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Parents of Children with Sickle Cell Disease Are Interested in
Preimplantation Genetic Testing

Monica Attia, BS1,*, Shawn Kripalani, MS, BS1,*, Isha Darbari, BS2, and Robert Sheppard Nickel, MD, MSc1,3

Objective To evaluate awareness of and attitudes toward preimplantation genetic testing (PGT) for sickle cell dis-
ease (SCD) among parents of children with SCD.
Study design Parents of children with SCD were given an educational handbook on PGT before a routine SCD
clinic visit. After their clinic visit, parents were asked to complete an anonymous survey.
Results Of 83 patents approached, 67 (81%) completed the survey. Only 16 of the 67 parents (24%) were previ-
ously aware of PGT for SCD. After our clinic-based education, 65 of the 67 parents (97%) indicated that it was
important or very important for parents of children with SCD to know about PGT. Among parents interested in hav-
ing more children, 29 of 32 (91%) would personally consider using PGT if covered by insurance.
Conclusions Parents of children with SCD are generally not aware of PGT. When educated in clinic, parents
viewed information on PGT as valuable. Pediatricians and other health care professionals should inform parents
of children with SCD about this reproductive option. (J Pediatr 2020;223:178-82).
A
lthough current supportive care has greatly decreased childhoodmortality from sickle cell disease (SCD),1–4 individuals
with SCD experience many problems secondary to sickle-related complications and life expectancy is lower in adults
with SCD compared with adults without SCD.5–8 Although active clinical trials of gene therapy for SCD are promising,

the only well-proven cure for SCD is hematopoietic stem cell transplantation (HSCT). HSCT for SCD with an HLA-identical
sibling donor has a >90% event-free survival, but is limited to patients who have a full sibling who is healthy andHLA identical.9

Hemoglobinopathy trait screening of adolescents or young adults before childbearing could theoretically help to inform in-
dividuals’ reproductive choices and decrease the incidence of SCD. One such program in Jamaica, however, failed to decrease the
number of babies born with SCD.10 In the US, all newborns are already screened for sickle cell trait, but this informationmay not
be consistently passed on to families, and there are no guidelines for counseling by pediatricians.11,12 Parents of children with
SCD must decide if they want to have another child who could also have SCD. To further complicate this decision, having
another child could potentially help to cure their existing child with SCD if the new child is unaffected and HLA identical.

Prenatal testing early in pregnancy is problematic because it is invasive, carries a risk of complicating the pregnancy, is time sen-
sitive, is ethically unacceptable to many, and cannot practically be used to test for both SCD and HLA.13 Another option is preim-
plantation genetic testing (PGT). PGT involves the use of in vitro fertilization (IVF) to test embryos before transfer into the uterus.
Although PGT does not involve abortion, it raises its own ethical issues, particularly for individuals who regard embryos as living
persons.14,15 PGT for SCD has been available for more than 20 years, but few parents of children with SCD use this technology.16

We previously conducted a pilot study involving 19 parents of children with SCD who attended a SCD family education sym-
posium.17Most parents in this group had not previously heard of PGT, suggesting that at least part of the low uptake of this tech-
nology for SCDmay be owing to providers’ failure to educate parents. All parents in this pilot study indicated that it was important
for parents of children with SCD to know about PGT, with most specifying that this education should occur during infant SCD
clinic visits. Given these results, we sought to develop educational material on PGT that could be used in the SCD clinic setting.
With this education, we aimed to describe views on PGT from a larger, more general cohort of parents of children with SCD.
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Methods
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Based on feedback from a multidisciplinary team (hematology, reproductive
endocrinology and infertility, social work, and psychology) and parents of a child
with SCD who underwent PGT, a 5-page educational handbook was created on
PGT for SCD (Appendix; available at www.jpeds.com). This booklet was
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Table II. Demographics of parents (n = 67)

Characteristics

Sex
Mother 52 (78)
Father 15 (22)

Age (y) 35 (30-42)
Race

Black or African American 60 (90)
Hispanic or Latino 5 (7)
Other 2 (3)

Place of birth
US 34 (51)
Outside of the US 33 (49)

