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Abstract

Congenital Adrenal Hyperplasia (CAH) describes a set of autosomal
recessive diseases which affect enzymes mediating steroid biochemistry in the
adrenal glands. In chromosomal females, the excess androgens associated with
CAH cause virilization. Females with a high degree of virilisation can undergo
feminizing genitoplasty in infancy or later in life. Parents and guardians are the
medical proxies for their infants and therefore make decisions on their behalf.
However, decision-making about feminizing genitoplasty can be very difficult.
One tool that could help in such a situation is an electronic patient decision aid
(PtDA). However, a PtDA for feminizing genitoplasty does not exist and there is

insufficient information in existing literature to inform its design and development.
Thus, the objectives of this study were to:

1. Identify user requirements
2. Develop specifications for the design and development of the PtDA

3. Understand the best way to implement and distribute the PtDA

We used the persona-scenario methodology to acquire user-requirements.
Persona-scenario sessions were conducted with four parents of children with
CAH, two adult patients with CAH, and four healthcare practitioners. Participants
created fictitious personas, and scenarios wherein their personas interacted with
an idealized version of the PtDA. Transcripts of these persona-scenarios and
facilitator notes were analyzed to identify user-requirements, which were

interpreted into specifications.

Participants provided user requirements about (1) information and
decisional content in the PtDA, (2) proposed functionalities for the PtDA, (3) web
usability, and (4) implementation context. Many of these requirements are
supported by existing literature. The requirements identified in this project will

inform the design and development of a PtDA for feminizing genitoplasty in



patients with CAH. However, further research is necessary to understand how to
best implement these requirements and to ensure that the gathered information is

useful for a broad range of potential end users.
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1. Introduction

Treatment decisions are complex in pediatric settings, where patients,
parents and guardians, and clinicians face the challenge of choosing between
treatments, their benefits, side effects, and the alignment of treatments with
family values. This is particularly the case for treatment of congenital adrenal
hyperplasia (CAH), a disorder of sex development (DSD) which causes
virilization (genital masculinization, ranging from mild clitoral enlargement to a
phallic urethra) along with various endocrine, gynecologic, and reproductive
repercussions. In cases of severe virilization, stakeholders in the decision
process must decide and agree on whether the child has surgery in infancy or
later in life. Each option carries significant advantages and disadvantages, both
medically and with regards to the psycho-social and emotional development of
the child and the family. However, with surgical treatment evolving over the past
few decades, there is a lack of strong evidence regarding treatment outcomes for
novel techniques.! This lack of evidence, along with misinformation that parents
receive, means that parents are faced with confusion, worry, stress, poor-quality
decision-making, and moderate decisional regret.?~’ This is to the extent that
some parents of children with disorders of sex development develop symptoms of
post-traumatic stress.? Consequently, there is a need to understand information
needs and decision-making processes in cases of CAH. This understanding will
lead to the development of methods to promote high-quality decisions which are

informed, in line with families’ values, and result in minimal regret.

Recently, there has been an international shift towards patient-centered
care. Clinicians and guardians have called for the development of patient
decision aids (PtDAs) to address challenges in communicating treatment options
and to promote shared decision making (SDM).® Advances in health information
technologies (HIT) (a broad concept that comprises an array of technologies to
store, share, and analyze health information), have expanded the scope of
patient decision aids to improve decision making. Although evidence regarding its

1
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impact on SDM is still limited, disseminating patient decision aids through the
internet as electronic PtDAs allows for the integration of additional support
functionalities, tailoring to individual needs, and the benefits of being highly

accessible and cost-effective.

To inform the creation of an electronic PtDA to support surgical decision-

making for CAH, the objectives of this research study were to:

1. Identify user requirements such as:
a. the information required in the PtDA,
b. the formats and functionalities of the PtDA,

Develop specifications for the design and development of the PtDA
3. Understand the best way to implement and distribute the PtDA.

The research question was:

What is the optimal design of a patient decision aid for surgical treatment
of congenital adrenal hyperplasia (i.e., both the characteristics and design of the

patient decision aid, and the focus and format of the informational content)?

To answer this question, we used the persona-scenario methodology, an
innovative user-centered design approach that involves users to determine
requirements for the planned output—i.e., what users require the PtDA to do to
meet their needs. Data collected over several sessions (with 4 parents, 2 adult
CAH patients and 4 healthcare practitioners) was transcribed and coded for user
requirements, which were aggregated into higher categories of (1) information
and decisional content in the PtDA, (2) proposed functionalities for the PtDA, (3)
web usability-related requirements, and (4) implementation context. The research
team judged each requirement for its feasibility, desirability, and viability. Then,
where appropriate, requirements were translated into specifications by
interpreting the requirement as requiring an action and/or a product. To gain

more insight, user requirements within each of these categories were compared
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between end-user groups and to the previous literature about CAH, decision
making, and health information technology design.

A central aspect of user-centered design is to involve users during the
design and development process. The public and patient engagement evaluation
tool (PPEET) was used to evaluate the engagement of participants in the PtDA
co-design and to provide an avenue for formal feedback to improve the data

collection process.?

The thesis will begin with background information and identification of
existing gaps in the literature. It will then describe the qualitative research and
analysis methods used in the study, followed by a description of the results.
Finally, the thesis will conclude with a discussion of the findings, study strengths,

limitations, and next steps.

2. Congenital Adrenal Hyperplasia
2.1. Disorder

Congenital adrenal hyperplasia (CAH) is a disorder of sex development. It
describes a set of autosomal recessive disorders which affect enzymes mediating
steroid biochemistry in the adrenal glands. The most common of these, occurring
in 95 per cent of individuals with CAH, is associated with mutations or deletions in
the CYP21A2 gene which encodes the adrenal cytochrome P-450 responsible for
steroid hydroxylation (i.e., steroid 21-hydroxylase).t1* While inherited in an
autosomal recessive fashion, CAH is one of the most common inherited
metabolic disorders. The incidence of classic CAH ranges from 1:10000 to
1:20000 births.1* However, in some ethnic groups, the incidence can be as high
as 1:280, especially in remote geographic communities and/or communities with
high rates of inbreeding (e.g., among the Yupik Eskimos of southwestern Alaska

and the people of La Reunion, France).1?
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21-hydroxylase normally converts 17-hyroxyprogesterone to 11-
deoxycortisol (the precursor to cortisol) and progesterone to deoxycorticosterone
(the precursor to aldosterone). Consequently, defects in 21-hydroxylase impair
cortisol and aldosterone production. Additionally, cortisol normally acts to inhibit
the production of corticotropin releasing hormone (CRH) by the hypothalamus. In
children with CAH, the lack of adrenal cortisol stimulates the production of CRH
by the hypothalamus, causing the production and release of adrenocorticotropic
hormone (ACTH) by the anterior pituitary. High ACTH levels lead to adrenal
hyperplasia and increase adrenal hormone production. Since cortisol and
aldosterone cannot be produced, their precursors are diverted to the synthesis of
androgen hormones. This causes the production of excessively high levels of
androgen precursors, which once secreted are further metabolized to active
androgens (testosterone, dihydrotestosterone, etc.), and to a lesser extent
estrogens (estrone and estradiol) (see figure 1).t

Disease severity correlates well with specific CYP21A12 alleles. The
clinical phenotype is classified as classic for the severe form (of which there are
salt-wasting or simple-virilizing forms, depending on the degree of aldosterone
deficiency), or non-classic for the less severe form. About 50% of individuals with
classic CAH have a mutation caused by large deletions or splicing mutations that
remove enzyme activity.*> However, more than 300 CYP21A2 mutations are
known (including point mutations, small deletions, small insertions, and complex
rearrangements of the gene).*® Notably, because many patients are
heterozygotes for two or more different mutant CYP21A12 alleles, CAH patients
present with a wide variety of phenotypes.! The classical CAH phenotype (salt-
wasting or simple virilising) is caused when a patient carries 2 severe mutations,
while a non-classical phenotype is caused by a mild/mild or severe/mild

genotype.
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Figure 1 Biosynthetic pathway of steroids. CAH is most commonly caused by mutations in 21-hydroxylase

deficiency (CYP21) (Red), which prevents normal production of aldosterone and cortisol, causing excess
production of virilizing androgen hormones (Yellow). *

In cases of low to moderate enzyme deficiency, if CAH is undiagnosed or
left untreated, both male and female infants undergo rapid postnatal growth and
sexual precocity (the appearance of secondary sexual characteristics before the
lower limit of the normal age for pubertal onset). In cases of severe enzymatic
deficiency, untreated CAH can cause neonatal salt loss and death. About 75% of
classic CAH cases suffer from aldosterone deficiency with salt wasting, failure to

thrive, and potentially fatal hypovolemia and shock.!

In chromosomal females, in addition to the complications described above,
the excess androgens associated with classic CAH cause virilization (genital
masculinization), increased muscle strength, acne, hirsutism, frontal hair thinning,

deepening of the voice, and menstrual disruption due to anovulation along with

1 Adapted from White, P.C., Speiser, P.W., Congenital Adrenal Hyperplasia due to 21-
Hydroxylase Deficiency, Endocrine Reviews, 2000, Volume 21, Issue 3, Pages 245-291, by
permission of Oxford University Press.
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various other endocrine, gynecologic, and reproductive issues (if androgen
production continues uncontrolled).! Genital virilization occurs because the fetal
adrenal glands begin to produce excess androgens at a key stage of
development when the urogenital sinus (UGS) is in the process of septation
(partitions forming separate canals for the vagina and urethra). The high levels of
circulating adrenal androgens not only prevent septation, they also interact with
genital skin androgen receptors and induce clitoral enlargement, promote fusion
of the labial folds, and cause frontward migration of the urethral/vaginal perineal
opening. However, internal structures are usually not virilized, presumably
because that would require significantly higher local concentrations of
testosterone than are present.'* Genital virilization can range from mild clitoral
enlargement to a phallic urethra. This spectrum was described by Andrea Prader
in 1954, who developed the Prader Scale (see figure 2B) to roughly rate the
degree of virilization of the genitalia and to provide a consistent vocabulary for
healthcare practitioners.'>'® The Prader scale identifies five distinct stages of
CAH:

e Stage 0 describes a non-virilised female.

e Stage 1 appears normal but has a slightly enlarged clitoris and
slightly reduced vaginal opening size that can go unnoticed or be
considered within normal variation.

e Stage 2 genitalia are clearly abnormal to the eye, with an enlarged
clitoris and a small vaginal opening with separate urethral opening.
There is posterior labial fusion (the labia are fused towards the
back).

e Stage 3 shows a further enlarged phallus, with a single urogenital
sinus (the vagina and urethra share a single opening) and almost
complete fusion of the labia.

e Stage 4 illustrates a large phallus the size of a normal penis. The
labia are completely joined and so appear as an empty scrotum.

