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REVIEW

Delivery of multidisciplinary care in the field of differences and disorders of sex 
development (DSD)
Angela K Lucas-Herald, Kathryn Scougall and S Faisal Ahmed

Developmental Endocrinology Research Group, University of Glasgow, Glasgow, UK

ABSTRACT
Introduction: Differences and disorders of sex development (DSD) are a diverse group of conditions, 
which often present in early childhood and may require input from a group of experts in a wide range 
of clinical fields. Clinical guidance in this field recommends that these experts function as 
a multidisciplinary team (MDT) within which each expert has a defined role, which ensures an 
integrated and streamlined approach to the care of affected individuals.
Areas covered: This review will focus on the benefits of multidisciplinary care for people with DSD, as 
well as the challenges that may be faced.
Expert opinion: Core members of the MDT for people with DSD include endocrinologists, surgeons, 
psychologists, geneticists, specialist nurses, radiologists, and gynecologists, although many other 
health-care professionals may also be pertinent, at different stages of the patient’s life. With greater 
acceptance of remote and digital health-care technology, there is a need to review the traditional 
concepts of the clinical MDT so that new care models can be explored for effective and efficient delivery 
of complex care.
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1. Introduction

Disorders of sex development (DSD) are a diverse group of 
congenital conditions in which genetic, chromosomal, gona-
dal, or anatomical sex is abnormal [1]. Atypical genitalia at 
birth are the commonest manifestation of DSD occurring in 
approximately 1 in 300 births [2]. However, genitalia that are 
sufficiently atypical to require investigations during early 
infancy are rare with a birth prevalence of about 1 in 1, 200 
in term infants and those infants that require specialist input 
are even rarer at about 1 in 3, 300 term births [3]. There are 
three main categories of DSD: 46,XX DSD, 46,XY DSD, and sex 
chromosome DSD. In early infancy, in over 80% of cases, the 
child will have a 46, XY karyotype and over 90% of these will 
be assigned a male sex [3]. In a small number of cases ranging 
between 1 in 4, 500 births and 1 in 11, 000 infants, the 
genitalia may be so atypical that a decision regarding sex 
assignment may need to be delayed [3]. There is a wide 
range of conditions that lead to XX DSD and XY DSD and its 
evaluation requires diagnostic input from a range of experts 
[4]. Finally, sex chromosomal DSDs are the result of atypical 
sex chromosome pairings, leading to aneuploidy or absent 
chromosomes due to non-disjunction during meiosis. 
Conditions such as Turner syndrome (45,X), Klinefelter syn-
drome (47,XXY), and gonadal dysgenesis (45,X/46,XY and 46, 
XX/46,XY) are within this group. DSD is often associated with 
additional abnormalities, including neurodevelopmental pro-
blems, cardiac conditions and skeletal dysplasia [5]. Parents of 
children affected with DSD also report the need for high levels 
of psychological support [6]. Due to the complex and diverse 

nature of DSD, multidisciplinary teams (MDTs) are therefore 
recommended to optimize patient care [4]. These teams con-
sist of experienced clinicians of various specialty backgrounds, 
giving the patient simultaneous access to medical, surgical, 
and psychological care, depending on their individual needs.

2. The history of multidisciplinary teams

An MDT is a collection of health-care professionals from 
a range of specialist backgrounds, working together to pro-
vide holistic, patient-centered care to an individual presenting 
with a complex condition. The history of MDT working in DSD 
conditions has been extensively reviewed elsewhere [7]. 
However, it has long been recognized that the management 
of DSD conditions requires the expertise of specialists in the 
field [8], and in particular experienced psychologists [9]. As 
early as the 1980s, clinicians sought a standardized MDT 
approach to DSD care [10]. Finally, an international consensus 
statement, informally known as the Chicago consensus, was 
published in 2006, which specifically advised the establish-
ment of MDT working in DSD [1].

Certain characteristics of the MDT have been suggested to 
increase efficiency of the MDT (Supplementary Table 1) [11–13]. 
Of note, although ‘multidisciplinary,’ ‘interdisciplinary,’ and 
‘transdisciplinary’ teams each involve members of different 
disciplines of health care working together, there are some 
key differences between these models. For example, definitions 
of multidisciplinary care do not require that the treatment 
providers are all located in the same facility. Members of the 
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MDT can also pursue treatments with separate goals that do 
not take into account the contributions of other disciplines [14]. 
In comparison, the term ‘interdisciplinary care’ is supposed to 
convey a more integrated concept of care, with care being 
provided at the same facility and with a common goal, for 
example each member working together to improve the ferti-
lity of the patient. A transdisciplinary approach is one in which 
the members of the team have become so knowledgeable 
about the roles and responsibilities of the other team members 
that they can also perform these interchangeably [15]. In prac-
tice, care is often delivered to a complex patient using 
a combination of all three of these models and the term MDT 
has often been used to cover all three approaches.

