice, and other demographics. The results showed that a
majority of the 114 physicians and medical students sur-
veyed had little to no awareness of direct-to-consumer ge-
nome testing and neutral opinions regarding this form of
testing. Despite this lack of information, many participants
commented that genome testing could be useful for disease
prevention and risk reduction. A small number of partici-
pants had strongly negative opinions about genome testing
and the comments reflected some common misconceptions
about what genome testing can and cannot do. This infor-
mation could prove useful to developing or refining educa-
tional materials targeted at medical professionals regarding
direct-to-consumer personal genome testing.

The Student-Athlete’s Knowledge of Sickle Cell Trait
and the Impact of Mandatory Genetic Testing

N.Lovick1, L.S.Mar1, J.H.Youngblom1, C.F.Hartshorne2,
M.J.Treadwell2

1. California State University, Stanislaus
2. Children’s Hospital & Research Center Oakland

Sickle cell trait (SCT), generally considered to be a benign
condition, has been associated with several case reports of
exercise-related sudden death. In 2010, the National
Collegiate Athletic Association (NCAA) approved manda-
tory SCT testing of all Division I student athletes. This
paper investigated three main questions: Are student-
athletes receiving any pre-test counseling or education;
What is the student-athletes understanding of SCT and the
associated health implications; For students identified as
having SCT, have their training habits, performance, or
participation in sport been impacted? A survey was devel-
oped and distributed to student-athletes participating in an
NCAA division I sports team in California. Responses from
233 student-athletes (57.3 % female) indicate that the ma-
jority of student-athletes are not receiving any pre-test
counseling and/or educational materials (63.3 %). The
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majority of participants (up to 64.3 %) were unable to
answer basic, but important, questions that are often dis-
cussed by genetics providers prior to offering genetic test-
ing. Those who received pre-test counseling were not able to
correctly answer these questions at a significantly higher
frequency than those who did not (p00.39). Four partici-
pants were identified as having SCT. Only two of them
received post-test education/counseling about being a carri-
er. Two indicated that their practice habits have somewhat
changed, including drinking more water and taking more
rests to avoid exhaustion. One person indicated that their
coach treats them differently, by providing them with more
water breaks then everyone else on the team. No one indi-
cated that their performance in sport has changed since
finding out they were a carrier. These results indicate that
no major ramifications resulted from testing positive,
but that more thorough genetic counseling prior to test-
ing is needed to ensure fully informed consent and
avoid any confusion surrounding SCT and the associated
health implications.

Informatics-based Molecular Karyotyping of Products of
Conception (POC) with Maternal Cell Contamination
(MCC) Detection: Report on 2,381 Consecutive Analyses

B.Pettersen1, M.Maisenbacher1, R.Lathi2, S.Sigurjonsson1,
J.Keller1, Z.Demko1, M.Rabinowitz1

1. Natera, Inc
2. Stanford University Medical Center

Cytogenetic analysis of products of conception (POC) using
tissue culture has limitations including long result time,
culture failure and maternal cell contamination (MCC).
The objective of this study is to report our experience with
molecular karyotyping of POC using Single Nucleotide
Polymorphism (SNP) microarray which determines number
and parental origin of each chromosome. Retrospective
review of 2,381 consecutive POC samples sent from 244
clinics to a single reference lab. POC and maternal DNA
sample was collected by the referring clinic and shipped to
the reference lab where chorionic villi were sorted and
cleaned using a standardized technique. Genotyping was
performed using Illumina CytoSNP-12 microarrays and an
informatics technique (Parental Support). Average maternal
age was 36 years. Greater than 99 % of samples returned
results, which were delivered within 1 week of sample
receipt. Incidence of 46,XX results was 38 %; over half
(57 %) of these were MCC. After exclusion of MCC sam-
ples, the rate of aneuploidy was 60 % with similar number
of normal males (15 %) and females (16 %). Of aneuploid
results, 91 % were maternal in origin; 7 % paternal; 2 %

mixed parental origin. Single autosomal trisomies accounted
for 74 % of all abnormalities (97 % maternal in origin).
Additional analysis of samples to detect deletions and dupli-
cations ranging in size from 1-5 MB, identified 25 cases
with microdels/dups of known or probable clinical signifi-
cance. Informatics based SNP microarray analysis provides
an improved method for POC karyotype evaluation. The
ability to determine MCC is critical, otherwise 38 % of
results (46,XX) would have been uninformative and could
be misinterpreted. Results are provided quickly with <1 %
failure rate in this study. Although the majority of aneuploi-
dy was of maternal origin, further study on incidence of
maternal and paternal source of aneuploidy is needed.
Additionally, the clinical significance of microdeletions
and duplications in relation to miscarriage is unknown and
requires investigation.

The Implementation and Impact of Student Athlete
Sickle Cell Trait Screening: A Survey of California
Division I Universities

L.S.Mar1, N.Lovick1, C.F.Hartshorne2, M.J.Treadwell2,
J.H.Youngblom1

1. California State University, Stanislaus
2. Children’s Hospital & Research Center Oakland

In 2010, the National Collegiate Athletic Association
(NCAA) mandated sickle cell trait (SCT) testing of all
incoming Division I student athletes. Although typically a
benign condition, under extreme conditions, SCT has been
associated with an increased risk for exercise-related sudden
death. NCAA protocol states that athletes be tested for SCT,
show proof of prior testing, or waive out of screening. Not
included in the mandate are standardized guidelines for
schools to follow. The aim of this study was to investigate
the mandate’s impact and implementation at California
Division I universities. Athletic trainers from each of the
24 California Division I universities were invited to partic-
ipate in an online survey which included questions on de-
mographics, trainer perspective, and the education, testing,
and management of student athletes. Data was analyzed
with Chi-square and Fisher’s exact tests. Nine post-survey
telephone interviews were conducted. Forty trainers from
thirteen universities (54.2 %) completed the survey. The
majority (92.9 %) felt that SCT screening was beneficial
and 81 % felt that there were no associated risks with the
screening. A minority (38.1 %) reported students receiving
pre-test counseling, while 64.3 % reported students receiv-
ing post-test counseling, primarily by team physicians and/
or trainers. Respondents reported differences in the manage-
ment of athletes with and without SCT. Statistical
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differences were found between trainers representing public
and private universities. Interviews highlighted the diver-
gence of university practices, with few mandating that ath-
letes undergo testing. Results of the study revealed a variety
of practices being followed, with inconsistencies in the
education and counseling of athletes. Athletic trainers and
student athletes may benefit from more well-rounded edu-
cational and counseling resources. This study illustrates the
importance of standardizing practices and highlights the
potential role for genetic counselors in promoting the edu-
cation, autonomy, and informed decision-making of student
athletes surrounding the issue of SCT screening.

PTEN Mutations in Patients First Tested for Other
Hereditary Cancer Ssyndromes: Would Use of New
Risk Assessment Tools Have Reduced Healthcare Costs?

J.Mester1, R.Moore1, C.Eng1

1. Genomic Medicine Institute, Cleveland Clinic

PTEN Hamartoma Tumor Syndrome (PHTS) includes
patients with Cowden (CS) or Bannayan-Riley-Ruvalcaba
syndrome (BRRS) and germline mutation of the PTEN
tumor suppressor gene. Risk for cancers of the breast, colon,
and endometrium and gastrointestinal polyposis are in-
creased, creating overlap with Hereditary Breast and
Ovarian Cancer (HBOC), Lynch (LS), and adenomatous
polyposis syndromes (APS). We reviewed our PHTS patient
series to uncover how often testing criteria were met and
testing pursued before PTEN was considered. Patients were
recruited by relaxed CS diagnostic criteria or presence of
known germline PTEN mutation; mutations were identified
by mutation scanning/MLPA analysis and confirmed by
sequencing/qPCR. Families diagnosed with CS/BRRS be-
fore 1998, unknown family history, and pediatric probands
were excluded. Pedigree, genetic testing reports, and medi-
cal records were requested. Risk assessment was conducted
for BRCA1/2 using BRCAPro, Myriad II, and Penn II mod-
els; for MLH1/MSH2/MSH6 via PREMM1,2,6 and
MMRPro models; and for PTEN by the Cleveland Clinic
PTEN Risk Calculator. Personal/family histories were
reviewed to determine if patients met HBOC testing criteria,
Amsterdam II or Bethesda 2004 criteria, or had adenoma-
tous polyps. 115 PTEN mutation-positive adult probands
were identified among 3,405 subjects. 53 (46.1 %) met
testing criteria for HBOC or LS and 34 (29.6 %) underwent
testing for HBOC, LS, or APS. Average BRCA1/2 and
MLH1/MSH2/MSH6 mutation risk in tested patients ranged
7.5–16.9 % and 33.1–41.4 %; respective PTEN mutation
risks were 35.9 % and 79.7 %. No patient had >5 adenomas,
but 6 were tested for APS. Approximately $89,700 was

spent on negative HBOC, LS, and APS analyses among
patients positive for PTEN mutations. PHTS should be in
the differential for patients referred for possible HBOC, LS,
or APS. Polyp histology should be reviewed carefully. Use
of this risk calculator can help clinicians understand when
PTEN mutation risk is high, allowing testing to proceed in a
step-wise and cost-saving manner.

Participant Trust and Preferences in Delivery of Genomic
Risk Information for Type 2 Diabetes

R.Mills1, W.Barry2, J.Sullivan3, H.Willard1, L.Svetkey4,
G.S.Ginsburg1, S.Haga1

1. Duke Institute for Genome Sciences & Policy, Duke
University
2. Department of Biostatistics & Bioinformatics, Duke
University
3. Division of Medical Genetics, Department of Pediatrics,
Duke University
4. Division of Nephrology, Department of Medicine, Duke
University

We are conducting a randomized study to assess the
impact of the method of delivery of genetic risk results
for Type 2 diabetes mellitus (T2DM) on risk compre-
hension, risk perceptions, and health behavior. Three
hundred participants recruited from the general public
in Durham, NC were randomized to undergo testing
provided by deCode Genetics of several polymorphisms
associated with T2DM and receive their test result in-
person from a genetic counselor or online through the
companys web-site; 257 participants completed the
follow-up 1-week after receiving results. As previously
reported, participants who received their genetic risk
results in-person from a genetic counselor were more
likely to correctly comprehend the different risks includ-
ed in their test report compared to those that reviewed
their test result online. Participants who received their
results in-person from the genetic counselor were sig-
nificantly more likely to trust their results than those
who reviewed their results on-line (p00.005). There was
not a statistically significant difference in levels of trust
among participants with increased genetic risk, as com-
pared to other subjects (p00.1154). For future genomic
risk testing, 55 % indicated they would prefer to receive
their results online, of which 77 % indicated they would
prefer to have the option to speak to someone if they
had questions with the online results. In comparison,
28 % indicated they would prefer to receive future
results in-person 5.1 % of participants would prefer to
receive them from their doctor and 23 % indicated that
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they would prefer to receive the results in-person from a
genetics professional. Participants who received their
results online were less likely to indicate a preference
to speak to someone for future test results. In summary,
delivery of genomic risk test results in-person from a
genetic counselor was associated with increased trust
and interest in receiving future results in-person com-
pared to online.

Comparison of the Collective Incidence of Diseases in a
Multi-disease Carrier Screening Panel to Trisomy 21, 18
and 13: Implications for Screening Recommendations

K.Ready1, S.B.Nazareth1, K.Wong1, L.Evans1,
G.A.Lazarin1

1. Counsyl

Professional societies often cite the incidence of disease
as an important consideration in carrier screening rec-
ommendations. Since recent advances in technology al-
low simultaneous carrier screening for multiple diseases
at a reduced cost compared to traditional single disease
carrier screening, the incidence of diseases may now be
considered collectively. This study sought to determine
the collective incidence of diseases included in a clini-
cally available carrier screening panel and compare it to
the collective incidence of common trisomies. The col-
lective incidence of 101 diseases included in a clinically
available carrier screening panel from Counsyl was cal-
culated. The panel includes diseases recommended to be
offered by the American College of Obstetrics and
Gynecology (ACOG) and the American College of
Medical Genetics (ACMG), 18 Ashkenazi Jewish dis-
eases, Fragile X and other recessive conditions.
Incidence was determined based on reported rates in
the literature and modified to reflect the ethnic compo-
sition of the population in the United States, as reported
in the 2010 census. The collective incidence of these
diseases was compared to the collective incidence of
trisomies 21, 18 and 13. The collective incidence of
diseases included in the carrier screening panel is 1 in
401. The collective incidence of trisomies 21, 18 and 13
is approximately 1/591 (trisomy 21: 1/691; trisomy 18:
1/7,000; trisomy 13: 1/10,000). The collective incidence
of diseases included in a clinically available carrier
screening panel is greater than the collective incidence
of more commonly screened conditions, including triso-
mies 21, 18 and 13. Furthermore, this incidence may be
an underestimate, given that some diseases may be
incorrectly- or un-diagnosed and not represented in the
literature. The collective incidence of these diseases,

along with genomic testing advances that allow for
inexpensive analysis of multiple genes, should be con-
sidered in population screening recommendations.

Screening of FOXE3 and PITX3 in Microphthalmia,
Anterior Segment Dysgenesis, and Cataracts

L.Reis1, R.Tyler1, E.Semina1

1. Medical College of Wisconsin

FOXE3 and PITX3 are transcription factors important in
lens development. Altered function of either gene results
in abnormal lens development in vertebrates. Mutations
in both FOXE3 and PITX3 in humans can result in
either dominant or recessive phenotypes, with signifi-
cant overlap in the associated features for both genes;
dominant mutations result in anterior segment dysgene-
sis and/or cataracts while recessive mutations are asso-
ciated with microphthalmia, sclerocornea, and/or
aphakia. To further define the spectrum of mutations/
phenotypes, we sequenced FOXE3 and PITX3 in 55
patients with anophthalmia/microphthalmia, 72 patients
with anterior segment dysgenesis phenotypes, and 28
patients with cataracts. Recessive mutations in FOXE3
were identified in nine probands with microphthalmia,
aphakia, and/or sclerocornea, with consanguinity noted
in 6 families; no recessive mutations in PITX3 were
identified. Dominant mutations in FOXE3 were identi-
fied in two probands, one with Peters anomaly and one
with cataract microcornea and a dominant mutation in
PITX3 was identified in one proband with cataract
microcornea. This screening confirms the importance
of recessive mutations in FOXE3 in microphthalmia
associated with aphakia and sclerocornea, but suggests
that other genes/regions may be involved as no was
identified in seven families with microphthalmia and
sclerocornea, three of whom demonstrate consanguinity.
Novel phenotypic features included aniridia that was
reported in two unrelated patients with FOXE3 muta-
tions, the first report of iris anomalies associated with
FOXE3 mutations. Overall, mutations in FOXE3 appear
to be a more common cause of microphthalmia/sclero-
cornea while a greater number of families with domi-
nant PITX3 mutations have been reported. The
phenotypic overlap between FOXE3 and PITX3 is strik-
ing, and the fact that both genes appear to have two
separate classes of mutations, one dominant and one
recessive, linked to distinct phenotypes is intriguing.
Further functional analysis of these mutations is needed
to determine the mechanism behind the two classes of
mutations.
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Low-level Mosaicism Identified in DNA from Buccal
Sample

M.Sdano1, R.J .Vanzo1 , M.Mart in1 , K.Dunn1 ,
B.Hulinski1, A.Baxter1, S.South2,3, H.Kearney4

1. Lineagen, Inc
2. Department of Pediatrics, University of Utah,
Department of Pediatrics
3. ARUP Laboratories
3. Fullerton Genetics Center, Mission Health

Historically, it has been thought that chromosomal microarray
(CMA) technology was unable to detect low-level mosaicism
of cytogenetic abnormalities. However, recent publications
indicate that microarrays with single nucleotide polymorphic
(SNP) probes are better suited for detecting low-level mosaic-
sim. Detected levels of mosaicism can be different in various
tissues, often with a higher percentage of abnormal cells
detected in DNA from buccal cells than from leukocytes. We
present cases with mosaic findings identified by CMA inwhich
the DNA from buccal sample indicated low-level mosaicism; it
is likely that these findings would have gone undetected if a the
DNA had been obtained through a traditional blood draw. A
particularly illustrative case is a 10-year-old male who had
clinical features including gait ataxia, hypotonia, and autism
spectrum disorder. A CMA (Affymetrix CytoScan HD) was
performed on DNA collected via a buccal swab (Genotek
OraCollect 100). Mosaicism for trisomy 21 was detected and
estimated to occur in 15–20 % of buccal cells. Follow-up
karyotype and fluorescence in situ hybridization (FISH) con-
firmed the presence of a trisomy 21 cell line in 4 % of DNA
from leukocytes. DNA samples collected via buccal swab are
relatively easy to obtain and, when coupled with a high-
resolution CMAwith SNP probes, they maximize a clinicians
opportunity to find low-level cytogenetic mosaicism.
Furthermore, compared to leukocytes, buccal cells are embry-
ologically more closely related to neurological cells. DNA
collected via buccal swab is therefore likely to be most appro-
priate for testing when clinical features are neurologic in origin.

Gross Deletions in APC Promoter 1B Account for a
Significant Proportion of FAP-causing Mutations: Data
from Diagnostic Testing at a Single Clinical Laboratory

A.J.Stuenkel1, E.Palmaer1, K.Shoaepour1, D.Salvador1,
C.Gau1

1. Ambry Genetics

Germline mutations in the APC tumor suppressor gene cause
familial adenomatous polyposis (FAP), an autosomal

dominant cancer predisposition syndrome. FAP is classically
characterized by the development of hundreds to thousands of
colorectal adenomas and a near 100 % risk of colon cancer by
the fifth decade in the absence of medical intervention. The
APC mutation spectrum is heavily dominated by truncating
point mutations and small indels; however partial and full-
gene deletions have been reported to account for approximate-
ly 8–12 % of total mutations detected in various FAP cohorts.
Recently, the first gross deletion in APC promoter 1B (non-
coding exon 1) was reported in a large FAP family, prompting
the addition of promoter 1B probes to multiplex ligation-
dependent probe amplification (MLPA) kits available to lab-
oratories since July 2011. Since implementing the updated
MLPA kit in September 2011, gross deletions of promoter
1B have accounted for 45 % (n05) of all gross deletions (n0
11) and 9 % of all mutations (n048) detected by our diagnos-
tic laboratory. The significant improvement in clinical sensi-
tivity gained from the updated MLPA assay may warrant
repeat testing for individuals strongly suspected to have FAP
who have previously tested negative for germline APC muta-
tions. The phenotypic spectrum of patients with promoter 1B
deletions in addition to complete mutation detection data
from >2 years of APC diagnostic testing at our laboratory is
presented.

Variants of Unknown Significance on Long QT and
CPVT Test Reports: Reducing Uncertainty

L.R.Susswein1, J.L.Carr1, M.Smielewska-Antov1,
K.Fowler1, T.E.Callis1

1. Transgenomic Inc.

Variants of Unknown Significance (VUSs) can cloud the inter-
pretation of genetic testing reports. Analysis of the background
rate of variants in healthy controls, when combined with case
data, allows for risk prediction that a VUS from a particular
panel is pathogenic. Using data from patients with mixed clin-
ical suspicion for disease who were referred for FAMILION
LQTS (n02,338) and CPVT (n0475) genetic testing as well as
data from a large group of more than 1,300 ostensibly healthy
controls, we estimated positive predictive values (PPVs) for
VUS results. The yield of LQTS testing for patients referred
for FAMILION testing was approximately 35 %, with 24 % of
patients having ≥1 deleterious mutation and 14% having VUSs.
For CPVT, the yield of RYR2 in our laboratory is 20 %, with
2 % of patients hosting a deleterious mutation and 18 % having
VUSs. By comparison, ~8 % of controls harbored mutations in
themajor andminor LQTS genes analyzed (~4% in each group)
while ~3 % of controls harbored mutations in RYR2. Using
these yields from our cases and controls, we estimate that ~20–
60 % of LQTS VUSs, depending on minor vs. major LQTS
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gene, and 85 % of RYR2 VUSs reported from our lab are likely
disease-causing mutations. Knowledge of test yields in cases
and controls can provide additional information for providers
about the significance of VUSs. In light of the expected 70–
80 % and 55–65 % mutation yields published respectively for
patients with robust LQTS and CPVT clinical phenotypes, the
positive predictive values for VUSs calculated here reflect the
mixed clinical suspicion in our referral population, and may be
higher for a patients with a high index of clinical suspicion.
Nevertheless, our results yield insight into the likelihood that
VUSs are pathogenic in a test- and gene-specific fashion.

