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Abstract

The care of patients with vascular anomalies is quickly becoming a complex field requiring high quality,
coordinated multidisciplinary care. In this article, we review the history of multidisciplinary care in this
field, discuss the benefits of this model of care, and outline some of the essential components and structure
of a successful vascular anomalies team. We provide an overview of two example programs and a roadmap
for other centers to develop their own multidisciplinary vascular anomalies teams.

Main Text

Historical Perspective

The role of physicians in the care of children with vascular birthmarks and malformations can be traced back
for centuries.1The first formalized collaboration of physicians caring for patients with vascular anomalies was
in 1976, organized by Anthony Young from London and John Mulliken from Boston. This group convened a
scientific society for the study of vascular malformations and hemangiomas, and founded the International
Society of the Study of Vascular Anomalies (ISSVA) in 1992. ISSVA continues to meet every 2 years,
bringing together experts from different specialties across the world dedicated to the care of patients with
vascular anomalies. The first vascular malformation and hemangioma clinics developed within the practices
of surgeons, dermatologists, and other proceduralists who were the primary recipients of referrals for these
patients. The first robust, multidisciplinary vascular anomalies program was developed at Boston Children’s
Hospital based on the work of Drs. John Mulliken, Anthony Young, Julie Glowacki, and Judah Folkman.
With the development of the first classification system for vascular anomalies in 1982,2 the complexity
and unique management requirements of these tumors became clearer. Centers began to move towards
an interdisciplinary approach, reflected both in the development of new clinical programs, as well as the
inclusion of more specialists within ISSVA and other professional groups.
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. One of the first major vascular anomalies program to develop within a hematology-oncology division was
the Hemangioma and Vascular Malformations Center established at Cincinnati Children’s Hospital in 2001.
The organization of this program has been instrumental in guiding development of similar programs around
the nation, primarily through establishing clear roles for clinical, leadership, support and research teams.
The establishment of this program brought the role of the pediatric hematologist-oncologist in the care of
vascular anomalies to the national stage. Hematologists-oncologists are well poised to take on this central
role within vascular anomalies programs, bringing to the team their knowledge of chemotherapeutic agents,
experience managing coagulopathy, expertise in caring for patients with complex medical and surgical needs,
and robust clinical research capabilities.

Benefits of Multidisciplinary Care in Vascular Anomalies

The key goals of multidisciplinary care in vascular anomalies are to improve the care of patients and to
advance the science of the field. Additional benefits include better access to specialized care, enhanced edu-
cation and experience for providers, and improved revenue streams for medical centers. Vascular anomalies
clinics have a particularly strong interest in providing multidisciplinary care to their patients–whose con-
ditions tend to be uncommon and likely to benefit from the expertise of multiple subspecialists–but much
of the rationale for multidisciplinary care follows from experience and research across healthcare systems.
Over the last several decades multidisciplinary care has become increasingly common as a way to harness
expertise from multiple subspecialists and provide more streamlined and patient-centered care.3,4 The key
principles underlying development of a successful multidisciplinary team are shared goals, mutual trust,
effective communication, and measurable processes and outcomes.5,6 Important considerations include de-
veloping a business plan, obtaining hospital support, creating a clear schedule and logistics plan, outlining
key role/job descriptions, and developing methods for data collection and outcome tracking.3 These processes
will vary from center to center depending on the resources available, but the key features should be con-
sistent. Multidisciplinary team improvement and checklist tools are available, much adapted from oncology
care, to organize and evaluate such collaborations.7

Origins of Multidisciplinary Care

The concept of multidisciplinary care for complex or rare diseases is not new, nor specific to the field of
vascular anomalies. The origin of interdisciplinary healthcare teams is generally traced back to military
models of healthcare developed during World War II.8Successful implementation of multidisciplinary teams
during wartime led to subsequent multidisciplinary team development in the fields of surgery, rehabilitation,
burn injury, and mental health care. Development of more modern interdisciplinary healthcare teams in the
US came out of various social movements and helped establish multidisciplinary care as beneficial for both
patients and health professionals.8–11 A major impetus to the development of modern multidisciplinary teams
came from the development of new healthcare delivery models such as healthcare maintenance organizations
(HMOs) in the 1990s, encouraged also by increased fiscal pressures on hospital systems.8 In more recent years,
there has been increased support for development of multidisciplinary care teams, based on recommendations
from the Institute of Medicine and legislation from the Patient Protection and Affordable Care Act of 2010.5