3. The role of individual members of a clinical DSD 
team

As per guidance from the British Society for Paediatric 
Endocrinology (BSPED) and the Society for Endocrinology, 
the DSD MDT should ideally include a pediatric endocrinolo-
gist, gynecologist and/or urologist, clinical geneticist, and psy-
chologist [4], as well as a specialist nurse, medical ethics 
advisor, and social worker where available [1]. The core mem-
bers of the team provide critical input into the initial diagnosis 
and management of the patient, but other team members 
may also be important in the care of a patient with DSD, as 
shown in Figure 1.

3.1. Neonatal care

Whether a DSD is prenatally suspected or not, the neonatolo-
gist will commonly be the first point of contact for the new-
born. A nationwide review of cases of atypical genitalia in 
Scotland demonstrated that 93% of families of children with 
atypical genitalia met a neonatologist or general pediatrician 
working on a baby care unit within the first 3 months of life 
compared to 74% meeting a pediatric endocrinologist and 
64% meeting a pediatric surgeon or urologist [3]. As such 
neonatologists are clearly critical in the initial management 
of the infant in regard to both the DSD and any concurrent 
health conditions and should be integrated within the DSD 
MDT. Communication is an important aspect of this role, as 
not only must they communicate the potential presence of 

Figure 1. Representative of the relative contributions of different professions to the management of a patient with DSD.

Article highlights 

● Given the heterogeneity of DSD conditions and the high likelihood of 
associated conditions, patients may require input from many differ-
ent healthcare specialists.

● Multidisciplinary care offers the opportunity for patients with DSD to 
see many specialists within a single coordinated service, reducing the 
need for multiple appointments.

● Effective MDTs require leadership, resources and excellent 
communication.

● Current research suggests MDT care is perceived highly by patients 
and their families.

● Adaptations to the current MDT models will be required to accom-
modate advances in information technology and increased emphasis 
on remote consultations.
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a complex condition to the neonate’s family in a sensitive, 
calm manner, they will also have to communicate with various 
pediatric subspecialties for guidance in first-line diagnosis and 
management paths. In this way, the neonatologist has a key 
role in establishing the initial MDT for a child with DSD.

3.2. Pediatric endocrinology

In 75% of cases, the pediatric endocrinologist is the lead 
clinician and overall care coordinator within the DSD MDT 
[16]. This is in line with guidance issued by the Society for 
Endocrinology [4]. The endocrinologist will be involved in the 
initial stages of diagnosis and management of the neonate 
suspected of having a DSD, supervising the first-line investiga-
tions. Hormone levels are analyzed using blood and urine 
samples, with results rapidly available for interpretation. 
Levels of testosterone, 17-hydroxprogesterone (17OHP), corti-
sol, and anti-Müllerian hormone (AMH) are among the most 
commonly investigated [16]. Through comprehensive endo-
crine testing, potentially life-threatening disorders such as 
CAH, for example, can be identified and treatment rapidly 
administered. Input from the endocrinologist is also vital in 
later management of DSD where hormonal replacement ther-
apy and hormonal monitoring are required.

3.3. Clinical genetics

Within the MDT, the clinical geneticist is responsible for over-
seeing and interpreting genetic analyses. Genetic analysis can 
be conducted on a single gene or a wide panel of genes 
through high throughput sequencing [17]. From preliminary 
DSD classification to establishing a final diagnosis, genetic 
testing and interpretation dictates subsequent management 
throughout the patient’s life. Not only is this significant from 
a clinical perspective, but having a definitive diagnosis often 
offers useful information regarding the future for both the 
patient and their family. Although techniques such as next- 
generation sequencing (NGS) have previously been limited by 
high costs and long turnover times, resulting in them typically 
being used as second-line diagnostic tools, recent studies 
have indicated that NGS could be an efficient, cost-effective 
option for first-line testing [18]. However, large-scale studies 
and further technical developments are required to confirm 
this. The clinical geneticist also plays an important role in 
terms of the provision of prenatal counseling. A study of the 
outcome of prenatally detected sex chromosome abnormal-
ities in Scotland demonstrated that where formal genetic 
counseling was received from a clinical geneticist, rates of 
termination of pregnancy reduced from 43% to 2% [19].