The Student-Athlete’s Knowledge and Perceptions of
Sickle Cell Trait in Regards to the National Collegiate
Athletic Association’s Sickle Cell Trait Testing Regulations

N.E.Thompson1, R.Murray1, Jr., F.Ampy1, B.Harrison1

1. Howard University

In 2010, the National Collegiate Athletic Association (NCAA)
mandated that Division I collegiate athletes participate in ge-
netic testing for sickle cell trait. Since 2000, about 15 student-
athlete deaths have been associated with sickle cell trait (SCT),
a typically asymptomatic condition. Identifying a student-
athlete as a sickle cell carrier without providing education about
the condition is not sufficient enough to save lives. The purpose
of this project was to measure student-athletes knowledge of
SCT, the need for pre-SCT test genetic counseling, the discus-
sion of their SCT status, and their levels of concerns regarding
SCT testing to determine the need for a standardized protocol.:
A 57-item questionnaire was developed and administered to 91
student-athletes who were recruited before/after team practices,
at a student-athlete dormitory, and during SCT testing.
Significantly, 87.91 % of the student-athletes surveyed
expressed poor knowledge of SCT, and 91.2 % expressed a
moderate or high interest in receiving genetic counseling/edu-
cation before SCT testing. The majority of student-athletes
chose not to discuss their SCTstatus and overall they expressed
moderate concerns of discrimination. This data depicts the need
for a standardized protocol for collegiate athletic programs
participating in SCT testing, to promote education and aware-
ness of SCT with genetic counseling before testing at the
forefront. This protocol will assist student-athletes in making
informed decisions, and assist coaches/athletic staff in having
the knowledge to protect their student-athletes from stigmati-
zation while protecting their health and well-being. As the
world of genetics expands beyond the realm of scientists and
health professionals, but into our schools and communities,
education and awareness becomes paramount. The field of
genetic counseling has potential for growth and participation
in the process of integrating genetic testing into collegiate

sports as the need for education, support, advocacy, resources,
and management increases.

Recontact Upon Reclassification of Previously Identified
Variants of Unknown Significance: Assessing Current
Practices and Challenges Facing Diagnostic Laboratories

J.L.Walsh1, S.J.Brewster2, M.W.Campion1,S.Baxter3

1. Boston University School of Medicine
2. Boston Children’s Hospital
3. GeneDx

Variants of unknown significance (VUSs) pose a challenge for
clinical genetics providers. With continual advances in technol-
ogy and genetic knowledge it is possible for a previously iden-
tified VUS to be reclassified as pathogenic or benign, which has
the potential to greatly impact patient care. This study aims to
assess the current practice of diagnostic laboratories with regard
to VUS reclassification and communication of this information
to ordering physicians. Laboratory directors and genetic counse-
lors working in clinical diagnostic laboratories were invited to
participate in semi-structured interviews. Qualitative analysis
was performed to extract common themes regarding the current
practice and the challenges of recontacting in the event of VUS
reclassification. Of the 116 laboratories invited to participate, 19
responded (16 %). A greater number of academic laboratories
responded (63 %) compared to commercial laboratories (37 %).
Seventy-six percent of the respondent laboratories recon-
tacted providers upon VUS reclassification on a regular
or case-by-case basis. Factors limiting the ability to
recontact providers included limited resources, difficulty
locating providers, and data management challenges.
Fifty-three percent of respondent laboratories believed
that the practice of recontact should be standard of care.
This study fills in a gap in the literature regarding the
current practices of diagnostic laboratories in recontact-
ing provides upon VUS reclassification. Implications, lim-
itations, and future research recommendations are addressed.

Parental Attitudes Toward Newborn Screening for
Duchenne/Becker Muscular Dystrophy and Spinal
Muscular Atrophy

M.F.Wood1, S.C.Hughes2, L.P.Hache3, E.W.Naylor4,
H.Z.Abdel-Hamid1, M.M.Barmada1, P.R.Clemens1

1. University of Pittsburgh
2. University of Pittsburgh Medical Center
3. Children’s National Medical Center
4. Medical University of South Carolina
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A sensitive and specific screen for Duchenne muscular
dystrophy (DMD) has been clinically confirmed, but the
acceptability of adding DMD to the newborn screening
(NBS) program has been controversial due to a lack of
evidence that early diagnosis improves clinical outcome.
With promising new gene therapies currently in clinical
trials, it is reasonable to consider NBS for DMD for early
pharmaceutical intervention. It is our objective to assess
parents attitudes toward the acceptability of including
DMD, the milder and allelic Becker muscular dystrophy
(BMD), and spinal muscular atrophy (SMA) in the NBS
panel, as well as to determine which factors (early diagnosis,
family planning, parent–child bonding, anxiety, decision
regret, time to prepare) are the most influential in parents
opinions. Two cohorts were recruited separately and sur-
veyed about their attitudes toward NBS for DMD/BMD/
SMA. Expectant parents were recruited with no regard to
family history and their opinions were compared to those of
parents of children with DMD/BMD/SMA. Of the 65
parents of children with DMD/BMD/SMA that were sur-
veyed, 63 (97 %) supported NBS for DMD/BMD/SMA,
either as a mandatory screen or with parental permission.
Of the 430 expectant parents surveyed, 398 (92.6 %) would
have their child screened at birth for an incurable, life-
shortening disease such as DMD/BMD/SMA. Expectant
parents, especially those who would choose to have their
child screened, viewed the benefits of early diagnosis
(59.7 %) as the most influential factor in their decision.
There is strong support for NBS for DMD/BMD/SMA in
both cohorts, which is not contingent on further therapeutic
development. The consideration of including non-treatable
diseases in NBS should include consideration of parental
opinions on the beneficence of screening. Although there is
currently no direct medical benefit to early diagnosis in
DMD/BMD/SMA, parents responded that early diagnosis
could have other, less tangible benefits.

The Right Test Leads to Less Stress: Navigating the
Complex and Changing Landscape of Genetic Testing
for Fanconi Anemia

H.A.Zierhut1, E.Sanborn2

1. University of Minnesota Medical Center,Fairview
2. Rockefeller University

Fanconi anemia (FA) is a complex heterogeneous genetic
disease with 15 known genes. Various genetic testing meth-
ods are used to diagnose and categorize patients including
chromosome breakage testing, complementation group test-
ing, Sanger sequencing, MLPA, and soon next generation
sequencing. Currently, no genetic testing algorithm exists to

address all of the possible options. We hypothesized that a
large percentage of mutations including duplications and
deletions in FA genes may be missed by upcoming next
generation sequencing methods. In addition, we aimed to
use these results to create an algorithm for FA genetic
testing. Mutation information including the number of
alleles, types of mutations, and methods used to detect
mutations were extracted from the Fanconi Anemia
Mutation Database, an open access on-line database hosted
through Leiden Open Source Variation Databse (LOVD v.
2.0). The database is curated through the International
Fanconi Anemia Registry and is composed of a thirteen
member consortium which inputs mutation information
from registries and published case reports. Descriptive sta-
tistics were used to describe the distribution of mutations per
gene. Overall, deletions and duplications account for
31.12 % of FA mutations, with a range of 4.16 % (FANCJ)
to 73.81 % (FANCF). FANCA, the most common gene
involved in FA, also has a significant percentage of dele-
tions and duplications (60.54 %). The other genes assessed
had varying percentages: FANCB (48 %), FANCD1/BRCA2
(43.10 %), FANCG (24.89 %), FANCC (24.22 %), FANCI
(15.38 %), FANCD2 (12.82 %) and FANCE (4.26 %). Rare
FA genes with few identifiable mutations were not included
(FANCL, FANCM, FANCN, FANCO, FANCP). Our genetic
testing algorithm recommends that next generation sequenc-
ing should replace complementation group testing as the
first step in determining the molecular cause of FA.
However, given the large percentage of deletions and dupli-
cations in the FA genes, other testing methods, like CGH
and MLPA should also be incorporated.

Pediatrics

Elastin Gene (ELN) Mutations Causing Isolated
Supravalvular Aortic Stenosis: A Case Report and
Review of the Literature

L.N.Ahles1, W.Xu1, B.Shen2, U.Ponniah1, K.Wierenga1

1. Department of Pediatrics, The University of Oklahoma
Health Sciences Center
2. Department of Intensive Care Unit, The First Hospital of
Jilin University

Supravalvular aortic stenosis (SVAS) is a rare heart disease
characterized by a narrowing of the ascending aorta superior
to the margin of the sinus of Valsalva. SVAS is a hallmark
feature of Williams-Beuren syndrome (WBS), a disorder
caused by a microdeletion at 7q11.23. Other features of
WBS include intellectual disability, characteristic facies
and personality traits, as well as growth and endocrine
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abnormalities. SVAS may also occur as an isolated vascular
disease caused by mutations in the elastin gene (ELN). More
than 60 mutations in ELN have been identified thus far.
Isolated SVAS is inherited in an autosomal dominant pat-
tern, and variable expressivity and reduced penetrance in
families has been described. Case report: We present a 4-
year-old female with an initial diagnosis of mild valvar
pulmonic stenosis made shortly after birth. She was lost to
follow-up, and an echocardiogram at age 3-and-8-months
revealed moderate to severe supravalvular aortic stenosis
and mild left ventricular hypertrophy. She underwent a
cardiac catheterization and subsequently successful pericar-
dial patch repair of SVAS. The patient had mild develop-
mental delay, as well as a history of pronunciation problems
which were also reported in her 6-year-old brother and her
father. Her father also reported a heart murmur. Due to the
patients personal and family history of developmental delay
and speech problems, 7q11.23 FISH testing for WBS was
ordered, but results were negative. We then pursued ELN
gene sequencing and a novel nonsense mutation c.310A>T
(p.K104X) was identified. Further familial ELN testing in
the patients mother, father, and brother revealed the same
nonsense mutation to be present in the father only. This case
report offers support for proceeding with ELN gene se-
quencing following negative FISH 7q11.23 testing in indi-
viduals with SVAS. Additionally, extending testing to
family members is recommended, as ELN mutations are
associated with highly variable cardiac manifestations.

The Clinical Phenotype of Sickle Cell Disease in Nagpur,
India: Is it Truly Milder?

A.Arjunan1 , E.Gett ing2 , D.Jain3 , V.Sarathi3 ,
A.Bhandarkar3, A.Lodhaand3, L.Krishnamurti1

1. Children’s Hospital of Pittsburgh
2. University of Pittsburgh, Graduate School of Public
Health
3. Government Medical College of Nagpur

Sickle cell disease (SCD) is a major public health problem
in India that disproportionally affects certain disadvantaged
ethnic groups in India. The three groups predominantly
affected are the scheduled caste (untouchables), scheduled
tribes (aboriginals) and other backward communities. The
clinical manifestations of SCD in India are considered to be
milder; however, a lack of large cohort studies has limited
the characterization of a clinical phenotype for SCD in
India. To describe the clinical events in a cohort of patients
with SCD followed at a single center in Nagpur,
Maharashstra. Clinical events described amongst patients
with SCD at the Government Medical College Nagpur,
Maharashtra from January 2008-August 2011 were

analyzed for this study. Over 6000 visits and hospitaliza-
tions for 942 patients were recorded. The median monthly
household income was between $20–100 with the majority
of the parents having an education less than or comparable
to a middle school level. Median age of patients was 10 years
with a median age of diagnosis between 2–5 years. Fever
and painful crisis were the two most common clinical events
followed by severe anemia and splenic sequestration.
Thirty-nine individuals died of which 15 died at home of
unknown causes. In this large cohort of SCD patients,
morbidity due to pain crises, infection, and premature mor-
tality were observed at a rate similar to that reported in the
cooperative study of sickle cell disease. Malnutrition, infec-
tions, malaria and severe anemia are co-morbidities in this
Indian population that are not frequently seen in patients
with the African haplotype. The high rate of deaths at home
point to systemic and socio-economic barriers to health care
access. More comprehensive studies of the clinical events in
large cohorts of patients from various ethnic groups and
regions of India are needed to better understand the deter-
minants of clinical outcome.

Assessing the Utility of Array Comparative Genomic
Hybridization (CGH) as a First-tier Diagnostic Test for
Neonates with Congenital Heart Disease

K.K.Bachman1, S.J.DeWard1, R.Munoz2, S.Madan-
Khetarpal2

1. University of Pittsburgh
2. Children’s Hospital of Pittsburgh, University of Pittsburgh
Medical Center

Congenital heart disease (CHD) has an incidence of nearly
1 % among live births. Etiology is thought to be largely
multifactorial, but known genetic causes include chromo-
some abnormalities, single gene disorders, and copy number
variants (CNVs). Efficient diagnosis of any underlying ge-
netic etiology is necessary to provide optimal clinical care
and genetic counseling. Array comparative genomic hybrid-
ization (aCGH) has been recently added to karyotype as a
first-tier diagnostic test for all neonates with CHD at
Childrens Hospital of Pittsburgh of University of
Pittsburgh Medical Center and is ordered by a non-
genetics provider. Although aCGH has been recommended
as a first-tier test in certain populations, the utility in patients
with CHD has not been well-studied.: We hypothesized that
aCGH would increase the detection rate by at least 6 % over
karyotype alone. In addition, aCGH would increase the
detection rate in both neonates who had extracardiac abnor-
malities and/or dysmorphic features, and in those with an
apparently isolated heart defect. Fifty-eight neonates with
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CHD admitted to the Cardiac Intensive Care Unit between
March 2011 and April 2012 were enrolled. Data collected
included genetic testing, dysmorphology examination, and
imaging studies. Ten patients had a CNV detected by aCGH
that was not detected by karyotype, significantly increasing
the detection of chromosome aberrations by 23 % (p0
0.008). Several CNVs were initially reported as a variant
of uncertain significance, requiring additional follow-up.
Although 73 % of patients with a CNV had dysmorphic
features noted by a geneticist, only 18 % were deemed
dysmorphic by non-genetics providers. Not every neonate
will receive a dysmorphology examination or imaging stud-
ies, so limiting testing to apparently syndromic patients may
result in missed diagnoses. Non-genetics providers ordering
aCGH must recognize that a large percentage of cases will
require counseling and follow-up; therefore, collaboration
with genetics professionals is essential.

Hyperphagia in Children with Smith-Magenis Syndrome:
What Should We Be Telling Parents?

L.V.Barton1, L.Vanner Nicely1, T.York1, S.Elsea1

1. Virginia Commonwealth University

Smith-Magenis syndrome (SMS) is a genetic condition that
is often associated with early-onset obesity. Behaviors lead-
ing to obesity in individuals with SMS have not been well-
described, nor have those behaviors been characterized as
the individual goes from being underweight or average
weight as a child to becoming overweight or obese later in
life. The lack of data makes preparing parents and develop-
ing therapies difficult. Parents and guardians of children
with SMS (18 months-21 years) were surveyed with the
Food-Related Problems Questionnaire (FRPQ) to assess
eating behaviors across childhood. There were strong posi-
tive correlations between age and score for each of the
FRPQ principal subscales: preoccupation with food (r0
0.36, p00.01); impaired satiety (r00.30, p00.006); and
composite negative behavior (r00.31, p00.005). The stron-
gest correlation was between the total FRPQ score and age
(r00.40, p00.0002). These data show an increasing fre-
quency of food-related concerns with age. The SMS popu-
lation was compared to a reference population, an adult
group diagnosed with Prader-Willi syndrome (PWS), a syn-
drome with almost universal early-onset obesity. The group
with SMS aged 12–21 years had a mean score similar to the
PWS population in all subscales, while the SMS groups
aged 18 months-5 years and 6–11 years scored similarly to
the PWS population in composite negative behavior. These
findings illustrate the similarities between SMS and PWS
with regard to associated food-seeking behaviors and food-

related problems and suggest that treatments for obesity in
PWS may serve individuals with SMS. For individuals with
PWS, avoiding obesity is possible if a diet routine is utilized
that addresses food-related behaviors before they manifest,
typically in the toddler years. These data suggest that we
may need to amend the information we give to parents of
children recently diagnosed with SMS regarding long-term
outcomes and therapies to include anticipatory guidance
pertinent to food-related behaviors and obesity.

Phenotypic Variability in Families with Inherited 16p11.2
Microdeletions

W.Campbell1, K.Barr2, X.Li2, J.H.Youngblom1

1. California State University, Stanislaus
2. Kaiser Permanente

Most studies that have characterized the phenotypes of indi-
viduals with 16p11.2 microdeletions have relied exclusively
on individuals identified because they presented with intellec-
tual disability or autism. These biased samples are not likely to
represent adequately the phenotypic variability of individuals
with this microdeletion. The Genetics Laboratory Information
System (GLIS) of the Northern California Kaiser Genetics
Laboratory, and Kaiser Permanente electronic medical records,
present the opportunity to shed more light on the broader
population of individuals with 16p11.2 microdeletions.
Kaiser routinely orders tests to determine whether this genetic
change is de novo or inherited, and so has already identified a
number of inherited cases of 16p11.2 microdeletions. In addi-
tion, Kaisers medical records present substantial information
about these individuals phenotypes. We identified all cases of
16p11.2 inherited microdeletions within GLIS and attempted
to recruit these families for their participation in this study of
the broader population. We conducted a medical-reviews re-
view for all participating individuals with a 16p11.2 micro-
deletion. Parents who passed these microdeletions onto their
children were then interviewed about their familys medical
history. We present the genotypic and phenotypic information
collected for the 4 families (9 individuals) who participated in
our study. The data suggest that while none of the parents who
passed this genetic change down to their children have been
diagnosed with autism or intellectual disability, within this
population there is a high prevalence of diagnosed learning
disabilities and obesity, both of which are traits associated with
thismicrodeletion.We conclude that while parents and siblings
of individuals initially identified with 16p11.2 microdeletions
do not present, as expected, with the more severe phenotype of
individuals with this microdeletion, these individuals do ex-
hibit characteristics, albeit more subtle, known to be associated
with this microdeletion syndrome.

Presented Abstracts from the Thirty First Annual Education Conference 955



Unintentional Diagnosis of Mucolipidosis type IV by
Muscle Biopsy—Unusual but Effective

L.Carey1, E.Font Montgomery2, M.Lawlor2

1. Children’s Hospital of Wisconsin
2. Medical College of Wisconsin

Mucolipidosis type IV (MLIV) is a neurodegenerative lyso-
somal storage disease caused by mutations in the MCOLN1
gene on chromosome 19p13.2. Individuals have commonly
presented with severe cognitive and psychomotor retardation,
and ophthalmologic abnormalities. However, MLIV is a spec-
trum disorder with some patients presenting in adulthood with
corneal clouding alone. In addition, the features associated with
MLIV can be seen in multitude other disorders, often making
the diagnostic process a diagnostic odyssey. Approximately 70-
80 % of patients described are of Ashkenazi Jewish (AJ)
heritage, although MLIV is a pan-ethnic disorder. We present
a patient with diminished white matter volume, congenital
cataracts, cerebral palsy and severe cognitive delays followed
for 5 years undiagnosed. Muscle biopsy was recommended to
look for dystrophies and mitochondrial disease; however, nei-
ther was discovered. Electron microscopy of the muscle
specimen showed abnormal lysosomes that were not
consistent with other lysosomal storage disorders; a rare
book was referenced to compare the biopsy. Diagnosis
was confirmed via gene sequencing of MCOLN1, where
the patient was found to be apparently homozygous for
IVS3-2 A>G. This mutation is the most frequent muta-
tion in the MCOLN1 gene. Often a patient will be
followed for years in genetics and testing does not
elucidate the etiology of the symptoms. This case report
highlights that a muscle biopsy and subsequent electron
microscopy is an unusual yet effective way to diagnose
MLIV. We present a non-AJ patient diagnosed with
MLIV by muscle biopsy and subsequent electron mi-
croscopy of the abnormal lysosomes. Diagnosis was
confirmed via gene sequencing of MCOLN1. Genetic
counseling can now include prenatal diagnostic options
as well as the autosomal recessive recurrence risk for
this rare lysosomal storage disorder.