Current Models of Multidisciplinary Care

Two primary models of the modern multidisciplinary clinic (MDC) exist, the virtual or sequential model and
the concurrent model.12 Depending on existing clinic structures and resources, there are different benefits to
each. The virtual or sequential model (Figure

1) includes a multidisciplinary team discussion about a patient’s case, but patient visits occur separately.
The coordinator for the team gathers medical information (frequently with clinical back-up from a nurse or
physician) and then schedules patients to see the appropriate providers following the group discussion. In
this model, patients are scheduled to see physicians with varying expertise sequentially, with each physician
rendering his or her opinion as part of a final treatment plan. Physicians do not see the patient together,
but rather communicate with each other between visits and then discuss a comprehensive treatment plan at
a follow-up multidisciplinary conference. Benefits to this approach include taking advantage of physician’s

3
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. existing clinic space and schedules. However, this model can be cumbersome to patients and can lead to
disjointed communication.

The concurrent model of multidisciplinary care (Figure 2) treats the clinic as a separate entity from each
physician’s primary clinics. Patients see multiple providers within a single day, either together in one room,
or sequentially but within the same clinic space and time. The coordinator remains key for gathering the nec-
essary medical information prior to clinic and ensuring appropriate scheduling. In the concurrent model, the
team generally reviews patient history, radiologic scans, clinical photos, and pathology at a conference prior
to or during the clinic day. Following the in-person visit(s), a treatment plan is developed and then commu-
nicated back to the patient and referring physician. Benefits to this model include improved communication
and coordination of care, particularly for complex patients with multiple needs. Patients benefit from the
ability to see all necessary providers on the same day and often are able to see other supportive providers
(e.g. PT/OT, social work, and case managers) who are familiar with vascular anomalies. When providers
with different knowledge bases and experiences work together simultaneously, there is also invaluable inter-
professional learning and experience sharing. This model is frequently employed in other clinical settings
requiring interdisciplinary care, such as hemophilia, bone marrow failure, and neuro-oncology clinics.13 Al-
though an integrated team approach can be achieved with separate office visits and frequent communication,
management is more efficient and effective with an integrated approach.14,15 Patients frequently report im-
proved satisfaction and outcomes with the integrated approach, siting the benefit of direct communication
with group formation of treatment decisions at a single point in time.16–18 This integrated practice model
produces sharing of knowledge and clinical expertise between the different subspecialties, creates a support
staff familiar with all aspects of care, and reduces time and financial burden on the patients.

Choosing a model for a multidisciplinary clinic must take into account the needs and resources of the medical
community in which is it housed. Benefits to the concurrent model include efficiency for both patients
and providers, improved communication between specialists, and knowledge building as a team. However,
the virtual or sequential model provides the ability for a multidisciplinary team to function effectively
even in the setting of time or space constraints. Regardless of clinic model (sequential vs. concurrent),
a multidisciplinary, case-based conference is essential for improving communication and education amongst
the team members. Upcoming and prior cases are reviewed with their associated imaging and pathology.
This conference typically includes a mixture of case management and educational components. The frequency
of team meetings can be adjusted based on the caseload at each center and the availability of team members.
A smaller community-based center may be adequately served with quarterly conferences, whereas a busy
tertiary center may have weekly vascular anomalies team meetings. Much of the management of vascular
anomalies is chronic and semi-elective, but urgent cases will arise, so the team members need to have a
system in place for quick and effective communication.

Assessing Needs and Resources

The first step in planning for a vascular anomalies multidisciplinary clinic (VA-MDC) is a survey of the
needs and resources of the local patient and medical community. Multidisciplinary care can be highly varied
and dependent on institutional resources,13,19,20 but there are some key resources that each center should
strive to employ. Some are key to successful initiation of a clinic and others that can be added as the
clinic and program grow (Table 1). Each group should take into account the current system of care for
patients with vascular anomalies within their community and any established referral patterns. Involving
key medical providers in the community and specialists helps to smooth the transition to an interdisciplinary
team. If resources such as equipment, funding, or administration support currently exist, plans can be made
to leverage them for the program or to share burdens where they need to be.