3.4. Pediatric urology

Along with the pediatric endocrinologist, the urologist will be 
involved in the primary physical examination of the external 
anatomy, and review of diagnostic imaging regarding the 
internal genitalia. The urologist may also perform surgical 
diagnostic techniques such as laparoscopies, gonadal biopsies, 
cystoscopies, and vaginoscopies [20]. Following these 

diagnostic tests, the urologist must discuss the findings with 
the MDT and the parents, presenting the pros and cons of 
various surgical management options if applicable. Individuals 
with DSD may need multiple surgical interventions, with indi-
viduals with comorbidities and genetic diagnoses being most 
likely to encounter complications of surgery [21]. Working 
within an MDT, the urologist can seek appropriate advice 
and support from the endocrinologist, the geneticist, and the 
psychologist so that complications can be anticipated and 
addressed holistically. A recent international study into prac-
tice of gonadectomy highlighted that some individuals with 
DSD may be having gonadectomy performed prior to referral 
to a specialist center [22], and this should also be prevented, 
with prior discussion in the MDT, as well as by training being 
provided by the MDT to other professionals to increase aware-
ness of this issue. In addition, approximately 10% of adults 
who had childhood hypospadias repair report difficulties with 
erection and ejaculation [4], and as such, the urologist should 
be involved in the MDT care of the boy with DSD into 
adulthood.

3.5. Specialist nursing care

Within the MDT, the pediatric specialist nurse is responsible 
for liaising with all other members of the MDT and passing this 
information onto the patients’ parents, providing support 
throughout the diagnostic and management process. The 
nurse may also be responsible for organizing the various 
diagnostic investigations selected for by the specialist doctors. 
Due to this role, they may often be the keyworker in the team, 
having the most contact with the patient and their family. Not 
only does this limit the confusion of having information com-
ing from multiple sources, it means the family will form 
a relationship with the nurse, which will provide comfort at 
a potentially distressing and uncertain period of their child’s 
life. However, despite this, a pediatric specialist nurse is the 
most commonly missing member of an MDT, with 29% of 
international clinics reporting that they did not have access 
to one [16]. The majority of these clinics also reported that 
they would want a nurse present, indicating that the standard 
of care could be improved by increasing accessibility to spe-
cialist nurses.

3.6. Psychosocial support

Immediate psychological care should be available to the 
patient and patient’s family if a DSD is suspected [4]. 
Initially, this support is for the infant’s parents, helping 
them address the emotional distress and confusion that 
often arises with the diagnosis of a DSD. Promoting parental 
adaptation will play a significant role in establishing 
a healthy parent–child bond with studies indicating that 
early psychological management relates to improved paren-
tal behavior and mental health in chronic childhood condi-
tions [23]. DSD conditions are believed to represent 
significant risk factors for parental emotional distress and 
subsequent maladaptive psychosocial and psychosexual 
development of the child [24]. As the child grows, the ability 
to talk openly about aspects such as gender identity, 
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sexuality, and relationships is essential for healthy psychoso-
cial development, and the team psychologist can be helpful 
in helping the child to formulate their own emotions and 
opinions on medical procedures they may undergo in order 
to uphold their sense of autonomy. That said, a recent study 
examining the role of clinical psychology in DSD found that 
psychologists were considered to be more important after 
medical intervention, suggesting that MDT teams need to 
rethink the balance of care in patients with DSD to ensure 
that the team is truly multi-professional at all stages [25]. 
Currently, however, one study of international practice in 
DSD care demonstrated that only 11% of adults were offered 
psychological support [26], despite the fact that it is known 
that individuals with, for example, partial androgen insensi-
tivity syndrome continue to require psychological follow-up 
into adulthood [27].

3.7. Gynecology and assisted reproduction

Gynecologists are specialists in genital and reproductive anat-
omy, hormonal function, fertility, sexuality, and obstetrics [28]. 
Following diagnosis and early management, the gynecologist 
will initiate conversations regarding long-term treatment 
options with the parents of female patients. This can include 
surgical interventions, hormonal therapy, and vaginal dilator 
training. They will then take the lead in implementing these 
management options at suitable times in the patient’s life. Not 
only are they important in the physical management of the 
patient, the gynecologist will also be responsible for discuss-
ing sexual and reproductive aspects surrounding DSD, such as 
future fertility, with the child as they grow up. In some cases, 
the condition may not present until puberty. In these inci-
dences, the gynecologist may be the first clinician to examine 
the patient and begin the diagnostic process.

