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Abstract: Marfan syndrome (MFS) is a rare, severe, chronic, life-threatening disease
with multiorgan involvement that requires optimal multidisciplinary care to normalize
both prognosis and quality of life. In this article, each key team member of all the medical
disciplines of a multidisciplinary health care team at the Hamburg Marfan center gives a
personal account of his or her contribution in the management of patients with MFS. The
authors show how, with the support of health care managers, key team members organize
themselves in an organizational structure to create a common meaning, to maximize thera-
peutic success for patients with MFS. First, we show how the initiative and collaboration
of patient representatives, scientists, and physicians resulted in the foundation of Marfan
centers, initially in the US and later in Germany, and how and why such centers evolved over
time. Then, we elucidate the three main structural elements; a team of coordinators, core
disciplines, and auxiliary disciplines of health care. Moreover, we explain how a multidis-
ciplinary health care team integrates into many other health care structures of a university
medical center, including external quality assurance; quality management system; clinical
risk management; center for rare diseases; aorta center; health care teams for pregnancy,
for neonates, and for rehabilitation; and in structures for patient centeredness. We provide
accounts of medical goals and standards for each core discipline, including pediatricians,
pediatric cardiologists, cardiologists, human geneticists, heart surgeons, vascular surgeons,
vascular interventionists, orthopedic surgeons, ophthalmologists, and nurses; and of auxiliary
disciplines including forensic pathologists, radiologists, rhythmologists, pulmonologists, sleep
specialists, orthodontists, dentists, neurologists, obstetric surgeons, psychiatrist/psycholo-
gist, and rehabilitation specialists. We conclude that a multidisciplinary health care team is
a means to maximize therapeutic success.

Keywords: multidisciplinary, Marfan syndrome, health care, team, profession, sociology,

management

Introduction

Marfan syndrome (MFS) is a rare, severe, chronic, life-threatening disease with multior-
gan involvement that requires optimal multidisciplinary care to normalize both prognosis
and quality of life. In this article, each key team member of all medical disciplines of
a multidisciplinary health care team gives a personal account of his or her contribution
in the management of patients with MFS. We show how with the support of health care
managers self-determined team members organize themselves in an organizational struc-
ture to create a common meaning, to maximize therapeutic success of patients with MFS.
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How to read this article

The article is quite long and readers may not have the time to
go through the entire text. However, this article serves two
purposes. First, to provide a detailed knowledge on what
each discipline can contribute to maximize the therapeutic
success of multidisciplinary health care for MFS. Second,
to provide a groundwork on how multidisciplinary health
care can be organized in such a way that therapeutic
success can be maximized, where we present what we call
“the strategy paradigm of multidisciplinary care”. Accord-
ingly, readers who focus on the first end are referred to the
following sections: “Marfan syndrome and the spectrum
of genetic aortic diseases”, “Medical standards”, “Core
disciplines”, and “Auxiliary disciplines”. Readers who
focus on the second are referred to the following sections:
“The strategy paradigm of multidisciplinary health care:
team member, structure, meaning”, “Method and overview
of the article”, “History and presence of multidisciplinary
health care for MFS”, “Organizational structures”, and
“Meaning”.

MFS and the spectrum of genetic

aortic diseases

MES is a disorder of the connective tissue that is inherited
in an autosomal dominant fashion and is caused by muta-
tions in the gene coding for fibrillin-1 (FBNI). MFS has
a prevalence of 1.5 to 17.2 per 100,000 individuals in the
general population with similar frequency in both sexes and
in all countries and races.! MFS is a typical example of a rare
disease: It has a prevalence of <1 per 5,000; it is a severe,
chronic, life-threatening disease with multiorgan involve-
ment.”> Moreover, MFS is associated with chronic fatigue,
chronic pain, and psychological despair that compromise
the quality of life and impose restrictions on the autonomy
of affected persons.>?

Until the early 1970s, medical treatment was not
available for patients with MFS. Accordingly, 50% of
affected men and women died by the age of 40 years and
48 years, respectively, which corresponded to a reduc-
tion in life expectancy by 30%—40% as compared to the
normal population.® Since then, however, 30 years of
research has brought ~30 years of increase in the average
life expectancy.!* In this article, we show how physicians
organize themselves into multidisciplinary health care
teams to maximize therapeutic success for patients with
MFS. When we speak of MFS in this article, we include
a seemingly ever-increasing list of Marfan-like disorders,
which are all genetically heritable diseases that affect the

aorta, where the vascular Ehlers-Danlos syndrome, and
Loeys-Dietz syndrome (LDS) are the most prominent
variants.'"'2 However, our focus is MFS and we do not
detail all aspects of health care that are specific to these
alternative syndromes.

The strategy paradigm of multidisciplinary
health care: team member, structure, and

meaning

In its broadest sense, strategy is social action that uses
means for defined goals.” More specifically, we design
multidisciplinary care as a means to maximize therapeutic
success for patients with MFS (Figure 1).!* The authors
prefer the term “multidisciplinary” instead of other termi-
nologies, such as “interdisciplinary” or “multiprofessional”
health care.!* The term “multidisciplinary” best describes
our view that it is team members who join a collaborative
structure to maximize overall therapeutic success. There-
fore, the strategy paradigm designs multidisciplinary
health care as a strategy to join key team members in a

Individualized normative success
(conformity to patient’s will, to guidelines, and legal norms)
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risk for technical failure
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Figure | Maximizing therapeutic success requires maximizing success in three
dimensions comprising i) biology of disease and patient’s physical make-up,
if) norms with conformity of therapy with patient’s autonomy, with medical guidelines,
and laws, and iii) emotions including the patient’s motivational support of therapy.
The extent to which therapy is maximized in an individual patient corresponds to
the areas of the red and black triangles in the graph. Usually, therapy according to
standard is unable to maximize therapeutic success because it fails to accommodate
biological individuality such as comorbidity, or the patient’s autonomy by neglecting
his or her will, or because it fails to obtain the patient’s motivational support.
Information from previous studies.'*?*!'s
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multidisciplinary team structure to maximize therapeutic
success.'>!?

Method and overview of the article
This article is a narrative that illustrates how we imple-
mented, and currently perform multidisciplinary health care
in a Marfan center. We organize the article in three sections
according to team member, structure, and meaning. In
every section, key team members of our center provide their
authentic voice to give a personal account of their view and
contribution to multidisciplinary health care for MFS. We
provide the initials provided in the list of authors to identify
the personal account.

In the “Structure” section, we focus on structure, where
we first provide accounts of the history and presence of

Marfan centers: we show how pioneering team members
in the US introduced multidisciplinary health care, how we
used this experience to establish and continuously develop a
Marfan Center for adults in Hamburg, followed by a center
for children, and how representatives of the Marfan Hilfe
Deutschland made this Marfan center possible and how they
keep on doing so. Then, we explain the formal structures of
multidisciplinary health care for Marfan patients (Table 1;
GO, SN, and CW-N), and finally we present medical standards
as part of health care structures (Table 2; all authors).

In the “Team member” section, we focus on team mem-
bers, where we provide the personal accounts of key team
members from each core discipline comprising the team of
coordinators, pediatrician/pediatric cardiologist, cardiolo-
gists, human geneticist, heart surgeons, vascular surgeons,

Table | Organizational structures of the Hamburg multidisciplinary center for patients with Marfan syndrome and other genetic

aortic diseases

Structure element

Criteria and demands

Current practice

Structures of the University Medical Center Hamburg-Eppendorf (UKE)

External quality assurance

(EQA)

Quality management (QM)
system

Clinical risk management
(CRM)lUl

Martin Zeitz Center for
Rare Diseases (MZCSE)*

German federal law requires monitoring and reporting of
procedural results and complications of inpatient care

(§ 135a SGB V) for several tracer diagnosis and procedures
German law demands hospitals to introduce and
maintain quality management systems

(§ 1352 SGB V)"

German law demands hospitals to introduce and
maintain CRM (§ 135 a SGB V)'*!

The University Medical Center of Hamburg Eppendorf
is an accredited A-center for Rare Diseases, where
the Hamburg Marfan Center is a B-center. Nationaler
Aktionsplan fiir Menschen mit Seltenen Erkrankungen
[National plan of action for people with rare disease]
(NAMSE)*¥ base their criteria on the following: )
high-level expertise for the specific rare disease, 2)
coordinator to navigate patients, 3) SOP to define
patient pathways, 4) SOP to define diagnostic

criteria, 5) availability of a multidisciplinary team as
defined by guidelines, 6) identification of responsible
physicians in each medical discipline including SOP

for case conferences and documentation of regular
team meetings, 7) concepts for psychosocial care,

8) concepts for transition, 9) SOP defining structured
cooperation with patient organization, 10) SOP defining
cooperation with other disease-specific B-centers

Our university medical center assesses, analyzes, and
publishes external quality assurance data

Our university medical center has a quality management
system certified according to DIN ISO 9001,''¢ where we

1) define all core processes by writing and updating SOPs,

2) define quality goals, 3) monitor quality indicators such as
satisfaction of staff, patients, and referring physicians, and

4) have regular quality management board meetings including
all professional groups of our heart center

At our university medical center |) we have a critical
incident reporting system (CIRS), 2) report and analyze
adverse events (AE) in mortality and morbidity conferences,
3) reflect all reported AE’s in a high-level expert commission
in the sense of a peer review, 4) have an advanced praise and
complaint management, and 5) proactively identify, analyze
and manage risks for patient safety and quality

Our MFS-B-center fulfills NAMSE-criteria 1-8, and 2.

6) Marfan-board meetings take place every 3 months; all
other conferences take place by phone, or directly together
with the patient, 9) We cooperate intensively with the
Marfan organization, 10) with other B-centers, and | 1) with
GPs, although formal C-centers are not established, and

13) we provide a plethora of disease information material,
but we do not have SOPs for these issues, 14) Our center
enlists in the Orphanet database (http://www.orpha.net/
national/DE-DE/index/startseite/) with annual up-date of

information, |5) we do not have a structured educational
program on MFS, but we provide training in our case
conferences almost on a daily basis. Our center participates
in national and international research and clinical programs,
but there is no IT-based data exchange, 16) Our university
center has spent thousands of Euros on an IT-based register
infrastructure, but data protection regulations impose rigid
barriers to its actual use.

(Continued)
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Table | (Continued)

Structure element

Criteria and demands

Current practice

including case conferences and quality circles,

I'1) SOP defining cooperation with other disease-
specific C-centers, GP and non-medical service-
providers, including case conferences and quality
circles, SOP defining case-conferences for external
patients, IT-based and tele-medical networks,

12) access to specialized diagnostic modalities,

13) SOP that describes how to participate in the
development of medical information material,

14) obligation to contribute information to the
mapping of the service landscape, |5) concepts for a
structured medical education program, and

16) SOPs about participation in research projects,
clinical studies, health care research and registers,
IT-structure for data exchange, and criteria for
research quality

Structures of University Heart Center (UHZ)
German Aorta Center
Hamburg (DAZH)'

Case conferences including decision making and
morbidity and mortality analysis'®

Generic structural elements

Structures for a

multidisciplinary program

according to the
framework of Meguid

etal'™

Establish/obtain/maintain 1) a business model,

2) physician/administrative buy-in, 3) administrative
and hospital support, 4) hire a multidisciplinary

clinic coordinator, 5) scheduling logistics, 6) rotating
schedule from all participating specialists, 7) support
services, 8) patient flow templates, 9) current
summary reports of diagnosis and treatment,

10) provide welcome folder with letter describing all
appointments for that day, | I) mock days to minimize
obstacles and delays, 12) flag patients to capture clinic
volumes in the EMR, |3) marketing, 14) community
outreach, and |5) data collection for research projects

We use our aorta center board meetings for
multidisciplinary discussion of complex aortic pathologies
and also for updating outcomes of decisions and
procedures?®

1) German legal directives regulate the financing of

MFS care,” 2 and 3) the hospital provides staffing,
administration, infrastructure, 4) coordinating physicians
are employees of the hospital with many additional
professional obligations, 5) a coordinating nurse has a
“Marfan-telephone” to organize individualized appointments
in an electronic scheduling system, 6) interns can rotate
voluntarily into our Marfan center and get trained by
experienced colleagues, 7) nutrition councilors, social
works, pharmacists, microbiologists are available as part
of the hospital structure, 8) patient flow templates are
constantly revised along changing routines and patient
requests, 9) we keep clinical information on each patient
current in our EMR, where every MFS-physician has
access to summary records, original imaging recordings,
laboratory findings and all other clinical information,

10) we use standard invitation letters that describe our
schedules, | 1) mocking is part of our culture of criticism
and we have a formalized praise and complaint management
system, 12) our university controlling department uses
SAP-based IT-systems to monitor MFS-patient volumes
and costs, |13) a flyer and a website presents our Marfan
clinic, which provides contact information, scope of care,
and educational content on MFS, 14) we communicate
continuously with the referring physicians via dismissal
letters, phone and email about specific patients, and

we communicate constantly with local and national
representatives of the German Marfan organization,

I5) prospective data collection from clinical routines

for research severely restricted by privacy and data
protection laws

(Continued)
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Table | (Continued)

Structure element

Criteria and demands

Current practice

Structures for patient-
centered care based upon
the framework of Bergeson

and Dean'"’

Bergeson and Dean identify four evidence-based design

criteria to support patient-centered care:''®

A) ensure access and continuity of care: |) open
access or advanced access patient scheduling,

2) continuity of care with a clinician, 3) multiple
routes of practice access including access to non-
physician members, contact methods can be by
telephone, email, or drop-in visit, or patients access
to EMRs.