6
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The vagina and urethra share a single opening near the base of the
shaft of the phallus (what would be considered a hypospadias in a
male).

e Stage 5 denotes complete male-like virilization, with a normally
formed penis with the urethral opening at or near the tip. The

scrotum is normally formed with rugae but without palpable

gonads.t’
Bladder
A
Ut Normal vaginal Recessed  Single opening with Closed off opening Phallic structure
erus . . . . s
opening vaginal low take off of vagina with low take off of with high take off
opening vagina of vagina
B
Normal Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
©BobCopper

Figure 2 The Prader scale is used to coarsely rate the degree of virilization of the external genitalia (B).
While ovaries and uterus remain normal, internal genitalia (A) reflect changes in the urogenital sinus.?

Importantly, while stages 1 though 5 describe the virilization of external
genitalia, internally, the ovaries, fallopian tubes, and uterus develop normally
(although the vagina connects internally with the urethra in stage 3, 4, and 5)

(see figure 2A).'® Some researchers suggest that, internally, the height of the

2 Reprinted from Congenital Adrenal Hyperplasia A Comprehensive Guide, 15t Edition, Peter C.
Hindmarsh and Kathy Geertsma, Chapter 2 How Males and Females Develop, Page 27,
Copyright (2017).1” Image Copyright Bob Cooper.
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urethro-vaginal confluence (that is, how far internally the vagina and urethra
connect) is not related to the degree of external masculinization.'®2° However, in
clinical practice, patients with Prader stage 2 or 3 are very rarely seen with high
confluence and patients with Prader 4 or 5 are very rarely seen with low
confluence, suggesting that there is at least some relationship between external
virilisation and the height of the confluence (Private communication from Dr. Luis

H. P. Braga; Department of Surgery, McMaster University, May 2018).
2.2. Diagnosis

Today, most children in North America and Europe are diagnosed with
CAH at birth due to wide spread incorporation of screening for 21-hydroxylase
deficiency in newborn screening programs. Screening often occurs in a two-tier
protocol. The first-tier assay consists of blood from a heel-prick that is used to
immunoassay the concentration of 17-OH-Progesterone (17-OHP), a pre-cursor
of cortisol that is increased in infants with CAH (see Figure 1).2* Although the
incidence of CAH is about 1:15000, the cut-off for 17-OHP considered “positive”
for CAH is set such that about 1% of all tests are reported as positive as it is felt
that it is more important to increase sensitivity over specificity.> Notably, there are
some problems with using 17-OHP concentrations as a proxy measure for CAH.
Firstly, in normal infants, 17-OHP levels are normally high at birth and decrease
rapidly during the first few days after birth. In infants affected with CAH, 17-OHP
levels increase with time. Consequently, heel-prick tests done in the first two
days postnatally have poor diagnostic accuracy as all children will have relatively
high concentrations of 17-OHP and it is only after the two-day period that
significant differences arise. Secondly, premature, sick, or stressed infants
typically have higher levels of 17-OHP than term or healthy infants and can
generate false positives. Thirdly, 17-OHP concentrations rise with gestational-
age, which must be stratified for producing appropriate cut-offs. Because of these
confounders, 17-OHP immunoassays are often followed by referral to a

specialized regional treatment centre, where specialists follow up with
8
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confirmatory diagnostic tests.?? While molecular genetic screens for CYP21A2
mutations exist, no large study of efficacy of genetic screening has been reported
as a second-tier screen in actual use, genotyping is fairly costly, and genetic
screening focuses only on a specific gene.! Rather, evidence-based protocols
recommend that the second-tier screen of choice should be the use of a
biochemical screen called liquid chromatography tandem mass spectrometry to
measure steroid ratios. For example, a German protocol using the ratio of the
sum of 17-OHP and 21-deoxycortisol levels, divided by the cortisol level, had a
positive predictive value of 100% when this ratio exceeded 0.53. At this point, a
pediatric endocrinologist is often consulted for appropriate further evaluation and
treatment. If doubts remain that the child has CAH, endocrinologists may decide
to order the gold standard for hormonal diagnosis of CAH, a cosyntropin (ACTH
1-24) stimulation test (the reason this is not used initially is because it takes a
long time and can have serious side effects, making it difficult to perform in an
urgent basis in many clinical settings).* Children will also require karyotyping to
confirm chromosomal sex (i.e., XX or XY). Additionally, imaging will be necessary
to fully understand where the child lies on the CAH spectrum and to cross out
other possible disorders of sex development. Imaging of the internal genital tract
usually involves an ultrasound to assess for the presence of a uterus and intra-
abdominal gonads and a genitogram and/or cystoscopy of the urogenital sinus to
determine the presence of a vagina and length of “confluence” (high or low
confluence urogenital sinus).'® There is some evidence indicating that cystoscopy
may be better than genitography at determining the distance of the confluence.?3-
25 If the child has visibly ambiguous genitalia, the child will often be referred to a
multi-disciplinary DSD team containing pediatric endocrinologists and urologists
at a local tertiary centre for proper management.

Alternatively, some children may be suspected to have CAH because their
prenatal karyotype (through chorionic villus sampling etc.) is different than their
genital anatomy on routine prenatal ultrasonography or does not match the

9
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genitals they present with at birth. Regardless, even in this case, further testing
(biochemical) is necessary to confirm a diagnosis of CAH.6

Female (46XX) infants with Prader 5 CAH (i.e., are not visibly ambiguous)
who do not receive newborn screening are usually assumed to be ordinary boys
with undescended testes.?® In most cases, the diagnosis of CAH is not suspected

until signs of salt-wasting develop a week (4 to 15 days) later.16:1
2.3. Non-surgical Treatment

2.3.1. Prenatal

Since CAH is an autosomal recessive disorder, families that have had one
child with CAH have a 25% chance that a future child will also inherit the
condition. Accordingly, some physicians and centres have suggested the use of
prenatal therapy of pregnant mothers with dexamethasone (a corticosteroid) to
supress ACTH and adrenal production of androgens.?” This would reduce
prenatal female genital virilization and therefore the need for reconstructive
surgery and the emotional distress and anxiety associated with having a child
with ambiguous genitalia. However, prenatal therapy is not a permanent cure;
children will continue to need lifelong hormonal replacement therapy and medical
monitoring. While there is some evidence that this prenatal protocol is effective at
decreasing virilization in children when dexamethasone was administered at or
before 9 weeks of gestation (and ideally before 7 weeks),?® serious questions
about its safety remain. A recent article summarizing existing literature about first-
trimester dexamethasone therapy in animal data and retrospective human
studies suggests that treatment decreases birthweight; affects renal, pancreatic
beta cell, and brain development; increases anxiety; and predisposes to adult
hypertension and hyperglycemia.?® Additionally, in other human studies, first-
trimester dexamethasone is associated with orofacial clefts, decreased
birthweight, poorer verbal working memory, and poorer self-perception of

scholastic and social competence.?%3° However, a review of other studies argues

10
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that meta-analyses and recent studies indicate fewer harms for important
maternal or infant outcomes.3! Consequently, the long-term safety of
dexamethasone must continue to be assessed. Additionally, only 1 in 8
pregnancies will actually benefit from prenatal dexamethasone treatment (the
probability that the next child will inherit CAH multiplied by the probability it will be
female - males do not undergo virilization and therefore would not benefit from
dexamethasone suppression). While prenatal sex diagnosis is improving and
becoming increasingly more accurate at earlier gestational age, since there are
so many potential harms from dexamethasone and no benefit in 7 of 8
pregnancies, dexamethasone must be used cautiously.3? Accordingly, the use of
dexamethasone for prenatal treatment of CAH remains an off-label use primarily
at scientific centres through research studies with institutional review board

approval.s!

2.3.2. Steroid Replacement

Postnatally, it is essential that infants with CAH are treated with steroids to
replace reduced and missing hormones (glucocorticoids such as cortisol and
mineralocorticoids such as aldosterone) and to reduce excessive androgen
secretion. According to recent clinical guidelines by the Endocrinology Society,
children with classic CAH (both male and female) should receive hydrocortisone
(cortisol) tablets during their formative years.! Supplementation with cortisol is
essential to prevent adrenal crisis (acute adrenal insufficiency), a medical
emergency and potentially life-threatening situation requiring immediate
treatment.> Hydrocortisone also prevents accelerated bone age and loss of
growth potential. Finally, hydrocortisone acts as a negative feedback regulator of
the hypothalamic-anterior pituitary-adrenal (HPA) axis, decreasing the synthesis
of corticotropin releasing hormone and adrenocorticotropic hormone.
Consequently, the adrenal glands are no longer stimulated to produce excess
androgen hormones, reducing their virilizing effects during pre- and peripubertal
stages of development.! Treatment with glucocorticoids will be necessary for the
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length of the patient’s life to ensure appropriate hormonal balance. Additionally,
during the neonatal and early infancy period, patients with classic CAH should be
treated with fludrocortisone and sodium chloride supplements to prevent salt-
wasting crisis. However, because hydrocortisone can activate mineralocorticoid
receptors, mineralocorticoids are sometimes not needed when the patient is
receiving pharmacological doses of hydrocortisone. Additionally, some patients
can spontaneously recover from salt wasting and reduced mineralocorticoids as
they grow older (because of 21-hydroxylation of precursors elsewhere in the
body).133:34 Consequently, the need to continue mineralocorticoid therapy must

be reassessed periodicially.!

Unfortunately, supplementation with steroids also carries inherent risks.
Patients treated with steroids need monitoring throughout their life to ensure that
their hormones remain carefully balanced. If too little hydrocortisone is provided,
the problems associated with CAH (adrenal crisis, salt wasting, and virilization
caused by excess androgens) are not resolved. However, if the patient received
too much hydrocortisone or other stronger glucocorticoids (prednisone,
dexamethasone, etc.), they risk growth suppression (via damage to growth
plates), increased hypertension, and iatrogenic Cushing’s syndrome (including

reduced bone mass, obesity, and glucose intolerance).?