3.8. Adult endocrinology

DSD conditions are lifelong, and inclusion of an adult endo-
crinologist in the MDT ensures smooth transition to adult 
services at the time of leaving pediatric care. Congenital adre-
nal hyperplasia, for example, requires prescription and mon-
itoring of glucocorticoid therapy and other DSD conditions 
may require sex hormone replacement therapy into adulthood 
[29]. Inclusion of the adult endocrinologist will also facilitate 
longer-term prospective outcome data to be collected on 
young people with DSD, to allow for improved clinical care 
throughout the lifespan. Liaison with specialists in the field of 
assisted conception will also be required for any adults with 
DSD conditions, which are likely to impair fertility, and the 
patient may not wish to engage in this process until into 
adulthood.

3.9. DSD diagnostics

The DSD Diagnostic Team will include pediatric radiologists, 
pathologists, and biochemists working with the common goal 
of identifying an underlying diagnosis for the affected child.

The pediatric radiologist is responsible for conducting and 
analyzing various diagnostic imaging techniques, which can 
be performed both pre- and postnatally. On rare occasions, 
a DSD may initially be suspected through antenatal ultrasound 
scan (US), indicating abnormal sex development, for example, 
the presence of a micropenis in males or clitoromegaly in 
females. US is also the most common form of postnatal ima-
ging [30] during first-line diagnosis. With recent advances in 
US imaging, this method alone commonly provides the radi-
ologist with sufficient information to confirm a DSD. However, 
other techniques such as magnetic resonance imaging (MRI) 
can also be conducted where results are deemed unclear. 
A standardized systematic approach to imaging, customized 
to the patient, of the genital folds, inguinal areas, adrenals, 
and remaining abdominal cavity [30], has the potential to 
improve the accuracy of results obtained thus leading to 
a faster diagnosis and less distress to the neonate and parents. 
The results interpreted by the radiologists will influence sub-
sequent sex assignment and will be critical for the ongoing 
management of the neonate, thus highlighting the impor-
tance of the role. Experienced pathologists are important for 
reviewing histopathology and immunohistochemistry to iden-
tify the types of gonadal tissue present on biopsy. Some DSD 
conditions are at increased risk of malignant gonadal germ cell 
tumors and image review and appropriate staining of tissues 
with tumor markers may be required by pathologists with 
expertise in this field [31]. Where these expertise are not 
available locally, the MDT could include specialists from 
other centers, improving clinical care as well as team educa-
tion. Finally, much of the initial management of children with 
DSD is led by analysis of steroid hormones in the blood and 
urine. As such, having an experienced biochemist on the MDT 
will ensure that appropriate tests are ordered and interpreted 
accurately. Increasingly, biochemistry is being used in tandem 
with molecular genetics to confirm underlying DSD diagnoses 
and a standardized approach in international centers specia-
lizing in DSD care will allow for consistency of diagnostic 
pathways, reducing any differences in care provided depend-
ing on where the affected patient is born [32].

3.10. Service coordination and data management

MDT clinics can result in significant workload, with one study 
demonstrating 11 hours per week of clinical trainee time and 
13 hours per week of consultant-level medic time for prepara-
tion of the MDT and a further 11 hours per week of MDT 
delivery time in one tertiary oncology center [33]. As such, 
without highly structured management and communication, 
the effectiveness and quality of care delivered by the team will 
be compromised, leading to poorer patient outcomes. An 
MDT Service Coordinator could therefore ease this burden 
with time dedicated to clinic organization and preparation. 
As previously discussed, there remains a paucity of long-term 
outcome data on individuals with DSD. Standardized core 
outcome data could therefore also be collected and regularly 
reviewed by the MDT data manager.
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3.11. Social worker

DSD conditions can be associated with feelings of shame and 
stigmatization, poor self-esteem, and body dissatisfaction in 
adulthood [34]. Studies have demonstrated that parents of 
young children with DSD report clinically significant levels of 
stress and difficulties with coping, irrespective of the appear-
ance of the external genitalia [35]. In infants with truly atypical 
genitalia, where it is difficult to assess the sex of the baby, this 
can result in challenges between balancing the medical needs of 
the child, the likelihood of future fertility and the cultural and 
societal expectations of the family. Decisions about the need for 
genital surgery, for example, can often be particularly challen-
ging [36]. As such, social workers within the DSD can provide an 
opportunity for early discussions regarding how best to support 
the families with these difficult discussions and decisions.

3.12. Ethicist

On occasion, there may be conflict within the MDT regarding 
respecting the affected young person’s right to choose about 
gonadectomy compared with the need to undertake the pro-
cedure to reduce the risk of harm and germ cell tumor. 
Clinicians have a duty of care to act in the best interests of 
their patients, but objective standards of ‘best interests’ may 
be difficult to determine on a case-by-case basis and a medical 
ethicist may therefore be particularly useful for conflict resolu-
tion in these cases [7].