Genetic complexity in Senior-Loken syndrome, a ciliopathy:
Report of a patient with nephronophthisis, pigmentary
retinopathy, and metaphyseal dysplasia associated
with multiple gene mutations andmicroarray homozygosity

E.N.Chisholm1, E.Crouch2, R.Raafat1, V.Proud1

1. Children’s Hospital of The King’s Daughters
2. Eastern VirginiaMedical School, Virginia Pediatric EyeCenter

Ciliopathies are a heterogeneous group of disorders result-
ing from defects in the primary cilia. Nephronophthisis
(NPHP) is an autosomal recessive ciliopathy that is the most
common genetic cause of chronic kidney disease in child-
hood. NPHP with retinal degeneration and skeletal abnor-
malities is called Senior-Loken syndrome (SLS). At least
thirteen genes have been identified for NPHP, six of which
cause SLS. We report on a 5 year old boy with sudden onset
end stage renal disease. He had been diagnosed with retinal
dystrophy by age one and also had short stature with meta-
physeal dysplasia and coned shaped epiphyses. A kidney
biopsy suggested nephronophthisis or focal segmental glo-
merulosclerosis. However, based on the extra-renal findings,
a clinical diagnosis of Senior-Loken syndrome was made.
Genetic studies to date include a SNP microarray, sequenc-
ing of three NPHP genes, and a multi-gene sequencing
panel for nephrotic syndrome and glomerulosclerosis. Two
variants of uncertain significance were found in the WT1
and NPHS1 genes on the nephrotic syndrome panel. A 20
megabase segment of homozygosity (16p13.3 to 16p12.3)
was identified on microarray. One of the genes for NPHP
(GLIS/NPHP7) localizes to this region, although sequencing
was normal. Additional testing for NPHP/SLS genes is
pending. The kidney pathology suggests that the mutations
in NPHS1 and WT1 may be significant but neither of these
genes is associated with extra-renal manifestations.
Although a mutation was not identified in NPHP7, this
region of chromosome 16 may be imprinted and it is also
possible that it contains other unidentified cilia-related
genes that are contributing to the disease process. Senior-
Loken syndrome is currently a clinical diagnosis and deter-
mining accurate genotype-phenotype correlations will de-
pend on clarification of many cilia-related genes. This case
illustrates the heterogeneity of ciliopathies and the complex-
ity in offering accurate genetic counseling for recurrence
risk, prenatal diagnosis, and clinical management.

An Interstitial Microdeletion of 9p24.1p23 Due to an
Unbalanced Translocation t(5;9) in a Mother and
Daughter

S.Cordes1, H.Meng1, T.Smolarek1, H.M.Saal1

1. Cincinnati Children’s Hospital Medical Center

Chromosome 9p deletion syndrome is characterized by cra-
niofacial features such as trigonocephaly, midface hypopla-
sia, a long philtrum, disorders of sexual development in
males, developmental disabilities, and hypotonia. We report
a mother and daughter with a unique interstitial deletion of
9p24.1p23 diagnosed by SNP microarray that has not been
previously reported. Patient 1 presented at 13 months of age
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for developmental delay and hypotonia. Her medical history
was significant for mild jaundice noted at birth, a Stills heart
murmur, and constipation. Her physical exam demonstrated
mild dysmorphic features. Family history was significant for
her mother having mild intellectual disability and her ma-
ternal grandfather and maternal great-aunt who had learning
problems. Chromosome analysis showed an apparently bal-
anced translocation between chromosomes 5 and 9, and
SNP microarray showed a 5.4 Mb deletion of chromosome
9p with a resultant karyotype of 46,XX,der(5)t(5;9)(q15;
p24.1),der(9)t(5;9)(q15;p23)del(9)(p24.1p23). Patient 2,
the mother of patient 1, had a medical history that was
significant for recurrent ear infections and constipation.
She reported having had a chromosome analysis previously
that showed an apparently balanced translocation involving
chromosomes 5 and 9. Review of the karyotype of patient 2
showed that her daughter had the same chromosome trans-
location. A focused SNP microarray of patient 2 confirmed
the identical 5.4 Mb deletion. The deletion identified in
these two patients is likely the cause of their developmental
disabilities. This is an apparently unique microdeletion syn-
drome. One characterized gene is within the deleted region,
PTPRD. Mice with homozygous deletions of PTPRD ex-
hibit learning impairment. Most individuals who have 9p
deletions have large terminal deletions (9pter → 9p22) or
smaller deletions in of 9p23-9p22 or 9pter → 9p24.1. This
familial case adds information on a deletion not previ-
ously reported and reinforces the need to perform
microarray in individuals with apparent balanced chro-
mosome anomalies who have any type of birth defect or
developmental disability.

Assessing Genetic Risk of Autism Spectrum Disorder
(ASD) in Siblings of Children with ASD

E.J.Couchon1, B.Rosen-Sheidley2, C.Amiet3, J.Carayol3,
R.Thiebaut3

1. IntegraGen, Inc.
2. Children’s Hospital Boston
3. IntegraGen, SA

Autism spectrum disorders (ASDs) are a highly heritable
group of developmental disabilities with a 4.5:1 male:fe-
male ratio and an 18.7 % sibling recurrence risk. We ex-
plored the predictive ability of a gender-specific genetic
score (GS) to determine the risk of ASD in siblings of
children with ASD using common variants of moderate
effect. We developed a scoring strategy that combined sta-
tistical results and functional genomics to prioritize common
variants or single nucleotide polymorphisms (SNPs) identi-
fied from gender-based genome-wide association studies

performed on 545 multiplex families (964 affected/317 un-
affected siblings). Highly scored SNPs were combined with
8 previously reported autism-associated SNPs to form a
gender-specific GS model. We then defined risk classes by
grouping GS values to identify levels of ASD risk in a
sample of 803 families (1314 affected/391 unaffected sib-
lings). A total of 65 SNPs were included in the GS model
(29 male-specific, 28 female-specific and 8 gender-
independent). We identified five risk classes for males and
4 for females, ranging from significantly increased risk
(likelihood ratios 4.10 and 7.53 for males and females
respectively) to significantly decreased risk for males and
decreased risk for females (likelihood ratios 0.15 and 0.39
respectively). We estimated the risk of ASD for GS values in
the significantly increased risk class to be 59 % for males
and 45 % for females, yielding a more than 2-fold recur-
rence risk for ASD in these males and a 4-fold increased risk
for females when compared to the reported 25.9 % and
9.6 % sibling recurrence risk for ASD in males and females,
respectively. Our findings demonstrate that a gender-
specific GS based on the presence of multiple risk-
associated common variants can identify siblings of children
with ASD who have a significantly higher risk to develop an
ASD.

A Regulatory Variant in the FZD6 Gene Contributes to
Nonsyndromic Cleft Lip and Palate (NSCLP)

N.Cvjetkovic1, L.Maili1, A.M.Letra2, M.H.Raia1,
E.C.Swindell1, J.F.Teichgraeber3, J.T.Hecht1,2

1. Department of Pediatrics, University of Texas Medical
School at Houston
2. University of Texas School of Dentistry at Houston
3. Department of Pediatric Surgery, University of Texas
Medical School at Houston

Nonsyndromic cleft lip with or without cleft palate (NSCLP)
is a common birth defect with a multifactorial etiology.
Despite decades of research, the genetic underpinnings of
NSCLP still remain largely unexplained. A genome wide
association study (GWAS) of a large NSCLP African
American family with seven affected individuals across three
generations found evidence for linkage at 8q21.3-24.12
(LOD02.98). This region contained three biologically rele-
vant candidate genes: Frizzled-6 (FZD6) (LOD02.8),
Matrilin-2 (MATN2) (LOD02.3), and Solute Carrier Family
25, Member 32 (SLC26A32) (LOD01.6). Sequencing of the
coding regions and the 5 and 3 UTRs of these genes in
two affected family members identified a rare intronic
variant, rs138557689 (c.-153+432A>C), in FZD6. The
rs138557689/C allele segregated with the NSCLP phenotype;
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in silico analysis predicted and EMSA analysis showed that
the 138557689/C allele creates newDNA binding sites. FZD6
is part of the WNT pathway, which is involved in craniofacial
development, including midface development and upper lip
fusion. Our novel findings suggest that an alteration in FZD6
gene regulation may perturb this tightly controlled biological
pathway and in turn contribute to the development of NSCLP
in this family. Studies are underway to further define how the
rs138557689/C variant affects expression of FZD6.

Parents’ Experiences with Genetics Services for Autism
Spectrum Disorders

K.Czape1, A.Rupchock2, E.Bendik2, J.M.Lee1, S.Hahn3,
M.L.Cuccaro1

1. University of Miami, John P. Hussman Institute for
Human Genomics
2. University of Miami Miller School of Medicine
3. University of Miami

Despite recognition of the potential impact of genetic infor-
mation in the care of individuals with Autism Spectrum
Disorders (ASD), limited research has been dedicated to
determine the appropriate delivery of genetics services for
ASD. We report on responses of 397 parents of individuals
with idiopathic ASD to an online questionnaire sent through
the Centers for Autism & Related Disorders (CARD) regis-
try listserv. The 54 questions inquired about their experien-
ces, attitudes, familiarity, and perceived needs regarding
genetic testing for ASD. Participants were mainly
Caucasian (80 %) and half identified as Hispanic (52 %).
Half of children were diagnosed at age 3 or younger and the
majority (60 %) was high functioning as reported by their
parents. Half of parents reported genetic influences as a
main cause for their child’s ASD. Although nearly all
parents were familiar with the terms “chromosomes” and
“genes”, fewer were familiar with “chromosomal microar-
ray” (CMA). In contrast to the 6–8 % empiric recurrence
risk typically quoted for ASD, the median estimation by
parents was 50 %. Many parents report their child being
tested for Fragile X syndrome (35 %), but few had karyo-
type (13 %) or CMA (14 %). Among those who had CMA,
68 % stated they still have questions or don’t understand the
test result. Tests were most often ordered by neurologists
and few had ever been referred to a geneticist (21 %). The
most common barrier to genetic testing cited was cost and/or
insurance issues (64 %) and almost half of parents were not
sure if their child would benefit from seeing a geneticist.
These data show that only a small subset of children with
ASD are offered comprehensive genetic testing and referral
to genetics services as recommended by practice guidelines.

Our data support the need for enhancing parental
knowledge of and access to genetic testing and clinical
genetics services.

Eliglustat, an Investigational Oral Therapy for Gaucher
Disease Type 1 (GD1): Phase 2 Results After 4 Years of
Treatment

K.A.Grinzaid1, E.Lukina2, N.Watman3, M.Dragosky4,
G.Pastores5, E.Avila Arreguin6, H.Rosenbaum7,
A.Zimran8, S.Sysoeva2, R.Aguzzi9, L.Ross9, A.C.Puga9,
J.M.Peterschmitt9

1. Emory University
2. Hematology Research Center
3. Hospital Ramos Meija
4. IMAI-Research
5. New York University School of Medicine
6. Instituto Mexicano del Seguro Social Hospital de
Especialidades
7. Rambam Medical Center
8. Shaare Zedek Medical Center
9. Genzyme, a Sanofi company

GD1 is a lysosomal storage disorder caused by deficient
acid -glucosidase activity, leading to accumulation of glu-
cosylceramide (GL-1) in tissue macrophages (Gaucher
cells) and resulting in multi-systemic manifestations (throm-
bocytopenia, anemia, hepatosplenomegaly, bone disease). A
rare autosomal recessive disorder caused by mutations in the
GBA gene, GD1 affects 1/50,000 C1/100,000 individuals in
the general population, with higher rates in Ashkenazi Jews
(1/500 C1/1000). Enzyme replacement therapy (ERT) has
been the standard of care for treatment of GD1 since 1991.
The desire for safe and effective oral treatment options
prompted the clinical development of eliglustat, a novel
substrate reduction therapy that lowers GL-1 levels by
inhibiting the enzyme glucosylceramide synthase. Evaluate
the long-term efficacy and safety of eliglustat in GD1. This
ongoing, open-label, uncontrolled, multinational, Phase 2
clinical trial enrolled 26 untreated adults with GD1 who
had splenomegaly with thrombocytopenia and/or anemia.
Patients received 50 mg or 100 mg eliglustat twice daily
depending on the plasma level. Nineteen patients completed
4 years of eliglustat treatment, and 7 discontinued.
Clinically meaningful improvements occurred during the
first year of treatment and have continued or been main-
tained through 4 years. These include increased hemoglo-
bin, platelets, and bone mineral density, and decreased
spleen and liver volumes and femur dark marrow (Gaucher
cell infiltration). All patients met 3 of 4 long-term therapeu-
tic goals for hematologic and visceral parameters, and no
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bone crises were reported. Plasma biomarkers of disease
reflecting accumulated sphingolipid substrates (GL-1,
GM3) and total body Gaucher cell burden (chitotriosidase,
CCL-18) showed marked improvements. Eliglustat was
well-tolerated. Most adverse events (AEs) were mild and
unrelated to treatment. Ten drug-related AEs, all mild, oc-
curred in 8 patients. Eliglustat shows promising long-term
efficacy and safety, with clinically meaningful improve-
ments across disease parameters. Three Phase 3 trials have
completed enrollment.

Parental Disclosure of G6PD and Its Relationship to
Child Health in a Chinese Population

Y.Guan1, A.Huang2, D.L.Roter3, L.H.Erby3, Y.Chien2,
P.Hwu2

1. Johns Hopkins University/National Human Genome
Research Institute Genetic Counseling Training Program
2. Department of Pediatrics and Medical Genetics, National
Taiwan University Hospital
3. Johns Hopkins Bloomberg School of Public Health

Glucose-6-phosphate deficiency (G6PD) is an X-linked
enzyme deficiency commonly manifests as food-induced
or drug-induced acute hemolytic anemia. To prepare
children with G6PD to independently manage their con-
dition, genetic counselors encourage parents to disclose
age-appropriate illness information to their affected
child. This study aimed to identify associate factors of
parental disclosure regarding Glucose-6-phosphate defi-
ciency (G6PD) to an affected child and its relationship
to the childs health. The Common Sense Model of
Illness Representation (CSMIR) was used to inform
the study design. A cross-sectional study of 94 parents
of children with G6PD from Taiwan, Hong Kong and
the mainland of China was conducted using paper or
web-based surveys written in Chinese. Family history,
exposure to G6PD consultation and illness perceptions
of G6PD were assessed along with the childs age at
disclosure and the extent of disclosure for each of nine
key topics. Child health was assessed using the Chinese
version of the Child Health Questionnaire-Parent Form
(CHQ-PF28) and a 13-item G6PD symptom list. Forty-
two (44.7 %) study children were reported to have
experienced at least one clinically significant symptom
of acute hemolytic anemia. More extensive parental
disclosure regarding G6PD was associated with better
childs health in both physical and psychosocial
domains. Multiple linear regression analyses revealed
that parental disclosure extent were positively associated

with childs age (p<0.001), parents identity of G6PD
symptoms (p00.027), and the extent of G6PD consulta-
tion received from genetic counselors and other health
care providers (p00.009). Genetic counseling aimed to
facilitate parental disclosure to children with G6PD is
important avenue for future research in maximizing the
health of affected children.

The Medical Care of Children Born with Ambiguous
Genitalia from the Parent Perspective

N.Herrig1, M.Fox2, I.A.Holm3, D.Rintell1

1. Brandeis University
2. David Geffen School of Medicine University of California
Los Angeles
3. Children’s Hospital Boston

Guidelines for the clinical management of individuals
born with disorders of sexual development (DSD) were
established with the publication of the 2006 DSD
Consensus Statement. It is unknown how completely
these guidelines have been implemented. The purpose
of this study was to explore the experiences of parents
of children born with ambiguous genitalia due to DSD
and to examine their perceptions of the medical care
they received in relation to the DSD Consensus
Statement. We conducted seven semi-structured tele-
phone interviews with eight parents whose children
were born with ambiguous genitalia who were between
the ages of 3 months and 10 years. Five main themes
emerged from the interviews: 1) communication with
healthcare providers (HCPs), 2) experience and expertise
of HCPs, 3) coordination of care and multidisciplinary
teams, 4) psychosocial care and 5) role of the Internet
for information and support. While parents reported
generally positive experiences with regard to the expe-
rience and expertise of their HCPs, they reported an
almost equal number of positive versus negative expe-
riences regarding communication. Only two parents
reported receiving their medical care through an estab-
lished multidisciplinary team. Most parents assembled
their own medical team with variable success in coor-
dinating the care among the different specialists.
Psychosocial care provided by mental health staff with
expertise in DSD was available only to parents who
received their care through established multidisciplinary
teams. The Internet played an important role for most parents
by providing peer support, guidance in decision-making, and
education. According to the experiences of these parents,
medical care aligned with the recommendations of the DSD
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Consensus Statement was not accessible for most. Our find-
ings suggest that increased availability of established multi-
disciplinary teams and improved communication between
parent and HCP in alignment with the Consensus Statement
are what is needed.

Gain of Function Abnormality with Phenotype
Overlapping Syndromes Due to Autosomal Recessive
Mutations in Homeobox Genes

G.A.Jervis1, S.Gellatly1, M.Twining1, P.Callea1,
J.D.Ranells2, M.J.Sutcliffe1

1. Department of Pathology and Larboatory Medicine, All
Children’s Hospital
2. Department of Pediatrics, University of South Florida

Genomic duplications are traditionally associated with
autosomal dominant, (Charcot Marie Tooth disease,
1A, Noonan syndrome), and X-linked recessive syn-
dromes (LUBS X-linked mental retardation, Pelizaeus
Merzbacher), whereas, duplications are uncommon with
autosomal recessive diseases. However, about 5-15 % of
molecular defects responsible for recessive diseases are
thought to result from large genomic rearrangements,
including duplications that are missed by direct se-
quencing. Recently, autosomal recessive conditions have
been identified with mutation/duplication combinations
associated with the diseases (Gitelman and Dyggve
Melchior Clausen syndromes). With the sophistication
and escalation of microarray technologies, the number
of recognized genomic duplications, causing phenotypic
variants and diseases, is increasing. Our patient, an
11 month old female, was found to have a 0.73 Mb
gain detected by array CGH BlueGnome 4x180K, oligo
array within 7p15.2, involving 43 clones, confirmed by
FISH using RP11-163 M21 (BlueGnome). The duplicat-
ed region includes two homeobox genes, HOXA1 (crit-
ical for development of brainstem, inner ear and heart),
HOXA2 (necessary for auditory-system development, in-
cluding second branchial arch), and two OMIM disease gene
regions (601536, 612290) reported in isolated populations.
Two syndromes are within the first disease region, part of a
recognized spectrum due to HOXA1 homozygous mutations;
Athabaskan brainstem dysgenesis syndrome (ABDS) with
horizontal gaze palsy, deafness, central hypoventilation, men-
tal retardation, and cardiac defects is at the severe end and
Bosley-Salih-Alorainy syndrome (BSAS) with Duane anom-
aly, ear anomalies, deafness, and cerebrovascular malforma-
tions, is a milder version. The second disease region, Microtia,
Hearing Impairment, and Cleft Palate syndrome is due to

HOXA2 homozygous mutation. Our patient’s clinical features,
including bilateral microtia, severe hearing loss, high arched
palate, and brain abnormalities, have common characteristics
with the three syndromes. This case may represent an
example of gain of function influencing homeobox genes
producing a phenotype that overlaps syndromes due to
homozygous mutations.

A New Form of Spondyloepimetaphyseal Dysplasia
(SEMD): Multiple Contributing Genomic Rearrangements
Complicate the Interpretation of Inheritance in an as Yet
Undefined Yype of SEMD

K.Langley1, M.Bober2, A.Dunker2, J.Kelly3, L.Ross3,
V.Proud1

1. Children’s Hospital of The King’s Daughters—Division of
Medical Genetics
2. Nemours/A.I. DuPont Hospital for Children—Skeletal
Dysplasia Program
3. Quest Diagnostics Nichols Institute

Spondyloepimetaphyseal dysplasias (SEMD) are a het-
erogeneous group of skeletal dysplasias characterized by
radiographic abnormalities of the spine, epiphyses and
metaphyses of the long bones. There are 24 currently
described OMIM types with 11 known genes. A term
male African American required resuscitation in the
newborn period. Pregnancy was complicated by polyhy-
dramnios and poor fetal growth. U/S demonstrated spi-
nal curvature, rhizomelia, and a small bell-shaped
thorax. Amniocentesis was 46, XY. Skeletal surveys
performed at 2 days and at 8 months of age showed
hypoplastic maxilla and increased mandibular angle,
hypertelorism, thoracolumbar kyphosis with wedged
and beaked L1, broad ribs, and flattened acetabular
angles with a champagne-glass configuration of the
bony pelvis. Metaphyses of the long bones were broad-
ened and smooth, epiphyses were small, tibia were
bowed, and there were short metacarpals and tapered
proximal phalanges of all extremities. Expert review of
the films confirmed SEMD, unclassified type. Labs
revealed normal urine oligosaccharides and glycan
screening and normal blood FGFR3 and TRPV4 se-
quencing. An Affymetrix Cytoscan HD microarray
(2.67 million probes) identified two maternally inherited
deletions, a 74 kb deletion at 8p21.2 and a 69 kb
deletion of 9p24.2; no genes in this region are associ-
ated with a syndrome at this time. The fathers array
revealed a 640 kb deletion of 16p12.2. Since the mother
and child carry the same genomic deletions, it is
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unlikely the deleted genes contribute to this childs
SEMD. Therefore, we suggest that most likely there is
a new mutation in an unidentified gene or, simple
autosomal recessive inheritance to explain this unique
SEMD phenotype. Certainly future collaborative studies
of other children identified with his same phenotype,
using pooled whole exome sequencing, may reveal
mutations within genes involved in skeletal development
that are as yet unidentified.