Recently, there has been research in improving glucocorticoid treatment of
CAH by creating more effective formulations including: oral formulations that
provide more sustained release (Plenadren) or mimic the body’s natural circadian
rhythm (Chronocort), and subcutaneous cortisol infusions via hydrocortisone
pumps that approximate physiologic cortisol secretion.3%35-3 Generally, these
formulations improve hormonal control, improve quality of life, and are better for
controlling adrenal androgen production as compared to traditional
glucocorticoids. However, they remain under investigation in clinical trials and

there is a lack of long term data regarding their safety and efficacy.
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Beyond supplementation with glucocorticoids, there is also research
investigating avenues to block the production of excess androgens by the adrenal
gland (especially since glucocorticoid supplementation is insufficient to fully
control androgen production). One method is to use androgen biosynthesis
inhibitors, such as by targeting key enzymes in the androgen biosynthesis
pathway. In a small phase | study in CAH women, the use of Abiraterone acetate
(an inhibitor of CYP17A1 which is an enzyme necessary for androgen synthesis)
in combination with glucocorticoids and mineralocorticoids completely normalized
the level of key androgens after 6 days.3® Another method is to use CRH and
ACTH receptor antagonists to prevent their ability to stimulate the HPA axis as is
the case in CAH. In a small phase 1 placebo-controlled study, an experimental
CRH antagonist showed modest improvements in patients’ ACTH and 17-OHP
levels, indicating the potential for receptor antagonists to improve the hormonal
control of patients with CAH.31.40

2.4. Surgical Treatment

Chromosomal females with classic CAH may be virilized due to excess
androgen exposure in utero during key developmental stages (i.e., week 6 to 12
of gestation). Accordingly, they are often born with ambiguous genitalia ranging
from clitomegaly to fully male-appearing genitalia (see figure 2 above). The wide
range of presentation means that an affected infant may require any or all of:
clitoroplasty (to reduce the size of the clitoris), vaginoplasty (ranging from
introitoplasty (the creation of an opening for the vagina by separating the labia) to
separation of a common urogenital sinus and vaginal reconstruction), and
labiaplasty (creation of labium), in infancy or later on in life (i.e., during
adolescence).*! The purpose of these surgeries is to create normally functioning
female external genitalia that will allow for future penetrative intercourse and
reproduction, appear normal, and prevent urological complications such as

urinary tract infections.20:42
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2.4.1. Clitoral Surgeries

While performing genital surgery in children with virilized genitals is
intensely debated, three specific reasons for intervening are typically considered:
providing anatomy suitable for penile—vaginal intercourse, achieving a manner for
urination corresponding to gender identity (i.e., sitting for females, standing for
males), and providing a phenotypical appearance that resembles the assigned
gender. For the clitoris, it is often this last reason that is given as a rationale for
surgery, and requires clitoral reduction for Prader lll, 1V, and V.** However,
clitoral reduction surgery has evolved substantially over the past several decades
as the focus of surgical outcomes changed from normalizing appearance to
preserving the function and sexual sensation of the clitoris. The surgical
treatments shifted from clitoridectomy (amputation), to corporal sparing
techniques (clitoral recession), and then to clitoral reduction (clitoroplasty). For a
thorough analysis of clitoral surgery techniques, see Kaefer and Rink’s recent

review.*3

Since the 1930s and until the 1980s, clitoridectomy (also called
clitorectomy) (partial or complete surgical removal/amputation of the clitoris) was
considered the norm in management of an enlarged clitoris. This was due to early
surgeons’ intent to neatly fit the CAH patient into either the male or female
gender. Because feminization is easier and chromosomally more congruent than
masculinization of a female CAH patient, most CAH patients were assigned to
the female sex. Surgeons employed the easiest way to feminize the patients,
which was to remove the enlarged clitoris (which resembled a penis). Some
researchers hypothesize that the complete removal of the clitoris was considered
acceptable because the clitoris was considered a vestigial organ.** Additionally,
clitoridectomy was rationalized by John Money et al. in the 1960s and 70s who
suggested that children were psychosexually neutral until the age of 2 years and
that subsequently, it was extrinsic factors such as genital appearance that
reinforced gender.*> However, with increasing understanding of the diversity of
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gender identity and gender development, and the decreased rigidity regarding
gender roles, by the late 1970s many researchers began to criticize the optimal-
gender policy advocated by Money et al.*6 Moreover, the clitoris is a highly
sensitive organ that has long been known to play an important role in sexual
function.*”8 Indeed, sexual pleasure is the only function of the clitoris.*® As might
be predicted, the removal of the clitoris generated reports of patients with sexual
inhibition and ambivalence toward sexual activity, highlighting the importance of
retaining sensation (via the nervous system) in the enlarged clitoris.*?
Accordingly, by the 1980s, clitorectomy had been phased out for clitoral

recession surgery.

In clitoral recession surgery (or plication), none of the clitoral structures are
removed, instead some clitoral structures are dissected out and then folded up
and moved in their entirety backwards under the symphysis pubis. There they are
anchored to the undersurface of the pubic bone using non-absorbable sutures.*?
This has the benefit of preserving the neurovascular bundle (i.e., both the
vascularity and innervation of the clitoris). Additionally, in case the patient elects
to reconstruct the phallus at a later date, all components of the clitoris and
erectile tissue would be preserved and available. However, in cases where
medical management and compliance to glucocorticoid therapy (to inhibit further
productions of androgens) are not closely monitored, patients may have elevated
systemic adrenal androgen, which will stimulate erectile body growth and
therefore clitoral enlargement. This is problematic because the clitoral structures
buried within the body will enlarge in size during growth and cause pain. Even
when post-natal clitoral growth is well controlled with hormonal medication, when
these patients become sexually aroused, the trapped erectile corporal bodies
engorge and become painful. Cosmetic results are frequently poor and later
surgical revision is often required for sexual function. Thus, clitoral recession has,
for the most part, also been abandoned. 5°-52 Recently, recognizing the potential

importance of sparing the corporal bodies in case future surgery is requested to
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reconstruct the phallus (since gender dysphoria has been reported in up to 5% of
patients and parents are often most anxious about making the wrong irrevocable
choice for surgery), Pippi Salle et al. have advocated for a technique that spares
the corporal bodies by separating them and burying each in the labioscrotal folds
of the patient. Their initial patients have normal phenotypic appearance and
report normal sensation with lack of pain and engorgement of the corporal

bodies.>* However, long term outcomes are still lacking for this surgery.

Schmid was the first to describe excision of the corporal bodies while
preserving the glans and neurovascular bundle in 1961 — what is now known as
clitoral reduction or clitoroplasty surgeries.>® In 1999, Baskin et al. used
immunohistochemistry staining and three-dimensional computer modelling to
map the anatomy of the clitoris, detailing the neuroanatomy in particular and
again suggested that it would be prudent to attempt to preserve the nervous and
vascular tissue.®® Accordingly, today most clitoral reduction (or clitoroplasty)
surgeries are aimed at retaining the neurovascular bundle, which is a sheath of
sensory nerves and vasculature (arteries and veins) that lies along the dorsal
(upper) part of the clitoris, and removing whole or parts of the corporal bodies
(the components that give the enlarged clitoris its girth and become engorged
during sexual arousal) (see figure 3A and B). It is essential that the neurovascular
bundle remain undamaged as it is responsible for maintaining the sensatory and
sexual function of the clitoral tissue and glans (head of the clitoris). Several types
of clitoroplasty surgeries are in use as there is no unanimous consensus as to the

best technique for achieving the goal of sparing the neurovascular bundle.
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Figure 3 (A) Surgical separation of an enlarged clitoris showing the neurovascular bundle dorsally (at the
top) and corporal bodies medially (towards the centre of the organ).2 (B) A cross section of the clitoris,
showing the various components of the organ: the neurovascular bundles is componse of nerves (yellow
areas), arteries (red areas), and veins (blue areas), which are between the Buck’s fascia [D] and tunica
albuginea [B]. The tunica albuginea and corpora cavernosa tissue [C], comprise the corporal bodies which
are excised (removed) during surgery. [E] indicates the points where incisions are made at the ventral
(bottom) side of the clitoris in Poppas et al.’s nerve-sparing ventral clitoroplasty, so as not to impact the
neurovascular bundle.*

Complete excision of the corporal bodies while preserving the glans and
the attached ventral mucosa was described by Goodwin in 1969.5 This
technique was modified by others and even Goodwin himself. With improved
understanding of the dorsal neurovascular bundle for clitoral innervation by
Baskin et al., the modified technique approaches dissection from the ventral side
of the clitoris (which has minimal innervation).>® More recently, Poppas et al.
showed through immunobiological staining of the excised specimens that nerve-
sparing ventral clitoroplasty (see Figure 3BE which indicates that the dissection

of the corporal bodies should be from the ventral side of the penis, with incisions

3 Reprinted from the Journal of pediatric urology, Vol 8.6, Creighton, S., Chernausek, S., Romao,
R., Pansley, P., and Salle, J.P., Timing and nature of reconstructive surgery for disorders of sex
development — introduction, Pages No. 602-610, Copyright (2012), with permission from
Elsevier.*?

4 Reprinted from The Journal of Urology,Vol 178, Issue 4, Poppas, D.P., Hochsztein, A.A.,
Baergen, R.N., Loyd, E., Chen, J., and Felsen, D. Nerve sparing ventral clitroplasty preserves
dorsal nerves in congenital adrenal hyperplasia, Copyright (2007), with permission from
Elsevier.%®
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made at the 5 o’clock and 7 o’clock positions ) leads to few nerves being
excised.>® However, Braga and Pippi Salle have noted that, in their experience,
the traditional approach from the ventral plane decreases the risk of injury to the
neurovascular bundle.*? Finally, there has been a recognition that separating the
delicate structures of the neurovascular bundle and glans off of the Tunica
Albuginea may leave them unsupported and at risk of injury. Accordingly, several
techniques have been developed to preserve the Tunica Albuginea, so that the
nerves and micro vessels to the glans clitoris do not have to be disturbed by
dissection and can benefit from the support of the Tunica (see Figure 4).
However, this technique requires precise suturing as it may otherwise lead to

damage of the neurovascular bundle.