B) Provide opportunities for patients to participate
in the care process: |) designing office visits
specifically to address patients’ concerns, eg,
using tools like encouraging the use of patient lists
of concerns, agenda cards, 2) involving families
in the design of care, 3) (web-based) tools for
self-assessment of health status, and 4) providing
patients with information about the care they
should be receiving.

C) Provide self-management support: |) collaborative
goal setting and action planning, 2) action planning
(web-based) tools, 3) clear and agreed-upon follow-
up plans, 4) use of printed post-visit summary,

5) peer support by patient-to-patient mentorship,
advocacy roles of individuals, and group education
in self-management skills.

D) Coordinating care between settings: 1) establish a
specific care coordinator role within the primary
care team, 2) providing standardized referral and
hand-off information, 3) patient-held records

Our MFS center has adopted the following measures from

the list of Bergeson and Dean:

A) access and continuity of care: 1) we alleviate scheduling
of appointments and access to our center by using a
“Marfan-phone” for direct contact to our “Marfan-
nurses”, 2) we provide continuity of care both with
nurses and physicians, 3) we provide access to our
nurses, we have our phone-numbers and email
addresses publically assessable on the web, and we
permit drop-in visits for brief counseling.

B) Opportunities for patients to participate in the care

process: |) we schedule one hour for each initial patient

interview, and we encourage patients to use lists of
concerns and to 2) have their family members or other
confidant with them in the interview, 3) we developed
screening-devices for clinical MFS-self-assessment,'"

4) we provide patients with written instructions about

clinical management

C) Provide self-management support: |) we use shard-
decision approaches for action-planning, 2) we do not use
formalized tools, 3) we communicate clear follow-up plans,
4) including written summary reports, and 5) we encourage
contact to the German Marfan Organization

D) Coordinating care between settings: |) our center
coordinators and social workers help patients to navigate
in the health care system, 2) we use letters of invitation
to inform patients prior to visiting our center, and we
3) send our medical reports to the GP and to the patient,
where we try to use generic rather than medical language

Abbreviations: EMR, electronic medical record; GP, general practitioners; MFS, Marfan syndrome; SOP, standard operating procedure.

Table 2 Multidisciplinary management of Marfan syndrome according to the aim and method of care in each discipline

Discipline

Aim of care

Method of care

Core disciplines

Pediatrician/pediatric

cardiologist

Human geneticist

Cardiologist

To diagnose MFS and other GAS as early in life as
possible

To prevent cardiovascular, ophthalmic, or orthopedic
complications

To achieve full integration into school, physical
education, and support early career choices

To achieve a successful transition from adolescence to
adulthood

To inform patients and families about implications of GAS
To confirm the clinical diagnosis by identifying the
disease-causing mutation

To molecularly differentiate MFS from other GAS

To establish a correct diagnosis of MFS or of other
GAS

To predict, prevent, retard, or treat aortic aneurysm,
mitral or aortic valve regurgitation or |E, or myocardial
dysfunction

To protect women from aortic complications when
they plan pregnancy

Periodical evaluation of cardiovascular features (ECG, TTE),
growth, skeletal features, ocular symptoms, pulmonary
airway, integument, dural ectasia, and dental features

Review diagnosis periodically in unclear cases

Provide prophylactic medication including BAB, ARB, or ACEi
and endocarditis prophylaxis

Review physical activity restrictions/lifestyle modifications

Complete family history and analysis of the pedigree
Genetic counseling

Arrange appropriate molecular genetic testing

Interpret and counsel regarding the results

Inform patients about life-style modifications including some
restrictions in adults such as no contact sports, no isometric
exertion, no exertion at maximal capacity

Treat with BAB, ARB, or ACEi

Perform baseline NT-pro-BNP serum levels, 12-lead resting
ECG, 24-hour blood pressure measurements, TTE, MRI of
entire aorta (in Germany, not in the US)

Perform annual follow-up visits including NT-pro-BNP serum
levels, 12-lead resting ECG, blood pressure measurements,
TTE, and MRI of the aorta if indicated

(Continued)
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Table 2 (Continued)

Discipline

Aim of care

Method of care

Heart surgeon

Vascular surgeon/vascular

interventionist

Orthopedic surgeon

Ophthalmologist

Nurse

Auxiliary disciplines

Forensic pathologist

Radiologist

Pulmonologist and sleep

To rescue life when aortic dissection or rupture occurs
To normalize life-expectancy by performing
prophylactic aortic root replacement for growing
aneurysm or reconstructive surgery of other heart
valves

To protect women from aortic complications when
they plan pregnancy

To improve life quality by avoiding anticoagulation,
artificial prosthetic noise, or unnecessary cosmetic
impairment

To rescue life when aortic dissection or rupture occurs
(type B)

To protect against rupture of the descending thoracic
or abdominal aorta, or both

To protect against organ malperfusion from aortic
dissection or vascular embolism

To enable and support professional and private living
arrangements

To convince parents of the importance of regular
sporting activities

To support and instruct orthopedic colleagues, who
less frequently are confronted with MFS patients

To assess ophthalmic diagnostic criteria of MFS

To provide a reliable statement on the ophthalmic
prognosis and treatment options

To implement and improve new ophthalmic screening
techniques

To provide whole-person-perspective-care
comprising five dimensions, ie, physical, psychological,
sociocultural, development based, and spiritual
dimension

To determine the cause of death in persons who died
outside the clinical setting

To identify possible treatment failures including
misdiagnosis and malpractice

To identify genetic causes of death such as GAS

To initiate family member support

To assess diagnostic criteria of MFS

To identify aortic and vascular complications of MFS or
other GAS including aneurysms of cerebral-, carotid-,
visceral, and peripheral arteries.

To specify chronic aortic and vascular pathology as
aneurysm, tortuosity, dissection

To identify acute aortic syndromes (AAD, IMH, PAU)
and vascular complication including the rupture and
organ malperfusion

To identify emphysema, pneumothorax, and restrictive

Emergency replacement of the aortic root using composite-
graft replacement with a mechanical valve or valve-sparing
root replacement techniques (favor for David technique''®)
when aortic dissection or rupture occurs

Prophylactic aortic root replacement using the reimplantation
technique according to David''®

Mitral valve repair surgery

Participate in cardiologic post-surgical follow-up visits

Open surgery or endovascular treatment of aortic aneurysm
(prophylactic), dissection (acute and chronic), or rupture of
the thoracic or abdominal aorta

Treatment of vascular complications of main aortic branches

Imaging of the spine

Podiatrist care, “short foot exercise”

Preparticipation evaluation (PPE) before athletic participation
Conservative and operative treatment options to both
children and adults with scoliosis or with protrusive hip
arthritis

Basic ophthalmological examinations: distance corrected
visual acuity, intraocular pressure measurement,
documentation of pupil centration (miosis), slit-lamp
examination to determine iris stromal atrophy and dilated
funduscopy of the retina and thorough lens position and
zonular status determination

New techniques: corneal topography, tomography, and
dynamic in vivo curve analysis

Strengthen the individual patient’s daily self-care activities
Networking between specialized departments to provide
individualized care

Education to make patients experts of their own disease

Autopsy of all persons who die of unclear cause outside a
hospital setting

Perform genetic testing in deceased persons with aortic
disease and a risk for GAS

Genetic counseling of family members of the deceased person

Tomographic imaging of the entire aorta (index and follow-up
CT or MRl scans)

Tomographic imaging of the dura as diagnostic criteria of MFS
Cranial radiographs (craniofacial characteristics),
Conventional chest radiography and CT (lung emphysema and
pneumothorax)

Counseling on potential restriction in physical activities

specialist lung disease (from skeletal deformities) and to prevent ~ Pulmonary function testing
or treat pulmonary complication Chest radiography or CT
To identify and treat individuals with sleep apnea to Polygraphy to screen for OSA/CSA
improve cardiovascular prognosis CPAP therapy
(Continued)
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Table 2 (Continued)

Discipline

Aim of care

Method of care

Rhythmologist

Orthodontist/dentist

Neurologist

To identify patients at risk for SCD, to stratify such
risk, and to initiate preventive therapy, where indicated

To identify dental and skeletal class Il configurations,
joint hypermobility

To prevent temporomandibular joint dysfunction and
condylar resorption

To identify and prevent periodontal inflammation to
reduce the risk of IE

To prevent reduced chewing efficiency, lip
incompetence and craniofacial dysmorphology

To assess neurologic diagnostic criteria to establish the
diagnosis of MFS

To prevent or identify cardioembolic stroke, cervical
and vertebral artery dissections, and intracranial
aneurysms subarachnoid hemorrhage, especially in LDS
To consider GAS in young individuals with stroke and

Methods for risk stratification of SCD:

TTE: myocardial dysfunction? Aortic regurgitation? Mitral
valve prolapse? Mitral valve regurgitation?

12-lead resting ECG: PVCs?

24-hour-Holter ECG: PVCs >10/h, non-sustained and
sustained VTs, abnormal heart rate turbulence (TS and TO
abnormal)

NT-proBNP serum levels: elevated (>200-600 pg/mL)
Genetics: FBN|-mutations within exon 24-32?

Bite correction and regulation of craniofacial growth in
childhood and in adolescence

Diagnosis of temporomandibular joint dysfunction

If required prescribe physiotherapy

Professional tooth cleaning at regular intervals to reduce
periodontal inflammation

Prescribe myofunctional therapy to achieve lip competence
and to strengthen the orofacial muscle

Neurological examination

Regular neurovascular imaging in LDS

Interpretation of accentuated vertebral and carotid artery
tortuosity

Neurosurgical and endovascular treatment of cerebral
aneurysms

cervical artery dissection
Obstetric surgeon
decision on family planning and pregnancy

To prevent or to manage complications of pregnancy in

mother and child successfully

Psychologist
stigmatization

To improve coping with MFS by strengthening the

patients’ self-confidence
Rehabilitation specialist

capacities with respect to biological, psychological, and

social aspects

To allow mothers and families to make an autonomous

To reduce the burden of anxiety, trauma, feeling of

To achieve the best possible support of the patient’s

Acute treatment and secondary prevention of stroke
Counseling for family planning and pregnancy in terms of risks
of mother and child TTE prior to, during and until 3 months
after pregnancy

Obstetric board meetings during pregnancy

Emergency planning in high-risk pregnancies

Establish a solid, trust-based patient-therapist-alliance

Identify body image disorders, family conflicts, accidental risk
behavior, sex-specific aspects

Formulation of patient’s individual rehabilitation goals to make
rehabilitation plan

Provide specialized education

Daily bicycle ergometry, gymnastics, fitness training, and
nordic walking units to overcome patients’ uncertainty
regarding their physical abilities

Psychological counseling

Relaxation training

Counseling for job-related issues and dietary counseling

Abbreviations: AAD, acute aortic dissection; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin-receptor blockers, BAB, beta-adrenergic
blockers; CPAP, continuous positive airway pressure; CSA, central sleep apnea; CT, computed tomography; ECG, electrocardiography; GAS, genetic aortic
syndromes; |IE, infective endocarditis; IMH, intramural hematoma; LDS, Loeys-Dietz syndrome; MFS, Marfan syndrome; MRI, magnetic resonance imaging,
NT-pro-BNP, N-terminal probrain natriuretic peptide; OSA, obstructive sleep apnea; PAU, penetrating therosclerotic ulcer; PVCs, premature ventricular contractions;

SCD, sudden cardiac death; TTE, transthoracic echocardiography.

orthopedic surgeons, ophthalmologists, and nurses and
from ancillary disciplines comprising forensic pathologists,
radiologist, rhythmologist, pulmonology/sleep medicine,
orthodontist/dentists, neurologist, obstetrician, psychologist,
and rehabilitation specialist.