At each of our centers, a critical first step in developing our VA-MDCs was to meet with our institutional
leaders to discuss the benefits and financial implications of establishing a VA-MDC. This was crucial to
developing a sustainable program model and garnering leadership “buy-in”. In each of our regions, there
were not existing comprehensive vascular anomalies programs. Patients were cared for in a heterogeneous
manner, based on the specialty to which they were referred. With the help of our administrative partners,
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. we researched the electronic medical record to quantify the number of children cared for in the system
with vascular anomalies, the specialties to which they were referred, and the mechanisms by which they were
commonly treated. This analysis included imaging, pathology, dermatological, surgical and/or interventional
radiology interventions, and medical management. This investigation into the mechanisms by which patients
with vascular anomalies were cared for in our system revealed widely fragmented care, care plans that were
heavily influenced by which service was initially consulted, and substantial lost revenue from patients being
transferred to established vascular anomalies centers despite existing expertise in our system. This transfer
of care resulted in lost revenue from hospital-based clinic visits, imaging, minimally-invasive procedures,
and surgeries. Ultimately, our analysis demonstrated the need for a VA-MDC in our region and outlined a
roadmap for the clinic’s fiscal viability, which garnered support across departments.

Organization and Key Roles

The organization of a VA-MDC may vary based on the local community’s needs, resources, and model em-
ployed, but there are several key features that each group should consider. This includes a core group of
clinical providers, a team coordinator, a multidisciplinary conference, and a process for streamlining refer-
rals and treatment recommendations. Recognizing that each center will start off with different resources, we
provide recommendations for roles and resources that are considered essential and those that can be added
as a successful program grows (Tables 1 and 2). A recent practice survey of 25 pediatric hematologists-
oncologists through the American Society of Pediatric Hematology-Oncology, showed significant practice
variations amongst national vascular anomalies teams (Table 3). This demonstrates how various groups
have adapted to the specific needs and resources of their medical community. We also highlight a compari-
son between our two programs (Figure 3). The Vanderbilt program is still in a growing and developing phase,
compared to the more mature and established program at Children’s Healthcare of Atlanta (CHOA). To-
gether, these examples may provide a resource and roadmap for pediatric hematologists-oncologists looking
to start or grow their vascular anomalies program.

A crucial role within any VA-MDC is that of the clinic or program coordinator. Because of the multidisci-
plinary nature of the team, there must be at least one team member whose role is to oversee and organize
care for patients. This individual must organize providers’ schedules and patient appointments in order
to take this burden off of the patient and family. The coordinator also facilitates conferences, manages
referrals, and ensures treatment recommendations are carried forward. The role of the coordinator must be
understood to be the cornerstone of the patient’s experience. This person serves as the point of contact,
supporter, and often cheerleader for families who are under immense stress. If the coordinator is able to
conceptualize themselves as a patient advocate, they will take ownership of this patient population, reaching
out to support individual patients, searching for areas of opportunity for team research and networking, and
promoting the team within the healthcare system. Because care coordination is so crucial, larger programs
may need more than one individual to fill this role. The background expertise for a coordinator may be
variable and based upon the needs of a specific team within the framework of its institution. An individ-
ual with an administrative background can be excellent in this role but will be limited in terms of clinical
knowledge and ability to appropriately triage referrals. A coordinator with a nursing background may have
the added faculties to evaluate consults, place orders for imaging or lab work, and monitor clinical response
to therapy. An advanced practice provider (APP), such as a nurse practitioner (NP) or physician’s assistant
(PA), will be able to provide more advanced support in these areas as well as the ability to conduct clinic
appointments for appropriate follow up patients. These various responsibilities of the coordinator role may
be filled in a titrated fashion based on the needs and resources of the institution. A center with a relatively
small patient volume may require only one administrator working closely with the physician providers, whilst
a high-volume center may have an administrator and clinical providers working together in coordinator roles.