Perceptions of Hippotherapy by Parents and Their
Children with Spinal Muscular Atrophy

D.Lemke1, T.M.Newcomb2, E.Rothwell1, T.Newcomb2,
K.Swoboda2

1. Univeristy of Utah
2. Neurology Department, University of Utah School of
Medicine

Hippotherapy (HT) is a physical therapy treatment strat-
egy utilizing equine movement for functional neuromus-
cular outcomes. HT has been studied almost exclusively
in the cerebral palsy (CP) population. There has been
little investigation on the role of HT in the Spinal
Muscular Atrophy (SMA) population. The effects of
HT for individuals with CP may be comparable for
individuals with SMA because of the common neuro-
muscular manifestations, including muscle weakness,
contractures, and limited gross motor mobility, although
this remains unproven. To identify the physical and
psychosocial effects of HT on children with SMA (type
II and III) from the parents and childrens with SMA
perspectives. The subsample (ages 4–15 years and
reported HT participation) was selected from the
University of Utah Neuromuscular Department SMA
database. The semi-structured interview guide was mod-
ified from Debuse, Gibb, and Chandler research to
address patients with SMA. The interviews were con-
ducted in person and over the telephone, totaling 25
interviews; 13 children and 12 parents. The data was
analyzed using qualitative content analysis. We
addressed trustworthiness and rigor of the data to main-
tain data integrity through methods of credibility and
auditability. Three key themes emerged: physical and
psychosocial benefits from HT; development of relation-
ships with the horses, instructors, and children; and
barriers to continued engagement with HT. The overall
HT experience was a source of enjoyment, self-
confidence, and normalcy for the children with SMA.

The most frequently discussed benefit was the relation-
ship with the horse. The parents reported comparable
psychosocial benefits and physical benefits, such as
increased balance and strength. The parents strongly
advocated for more provider knowledge of HT as a
referral source and insurance coverage of HT as a ther-
apy intervention. The results of this study provide pre-
liminary support for the use of HT among children with
SMA.

8p22.1 Microdeletions and Microduplications—Further
Characterization of the Nablus Mask-Like Facial
Syndrome Critical Region

M.Mikhaelian1, L.Bird2, D.Schweitzer3, K.Chong4,
R.Teitelbaum4, D.El-Khechen5, R.Tervo6, J.A.Rosenfeld1,
R.A.Schultz1, B.S.Torchia1, L.McDaniel1, L.Shaffer1

1. Signature Genomic Laboratories, PerkinElmer, Inc.
2. University of California San Diego, Department of
Pediatrics and Rady Childrens Hospital
3. Childrens Hospital Los Angeles4. Mount Sinai Hospital-
Genetics
5. St. Vincent Children’s Hospital
6. Gillette Children’s Hospital

Nablus mask-like facial syndrome (NMLFS) is a rare
disorder, features of which include tight glistening facial
skin, upswept frontal hair pattern, ocular hypertelorism,
sparse eyebrows, abnormal ear configuration and ble-
pharophimosis. Whereas microdeletions at 8q22.1 cause
NMLFS, one patient with autism and no features of
NMLFS has been reported to have a 1.6-Mb deletion
within the NMLFS critical region. The phenotypic spec-
trum associated with 8q22.1 deletions and microdupli-
cations is important for counseling and needs to be
firmly established. Signature Genomics database of
>53,000 probands tested by microarray-based compara-
tive genomic hybridization was searched for individuals
who had deletions and duplications within the NMLFS
critical 8q22.1 region. Clinical information was obtained
for these probands. We further refine the NMLFS
8q22.1 critical region and report 2 probands with
8q22.1 microdeletions. Additionally, we explore the
phenotypic consequences of 8q22.1 duplications in 2
probands and 3 parents. The microdeletions ranged in
size from 2.7 Mb to 3.5 Mb, the smaller of which did
not include 2 genes in the previously defined critical
region. Both probands with the microdeletion have fea-
tures of NMLFS. The microduplications were smaller

Presented Abstracts from the Thirty First Annual Education Conference 961



than 2 Mb and each included only part of the critical
region. The phenotype of individuals with microdupli-
cations ranged from probands with cognitive delays to
normal phenotypes in parents. NMLFS is a rare condi-
tion, the critical region for which is currently being
determined. Our data include the smallest region of overlap
in an attempt to delineate the critical region of NMLFS.
Duplications in this region show varying phenotypes and
can be found in healthy parents.

Parental Interest in a Genetic Risk Assessment for
Autism Spectrum Disorders

V.Narcisa1, M.Discenza2, E.Vaccari2, B.Rosen-Sheidley3,
E.J.Couchon4

1. Acadia University
2. Boston University
3. Children’s Hospital Boston
4. IntegraGen, Inc.

Early diagnosis and initiation of behavioral therapies
improve outcomes in children with autism spectrum
disorders (ASDs). In order to understand parental expe-
riences with the ASD diagnostic process, anxiety levels
regarding the recurrence risk of ASD, and opinions
regarding a genetic risk assessment test for ASD, we
conducted an online survey of parents with at least one
child with ASD. A total of 162 participants completed
the survey. Of these, 89.5 % had one child with ASD,
while 8.6 % and 1.9 % had 2 or >3 children with ASD,
respectively. The mean time from a suspected difference
in development to ASD diagnosis was 35.2 months. The
mean age of diagnosis was 56.6 months. Parents indi-
cated delay in diagnosis was primarily due to a wait
and see approach by the child’s pediatrician (51 %) or a
delay in seeing a specialist (25 %). Only 28 % of
parents indicated that there was no delay. The majority
of parents (69 %) indicated they would have pursued
testing if a genetic test were available which could have
determined their child had a higher risk of developing
an ASD. Similarly, 80 % of parents with a younger
undiagnosed child (<48 months of age) indicated they
would want the younger child tested if a genetic test
were available that could identify risk for ASD, even if
it could not confirm the diagnosis. Parents cited earlier
access to evaluation and intervention, closer monitoring,
and lessening of anxiety as reasons for wanting their
child/children tested. Delayed diagnosis remains an issue
among children with ASD. A genetic risk assessment

test for ASD could lead to earlier diagnosis and treatment. The
results of our survey indicate the majority of parents would be
interested in such a test if developmental delays were sus-
pected, or if their family included a younger sibling of a child
diagnosed with ASD.

Infant i le Hypertrophic Cardiomyopathy and
Developmental Delay in a Male with a 14.76 Mb Terminal
Deletion of 4q34.2 to 4qter and a 10.41 Mb Terminal
Duplication of 6q25.3 to 6qter

S.E.Parisotto1, H.F.Pedro1, R.J.Tozzi2

1. Hackensack University Medical Center
2. Pediatric Center for Heart Disease

Hypertrophic cardiomyopathy (HCM) is characterized
by inappropriate left ventricular hypertrophy without an
identifiable hemodynamic cause. HCM presenting in
childhood is rare; when an etiology can be established,
these causes are largely the result of inborn errors of
metabolism, multiple malformation syndromes, neuro-
muscular disorders or familial isolated cardiomyopathy.
Here we describe a 16 year old male, who was identi-
fied to have HCM at birth. At age 16, his echocardio-
gram documented the presence of severe left ventricular
septal wall hypertrophy. Cardiac MRI identified marked
left ventricular hypertrophy asymmetrically involving
the septum, with a maximum wall thickness of
2.7 cm. The patient’s history is also significant for
developmental delay and dysmorphic features, including
low-set ears, high-arched palate, broad neck and widely
spaced nipples. Sequence analysis of 18 genes known to
be associated with isolated HCM was negative.
Comprehensive molecular analysis for Noonan syndrome
was also negative. Chromosome SNP microarray revealed a
14.76 Mb terminal deletion of 4q34.2 to 4qter and a 10.41 Mb
terminal duplication of 6q25.3 to 6qter, indicating the pres-
ence of an unbalanced translocation derivative chromosome.
Standard blood chromosome analysis revealed a 46, XY, der
(4)t(4;6)(q34;q25) karyotype. Within the deleted region of
chromosome 4 is the adenine nucleotide transporter 1
(ANT1) gene, which codes for a heart-muscle mitochondrial
ADP/ATP transporter. Homozygous missense mutations in
ANT1 have been reported in one case previously, in a 25 year
old male with HCM. We suggest that complete deletion of
ANT1 in addition to another mutation in his remaining ANT1
gene is responsible for our patient’s HCM diagnosis in infan-
cy. His developmental delay is likely the result of a combina-
tion of monosomy for 4q34.2 to 4qter and trisomy for 6q25.3
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to 6qter. This case emphasizes the importance of cytogenetic
studies in the evaluation of individuals with developmental
delay and co-occuring conditions, such as HCM.

Orthopedic Manifestations and Implications for
Individuals with Costello Syndrome

S.Rickard1, E.Hopkins2, L.Conway1, M.Thacker3,
K.Gripp3

1. Arcadia University
2. Division of Medical Genetics, A. I. duPont Hospital for
Children
3. Department of Orthopedics, A. I. duPont Hospital for
Children

Costello syndrome is a rare genetic condition character-
ized by multi-system abnormalities. It is an autosomal
dominant condition caused by missense mutations in the
HRAS gene, which result in the up-regulation of the Ras/
MAPK pathway. Individuals with Costello syndrome usu-
ally present with severe feeding difficulties in infancy,
short stature, coarse facial features, increased tumor risks,
cardiac and neurological complications, intellectual dis-
ability and orthopedic complications. These orthopedic
complications have previously been described in one
study of 16 participants and in individual case studies.
This study further defines the orthopedic manifestations
affecting individuals with Costello syndrome. We studied
41 participants and performed medical records review,
clinical examinations and orthopedic inquiry forms. In
21 participants and two additional individuals, hip and
or spinal imaging assessments were completed also.
Serial radiograph, when available, were analyzed. A total
of 25 orthopedic manifestations were identified. Ten man-
ifestations were seen in the majority of the participants:
hypotonia (87 %), ligamentous laxity (85 %), scoliosis
(63 %), kyphosis (58 %), characteristic hand deformities
(85 %), ulnar deviation (63 %), elbow (55 %) and shoul-
der contractures (65 %), tight Achilles tendon (73 %) and
pes planus (53 %). Other characteristics of special note
were hip dysplasia (45 %), foot deformities requiring
surgical intervention (38 %) and osteopenia/osteoporosis
(47 %). We also studied the development of the hips and
spine. Hip dysplasia was seen at birth in some while
others went on to develop it later. It was seen both uni or
bilaterally. Spinal involvement included scoliosis, kyphosis,
lordosis and curvature reversal (thoracic lordosis and lumbar
kyphosis). Because of these findings, we recommend routine
referral to an orthopedic surgeon as well as instituting screen-
ing protocols for both the hips and spine for individuals with
Costello syndrome.

Parental Awareness, Attitudes, and Experiences of
Genetic Testing in Autism Spectrum Disorders

A.Rupchock1, J.M.Lee2, M.L.Cuccaro2

1. University of Miami Miller School of Medicine
2. University of Miami John P. Hussman Institute for
Human Genomics

Autism spectrum disorders (ASDs) are one of the most
prevalent neurodevelopmental disorders. Studies suggest
that up to 20 % of individuals with autism have an
underlying genetic etiology to account for their autism,
and many professional organizations are recommending
chromosomal microarrays as a first tier test. Despite these
recommendations there has been little research into the
psychosocial needs, expectations and experiences of
parents whose children receive genetic testing (GT). The
aim of this study was to explore the attitudes, beliefs and
experiences of GT among parents of children with autism.
Key informant interviews were conducted with parents of
children with an ASD recruited through a local ASD
community center. Eight semi-structured interviews were
conducted and digitally recorded. The interviews surveyed
thoughts and emotions about GT, reasons for pursuing or
not pursuing GT, and the general implications of GT. The
data were manually coded by two independent researchers
and a final consensus was reached. Half of the respond-
ents reported that their child has undergone GT. Three key
themes emerged across almost all respondents: seeking
answers or a cure for ASD, family planning options, and
utilizing GT as a means to tailor treatment. Another prom-
inent theme was the confusion about GT and its benefits.
The utilization of genetic testing appeared to rely on
professional guidance (e.g. it was never offered to me).
Regarding the utilization of microarrays, several themes
emerged: potential usefulness in treatment, assisting in
early diagnosis, concerns over access to and cost of GT,
genetic discrimination (e.g. labeling with autism for life,
information used to deny service), and concerns about use
as a screening tool in pregnancy. By eliciting parental
attitudes and experiences with GT, we were able to iden-
tify several key themes which may be used to inform
future research on this topic.

Kabuki Syndrome: Mutation Spectrum of the MLL2
Gene by Sequence and Deletion/Duplication Analysis

A.K.Tanner1, D.Rhodenizer1, B.H.Billotte1, C.D.Collins1,
B.Coffee1, M.R.Hegde1, L.J.H.Bean1

1. Emory Genetics Laboratory
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Kabuki syndrome is an autosomal dominant disorder that
affects multiple organ systems. Cardinal features include
characteristic facies, skeletal anomalies, dermatoglyphic ab-
normalities, mild to moderate intellectual disability, and
postnatal growth deficiency. In 2010, mutations in the
MLL2 gene were found to cause Kabuki syndrome. Emory
Genetics Laboratory began accepting samples for clinical
MLL2 sequence analysis in December of 2010. Since then,
114 samples have been referred for testing. A disease caus-
ing mutation was identified in 34 of the 114 (29.8 %) cases.
Of these 34 positive samples, 11 were nonsense mutations,
19 were frameshift mutations, three were previously
reported missense mutations, and one was a silent mutation
that occurred de novo in the affected individual. In addition,
there were 23 cases reported with one or more variants of
unknown clinical significance (20.2 %). Most of these var-
iants were missense or silent changes; three were in-frame
deletions. Parental studies were recommended to further
interpret the significance of these changes. Emory
Genetics Laboratory recently began accepting samples for
gene-targeted array CGH based deletion/duplication analy-
sis of the MLL2 gene, which is indicated when sequence
analysis is negative. Results will be presented on the 114
samples analyzed by sequence analysis and for the first
6 months of samples received for deletion/duplication anal-
ysis. These results will provide a more comprehensive
analysis of the mutation spectrum and detection rate for
individuals referred for MLL2 gene testing for Kabuki
syndrome.

The Importance of Inclusion of Gene Lists on
Microarray Reports: A Case Study

E.Varga1, C.Astbury1, S.Hashimoto1

1. Nationwide Children’s Hospital

Microdeletions within the 22q11.2 region are common. The
3 Mb deletion resulting in DiGeorge/Velocardiofacial syn-
drome (VCFS) is the most prevalent, but distal deletions
frequently occur. Distal 22q11.2 deletions including the
SMARCB1 gene are associated with predisposition to
schwannomatosis, multiple meningiomas and malignant
rhabdoid tumors . Here we present a case of a child with a
distal 22q11.2 deletion and history of rhabdoid tumor where
the association with malignancy was not obvious from the
lab result and available case reports, leading to insufficient
genetic counseling. M.B., a Caucasian female, presented at
age 3 years 11 months with malignant rhabdoid tumor of the
right orbit. She had a prior history of low birth weight, poor
feeding and developmental delays. Dysmorphic facies and
weight 60 genes including SMARCB1. At the time the

family was counseled, case reports regarding children with
similar deletions reported premature birth, small size for
age, birth defects and developmental delays. No malignan-
cies were reported in these children. The family was
counseled in 2011 that the association between the deletion
and rhabdoid tumor was unclear, although the association
between rhabdoid tumors in patients with germline
SMARCB1 haploinsufficiency had been reported several
times since 1999. This case illustrates that malignancy pre-
disposition in patients with distal 22q11.2 deletions contain-
ing SMARCB1 gene may be under-recognized. Further, this
case demonstrates the need for laboratories and clinicians to
investigate each gene within deleted/duplicated regions that
may be clinically relevant, in addition to using case reports
or cohort studies, to help provide comprehensive genetic
counseling.

Digenic Inheritance Involving the USH2A and ABCA4
Genes in One Family with Autosomal Recessive Retinitis
Pigmentosa

C.Lauricella1, B.Williams1, D.Terespolsky2, G.Richard1,
D.Arjona-Mayor1, N.Smaoui1

1. GeneDx
2. Credit Valley Hospital

Autosomal recessive retinitis pigmentosa (arRP) is geneti-
cally heterogeneous. Only one family segregating mutations
in two different genes has been reported; however, extent of
digenic inheritance in arRP is unknown. We used a next
generation sequencing panel including 7 genes (USH2A,
EYS, PDE6A, PDE6B, RPE65, CRB1 and ABCA4) compris-
ing 236 exons and their splice junctions to test a proband
diagnosed with arRP. Based on sequencing results, addition-
al targeted arrayCGH with exon-level resolution was per-
formed to evaluate for copy number changes in the USH2A
or ABCA4 genes. In a proband with arRP we identified a
published mutation in the ABCA4 gene (p.L1970F) and a
published, likely pathogenic mutation in the USH2A gene
(p.Y1992C). No other potential disease-causing mutation
was identified in any of the 7 genes tested. There was also
no evidence for a partial or complete gene deletion or
duplication of the USH2A and ABCA4 genes. Targeted
family testing confirmed that each mutation was inherited
from one unaffected parent. Carrier testing of three siblings,
all of whom are asymptomatic, revealed that two harbored
the USH2A mutation and one harbored the ABCA4 muta-
tion. Collectively, these results provide strong evidence for a
digenic inheritance of arRP in this family. To date, arRP
caused by co-inheritance of mutations in two different
genes, RDS and ROM1, has been reported only in a single
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family. The potential for disease-causing mutations in more
than one arRP gene adds an additional level of complexity
for molecular diagnosis and genetic counseling of this dis-
ease. Our data demonstrate that arRP can show digenic
inheritance in some families and be caused by mutations
in more than one arRP gene. To identify the underlying
mutations in arRP thus may require comprehensive multi-
gene analysis.

Pre- and Perinatal

Renal Anomalies, Polyhydramnios And Single Umbilical
Artery As Prenatal Clues And Genitourinary Anomalies
As Postnatal Clues To The Diagnosis Of 22q11.2 Deletion
Syndrome

L.Amlie-Wolf1, K.Valverde1, M.Devoto2,3, K.Dickinson4,
A.Bailey2, R.Lande4, B.Emanuel2, E.H.Zackai2,
D.M.McDonald-McGinn2

1. Arcadia University
2. The Children’s Hospital of Philadelphia
3. Perelman School of Medicine at the University of
Pennsylvania
4. Drexel University

The 22q11.2 deletion syndrome (22q11.2DS) is the most
common microdeletion with an estimated prevalence of 1/
2000 1/4000 live births. Structural defects observable on
fetal ultrasound, such as heart defects, lead to the diagnosis
prenatally. Identifying other less common associated fea-
tures may improve prenatal detection rates. The present
study assessed the rate of renal anomalies (RA), single
umbilical artery (SUA), and polyhydramnios identified with
prenatal ultrasound in cases confirmed postnatally. We also
assessed the rate of genitourinary anomalies (GA) due to its
association with renal anomalies. Medical records of 1049
individuals with 22q11.2DS enrolled in an ongoing IRB
approved research study were retrospectively reviewed for
the presence of RA, polyhydramnios, SUA and GA and
statistically analyzed using binomial probabilities, chi-
square, and confidence intervals when compared to the
general population. SUAwas increased (5.3 %, 24/454) over
the general population (generally considered to be 1 %), but
was not significantly correlated with RA, although it was
correlated with heart defects. RA (24.2 %, 159/658), GA
(41.1 %, 306/744) and polyhydramnios (22.1 %, 144/651)
were also increased over general population. This is the
largest retrospective chart review to date that evaluates
additional prenatal clues to diagnosis. The presence of RA,
SUA, polyhydramnios and/or GA should prompt further
evaluation as their prevalence is far greater in the presence

of the 22q11.2DS than in the general population. Renal
agenesis and SUA (concurrent with a heart defect) are
strong prenatal markers. Polyhydramnios and hydronephro-
sis develop later in pregnancy, are less reliably detected and
may be seen in conjunction with other anomalies. GA can-
not be seen prenatally, but can be a postnatal marker to
suggest testing.

Potential Determinants of Anxiety After a Positive
Maternal Serum Screen for Trisomy 21

S.Avery Stover1, M.Sanders2, J.Biggio3, S.Jenkins3

1. Sacred Heart
2. Myriad Genetic Laboratories, Inc.
3. University of Alabama at Birmingham

This study aimed to investigate potential determinants of
maternal anxiety following a positive screen result for Down
syndrome. Studies have been conducted to identify contrib-
uting factors to maternal anxiety during the prenatal screen-
ing process, such as referral reason and disclosure methods.
It was hypothesized those with more experience with the
condition would have less anxiety concerning a positive
result. Participants completed an anonymous questionnaire
concerning demographics and familiarity with Down syn-
drome as well as the State-Trait Anxiety Inventory, an
anxiety measurement tool. Results indicate that those famil-
iar with Down syndrome had a lower state anxiety than
those who were unfamiliar with the condition (p00.0012).
Other factors besides familiarity were assessed; interesting-
ly, participants who have other children had lower state
anxiety on average. Further studies should confirm this data
due to small sample size (n047). A confirmed correlation
would enable genetic counselors and others to anticipate
patients that may be especially anxious regarding a positive
result, and suggests an important role for education about
the condition.