In the “Meaning” section, we focus on meaning, where
we elucidate the interdependency of team member, structure,
and meaning and its significance for medical strategies that
seek to maximize therapeutic success for patients with MFS.

Structure

History and presence of multidisciplinary

health care for MFS

The American model

By Reed E Pyeritz

Comprehensive care for individuals and families with rare
disorders has diverse origins, compositions, and financial
support. Most will have their origin within an academic
medical center, and research and education will be important
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components. Before considering the typical characteristics of
programs for MFS and related disorders, it will be instruc-
tive to consider how clinics for other rare disorders arose
and are supported.

Cystic fibrosis (CF) and muscular dystrophy are two
disorders that exemplify how to organize, accredit, support,
and sustain comprehensive clinical services. The CF Foun-
dation in the US supports >120 care centers nationwide,
including ~100 that include services for adults living with
CE.'® Each CF care center must adhere to diagnostic and
management guidelines established by the professional
advisors of the foundation and must provide data that can
be utilized for research. Annual accreditation occurs and
periodic site visits insure that high standards of service are
maintained. For the diagnosis and management of a wide
range of neuromuscular conditions, >150 Muscular Dystro-
phy Association (MDA) Care Centers exist in the US, each
supported financially to some extent by the Muscular Dys-
trophy Association. Each has a cadre of health profession-
als, including physicians of various specialties, dieticians,
genetic counselors, physiatrists, physical and occupational
therapists, speech pathologists, and social workers. A health
care service coordinator is a central figure in each clinic.!”

Most other disorders have not had the benefit of such
organizational support. For example, the Hereditary Hemor-
rhagic Telangiectasia (HHT) Foundation was a grass-roots
organization with a strong medical director who estab-
lished the criteria for a comprehensive center in the late
1980s. Subsequently, any medical center anywhere in the
world that was interested in establishing a center with the
imprimatur of the HHT Foundation needed to invite the
medical director for a site visit. He would meet with the
individual specialists (interventional radiology, cardiology,
gastroenterology, otorhinolaryngology, medical genetics,
and hematology) before giving his blessing that the center
could be established and advertised on the HHT Foundation
(now called Cure hht) website. More than 40 such centers
now exist internationally.'® However, there was never any
intention to provide monetary support for the centers nor has
there been any ongoing attempt to insure that a center has
persisted in providing both comprehensive and quality care.

Organizations devoted to a rare disorder continue to be
needed and typically arise through the efforts of one or a
small group of committed individuals. A recent example is
the disease research organization for Castleman’s disease,
a localized or systemic disorder of lymphadenopathy. One
serious form, involving systemic inflammation and termed
idiopathic multicentric Castleman’s disease, affects one of

my colleagues. Largely through his efforts, the Castleman
Disease Collaborative Network was established to foster an
international effort to both understand the pathophysiology
of the condition and develop targeted therapies.'

The first comprehensive clinic for MFS arose at the
Johns Hopkins Hospital under the direction of Dr Victor
McKusick in the late 1960s. Because of the large number
of patients who traveled to Hopkins for diagnosis and man-
agement, such as they were in those days, a diverse group
of medical specialists became involved, conducted clinical
research, and to a large measure established their academic
careers based on MFS. Collaborations among the members
of the Hopkins clinic and colleagues elsewhere produced
clinical trials that validated both medical (beta-adrenergic
blockade) and surgical (prophylactic aortic root repair)
therapies that have directly led to increased life expec-
tancy. Furthermore, these collaborators discovered the first
mutations in FBN] in patients with classic MFS." We now
recognize that the patients defined as having MFS in the
1960s and 1970s actually included many with a variety of
conditions that can be differentiated today on both clinical
and genetic grounds. The National Marfan Foundation was
established in the late 1970s in Baltimore and eventually
became established in Port Washington, Long Island, New
York. It also was a grass-roots organization with a medical
advisory board that strongly contributed to the development
and implementation of its tripartite mission of medical care,
stimulating and sponsoring research, and support of patients
and their families. As conditions such as LDS, Shprintzen-
Goldberg syndrome, the many forms of familial thoracic
aortic aneurysm and dissection, and other disorders could
be differentiated from MFS, the National Marfan Founda-
tion (now called simply the Marfan Foundation)® and its
equivalent societies internationally broadened their mis-
sions to include these related disorders. For example, the
Canadian Marfan Association is now called Genetic Aortic
Disorder Association Canada?' with seven comprehensive
clinics spread across that country.

Hamburg Marfan center for adults

By Yskert von Kodolitsch

The 4th International Symposium on the Marfan syndrome in
Davos in 1996 marked the starting point for German clinics
to adopt the Hopkins model of multidisciplinary care patients
with MFS. The story started with a stroll through Davos with
Professor Dr Yskert von Kodolitsch, Dr Victor McKusick, a
dinner with Dr Reed Pyeritz resulting in a postdoctoral research
project in his clinic for MFS in Pittsburgh, a conversation with
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Dr Michael Raghunath who did basic research on connective
tissue diseases in Miinster, and a train ride from Davos back
to Hamburg with Marina Vogler from the patient self-support
group Marfan Hilfe Deutschland. This group of people
founded the Marfan Center in Hamburg. Two years after Davos,
the Hamburg Marfan center published the first German report
on strategies of multidisciplinary care for MFS.*

Figure 2 provides a sketch of the structure of a typical
multidisciplinary care team, that still has a similar structure as
in 1998. The Hamburg Marfan center consists of three com-
ponents: 1) the team of coordinators, where a cardiologist, a
scientist, a nurse, and a geneticist work together. Their task
is to coordinate the actions of all other members of the team;
2) those physicians who are involved in the diagnostics and
therapy of cardiovascular disease manifestations represent
the core disciplines of care, whom all MFS patients consult
in their ambulatory visits. Usually, we make decisions on
overall diagnosis of MFS and on therapy jointly with the
patient and physicians form these core disciplines. We only
discuss complex diagnostic questions in our Marfan board
and complex therapeutic questions in our aorta board;* 3) we
designate as auxiliary disciplines those physicians who do not
participate in decision making directly, like the radiologists,
or who stand in only when special clinical problems occur,
like obstetric surgeons and neonatologists. In our routines,
many of these colleagues collaborate intensively with the
core team to assess the diagnostic criteria of MFS, but they
provide their specialized care more or less autonomously of
the core team when it comes to specialized organ treatment,
like the ophthalmologists or orthopedic surgeons.

Together with the “Marfan Hilfe Deutschland” (German
Marfan Organization), we supported colleagues in other Ger-
man cities to set up their own multidisciplinary health care
teams. Through the years, we refined our basic model along
with new insights from science and technology, with new needs
promoted by our patients, and with new regulations. Usually we
publish about important changes that affect the structure of our
center, such as the new role of molecular genetics for clinical
decision making,* the effects of new legal directives on health
care that affect our patients with MFS (§116b SGBV),” the shift
from treating complications to preventing complications,’ and
the shift from improving survival to improving quality of life.?”

Hamburg Marfan center for children
By Thomas S Mir
In 2008, we established a pediatric outpatient department
in Hamburg dedicated to children with MFS and related
disorders. Whenever our patients reach adulthood, they are
led over to the well-established Marfan consultation, in a
structured fashion. A timely confirmation of the disease is
of significant importance not only for medical reasons but
also for the patients’ further life planning. We arrange oph-
thalmological examinations, treatment by pediatric experts
and orthopedic examinations and treatment that account for
the specific dynamics of the various organ manifestations of
MES in childhood. There is a lively exchange between our
two clinics for MFS so that we can ensure optimal support
not only for the individual but for whole families.

In our experience, specialized care for pediatric MFS
is important for six reasons. First, the extensive initial

Multidisciplinary health care team in the management of
patients with Marfan syndrome
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Figure 2 The structure of the Hamburg Marfan center.
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Abbreviations: Card, cardiology; Forens pathol, forensic pathology; Genet, genetics; Heart surg, heart surgery; Neurolo, neurology; Opthal, opthalmology; Ortho,
orthodontology; Ortho surg, orthontic surgery; Psych, psychology; Pulmo, pulmonology; Radiol, radiology; Rehabil, rehabilitation; Vasc interv, vascular intervention;

Vasc surg, vascular surgery.
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examination and consultation with the aim to establish a
definitive diagnosis requires pediatric expertise that can
account for the age-specific presentation of various organ
manifestations. Second, periodical evaluation with timely
indication and dosing of medical prophylaxis requires
specific insight in the age-dependent dynamics of organ
growth, and dosage of medication. Third, specialized heart
and blood vessel ultrasound requires the experience of a
pediatric cardiologists, and children can undergo magnetic
resonance imaging (MRI) or computed tomography (CT)
only with the support and surveillance of pediatric experts.
Fourth, the pediatrician is able to account for the specific
psychological and social situation of children and of the spe-
cific guidelines, regarding physical activity restrictions and
lifestyle modifications in children as compared to adults.?
Fifth, the assessment of motor milestones, cognitive, and
social skills and how they develop in time are essential
for appropriate management of children with MFS. Sixth,
specialized care for neonates is important in severe variants
of MFS or LDS.

Consultation of individuals with MFS exemplifies how
rare and complex diseases can be cared for through the
participation of various medical disciplines. This has an
extremely positive effect on the adherence, prognosis, quality
of life and, eventually the future of the children.?**

Marfan Hilfe Deutschland (German Marfan
Organization)

By Marina Vogler

The development of Marfan Centers in Germany, as well
as in other European countries, began in the late 1990s,
in Germany in the aftermath of the International Marfan
Symposium in Switzerland 1996. Patients and scientist began
to discuss their needs, aims, and special views on MFS.
Improvement in the cooperation with experts was a main
goal, as described for several other patient organizations
in the SHILD study recently.*’ Marfan organizations were
arguing for a multidisciplinary care for patients with MFS,
and the first step was to create a strategy to bring medical
experts together in a network.”? The second step was to
convince people that even a long journey is worth the effort,
when medical competence is available. This was the duty of
patient organizations and is an ongoing process.

The main needs of patients with MFS today remain
similar to those that we faced at the end of the 1990s. They
want a clear diagnosis, competent care in routine check-
ups as well as in surgery, and a competent estimate for the
personal health future. In addition, nowadays the priorities

of patients include the wish to discuss their condition on
equal footing with their health care specialists. Patients are
well educated about medical treatment and scientific innova-
tion. Many of them have become experts on their condition.
Although aortic disease is of course the main point, people
are very interested in issues influencing their quality of life.
This explains why affected people are attracted to seminars
like “Healthiness with Marfan syndrome” or “40-Years-
Plus — Aging in Marfan syndrome” much more than by
pure medical information. Setting up the first rehabilitation
course for people with MFS in Germany in 2014 is more
evidence for the development toward practical help in daily
life. For the future of Marfan Centers it could assist patients
with MFS in many ways. This seems nearly as utopic today,
as the idea to establish Marfan Centers in Germany seemed
20 years ago.