~ S g

{

Figure 4 Tunica Albuginea sparing surgery as described by Kaefer et al. Note in (D) and (E) that only the
corpora cavernosa tissue is removed while the Tunica albuginea remains intact.®

5 “Creative Commons Figures 3, 4, 5, 6, 7, 8” by Kaefer and Rink, licensed under CC BY.*3
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Clitoral Surgery Complications

As with any surgery, clitoral surgeries have the potential to cause serious

postoperative complications:*3

e Bleeding and infections due to the surgery

e Postoperative pain can occur in patients with CAH due to clitoral
recession or incomplete reduction. This is often either because the
incompletely removed corporal bodies or clitoral tissue swell during
sexual arousal or, in patients with inadequate androgen
suppression, grow with age. Often this pain appears during
peripubertal stages of development and requires a reoperation to
remove recessed and remaining corporal bodies.

e Neurologic injury is the most frequently discussed concern for
clitoral surgery. This is especially true for older techniques, which
did not consider neurologic injury at all or lacked a significant
understanding of the clitoral nervous system. However, modern
techniques such as clitoroplasty were created with the goal of
preserving clitoral nerves. Surgeons have used intraoperative
imaging of nerves as well as pre-post pudendal evoked potentials to
show that electromyographic responses are not significantly
compromised by clitoroplasty. While clitoroplasty aims to preserve
the dorsal nerves and usually leads to normal sensation and
orgasmic potential and is the currently preferred surgical technique,
in one study, women who underwent a nerve-sparing clitoroplasty
procedure had sensation to temperature and vibration that was
poorer than control non-CAH women and CAH women who had not
undergone operations (but, sensation was still better then women
who had had clitoridectomy).®® This was replicated in another study
which also illustrated that thermal and vibratory clitoral sensation

was significantly decreased in all patients compared to healthy
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controls.®! Another study evaluating self-reported sensation
indicated that nerve-sparing clitoroplasty was the surgery that was
most likely to maintain sensation.®?

e Vascular injury leading to clitoral atrophy and necrosis is also a
concern for patients who had clitoroplasty. For example, a study by
Alizai et al. found that out of 14 girls who had had surgery at around
2.5 years old, four had atrophied clitoral glans ( by the time they
were 13 years old on average), likely due to incomplete
preservation of the vasculature to the glans.®?

e Sexual Outcomes are important considerations for clitoral
surgeries as the clitoris is an important organ for sexual arousal. In
one study, both non CAH and CAH women reported that they felt
that the clitoris was important for their sex life and for sexual lust.
However, those women who had had clitoridectomy (described as
amputation) or multiple operations did not consider the clitoris
important for sexual lust in their lives. Furthermore, women who had
clitoridectomy had poorer outcomes (e.g., inability to experience
orgasm) than women who had clitoral recession or clitoroplasty
(who’s reported orgasms were not statistically different to control
women).%2 In a study by Crouch et al., reduced clitoral sensation to
temperature and vibration after all types of clitoral surgery was
associated with sexual dissatisfaction, with the most impaired
sensation associated with the worst sexual function scores. Unlike
the previous study (but like other outcome studies), Crouch et al.
found that women with CAH who had clitoral surgery reported
decreased intercourse frequency, and anorgasmia (difficulties with
orgasm) significantly more often than CAH women who had not had

clitoral surgery or non-CAH control women.%°
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2.4.2. Vaginoplasty
In more severely virilized females (Prader levels Ill, IV, and V), there is a

single opening for both the vagina and the urethra (a common urogenital sinus).
Vaginoplasty is a type of surgery that aims to separate the vagina and the
urethra, with the goal of creating a vagina that is appropriate for menstruation and
sexual intercourse and connected to the pelvic floor, while also preserving urinary
continence (bladder control). Like clitoral surgery, there are several surgical
techniques for vaginal reconstruction. The choice of technique depends on the
anatomical positioning of the vagina and the relative positions and lengths of the
urethra-vaginal confluence within the urogenital sinus (that is, whether the
confluence is high or low). These procedures include the relatively simple flap
vaginoplasty and the more complex vaginal pull-through and partial or total

urogenital sinus mobilization.*®

When the vagina and the urethra separate closer to the perineum (see
Figure 2A Stage 3 and 4), the urogenital sinus is termed a “low (confluence)
urogenital sinus” or “low take-off vagina.” The surgery for a low or moderate
confluence urogenital sinus is technically easy to address. Surgery is done using
the flap technique, where a perineal skin flap is used to bridge the gap between
the vagina and perineum. This flap technique was first described in 1964 by
Fortunoff et al., who described a “U”-shaped incision in the perineum that is
elevated as a flap and sutured to the posterior wall of the vagina (see Figure 5)
(an omega shaped flap is now used as it leads to better cosmesis). It is important
to note that with flap vaginoplasties, the actual anterior vaginal wall (the wall
closer to the urethra) is not mobilized all the way down to the perineum to create
two separate openings for the urethra and vagina at the exterior of the body.
Essentially this leaves the urogenital sinus as a single opening but the perineal
flap enlarges its circumference to allow for sexual intercourse (as the

circumference initially would have only been as large as a urethral opening). 64
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U-shaped flap created from
perineum

Flap joined to vagina

Figure 5 lllustration depicting the flap vaginoplasty. (A) A “U” shaped segment of perineal skin is cut and
mobilized. (B) The mobilized flap is joined inward to the posterior vaginal wall to create a larger opening for
the vagina.t

Flap vaginoplasties were initially popular even for a high urogenital sinus.
However, flap techniques for high confluence UGS are prone to causing a high
incidence of vaginal stenosis as patients age.*° Vaginal stenosis is an abnormal
condition in which the vagina becomes narrower and shorter due to the formation
of fibrous tissue. This requires further surgery and long term follow up. The
Passerini-Glazel technique is an extension of the traditional flap vaginoplasties
that aims to avoid vaginal stenosis by using available urogenital mucosal tissue
rather than the perineal tissue as in the Fortunoff flap. In this one-stage
procedure (i.e., both clitoral and vaginal surgery are performed at the same time),
which was first described in 1989 and has since been modified, a high
confluence, short vagina is detached from the urogenital sinus and then
exteriorized through a cylinder of tissue. This cylinder of tissue is made from the

excised “clitoral/penile” skin and urogenital sinus tissue, is inserted into the

6 “Creative Commons Figure 7a and 7b” by Leslie, Cain, and Rink, used under CC BY / 180
degrees rotation of figure 7a and addition of labels.%¢
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perineum and is anastomosed to the native vagina. The technique is described

and illustrated extensively by Lesma et al., 2007.496°

A flap vaginoplasty alone is not suitable for higher confluence repairs
because it does not bring the junction of the vagina with the urogenital sinus any
closer to the perineum. Consequently, historically, most girls with a “high
confluence” urogenital sinus required separation of the vagina from the urogenital
sinus with a pull through vaginoplasty, which was first described by Hendren and
Crawford in 1969 (see Figure 6).55.67

Figure 6 lllustration of a pull through vaginoplasty. (A) A U-shaped flap is cut in the perineum to expose the
common urogenital sinus. The urogenital sinus is opened using a midline incision indicated by the dotted
line. (B) Once the point of the convergence is reached, the vagina is separated from the urethra as indicated
by the black dotted line. (C) The vagina is pulled closer to the perineum and anastomosed to the U-shaped
flap as in a flap vaginoplasty. The urogenital sinus tissue is formed into a tubule using absorbable sutures to
create a urethra.”

More recently, total and partial urogenital sinus mobilization (TUM and
PUM) have also been introduced to aid vaginoplasties. While initially described
by Pefa in 1997 for the repair of cloaca, they were later adapted to the
separation of the vagina from the urethra in patients with CAH.%8 In short, with
total urogenital sinus mobilization, the complete urogenital sinus is separated
from ligaments that attach it to the pelvic rim and pulled forward towards the

perineum until enough length has been gained to connect the vaginal edges to

7 “Creative Commons Figure 8a, 8b, and 8c” by Leslie, Cain, and Rink, licensed under CC BY.5¢
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the perineum (see figure 7A). By doing this, a urethral and vaginal opening of
near normal appearance can be created. Partial urogenital mobilization is very
similar, except that it preserves the pubourethral ligaments (which are important
for bladder control) (see Figure 7B). This is important because the separation of
the pubourethral ligaments in total urogenital sinus mobilization has been
associated with urinary incontinence. However, there is a lack of long-term
outcomes comparing total and partial urogenital sinus mobilization to each other
and to flap vaginoplasties (although TUM and PUM do seem to produce better
short-term results than flap vaginoplasties, especially for higher confluence
UGS).%6:68 Importantly, the extra urogenital sinus tissue in PUM and TUM can be

used in other areas during the vaginoplasty and to create the introitus.

Figure 7 Cross sections illustrating urogenital sinus mobilization. (A) Total urogenital sinus mobilization, the
common urogenital sinus is pulled out until the point of convergence is sufficiently close to the perineum. (B)
Partial urogenital sinus mobilization. Note that the dissection stops at the pubourethral ligament anteriorly
(indicated by checkered arrow).®

While urogenital mobilization is considered appropriate for cases with an

intermediate to high confluence urogenital sinus, its use in patients with high

confluence is still somewhat controversial since aggressive mobilization can

8 “Creative Commons Figure 10b and Figure 11” by Leslie, Cain, and Rink, used under CC BY /
Addition of checkered arrow.6¢
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cause injury to adjacent structures in the body. To overcome these challenges,
Domini et al introduced the anterior sagittal transrectal approach (ASTRA).®° In
this approach, an incision is made along the perineum, spanning the anterior anal
border and the perineal opening of the urogenital sinus. The anterior rectal wall is
incised, which allows better exposure of the high confluence. This increased
exposure facilitates dissection and allows easier separation of the urethra from
the vagina. The vagina is then pulled through to the perineal floor and
anastomosed there and all incisions are closed using sutures (see figure 8). A
recent survey by Pippi Salle et al. of international teams using ASTRA indicated
that patients had good outcomes in terms of urinary and fecal continence and the

absence of major complications in all but once child (who had a postoperative

perineal infection that was resolved).”

Figure 8 Diagrams illustrating the Anterior Sagittal Transrectal Approach (ASTRA). (A) An incision is made in
the anterior side of the rectal wall, exposing the urogenital sinus. The red arrow indicates where the incision
will be made to the vagina inserting into the urogenital sinus. (B) An incision is made into the urogenital
sinus. (C)The vagina is dissected and seperated from the urethra and bladder neck. The Vagina is pulled
through to the perineum. (D) A final image after reconstruction is complete.®

° Reprinted from The Journal of Urology, Vol 187, Issue 3, Jodo L. Pippi Salle, Armando J.
Lorenzo, Lisieux E. Jesus, Bruno Leslie, Abdulnasser AlSaid, Francisco Nicanor Macedo,
Venkata R. Jayanthi, Roberto de Castrotitle, Surgical Treatment of High Urogenital Sinuses Using
the Anterior Sagittal Transrectal Approach: A Useful Strategy to Optimize Exposure and
Outcomes, Pages No. 1024-1031, Copyright (2012), with permission from Elsevier.”®
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Vaginoplasty outcomes

As with clitoral surgeries, vaginal surgeries are associated with several

postoperative complications including:

Immediate post-operative complications such as bleeding, infections,
flap necrosis and flap dehiscence (a surgical complication in which a
wound ruptures along a surgical incision). To mitigate these complications,
patients much be placed in restrictive dressing that constrains them from
opening their legs for 4 weeks after surgery to: (a) avoid shear stress, (b)
allow early neovascular ingrowth to genital tissue, and (c) prevent
disruption of wound healing. However, this inability for patients (often
children) to move and be active has been reported by some parents to be
stressful for the children and for themselves (Private communication).>°
Vaginal complications including vaginal stenosis, vaginal prolapse, and
urethrovaginal fistula, often requiring revision surgeries. In earlier
surgeries using flap vaginoplasty for all types of confluences, complication
rates were very high and revision vaginoplasties were required for up to
100% of patients.”* However, as vaginoplasty techniques have evolved the
rates of complications such as stenosis have declined (to 6-57%
depending on the skill and experience of the surgeon, and the extent of
surgery required) and accordingly the need for revision vaginoplasty has
decreased to 3-36% in various centres. Generally, researchers have
found that pull-through vaginoplasties require revisions vaginoplasties
more frequently than flap vaginoplasties. In less severe cases of vaginal
stenosis, rather than surgery, dilation can be performed using gradually
increasing sizes of vaginal molds. While vaginal dilation was performed in
prepubertal children in the past, it is no longer consider appropriate as
dilation was often painful, traumatic, and unnecessary. Now, prepubertal
vaginal stenosis is monitored until menarche, at which time the discussion

of repair can be initiated.>°
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2.4.3.