Highest education level
Some high school 3 (4)
High school/GED diploma 26 (39)
College diploma 20 (30)
College and graduate school diploma 18 (27)

Religion
Catholic 16 (24)
Other Christian 36 (54)
Muslim 6 (9)
None 9 (13)

Total household income
<$25 000 13 (19)
$25 000-34 999 10 (15)
$35 000-49 999 10 (15)
$50 000-74 999 12 (18)
$75 000-99 999 3 (4)
$100 000-149 999 3 (4)
³$150 000 10 (15)
No answer 6 (9)

Total No. of biological children 2 (1-3)
Total No. of biological children with SCD 1 (1-1)

GED, General Education Development.
Values are number (%) or median (IQR).
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reviewed and critically edited by an expert in health
education. The booklet covers the following topics: sickle
cell genetics, what is PGT, IVF and PGT steps, PGT risks
and benefits, and is PGT for my family. During certain
hematology clinic days in which multiple providers were
seeing patients with SCD, all parents of children with SCD
were approached in the waiting room by a member of the
study team and given this PGT educational handbook.
Parents were encouraged to read the handbook and ask
their provider questions related to its content during their
clinic visit. Although this study was not limited to parents
attending an infant SCD clinic, based on the results from
our initial study, it was intentionally administered on days
that included our program’s infant SCD clinic.18

Nonbiological and non-English-speaking parents were
excluded. Patients being seen for a sick visit or for their
initial hematology appointment were also excluded.

After the patients’ clinic visit, a member of the study team
asked parents to complete a 24-question, anonymous survey
on a computer. If 2 parents were present, each parent was
asked to complete the survey independently. During the
study, 2 additional multiple choice questions were added to
evaluate parents’ understanding of PGT before the
questions concerning their views on PGT. After answering
each of these 2 knowledge questions, the survey automatically
generated a message if the response was correct or incorrect
with an explanation (Table I; available at www.jpeds.com).
This study was approved by the Children’s National
Institutional Review Board and a waiver of consent was
granted because no personal health information was
collected. All demographic and child SCD data were from
parent report.

Study data were collected and managed using REDCap
hosted at Children’s National Hospital.19,20 Categorical
data were analyzed with the c2 test. Statistical calculations
were performed with SAS University Edition (SAS Institute
Inc, Cary, North Carolina).

Results

A total of 83 biological parents of children with SCDwere ap-
proached and 67 parents (81%) completed the questionnaire.
Regarding the 16 nonparticipants, 8 expressed that they did
not have time to complete the questionnaire, 3 declined to
participate because they indicated that they did not care
about the topic or it upset them, 2 did not participate owing
to technical problems with administering the computer sur-
vey, and 3 did not participate for other or unknown reasons.
Table II summarizes the parent participant demographics.
Three parents had SCD themselves.

Eighty-nine percent of parents had only 1 child with SCD;
and the median age of their oldest child with SCD was 3 years
(IQR, 1-11 years). By parent report, their child’s genotype
was 71% HbSS, 18% Hb SC, 3% S beta zero thalassemia,
2% S beta plus thalassemia, and 6% unknown or other;
76% of parents reported that their child had been
hospitalized because of their SCD, 47% reported that their
child was on hydroxyurea, and 8% indicated that their child
was on chronic transfusion therapy.
Understanding of PGT after Brief Education in Clinic
Fifty-seven parents were given the 2 questions to check their
understanding of PGT (Table I). Forty-one parents (72%)
answered the first question correctly, selecting that “PGT
involves creating embryos in the laboratory and testing
them for sickle cell disease.” For the second question, 23
parents (40%) answered correctly, choosing the statement
“PGT can be used to try to have a child who can be a bone
marrow donor for a current sibling with sickle cell disease,”
and 27 parents (47%) selected the incorrect statement
“PGT is strongly recommended for all couples who have a
chance of having a child with sickle cell disease.” Twenty
parents (35%) answered both of these questions correctly.
Awareness of PGT
Among the entire group of 67 parents who completed the
questionnaire, 53 (79%) indicated that they had previously
heard of HSCT for SCD before their visit, but only 16
(24%) answered that they had heard of PGT for SCD
(P < .0001). Three parents (4%) indicated that they had actu-
ally met with a fertility doctor about PGT, with 2 of these
parents having had or currently undergoing PGT for SCD.
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Views on PGT for SCD
Sixty-five parents thought educating parents with SCD about
PGT was important or very important, which represents 78%
of all approached parents and 97% of parents who completed
the questionnaire (Table III). Forty-six parents (69% of
those surveyed) felt that this education should occur very
early (at the first hematology visit) (Table III).