A brief email questionnaire in 2016 asked 402 patients
what their most important aspect concerning a Marfan Center
was. Of these patients, 370 had MFS, 15 LDS, six related
diseases, and eleven had suspected MFS. A total of 77 indi-
viduals answered (19%), including 21 men and 56 women.
The most appreciated items were competence of the medical
team (33.8%), multidisciplinary care (29.9%), and trusting
the doctor, overcoming fear, explanations (15.6%). There
was a difference between men and women in competence
(47.6% of men and 28.6% of women) and multidisciplinary
care (14.3% of men and 35.8% of women).33 The answers
corroborated the long-term experience of the Marfan Hilfe
team.**

Organizational structures

By Yskert von Kodolitsch

Most persons who participate in the multidisciplinary health
care of patients with MFS are employees of the university
clinic, working in clinics such as cardiology or heart sur-
gery, and they have many professional obligations other
than caring for patients with MFS. Moreover, our center for
patients with MFS is part of other organizational structures
of the clinic. Most importantly, our center is integrated
into the German Aorta Center Hamburg (DAZH), which
was founded in 2012 to provide multidisciplinary care
for persons with complex thoracic and abdominal aortic
disease.'>** In this center, we hold weekly board meetings
where heart surgeons (CD and AMB), vascular surgeons
(SD and AL-A), endovascular specialists (TK), and Marfan
specialists (YVK, HS, and MR) discuss therapeutic strate-
gies for patients with complex aortic conditions including
patients with MFS .2
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Of similar importance, in 2013 the university board of
directors integrated Marfan care into the Martin Zeitz Center
for Rare Diseases (MZCSE).*> Our former director of the
university clinic, Dr Martin Zeitz founded the MZCSE in
compliance with criteria formulated in the German Natio-
naler Aktionsplan fiir Menschen mit Seltenen Erkrankun-
gen [National plan of action for people with rare disease]
(NAMSE).*¢ According to these criteria, German centers
for rare diseases have a three-staged center structure, where
A-centers are located at a university clinic and coordinate the
action of B-centers that are also located at the university and
that provide specialized care for certain diseases such as MFS.
A-centers network with rare disease centers on a national and
European level, they have patient coordinators (CW-N) who
direct individuals with uncertain diagnosis to specialists in
B-centers, and the B-center doctors train physicians for health
care for patients with rare diseases. It has been proposed that
B-centers could collaborate in a network of C-centers that
provide local care for single rare diseases or rare disease
groups. Such C-centers comprise specialized medical private
practices, medical care centers, or regional hospitals.

We involve other multidisciplinary health care teams for
pregnancy,*’ care for the neonate with MFS and for rehabilita-
tion of MFS (DB). Beyond these organizational structures,
there are a couple of managerial structures and practices,
which include external quality assurance, quality manage-
ment systems, and structures for patient-centered care. We
list and briefly explain these in Table 1.

Medical standards

By Yskert von Kodolitsch

Medical strategy aligns interventions to maximize the
overall therapeutic success, whereas medical tactics deal
primarily with the proper delivery of specific interventions.!
Accordingly, although strategy requires an openness to dif-
ferent choices and individualization according to patients’
utilities and values, tactics require standardization with
clearly-defined routines, to overcome variation that hinders
successful delivery of diagnostic or therapeutic interven-
tions. Therefore, clear medical standards including current
knowledge on the evidence basis of health care practices for
MEFS and a clear standardization of medical procedures are
indispensable groundworks to maximize therapeutic success
(Figure 1).%® In Table 2, we list the medical goals for each
discipline according to the suggestion of colleagues of each
discipline. In addition, the major medical methods and pro-
cedures needed to achieve these goals are listed (Table 2).

Team members

Core disciplines

Team of coordinators

By Yskert von Kodolitsch, Meike Rybczynski, Kerstin
Kutsche, and Georg Rosenberger

In general, the task of coordinators is to organize and coor-
dinate the actions of persons in the structures of the Marfan
center to maximize the overall therapeutic success for the
patient. More specifically, coordination requires action on
three different levels.

First, on the level of each medical discipline, one or two
physicians coordinate actions in their respective medical
expertise and they take responsibility for communication with
the centers patient care coordinator.

Second, patient care coordinators take responsibility for
the entire treatment for individual patients with MFS; usually
as partner and counselor, over many years. The coordinating
physicians (MR, HS, and TSM) have an integrative understand-
ing of both the medical standards of care for patients with
MEFS in all medical disciplines, and knowledge of all three
dimensions of the patient’s individual character comprising
physical, sociological, and psychological aspects.'* The Marfan
center does not have certified training schedules. However, it
provides personal mentoring, continuous feedback, and train-
ing on the job. In addition, personal expertise is augmented by
contribution to scientific talks and papers, especially by writing
review articles, where each author studies all available scien-
tific literature. These coordinators integrate multidisciplinary
care among specialists both within the center and outside the
center including the actions of general practitioners and other
outpatient caregivers. The coordinating nurse usually knows
all individual patients best, with knowledge of many aspects
of their overall life (BN). She plays an important role in the
organization of appointments and in supporting patients in the
myriad of challenges of daily life, and she therefore breathes
life into the aspect of “whole patient care”.

Third, at the level of the Marfan center, corresponding to
the level of B-center coordination within MZCSE, coordina-
tors take responsibility for team members, structure, and
meaning of the center as a whole. This includes recruitment
of team members for medical disciplines, the integrity and
continuous adaption of organizational structures of the center
and medical standards of care, the smooth interaction between
disciplines, levels of care, other health care structures inside
and outside the university, outpatient health care structures,
and coordination of research activities; cooperating closely
with the university departments of strategic management
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(GO) and quality management (SN) to keep abreast with
latest managerial technology.

Pediatrics/pediatric cardiology

By Thomas S Mir

Mutations in FBNI are associated with a wide phenotypic
spectrum ranging from classic features of MFS presenting
in childhood and early adulthood to severe neonatal pre-
sentation with rapidly progressive disease. Tinkle et al have
pointed out that crucial signs of Marfan syndrome including
ectopia lentis, aortic dilation and dural ectasia manifested
in an age-dependent manner, where many children and
adolescents therefore do not fulfil formal diagnostic crite-
ria and are often described as having “potential” Marfan
syndrome.*

In pediatrics, specific attention is given to the monitor-
ing and follow-up of growth and development, skeletal
features such as the dynamics of pectus deformity, ocular
symptoms, pulmonary airway, integument, dural ectasia,
dental features, and physical activity. All children with
the suspicion or diagnosis of MFS should be followed
by a pediatric cardiologist familiar with MFS due to the
wide phenotypic spectrum regarding the cardiovascular
features. 2304041

Because MFS can affect the very young and continues to
manifest and progress throughout adolescence and adulthood,
it is important that pediatric patients with MFS are recog-
nized as people and that they can find a medical “home”. The
care needs to be coordinated among the various specialities,
especially during the period of transition from adolescence
to adulthood.?”” During the process of transition, changes in
the role of patients from child to adult have to be managed,
but continuity of care and familiar reference persons are
equally important. Therefore, in the period of transition, the
pediatric and adult cardiologist talks jointly with the patient
and his or her family.

As early as in childhood, extensive therapeutic decisions
may be necessary. This particularly concerns orthopedic and
ophthalmologic issues from an operational viewpoint, and
also pharmacological issues. Early diagnosis and rigorous
follow-up can help to prevent ocular and cardiac complica-
tions in pediatric MFS. Typical findings of the aorta, and the
heart valves are detectable from early childhood. Enlarge-
ment of the aorta is present in 85% of children with MFS,
with consecutive regurgitation of the aortic valve in many
children. Most of these children are medically treated with
beta-adrenergic blockers (BABs) or angiotensin-receptor
blockers to delay the progression of the disease, since the

principle applies here, that the sooner the treatment begins,
the longer threatening complications can be delayed.*°

Most importantly: the multidisciplinary approach
provides more precise data for diagnosis and possible phe-
notype—genotype correlations.*! Integration into school,
physical education, and early career choices have to be
considered and navigated by the pediatrician. Which sports
should we recommend to individuals with MFS, how about
their capacity in school and work life? MFS affects each indi-
vidual differently and has a significant effect on daily activi-
ties and perceived quality of life in a different amount.?**!

Molecular genetic examination and human genetic con-
sultation should be carried out early whenever indicated.
This is especially important when clinical manifestations
of MFS remain unclear. In individuals with “potential
MFS”, genetic tests may provide early confirmation of
the disease. In situations where testing children or other
persons who are not able to give informed consent is con-
sidered, those individuals should be involved in genetic
counseling and in the decision-making process, according
to their capacities.

Cardiology

By Yskert von Kodolitsch and Helke Schiiler

The cardiologist takes responsibility for the Marfan
patients’ entire scope of cardiovascular health. Therefore,
the cardiologist integrates information form diagnostic
disciplines such as genetics and radiology into a com-
prehensive clinical syndrome diagnosis and estimates the
prognosis of cardiovascular manifestations. Moreover, the
cardiologist supervises and coordinates the actions of col-
leagues from heart surgery, vascular surgery, cardiac rhyth-
mology, pulmonology, sleep medicine, and rehabilitation to
integrate these into a comprehensive therapeutic strategy.
The cardiologist also plays a central role in the counseling
and management of cardiovascular risks of pregnancy. The
overarching goal of the cardiologists’ actions is to predict,
prevent, retard, or treat aortic aneurysm, mitral or aortic
valve regurgitation or endocarditis, and myocardial dys-
function. In addition, the cardiologist counsels the patient
in the difficult balance of cardiovascular risks with personal
needs including family, leisure time, and professional plans
and activities.*?

Human genetics

By Kerstin Kutsche

MES is an autosomal dominant disorder with 50% recurrence
risk. The majority of patients inherited the causative mutation
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from a parent, yet 25% have a de novo mutation. Genetic
testing of individuals with suspected MFS is important to
molecularly confirm the clinical diagnosis by identifying the
disease-causing mutation.* Genetic diagnostics significantly
contributes to the classification and individualized care of
patients as MFS belongs to a group of connective tissue
disorders associated with cardiovascular manifestations
including LDS, familial thoracic aortic aneurysms and aortic
dissection (TAAD), and the vascular type of Ehlers—Danlos
syndrome (type I'V).*“¢ Initial genetic counseling is indicated
to inform, eg, about the purpose of the test, the inheritance
pattern, and recurrence risk, as well as the reliability and
limitations of the test. It seems of specific importance to
inform that 1) genetic screening of an index case does not
allow to exclude a genetic form of disease and 2) the iden-
tification of a causative mutation does not allow to exactly
predict the individual degree and onset of symptoms. After
adequate counseling, the patient must give written consent
to the analysis; authorization for genetic testing of children
is required from their parents or legal representatives.

In a patient with strong clinical suspicion for MFS, muta-
tion scanning of the FBN/ gene, including direct sequenc-
ing of all coding exons and deletion/duplication analysis of
single/multiple exon(s) by, eg, multiplex ligation-dependent
probe amplification (MLPA), is recommended.*' In cases
without such clear suspicion, a next-generation sequencing-
based approach should be applied for simultaneous testing
of “core genes” and “additional genes”. The recent core
gene list for hereditary nonsyndromic and syndromic
TAAD has been established by Arslan-Kirchner et al*’ and
includes ACTA2, COL3A41, FBN1, FLNA, MAT2A, MFAPS,
MYHI11, MYLK, NOTCHI, PRKGI, SMAD3, TGFB2,
TGFB3, TGFBRI1, and TGFBR2. Identified variants should
be evaluated for their presence in mutation databases, such
as Human Gene Mutation Database (http://www.hgmd.

org/) or ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/)

and single-nucleotide polymorphism databases, such as the
dbSNP Database (http://www.ncbi.nlm.nih.gov/snp/) or the
Exome Aggregation Consortium (http://exac.broadinstitute.

org/). If no disease-causing mutation is identified, MLPA
of genes for which a commercial kit is available, should be
performed. By simultaneous sequencing of the 15 core and
possible additional genes and/or MLPA, a faster diagnosis
has been demonstrated.*®-° This is of particular importance as
clinical differentiation between the overlapping phenotypes
is challenging. Molecular diagnostics is important to classify
the TAAD condition and adjust the follow-up and therapeu-
tic scheme accordingly. For example, in young individuals
with a causative TGFBRI, TGFBR2, or COL3A1 mutation

early prophylactic surgery and pharmacological therapy is
recommended.>'*2 However, a positive test result does not
allow a statement on the individual prognosis due to the
high intra- and interfamilial clinical variabilities. In case of
mutation identification, genetic recounseling must be offered.
The identification of a disease-causing mutation in the index
patient allows testing of affected and unaffected (predictive
testing) family members. If the known family mutation is
absent in a clinically unaffected relative, he or she can be
released from diagnostic monitoring unless otherwise indi-
cated. Finally, although prenatal diagnostics are available, the
Hamburg Marfan center multidisciplinary care team did not
receive any request on prenatal diagnostics to date.