A successful VA-MDC requires the involvement of a few key physician subspecialists, though this may vary
depending on the relative strengths, clinical interests, and training backgrounds of involved providers. Even
within smaller settings, it is essential to develop a core group of physicians to review each case, see patients
with urgent issues, and refer to other specialists as the need arises. This core of providers may be distilled
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. to 1) a medical provider, 2) a surgeon, and 3) an interventional radiologist. The medical provider must have
experience using the various pharmaceutical treatments available to patients, knowledge of the potential
medical complications of these disorders, and the ability to facilitate genetic testing and interpretation. The
surgeon must be able to provide an expertise in the anatomic ramifications of vascular anomalies throughout
the body and enumerate the relative risks and benefits for surgical intervention. If this individual does
not perform the recommended procedures, they may have relationships with specialists in other disciplines
with those pertinent skills. The interventional radiologist must be familiar with and be able to perform
minimally-invasive, percutaneous, and endovascular therapies, and discuss potential risks and benefits of
such procedures. If an additional diagnostic radiologist is not a member of the team, the interventional
radiologist should be able to also recommend and interpret imaging of vascular anomalies and facilitate
discussion within conferences in a manner similar to a tumor board. The core physician group must be
committed to the concept of team care as well as to maintaining current knowledge of the rapidly evolving
research and progress in the field. As the program grows, additional specialties can be incorporated into the
group. While the array of specialists may be wide, it is certainly not necessary for every provider to see every
patient. The roster of appointments should be tailored to each individual case. While not available at every
center, there is increasing need for the involvement of a geneticist or genetic counselor within a VA-MDC.
As the vascular anomalies community continues to identify more underlying molecular mechanisms, genetic
testing is rapidly becoming standard of care to accurately diagnose, prognosticate, and outline therapeutic
options for patients. We are confident that the role of geneticists will continue to increase within VA-MDCs
over coming decades.

Role of Patient Advocacy Groups

Patient advocacy groups play a key role in educating and supporting patients with rare diseases, and this is
certainly true within the field of vascular anomalies. Incorporation of local and national patient support and
advocacy groups is a factor that each program should consider. Particularly in the field of oncology, there
already exists a strong framework for incorporation of patient advocacy groups into the clinical enterprise
as well as involvement with industry and clinical trial recruitment.21,22 Families will look to these groups
for information and support. Often this relationship is beneficial to all, but at times, input from advocacy
groups can differ from recommendations of the clinical team. Teams should be aware of the available
support networks for patients. It can be helpful for programs to share a recommended list of patient support
groups and even direct patients and parents to helpful local resources and people. Our programs have each
identified local patients who are part of national advocacy groups. These patients and advocates are included
in program discussions about growth and structure, outreach, and direct patient support.

Research Structure

While delivering optimal patient care is the foremost goal of all multidisciplinary clinics, VA-MDCs also
offer an ideal framework to create and apply new knowledge that improves patient outcomes. A VA-MDC
provides a structure to conduct clinical trials, quality improvement projects, and conduct longer-term obser-
vational studies. The structure of the VA-MDC can allow for research participant identification, collection
of biologic samples, molecular testing to explore prognostic factors, and application of molecular targeted
therapies.23,24 A VA-MDC is perfectly positioned to bridge the research laboratory knowledge with clinical
and translational research. Research capabilities should be incorporated at the inception of the program. It
is important to assess the research landscape of your institution and form partnerships in order to utilize the
existing resources and research infrastructure. For example, the VA-MDC may be able to utilize an existing
pediatric cancer center solid tumor biorepository for banking pathologic specimens. Such a biorepository can
help facilitate identification of new genetic abnormalities in vascular anomalies, probe the molecular mech-
anisms involved in vascular morphogenesis/growth/development, and allow genotype-phenotype correlation
studies and other translational studies. Having tissue available for research will allow for future research
involvement that has the potential to revolutionize the field vascular anomalies. In addition, setting up a
database to collect clinical information on patients seen in the VA-MDC will assist in future retrospective
and prospective research projects. Platforms such as REDcap® can by utilized to collect information re-
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. garding diagnosis, imaging and lab results, medication management, procedures and surgeries performed.
Other options to expand the research footprint of a VA-MDC is to consider becoming an affiliate member
of a cooperative group, if available, as this enables a program to partner with a member institution and
participate in all trials offered through the institution’s cooperative group affiliation.23,24 Because of the rare
nature of these disorders, a collaboration with clinical and basic scientists at other institutions may provide
an additional opportunity to advance research in vascular anomalies. Careful attention should be paid to
issues of authorship and grant support at the beginning of any research collaboration, taking into account
the academic and financial constraints of each contributing party.