Only 9 parents (13%) indicated that they could pay $20 000
for PGT (an estimate of the cost of 1 cycle of IVF/PGT), and 65
(97%) thought it should be covered by health insurance.
Among parents who indicated that they might want to have
more children (n = 32), 29 (91%) answered that they would
be interested in using PGT if covered by insurance. Sixteen
of these 29 (55%) stated their primary interest in PGT was
to avoid having another child with SCD, and 11 (38%) were
primarily interested in PGT to have a child who could be a
HSCT donor for their existing child with SCD.
Views on SCD Prognosis
When asked if they believed their child’s SCD will get better,
worse, or stay the same when they are older, 65% of parents
selected better, 26% the same, and 9% worse. When asked if
they believed if their child’s life will be shorter than other
people without SCD, 20% of parents answered yes and
80% no.
Qualitative Responses
At the conclusion of the survey, parents were asked if they had
any comments about the survey, educational material, or the
general topic of PGT. Eight parents wrote comments that
were all positive (Table IV; available at www.jpeds.com).
One parent expressed that more information needed to be
provided, particularly for individuals who are pro-life,
regarding what happens to embryos created during the
process of IVF and PGT that are not selected for implantation.
Table III. Parent views regarding education on PGT
for SCD (n = 67)

Views
No.
(%)

How important do you think it is for parents of childrenwith SCD to
know about PGT?

Not important 1 (1)
A little important 1 (1)
Important 20 (30)
Very important 45 (67)

When do you think doctors should talk to parents of children with
SCD about PGT?

At the very first hematology visit (newborn) 46 (69)
During the first year, but not at the first visit (before age 1 year) 8 (12)
Sometime in childhood, but not during the first year

(after age 1 year)
10 (15)

Doctors should not routinely talk about PGT; they should only talk
about it if asked

1 (1)

Never 2 (3)
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Discussion

Our study demonstrates the interest in PGT and the attitudes
toward this technology in parents of children with SCD.
Almost all surveyed parents (97%) indicated that learning
about PGT as an option is important or very important for
parents of children with SCD, and more than 90% of parents
wanting to have more children would consider personally us-
ing PGT. Our study involved an unbiased sampling of par-
ents of children with SCD attending our SCD clinics.
Although this study group involved parents from only 1
SCD center and thus may not fully represent the views of
all parents of children with SCD across the country (in partic-
ular non-African Americans), the study group was diverse
and included parents of children with SCD with varied
educational, economic, and immigrant backgrounds
(Table II).
All parents in our study received the same PGT educa-

tional booklet before their clinic visit, but the amount of
time they had to read it and additional education (if any)
during their actual clinic visit was not structured and likely
varied depending on the hematology physician or nurse prac-
titioner. This design can be viewed as a study limitation
because we do not know how much of parents’ knowledge
and views on PGT were shaped by the booklet vs any
follow-up interaction with their clinical provider.
Conversely, this design can also be viewed as a strength of
the study because it demonstrates how this education can
occur in the real-world, time-constrained clinic setting
when an educational booklet is given to parents immediately
before their clinic visit. The results of our brief knowledge
assessment suggest that through this approach a majority
of parents understood the basics of PGT, but misconceptions
persisted for some. It is notable that almost one-half of par-
ents chose the incorrect statement that “PGT is strongly rec-
ommended for all couples who have a chance of having a
child with sickle cell disease,” because PGT is an option,
not a recommendation. Parents may have selected this state-
ment because of their personal views that PGT is beneficial. A
limitation of this study is that it did not include a preinter-
vention knowledge assessment. Future work should more
rigorously study different educational interventions to
improve parents’ understanding of PGT. Educational inter-
ventions that incorporate clinically relevant vignettes or
involve multimedia may be more effective.21 It is also impor-
tant to acknowledge that our survey has not been validated;
future work should develop validated tools to measure
knowledge and attitudes toward PGT.
In a survey exploring parents’ interest in HSCT for SCD,