Prenatal Genetic Counseling for the In Vitro Fertilization
Patient

N.Boxer1, L.Hercher1, C.Lawson2

1. Sarah Lawrence College
2. Johns Hopkins University School of Medicine

Published research has indicated that in vitro fertilization
(IVF) conceptions carry a modest increase in the risk for
birth defects and certain genetic imprinting disorders. The
purpose of this study was to determine if genetic counselors
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in the prenatal setting offer any additional testing to their
patients who conceived via IVF. Additionally, this study
aimed to assess current beliefs among genetic counselors
regarding whether IVF conceptions cause increased risk to
the fetus that would warrant discussion with a patient. A
survey was distributed to genetic counselors through the
National Society of Genetic Counselors’ (NSGC) e-mail
list, the Assisted Reproductive Technology (ART) Special
Interest Group discussion forum, and the NSGC general
discussion forum. Prenatal and ART genetic counselors
were invited to participate in this study. In total, 174 partic-
ipants responded to the survey and 155 (89.1 %) participants
completed the survey. More than half (58.4 %) of genetic
counselors believe that IVF causes increased risk to the fetus
that would warrant discussion with a patient, and 70.5 %
believe that intracytoplasmic sperm injection (ICSI) causes
increased risk to the fetus that would warrant discussion
with a patient. Approximately 20 % of genetic counselors
currently offer a fetal echocardiogram to a patient for the
sole indication of IVF conception and 6.4 % of genetic
counselors offer prenatal diagnosis for imprinting disorders
for all patients who have conceived via IVF. The majority of
genetic counselors believe that both IVF and ICSI cause
increased risk to the fetus that would warrant discussion
with a patient. However, the majority of genetic counselors
do not offer any additional testing (either a fetal echocar-
diogram or prenatal diagnosis for imprinting disorders) rou-
tinely to their patients who conceived via IVF.

The Frequency of Chromosome Abnormalities Among
Fetuses with an Ultrasound Finding of Skeletal
Abnormalities

D.Durand1

1. Integrated Genetics

The frequency of chromosome abnormalities after an ultra-
sound finding of skeletal abnormalities is not well defined.
Information is thus not available to provide to patients
during the genetic counseling session regarding the risk of
chromosome abnormalities when ultrasound reveals skeletal
anomalies. Included in this retrospective study were amnio-
centesis specimens received at Integrated Genetics from
2006 through 2011 with referral indications that included
skeletal dysplasias, limb defects (excluding isolated short
femur), and a more general skeletal findings. In total, 962
amniocentesis specimens were received with these criteria:
910 specimens had referral indications of skeletal findings,
46 had the indication of skeletal dysplasias, and the remain-
ing 6 had the indication of limb defects. Data was not
available to determine if these fetuses with skeletal defects

also had other, non-skeletal, anomalies. Of the 962 speci-
mens, 120 (12.47 %) were cytogenetically abnormal.
Among these abnormal specimens, 7/120 (5.83 %) resulted
in chromosome abnormalities generally not associated with
a viable newborn including trisomy 16 mosaic (1) and
triploid (6). Cytogenetic abnormalities included in the
remaining 113/120 (94.17 %) abnormals included trisomy
21, trisomy 18, trisomy 13, 45,X, other sex chromosome
abnormalities, and a variety of structural abnormalities in-
volving derivative chromosomes, deletions, duplications,
and markers. The most common chromosome abnormality
identified in this study was trisomy 21 in 58/962 (6.03 %)
specimens. Additional data will be presented detailing these
abnormal specimens and chromosome results. In conclu-
sion, this is the most comprehensive study to date of cyto-
genetic results in amniocentesis specimens referred with
some type of skeletal finding on ultrasound. Based on our
study population, patients with such ultrasound findings
should be informed that approximately 12.5 % will have a
chromosome abnormality, with approximately 94 % of these
abnormals leading to a potentially viable offspring.

Prenatal Screening and Diagnosis for Down Syndrome:
Collaborative Efforts to Educate Providers and Women

C.Feist1, A.Jarvis-Holland2, G.Fraley1, A.Braithwaite,
S.Wickenhagen2, S.Johnsen1

1. Oregon Health & Science University
2. Northwest Down Syndrome Association

In 2007, the American College of Obstetrics & Gynecology
recommended that all pregnant women, regardless of age,
be offered screening and diagnostic testing for Down syn-
drome during pregnancy. However, the recommendations
do not tell providers how to offer women screening in an
unbiased manner that ensures informed consent. In addition,
there are few balanced educational materials about screen-
ing and diagnostic testing options that are widely available
for either patients or providers. In addition, discussing pre-
natal screening and testing for Down syndrome is expected
to become more complex with the introduction of Non-
Invasive Prenatal Test . This technology will likely have a
significant impact on the way prenatal screening and testing
for Down syndrome is offered to and accepted by pregnant
women in the U.S. Prenatal genetic counselors at Oregon
Health & Science University and members of the Northwest
Down Syndrome Association have collaborated to create a
protocol and provide comprehensive education to prenatal
care providers at our institution. Our purpose is to provide
accurate, up-to-date, unbiased information about Down syn-
drome and prenatal screening and diagnosis. This
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information can be shared with patients prior to screening
and/or diagnostic testing to ensure informed decision mak-
ing in pregnancy. Our hope is that our educational program
will improve the informed consent process for pregnant
woman at our institution and motivate more Down syn-
drome advocacy groups to collaborate with medical pro-
viders, particularly those in the genetics or prenatal care
community, to educate their colleagues and their patients.

An Intrachromosomal Insertion Characterized in a
Patient After Having One Child with a 17q21.31 Deletion
and a Subsequent Child with a Duplication of the Same
Region

K.Fritinger1, R.D.Burnside2

1. Integrated Genetics
2. Laboratory Corporation of America

A G4P2SAb1 26 year old woman was referred for prenatal
genetic counseling due to a son with developmental delay
and microcephaly who had an abnormal SNP microarray
result. Previous chromosome analysis (CA) was normal, but
SNP microarray revealed a 17q21.31 deletion, as well as a
15q11.2 deletion. Parental interphase FISH studies were
normal and metaphase FISH appeared normal for both 17-
sized chromosomes. The mother carried the 15q11.2 dele-
tion. Based on these results, the patient was counseled
regarding the 15q11.2 deletion and given a low recurrence
risk for the 17q21.31 deletion. In a subsequent pregnancy,
the patient elected amniocentesis with CA and SNP micro-
array, which revealed a female fetus, 46,XX, with a dupli-
cation of the 17q21.31 region that was deleted in the
previous child, and no evidence of the 15q11.2 deletion.
Since one child had a deletion while another had a duplica-
tion of the same region, careful re-analysis of the parental
metaphase FISH studies was initiated. This revealed that the
locus of one signal wasmoved relative to the native position in
the maternal analysis, consistent with an intrachromosomal
insertion. In our laboratory, six of approximately 5000 abnor-
mal array results with parental follow-up studies demonstrated
such an ectopic rearrangement, an estimated percentage of
~0.1–0.2 %. This finding significantly increased the recur-
rence risk for this patient for having offspring with either
duplication or deletion as a result of an odd number of cross-
overs during meiosis. This case reinforces the fact that micro-
array technologies do not detect balanced rearrangements and
highlights the importance of searching for these interstitial
insertions by parental metaphase FISH. Although these bal-
anced insertions are rare, they significantly impact recurrence
risk for future pregnancies and affect the risk to other family
members who may also be carriers of the insertion.

The Clinical Spectrum of 9q22.3 Deletion Syndrome

D.Gomez1, N.Oundjian1

1. Hackensack University Medical Center

A 29 year old, G2P1 female was evaluated due to an
abnormal level II sonogram showing bilateral mild lateral
ventriculomegaly, dilated third ventricle and ambiguous
genitalia. Her fetal echocardiogram was within normal lim-
its. A fetal MRI demonstrated mild lateral ventriculomegaly
with questionable ambiguous genitalia. Amniocentesis
showed a normal male karyotype of 46,XY. A SNP micro-
array demonstrated the fetus had a 2.477 MB interstitial
deletion of 9q22.32-9q22.33. Parental FISH studies demon-
strated that this deletion was maternally inherited. This
deletes the PTCH1 gene associated with Gorlin syndrome
(Nevoid Basal Cell Carcinoma syndrome). The patient’s
physical exam showed multiple milia and basal cell nevi
around both eyes and her face. Two of which were suspect
for basal cell carcinoma. Her HC056.5 cm (96-97th percen-
tile). She had a high arch palate, grade 1 soft systolic
murmur, short distal phalanx of her fingers and toes bilater-
ally, broad thumbs bilaterally and hypoplastic toe nails. The
patient reported a history of jaw surgery due to infected
cysts. Medical records were not available. She had no for-
mal education and had difficulty understanding the discus-
sion of the syndrome. She most likely has intellectual
disabilities. Her son was born at full term via cesarean
section secondary to macrocephaly. HC039 cm (> 98th
percentile), BW09 lb 11 oz (> 97th percentile), HT:
56.7 cm (>95 percentile). At birth, he had normal male
genitalia, hypoplastic alae, smooth, long and tented phil-
trum, normal palate, large hands, right single palmar crease,
non-flexed thumbs bilaterally and large feet with deep set
toe nails. Abdominal ultrasound demonstrated mild right
and moderate left pyelocaliectasis with bilateral uretero-
celes. His echocardiogram showed a patent foramen ovale.
His head ultrasound and ophthalmology evaluation were
normal. This case demonstrates the prenatal diagnosis of
9q22.3 deletion syndrome and the subsequent maternal
diagnosis, which demonstrates the wide range in clinical
phenotype.

A Novel 9q Interstitial Deletion Associated with the Rare
Prenatal Finding of Bilateral Adrenal Prominence

L.M.Haymon1, P.Wong2, W.Hsu2, A.Knight Johnson3

1. Northwestern University
2. Rush University Medical Center
3. University of Chicago
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The prenatal finding of adrenal enlargement or prominence
is rare, and is associated with congenital adrenal hyperplasia
(CAH). Beckwith Wiedemann syndrome (BWS) has been
associated with enlargement of the adrenal glands in the
neonatal period. We present a case of a novel interstitial
deletion at 9q21.32q22.1 associated with the finding of
bilateral adrenal prominence with corticomedullary differ-
entiation. Additional prenatal findings included increased
nuchal translucency, renal enlargement, and small head cir-
cumference for gestational age. Chromosome analysis on
amniocytes revealed a 46,XX karyotype. Additional postna-
tal findings included microcephaly, exopthalmos, craniosy-
nos tos is , hemi t runcus , but ter f ly ver tebra (T9) ,
hydronephrosis, redundant nuchal folds, and unilateral tali-
pes. Microarray analysis performed postnatally revealed a
4.7 Mb interstitial deletion from 9q21.32-9q22.1, which was
confirmed by FISH analysis. The deletion was not identified
in the mother; the father was unavailable for testing. The
patient had significant developmental delays and complica-
tions related to the hemitruncus and renal disease, and died
at 13 months of age. To our knowledge, this is the first time
a chromosome deletion with these exact breakpoints has
been described. Overall, less than 30 cases of 9q interstitial
deletions have been reported in the literature. These cases
present a wide range of phenotypes with non-recurrent
breakpoints, some of which overlap with the deleted region
involved in this case. The deletion identified in this case
spanned at least 17 genes, however none were noted to have
an association with adrenal function or adrenal enlargement.
A review of the literature did not reveal any other previously
reported chromosome abnormalities associated with adrenal
prominence in the prenatal period, other than those associ-
ated with BWS. This case illustrates that when presented
with the rare finding of prenatal adrenal prominence and a
normal karyotype, microarray analysis should be considered
in addition to testing for CAH and BWS.

The Decision to Continue a Pregnancy Affected by Down
Syndrome: Timing of Decision and Satisfaction with
Receiving the Diagnosis Prenatally

E.Hurford1, A.Hawkins2, L.Hudgins3, J.Taylor2

1. Stanford University
2. Lucile Packard Children’s Hospital
3. Stanford University School of Medicine

The aim of this study is to assess the timing of womens
decisions to continue a pregnancy affected by Down syn-
drome and whether women feel that having received a
diagnosis prenatally was valuable and in what ways. A total
of 56 mothers of children with Down syndrome who were

diagnosed prenatally by chorionic villous sampling or am-
niocentesis between 2007 and 2010 completed a survey
regarding what point in the testing process they decided to
continue the pregnancy, how learning the diagnosis affected
their anxiety levels, what factors influenced their decision to
continue the pregnancy, how they felt about the genetic
counseling provided to them, and ultimately how they feel
now about their decision to continue the pregnancy. We
found that 33 % of women knew before getting pregnant
that they would not terminate for any reason, and 50 % of
women did not decide they would continue their pregnancy
until hours, days or weeks after learning the diagnosis. A
majority (82 %) of women stated that learning the diagnosis
of Down syndrome during pregnancy increased their level
of anxiety during the pregnancy; a majority of women
(88 %) also felt that if they had to do it over again they
would do prenatal testing for preparation purposes, despite
increased anxiety. Religious and spiritual beliefs, as well as
already feeling attached to the baby, had the greatest impact
on most womens decision to continue their pregnancy. In
conclusion, despite the increase in anxiety caused by learn-
ing the diagnosis of Down syndrome prenatally, the majority
of women favored learning the diagnosis during pregnancy
as it allowed them greater time to process their emotions and
prepare for the birth of their child.

The Natural History of Pregnancies Diagnosed with Down
Syndrome: Developing Counseling and Pregnancy
Management Guidelines

C.Kiss1, S.Harris2, R.C.Stewart1, W.Goodnight3

1. University of North Carolina at Greensboro
2. University of North Carolina Division of Maternal Fetal
Medicine
3. University of North Carolina Chapel Hill School of
Medicine

The natural history of pregnancies following the fetal diag-
nosis of Down syndrome remain poorly described, thus
counseling and prenatal management of such pregnancies
is inconsistent. The specific aim of this study was to de-
scribe outcomes in pregnancies diagnosed with Down syn-
drome and determine what predictors including ultrasound
anomalies, markers of aneuploidy or other findings are
associated with adverse pregnancy outcomes in an effort to
establish guidelines for counseling and management. Ninety
four prenatal cases of Down syndrome were identified
through The University of North Carolina Health Care sys-
tem cytogenetic database between January 1, 2000 to
December 31, 2010 and a retrospective records review was
performed. Eighty nine cases remained for inclusion and
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data was available for 23 cases with continuing pregnancies.
Analysis was performed with Wilcoxon rank sum, Fishers
exact test and the chisquare test. A significant association
between the presence of a congenital anomaly and the
occurrence of an adverse pregnancy complication was
found. There was a significant difference in the median
maternal age between the pregnancies with fetal death
(defined as a second or third trimester loss) and the
pregnancies with no fetal death. These results suggest
that the presence of a congenital anomaly, or maternal
age greater than 40 years in a pregnancy diagnosed with
Down syndrome, may benefit from additional antenatal
monitoring.

A Model for Providing Patient Education and Care
When Offering a Comprehensive Pan-Ethnic Carrier
Screen

R.T.Klein1, E.A.Kramer2, A.D.Feier1, R.Zimmerman1

1. GenPath
2. GeneDx

More and more diagnostic laboratories are offering expand-
ed pan-ethnic carrier screening panels that test for over 100
autosomal recessive (some X-linked) inherited diseases.
These panels are intended for individuals of reproductive
age to assess carrier status for one or more of the diseases.
For example, our laboratory offers testing for a panel of over
160 severe and mostly childhood-onset diseases. Although
individually, the disorders included on the panel are rare, our
lab has found that 26 % of individuals tested to date (n095)
have been positive for at least one condition on the panel.
Inadequate education about genetic test results can lead to
psychological and social concerns, including guilt, anxiety,
impaired self-esteem and social stigma. Therefore, we have
implemented and propose a process designed to maximize
patient care when ordering an expanded carrier screening
panel by (1) encouraging informed consent of the patient
prior to undergoing testing, (2) providing comprehensive
educational materials for both the physician and patient,
and (3) providing both physicians and patients access to
genetic counselors. Informed consent is integral to genetic
testing, and polices should be implemented to obtain con-
sent to ensure that patients are aware of both the benefits and
limitations of testing. Educational materials can include
physician and patient brochures, clear, interactive reports
providing interpretations of abnormal results (including
available genotype-phenotype correlations), web-based
resources that include references to publications, and
audio-visual material regarding disease descriptions,

inheritance and recommendations. We propose that a labo-
ratory genetic counselor should be involved in discussing
abnormal patient results with the provider and fully
discuss the associated risks and recommendations.
Adequate access to genetic counseling for patients is a
concern when implementing a carrier screening program
and laboratories should consider alternative methods of
providing this service where it would otherwise be unavailable
for patients.

The Impact of Visual Aids on Prenatal Genetic Counseling
Session Patient Outcomes

B.L.Knyszek1, N.Lazenbnik2, L.Konczal2, E.Ruzga2,
A.Matthews1

1. Case Western Reserve University
2. University Hospitals of Cleveland Case Medical Center

While visual aids have been utilized by genetic counse-
lors for more than 30 years, there have been few studies
to evaluate the usefulness of these tools. The purpose of
this descriptive study was to evaluate the overall effec-
tiveness of visual aids in prenatal genetic counseling
sessions on patient knowledge, anxiety, and satisfaction.
Pre and post-counseling surveys regarding prenatal ge-
netic knowledge, anxiety level as measured by the
Spielberger State-Trait Anxiety Inventory, and level of
satisfaction as measured by the Genetic Counseling
Satisfaction Scale (post counseling only) were complet-
ed by 32 pregnant women and 14 male partners attend-
ing a prenatal genetic counseling session. Visual aids
were utilized in 24 sessions (intervention group) and no
aids were used in 22 sessions (control group). Survey
responses were tabulated and compared to one another
among and between groups by t-tests analyses. Chi
square and general linear model calculations analyzed
demographic characteristics against the three dependent
variables. Knowledge scores increased significantly fol-
lowing counseling for both groups (intervention: p0
0.003; control: p0<0.001). Anxiety scores decreased
from pre to post-counseling and participants were satis-
fied with counseling (X04.47/5); however, no significant
differences were found between groups (intervention vs. con-
trol) on any of the three dependent variables measured. The
only demographic variable found to be significant was a
higher socioeconomic status and knowledge acquired (p0
0.004). This study was a first step in generating additional
empiric data for the assessment of visual aid use in the genetic
counseling field. Although more research needs to be done to
assess patient and counselor thoughts regarding whether or
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not visual aids should (or must) always be utilized during
genetic counseling sessions, this study suggests that visual
aid use is not requisite in order to facilitate informed decision-
making in the prenatal genetic counseling setting.

How Important Is Your Sonographer? Sonographer
Variation and Its Effect on Down Syndrome Risk
Calculation

D.LaGrave1, H.Dorsey2, J.Rinsky3, A.Mathiesen4,
B.Hafen5, S.Velden1

1. ARUP Laboratory
2. Legacy Medical Group-Maternal Fetal Medicine
3. University of Utah Health Sciences Center
4. University of Utah
5. Intermountain Healthcare

The first trimester fetal nuchal translucency (NT) mea-
surement is the strongest single prenatal screening mark-
er for Down syndrome (DS). NT measurements weigh
heavily in DS risk calculations. Therefore, small varia-
tions in sonographer performance can have impressive
effects on the final risk calculation for individual
patients. NT data submitted to a national reference lab-
oratory was assessed as part of ongoing quality assur-
ance. Sonographers whose data varied from Fetal
Medicine Foundation (FMF) population medians were
placed on sonographer-specific medians (SSM). Data
from these sonographers (n0141) were examined and
compared to the FMF population median. Individual
variation from the FMF median was calculated at four
gestational ages: 11w0d, 12w0d, 13w0d and 13w6d. De-
identified patient data from a sample of affected preg-
nancies were reinterpreted using the FMF median to
demonstrate the effect of sonographer variation on
post-test risks. Approximately half of all studied sonog-
raphers measured smaller (>10 % from median) than the
FMF reference median at one or more gestational ages
(49 % at 11w0d; 61 % at 12w0d, 56 % at 13w0d, and
57 % at 13w6d). Very few measured more than 10 %
above the FMF medians. When cases were reinterpreted,
the calculated post-test risks demonstrated improvement
when the FMF median was used; sometimes resulting in
a normalization of the interpretation. Despite training
and certification in the measurement of NTs, sonogra-
phers show significant variation in their performance as
compared to the medians established by FMF. The
under-measuring of NTs in the first trimester would be
expected to have a negative effect on the DS detection
rate. Placing each sonographer on an individual median

has been shown to correct for this variation and allow
for increased detection of fetuses affected with DS. If
laboratories do not account for sonographer variation,
then overall performance of screening tests utilizing NT
measurements can be significantly affected.