Hair growth in the vagina. Because vaginal reconstructive surgeries
often use a perineal skin flap, hair development on these flaps in
peripubertal stages of development and in adulthood can be concerning
for adolescent and adult women as the flap now forms the posterior wall of
the vagina. This often requires treatment via professional depilation and in
some cases surgical excision of the hair bearing skin and replacement
with a buccal mucosal graft.>®

Urinary dysfunction and incontinence can be a concern for certain
types of surgical technigques. While some researchers have found that
greater than 95% of patients who underwent PUM and TUM are continent,
others have suggested that TUM can cause significant complications with
urinary incontinence, probably due to aggressive mobilization of the
bladder neck and severing of the pubourethral or pubovesical ligaments.>
Sexual outcomes. Vaginal stenosis can prevent patients from having
satisfactory sexual intercourse. However, in one study evaluating the
Passerini-Glazel feminizing genitoplasty (i.e., both clitoroplasty and
vaginoplasty), there was no difference in thermal or vibratory vaginal
sensation between patients and controls, greater than 90% of females
described a stable satisfactory relationship, and all patients reported active
sexual desire, good arousal, adequate lubrication and orgasm. The
authors concluded that the Passerini-Glazel feminizing genitoplasty seems

to allow normal adult sexual function.®?

Perineoplasty/Labiaplasty

The goal of the perineoplasty/labiaplasty is to create a normal external

female appearance (i.e., with presence of labia minora and majora and the

clitoral hood). More recent surgical techniques use the skin from the shaft of the

genital tubercule (see Figure 9A) to reconstruct the two labia minora and the

clitoral hood. The existing labia majora (which may appear as ruggated

labioscrotal folds in highly virilised patients) are mobilized, trimmed, and lowered
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to reconstitute a nearly normal-looking female perineal anatomy (see Figure
gB)_72,73

ii ©.u. MED. Teeus. DEPT. '97

L

Figure 9 lllustration of perineoplasty/labiaplasty. (A) i: The phallic skin is incised along the dotted line and is
split in the midline tfo create two “wings”. ii: The phallic skin has been brought down on the left side of the
clitoris and sutured to create the left labia minora and part of the clitoral hood. A Y shaped incission is made
on the posterior side of the labioscotal skin.'° (B) The labioscrotal skin is mobilized and moved posteriorly to
the sides of the vaginal introitus where the labia majora are sutured in place.'*

2.5. Timing of Surgical Treatment

Feminizing genitoplasty can be done “early” or “late”. Early surgery is
considered to be within the first two years of life, ideally at age 2-6 months, while
late surgery is usually performed after puberty, when patients are directly
engaged in decision-making. Surgery between the ages of 12 months and
adolescence is not recommended unless complications are causing medical
problems.’* However, there continues to be a debate about the optimal timing of
feminizing genitoplasty or its component surgeries. This debate arises from the

potential for suboptimal patient outcomes and the lack of strong long-term results

10 Reprinted with permission from Copyright Clearance Center RightsLinks: Springer Nature,
World Journal of Urology, Feminizing genitoplasty:state of the art, Richard C. Rink, Mark C.
Adams [COPYRIGHT] (1998).73

11 “Creative Commons Figure 6” by Leslie, Cain, and Rink, used under CC BY.%¢
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for some of these procedures. This lack of evidence is compounded by small
sample sizes, the literature being composed of short clinical series,
“heterogenicity across centers”, and a lack of consistent methodology for

evaluating pre vs post treatment.?°

With regards to clitoral surgery, the main concern is that surgery reduces
innervation of the clitoris, which can affect sexual sensation and arousal. This risk
stimulates the argument that surgery should be delayed until the patient is able to
make the decision (and accept the corresponding risk) for herself. On the other
hand, early childhood surgery can lead to a normalized appearance of the
external genitalia which can mitigate negative social interactions with peers (and
the associated embarrassment and social withdrawal), avoid the psychological
trauma of surgery during adolescence, and increase the bonding between
parents and the child.! Additionally, the ability to do something can help parents
cope with their child’s diagnosis.*® To balance these concerns, the Consensus
statement by the Lawson Wilkins Pediatric Endocrine Society and The European
Society for Paediatric Endocrinology (2002), the Chicago Consensus Statement
(2006), and the Endocrine Society Clinical Practice Guidelines (2010)
recommend that clitoral surgery should not be performed during infancy for
females that have only slight virilization (i.e., Prader 1 or 2).%7475 Additionally,
they suggest that even for severely virilized females (Prader 23), if surgery is
performed during infancy, it should be by an experienced surgeon (having at
least 3 to 4 cases per year) in a center with an experienced multidisciplinary,
interdisciplinary or transdisciplinary team (including pediatric endocrinologists,

mental health professionals, social workers, etc.).17®

With regards to vaginoplasty, historically surgeons advocated for early
vaginal surgery to prevent urinary reflux up the common urogenital sinus and
thereby mitigating any associated urinary tract infections. However, several
studies have illustrated that untreated females with CAH are no more likely to

have urinary tract infections than non-CAH females, suggesting that vaginoplasty
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can be delayed.®%’” Additionally, because the vagina has no function in early
childhood, vaginoplasty could be postponed until after puberty, especially since
most early vaginoplasties need surgical revision or dilation later in life due to
stenosis etc.”® Delaying vaginal surgery could have the additional advantage of
including the patient in the consent process. However, there are also
disadvantages to performing vaginoplasty later in life. For example, if the
genitoplasty is done as a two step process (clitoroplasty in infancy and
vaginoplasty at a peripubertal age), the mucosal tissue from the urogenital sinus
and the phallic skin could not be used to reconstruct the vulva and distal vagina
(this extra mucosal tissue can be particularly useful for patients that have high
confluence urogenital sinuses).>® Moreover, from a medical perspective,
feminizing genitoplasty before 3 months of age can have better outcomes
because of increased tissue elasticity and improved vascularization due to post-

natal residual maternal estrogens.*?

Considering all these factors, while most intersex advocacy groups
promote delaying surgery, many pediatric urology and endocrinology groups
recommend early surgery. For example, the Endocrine Society released
systematic consensus and evidence-based clinical practice guidelines covering
the treatment of CAH, where they suggested that in patients with a low vaginal
confluence, complete repair including vaginoplasty, perineal reconstruction, and
clitoroplasty (if necessary) be done simultaneously at an early age. However, for
individuals with higher vaginal confluence, the Endocrine Society admits that the
timing is less certain, and if surgery is deferred, vaginoplasty and/or clitoroplasty
may be performed in adolescence. In the end, it is important to recognize that
rigorous and systematic long-term evaluations are lacking for both early and late
surgery, especially with regards to significant postoperative complications such

as urethro-vaginal fistulae, sensory loss and vaginal stenosis.

Additionally, there is minimal data comparing psychosexual health in girls

and women who have undergone early and late surgery (that is, there is
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inadequate evidence that either early or late surgery is better at preserving
sexual function).! What little evidence exists reports on small case studies or
evaluates outdated surgical methods. For example, research by Minto at al.
suggested that women with clitoral surgery had higher rates of non-sensuality
and inability to achieve orgasm than those who did not have surgery, however
the majority of CAH patients in that study had clitoral amputations.”® Research by
Fagerholm et al. on a small case series suggests that while CAH patients with
surgery tend to be sexually active later than non-CAH controls, there are no other
statistically significant differences regarding sexual activity or function. In fact, a
more recent case-control study by Binet et al. found that CAH patients with
surgery reported better sexual satisfaction than age-, assigned sex-, and ethnic

origin-matched non-CAH controls.8°

The Endocrine society notes that, when questioned about surgical timing
preferences, the majority of adult females with CAH who had surgery, stated
preferences for early surgery.® This finding has been replicated a number of times
in surveys and interviews of patients by various research groups.%28°-82 However,
in at least two studies, a not insignificant proportion of women also stated
preferences for surgery in puberty.6282 The Endocrine society clinical guidelines
and the Chicago Consensus statement (and its 2016 update) conclude that,
because of the lack of strong evidence for either option, parents should be
provided with sufficient information so that they can make the most informed

decision for their child.17>83

2.6. Parents’ Role and Experience in Decision Making for Feminizing
Genitopasty

Infants clearly cannot consent to decisions related to surgery in infancy or
childhood, so parents or guardians must make treatment decisions on their
behalf. Surgery in infancy and childhood is generally irreversible and may impact

physical and sexual functioning later in life. Moreover, there is clinical equipoise
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between having surgery in infancy or delaying surgery. Accordingly, the
Endocrine society clinical guidelines and the Chicago Consensus statement (and
its 2016 update) advise that parents must be provided with balanced information
about timing (including the option of deferring the procedure), risks and benefits

of surgery, and the long-term prognosis for sexual and reproductive function.7583

While parents report receiving some information and support from health
professionals, the information and support was often inadequate (see below).?
Additionally, previous literature has reported that parents have had poor
experiences with regards to their child’s diagnosis, treatment, and decision-
making about their child’s feminizing genitoplasty.>> Historically, parents report
that they saw surgery as obvious and necessary, without experiencing it as
something that involved a decision-making process. They did not realize or were
not told that delaying surgery was an option. Some have even questioned the
necessity of the surgery in hindsight. Indeed, in one study, 20.5% of parents
reported mild to moderate decisional regret about their child’s feminizing
genitoplasty (although none reported a preference for having surgery later).®