Roth et al previously found that 66% of parents believed
that their child’s SCD will get better and 86% did not think
SCD will shorten their child’s lifespan.22 We included the
same 2 prognosis questions in this survey and obtained very
similar results. We agree with Roth et al that 1 interpretation
of this finding is that providers fail to adequately educate par-
ents that SCD is progressive and causes premature mortality.
Attia et al
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Alternatively, given exciting recent advancements in new
drugs and curative therapy for SCD, most parents’ reported
optimism regarding their child’s future may be realistic.23-27

Regardless, it is an important finding that, evenwith this opti-
mism regarding their child’s SCD prognosis, parents are still
interested in PGT for SCD.

Most parents of children with SCD are not aware of PGT
for SCD; approximately 3 out of 4 surveyed parents had never
heard of this option. We suspect this lack of awareness is not
specific to our center; other studies have also found that few
patients with SCD and parents of children with SCD knew
about PGT.13,28 This lack of awareness is a barrier to PGT
use that can be overcome with education. Although many
surveyed parents indicated that this education should occur
at the very first hematology visit, this may not be feasible
because parents already need basic SCD education on topics
like penicillin prophylaxis, fever, and spleen palpation at this
time to ensure the health of their newborn. If not at the first
visit, however, this education should occur at one of the first
follow-up visits.

A more difficult barrier to PGT use is its cost; studies have
reported a cost of approximately $20 000 per IVF-PGT cy-
cle.29,30 Although some national health systems provide
coverage for PGT for SCD, insurance in the US generally
does not.31 Cost significantly affects parents’ decision to
use genetic screening in the setting of IVF.32 Previous work
has shown that African Americans use assisted reproductive
technology less frequently; this apparent disparity is driven
largely by economic factors and can be overcome with
improved access to care.33-35 Further underscoring the
importance of access, states with a comprehensive insurance
mandate requiring insurers to cover assisted reproductive
technology have higher assisted reproductive technology
use per capita.36 Although a formal economic analysis of
PGT for SCD has not been done, others have concluded
that PGT for cystic fibrosis, another autosomal recessive
chronic disease, is cost effective.29,30 Given the very high
health care costs associated with SCD as well as the added po-
tential benefit of conceiving a HSCT sibling donor through
PGT for SCD, PGT for SCD is likely to also provide net eco-
nomic benefits.37,38

The education conducted as part of this study on PGT for
SCD was intentionally brief to simply introduce the topic.
Parents interested in PGT need additional education that
likely is best provided by a fertility specialist. With more
counseling on the procedures involved with IVF and the
risk of a single IVF cycle often failing to succeed in the birth
of a newborn (1 center reported a live birth rate of only 13%
per PGT cycle initiated), some of the surveyed parents who
expressed interest in PGT may actually decide against it.39

In addition, further consideration of the discarded or extra
embryos created with IVF may cause some parents to not
use PGT; this ethical concern has been raised as amajor prob-
lem for some health care professionals.15 Finally, our educa-
tional booklet contained very little information regarding the
cost of PGT.
Parents of Children with Sickle Cell Disease Are Interested in Pre
In conclusion, most parents of children with SCD seen in
the hematology clinic did not know about PGT, but, when
educated about this option, viewed this knowledge as impor-
tant. Routine hematology clinic appointments in early child-
hood may be opportune times to educate parents about PGT.
Cost may be a major barrier to the use of PGT, but providers
should discuss PGT with parents of children with SCD to
help ensure access to this option. n

We thank the Children’s National sickle cell team, including Andrew
Campbell, Brenda Martin, Barbara Speller-Brown, Jillian Campbell,
Lisa Thaniel, and Steven Hardy, for their support of this project. We
thank Deepika Darbari for critically reviewing the article.

Submitted for publication Jan 21, 2020; last revision received Mar 7, 2020;

accepted Apr 10, 2020.