3.13. Patient support group

Patient advocacy groups represent an excellent source of peer 
support and experience, which can be invaluable for families. 
In particular, the provision of individualized peer support 
should be offered as routine after the initial diagnosis is 
made [37]. Such support may include suggestions of topics 
to discuss at clinic consultations to empower the patient to 
discuss issues of concern to them freely. Alternatively, it may 
include acknowledgment that other families have been in the 
same situation previously, and discussion regarding strategies 
to overcome difficulties [38].

3.14. Additional team members

The above list of potential members of the DSD specific 
MDT is not exhaustive. Indeed, in some health-care sys-
tems, other specialists should be involved. For example, in 
some countries, patients may be referred to an internist or 
an andrologist, or local primary care physicians may play 
a more significant role in coordinating care of the patient 
[39]. In some settings, religious and cultural beliefs may 
influence decision-making in cases of DSD, and considera-
tion of inclusion of a cultural or religious advisor may 
therefore also be pertinent [40].

4. Communication

4.1. Communication within the MDT

Communication is a critical aspect of MDTs and will directly 
affect patient outcomes. Clear, open communication must 
exist between team members, the patient, and the patient’s 
family. The communication within the team will generally take 
place during scheduled meetings in which the treatment and 
management of the patient, such as which diagnostic investi-
gations should be performed, are discussed. It should be 
noted that all team members may not be present in person 
if the MDT has been formed through an online network. Time 
zone differences, different primary languages, and technical 
issues also have the potential to negatively impact meeting 
quality in these cases. All of the MDT discussions, and in 
particular, which members of the MDT were present during 
the discussions should be formally documented.

4.2. Communication with the patient and family

Once results have been obtained and discussed and prelimin-
ary plans have been decided, the information must be passed 
on to the patient or patients’ parents, depending on the 
patient’s age. This should all be communicated by the lead 
clinician in the team, typically the endocrinologist, who should 
present the patient with the relevant information. By filtering 
the information through one team member, confusing and 
overwhelming the patient is avoided. Additionally, having 
multiple individual consultations with each clinician can be 
avoided, saving on the time of the patient, their caregivers 
and the MDT team members. While it is recognized that in 
person face-to-face communication provides several advan-
tages, the use of remote consultation should not be dis-
counted given that there is increasing acceptance and 
familiarity of this modality. However, this should be performed 
with care and through clinically approved communication 
systems such as ‘Attend Anywhere’ [41].

As DSD conditions are, in general, poorly understood by 
the public, it is important that the lead clinician delivers 
information in a clear manner, answering any questions that 
may arise. This is of particular importance when communicat-
ing with the patient as they grow up. Age-appropriate lan-
guage must be used, with details of their condition discussed 
at the correct time. For example, having a conversation about 
sexual function and relationships with the child would not be 
appropriate with a toddler and may lead to distress. In addi-
tion, patients and health-care professionals will have different 
priorities in terms of topics for discussion at clinic, at different 
stages in the life course [42].

Communication between the MDT and patient/family 
through the lead clinician also ensures that each member of 
the team is fully aware of the patient’s status and can continue 
working with the MDT to plan the next stages of treatment. Of 
course, certain circumstances will call for direct communica-
tion via other members of the team. When discussing aspects 
such as complicated genital surgery for example, the urologist 
should also be present and may take the lead.
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Lastly, in order for the team to continue to work together in 
an efficient and effective manner, it is important that all results 
and decisions made are documented. This prevents miscom-
munication and confusion within the team and will also per-
mit a smooth transition from a pediatric to adult healthcare 
system when the time comes.

5. Benefits and challenges of MDT

The benefits of MDTs have been highlighted in multiple studies. 
Within DSD, MDTs have resulted in better clinical- and patient- 
reported outcomes [43]. Through the teams, there is an 
increased capacity to treat conditions in a more systematic 
manner, factoring in the physical and psychological health of 
the patient [44]. It may be viewed as a more holistic approach to 
the patient rather than a system-specific approach. MDTs allow 
information to be shared more quickly and easily about novel 
therapies, with improved communication between specialists. 
Clinicians can focus on their own specialties and not have to 
manage issues that are outside of their competence, resulting 
in increased professional satisfaction. The MDT meetings that 
are held can provide a continuous learning environment that 
improves the overall competence of the team and also helps 
with training as sharing of experience is especially helpful for 
difficult cases whereby team members can learn from the 
experience of others. These aspects become even more power-
ful when the MDT can lean on the experience and knowledge of 
a wider group beyond the geographical constraints of a single 
center. This shared experience also leads to the concept of 
shared responsibility, knowledge, and skills for the care of 
patients, which can give reassurance to the clinician as well as 
the patient. The MDT may also facilitate research and innova-
tion more effectively than disparate groups within a center.