Let’s Put It to the Test: Using Maternal Urine as a
Prenatal Screen for Smith-Lemli-Opitz Syndrome (SLOS)

R.Lobo1, H.H.Zimmerman2

1. Quest Diagnostics
2. University of Mississippi Medical Center

Smith-Lemli-Opitz syndrome (SLOS) is an autosomal reces-
sive disorder caused due to deficient 7-dehydrocholesterol (7-
DHC) reductase. Studies show that mothers carrying fetuses
with SLOS excrete characteristic steroids in their urine.
Measuring these levels is a useful non-invasive screening
modality for identifying at-risk pregnancies. We present a
prenatal case where anhydramnios precluded traditional
diagnostic testing. A maternal urine screen was per-
formed and suggested SLOS. A 21 year old G3 P0110
female presents with a pregnancy complicated by bilat-
eral renal agenesis with secondary oligohydramnios and
a complex heart defect. The couple reported a previous
pregnancy with similar findings. Medical record review
showed the child lived 5 h and had multiple congenital
anomalies similar to the current pregnancy including a
heart defect, renal agenesis, ambiguous genitalia, and 2–
3 toe syndactyly. Review of the integrated serum screen
showed an unconjugated estriol (uE3) of 0.25MoM.
Based on these findings, SLOS was suspected. Further
prenatal testing was not available due to absent amniotic
fluid. A maternal urine screen for SLOS was pursued
and revealed a pattern of analytes suggestive of SLOS.
At birth, the babys level of 7-DHC was elevated 129
ug/ml, consistent with a diagnosis of SLOS. DHCR7
sequence analysis revealed homozygous c.964–1 G>C
mutation, and each parent was found to carry the same
mutation. SLOS is characterized by multiple congenital
anomalies, growth restriction, and intellectual disability.
Sixty percent of cases will have a uE3 of less than
0.3MoM on maternal serum screen. Prenatal diagnosis
of SLOS traditionally relies on measuring 7-DHC levels
in chorionic villi or amniotic fluid. We present a case
where a diagnosis of SLOS was suspected due to a
positive family history, ultrasound anomalies, and a
low uE3 level. Due to anhydramnios, a maternal urine
screen was a helpful modality for this family to guide
further postnatal diagnostic testing.
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Potential Secondary Impacts of Carrier Screening:
Exploring Professional Opinions on the Link Between
Gaucher Disease Carrier Status and an Increased
Lifetime Risk of Parkinson Disease

E.McCarty Wood1, D.Falcone1, S.Xie1, M.Mennuti2,
V.Van Deerlin1

1. University of Pennsylvania
2. Hospital of the University of Pennsylvania

Mutations in glucocerebrosidase (GBA) are known to cause
Gaucher disease (GD), an autosomal recessive lysosomal
storage disease. Recently, GBA mutations have been asso-
ciated with an approximate 5 % increased lifetime risk of
Parkinson disease (PD), a neurodegenerative disorder with
no curative or preventative treatment. Given that GD carrier
screening is primarily offered in prenatal settings, there is a
need to explore the potential impact that carrier screening
results may also disclose an increased lifetime risk of PD.
Using an electronically distributed questionnaire, we
assessed 209 genetic counselors, 450 physicians, and 795
midwives regarding their carrier screening practices, aware-
ness of an association between GBA mutations and PD, and
opinions on professional responsibility to inform patients of
the potential impact of GD carrier testing on their lifetime
risk of PD. Overall, the majority of providers offer GD
carrier screening. Approximately 26 % of genetic counse-
lors, 8 % of physicians, and 2 % of midwives were aware of
an association between GBA mutations and PD. Of providers
aware of the association, 42 % and 61 % informed their
patients of this association prior to and/or after GD carrier
screening, respectively. Seventy-five percent of the population
believed that healthcare providers have a duty to inform GBA
carriers that they are at an increased risk of PD and the
majority (55 %) believed this information should be provided
prior to carrier screening. While many healthcare professio-
nals were unaware of the implications of being a carrier for a
GBA mutation beyond the known reproductive risk, they also
believed that healthcare providers have a responsibility to
inform their patients of the increased risk of PD. These results
indicate a need to further explore professional opinions re-
garding responsible clinical approaches to providing genetic
counseling for secondary impacts of genetic testing.

Noninvasive Prenatal Testing for Fetal Monosomy X:
Clinical and Genetic Counseling Considerations

T.Prosen1, C.M.Coffeen2, R.P.Rava2, A.J.Sehnert2

1. University of Minnesota
2. Verinata Health, Inc.

Monosomy X is a common sex chromosome aneuploidy
encountered prenatally with only 1% of conceptuses surviv-
ing to term. Noninvasive prenatal testing (NIPT) for
Monosomy X may play an important role in clinical prac-
tice. Clinical data, fetal karyotype, and sex chromosome
classifications by NIPT from a prospective, blinded study
were analyzed. Within an analysis cohort of 532 subjects, 27
showed a fetal karyotype of either monosomy X (45,X; n0
20) or mosaic monosomy X (n07) by standard cytogenetics.
Mosaic karyotypes were: 45,X/46,XX (n03), 45,X/46,XY
(n02), 45,X/47,XXX (n01) and 45,X,+21,der(14;21)/47,
XY,+21,der(14;21) (n01). Subjects with full monosomy X
were largely detected in first trimester (15 of 20), whereas
those with mosaic karyotypes were diagnosed in first (n03)
and second (n04) trimesters. Maternal age range for full
monosomy X pregnancies was 21.3–34.7 years (mean 29.5).
All fetuses showed abnormal ultrasound findings, including
cystic hygroma (n018), thick nuchal (n01), pleural and/or
pericardial effusions (n05), fetal hydrops (n02) and cardiac
defects (n03). NIPT results were: ‘Monosomy X’ (n015),
‘Unclassifiable’ (n04) and ‘Female’ (n01). Maternal age
range for mosaic monosomy X pregnancies was 24.2–
44.8 years (mean 36.9). Only one fetus with mosaic karyo-
type (45,X[9]/47,XXX[11]) had a cystic hygroma; the NIPT
result was ‘Monosomy X’. Another fetus with mosaic kar-
yotype (45,X[1]/46,XX[25]) on amniocentesis and normal
second trimester ultrasound had a first trimester NIPT result
of ‘Monosomy X’, when CVS showed ‘97 % 45,X’ by
interphase FISH of uncultured cells. Two other fetuses with
mosaic 45,X/46,XX resulted ‘Female’ by NIPT. All fetuses
with mosaic karyotype 45,X/46,XY resulted ‘Male’ by
NIPT, including one with additional karyotype of transloca-
tion trisomy 21. These data demonstrate the complex pre-
sentations of pregnancies affected by monosomy X and their
influence on NIPT performance. In conjunction with genetic
counseling, NIPT in the presence of fetal cystic hygroma
yields the most meaningful results.

TheCurrent Landscape of Prenatal Aneuploidy Screening:
Perspectives of Genetic Counselors in the United States

J.L.Silver1, B.Lerner1, L.Briere2, J.Hume3

1. Brandeis University
2. Beth Israel Deaconess Medical Center
3. Newton-Wellesley Hospital

Currently, there are at least eight different methodologies
available to expectant parents who wish to screen prenatally
for Down syndrome and other aneuploidies. These techni-
ques, which can incorporate serum, ultrasound and most
recently free fetal DNA (ffDNA) technologies, have yielded
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an evolving menu of options with considerable variability in
both sensitivity and specificity. The aim of our study was to
assess how genetic counselors are utilizing these various
methodologies and to solicit their opinions and recommen-
dations regarding fetal aneuploidy screening programs. We
recruited currently practicing prenatal counselors via the
National Society of Genetic Counselors’ listserv to partici-
pate in an anonymous online survey. We received 207
eligible responses to our survey, which consisted of ques-
tions regarding specific screening methodologies offered at
their institutions, experiences and challenges in counseling
patients, and required elements for optimal screening pro-
grams. Our results indicate that there is considerable vari-
ability in the prenatal screening methods used. First
trimester screening is the most widely used methodology,
offered regularly by 82 % of respondents. However, 52 % of
respondents reported that they regularly offer sequential
screening, and 57 % offer ffDNA screening either routinely
or on a limited case-by-case basis. Many counselors
expressed concern about the quality of informed consent
when undertaken by non-genetics providers. Of note, almost
two-thirds (59 %) of respondents indicated that they some-
times, often, or always saw patients for discussion of screen-
ing results who did not recall consenting to screening.
Factors positively correlated with optimal screening pro-
grams were the ability to offer chorionic villous sampling,
first trimester screening, ffDNA screening, and pre-
screening appointments. The landscape of prenatal aneu-
ploidy screening is likely to change drastically in the com-
ing years, and it is imperative that genetic counselors be
involved in the development and implementation of screen-
ing programs that effectively integrate both current and
future methods while optimizing patient comprehension
and autonomy.

Fetal Fragile X Testing Among Premutation Carriers:
Influence of Premutation Length and Family History

A.Warner1, K.M.Davis1, R.Lavy1, J.Wardrop2, J.Yan3,
N.Nakata1, A.Cronister1

1. Integrated Genetics
2. University of California, Irvine
3. LabCorp Clinical Trials

Patient decisions regarding fragile X (fraX) prenatal testing
may be influenced by various factors including the risk of
expansion to a full mutation in the fetus based on maternal
premutation allele size. Objective: Determine the influence
of maternal premutation allele size and family history of
fraX or fraX-type symptoms on prenatal fraX testing. This
retrospective study included 351 women referred for

prenatal genetic counseling from January 2002 through
June 2011 who were identified as fraX premutation carriers.
Patients were divided into groups based on premutation
repeat length (55–59, 60–69, 70–79, 80–89, 90–99, >100)
that correlated with established risks for expansion to a full
mutation. For each group, fetal fraX testing decisions were
tallied for those with and without a family history of fraX/
fraX-type symptoms. Data were analyzed by adjusting for
maternal age. Patients with referral indications of a positive
MSS or with ultrasound findings were excluded from the
study. Among premutation carriers with no family history,
repeat length correlated with fetal fraX testing (p00.0028);
carriers with longer repeat length were less likely to decline
testing. Among carriers with a positive family history, there
was no association between repeat length and testing deci-
sion. Within each repeat length group, carriers with a family
history were no more likely to elect fetal fraX than those
without a family history. These results suggest that for our
study population, among patients with no family history of
fraX or fraX-type symptoms, counseling regarding absolute
risks for expansion to a full mutation influenced fetal fraX
testing. In contrast, the risk of fraX in the fetus did not
appear to influence testing for families with a positive
family history. Furthermore, for carriers within a given risk
group, a positive family history did not appear to influence
acceptance of fetal fraX testing.

Cystic Fibrosis Carrier Screening: Current Practices
and Challenges in Genetic Counseling

E.J.Wellington1, E.Langfelder-Schwind2, E.Sugarman3,
K.Kramer1

1. Brandeis University Genetic Counseling Program
2. The Cystic Fibrosis Center, Beth Israel Medical Center
3. Integrated Genetics

Professional practice guidelines for cystic fibrosis (CF) car-
rier screening recommend the use of a 23 mutation panel
that identifies couples at risk of having a child with classic
CF while minimizing ambiguous test results. This study
evaluated specific genetic counseling challenges that can
arise from the use of expanded mutation panels and se-
quencing for CF carrier screening, and the strategies genetic
counselors use to manage these challenges. We surveyed
129 genetic counselors to evaluate current practices. Of
those surveyed, six counselors also participated in semi-
structured telephone interviews during which they described
a challenging case involving CF. The majority of counselors
surveyed offer an expanded panel for routine CF carrier
testing and order sequencing for at least one clinical indica-
tion. Study participants identified cost-effectiveness, high
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detection rate, and utility in specific clinical situations as
benefits of these tests. However, counselors also felt that
expanded panels and sequencing increase the genetic
counseling challenges associated with CF carrier testing.
Factors described as contributing to counseling challenges
included the practices of referring providers, availability of
many testing options, complex case management, and am-
biguity related to the identification of mild mutations, com-
plex alleles and variants of uncertain significance.
Management strategies that counselors found helpful for
complicated CF carrier cases included consultation with
colleagues, review of the literature, use of professional and
laboratory resources, and having specific approaches to
counseling. Overall, genetic counselors acknowledge a role
for expanded panels and sequencing in CF carrier screening,
but would like to see more education for non-genetics pro-
fessionals, guidelines to create more consistency in test
offerings, professional resources for continuing genetic
counselor education, and additional research on genotype-
phenotype correlation. Especially with regard to genotype-
phenotype correlation, future work should focus on clinical-
ly useful and realistic goals, including further educating
genetic counselors about the ambiguity inherent in CF
counseling.

Ten Years After the Rirst Savior Siblings: Parental
Experiences Surrounding Preimplantation Genetic
Diagnosis

H.A.Zierhut1, M.MacMillan2, J.Wagner2, D.Bartels2

1. University of Minnesota Medical Center, Fairview
2. University of Minnesota

Preimplantation genetic diagnosis (PGD) to create a healthy
donor for a siblings hematopoetic stem cell transplantation
was first reported in 2001 for a child with Fanconi Anemia
(FA). The psychosocial and ethical implications of PGD and
savior siblings have been publically debated. Ten years later,
we know little about the actual experiences of parents who
have encountered decision making surrounding PGD and
human leukocyte antigen (HLA)-typing. The primary aim of
this study is to understand parents reproductive decision-
making as well as the ethical and psychosocial issues in-
cluding regret surrounding the use of PGD. Parents were
recruited through two national FA support networks in the
US and Canada. Individuals were emailed invitations to par-
ticipate in 51 open and close-ended questions. Open-ended
responses were inductively coded. Descriptive statistics and
Pearsons Chi-Square tests were used to describe and compare
data. Decision making was categorized into three dimensions
evidenced from the literature including cognitive appraisals,

emotional responses and moral judgments. Categorical varia-
bles assessed potential modifications in decision-making be-
fore and after the first publicized successful use of PGD and
HLA-typing. A validated healthcare decision making regret
scale was used to measure parental regret. A significant dif-
ference was noted in parents considering natural pregnancy
before and after 2001 (n0119 parents, p00.01). The most
important factors in the PGD decision making process were
the health of the child with FA and cognitive appraisals
followed by emotional responses then moral judgments.
Regret associated with PGD was low. The majority of parents
were not offered PGD by any health care professional (66 %)
and only 30 % were aware PGD and HLA-typing was a
reproductive option. Our research suggests that the introduc-
tion of PGD and HLA-typing has influenced parents repro-
ductive decision making. However, parents cannot make
informed decisions without awareness of this technology.

Professional Issues

A Leader-led Compassion Fatigue Support Group
Model for Genetic Counselors

D. Babu1, C.M. Klotz1, A.D. Witol2

1. Alberta Health Services; University of Alberta
2. University of Alberta; Stollery Children's Hospital

Many genetic counselors experience compassion fatigue
(CF). It results from continuous compassionate interactions
with clients experiencing emotionally and psychologically
challenging situations. If left unacknowledged, CF can result
in a reduced quality of care provided by the genetic counselor,
and a reduced quality of life for the genetic counselor.
Unfortunately, there is limited information in the genetic
counseling literature about the implementation of CF support
groups, and even less information about which formats are
effective for these groups. As a result, many genetic counse-
lors do not have access to much-needed outlets to address CF
they may be experiencing. Over time, this can place a large
strain on the genetic counselor, his/her clients, and his/her
employer. In cooperation with its management, the
Edmonton Medical Genetics Clinic has initiated a leader-led,
optional CF support group for the genetic counseling team. A
professional psychologist with interest and specialty in CF
was chosen to lead the monthly group meetings. She has
assessed the groups needs and asked for 3-month streams of
commitment from each participant. Each stream has specific
teaching and skills-building goals. Group participants will
also complete optional questionnaires and surveys to help
assess their levels of CF, background stress, and mood states
as related to their jobs. We propose a model we have initiated
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for CF support groups in our workplace. The goals of the
group are to reduce the effects of compassion fatigue and
provide concrete tools for genetic counselors to build resil-
ience, so that they will feel fewer burdens of compassion
fatigue over time. We hope that awareness of our model helps
other genetic counselors implement similar groups locally.

Online Genetic Counselling: Example of the Montreal
Ashkenazi Jewish Screening Program

L.Castonguay1, F.Jennifer1, G.Sillon2, S.Levesque3,
J.J.Mitchell2

1. McGill University Health Centre
2. McGill University Health Centre, Montreal General
Hospital
3. Centre Hospitalier Universitaire de Sherbrooke

Specific conditions have a higher incidence in the
Ashkenazi Jewish (AJ) population. In the Montreal area
(Canada), conventional carrier screening for some of these
conditions is available at the McGill University Health
Center. Only 10–15 % individuals of the target population
are being screened each year and currently attend conven-
tional genetic counselling sessions before testing. Currently,
in healthcare, a variety of alternative educational delivery
models are used to teach and inform patients about genetics
services and provide an environment in which materials can
be targeted to a specific population or tailored in a variety of
formats. Interactive computer-based programs designed for
patients have been used for over a decade now in different
health domains and more recently have successfully been
used in genetics. We created an online interactive tool as an
adjunct to face-to-face pre-carrier testing counselling ses-
sions. This approach was taken to offer flexibility in the
access to the program, to increase the uptake of screening by
the AJ population, and to optimize genetic counsellors time
by allowing them to meet with carrier couples in a timely
manner. Multiple steps have been taken to implement this
new online module in collaboration with relevant stakehold-
ers, such as laboratories, and the Montreal AJ community.
This led to the elaboration of an interactive screening algo-
rithm, and to the development of online information pages
derived from an actual genetic counselling session. Quizzes
have also been developed to assess patients understand-
ing of the key information. Patients who go through the
program will the possibility to consent and to proceed
directly to testing. This online module is an effort to
provide a complete screening program to the AJ com-
munity. It is a unique program that provides a model
which has the potential to be extended to other genetic
screening programs.

Whole Exome Sequencing: Are We Ready?

K.L.Golden-Grant1, G.Scharer2, C.S.Walton2,
C.R.Coughlin II1

1. Graduate Program in Genetic Counseling, University of
Colorado Denver
2. University of Colorado School of Medicine

Whole exome sequencing (WES) promises to advance both
research and clinical genetics by aiding in gene discovery for
Mendelian disorders, and identifying genetic etiologies for com-
plex phenotypes. Clinical WES highlights many complex
counseling and psychosocial issues for genetic counselors to
consider and discuss with families. While genetic counselors are
sure to have a significant role in the clinical implementation of
WES, there currently are no established guidelines for counsel-
ing or informed consent for WES. The aims of this project
included assessing the amount of experience genetic counselors
have hadwithWES, knowledge of the testing process, prepared-
ness to counsel families on WES, and opinions on the impor-
tance of discussing specific counseling issues with the families.
An 18-question survey was created using Survey Gizmo and
distributed via email blast to 2,709 members of the NSGC. 315
surveys were completed. 82.5 % of respondents indicated no
prior experiencewithWES. Of the respondents with experience,
themajority (74.5%) ofWESwas performed through a research
study. Survey results indicated that counselors have a moderate
understanding of the testing process, and feel low-medium
comfort in their knowledge (self-ranking). Counselors also
expressed feeling generally underprepared to counsel families
on WES. Counseling issues that a strong majority of respond-
ents felt should be discussed before the test is ordered include
the chance of discovering variants of unknown clinical signifi-
cance, the chance of incidental but clinically significant findings,
insurance issues and privacy concerns. 93.7 % of respondents
indicated that they have not found educational materials on
WES, whereas 99.4 % believe that educational materials would
be beneficial. These results indicate that prior experience with
WES at the time of the survey was limited. The study suggests
that genetic counselors may be underprepared to counsel on
WES and genetic counselors may benefit from educational
materials on WES.