Reprint requests: Robert Sheppard Nickel, 111 Michigan Ave NW,

Washington, DC 20010. E-mail: rnickel@childrensnational.org

References
1. Hassell KL. Population estimates of sickle cell disease in the U.S. Am J

Prev Med 2010;38:S512-21.

2. Quinn CT, Rogers ZR, McCavit TL, Buchanan GR. Improved survival of

children and adolescents with sickle cell disease. Blood 2010;115:3447-52.

3. Le PQ, Gulbis B, Dedeken L, Dupont S, Vanderfaeillie A, Heijmans C,

et al. Survival among children and adults with sickle cell disease in

Belgium: benefit from hydroxyurea treatment. Pediatr Blood Cancer

2015;62:1956-61.

4. Telfer P, Coen P, Chakravorty S,Wilkey O, Evans J, Newell H, et al. Clin-

ical outcomes in children with sickle cell disease living in England: a

neonatal cohort in East London. Haematologica 2007;92:905-12.

5. Darbari DS, Kple-Faget P, Kwagyan J, Rana S, Gordeuk VR, Castro O.

Circumstances of death in adult sickle cell disease patients. Am J Hem-

atol 2006;81:858-63.

6. Lanzkron S, Carroll CP, Haywood C Jr. Mortality rates and age at death

from sickle cell disease: U.S., 1979-2005. Public Health Rep 2013;128:110-6.

7. Serjeant GR, Chin N, Asnani MR, Serjeant BE, Mason KP,

Hambleton IR, et al. Causes of death and early life determinants of sur-

vival in homozygous sickle cell disease: the Jamaican cohort study from

birth. PloS One 2018;13:e0192710.

8. Paulukonis ST, Eckman JR, Snyder AB, Hagar W, Feuchtbaum LB,

Zhou M, et al. Defining sickle cell disease mortality using a

population-based surveillance system, 2004 through 2008. Public Health

Rep 2016;131:367-75.

9. Gluckman E, Cappelli B, Bernaudin F, Labopin M, Volt F, Carreras J,

et al. Sickle cell disease: an international survey of results of HLA-

identical sibling hematopoietic stem cell transplantation. Blood

2017;129:1548-56.

10. Serjeant GR, Serjeant BE, Mason KP, Gibson F, Gardner R, Warren L,

et al. Voluntary premarital screening to prevent sickle cell disease in Ja-

maica: does it work? J Community Genet 2017;8:133-9.

11. Kavanagh PL, Wang CJ, Therrell BL, Sprinz PG, Bauchner H. Commu-

nication of positive newborn screening results for sickle cell disease and

sickle cell trait: variation across states. Am J Med Genet C Semin Med

Genet 2008;148c:15-22.

12. Pecker LH, Naik RP. The current state of sickle cell trait: implications for

reproductive and genetic counseling. Blood 2018;132:2331-8.

13. Gallo AM, Wilkie D, Suarez M, Labotka R, Molokie R, Thompson A,

et al. Reproductive decisions in people with sickle cell disease or sickle

cell trait. Western J Nurs Res 2010;32:1073-90.

14. Nickel RS, Kamani NR. Ethical challenges in hematopoietic cell trans-

plantation for sickle cell disease. Biol Blood Marrow Transplant

2018;24:219-27.
implantation Genetic Testing 181

mailto:rnickel@childrensnational.org
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref1
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref1
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref2
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref2
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref3
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref3
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref3
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref3
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref4
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref4
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref4
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref5
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref5
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref5
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref6
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref6
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref7
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref7
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref7
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref7
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref8
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref8
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref8
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref8
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref9
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref9
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref9
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref9
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref10
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref10
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref10
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref11
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref11
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref11
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref11
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref12
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref12
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref13
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref13
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref13
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref14
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref14
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref14


THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 223
15. Rondelli D. Haploidentical transplants: an answer to ethical challenges

on the use of preimplantation donor selection. Biol Blood Marrow

Transplant 2018;24:2167-8.