That said, challenges with MDTs do exist. First, constructing 
a full MDT can be difficult and is dependent on the financial 
resources and geographical location of the clinic. Clinics in 
resource-restricted settings may not have the resources avail-
able to recruit the various specialists required for 
a comprehensive team. Geographic location of the clinic may 
also be a limiting factor due to reduced accessibility to 
resources. However, the increased acceptability of remote 
consultation among patients as well as health-care profes-
sionals should overcome this hurdle of geography. The recent 
development and growth of online international collaborative 
networks, such as the International Disorders of Sex 
Development (I-DSD) Registry, may provide a solution for 
these specific limitations [45]. Such networks allow health- 
care professionals from across the world to connect and 
form an MDT remotely. However, the advanced level of com-
munication and management required to ensure the team is 
functioning at its optimal capacity can be another potential 
limitation. A study investigating methods to improve the 
effectiveness of multidisciplinary cancer teams stated that 
the increased work pressure many MDTs faced reduced the 
time available for discussing and planning patient care [12]. It 
has been suggested that ‘streamlining’ discussions, described 
as focusing on the more complex cases and introducing smal-
ler pre-MDT meetings to tackle the simpler ones, would 
enhance team efficiency [4]. Sometimes changing one 

clinician’s ownership of the decision to a process of collective 
decision-making that relies on the opinion of multiple clini-
cians can prove to be challenging and, again, will need to rely 
on regular communication and feedback. A recent systematic 
review sought to ascertain whether MDTs represented cost- 
effective health care was unable to reach any conclusions due 
to a paucity of data, as none reported whether the potential 
savings of MDT working were offset by the time and costs 
spent administering, preparing for and attending the meet-
ings [46]. Advances in video conferencing have however been 
shown to be more cost-effective than traditional face-to-face 
MDT meetings, with an estimated cost saving of almost 50% 
over 2 years [47]. As such, it may be that future MDT meetings 
will aim to have an increasingly virtual or a mix of virtual and 
face-to-face focus.

A number of different tools to assess the efficacy of MDTs 
exist including the MDT Quality Improvement Bundle [48], the 
Team Evaluation and Assessment Measure [49] and the MDT- 
Meeting Observational Tool [50]. Peer observers have also 
been introduced to identify ways to improve the efficiency 
of MDT meetings [51]. To date, most studies utilizing these 
tools have focussed on the MDT for cancer care, with no 
studies investigating their role in DSD. However, to sustain 
MDTs over the longer term, there is a need to explore how the 
effectiveness of these teams can be regularly assessed 
objectively.

6. Initiatives that have promoted MDT care in DSD

Despite a recent drive for more standardized pathways of care 
in the field of DSD, a survey using data from 124 clinics from 
38 countries found that only 40% of clinics had complete 
MDTs including specialists in endocrinology, surgery or urol-
ogy, clinical psychology, and nursing [16]. Although the inclu-
sion of team members can vary depending on geographical 
location and resources of the clinic, as well as the type of 
disorder present, this indicates that further efforts are required 
to enable optimal DSD care on an international level. 
A suggested minimum core group should include representa-
tives from Endocrinology, Urology, Clinical Psychology, 
Nursing, Genetics and Biochemistry.

It is recognized that children with DSDs may be born in 
centers that do not have significant experience in the care of 
these conditions, and referral to the regional specialist center 
will be required [52]. Advances in video technology are likely to 
make this easier, assuming access to the internet is available. Of 
note, a recent study of patient-reported outcomes from adoles-
cents and adults with DSD conditions in Europe identified that 
patients reported higher rates of satisfaction where the center 
provided care that was perceived to be more multidisciplinary 
[53]. As such, the aim for a patient-centered approach to DSD 
worldwide should include the inclusion of MDT models.