Strategies to Increase Student Awareness of Genetic
Counseling as a Career Option as Perceived by High
School Science Teachers

B.N.Guerrero1, N.Callanan1, C.Matthews1, J.Abernethy2

1. University of North Carolina Greensboro
2. Randolph Early College High School
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Over the next 10 years the Bureau of Labor and Statistics
(BLS) expects the field to see growth between 14 and 19 %
with an estimated 29,100 job openings through 2018. The
projected future need for genetic counselors calls for action
to increase the potential pool of applicants. It has been
suggested by some researchers that recruitment efforts
should be focused on high school students, as many college
students, have already chosen career paths This study ex-
plored effective ways to work with teachers in efforts to
raise awareness of the field among high school students. A
focus group was conducted at the North Carolina Science
Teachers Association Professional Development Institute. A
survey was then created, guided by the results of the focus
group and literature review. The survey was distributed to
high school science teachers though the National Science
Teachers Association (NCSTA) general list serve as well as
the North Carolina Science Leadership Association
(NCSLA). Four science teachers participated in the focus
group and 23 teachers responded to the survey. Results
indicated that while teaches value the topic of careers in
science and strive to incorporate career discussions in the
classroom, they feel restricted by time and the need to focus
on standardized state and national curriculum objectives.
Teachers provided helpful feedback regarding how to incor-
porate discussions about genetic counseling as a career
option with current objectives involving genetic concepts.
Teachers also provided suggestions for how to communicate
with the high school audience, such as using activity based
learning and focusing lessons on relatable case scenarios.
Despite the limited response rate to the survey, these results
will be helpful to genetic counselors who seek to support
efforts of HS teachers to incorporate information about
genetic counseling into their curriculum.

The Impact of Genetic Professionals on Genetic
Knowledge in the Cystic Fibrosis Community: Is One
Visit Enough?

E.M.Hogan1,2, A.Matthews2, R.Darrah2, H.Mikesell3,
M.Drumm2

1. MetroHealth Medical Center
2. Case Western Reserve University
3. Myriad Genetics

The purpose of this descriptive study was to determine if
any relationship exists between genetic knowledge and the
level of involvement of genetic professionals in the cystic
fibrosis (CF) community. Adult CF patients (n0128) and
parents of a child with CF (n094) from two CF clinics
responded to either an on-line or paper survey regarding
the level of genetic professionals involvement in their care

and their genetic knowledge about CF. Genetic knowledge
scores were generated for each participant and compared to
the level of genetic professionals involvement by two-tailed
independent t-test and linear regression analyses. Genetic
knowledge increased with increased genetic professional
involvement across all study groups. The difference in ge-
netic knowledge scores between participants receiving no
involvement (zero visits) and high involvement (three or
more visits) with a genetic professional was found to be
statistically significant (p00.043). Further analysis revealed
a threshold effect of needing to see a genetic professional a
minimum number of two times in order to achieve signifi-
cantly higher genetic knowledge scores. Gaps in genetic
knowledge, particularly those involving understanding of
recessive inheritance, were observed in this study popula-
tion. This and previous studies have found that individuals
base reproductive decisions on their understanding of the
genetic reproductive risks associated with CF. As knowl-
edge scores in this study population were found to increase
with increased genetic professional involvement, referral to
genetic counselors may serve as one method for improving
the observed gaps in CF genetic knowledge that have been
shown to have an impact on life-altering reproductive deci-
sions. The threshold affect found in this study suggests
multiple, versus single, visits with genetic professionals is
more effective. This suggests that genetic counselors may be
most effective in the CF community as members of a multi-
disciplinary continuing care team model versus a single visit
referral model.

Developing a Return of Results Plan in a General Biobank
Not Focused on a Disease: A Community-based Approach

K.Johnson1, J.Olson1, J.Cerhan1, S.Thibodeau1

1. Mayo Clinic

As biobanks collect, store and curate information on partic-
ipants over time, they grow as invaluable resources to
researchers. Rapid advances in genome-wide association
studies and next generation sequencing are generating large
amounts of genetic data and a debate over reporting indi-
vidual research results (IRR) and incidental findings (IF) to
participants. As there is not yet a national consensus on this
issue, the decision of whether or not to offer the return of
any results to biobank participants is left to individual bio-
bank principal investigators, governing bodies or institu-
tions. The Mayo Clinic Biobank was launched in 2009,
and has recruited over 24,000 participants from general
medicine clinics and additional patient volunteers. The
Biobank is not focused on any particular disease. All par-
ticipants receive at least some, if not all, of their health care
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at Mayo Clinic, putting the IRR and IF issues in a different
context than biobanks not associated with a health care
delivery organization. Given this unique population, we
solicited input from several groups when developing our
policies on return of results. This included an in-depth
deliberative democracy with our broader community, estab-
lishment and ongoing use of our community advisory board,
working closely with our IRB and Legal department, and
obtaining input from expert scientists, clinicians, and bio-
ethicists. Through these conversations, we arrived at the
conclusion that we will offer the return of a subset of results
to our participants. Our current process, policy and plan for
how we have decided to return results in the Mayo Clinic
Biobank are described. Our experiences add a tangible ex-
ample of how a large medical institution reached the con-
clusion to return results and how genetic counseling is being
incorporated in that process, which may be useful for other
researchers as they develop a return of results plan for their
research participants.

Pre-Test Genetic Counseling for a Non-Hereditary
Cancer: Expanding Genetic Counseling Roles

L.Kessler1, S.E.Walther2, K.Valverde1, A.Ganguly3,
C.Shields4

1. Arcadia University
2. Genetic Diagnostic Laboratory, University of Pennsylvania
3. Department of Genetics, University of Pennsylvania
4. Oncology Service, Wills Eye Institute

Uveal melanoma (UM) is the most common malignancy of
the eye affecting five people in one million. Typically, UM
is not a hereditary cancer. Approximately 50 % of patients
with UM develop metastatic disease and have poor survival
rates. SNP array analysis determines chromosomal copy
number to provide information about risk for metastasis.
Important molecular findings are: chromosome 3 monoso-
my, 8q amplification, and chromosome 6 changes. Patients
who have both monosomy 3 and 8q amplification have a
greater than 50 % chance for their cancer to metastasize.
Patients without these changes are not at increased risk for
metastasis. Previous research on UM patient decision-
making for molecular prognostic testing found the following
common concerns: not understanding the benefit of testing,
cost, and insurance discrimination. Given these findings,
genetic counselors are ideally suited to discuss molecular
prognostic testing with patients. In October of 2011, pre-test
genetic counseling was introduced to newly diagnosed
patients with UM who were treated at the Oncology
Service at Wills Eye Institute. The purpose of this study
was to explore the impact of pre-test genetic counseling on

patient decision making for molecular prognostic testing. A
retrospective record review was conducted for patients di-
agnosed with UM at the Oncology service at Wills Eye
Institute from 1/1/2011 through 4/30/2012 to look at testing
decisions. Prior to the introduction of pre-test genetic
counseling, the average rate of declining molecular prog-
nostic testing was 53 %. After patients received pre-test
genetic counseling, the average rate of declining testing
was 34 %. Pre-test genetic counseling for molecular prog-
nostic testing in UM demonstrates one example of evolving
roles for genetic counselors. As personalized medicine
becomes more integrated into healthcare, genetic counselors
may provide counseling for complex genetic testing that has
the potential to impact treatment and screening but does not
influence risks for other family members.

Patient and Provider Attitudes about the Role of Genetic
Counselors in SNP-Based Genetic Risk Assessment for
Prostate Cancer

W.Kohlmann1, W.Birmingham1, M.Wang1, J.Bishoff2,
C.Dechet1, A.G.Lisa1, N.Agarwal1, A.Y.Kinney1

1. University of Utah
2. Intermountain Health Care

There are limited options to guide healthcare providers in
identifying those men who will benefit most from prostate
cancer (PC) screening. Risk assessment based on single-
nucleotide polymorphisms (SNPs) has been proposed as a
tool for identifying men at increased risk, although the
appropriateness of this testing is controversial. To assess
patients and providers attitudes about SNP-based PC risk
assessment, descriptive data were collected through ques-
tionnaires and focus group discussions. Participants includ-
ed 23 men with >1 first- degree relative with PC and 24
primary care physicians and urologists. 52 % of relatives
reported interest in SNP-based risk assessment for PC. The
primary perceived benefit of testing was the potential for
individualized screening. Qualitative and quantitative data
indicated that providers would not recommend this testing
for PC risk assessment. Their primary concerns about test-
ing were fear of patients misinterpreting results (91 %), lack
of established clinical validity (83 %), and the potential for
discrimination (70 %). While unlikely to recommend testing
themselves, the majority (61 %) of providers would be
compelled to use the information if a patient presented
results from a direct-to-consumer company. However,
96 % of providers were not confident in their ability to
address questions about SNP-based testing. Some providers
would refer patients interested in PC risk assessment or
SNP-based testing for genetic counseling (GC) while others
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believed GC was only for individuals with histories consis-
tent with a high penetrance syndrome, and that GC was
inappropriate for low/moderate risk individuals interested
in SNP-based genetic testing. Our findings indicate that
there are discrepancies between patients interest in new
genetic testing technologies and providers ability to address
these issues. Genetic counselors are ideally suited to meet
this need, but providers need education about the role ge-
netic counselors can play in providing risk assessment and
the appropriate use of genomic tests.

Mountain States Genetics Regional Collaborative
Telemedicine Projects Expand Access to Genetic
Counseling Services

S.Landgren1, K.Kocsis2, V.Thomson3, E.Wright2,
L.Creel4

1. Billings Clinic
2. Children’s Hospital Colorado
3. Marion Downs Hearing Center Foundation
4. Mountain States Genetics Regional Collaborative Center

The Mountain States Genetics Regional Collaborative
(MSGRC) is a Health Resources and Services Administration
(HRSA)-funded regional collaborative focused on improving
access to genetic services and information in Arizona,
Colorado, Montana, Nevada, New Mexico, Texas, Utah, and
Wyoming. The MSGRCC has identified telemedicine as a
useful tool for improving access and has supported several
Telegenetics projects in the region. This presentation summa-
rizes two pilot projects and describes the challenges and suc-
cesses associated with implementing a telemedicine practice
model for genetic counseling. The Montana Telegenetics
Project: Improving Access, Educating Providers and
Consumers provides genetic counseling to obstetric and oncol-
ogy patients in four states (Montana, North and South Dakota,
and Wyoming). To date, the project has provided 22 oncology
and 17 prenatal genetic counseling visits, and six pediatric
consultations. There have also been four educational sessions,
two focused on consumer education and two targeting pro-
viders. Challenges include marketing the new services line,
travel limitations for on-site visits, and changing well-
established referral patterns. One of the greatest bridges to
success is the use of an existing telemedicine infrastructure that
facilitates accessibility and strengthens sustainability. The
Colorado Genetic Counseling for Newborn Hearing Loss proj-
ect focuses on providing genetic counseling to families of
children identified through newborn screening, initially for
hearing loss and, more recently, for metabolic disorders. After
successful implementation in Durango, Colorado in the first
project year, expansion was planned to two other sites in

FY2011-2012. The project encountered several obstacles, in-
cluding a low number of referrals and resistance from commu-
nity health systems to allow use of their telehealth equipment
for patients not registered within their system. Modifications
are currently being implemented and include utilizing existing
telemedicine infrastructure connected with The Childrens
Hospital in Aurora, Colorado. Future expansion is planned
for both hearing loss and metabolic patients.

Portrait of the Master Genetic Counselor: A Qualitative
Investigation of Expertise in Genetic Counseling

C.Capel Miranda1, P.McCarthy Veach1, B.S.LeRoy1

1. University of Minnesota

This study comprises the first in-depth investigation of
personal and professional characteristic of master genet-
ic counselorsindividuals regarded as experts or among
the best-of-the best practitioners. Leaders in the field
nominated practicing genetic counselors they regarded
as exemplary, based on investigator-derived criteria.
Fifteen of their nominees (12 females, 3 males) partic-
ipated in semi-structured telephone interviews exploring
their personal qualities, inspirations, motivations,
strengths, struggles, and professional development.
Twelve self-identified as Caucasian/European-American,
and four as belonging to one or more groups represent-
ing racial/ethnic diversity. Median genetic counseling
experience was 27 years (R: 6–36 years). A research
team used modified Consensual Qualitative Research
methods to analyze transcripts. There were four broad
themes: 1) Personal Characteristics of Master Genetic
Counselors, 2) Relationships with Patients, 3) What
Constitutes Success, and 4) Views of the Profession.
Findings indicate master genetic counselors: a) are insa-
tiably curious and life-long learners; b) are reflective,
self-aware, confident, and recognize their limitations; c)
are authentic and genuine, and view their counseling
style as exuding their personality; c) form collaborative
relationships with patients based on trust; d) are deeply
attuned to multiple levels of the counseling process; e)
struggle when they cannot connect with patients; f) have
deep empathy, are inspired by patients, and derive per-
sonal meaning from their work; g) are affected emotion-
ally by their work, but effectively manage this impact;
h) view successful counseling as patient-centered and
rooted in the relationship; i) perceive their professional
development as ongoing; and j) hold varied perspectives
regarding the artistic vs. scientific nature of practice and
future development of the profession. These findings
support the Reciprocal-Engagement Model of practice .
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Major findings are discussed and compared to theory
and research from other healthcare fields. Training and
practice implications and research recommendations are
presented.

Public Awareness and Perceptions of Genetic Counseling

M.Maio1, P.Carrion2, J.C.Austin2,3

1. University of British Columbia
2. Department of Psychiatry, Univesrity of British Columbia
3. Department of Medical Genetics, Univesrity of British
Columbia

Although there is an abundance of anecdotal evidence
that indicates generally poor public awareness of and
misperceptions about genetic counseling, there is very
little empirical information about this topic. We con-
ducted the first national Canadian study to assess levels
of public awareness about and perceptions of genetic
counseling. We acquired 1000 phone numbers reflecting
a demographically representative sample of Canada from
Survey Sampling International, and between October
2011 and March 2012 we administered a quantitative
telephone survey (in both official languages of Canada,
French and English) comprising questions addressing
demographics, awareness, and perceptions of the pur-
pose of genetic counseling (15 items, each rated from
strongly disagree to strongly agree e.g. A purpose of
genetic counseling is to advise people about whether to
have children). 188 individuals completed the survey
(n0440 declined, n0372 could not be reached, response
rate 0 30 %), 78 % were Caucasian, 68 % were female,
mean age was 50 (range: 19–78), Only 31 % had heard
of genetic counseling, and only 64 % thought it would
be provided by a specialty trained healthcare provider.
Respondents thought that purposes of genetic counseling
were: prevention of genetic diseases and abnormalities
(75 %), helping people to understand their ancestry
(51 %), advising people whether to have children
(46 %), and helping couples have children with desir-
able characteristics (28 %). Our results reflect those of
the only other study of public awareness and percep-
tions of genetic counseling (conducted in Japan in
1993), in that few had heard of it, and there were many
misconceptions. The first annual Genetic Counseling
Awareness Week was implemented in Canada in 2010
to increase public awareness about genetic counseling
services. These results can be used both as a guide to
focus and as a baseline through which to measure the
effectiveness of future Canadian Genetic Counseling
Awareness week efforts.

The Impact of Independent Billing byGenetic Counselors:
Perspectives from Oncologists

A.McRae1, M.Czarniecki2, C.A.Wicklund1, R.Dineen3,
J.Richardson4

1. Northwestern University Graduate Program in Genetic
Counseling
2. NorthShore University Health System
3. University of Illinois, Chicago Metabolic Disorders
4. National Society of Genetic Counselors

Genetic counselors face many challenges in billing and reim-
bursement for their services, which can impact patient access.
Since genetic counselors are working toward obtaining the ability
to bill independently, we sought to assess possible implications of
such efforts. Surveyswere developed andmailed to 495 physician
members from theMidwestern Oncology State Society Network.
The survey assessed basic demographic information, personal
experience with providing genetic counseling and testing, expe-
rience working with genetic counselors, and potential effects of
independent billing by genetic counselors. 58 out of 474 surveys
were returned (12.2 %). 68.4 % of participants felt they do not
possess the skill set to personally provide genetic counseling and
90.4% felt that they do not have the time.Of participants working
directly with genetic counselors, 60 % felt that revenue would
increase, 53.5 % felt that the number of patients seen by genetic
counselors would increase, and 20 % felt that their personal
workload would decrease with the implementation of indepen-
dent billing by genetic counselors. Of oncologists who did not
directly work with genetic counselors, 20.8% felt that the issue of
genetic counselors being unable to bill for their services was a
barrier to hiring a genetic counselor and 16.7 % cited poor
reimbursement of genetic counselor services as a barrier to hiring.
54 % reported that they would be more likely to hire genetic
counselors if they could bill independently. Independent billing
by genetic counselors has the potential to increase patient access
to skilled genetic counseling services through increased patient
load for current counselors as well as genetic counseling job
creation. If the healthcare model continues to prevent genetic
counselors from effectively billing for their services, genetic
counseling duties may fall upon health professionals that have
neither the skill set nor the time to adequately perform them.

Identification and Referral for Cancer Genetic
Counseling: Minimal Impact of A Risk Assessment Letter

K.B.Niendorf1, T.R.Church1, M.Geller1, A.Leininger2,
A.M.Bakke1, M.J.Ahrens1, R.Madoff1

1. University of Minnesota
2. Minnesota Oncology Hematology PA
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Current literature suggests that individuals at increased fa-
milial cancer risk are sub-optimally identified and referred
for genetic counseling services. The William C. Bernstein
MD Familial Cancer Registry is a hereditary cancer risk
triaging and genetic counseling referral program designed
to address this concern. We report the familial cancer risk
triaging results in three cohorts and compare the use of
genetic counseling services before and after receipt of this
information. Over 2 years, 1992 individuals were invited
from three sources: a gynecological-oncology clinic, a co-
lorectal cancer research registry, and a breast cancer tumor
registry. All subjects were screened via a preliminary ques-
tionnaire and then invited to be interviewed regarding the
family history of cancer. Genetic counselors triaged the
pedigrees into average, moderate and high familial cancer
risk based on published criteria. Subjects were provided
pedigrees and risk assessment letters, including referral for
genetic counseling. At 3 and 12 months after risk assess-
ment, participants were queried regarding pursuit of genetic
counseling services. Participation in the overall program
was 44.0 % (869/1992). After risk assessment, 66 % (332/
500) were at high risk of a hereditary cancer syndrome, most
frequently Lynch and hereditary breast-ovarian cancer syn-
dromes. Overall, 20 % (102/500) were at moderate familial
cancer risk and 13 % (66/500) had average cancer risk. After
3 months, only 4 % of high risk participants had pursued
recommended genetic counseling; a further 2 % obtained
genetic counseling after 12 months. A significant proportion
of the families represented in these cohorts were confirmed
to be at potentially increased risk of a hereditary cancer
syndrome. However, a single risk assessment letter provided
to a participant did not ensure use of recommended genetic
counseling services. More intensive interventions are need-
ed to increase the uptake of genetic services in high-risk
families.

The Incorporation of Predictive Genomic Testing into
Genetic Counseling Programs

R.Noss1, R.Mills2, N.P.Callanan1, S.Haga3

1. University of North Carolina at Greensboro
2. Duke University Medical Center
3. Duke Institute for Genome Sciences & Policy

Recently, the use of predictive genomic testing (PGT) has
increased; yet its impact on the field of genetic counseling is
unclear. One concern is the preparedness of genetic counse-
lors in addressing PGT concerns with patients. This study
explored how PGT is being incorporated into genetic
counseling programs and recent graduates’ perceptions of
this coverage’s adequacy. Graduates of American Board of

Genetic Counseling (ABGC) accredited genetic counseling
programs between the years 2008 and 2011 were surveyed
to assess the extent to which PGT was incorporated in their
training programs and the adequacy of this coverage. Chi
square analysis was utilized to identify changes over time
between the class of 2008 and 2011. Surveys from 126
graduates were analyzed. The majority of respondents indi-
cated the incorporation of a wide array of aspects surround-
ing multiple forms of PGT, including full genome
sequencing, GWAS, SNPs, pharmacogenomics, and DTC-
based PGT in their genetic counseling curricula. There was a
significant increase in PGT in the curricula between the
classes of 2008 and 2011. Fewer graduates reported learning
how to interpret PGT test results, how to discuss these
results with patients, and how to identify clinical situations
warranting PGT. In regards to adequacy of coverage, 80.6 %
of graduates felt their training prepared them for the ABGC
board exam. Fewer graduates felt prepared to interpret PGT
test results (60.2 %) or identify clinical situations warranting
testing (53.1 %). Although the majority of respondents
reported learning about a wide variety of aspects of PGT,
some graduates indicated their training did not prepare them
to interpret PGT test results, discuss these results with
patients, and/or identify clinical situations warranting PGT.
Therefore, genetic counseling programs should emphasize
assessing their students ability to perform these tasks, and
possibly increase their coverage.