Heart surgery

By Christian Detter and Alexander M Bernhardt

It is well known that poor life expectancy in MFS is mainly
triggered by cardiovascular complications such as acute aortic
dissection or rupture. In most cases, aortic root dilatation is
the predominant aortic manifestation.*> Thus, careful serial
imaging of the aorta by TTE and tomographic imaging is
important to evaluate aortic root diameter and descending
aorta as well as aortic and mitral valve function.

To avoid acute aortic syndromes in MFS, prophylactic
surgery of the aortic root should be performed when indicated
according to the recommendation of the American Heart Asso-
ciation and European Society of Cardiology guidelines.> Fur-
thermore, the operative risk of a planned procedure is very low
in this young patient group. Compared to high early mortality
in an acute setting, both early and late mortalities improve
significantly with prophylactic intervention. With prophylactic
aortic surgery and customized multidisciplinary expert care,
MFS patients have a close-to-normal life-expectancy.**

Although composite-graft replacement with a mechani-
cal valve is still recommended, most studies show excellent
results using valve-sparing root replacement techniques such
as the reimplantation procedure according to David and the
remodeling technique according to Yacoub. David et al®!
reported excellent freedom from reoperation at 15 years
and 18 years of 94.8%. Also both techniques show good
long-term results, the David procedure demonstrates higher
freedom from significant long-term aortic insufficiency in
MEFS because the aortic root and annulus are more stabilized.
Thus, current evidence is in favor of the David rather than
Yacoub technique in pathologies such as MFS. Due to the
excellent durability and valve function of aortic valve spar-
ing in MFS, the David technique is the Hamburg Marfan
center’s preferred technique and the main surgical goal in
this young patient cohort.*? Further improvements are much
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higher patient satisfaction because anticoagulation therapy
is not required and valve-related complications are rare.
This is particularly important for younger women, who are
planning to be pregnant. As prophylactic aortic surgery is
a planned procedure, detailed informed consent is required
in this young patient cohort. Usually, patients with MFS
are well informed and connected. Thus, the dialog should
be very informative and comprehensive to alleviate the
fears about the surgical procedure, and to support the MFS
patients and their families.

Vascular surgery/vascular intervention

By Axel Lerena-Avellaneda, Tilo Kolbel, and E Sebastian
Debus

While arterial aneurysms and aortic dissection play a major
role in morbidity of patients with MFS, peripheral occlusive
disease is practically nonexistent in these cases. Therefore,
vascular repair in MFS is focused on aortic surgery, which has
undergone a dramatic technical change since the early 1990s.
Generally, nowadays, most patients are treated with endovascu-
lar procedures. While the typical aneurysm patient will profit
from this minimally invasive operation in regard to mortality
and morbidity, this may not apply for patients with MFS 2%

While in the beginning, stent-grafting was advocated
in patients with MFS, it soon became evident that the
endoleak and secondary intervention rates were much
higher than in patients without MFS.5%57 The reason is
presumably the fixation of the vascular prostheses in the
aortic vessel. While in open surgery, the alloplastic mate-
rial is sewn to the artery, the endoprostheses are attached
by a stent with radial force. Due to the connective tissue
weakness, the stents tend to dilate the artery, and besides
dilation and insufficiency of the anastomosis, the stents
may rupture the vessel.

Since patients with MFS are considerably younger than
the average patient with aortic aneurysm, the results of the
open procedures are remarkably good, even in thoracoabdom-
inal aneurysms.® In acute type B dissection, stent-grafting
remains the procedure of choice, as the open operation
remains difficult because of the fragility of the arterial wall
and the risk of paraplegia. The risk for type B dissection in
MEFS is considerable (6%—34%), with increasing risk after
surgery in the proximal thoracic aorta and dilation of the
descending thoracic aorta.>

MEFS is a rare disease, and most vascular surgeons are not
used to finding themselves confronted with these challenging
patients. Furthermore, as these patients can be followed over
years, the vascular situation after dissection may get very
complex over time, and individual approaches regarding all

open and endovascular techniques are necessary. Especially
thoracoabdominal or arch chronic false lumen aneurysms
in patients after operation for acute type A dissection are
challenging.

Standard vascular techniques may not always be applied,
so a special strategy seems to be mandatory to obtain good
long-term results. Therefore, in participating in the MFS
center, vascular surgeons had to adopt our treatment path-
ways to the characteristics of vascular connective tissue dis-
orders. The availability of a weekly “aortic conference”, in
which an experienced team of cardiologists, heart surgeons,
and vascular specialists attends is the perfect modality to
tailor the ideal strategy.”® Staged hybrid procedures may
be planned: to achieve stable landing zones for subsequent
minimal invasive stent-graft implantation, the aortic arch
may be repaired using the “frozen elephant technique”. The
infrarenal and iliac aneurysms are operated in open manner
to obtain a good distal landing zone. If the patient bears a
very low general risk, total open repair is planned.

Orthopedic surgery

By Malte Schroeder

Although MFS-related musculoskeletal symptoms in gen-
eral would not be life-limiting, they have a great impact on
professional and private living arrangements, participation
in sporting activities, and the self-perception of the patient’s
body. The multiple manifestations of the disease of the tho-
rax (pectus excavatum and carinatum), the spine (scoliosis
or kyphosis), the joints (hyperlaxity), and deformities of
the foot require continuous orthopedic treatment. Thus, the
idealized requirements of an orthopedic surgeon as part
of a multidisciplinary Marfan network include being an
extensively trained podiatrist who routinely treats different
clinical stages of protrusion hip arthritis, who is familiar
with sports performance diagnostics in patients with car-
diovascular diseases, and who is able to offer a wide array
of conservative and operative treatment options to both
children and adults with scoliosis. A single individual can
certainly not fully cover this idealized demand profile. Fur-
thermore, the idealized orthopedic surgeon should support
and instruct orthopedic colleagues, who are confronted with
MEFS patients less frequently.

Regarding the commonly occurring spinal deformities
in MFS, special attention is required in times of accelerated
skeletal growth where clinical, and possibly also radiologi-
cal controls, are mandatory to monitor potentially relevant
changes of scoliosis or kyphosis. Particularly during puberty,
the possibly impaired self-perception of the body could pre-
vent young patients from taking part in physical activities.
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Disruption of body image also affects emotional and rela-
tional aspects including restrictions in the participation in
physical activity. The treating orthopedic surgeon should try
to convince patients and their parents of the importance of
regular sporting activities. Recommended physical activities
should be of low or medium intensity and without, or with
limited, physical contact. Activities that could lead to an
increase in systolic blood pressure >160 mmHg or recurrent
valsalva maneuvers must be avoided in patients with MFS,
weightlifting, contact sports, and basketball and soccer at
performance level, should not be performed. Recommended
sports include hiking, cycling, golf, roller-skating, snorkel-
ing, and youth soccer.

Regular sporting activities can not only improve muscular
strength and the cardiopulmonary system but also should in
particular be considered as an essential part of normal life.
Preparticipation evaluation should be performed before
athletic participation is permitted in patients with MFS, and
should be repeated at least annually.*

Stabilizing orthotics should only be prescribed when
pronounced deformities or instabilities, especially hind foot
deformities, are diagnosed. The importance of the intrinsic
foot muscle function can hardly be overstated. The recently
described foot core system has introduced a new paradigm for
understanding the movement and stability of the foot arch.®!
Parallels between the lumbopelvic core and the intrinsic foot
muscles should be taken into account regarding normal foot
and lower extremity function. Therefore, exercises such as
the “short foot exercise” should be an integral part of the
everyday routine in every patient with forefoot deformity
and particularly in patients with MFS.9!

Finally, some remarks should be made regarding the
possibility of chiropractic treatments. Despite individual
reports in the literature that cervical manipulation was
performed without dramatic consequences in patients with
MEFS presenting aortic aneurysms, chiropractic manipulation
techniques should be declined. Rather, the manual medicine
repertoire offers a variety of other treatment options to suc-
cessfully treat the manifold musculoskeletal manifestations
in patients with MFS.

Ophthalmology

By Stephan | Linke and Bettina Fuisting

The role of the precise ocular status in diagnosing and
defining progression of MFS has gained prominence with
the revised Ghent criteria, as the presence of EL with aortic
dilation (Z-score >2) is currently sufficient for diagnosis.*
How much help can the ophthalmologist be in diagnosing

mild or atypical MFS, or evaluating its progression? The aim
of the ophthalmologist’s clinical examination and diagnostic
screening process should be threefold.

First, to guarantee a reliable clinical statement for the
patient: can the vision be improved by spectacles or contact
lenses? Is lens surgery indicated, and if yes which is the best
way to perform intraocular surgery with stable lens implan-
tation? Due to high myopia prevalence in MFS, a thorough
funduscopy is warranted to detect subtle changes in the retina
and prevent retinal detachment.

Second, to provide information on established nosologic
criteria for diagnosing MFS including EL and myopia >-3D.

Third, to implement and improve new ophthalmic
screening techniques in close cooperation with experts from
the related subspecialities under guidance of the cardiolo-
gist. These include corneal topography and tomography
detecting subtle changes in the cornea. In vivo confocal
microscopy may help to reveal abnormal deposits in the
pre-Descemet region of the cornea. Last, but not least,
new dynamic in vivo curve analysis of the cornea to ana-
lyze biomechanical changes may broaden the screening
armamentarium.

In the patients’ interests, a coordinated and straight
forward clinical examination of all involved subspecialities
is warranted. Regarding the eye and vision of the patient, a
basic ophthalmological examination should include distance
corrected visual acuity, intraocular pressure measurement,
documentation of pupil centration (miosis), slit-lamp
examination to determine iris stromal atrophy, dilated fun-
dus examination of the retina, and thorough lens position
and zonular status determination. The cardinal feature of
EL is currently evaluated by slit-lamp examination under
complete pupillary dilation (cyclopentolate 10 mg/mL
and phenylephrine 100 mg/mL). EL was classified as
subluxated when only a subtle posterior disclocation was
seen. The EL was classified as luxated when the lens had
any displacement (most commonly superotemporally).
An estimated 40% of individuals with MFS do not have
subluxated lenses.”’

Submaximum pupil dilation in some patients with MFS
and subjective EL estimation limits the discriminant capac-
ity of this approach. The potential for ocular abnormali-
ties to aid in diagnosis of MFS may be much greater than
currently acknowledged due to aforementioned modern
screening techniques. Investigation of biomechanical and
dynamic changes in tissues that contain abnormal FBN/ is
a reasonable next step in refining the approach to diagnos-
ing MFS. 6263
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Nursing

By Barbara Napp

Ultimately, the same is true in the nursing care of patients
with MFS as for all patients, the care perspective must include
the whole person, that is to say it contains five dimensions:
physical, psychological, sociocultural, developmental, and
spiritual. There are several international science-based nurs-
ing concepts that address these dimensions.* For example,
the “activities of daily living” that aim to strengthen peoples’
daily self-care activities. Focusing on patients with MFS this
means to address their special needs. This rare, chronic illness
with so many different phenotypic appearances and no stan-
dardized therapy, requires very patient-centered nursing with
excellent knowledge of the impacts of this rare disease and
corresponding therapies; as well as prevention of, and early
detection of symptoms and complications. Best networking
between the specialized departments in order to provide best
individualized care is necessary.

The education of patients in order to be expert in their own
disease is significant. But also the identification of psycho-
logical needs of the patients and their relatives is important,
offering advice and guidance in order to strengthen their
capability of self-maintenance. Often patients with MFS are
long-term patients over decades, the relationship between
patients and the therapeutic team of nurses, doctors, and oth-
ers is very close. Thus, the concept of a relationship to address
the patient’s special needs, but not to be too in the personal
condition of the patient, is another key aspect of care.