6.1. The Glasgow DSD Service

A standardized pathway for care for children with DSD in the 
West of Scotland is demonstrated in Figure 2. Children with 
complex DSD conditions have access to the ‘Early 
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Management Team,’ comprising Endocrinology, Urology, 
Clinical Psychology, Biochemistry, Clinical Genetics and 
Neonatology. They will then be followed up in the monthly 
DSD endocrine clinic where patients are seen jointly by 
Pediatric Endocrinology, Clinical Genetics, and Clinical 
Psychology. ‘Outreach’ clinics are also held regularly, where 
the clinical lead in DSD can attend clinics in person or remotely 
in other areas of the country. Prior to the monthly DSD endo-
crine, a monthly DSD Diagnostic Group Meeting is held on the 
same day and this reviews data on cases where the underlying 
diagnosis is unclear. This meeting is open to other hospitals in 
Scotland too through the secure NHS intranet, which extends 
across the whole of Scotland and can therefore serve the needs 
of the Scottish DSD Network. The DSD Diagnostic Group 
includes pediatric endocrinologists, clinical and steroid bioche-
mists, and clinical and molecular geneticists. Cases are discussed 
and consensus is reached regarding any additional investiga-
tions required to confirm the cause of the DSD condition. The 
pathological significance of any biochemical or genetic findings 
is also discussed. This framework provides a structured approach 
to second- and third-line investigations for people with DSD 
conditions, with 364 individuals being discussed at this meeting 
since its inception in 2013. Children and young people with 
particularly complex DSD conditions may also be referred to 
the Joint DSD clinic, which is held 4 times a year and attended 
by a wider group of MDT professionals. This clinic was created in 
2001 and an audit of the service from 2010 to 2021 demon-
strated that 177 patients had been seen at this specialist MDT, 
with a median (range) of 1 (1, 7) attendances per person. The 
median (range) age at time of presentation at the SDSD clinic 
was 3.5 years (2 weeks, 52.5 years) years and the most common 
conditions referred to this clinic were nonspecific XY DSD 
(n = 86, 49%), disorders of gonadal development (n = 21, 12%) 

and congenital adrenal hyperplasia (n = 20, 11%). Summaries of 
the patients are discussed at the start of the clinic with all of the 
members of the MDT. Thereafter, patients and their families are 
seen in a separate room with only the key health-care profes-
sionals who are pertinent to their care at that time. The con-
sultation in this room is however video linked, with consent 
from the patients to the first room so that all members of the 
MDT can stay involved, without intimidating the patient with 
the number of people involved in their care. The median (range) 
number of health-care professionals seen by the patient is 2 
(1, 6), with the MDT members most commonly being seen face- 
to-face by the patient being pediatric endocrinology (n = 162, 
92%), urology (n = 121, 68%) and psychology (n = 70, 40%). 
Other health-care professionals who have attended these clinics, 
however, have included pathologists, patient support group 
advocates and assisted conception specialists. More recently, 
these clinics are delivered in a hybrid format, with most of the 
team joining virtually, and only key members being present 
face-to-face. This model of MDT care has since been used suc-
cessfully for other pediatric conditions in Glasgow. Through the 
Scottish DSD network, it was possible to organize prospective 
data collection on all infants born with atypical genitalia in 
Scotland from 2013 to 2019. This study noted that 57% of 
affected infants had specialist MDT input within the first 
3 months of life [3].

6.2. International DSD Networks

DSD is an area where a number of successful international 
collaborations have been implemented including multicenter 
registry-based networks (I-DSD and the DSD-TRN), educational 
initiatives (DSDNet) and clinical outcomes research (DSD-Life) 

Figure 2. Structure of DSD care pathways within the West of Scotland. Abbreviations: clin, clinical; DSD, disorder/difference of sex development.
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[54]. In addition to research, these activities are also now 
focusing on benchmarking of services [29]. Audit of clinical 
activity, including patient-reported experience measures, par-
ticipating in disease registries, building collaborative working 
partnerships, and attendance at joint clinics and education 
events are crucial if knowledge and information sharing is to 
be optimized across clinical teams. A clear example of an 
activity which has the potential to lead to an improvement 
in care quality is the model of the European Reference 
Networks (ERN) that have been funded by the EC for improv-
ing the care of people with rare conditions [55]. Given that 
many specialist centers caring for patients with DSD do have 
not access to most of the members of the MDT [16] and clear 
pathways and recommendations for MDT DSD care exist [4], it 
is interesting to note that nearly 40% of children with atypical 
genitalia are not seen by the MDT in the first 3 months of life 
[3]. As such, these pathways need to be regularly revised and 
reviewed to ensure a high quality of MDT care is available to 
all children with DSD and their families. These international 
networks have the potential to ease the access to expert input 
but implementing this in practice may be more challenging. 
One key goal of expert networks should be to provide infor-
mation and training on the establishment of MDT working 
within the field of DSD. A study evaluating different 
approaches to the care of children with congenital adrenal 
hyperplasia and gonadal dysgenesis demonstrated that inter-
national clinical fellows had varying opinions on the role of 
the MDT [56]. E-learning modules may therefore be useful in 
multiple languages to educate all professionals on the benefits 
and challenges of MDT working, with particular emphasis on 
the establishment of such teams in low-middle income (LMIC) 
countries, where specialists with experience in DSD care may 
not be easily accessible [57].