Other issues that parents described include:

e Feelings of stress and isolation, especially stemming from their
unfamiliarity and lack of previous awareness of the condition before their
child’s diagnosis.* This confusion and loneliness was compounded by
parents comprehending only some of the information they were told. For
example, when asked what they were told by health professionals, some
parents report that they remember that they only understood parts of the
information, such as the child having a chronic condition, but not the
specifics of the diagnosis.?

e Feeling frustrated with the type or amount of information available to
them. For example, some parents disliked that the information provided
by practitioners was not clear-cut or that it was not comprehensive

enough.* While the shortage of clear-cut information is not something that
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can be moderated (because there is a lack of evidence to provide strong
recommendations for treatment), comprehension can certainly be
improved. Some parents have also mentioned the need for written
information in plain nonmedical language. This was especially true for
parents who were still struggling to find their feet after receiving a difficult
diagnosis and going through strong emotions when information was first
shared with them.? In other words, parents felt overwhelmed in facing the
prospect of caring for their infant and had a limited ability to absorb the
oral information provided.®

¢ Feeling confused about medical interventions and conflating medical
constructs, often because information was shared in medical jargon that
“went way above [their] heads”.> For example, some parents report
having believed that karyotype findings definitively determined both their
child’s sex and gender, erroneously assuming that sex chromosomes are
the ultimate arbiters of gender, and making decisions about treatment or
surgery based on these mistaken assumptions. Another confusion was
that although there is a well-recognized distinction between biologic sex
(male/female) and gender of rearing (boy/qgirl), parents and providers
often conflated these concepts.*

¢ Feeling confused about which choice was right for them. This confusion
may have been compounded by different clinical viewpoints regarding
treatment. For example, while some groups such as the Endocrine
Society advocate for early surgical treatment, others, including the United
Nations, call for providers to prohibit normalizing genital surgery on
infants. 184

e Because explanations by practitioners were jargon rich or confusing,
parents had to seek information from other sources and attempt to
independently research information about CAH (for example through

books, Internet searches and by asking questions to health care
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providers). However, few parents felt comfortable asking every question
they had. Many parents found material online that “frightened” them, that
they found intimidating, distressing and confusing.® In at least one study,
no parents had any guidance from healthcare providers about evaluating
the quality of internet health information resources (parents reported
using information on discussion boards and forums, which may not have
been true or relevant).*>

e The breadth and type of information that parents received varied heavily

depending on their educator’s clinical role and whether they took a

“medical” or “non-pathologizing and supportive” approach.

o For example, some parents perceived healthcare practitioners
(endocrinologists, urologists, nurses) as often providing a
medicalized perspective to management, focusing on things such as:

= “Disorders of sex development being static disorders that require
treatment which should be function oriented,

= That function is biologically determined,

» That treatment regimes are predetermined [e.g., for CAH, parents
have no choice regarding putting their children on steroids],

» That the child is a passive agent, and

» That aid should be hospital based.”

o Comparatively, patient advocates, activists and psychologists tend to
have a more non-pathologizing perspective, noting that their
approach emphasized:

= “Disorders of sex development are dynamic and may not impair
an individual,

» That development, resilience, and coping strategies need to be
fostered

» That treatment should be geared to interests and capabilities,

» That support must be individualized, adaptable, and dynamic,
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» That the child and his or her family are active agents in defining
the problem, and

* That aid should be community based.” 3
The approach to educating parents is important because at least one
study has found that a medical approach is much more likely to cause
parents to choose to have early surgery.® Moreover, such a high degree
of variation in information suggests that some parents may not receive all
the information they need to make fully informed decisions, and that
parents may face contrasting, uncoordinated, and contradictory
information from their child’s healthcare team, leading to confusion and
misinformation.>>8> There may also be variability in care, information,
and support that is provided to families by members within a clinical
team. °

¢ Feelings of frustration or exploitation with regards to doctors using their
children for teaching purposes, especially due to the high frequency with
which providers interacted with their child, which parents felt was
unjustified and made them feel like their child was a “show-horse”.#

e Feelings of insecurity stemming from the lack of information about coping
with the situation.? Some parents even felt that healthcare providers had
minimized their worries and told parents to focus on the here and now,
which added to their inability to cope with the situation. This perception
also negatively impacted the relationship between parents and
practitioners (as they felt their concerns were not addressed). For
example, parents stopped asking questions, which shut down
opportunities to make shared decisions.?

e Concerns about the future that were not or could not be allayed or
addressed by healthcare practitioners, such as fears about negative
physical, social, or emotional changes associated with puberty and

adolescence. These included concerns about future gender identity (the
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personal conception of oneself as male or female), gender role
(behaviors, thoughts, and characteristics consistent with expectations
society and people have about a person's assigned sex), interactions
with peers, interactions with romantic partners, fertility, and sexual
orientation.*

e Concerns about talking with others and sharing the diagnosis and
surgery for fear of stigmatization. Some felt that their child’s condition
was extremely difficult to explain or that sharing would generate
questions that they were unable to answer.* Parents reported a dilemma
of wanting to share some information to get support but not too much
information to protect their child and giving them choice over disclosure.?

e Lack of information or strategies to share information about the surgery
or the need for future surgery with their child, especially with children who
were defensive or disengaged, which required them to invent strategies

to share information or engage their child on their own.?

Because of these experiences and the lack of information and support,
some parents report strong conflict and regret about their treatment decisions
and a high degree of stress about their child’s diagnosis and surgery.®
Additionally, at least one study indicates that 31% of mothers and 18% of fathers
of children with disorders of sex development report symptoms of post traumatic
stress (e.g., intrusive thoughts about the diagnosis, avoidance of reminders of the
event, and/or hypersensitivity with regards to that or similar events) that meet the
threshold for post traumatic stress disorder (with even more reporting subclinical
but still relevant levels of symptoms). This study also found that the strongest
predictor for the degree of post traumatic stress was cognitive confusion. While
this study did not assess surgical decision making per se, it highlighted the
importance of cognitive confusion in causing negative outcomes for parents and
families of children with CAH. It also provided evidence to support the provision

of patient-friendly, consistent information to parents as being a potential
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mitigation strategy. The authors conclude that employing an intervention, such as
tailored information about diagnosis/prognosis, could alleviate distress in parents

and change the course of development for the child and family.®

3. Shared Decision Making and Patient Decision Aids

A shared decision-making (SDM) approach to feminizing genitoplasty
could help eliminate or mitigate many of the negative experiences parents have
reported. SDM is a consultation process were patients and practitioners
participate together in making a health decision. It involves the melding of the
expert knowledge of a healthcare provider with the ability of a patient or their
surrogate to make health care decision based on their own values, preferences,
and circumstances (i.e., respecting the right to patient autonomy).8” SDM is of
most use when the evidence does not strongly support a single clearly superior
option, as it can help patients to understand the benefits, harms and trade-offs of
the various options.8” There are several key aspects to good SDM: (1) both
healthcare providers and the patient are involved in decision making, (2)
information exchange is bidirectional (to mitigate inherent power imbalances in
the patient-provider relationship), (3) thoughtful deliberation on treatment options
and their consequences occurs, and (4) agreement on treatment plans is
sought.8” According to Siminoff and Sandberg, shared decision making is
particularly important in the context of treatment of DSDs.8 As a case of
surrogate decision making within pediatrics, most parents with a child with DSD
are highly interested in sharing treatment decisions with their child’s physician.8?
However, this means that practitioners must be willing to engage parents and
inform them thoroughly about their child’s condition, including scientific
controversies and uncertainties (which can be particularly difficult for care or
topics related to DSD because a lack of consensus in several areas continues to
persist even among clinicians). Through active participation in a shared decision-
making process, parental knowledge can be increased (confusion decreased),
which in turn can increase their perception of the “voluntariness” of the medical
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decision (i.e., with a high level of knowledge, parents may feel empowered to
contribute to medical decisions) and decrease their regret or trauma from the

experience,:9

A patient decision aid (PtDA) can support clinicians and parents to partner
together in shared decision-making and to increase their engagement in
decisions about a child’s care. PtDAs come in various formats, such as
pamphlets, leaflets, cards, videos or web-based tools that provide high quality,
consistent, and organised information about a medical intervention (e.g.,
screening diagnostic interventions, pharmaceutical or surgical therapeutic
interventions, etc.). PtDAs can help patients, families, and health care providers
learn more about a condition, compare the risks and benefits of options, clarify
what matters most to the patient and their family, and make a shared decision
about what is the best option for the patient.

Decision aids differ from usual health education materials. While education
materials help patients understand their diagnosis, treatment, and management
in general terms (that is, without a focus on decision making), decision aids make
the decision under consideration explicit, and provide detailed, specific, and
personalized focus on options and outcomes to prepare people for decision

making. %192

Decision aids can be implemented in several ways. Decision aids can be
provided before the consultation to allow the patient/family to prepare for it, have
time to digest the information, and to have questions for their practitioner. Or,
they can be provided during a consultation, where they help guide both the
patient/family and practitioner in making healthcare choices together, helping to
accomplish shared decision making. Finally, they can be provided after a clinical
encounter (e.g., after an initial consultation), to provide patients/families with a
supplemental evidence-based resource that can help guide them in thinking

about their decision for a future consultation or intervention.®!
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The International Patient Decision Aids Standards (IPDAS) collaboration
has set minimum standards for patient decision aids. These standards have
evolved substantially since the first quality criteria checklist and quantitative
patient decision assessment tool was released in 2003. Currently IPDAS has
released the fourth version of their standards instrument (IPDASi v 4.0), in which
they set 6 qualifying criteria, 10 certification criteria, and 28 quality criteria.®® The
qualifying criteria are those that are definitional in nature. These are criteria
without which a tool would not be considered a patient decision aid (that is, they
set the minimum requirement for consideration as a patient decision aid). These

qualifying criteria are:

1. The patient decision aid describes the health condition or problem
(treatment, procedure, or investigation) for which the decision is
required.

2. The patient decision aid explicitly states the decision that needs to be
considered (also called the “index decision”).

3. The patient decision aid describes the options available for the index
decision.

4. The patient decision aid describes the positive features (benefits or
advantages) of each option.

5. The patient decision aid describes the negative features (harms, side
effects, or disadvantages) of each option.

6. The patient decision aid describes what it is like to experience the

consequences of the options (e.g., physical, psychological, and social).