Monitoring Outcomes and Defining Success

A thoughtfully organized VA-MDC has the potential to lead to improvement in many areas, including pati-
ent clinical outcomes, quality of life, institutional finances, research advancement, and career development.
Financial viability is key to garnering institutional leadership support. A system to track patient referrals to
the clinic, the outcomes of those visits (including labs, imaging, and surgical procedures ordered), and the
revenue generated by the clinic is key to supporting the growth of a program. This information is necessary
to support the time and effort needed from various clinical providers. Depending on the size of the center,
there are several options for tracking information to support financial viability. Centers may consider use of a
unique department code, maintaining a running list of ICD-10 and CPT codes to track within the VA-MDC
(or within individual provider clinics), monitoring referral numbers, and maintaining a patient list within
the electronic health record. Each of our programs has utilized the assistance of department administrators
to track financial information.

A process for tracking patient clinical outcomes is key to continuous quality improvement, as well as providing
organization for involvement in clinical research. Incorporating outcomes and quality improvement measures
is beneficial for patients in the VA-MDC as well as providing an opportunity for academic rigor. The use of
a uniform electronic health record for patients seen in the VA-MDC, as well as the clinical and/or research
database, will assist in accurate measurements of outcomes and quality. During the development phase of
the VA-MDC, we recommend creating a form or flowsheet with discrete data fields for collection and a
single progress note template to be used by all VA-MDC providers. At both of our programs, we have
also incorporated quality of life tools into the patient intake and monitoring process. Each patient and
parent completes the questionnaire at regular intervals. Having these measurement tools built into the
EHR allows for prospective data collection and more rapid data analysis than is allowed with manual data
abstraction. This research infrastructure also includes monitoring funding sources, tracking how funding
is utilized, grant submissions, QOL and formal research projects, publication success, and member career
development. An enormous benefit of the VA-MDC is the ability for research collaboration amongst a diverse
group of healthcare professionals with varied expertise and experience. Teams can utilize this structure to
develop a robust research collaboration, but should be mindful of the different academic and professional
needs of each team member.

Conclusions

As the field of vascular anomalies grows and becomes more complex, the development of a vascular anomalies
MDC can improve patients’ access to care and successful coordination of care. Since many patients require
both medical and surgical management, combining expertise in patient management can improve patient sa-
tisfaction as well as potentially lead to better patient outcomes. The different models of MDC each have their
own advantages and can be adapted to fit the specific needs of a patient and medical provider community. As
Telehealth becomes more readily incorporated into routine medical care, this may provide future opportuni-
ties for remote consultation and opportunities for specialists with time or space constraints to collaborate in
patient care. This may also provide a pathway for improvement in transition to adult care, which is lacking
for many patients with vascular anomalies. Regardless of mode of care delivery, central care coordination is
crucial for providing a thoughtful, patient-centered approach to care. The multidisciplinary team also allows
for the collaboration between expert professionals that extends beyond the boundaries of their individual
specialties. This reduces the potential for miscommunication and eliminates the fragmentation of services
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. that was once common in this underserved, under-recognized patient population. This collaboration also ser-
ves to increase the knowledge and experience of both subspecialists and community providers, improving the
care for both current and future patients. Finally, partnerships with patient advocacy groups offer another
method of extending clinical reach and improving patient-centered care.
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Figure Legends:

Figure 1. Virtual or Sequential Clinical Model for VA-MDC. The sequential model is best employed
when there are institutional or individual barriers to providing concurrent care. In this model, cases are
triaged by the MDC coordinator after collection of appropriate medical information. The case is presented
at a virtual or in-person conference with all team members in attendance. Providers then see the patient
individually within their own clinics, and a team consensus is made following individual provider visits.

Figure 2. Concurrent Clinical Model for VA-MDC. This model provides the most streamlined ap-
proach to multidisciplinary care, with all providers seeing a patient within the same clinic session. The
multidisciplinary conference is still key to this approach, both in terms of organizing information ahead of
visits, and for providing a uniform plan after the patient is seen. Depending on availability and patient
specifics, all team members may not need to be present for each patient visit.

Figure 3. Comparison of Two Vascular Anomalies Programs Operations. This is an overview
comparison between the two multidisciplinary vascular anomalies programs at Vanderbilt Children’s Hospital
and Children’s Healthcare of Atlanta (CHOA). The Vanderbilt program is still in the development phases,
whereas the CHOA program is more mature. Each program has defined a unique conference, meeting, and
clinical structure that is in line with the needs and resources available at each institution. Both programs
have outlined strategies for future growth through quality improvement, research, and patient advocacy.
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