Auxiliary disciplines
Forensic pathology
By Anna Lena Kammal and Klaus Piischel
In the field of pathology, in particular the study of forensic medi-
cine, we often encounter cases of sudden unexpected death,
usually of an internal nature. We have previously examined
questions and problems pertaining to this issue in other studies
and reviews."*>% From a pathological point of view, the most
frequently observed and positively identifiable causes of death
are sudden cardiac arrest (50%), as well as aortic or vascular
disease (1%—3% of autopsies). In 2015, our team of forensic
pathologists identified an extremely high number of almost 100
fatal events from aortic dissection in a total of 1,300 autopsies
performed at our institution (7.69%). In 85% of these cases,
vascular pathology proved to be the primary cause of death.
It should be noted however, that in other cities the rate of
dissections is considerably lower than that in Hamburg. At
the University of Hamburg, the rate is ~8%, whereas other
regions generally have a rate of only 1%—2%. Many cases of
fatal connective tissue and vascular pathology are therefore

likely to be missed or overlooked. The greatest portion of vas-
cular pathology cases is seemingly based on arteriosclerotic
changes, whereas connective tissue diseases such as MFS
and vascular Ehlers-Danlos syndrome were present in 3%
of these cases. The special challenge here lies in the cases
with sudden death in young people, because certain questions
are raised that reside outside the scope of forensic medicine.
In particular, we face difficulties with the following tasks:

e Precise determination of the cause of death.

e Identifying possible treatment failures (misdiagnosis,
malpractice).

¢ Identifying genetic causes of death.

o Initiating family member support.

Often the deceased have a long medical history of charac-
teristic symptoms, and all too often their records show long
odysseys of unclear or erroneous diagnoses. It often becomes
obvious that there are severe problems in the proper establish-
ment of a diagnosis. The misdiagnoses primarily pertain to
the fields of internal medicine as well as orthopedic medicine.
It would be important to actively consider aortic dissection
in young patients with acute chest pain and to search for
stigmata such as marfanoid habitus, or arachnodactyly in
these individuals. Screening tools like the “seven-signs”
instrument may support identification of young individuals
at risk for such fatal aortic events.!*

The Institute of Forensic Medicine in Hamburg has coop-
erated with the multidisciplinary MFS center on this matter
for some time now. Once the diagnosis has been made within
the scope of the dissection or the autopsy report, and further
diagnostic evidence suggests such an illness, it is of particular
importance to run all corresponding diagnostics, ie, on the
bicuspid aortic valve. After these steps have been taken, the
consultation and consolation of family members should take
the highest priority, especially with regard to the prevention
of future events of sudden death in the family (ie, genetic
screening). Afflicted families should be carefully informed
about possible screening and treatment options and should be
sent to a geneticist for family counseling. The geneticist may
consider molecular testing in family members. This demands
a certain degree of multidisciplinary care and supervision.
For this reason, we consider the close proximity to a center
of multidisciplinary care to be a critical factor in a successful
prevention and treatment outcome.

Radiology

By Peter Bannas

The indication for surgical prophylactic aortic root replace-
ment in MFS is highly dependent on accurate and precise
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measurements of the aortic root. Therefore, radiological
imaging of the aortic root plays a key role for the diagnosis
of MFS according to the Ghent-2 nosology®® and is a core ele-
ment of annual follow-up examinations to detect aortic root
aneurysms. Only excellent multidisciplinary communication
between radiologist, cardiologists, and vascular or cardiac
surgeons enables appropriate timing for surgery. Also, after
aortic root replacement, annual imaging of the entire aorta
is recommended in patients with MFS. Hence, patients with
MES experience lifelong annual radiological imaging of the
aorta, which is a key component of their lifelong multidis-
ciplinary monitoring.

From a radiological perspective, echocardiography, CT,
and MRI are available for noninvasive imaging of the aortic
root. Echocardiography is widely available, but cannot assess
the entire aorta and its accuracy is operator dependent. CT
allows exact measurements but uses ionizing radiation and
requires the application of iodinated contrast. MRI does not
require ionizing radiation or iodinated contrast. Therefore,
MRI is recommended for imaging of the entire thoracic aorta
in patients with MFS.%

Since annual lifelong imaging is performed in patients
with MFS, noncontrast MRI techniques should be preferred
over contrast-enhanced techniques. Noncontrast techniques
allow for electrocardiography (ECG) triggering, which allows
for sharp delineating of the aortic root, resulting in accurate
and precise aortic diameter measurements.”72

Moreover, MRI allows not only for imaging of the aortic
root but also of the thoracic and abdominal aorta and periph-
eral vessels with excellent image quality in an observer-
independent fashion. Thus, MRI enables detection of arterial
aneurysms other than of the aortic root, eg, of intracranial
aneurysms that have a high prevalence of 14% and grading
of vessels tortuosity, which is associated with a more severe
aortic phenotype in MFS.737

MRI is also the preferred imaging method for detection
and grading of dural ectasia.”’® Other imaging methods
such as conventional radiography allow for detection of
skeletal malformations and craniofacial dysmorphology.®’
Conventional radiography and CT allow for detection of
lung emphysema and pneumothorax. CT in particular, allows
detection and monitoring of pulmonary abnormalities before
they aggravate.”

An experienced and skillful team is needed for lifelong
image-based monitoring and management of patients with
MFS. In a multidisciplinary team approach, radiologists,
cardiologists, and vascular and cardiac surgeons can best
perform this management of vital importance for patients
with MFS.

Rhythmology

By Boris A Hoffmann

Consequences of aneurysms and dissections of the thoracic
aorta are the major cause of death in patients with MFS.”
In the past 15 years, there is increasing evidence indicating
an elevated risk for ventricular arrhythmias (VA) and sudden
cardiac death (SCD).7*#!

Chen et al*? reported episodes of VA in 33% of children
with MFS including one survived SCD. This patient required
resuscitation and was found to have multiform premature
ventricular contractions (PVCs) and ventricular tachycardia
(VT). Of all children with VA, 75% had mitral valve prolapse,
whereas only two children (8%) had severe mitral valve regur-
gitation. The authors found that serious VA in children with
MES can occur with or without substantial valve disease. In
our center, we identified that 14% of adult MFS patients suffer
giddiness or syncope and that PVCs occur in up to 13% of
adults with MFS suffer giddiness or syncope and PVCs were
observed in 13% in this group.”%?% In contrast, Yetman et
al” reported that none of the patients died from aortic dis-
section, while 4% died from VA over a follow-up period of
up to 24 years. VAs are identified in 21% of these patients
and were associated with an increased left ventricular (LV)
size, mitral valve prolapse, and repolarization abnormalities.”

Reduced LV ejection fraction in patients with MFS has
been described previously; Hetzer et al®® demonstrated that
heart failure is the leading cause of death, especially in
neonatal and juvenile patients with MFS. In the majority of
cases, heart failure is caused by heart valve incompetence
rather than primary myocardial dysfunction.” In contrast,
Yetman et al’® found that, even in the absence of aortic valve
regurgitation, LV dilation occurs commonly in patients with
MEFS and is associated with altered repolarization that may
subsequently lead to ventricular arrhythmia. In this study,
11% of patients with MFS had LV systolic dysfunction.”

Among different risk stratification parameters, eg, ECG
and heart rate variability, the serum N-terminal probrain
natriuretic peptide (NT-proBNP) as a correlate of LV dys-
function remained the exclusive predictor for the composite
end point comprising SCD, VT, ventricular fibrillation, or
arrhythmogenic syncope in our group of patients with MFS.”
NT-proBNP showed an optimal cutoff point at 214.3 pg/mL
and predicted the composite primary end point accurately
(sensitivity 100% and specificity 79.0%). In other observa-
tions of our group, NT-proBNP was repeatedly correlated
with arrhythmogenic events, and the optimal cutoff was
calculated with 465 pg/mL and 618 pg/mL, respectively.’03¢

Recently, LV diastolic abnormalities and RV and LV
systolic function in patients with MFS were described
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by conventional echocardiography and tissue Doppler
imaging.®”® The precise mechanism of LV dysfunction is
unclear. Aortic wall stiffness leading to an increased LV
afterload and subsequently to LV dilation and an altered LV
filling in the absence of significant aortic or mitral regurgi-
tation due to defective microfibrils and elastic fibers in the
cardiac cytoskeleton are discussed.®” The inadequate amount
of microfibrils, constituted of FBNI-rich microfibrils, may
result in loss of extracellular matrix structural integrity
which in turn impairs the coordination of contractile and
elastic tensions.” Abnormal ventricular diastolic relaxation
and impaired systolic contractility observed in patients with
MEFS could be explained by extracellular matrix remodeling
and an abnormal TGF-J biological pathway due to a FBNI-
deficient environment.*

Conventional ECG parameters and heart rate variability
failed to stratify the risk of SCD.” In our recent publication,
an altered heart rate turbulence (combination of abnormal
turbulence slope and turbulence onset) was found to be
an independent risk predictor of arrhythmogenic events in
patients with MFS.* Genetic factors may elucidate the SCD
risk in the future. Recently, published data suggest that VT
events were significantly elevated in patients with FBNI
mutations in exon 24-32.%

Patients with MFS are at increased risk for SCD that is
caused by ventricular arrythmnia rather than aortic rupture or
dissection. Risk factors include the presence of VA, eg, PVCs,
VTs, impaired LV systolic function, elevated NT-proBNP
serum levels, abnormal heart rthythm turbulence (HRT),
and FBNI mutations within exon 24-32. Patients with MFS
who are at risk probably benefit from a close follow-up of a
multidisciplinary health care team.

Pulmonology/sleep medicine

By Nele Gessler

MEFS can lead to several pulmonary manifestations as well
as sleep-related breathing disorders. These can result directly
from the connective tissue changes themselves or from
skeletal abnormalities like pectus excavatum or scoliosis,
which can cause restrictive lung disease or may increase the
risk of spontaneous pneumothorax. The reported prevalence
of pneumothorax in MFS is 4% to 11%.°! It occurs especially
young adults and is seen more often in males than in females.
It was found that the presence of blebs and bullae, which
frequently occur in MFS, is associated with a greater risk of
pneumothorax.’? Because of this risk, patients are advised to
avoid activities with high pressure changes like skydiving,
playing wind instruments, or scuba diving.

Additionally to classic pulmonary manifestations, there is
a strong association between sleep-related breathing disorders
like sleep apnea and MFS. Approximately 30% of patients
with MFS have evidence of sleep apnea. While it is mostly
described as obstructive, central sleep apnea is also seen in
our patients.®* Although central sleep apnea is mainly associ-
ated with heart failure, obstructive sleep apnea is known to be
associated with multiple cardiovascular diseases such as atrial
fibrillation, VA, heart failure, and stroke and is an independent
risk factor for arterial hypertension. Due to the mechanism
of forced breathing against the closed upper airway, intratho-
racic pressure changes can be as high as —65 mmHg, which is
probably the cause for the increased risk of aortic dissection
in individuals with obstructive sleep apnea.?

Particularly in patients with MFS, it is necessary to iden-
tify and treat obstructive sleep apnea, which is easily done
with continuous positive airway pressure (CPAP) therapy.
Unfortunately, clinical signs of sleep apnea like excessive
daytime sleepiness did not relate to sleep apnea in MFS
patients. Thus, we suggest screening patients with MFS for
sleep apnea even when not clinically suspected.