Medical Management Adherence as an Outcome of
Genetic Counseling in a Pediatric Setting

S.Polly1, C.L.Atzinger1, J.G.Ruschman1, X.Zhang1,
M.F.Myers1,2

1. Cincinnati Children’s Hospital Medical Center
2. Univeristy of Cincinnati

To recognize the value of genetic counseling, outside insti-
tutions such as third party payers require evidence that the
services of genetic counselors contribute to positive patient
outcomes. Patient adherence to medication and treatment
recommendations is an accepted outcome measure in med-
icine, but adherence to medical management recommenda-
tions has not been previously studied as a possible outcome
of genetic counseling. Patient adherence to medical recom-
mendations may result in improved medical outcomes. We
conducted a retrospective chart review of 200 pediatric
patients seen for their initial visit in general genetics clinic
at Cincinnati Childrens Hospital Medical Center in 2008.
Half were seen by only a geneticist and/or genetics resident
(the non-GC group) and half were seen by a genetic coun-
selor and geneticist (the GC group). The medical
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management recommendations from the initial visits and
evidence of adherence to those recommendations were ab-
stracted from the medical record. Recommendation types
included: follow-up with genetics, referral to a specialist,
and additional testing. Adherence rates were compared be-
tween the GC and non-GC groups, with recommendation
type adjusted, using a generalized estimating equation
(GEE) model. Adherence was significantly associated with
the inclusion of a genetic counselor (p00.01). Patients in the
GC group were more likely to complete their recommenda-
tions than patients in the non-GC group (OR02.1).
Recommendation type was also significantly associated
with adherence (p0<0.0001) with patients least likely to
complete a recommendation to follow-up in genetics clinic,
and most likely to complete an ordered test. Involvement of
a genetic counselor during an initial pediatric genetics visit
may be associated with increased patient adherence. Further
research is needed to determine if this association applies in
other genetic counseling settings and if improved adherence
results in improved medical outcomes.

Quality Indicators to Evaluate the Collection of Family
Health History in Primary Care

K.P.Powell1, C.A.Chistianson1, S.Hahn2, G.Dave3,
L.A.Orlando4, S.Blanton2, V.C.Henrich1

1. University of North Carolina at Greensboro
2. University of Miami
3. University of North Carolina at Chapel Hill
4. Duke University

To stratify patients into risk categories, one must collect
family health history (FHH) on first- and second-degree
relatives, including age of disease onset, age of death and
cause of death. This study evaluated the ability to assess risk
based on FHH collected within three primary care practices.
Two reviewers performed a chart abstraction of patients
seen for a well visit over 6 months in 2007 in three primary
care practices was performed. A set of five quality indicators
were used for patients with a FHH of chronic disease with-
out a deceased family member including an updated FHH,
negative FHH, affected relatives gender, age of onset, and
maternal/paternal lineage of disease. For FHH with de-
ceased relatives, age and cause of death were also included.
FHHs with all five (non-deceased relative) or all seven
constructs (deceased relative) were deemed highly informa-
tive. A total of 390 charts from 16 primary care providers
were analyzed. No FHH was found in <1 % of charts. FHH
was usually collected on parents (n0339, 86.9 %), and
sometimes on siblings (n0168, 43.1 %), grandparents (n0
131, 33.6 %), aunts/uncles (n067, 17.2 %), or children (n0

32, 8.2 %). Gender was collected >92 % of the time on
parents, aunts/uncles, siblings and grandparents. Age of
disease onset was the least frequently collected construct
(<20 % of time). Most records (n0227, 59.7 %) documented
a deceased relative. In 172 cases, the age of death was
always or sometimes recorded, and in 213 cases the cause
of death was always or sometimes recorded. FHHs were
deemed highly informative in <4 % and not informative in
<1 % of all charts. The collection of FHH in primary care is
not informative enough to allow for disease risk assessment.
If disease risk assessment is to be used successfully in
primary care, FHH collection must be easier and more
complete.

Novel Application of Electronic Medical Record for
Improving Genetics Care

J.D.Riley1, G.W.Procop1

1. Pathology and Laboratory Medicine Institute, Cleveland
Clinic

Previous reports have demonstrated the value of genetic
counselor review of laboratory orders for molecular genetic
testing. Miller et al., as well as Mays and Saunders, calcu-
lated the percentage of inappropriately ordered tests and
associated cost savings within a large reference laboratory
and a pediatric hospital-based laboratory, respectively. In
our institution, we have utilized the electronic medical re-
cord system to restrict ordering access of costly and/or
complex genetic testing with instruction to instead refer
patients for medical genetics consultation. The approach
was piloted with ten tests based on their annualized cost
for the hospital laboratory. Our test utilization committee
assembled a multidisciplinary team including pathologists,
laboratory technologists and a lab-based genetic counselor,
who collaborated with clinical genetics and information
technology to implement these restrictions with goals of
decreasing inappropriate orders, increasing genetics refer-
rals and minimizing disruption to clinical work flow. In the
first 5 months, 25 unique inpatient orders were blocked. In
13 cases a referral to genetics was not made and most
attempts to obtain genetic testing were apparently aban-
doned. There were 11 referrals to medical genetics and nine
patients received genetics consult. In seven cases, the
geneticists recommendation matched the original order. In
one case, a different line of testing was recommended and
for the final case a non-genetic etiology of the patients
phenotype was deemed most likely and no testing was
pursued. In total, 15 tests were averted, resulting in
$40,000 of cost savings. In conclusion, over a third of
blocked inpatient orders resulted in medical genetics
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referral. In most of these cases the originally blocked inpa-
tient test order was pursued following genetics evaluation
and counseling. The cost savings and general acceptance of
this pilot project has led to inclusion of more tests. Our
experience also demonstrates continued success of incorpo-
rating genetic counselors into the laboratory setting.

Examining the Research Training of Recent Genetic
Counseling Graduates

A.Rupchock1, E.Bendik1, E.Heise2, E.Burkett3, S.Hahn4

1. University of Miami Miller School of Medicine
2. Duke Pediatric Medical Genetics
3. Legacy Center for Maternal Fetal Medicine, Emanuel
Hospital
4. University of Miami

The American Board of Genetic Counseling (ABGC)
requires accredited programs to incorporate research
training in the curriculum, but grants latitude in how
programs can implement. Previous research shows that
among GCs specializing in research, the majority of
skills and knowledge necessary for this role were learned
on the job, rather than in their training program. In this
study, we sought to determine how key skills and knowl-
edge necessary for conducting research are currently in-
cluded in GC program curriculum using a web-based
survey of GCs who graduated within the last 5 years.
Participants were recruited via the National Society of
Genetic Counselors’ discussion forum, their program
directors via the Association of Genetic Counseling
Program Directors, and through an email to ABGC dip-
lomates. The survey included questions regarding re-
search training experiences, perceived competency with
research skills at graduation, perceived importance of
research training, and opinions about GC involvement
in research. The survey was taken by 171 participants,
representing at least 27 different GC training programs.
Since graduating, 41 % of respondents have held a
position where they ascertained research subjects at least
10 % of the time. Eighty-three percent of respondents
conducted a research project that involved human re-
search subjects as part of their genetic counseling train-
ing. Over 35 % indicated research rotations were
available as an option as part of their training, and, of
those, 74 % elected to complete this rotation. Research
rotations and thesis requirements were rated as important
or extremely important by 68 % and 82 %, respectively,
and over 43 % of respondents would have liked more
experience with research in graduate school. These pre-
liminary data illustrate the varying methods and degrees

to which research is incorporated in training programs
and may be used to guide the development of core
competencies or GC program curriculum.

Disability Training in Genetic Counseling Training
Programs

E.Sanborn1

1. Rockefeller University

Genetic counselors (GCs) communicate with clients everyday
about disability, yet there are no specific requirements or
guidelines for training in this area. In the last year the rela-
tionship between GCs and the disability community has been
a controversial topic, with multiple articles published. While a
lot of important discussion topics have been raised, no one has
evaluated the training of GCs with regards to disability issues.
I hypothesized that there would be great variability 1) in the
amounts and types of disability training and 2) on the value/
emphasis placed on this training. This study aimed to assess
this variability and whether program directors think these
skills should be added to the ABGC core competencies.
Directors were invited through email to participate in an
online survey using Survey Monkey. The survey consisted
of 15 questions assessing the requirements for incoming stu-
dents, the training opportunities during the program, the em-
phasis and importance of disability training, and whether these
skills should be added to the core competencies. Descriptive
statistics were used. There was a 58.8 % response rate (n020).
The majority felt disability training was important during the
program (mean 0 1.75 on 5-pt Likert scale with 1 0 very
important), but only 10 % required this from their applicants.
There was great variability in the hours dedicated to disability
training/exposure, ranging from 10 to >600 h. The types of
training showed this same variability. Overwhelmingly program
directors felt disability issues should be added to the core com-
petencies (85 %). This research suggests that GCs are getting
disparate training in disability issues. It can thus be assumed that
GCs are entering the field without a uniformed skill set in this
area. Standardizing the core skills needed in this area and pro-
viding guidelines for program directors could help rectify this.

Return of Individual Research Results: A Survey of
Genetic Counselors’ Opinions and Experiences

D.Singer1, S.Brewster2, B.Barry3

1. Brandeis University
2. Children’s Hospital Boston
3. Howard Hughes Medical Institute, Children’s Hospital
Boston
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The return of individual research results (IRRs) has become
a controversial topic within the genetics research communi-
ty. Despite published policy papers and professional sym-
posia on this issue, little consensus on the process has been
achieved. Genetic counselors are the medical professionals
often responsible for coordinating disclosure of results in the
context of genetic research. However, the attitudes, opinions
and experiences of genetic counselors related to disclosure
of IRRs have yet to be examined. The goal of this study was
to assess the opinions and experiences of genetic counselors
regarding the return of research results to study participants.
Our hypothesis was that opinions would vary significantly
among counselors with respect to both the types of results
that should be disclosed and the process to be followed. In
particular, we hypothesized that counselors with more ex-
perience returning IRRs would feel more strongly in favor
of returning these results than counselors with no experience
returning IRRs. We also hypothesized that counselors would
feel more strongly in favor of returning clinically actionable
results than other types of results. We conducted an anony-
mous online survey of 163 genetic counselors recruited via
the National Society of Genetic Counselors listserv. The
survey respondents varied widely in their opinions about
and experiences with the process of disclosing IRRs.
However, our results showed that genetic counselors were
more strongly in favor of returning clinically actionable
results and results with reproductive implications. There
were no statistical differences between responses from those
with and those without IRR experience. In addition, the
provision of informed consent as well as CLIA confirmation
were important factors for counselors when considering
return of IRRs. Future efforts should focus on developing
a consensus among genetic counselors and the research
community for recommendations on the process of handling
IRRs.

The Electronic Family History Record: Enhancing the
Provision of Genomic Medicine

M.N.Strecker1, A.Tsatsulin2

1. CombiMatrix Diagnostics
2. Improve Labs

Geneticists and genetic counselors have long considered the
genetic pedigree to be central to the practice of medical
genetics. However, only within the past decade has the
importance of objectively collecting and storing family his-
tory information as part of an individuals electronic health
record (EHR) been recognized in the broader medical com-
munity. In the move toward genomic medicine, a platform
that enables specialists, general practitioners and patients to

collect, store, manage, and share family history information
will be critical to providing optimized, evidence-based care.
Based on preliminary market research, we developed an
Electronic Family History Record platform to integrate the
collection and generation of complex family histories;
context-sensitive searching of relevant databases, guide-
lines, and publications; decision support; electronic test
requisitioning; and direct interface to EHRs. Following a
user testing period of the pedigree generation module of the
platform, twenty genetic counselors (GCs) participated in a
total of five focus groups to discuss the utility, functionality,
ease of use, logistical implementation, and potential con-
cerns associated with this platform. The participants includ-
ed GCs employed by private practices, health maintenance
organizations, not-for-profit hospitals, university hospitals
and commercial laboratories in a variety of specialty care
settings. The major themes centered around the importance
of being able to quickly enter and easily manage complex
information on extended families. The discussion also
brought up issues of potential logistical barriers to imple-
mentation as well as privacy concerns. The feedback of the
five discussion groups was compiled and is being used to
inform revisions to the platform. The unanimously positive
response of all five focus groups to this platform suggest
there is significant merit in pursuing and further developing
such a tool in an effort to meet the Centers for Medicare and
Medicaid Services Phase 2 of the meaningful use initiative
for EHR systems.

Connecting Genetic Counseling students with the
Disability Community: Our Experience with the Impact
Program

J.Su1, J.Keating1, K.Schaub1, S.Gilvary1, C.Lieber1

1. Joan H. Marks Graduate Program in Human Genetics,
Sarah Lawrence College

Genetic counseling students receive extensive training in
genetic conditions with particular emphasis on clinical fea-
tures and mode of inheritance, but they also need to under-
stand the effect of a genetic diagnosis on a family. We
created the Impact Program at the Joan H. Marks Graduate
Program in Human Genetics at Sarah Lawrence College in
order to fulfill this need. In this program, first year genetic
counseling students observe and participate in 1 day of the
lives of individuals with a genetic condition and their family
members. The goal of this program is to normalize disability
and provide students with an opportunity to interact with
families outside of the clinic setting. In our pilot program,
10 students and 8 families with young children with Down
syndrome were enrolled. Students participated on a
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voluntary basis and were matched with families based on
preference of activities and schedule availability. Students
took part in a wide range of activities, such as home visits,
trips to local parks, and visits to the zoo. Students completed
an evaluation including an essay where they could reflect
upon their experiences. Students felt the Impact program
was a great supplement to the graduate training program.
Many students remarked that this opportunity gave them a
more well-rounded view of Down syndrome. We hope that
the Impact Program will be expanded to include more fam-
ilies as well as families with other genetic conditions in the
future. This pilot project can also be adapted to other genetic
counseling training programs.

Evaluating Genetic Counselors Knowledge of Universal
Carrier Tests

J.M.Tarpinian1, L.Conway1, E.Ashkinadze2, G.A.Lazarin3

1. Arcadia University
2. UMDNJ-Robert Wood Johnson Medical School
3. Counsyl

Although individual Mendelian disorders are individually
rare, they collectively affect over 20 million people
worldwide. Recent technological advances make it possi-
ble to identify carriers for many of these severe autoso-
mal recessive diseases with a single genetic test. Couples
who want to reduce their risk of having affected children
can now be screened for these conditions regardless of
ethnicity, in a process known as universal carrier screen-
ing. Genetic counselors will have a role in helping
patients understand genetic carrier screening, and must
therefore understand the test well. As part of a larger
study addressing genetic counselors understanding and
opinion of universal carrier screening, this project
assessed knowledge of universal carrier testing. An elec-
tronic survey was sent to all current members of the
National Society of Genetic Counselors, from which
292 useful responses were received. Out of the 15
knowledge-based questions that were asked, the average
number of correct responses was 9.4, or an average score
of 62.5 %. The average percent correct for individual
questions ranged from 29.1 % to 94.9 %. The most often
answered correctly (94.9 %) asked whether expanded
carrier panels test for lethal childhood disorders. The
question least answered correctly (23.3 %) was whether
American College of Medical Genetics currently has
guidelines as to which diseases should be added to
expanded carrier panels. Many counselors (74 %) also
did not know that at least some of the universal carrier
tests include screening for adult onset disorders, such as

hereditary hemochromatosis. Results of this study indi-
cate a need to better educate genetic counselors on the
benefits and limitations of universal carrier tests.

Unveiling Employers’ Envisioned Roles for Clinical
Doctorate-level Genetic Counselors: A Preliminary
Analysis

K.Valverde1, R.Mueller1, B.Paciotti2, L.Conway1

1. Arcadia University
2. Mixed Methods Research Lab (MMRL), University of
Pennsylvania

Over the past 40 years the roles and responsibilities for
genetic counselors have evolved and expanded. Advances
in technology and research have created many highly spe-
cialized areas within genetic counseling. The increasing
availability of genetic and genomic testing will enhance
opportunities for genetic counselors in clinical settings, but
also in academic and corporate arenas. In order to fill these
positions and gain recognition for these expanded roles,
additional education may be warranted with recent work
suggesting value in a genetic counseling clinical doctorate.
Here, we describe employers envisioned roles for genetic
counselors with clinical doctorates. We have conducted 15
semi-structured telephone interviews with employers/super-
visors of genetic counselors. We invited members of the
National Society of Genetic Counselors via email to provide
contact information for their employers/supervisors.
Participants represented commercial companies, health man-
agement organizations, and large teaching hospitals that
collectively employ about 8 % of the genetic counseling
workforce. Interviews were audio recorded, transcribed ver-
batim, and coded in NVivo 9 software by two independent
investigators using a grounded theory approach. The most
common roles envisioned for genetic counselors with a clin-
ical doctorate were related to research and education with
counselors performing clinical research, serving as Principal
Investigators, and obtaining faculty positions. Employers
believed the degree would increase counselors autonomy
and respect, enhancing their ability to work in management,
supervisory and administrative roles, and as specialized clin-
ical counselors, laboratory coordinators, and in marketing
and medical science liaison roles in industry. Our findings
inform the debate for an advanced degree in genetic counsel-
ing by highlighting the unique roles that employers envision
for doctorate-level genetic counselors in research and edu-
cation but also in clinical and corporate settings. Employers
are enthusiastic about increasing genetic counselors autono-
my and leadership within the field necessitating further ex-
ploration of the clinical doctorate degree.
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A Possible Role for Pediatric Genetic Counselors in the
International Adoption Process of Children with Special
Needs

E.White1, A.Moody2, B.Moody2, L.H.Seaver3

1. Repository Hosting, LLC
2. Shepherd’s Field Children’s Village, Philip Hayden Foundation
3. Hawai’i Community Genetics, Kapi’olani Medical Specialists

The United States leads the world in international adoptions,
with most of these adoptions coming from China. Of the
children now being adopted from China, 60 % have special
medical needs. However, inadequate medical abstracts are
currently being provided for these children. This is an issue
that genetic counselors may be able to address by providing
pre-adoption pediatric genetic assessments. By obtaining
more objective data and higher quality medical abstracts,
pre-adoptive parents may be able to better assess the well-
being of the child and decide with greater confidence whether
they will accept or decline him/her, and avoid oversimplifying
and underestimating the complexities and challenges that
come with caring for a child with disabilities. Caretakers and
adoption coordinators may also better care and advocate for
the children with more accurate information. A pilot study
was conducted that provided informal genetic assessments of
28 childrenwith special needs at anAmerican-run foster home
in Tianjin, China, where 90 % of adoptions are to the US. An
on-site board certified pediatric genetic counselor reviewed
and summarized all available medical, development and
growth data and assisted the local physicians with high quality
photographs for 28 children. This information was reviewed
by an off-site board certified geneticist. Specific diagnoses
were able to be given to three children who presented with
classic features for 22q11.2 Deletion, Duchenne Muscular
Dystrophy, and Oculo-Auriculo-Vertebral Defect Spectrum.
Other potential diagnoses included Pelizaeus-Merzbacher
Disease, Tetrasomy 12p, CHARGE, Smith-Lemli-Opitz, and
Leber’s Congenital Amaurosis. Although genetic laboratory
evaluation was not available, at the very least, information and
recommendations were able to be provided to the caregivers.
This successful pilot project suggests that genetic counselors
may be able to play a role in pre-adoption record review that
will assist potential parents in decision making and planning
related to adoption of special needs children.

Laboratory Genetic Counseling: Still a “Non-Traditional”
Role?

L.Zetzsche1, K.Kotzer1, K.Wain1

1. Mayo Clinic

In the last decade the number of laboratory genetic
counselors, as reported by the NSGC Professional
Status Survey, has risen from 5 % in 2000 to 11 % in
2010. To document the historical details of how labora-
tory genetic counseling positions were created and how
they have evolved over time, we interviewed genetic
counselors in senior/lead positions in major diagnostic
laboratories across the United States (n08), either by
phone or email. Questions focused on how the positions
were created, how the initial job description and duties
have changed over time, difficulties and barriers expe-
rienced, hiring requirements, and genetic counseling
skills used. Many of the first laboratory genetic counsel-
ing positions were initiated by the laboratories, and the
early roles were often undefined and included varied
responsibilities such as research, marketing, developing
educational materials, report writing, and fielding client
questions. These roles became more specialized over
time, requiring additional genetic counseling staff.
Communication and counseling skills were identified
as being very important for conveying complex infor-
mation to the clients and to ensure understanding.
Common obstacles encountered were the sentiment in
the genetic counselor community that a non-clinical
genetic counselor may not be a “real” genetic counselor
and a lack of understanding as to the skills offered by a
genetic counselor. However, as the field has expanded
dramatically, these issues are reported as being less
prevalent. Finally, many laboratory genetic counselors
discussed the continued expansion of diagnostic technologies
and their reach into mainstream medicine, highlighting the
versatility of genetic counseling skill sets in the laboratory
setting and the importance of flexibility for genetic counselors
and training programs to keep the profession relevant. Future
studies could further define the specific skills and responsibil-
ities of laboratory genetic counselors and provide additional
resources for genetic counseling training programs regarding
this once “non-traditional” role.
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