These qualifying criteria are assessed on a binary yes/no scale and all criteria
must be met to be classified as a patient decision aid and to be considered for
certification. The certification criteria are those that are deemed essential in order
to avoid risk of harmful bias (for example, criteria related to the quality of the
evidence synthesis process, open disclosure of funding source, and a balanced

presentation of options). Certification criteria are scored on a 1 to 4 scale and
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tools must meet scores of 3 or more on each criterion to reach certification
standards. The certification score is combined with the evidence appraisal to
“certify” the patient decision aid as a quality health care intervention with minimal
risk of harmful bias on patients’ decisions. The final category are the quality
criteria, which are criteria considered as desirable because they would enhance a
decision aid (e.g., user experience) but are not essential for reducing risk of
harmful bias. For example, a criterion like “The patient decision aid includes tools
like worksheets or lists of questions to use when discussing options with a
practitioner” would be considered a quality criterion, since while it would be
helpful, such a functionality would not be necessary to reduce harmful bias.
Quiality criteria are also scored on a 1 to 4 scale.®® Importantly, four of the ten
certification criteria and five of the 28 quality criteria are only applicable to PtDAs
about diagnostic interventions (i.e., tests) and would not be relevant to a PtDA for
feminizing genitoplasty for CAH. Additionally, these IPDAS criteria were designed
primarily for PtDAs that are to be used by patients alone and not for PtDAs that
are to be used in a clinical encounter. Accordingly, a broader PtDA that is
developed for multiple uses may not strictly meet IPDAS criteria. While lacking
IPDAS certification does not preclude clinical use, adherence to these
international standards can help guide the development of a decision aid.
However, ultimately, it is only by assessing the impact of the PtDA on shared
decision making and other important outcomes that its effectiveness and utility
can be deduced.

An important body of evidence informs us on the effectiveness of PtDAs. A
Cochrane systematic review of randomized controlled trials of PtDAs was first
published by O’Connor et al. in 1999.°* Since then, this systematic review has
been updated with the addition of more studies in 2003, 2009, 2011, and 2014,
with the latest update in 2017.%9 The 2017 systematic review and meta-analysis
evaluated 105 studies involving 31 042 participants, comparing PtDAs to usual
care. The review found that compared to usual care, PtDASs:
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e Increased participants’ knowledge (Mean Difference (MD) 13.27/100; 95%
confidence interval (CI) 11.32 to 15.23; 52 studies; N = 13,316; high-quality
evidence),

e Increased accuracy of risk perceptions (RR 2.10; 95% CI 1.66 to 2.66; 17
studies; N= 5096; moderate-quality evidence),

e Increased congruency between informed values and care choices (RR 2.06;
95%CI 1.46 to 2.91; 10 studies; N = 4626; low-quality evidence).

e Decreased decisional conflict* related to feeling uninformed (MD —9.28/100;
95% CIl -12.20 to —6.36; 27 studies; N = 5707; high-quality evidence),

e Decreased decisional conflict* related to indecision about personal values
(MD -8.81/100; 95%CI -11.99 to -5.63; 23 studies; N = 5068; high-quality
evidence),

e Decreased the proportion of people who were passive in decision making (RR
0.68; 95% CI 0.55 to 0.83; 16 studies; N = 3180; moderate-quality evidence).

*To clarify, decisional conflict is a multifactorial construct, measured by the
decision conflict scale, that discriminates between those who make or delay
decisions (high scores on the decisional conflict scale are correlated with delays

in decision making).®®

A number of other issues regarding the creation of electronic PtDAs exist.
While a recent paper by Hoffman et al. suggests that “dissemination and
implementation theories support Internet-delivery of PtDAs for providing the right
information (rapidly updated), to the right person (tailored), at the right time (the
appropriate point in the decision making process)”, the Cochrane systematic
review noted that there is still a lack of research investigating format issues such
as the web-based delivery of PtDAs.%:%¢ The systematic review also highlighted
the need to continue to methodically produce and rigorously evaluate new PtDAs.
Other researchers have also noted that, to successfully implement PtDAs in

clinical workflows, we need a better understanding of these workflows and any

41



M.Sc. Thesis — Irtaza Tahir McMaster University — eHealth

barriers to uptake that might exist.%?> Of note, none of the PtDAs included (or
excluded) from the Cochrane review were for surgical treatment of CAH or other

disorders of sex development.

To confirm that no previous studies about PtDAs for CAH (and in
particular, for feminizing genitoplasty) have been completed, a literature search
with relevant terms on PUBMED/MEDLINE was performed (see Appendix A for
search strategy). No research evaluating existing PtDAs for CAH treatment was
discovered. However, further investigation on trial registries (clinicaltrials.gov and
www.clinicaltrialsregister.eu) revealed that Sandberg et al. are in the process of
developing and evaluating a web-based decision support tool for disorders of sex
development (DSD), the larger umbrella group of which CAH is a part.®7%8
However, their decision support tool and research potentially has several
limitations. Firstly, the tool is described as being for multiple DSDs.
Consequently, it may not dive deeply enough to any one disorder to provide
enough information for parents to make fully informed decisions about surgery.
The breadth of the tool (the inclusion of information about other DSD conditions)
is also problematic because parents often describe being provided “too much
information” not relevant to their needs, which can cause confusion and distress.>
Secondly, the tool is currently not publicly available, and is only for use in a set
number of institutions that are part of the research study. Finally, it has been
created for American patients for use in the American healthcare system, which
is quite different as compared to the Canadian healthcare landscape. Thus, there
is no relevant and easily accessible PtDA for treatment decisions about timing of
feminizing genitoplasty for CAH in Canada. Moreover, the existing literature
provides insufficient evidence to create an electronic PtDA for this decision.

4. The SDLC for the Creation of eHealth Applications

To create a patient decision aid that would fulfill this gap, the software
development life cycle (SDLC) was adopted. The SDLC is a framework for
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software development that can help “ensure a repeatable, predictable process
that controls cost and improves quality of the software product or application.”®®
This is particularly important for sectors such as healthcare, which are
considerably complex and where safety and security add additional risks. While
the SDLC focuses on the development of the software/application, in practice, it
is also useful for “stretching into areas such as process re-engineering so as to
maximize the benefits of the software” (that is, defining and improving the
contextual environment within which the software will operate).®® The SDLC has

several distinct phases:

1) Planning and Requirements Analysis: This phase begins with
planning, which includes the formation of a project goal focusing on a
particular need or outcome, establishing the scope of a project (both
what is in the scope and what is outside the scope), as well as the
identification of resources to accomplish the goal (e.g., funding). Then,
a detailed analysis of current processes and needs of the target users
is completed, including the gathering of user requirements for the new
software. Requirements analysis can range from “detailed instructions
on specific functions and operating parameters or more general user
stories that explain in simple narrative the needs, expected
workflow and outcomes for the software.” This phase of the SDLC is
often the most critical and difficult phase in the healthcare sector. This
difficulty arises from the need to: (a) involve all relevant stakeholders
and potential end users (since healthcare is not as “top-down” as other
sectors), and (b) ensure flexibility in the software because practitioner
judgment is often inconsistent and adapts to ever-changing
situations.®®

2) Design: During this phase, analysts who have experience with the
domain first turn the user requirements into suitable specifications for

the software. Using these specifications, potential solutions are
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3)

4)

5)

explored with consideration for aspects such as system architecture,
data storage, human-computer interface, costs, and potential trade-
offs, as well as details such as security and performance. Then, simple
mock-ups of the software are developed, and some initial testing is
done with potential end-users to validate the design and identify
potential problems and missing information. Depending on the
approach of the development team, the complete software can be
designed before it is actually developed (coded etc.), or the design and
development can be an iterative process proceeding from a higher to
more deeper level of the software.®®

Development: During this phase, the software or application is actually
coded or scripted.®®

Testing: Once the software has been developed it is tested to ensure
that it has the features and performs all the functions specified in the
requirements (verification) and to show that it performs according to
operational requirements specified by end-users, that it produces
expected outputs, and that it can be used in a safe manner (validation).
Often, testing is first done “in-house” by the development team and
then with potential end-users to simulate a more pragmatic
environment. Sometimes, testing is done after the software has been
implemented or becomes “live”, in the form of a pilot with a smaller
segment of the end-user population.®®

Implementation: After testing has verified and validated the software,
the software or application is “implemented” in the live environment.
However, just before implementation, training is performed with any
users involved with the software (e.g., healthcare practitioners). At
times, implementation can be difficult in the healthcare sector because
of its disruptive nature (healthcare practitioners are often highly

resistant to change in their workflows, especially if they perceive their
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productivity or efficiency decreasing during initial implementation when
they are getting used to changes).®°

6) Maintenance and Evaluation: After the software has been
implemented, it must continually be maintained to correct errors and
bugs as they are recognized. Additionally, applications should not be
static; they must be continuously evaluated and changed as the needs

of the users change.®

This thesis focuses primarily on the requirements analysis phase of the
SDLC and will touch on some initial aspects of the design phase. To
operationalize requirements analysis, a qualitative review of the current literature
about congenital adrenal hyperplasia, parent decision making, and decision aids
was conducted (see section 2 and 3 above), and we decided to utilize the
narrative approach to understanding the needs of parents, patients, and
practitioners, and the expected workflows and outcomes of the PtDA. To
operationalize this decision, we decided to use the persona-scenario

methodology.

5. The Persona-Scenario Methodology

Traditionally, interviews and focus groups are the most common methods
of data collection employed in qualitative research.® The persona and scenario-
based design approaches are alternatives to these traditional data collection
methods. First described in human-computer interface design under the field of
software engineering and design, personas are representations of stakeholder
roles that help describe the type of person who will interact with a software or
application.'! Personas go beyond the superficial descriptions of roles (which
are focused on actions that users perform), to introduce goals, hopes, and
behaviours of each user group in detail. Scenarios are narratives of a successful
path using a software or are descriptions of activities performed by individuals in

specific roles in specific contexts. Essentially, the scenarios describe what users
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would like to achieve through the proposed new program in plain language,
making it easier for informaticians and designers to understand their expectations
and needs and to discuss designs.°! These scenarios can help create use cases

for designers.

Traditionally, the persona and scenario-based design processes, although
complimentary, are distinct from each other and have some disadvantages. For
example, the two design approaches are based primarily on researchers’ and
designers’ perceptions of end-user needs. This is because, in most applications
of persona and scenario-based design, the personas and scenarios are based on
user research (that is, on researchers’ interpretations of interviews, focus groups,
or ethnographic documentation). This has the potential to incorporate biases into
the personas and scenarios. In more recent approaches, for example as
described by Madsen et al., personas and scenarios have been combined into a
comprehensive persona-scenario that view the user as a particular person with
emotions, actions, and needs and focuses on their interaction with a system.
Through this new approach, there is more emphasis on using narrative theory to
create a good, coherent, and design-oriented story, and on the inclusion of
customer representatives and stakeholders in the persona-scenario creation

process.19?