Orthodontology/dentistry
By Eva Vahle-Hinz and Barbel Kahl-Nieke
Apart from cardinal manifestations involving the ocular,
skeletal, and cardiovascular systems, various craniofacial and
oral abnormalities occur in patients with MFS. Of particular
interest from an orthodontics point of view are: dental and
skeletal class II configurations with maxillary and mandibu-
lar retrognathia, and dolichocephaly as well as maxillary
constriction with an increased palatal depth including dental
crowding. The prevalence of joint hypermobility is another
common finding that leads to temporomandibular joint dys-
function and possibly causes condylar resorption. According
to this finding, physiotherapy should be one of the mainstays
of the therapy of temporomandibular joint dysfunction dis-
orders. This includes joint stabilization in patients with MFS
at the beginning of every orthodontic treatment.
Concluding from a clinical periodontal examination,
patients with MFS do not show more periodontal damage,
eg, severe forms of periodontitis, but a tendency toward
more inflammation signs caused by crowding.”® Therefore,
patients with MFS should receive professional teeth cleaning
at regular intervals to reduce periodontal inflammation and
consequently their increased risk of endocarditis.
Connective tissue disorder in patients with MFS is associ-
ated with reduced lip strength as a result of orofacial muscular
hypotonia and increased lower facial height. This correlates
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with increased clockwise rotation of the mandible, resulting
in an increased gonial angle. A reduced chewing efficiency for
hard foods has been described as an additional syndromal char-
acteristic caused by weak ligaments and muscular hypotonia.
Systemic muscular hypotonia in patients with MFS may affect
the craniofacial morphology in adolescent patients. Therefore,
early myofunctional therapy to achieve lip competence as well
as to strengthen the orofacial muscle is recommended for
patients suffering from a connective tissue disorder in child-
hood, and in adolescence. During the time of growth, the aim of
orthodontic treatment should be bite correction and regulation
of the craniofacial growth with functional appliances.

Neurology

By Gotz Thomalla

Neurological manifestations or complications are not key
factors for MFS, neither in clinical practice nor as part of
diagnostic algorithms. Dural ectasia is the only neurological
manifestation of MFS that is used as a diagnostic criterion.
Dural ectasia has been related to chronic lumbosacral pain
syndrome, and it may give rise to complications in rare cir-
cumstances. For example, spontaneous cerebrospinal fluid
leaks can result in intracranial hypotension presenting with
postural headache; and giant anterior or lateral meningocele
may cause constipation, urinary symptoms including reten-
tion or incontinence, or dysmenorrhea.’**

There are, however, conditions in MFS and LDS that
may require neurological management. These are mainly
cerebrovascular events either resulting from alterations of
vascular structures in these disorders of connective tissue or
being complications of cardiovascular manifestation of the
disease in these patients.

Ischemic stroke with cerebral or spinal ischemia may
occur resulting from valve disease of atrial fibrillation or
after dissection of cervical arteries within the context of
aortic dissection. In a large retrospective case series, 2.9%
of patients with MFS suffered from transient ischemic attack
or ischemic stroke, mostly from a cardioembolic source.®’
Thus, oral anticoagulation is usually indicated in conditions
with increased risk of cardioembolism in MFS or LDS such
as prosthetic heart valves or atrial fibrillation.

Dissections of cervical arteries are the most frequent
cause of stroke in young patients, and both MFS and LDS
are associated with arterial dissections. Cervical artery dis-
sections may occur together with or independent from aortic
disease. However, given the overall low incidence of MFS
and LDS, both disorders are rather rare findings in cohorts
of young stroke patients.

There has been some debate about an increased risk of
intracranial hemorrhage with MFS, and previous reports
suggesting increased frequency of intracranial aneurysms
in MFS.% Neither of these were confirmed by a more recent
and larger case series.’ Conversely, LDS is characterized by
a high incidence of intracranial arterial aneurysms that may
be associated with a risk of subarachnoid hemorrhage.’” Both
neurosurgical and endovascular treatment of these aneurysms
may be challenging given the sometimes extreme arterial
tortuosity, which is a typical feature of LDS. Regular neu-
rovascular imaging is recommended in patients with LDS.

Dural ectasia, ie, dilatation of the dural sac, is common
in MFS and LDS but is usually asymptomatic. It may also
lead to pain or spinal nerve root compression. A rather rare
complication together with dural ectasia is intracranial hypo-
tension with position-dependent headache.

Neurologists should look for clinical signs of connective
tissue disorders in young patients with stroke and cervical
artery dissections and consider testing for MFS or LDS if
clinical signs are present. If cerebral ischemic events occur
in patients with MFS or LDS, acute treatment does not differ
from usual stroke treatment. Potential sources of cardiac or
aortic embolism should be carefully looked for, and further
management including oral anticoagulation should be coordi-
nated together with cardiologists at a center for genetic aortic
disease. In patients with known MFS or LDS, neurovascular
imaging should be performed as screening, and should be
performed at regular intervals, especially in LDS. In cases
of intracranial aneurysm, treatment decision making should
be multidisciplinary, involving neurologists, neurosurgeons,
and interventional neuroradiologists.

Obstetric surgery
By Meike Rybczynski
As a genetic disorder, MFS influences every patients’ life-
planning decisions, particularly with respect to family plan-
ning, there are specific aspects to consider. In daily practice,
many practitioners lack the knowledge necessary in estimating
the risk of pregnancy in MFS patients with respect to aortic
enlargement as well as the potential disease risk to the child.”®
Therefore, caregivers should discuss family planning and
pregnancy with affected couples, to ensure that every woman
with MFS is aware of her own personal risk. The transition
from pediatric care to adult cardiology represents an ideal
opportunity to introduce special aspects of pregnancy in MFS.
Expert consensus considers an aortic diameter of 40 mm
or less safe for vaginal delivery; therefore, every female
patient should undergo echocardiography before getting
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pregnant.” It is recommended that patients with larger diam-
eters undergo elective aortic replacement prior to planned
pregnancy.'®!%! Even in low-risk pregnancy, the physicians
at the Hamburg Marfan center perform routine visits with
echocardiography in every trimester to ensure stable aortic
status. In general, pregnancy leads to an aortic enlargement
of ~2 mm even in healthy women.'?>!®3

Family planning is a highly individual and personal part of
life and decisions are made in an individual, and on an emo-
tional basis. It is extremely challenging for medical profession-
als to respect these deeply personal aspects and to ensure that
all disease-specific considerations are understood and taken
into account. Specific aspects that should be addressed include
counseling of the mother, and comprise multidisciplinary
counseling during pregnancy, regular evaluation for changes
in medical therapy, consideration of referral to a Marfan center
for delivery, potential risks of vaginal delivery, and problems
related to breastfeeding. Whenever the life of the mother is
in danger due to a pronounced aortic aneurysm enlargement,
abortion may be considered.

Counseling for the parents in respect of the child includes,
that if the child is at risk of MFS (50% chance), high intrafa-
miliar variability of clinical symptoms is possible, that early
diagnosis and presymptomatic gene testing is warranted to
initiate preventive therapy, and that there is no increased risk
of preterm delivery of other pregnancy-related complications

BAB can be continued during pregnancy and lactation.
Angiotensin converting enzyme inhibitors must be discontin-
ued as soon as possible due to teratogenic effects (consider
switching to BAB). In case of arterial hypertension, meth-
yldopa may be an option.”

In regards to breastfeeding, the role of oxytocin especially
during the lactation period as a destabilizing factor of the aor-
tic wall and potential risk factor of aortic dissection remains
unclear and requires further evaluation.'? Since breastfeeding
is strongly recommended for the health of the newborn and
since there is still a lack of evidence, we perform shared
decision making for this issue.

Trust-based and professional communication is essen-
tial in providing a high level of quality in medical care in
this specific patient collective. In Hamburg Marfan center
physicians’ experience, joining obstetric board meetings
is a good option to discuss further procedures, if needed.
In addition, a multidisciplinary team should be involved in
planning pregnancy for women with MFS. Planning should
include the mode of delivery, and clear communication of a
plan in case of emergency, comprising an alert plan in case
of aortic dissection to the team comprising members of

disciplines such as cardiac surgery, cardiology, obstetrics,
anesthesiology, and pediatric intensive care. Such planning
comprises facility planning (which operating room—obstetrics
or cardiac surgery?), equipment availability (incubator, etc?),
postpartum planning (which setting? Monitoring required?
Rooming-in possible? When is discharge possible?), and
planning of follow-up concepts in an outpatient setting.

Psychology

By Meike Rybczynski and Dieter Benninghoven

Patients with chronic illnesses are frequently subject to psy-
chological distress. Problems can either manifest acutely as a
result of a specific illness-related event or they can develop
parallel to the chronic illness as comorbid psychopathology.
There is some evidence that patients with MFS show a lower
quality of life and a higher level of psychopathology, mainly
anxiety and depression, than comparable healthy subjects. In
addition, some limited evidence exists showing that patients
with MFS may also have neuropsychological deficits.>>7:104105
But these findings need further confirmation through studies
with larger sample sizes. In the absence of robust empirical
scientific evidence the following representative collection of
clinical impressions is based on many interactions with MFS
patients in daily clinical practice.

Traumatic experiences: an acute aortic dissection and its
treatment represent an imminent life-threatening situation. It
is a very painful event associated with fear of death. Addition-
ally, this event is often the distinct incident that leads to the
diagnosis of MFS. The initial diagnosis of a chronic illness
can be a burden per se, and may be perceived as another trau-
matic stressor. As a result some patients may show symptoms
of an adjustment disorder or of a posttraumatic stress disorder.

Body image: some patients with MFS feel stigmatized by
their appearance (“I am a walking diagnosis”). Young adults
are especially sensitive due to physical malformations such
as thorax deformities, scoliosis, or large body size, which
distinguish them from their peers. These characteristics
may lead to reduced therapy compliance or a strong desire
to undergo operative correction of these perceived malfor-
mations. On the other hand, many patients often report that
their “big and tall” stature provokes expectations from others
that they are unable to meet (“strong, resilient”). If then the
disease is not communicated at the workplace, for example,
misunderstandings rapidly arise (“he is such a big strong guy
and he is always avoiding work”™).

Family life: the majority of patients with MFS have par-
ents who are also affected by the disease. In conflict situations
that often arise with young adults, genetics, and parental
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responsibility can become a heated topic of discussion (“how
could you choose to have a child with this disease when you
knew exactly what it would go through”). This type of situa-
tion is often very difficult for parents. Similarly, the decision
for or against parenthood is complicated and MFS patients
sometimes require counseling regarding this question.

Autonomy development: another challenge for adolescents
is gaining independence from parents and autonomy with
respect to disease management and therapy. From a medical
perspective, the child should be involved in disease manage-
ment as early as possible. In practice, many parents with “sick”
and therefore “helpless” children have difficulties letting go.

Accidental risk behavior: if the patient is unable to make
a successful transition from a pediatric to an adult setting,
they often fall into the pattern of accidental risk behavior.
As a result of the desire to assimilate into one’s peer group
as far as possible, denial of the disease is the result, which
translates into noncompliance with respect to medication
and check-ups. The preparation and guidance of this transi-
tion into personal responsibility for one’s health and disease
management requires a solid relationship and good com-
munication among health care givers.

Sex-specific aspects: hard data on quality of life of patients
with MFS is lacking. Data from self-help groups show that
women report a lower quality of life and higher burden related
to the disease coupled with managing the household, working,
and holding the majority of the responsibility for childcare.

Work environment: negative experiences sometimes
also arise at work places. Many job-related activities are not
recommended for patients with MFS. This may lead to frus-
tration. Bullying and teasing are not as prominent at work as
they are for children at school, but may nevertheless occur.

General: a solid and trust-based doctor—patient rela-
tionship is the key in the treatment of patients with MFS.
Furthermore, the awareness of psychological burdens and
their exploration at regular intervals must be a self-evident
part of the routine treatment. A systematic screening for
frequent psychopathological symptoms, mainly anxiety and
depression, through an adequate screening questionnaire, for
instance, the hospital anxiety and depression scale (HADS)!%
is recommended. Ideally, a clinical psychologist is a member
of the multidisciplinary team and can initiate further diag-
nostics and psychotherapeutic interventions if necessary.
Similarly, attention should be paid to neurospsychological
deficits and special training should be provided if needed.

It is important to strengthen the patients’ self-confidence
in dealing with MFS and in informing other medical
professionals about important background information

related to the disease. This type of behavior helps patients
process their disease and eases situations with outsiders.
Self-help groups for patients with MFS are extremely well
organized and allow patients not only to find others with the
disease, but also to become politically active.

Rehabilitation

By Dieter Benninghoven

Rehabilitation programs specifically for MFS patients are
rare, and scientifically evaluated programs do not exist. In
2014, the first inpatient rehabilitation program in Germany
for people with MFS was established based on experiences
from the National Resource Center for Rare Disorders in
Norway. It is now offered annually to patients with MFS
in medically safe and stable condition in order to ensure or
improve participation in all areas of life.