16. Xu K, Shi ZM, Veeck LL, Hughes MR, Rosenwaks Z. First unaffected

pregnancy using preimplantation genetic diagnosis for sickle cell anemia.

JAMA 1999;281:1701-6.

17. Darbari I, O’Brien JE, Hardy SJ, Speller-Brown B, Thaniel L, Martin B,

et al. Views of parents of children with sickle cell disease on pre-

implantation genetic diagnosis. Pediatr Blood Cancer 2018;65:e27102.

18. Martin BM, Thaniel LN, Speller-Brown BJ, Darbari DS. Comprehensive

infant clinic for sickle cell disease: outcomes and parental perspective. J

Pediatr Health Care 2018;32:485-9.

19. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research

electronic data capture (REDCap)–a metadata-driven methodology and

workflow process for providing translational research informatics sup-

port. J Biomed Inform 2009;42:377-81.

20. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L, et al.

The REDCap consortium: building an international community of soft-

ware platform partners. J Biomed Inform 2019;95:103208.

21. Stevens EM, Patterson CA, Tchume-Johnson T, Antiel RM, Flake A,

Smith-Whitley K, et al. Parental attitudes towards prenatal genetic

testing for sickle cell disease. J Pediatr Hematol Oncol 2019;41:579-85.

22. Roth M, Krystal J, Manwani D, Driscoll C, Ricafort R. Stem cell trans-

plant for children with sickle cell anemia: parent and patient interest.

Biol Blood Marrow Transplant 2012;18:1709-15.

23. Ataga KI, Kutlar A, Kanter J, Liles D, Cancado R, Friedrisch J, et al. Cri-

zanlizumab for the Prevention of Pain Crises in Sickle Cell Disease. N

Engl J Med 2017;376:429-39.

24. Niihara Y, Miller ST, Kanter J, Lanzkron S, Smith WR, Hsu LL, et al. A

phase 3 trial of L-glutamine in sickle cell disease. N Engl J Med 2018;379:

226-35.

25. Vichinsky E, Hoppe CC, Ataga KI, Ware RE, Nduba V, El-Beshlawy A,

et al. A phase 3 randomized trial of voxelotor in sickle cell disease. N

Engl J Med 2019;381:509-19.

26. Ribeil JA, Hacein-Bey-Abina S, Payen E, Magnani A, Semeraro M,

Magrin E, et al. Gene therapy in a patient with sickle cell disease. N

Engl J Med 2017;376:848-55.

27. Guilcher GMT, Monagel DA, Nettel-Aguirre A, Truong TH, Desai SJ,

Bruce A, et al. Nonmyeloablative matched sibling donor hematopoietic

cell transplantation in children and adolescents with sickle cell disease.

Biol Blood Marrow Transplant 2019;25:1179-86.
182
28. Jae GA, Lewkowitz AK, Yang JC, Shen L, RahmanA, Del ToroG. Barriers

to conceiving sibling donors for sickle cell disease: perspectives from pa-

tients and parents. Ethnicity Health 2011;16:431-45.

29. Tur-Kaspa I, Aljadeff G, Rechitsky S, Grotjan HE, Verlinsky Y. PGD for

all cystic fibrosis carrier couples: novel strategy for preventive medicine

and cost analysis. Reprod Biomed Online 2010;21:186-95.

30. Davis LB, Champion SJ, Fair SO, Baker VL, Garber AM. A cost-benefit

analysis of preimplantation genetic diagnosis for carrier couples of cystic

fibrosis. Fertil Steril 2010;93:1793-804.

31. NHS Commisioning Board. Clinical commissioning policy: pre-

implantation genetic diagnosis. Available at: https://www.england.

nhs.uk/wp-content/uploads/2013/04/e01-p-a.pdf. Accessed May 10,

2020.

32. Gebhart MB, Hines RS, Penman A, Holland AC. How do patient

perceived determinants influence the decision-making process to accept

or decline preimplantation genetic screening? Fertil Steril 2016;105:188-

93.

33. Chandra A, Stephen EH. Infertility service use among U.S. women: 1995

and 2002. Fertil Steril 2010;93:725-36.