Valaitis et al. describe a fairly novel approach to the use of persona-
scenarios that builds on the Madsen et al.’s description of the technique and
combines it with an analysis process to create a coherent “persona-scenario
methodology”. In this methodology, participants who are representative of end-
user groups are guided by facilitators to imagine a fictitious but authentic persona
based on their lived experiences (through questions such as “What is your
character’s name, age, and sex?” “What is your character’s experience with
intervention components?” etc.). Participants are then guided to use their
personas to create the potential intervention (the scenario) (for example, using

guestions such as “How does (character's name) learned about the
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software/tool?” or “What does (character's name) see in the tool?”, etc.). The
participants then share these stories with the rest of the group, who comment on
them. This adds an opportunity for member checking (a technique used by
researchers to help improve the accuracy, credibility, validity, and transferability
of the story). These stories and conversations are recorded, transcribed to text,
and coded for content, which are the raw “user requirements”. These user
requirements are then translated into specifications, which include actions (what
activities or processes need to happen for the requirement to be fulfilled) and
products (what product(s) and items are needed to support the requirement or
action). Requirements or specifications are reviewed for feasibility, viability, and
desirability, and those that meet these criteria are extracted to create a “to-do” list

for development of the program/intervention. 103
According to Valaitis et al. ,1° this methodology has a number of benefits:

1. In a program where there are many unknowns, this method helps
introduce the program components and identify potential interactions
between them.

2. Because it is user-centered (it involves end-users such as caregivers
and healthcare providers directly) and gives participants as much
latitude as possible in determining the final program requirements, this
methodology helps to reveal novel insights that the research and
design team might not have otherwise considered.%*

3. The methodology is useful for generating contextual information such
as strategies about how to best implement and distribute a program, a
factor that has been described as essential in the success of eHealth
applications.%

4. Unlike focus groups where participants take turns answering the same
guestions one-by-one based on their experiences and context,
scenarios allow for “multiple views of an interaction” and “diverse kinds

and amounts of detailing.”04
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5. The use of this persona-scenario methodology allows for early
engagement with key stakeholders, which can help foster support and

uptake of the pilot program.

Since its introduction, Valaitis et al.’s persona-scenario methodology has
been used in a number of programs and interventions in healthcare, including
several eHealth applications. These include the creation of online apps for heart
failure and self-care for peripheral arterial disease as well as an eHealth app
component of a community care intervention, and the expansion or redesign of
existing products such as the My Stroke Team app and McMaster Optimal Aging
Portal website.103.105-107 The persona-scenario methodology was chosen for this
project because of the methodology’s perceived benefits and because of the

similarity between the product we envision and these previous tools.

6. Methods
6.1. Sampling for Participants

To create a useful PtDA, it was important to first determine the user
groups that would be involved in surgical decision making. From a healthcare
practitioner perspective, for feminizing genitoplasty, the groups most commonly
involved in the decision-making process (ordered by depth of involvement)

include:

e Surgeons (pediatric urologists): perform the feminizing genitoplasty
and consult with families,

¢ Nurses and child life specialists working in urology: educate
families, prepare them for the surgery, and help post-operatively,
and

e Pediatric endocrinologists and nurses working in endocrinology:

refer highly virilized patients and their families to the
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urologist/surgeons for surgery and continue to see the patients for
follow-ups until they become adults.

Accordingly, healthcare practitioners representing each of these groups
were recruited through purposeful sampling; they were chosen to provide a
diverse range of roles and to ensure perspectives of practitioners involved in
surgical decision making and endocrinology. They were identified through
members of the research team and were recruited by Dr. Luis Braga through his
professional network who gauged interest in participation, with follow up
communication done by the author through email. Three healthcare practitioners
(in addition to Dr. Luis Braga) were recruited and all four of them participated in

this study.

From a patient and family perspective, the group most commonly involved
in decision making is the parents, who are often the surrogate decision makers
for their young children. However, recognizing that young patients are beginning
to play a greater role in surgical decision making, young adult patients who had
surgery in adolescence were also recruited. Parents of children with CAH and
adult patients were recruited through their relationship with Dr. Luis Braga, who

was the patients’ pediatric urologist.

With regards to sample size, generative qualitative research aims for data
saturation, which “occurs when all the main variations of [an experience] have
been identified” and further interviews yield little-to-no new information.1% There
is no clear expert consensus on the number of participant interviews needed to
reach data saturation. However, one factor that impacts this number is the
distribution of the experience being studied. Smaller, more homogenous
experiences need fewer interviews to reach saturation.'% For a relatively
homogenous experience such as decision making for surgical timing for CAH,
best practices in qualitative research for software design recommend at least 4

participants per “use case” and no more than 5 use cases per software, with
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additional participants providing less and less new information.1%°® A use case is a
list of actions that typically define the interactions between an actor and a system
to achieve a goal. Accordingly, the three use cases for our PtDA are defined by
three different actor groups: parents, adolescent patients, and healthcare

practitioners.

However, Valaitis et al. recently submitted an assessment of their
experience using the persona-scenario in the Health Tapestry primary care
intervention. They note that, “In [Health Tapestry]...most ideas (codes) were only
identified once or repeated a few times, indicating that the concept of saturation
may not be appropriate for the persona-scenario method” and that even if it were
appropriate, determining sample size using saturation in advance of a study is
difficult. Rather, they suggest that it is better to ask post-hoc “How rich (quality)
and thick (quantity) is the data?” If the data is not rich or thick enough, then more
participants should be recruited (Valaitis et al., 2017; manuscript submitted for
publication). Moreover, Valaitis has suggested that “the purpose of the persona-
scenario is not to gather enough data to reach saturation, but rather to
purposefully sample the population for diverse participants to gain diverse and
different perspectives about how a software/program would be used” (Private
communication from Dr. Ruta Valaitis; School of Nursing, McMaster University,
February 2018).

Regardless, in keeping with the minimum requirements described above, 6
parents, 2 patients and 4 health care providers were invited to participate in the
persona-scenario exercise. All three families whose children had or were
considering feminizing genitoplasty were approached for recruitment by Dr.
Braga and informed about the study through a phone call. However, the relative
rarity of adult post-surgery CAH patients at our centre limited the number that
could be invited to participate. Since there were only two patients who had had
surgery in adolescence, both were invited to participate. After initial interest in
the study was ascertained by Dr. Braga, families were called by the author to
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thoroughly explain their role and the information and consent form was emailed to
them. Of the three families that were called by Dr. Braga, one refused to

participate after being called again to confirm their interest.
6.2. Persona-Scenario Sessions

Based on Valaitis et al.’s description of the persona-scenario methodology,
a question guide was created to aid participants in thinking about a persona and
a scenario in which their persona interacted with the patient decision aid (see
Appendix B). The questions were adapted from Jacobsen and O’Connor’s
Decisional Needs Assessment in Populations: A workbook for assessing patients'
and practitioners' decision-making needs.*'° These questions have been used
frequently for the development of patient decision aids in a number of healthcare
contexts. Additionally, the workbook provides separate sets of questions for
patients and practitioners, recognizing important differences in these user-groups’
perspectives and experiences. Consequently, the prompting questions for
providers and practitioners in our question guide were slightly different. The
guestions cover a range of topics that are important considerations for the
creation of a patient decision aid. They range from asking about the context
around the surgical decision and the workflows in which the PtDA could be
provided, to factors contributing to decisional conflict and decisional support, to
the content users require in the PtDA.

During the persona-scenario session, participants were first asked to
complete the information and consent form (see Appendix C) and were paired
with other participants (i.e., as groups of mothers, fathers, and patients). The
theoretical rationale for paring participants who have similar characteristics
together is to allow them to draw on similar lived experiences when creating their
personas and scenarios. Previous literature has indicated that mothers and
fathers have different experiences when it comes to decision making for their

children and to outcomes such as posttraumatic stress.® Additionally, recognizing
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that parent participants constituted of multiple couples, we decided to break up
the couples so that the participants would focus less on any potential regrets they
might have about their own family’s experience and more on creating the
personas and scenarios. They were then given a brief introduction to patient
decision aids (10 mins) and an introduction to the persona-scenario method (10
mins). Following these introductions, pairs were guided by facilitators through the
guestion guide to create a persona and a scenario in which that persona
interacted with the PtDA (70 mins). Facilitators took detailed notes as they guided
the participants through the questions. At the end, each table elected one
representative to share the scenario (story) they had created with the room, to
allow for member checking and discussion with the other participants (20 mins).
Participants were then asked to complete the anonymous PPEET and
demographic survey. Healthcare practitioners underwent the persona-scenario
session individually and consequently did not do a “report back” to other
practitioners. The sessions were held at McMaster Children’s Hospital in
Hamilton, Ontario and lasted about two hours (which was sufficient to complete

the whole exercise and to allow participants time to interact with each other).

6.3. Public and Patient Engagement Evaluation Tool and Demographic

Survey

The persona-scenario method is a user-centered co-design methodology
that falls under the umbrella of public and patient engagement (PPE) — “an
inclusive term used to capture a wide range of efforts aimed at actively involving
citizens and patients in various domains and stages of health system decision
making.”' As PPE becomes more commonplace, there has been a call to
rigorously evaluate these activities. While a number of evaluation tools exist,'?
the Public and Patient Engagement Evaluation Tool (PPEET) developed by
Abelson et al. was used to evaluate the person-scenario method as used in this
context (see Appendix D).11110 Using the PPEET will allow for comparison with

past evaluations of the persona-scenario method (unpublished). The tool consists
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of fourteen statements that participants answer using a Likert scale (ranging from
strongly disagree to strongly agree) as well as four open-ended questions (How
do you think the results of your participation will be used?; What was the best
thing about this engagement activity?; Please identify at least one improvement

we could make for future engagement activities; and Additional Comments).

Additionally, to capture pertinent demographic information about the
participants, they were asked to complete a demographic survey (see Appendix
D).

6.4. Ethics

A detailed Research Ethics Board application was submitted to the
Hamilton Integrated Research Ethics Board (HIREB) with all the supporting
documents for ethics review and approval. The application received a Student
Committee Research Ethics Board level of review and was approved with one

stage of revision.
6.5. Analysis

Discussions at each table and the report back component of the session
were audio recorded to ensure that all details were captured and that participants’
perspectives were not misinterpreted during analysis. These audio recordings
were transcribed and anonymized by assigning random numbers to all
participants and session coordinators. All personal information was kept
confidential and was only known to the two session coordinators. The facilitator
notes of the discussion, supplemented by the audio recordings and the report
back story, were combined for each table to create one comprehensive “source”

for each of the different per