7. Remote MDT consultations

Structures for providing clinical care are in constant flux cur-
rently. As such it is likely that all MDT clinics will need to utilize 
advances in technology and consider the use of remote con-
sultations and platforms. Certain factors including the compo-
sition of the team, the infrastructure of the meetings and the 
governance of the team will influence the success of remote 
MDT working and should be optimized. Hybrid clinics offering 
virtual discussions followed by face-to-face consultations with 
the patient may represent the optimal conditions for MDT care 
in DSD, but further research is required to determine the cost- 
efficiency of these clinics, and whether they improve out-
comes. When online patient interactions are recorded, care 
must be taken to ensure secure storage of the recordings 
and safe disposal of the footage thereafter, to maintain the 
highest standards of patient confidentiality [58].

To date, however, video-conferencing of MDT clinics has 
been reported as being more efficient than in-person meet-
ings with high levels of clinician-reported satisfaction with 
virtual models of MDT care [59]. For virtual models to be 
successful, there is a reliance on provision of clinical informa-
tion, which can be reviewed by the team prior to the meeting, 
as well as on decent technology being available and it is 
generally not considered acceptable that a first new patient 

consultation is done virtually [60,61]. The cost effectiveness of 
telemedicine MDT consultations, however, remains to be seen, 
with a randomized controlled trial of telemedicine for breast 
cancer care suggesting that a threshold of 40 meetings 
per year is required for telemedicine to be more cost- 
effective than face-to-face meetings [62]. In an attempt to 
reduce health-care inequalities for patients with rare diseases 
in Europe, a Clinical Patient Management System (CPMS) has 
been developed by the European Union to provide expert 
specialized care remotely [63]. This may be of particular advan-
tage to patients who may otherwise have to travel long dis-
tances to reach their regional specialist DSD center. However, 
this facility is currently only available to health-care profes-
sionals within discipline-specific clinical networks and while 
they provide input to fellow colleagues, the platform needs 
further exploration for delivering true MDT care to the patient. 
Extension of these networks to include LMIC countries should 
also be facilitated [64]. In some LMIC countries, for example, 
children may be more likely to be raised with atypical genitalia 
and secondary sexual characteristics into adolescence, repre-
senting unique management challenges, which are likely to 
benefit from experienced MDT discussions [65].

8. Conclusions

The MDT is an essential requirement for the care of people 
with DSD conditions. It allows for a streamlined approach to 
the often complex psychological and medical needs of this 
population and reduces the need for multiple additional 
health-care appointments, improving the time and cost- 
efficiency of the clinic. Different models of MDT care exist 
and may include face-to-face or virtual components. Further 
research is required to determine whether MDT models are 
cost effective, but given they are perceived highly by both 
MDT members and patients, it is likely that they will continue 
to play an important role in DSD management.

9. Expert opinion

Given the heterogeneity of DSD conditions, high rates of 
associated comorbidities and psychological distress and the 
need for complex medical and surgical management, affected 
children and young people are required to see a number of 
different health-care professionals. Depending on the geogra-
phical location of the patient, this may result in a significant 
time and travel burden. These conditions are also relatively 
rare, but require the proficiency of health-care professionals, 
who have experience in the field. Multidisciplinary team work-
ing, therefore, represents the optimal way to ensure a high 
standard of care for individuals with these conditions and 
should be considered the gold standard for children and 
young people with DSD. The formulation of the MDT may 
vary according to the age and stage of the patient in question, 
but the general makeup will include pediatric endocrinology, 
urology, clinical psychology, genetics, specialist nursing, radi-
ology, and gynecology. Additional team members may be 
required. MDT clinics will be responsible not only for the 
management of patients but also for the training of other 
health-care professionals who may encounter patients with 
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DSD in their working practice. Regular review of MDT path-
ways and procedures is required to improve the quality of care 
offered by the teams and international efforts via reference 
networks and registries should be made to ensure that this 
quality of care is globally standardized. Increasingly, virtual 
MDT meetings may be utilized to improve the efficiency and 
cost-effectiveness of the MDT model. Given that the gold 
standard of DSD management is for care to take place in 
a specialist center with significant expertise in the field, 
advances in telemedicine would also allow for attendance at 
specialist MDT clinics, without patients having to travel large 
distances each time.
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