34. Feinberg EC, Larsen FW, CatherinoWH, Zhang J, Armstrong AY. Com-

parison of assisted reproductive technology utilization and outcomes be-

tween Caucasian and African American patients in an equal-access-to-

care setting. Fertil Steril 2006;85:888-94.

35. McCarthy-Keith DM, Schisterman EF, Robinson RD, O’Leary K,

Lucidi RS, Armstrong AY. Will decreasing assisted reproduction tech-

nology costs improve utilization and outcomes amongminority women?

Fertil Steril 2010;94:2587-9.

36. Sunderam S, Kissin DM, Zhang Y, Folger SG, Boulet SL, Warner L, et al.

Assisted reproductive technology surveillance - United States, 2016.

Morbid Mortal Wkly Rep Surveill Summ 2019;68:1-23.

37. Bou-Maroun LM, Meta F, Hanba CJ, Campbell AD, Yanik GA. An anal-

ysis of inpatient pediatric sickle cell disease: incidence, costs, and out-

comes. Pediatr Blood Cancer 2018;65.

38. Arnold SD, Jin Z, Sands S, Bhatia M, Kung AL, Satwani P. Allogeneic he-

matopoietic cell transplantation for children with sickle cell disease is

beneficial and cost-effective: a single-center analysis. Biol Blood Marrow

Transplant 2015;21:1258-65.

39. Oyewo A, Salubi-Udu J, Khalaf Y, Braude P, Renwick P, Lashwood A,

et al. Preimplantation genetic diagnosis for the prevention of sickle cell

disease: current trends and barriers to uptake in a London teaching hos-

pital. Human Fertil 2009;12:153-9.
Attia et al

http://refhub.elsevier.com/S0022-3476(20)30471-6/sref15
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref15
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref15
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref16
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref16
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref16
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref17
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref17
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref17
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref18
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref18
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref18
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref19
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref19
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref19
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref19
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref20
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref20
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref20
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref21
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref21
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref21
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref22
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref22
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref22
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref23
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref23
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref23
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref24
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref24
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref24
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref25
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref25
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref25
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref26
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref26
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref26
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref27
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref27
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref27
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref27
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref28
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref28
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref28
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref29
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref29
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref29
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref30
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref30
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref30
https://www.england.nhs.uk/wp-content/uploads/2013/04/e01-p-a.pdf
https://www.england.nhs.uk/wp-content/uploads/2013/04/e01-p-a.pdf
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref32
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref32
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref32
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref32
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref33
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref33
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref34
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref34
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref34
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref34
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref35
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref35
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref35
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref35
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref36
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref36
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref36
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref37
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref37
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref37
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref38
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref38
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref38
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref38
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref39
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref39
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref39
http://refhub.elsevier.com/S0022-3476(20)30471-6/sref39


Table I. Checking your understanding of PGT questions and automated answers

Answer Response shown immediately to parent if answer was selected Number of parents who
selected answer (n = 57)

Question 1: Which ONE of the below statements is CORRECT regarding PGT for sickle cell disease?
PGT is medicines a woman takes

during pregnancy so that a baby
will not have sickle cell disease.

INCORRECT.
PGT does NOT involve taking medicines during pregnancy.
PGT is done BEFORE a woman is pregnant, not after. PGT is a series of steps,
including meeting with a fertility specialist, IVF (in-vitro fertilization), and testing
of embryos to select an embryo without sickle cell disease.

The correct answer is: PGT involves creating embryos in the laboratory and testing
them for sickle cell disease.

9 (16%)

PGT is testing after a woman is
pregnant to decide if she wants to
end the pregnancy (have an
abortion).

INCORRECT.
PGT does NOT involve a woman having an abortion.
PGT is done BEFORE a woman is pregnant, not after. PGT is a series of steps,
including meeting with a fertility specialist, IVF (in-vitro fertilization), and testing
of embryos to select an embryo without sickle cell disease.

The correct answer is: PGT involves creating embryos in the laboratory and testing
them for sickle cell disease.

4 (7%)

PGT involves creating embryos in the
laboratory and testing them for
sickle cell disease.

CORRECT.
PGT is a series of steps, including meeting with a fertility specialist, IVF (in-vitro
fertilization), and testing of embryos to select an embryo without sickle cell
disease.

41 (72%)

PGT is a major surgery done during
pregnancy so that a baby will not
have sickle cell disease.

INCORRECT.
PGT is NOT a major surgery.
PGT is a series of steps, including meeting with a fertility specialist, IVF (in-vitro
fertilization), and testing of embryos to select an embryo without sickle cell
disease.

The correct answer is: PGT involves creating embryos in the laboratory and testing
them for sickle cell disease.

3 (5%)

Question 2: Which ONE of the below statements is CORRECT regarding PGT for sickle cell disease?
PGT is strongly recommended for all

couples who have a chance of
having a child with sickle cell
disease

INCORRECT.
PGT is NOT strongly recommended for ALL couples. PGT is an OPTION.
Before beginning PGT, families meet with a fertility specialist to determine if this is
the right option for them. Multiple cycles of IVF/PGTmay be needed and may still
not work despite the time, energy, and money invested.

Correct answer: PGT can be used to try to have a child who can be a bone marrow
donor for a current sibling with sickle cell disease.

27 (47%)

PGT can be done directly at Children’s
National

INCORRECT.
Children’s National does NOT do PGT/IVF.
PGT is done by a fertility specialist.
Correct answer: PGT can be used to try to have a child who can be a bone marrow
donor for a current sibling with sickle cell disease.

3 (5%)

PGT is a one-time procedure that
offers a 100% guaranteed birth of a
child without sickle cell disease

INCORRECT.
PGT does not have a 100% success rate.
PGT is a series of steps, and multiple cycles of IVF/PGT may be needed and may
still not work despite the time, energy, and money invested. Therefore, before
starting this process, families meet with a fertility specialist to determine if this
is the right option for them.

Correct answer: PGT can be used to try to have a child who can be a bone marrow
donor for a current sibling with sickle cell disease.

4 (7%)

PGT can be used to try to have a child
who can be a bone marrow donor
for a current sibling with sickle cell
disease

CORRECT.
PGT can be used to try to have a child who can be a bone marrow donor for a
current sibling with sickle cell disease.

Multiple cycles of PGT may be needed and may still not work in some cases
despite the time, energy, and money invested. Therefore, before beginning this
process, families meet with a fertility specialist to determine if this is the right
option for them.

23 (40%)
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Table IV. Parent comments

Parent demographics Comment

Do you have any comments about this survey, the educational material on PGT, or the topic of PGT that you would like to share?
A 30-year-old mother I didn’t know about PGT until I had him and he had sickle cell. I didn’t even know it was an option. I would

have definitely gone through PGT initially.
A 51-year-old mother I am proud to know about this because, even though I am not having another baby, I can share this with

other people. I do not want other people to make the same mistake as me and can avoid this disease. It
is very important to know about this.

A 35-year-old mother who
identified as Catholic

I feel that the PGT option should be first discussed with women prior to being pregnant. Especially women
who are likely to give birth to a child with the trait and/or disease. There needs to be more information
about what would happen to the remaining embryos for women and families who are pro-life.

A 25-year-old mother I think this is a good brochure with a lot of details. I like the way that there are people like you (survey
proctor) to answer questions and help administer the survey.

A 47-year-old father It is a very important information provided by the physician and I look forward to recommending it to
people who have families with sickle cell trait or disease to ensure future children without the disease.

A 52-year-old mother with a
high school diploma

Good teaching.

A 33-year old mother I believe this procedure could help reduce sickle cell.
A 40-year-old mother with an

annual household income
of $35 000-$49 999

If the cost of the PGT is too expensive, then there is no point for parents who are low income. It is an option
that should be discussed with anybody that has sickle cell trait. Insurance should cover it. It is a
fantastic idea. We should lead this with people with traits should NOT HAVE KIDS TOGETHER and if they
have to, PGT is an option for them.
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