The MFS rehabilitation program lasts 3 weeks and is
based on regular German inpatient cardiac rehabilitation.'?’
The main goal is to achieve the best possible support of the
patient’s capacities with respect to biological, psychological,
and social aspects. Besides physicians, the rehabilitation
team includes nursing staff, exercise therapists, physio-
therapists, psychologists, nutritionists, and social workers.
After an extensive initial diagnosis, the patient’s individual
somatic, educative, psychological, and social rehabilitation
goals are formulated. Based on these, a rehabilitation plan is
determined, which is modified and adjusted to the success of
rehabilitation. People with MFS are admitted to the program
in groups of ten patients, on average. They receive special
education about MFS, such as talks by experts about cur-
rent treatment options, new research findings, and behavior
recommendations. Based on exercise ECG performed at the
beginning of the rehabilitation, the appropriate target heart
rate for training is defined (with a systolic blood pressure
2160 mmHg as a stop criterion). Throughout the course of
rehabilitation, the training combines daily bicycle ergome-
try, gymnastics, fitness training, and nordic walking adding
up to at least three sport units per day. The main goals here
are to overcome patients’ uncertainty regarding their physi-
cal abilities and, thereby, to improve patients’ body image.
Twice a week, patients take part in a psychological group
therapy focusing on coping with MFS.!1% Additionally, a
psychologist trains patients in a relaxation technique. One-
to-one psychotherapeutic interventions are important and
offered according to demand. Counseling for job-related
issues and dietary counseling is offered, and patients get
introduced to a self-help organization for MFS patients. As
a core element, the rehabilitation process of every patient
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is reviewed weekly in multidisciplinary team conferences.
Finally, an extensive examination is performed at the end
of the rehabilitation to evaluate individual therapy success
with regard to predefined therapy goals.

Meaning

The magnet metaphor of team member, structure,
meaning

Patients, physicians, nurses, and managers, just as all human
beings seek meaning in life. About meaning, McKee says in
screenwriting: “Values, the positive/negative charges of life,
are at the soul of our art. The writer shapes story around a
perception of what’s worth living for, what’s worth dying for,
what’s foolish to pursue, the meaning of justice, truth — the
essential values”.!% The brief essays of our expert physicians,
patient representatives, nurses, and managers give us a vivid
idea of competence, commitment, positive charges of value,
and enthusiasm. A multidisciplinary health care team consists
of team members who are individual and autonomous, but
who share similar professional life experiences, and common
professional values. Well-designed structures allow team
members to join for action to maximize therapeutic success
as the ultimate value of our professions.

Importantly, there is a dynamic relationship between
team member, structure, and meaning. The Chicago sociolo-
gist Eliot Freidson (1920-2005) provided a landmark study
of the medical profession,'® he analyzed the social structures
of the medical profession as according to data that was
available up to 1970, including the profession’s structures
for self-regulation in the medical societies, and the work-
settings in hospitals and private practices. He concluded
that the medical profession was organized in such a way
that it was virtually impossible for physicians to perform
in accord to their own professional claims of high medical
and ethical standards. Freidson disclosed the dominance of
informal structures for professional self-regulation. Such
informal structures promoted a limited sense of medical
responsibility, predominance of prestige and authority, and
worked through personal networks of referral relations,
bureaucratized reward systems, personal privilege systems,
personal boycotts, colleague careers, internal fraternities,
sponsorship, and patronage.''® In summary, Freidson’s!!
study provides a terrifying example of how distorted struc-
tures of the medical profession can result in a system of
health professionals who prefer playing political games
rather than maximizing therapeutic success.!!

Almost 50 years after Freidson published his seminal
work, ideas on hospital organization appear to make a U-turn.

A Absence of structures B Presence of structures

Figure 3 The magnet metaphor of team member, structure, and meaning. (A) In the
absence of instructive structures team members scatter like iron shavings in a loose
pile. (B) Structures align team members by power of meaning like a magnet aligns
iron shavings by the power of its magnet field.

Medical professionals get designed as “bureaucratized pro-
fessionals”, who are supposed to align strictly into managerial
structures, instructions, and interests — such bureaucratized
professionals can probably only exist by design.!'? However,
if they exist, they are unlikely to share the same spirit of
enterprise and enthusiasm as the professionals in our paper
on multidisciplinary care today.

Structures align professionals to create meaning, like a
magnet aligns iron shavings by the power of the magnet field
(Figure 3). Structures that are unable to provide clear purpose
and direction will distort professional performance and yield
ameaning of medicine as a personal game of team members.
Conversely, structures that are too rigid will immobilize team
members, paralyze their agility, suffocate their sense of excel-
lence, innovation, and initiative, and will create the meaning
of medicine as the disengaged execution of bureaucratic rules.
Only a well-weighted balance of professionals and structures
will yield a meaning of medicine as a team effort for maximiz-
ing therapeutic success. Meaning organizes professionals with
the lowest financial and organizational effort, it is invisible like
amagnet field, but it works for team members like a compass
for navigation for difficult tasks in complex environments.

Teams as means to maximize therapeutic

success

For the strategy paradigm, a multidisciplinary health care
team is a means to maximize therapeutic success. In this
sense, the success of a multidisciplinary health care team is
to maximize therapeutic success in each individual patient.
Team member, structure, and meaning of such teams are
designed to serve this objective. Clearly, every human orga-
nization, a hospital, or a multidisciplinary health care team
has an end in itself, which is an ethical demand but also a
functional demand. We will address this big and important
issue in a later paper dealing with “organizational medical
strategies (OMS)”.
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In contrast to many other approaches to assessing the
“effectiveness of multidisciplinary teamwork”,''® the strat-
egy paradigm of multidisciplinary health care exclusively
accepts outcome as the “effectiveness measure”, which is
to maximize therapeutic success. In our strategy paradigm,
therapeutic success has three dimensions: 1) efficiency by
achieving biological goals such as diagnose, prevent, cure,
rehabilitate, or palliate disease (“do therapy right”); 2)
effectiveness by achieving social goals such as satisfying
guidelines, values, or ethical demands (“do right therapy™);
and 3) motivation by achieving psychological goals such as
emotional support, or patients’ identification with therapy
(“do therapy that feels right”)."

The strategy paradigm assesses the quality of teams by
means of a fitness matrix of multidisciplinary health care
teams for its capability of maximizing therapeutic success.
In this matrix, we identify team capacities to maximize thera-
peutic success according to the three dimensions separately,
for team members, structures, and meaning of the team. We
present our strategic fitness matrix as a 3x3 contingency
table in Table 3.

Strategizing from inside-out rather than

from outside-in

Myriads of fascinating business engineering instruments,
management change strategies, and controlling tools are
ready for use to implement a new organizational culture,
including clinical governance; lifelong learning; new
performance frameworks; new attitudes of innovation,

process, patient, or stakeholder orientation; accountability,
service orientation; market discipline; and transparency, to
mention only some culture components listed in a single
paper on organizational culture.''* Imagine a health care
manger launching a new initiative every now and then.
Approaching a plethora of problems with a plethora of
concepts corresponds to what McKee calls writing from
the outside-in: “We could, by working from the outside-in,
render a surface of character that’s genuine, even fascinat-
ing. But the one crucial dimension we would not create is
emotional truth”.!%8

Conversely, strategizing from the inside-out means to
start with a clear premise and to work from there into the
complexity of the problem. The premise works a controlling
idea for the entire endeavor. It has to be a simple, strong, and
deeply felt emotional truth that all members of the team can
share. Table 4 presents statements of such emotional truths
as written down quickly upon telephone or email request for
a statement of meaning as felt by some of our team members
(Table 4). A premise such as “we build-up a multidisciplinary
health care team to maximize therapeutic success for patients
with MFS” is a strong and simple starting point for strategiz-
ing from the inside-out. When strategizing from the inside
of a core idea of team members, we can identify structural
requirements with ease, we do what is needed without squan-
dering efforts that go in the wrong direction, we avoid using
“alien instruments” that do not fit our beliefs, and we do not
implement more structures than we really need to maximize
therapeutic success.

Table 3 The strategic fitness matrix of multidisciplinary health care teams for maximizing therapeutic success

Three dimensions of therapeutic success

Team capacities that
contribute to maximizing
therapeutic success:

M
Efficiency by achieving biological
goals, such as diagnose, prevent,
cure, rehabilitate, or palliate
disease (“Do therapy right”)

@ ©)

Effectiveness by achieving social
goals such as satisfying guidelines,
values, or ethical demands

(“Do right therapy”)

Motivation by achieving psychological
goals such as emotional support, or
patients’ identification with therapy
(“Do therapy that feels right”)

Team member Team of professionals who
share a common purpose and
who understand their own and
the others’ role, function, and
responsibility

Structure Organizational structures that
provide team with resources,
equipment, physical environment
to reduce risks and errors, and
to support the team’s medical
performance

Meaning A shared enthusiasm for medical

excellence through team effort

Team of professionals with high
communicative, social, legal, and
ethical competence, and respect
for other team members, and
democratic style of decision
making

Organizational structures

that support trustful team
relationships, that teach, train,
and support communicative, legal
and ethical standards for all team
members

A shared focus on patients and on
ethical values

Team of professionals who have a
strong own motivation, have team
spirit, confidence, trust, to motivate
the entire team

Organizational structures such as
human resource management and
leadership that support intrinsic
motivation of team members in the
team

A team with high motivation that
enkindles their patients
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Table 4 Statements of meaning

Patient representative

Patient coordinator

Pediatric cardiologist

Human geneticist

Heart surgeon

Vascular surgeon

Vascular interventionist

Orthopedic surgeon

Ophthalmology

Nursing

Forensic pathologist

Rhythmologist

Sleep specialist

For patients and their families multidisciplinary care means a way out of fear and uncertainty, a way toward a normalized life
expectancy and the highest possible quality of life. This is what Marfan Hilfe is fighting for.

Marina Vogler, Marfan Hilfe Deutschland

Multidisciplinary teams are crucial for providing excellent care to patients with complex disorders. Apart from the reward that
each team member receives through improved patient well-being, being part of such a team is extremely rewarding to the
team members themselves by means of emotional, medical, and personal support they receive by participating in these teams.
Christina Weiler-Normann, patient coordinator of the Martin Zeitz center for rare diseases

Just one sentence from the pediatric Marfan view: The patient is the family.

Thomas S Mir, coordinator of the pediatric Marfan clinic

| want to provide optimal whole-person care for our patients with Marfan syndrome in a multidisciplinary team of experts
that allows us all to learn from each other to continuously optimize the quality of our high-standard care. And | want to
have fun doing my work as a professional.

Kerstin Kutsche, human geneticist

The key challenge is to identify the individualized best therapeutic strategy for patients with Marfan syndrome, who present
with complex medical problems resulting from multiorgan disease. Getting to the best achievable quality, and maximizing
therapeutic success gets me the highest possible satisfaction as a medical professional.

Alexander M Bernhardt, heart surgeon

Multidisciplinary teams serve as gear wheals within a dedicated framework of diverse functions, knowledge, and skills.
Hereditary soft tissue disorders specifically need a distinct multifaceted approach due to their manifold nature. Only
intransigent dedication and highest level of expertise in every aspect of these demanding diseases will achieve a contented
and healthy individual patient, which should be the primary goal of any multidisciplinary approach.

E Sebastian Debus, director of the Clinic of Vascular Medicine

Multidisciplinarity in treatment of aortic diseases is a key-factor to clinical success. This approach requires excellent
communication skills and may be time-consuming. Besides the advantage of combining the best knowledge of many specialists,
it allows us to grow by gaining insight into each other’s background, way of thinking, and clinical decision making.

Tilo Kolbel, coordinator of the Aorta Center

The main benefit in working in a multidisciplinary team for the care of patients with MFS is the combination of being able to
use the physicians’ expertise in a subspecialty with the possibility to rely on and learn from the detailed knowledge of other
team members and thereby improve patient care.

Malte Schroeder, orthopedic surgeon

As ophthalmologist | want to contribute to the following five important goals: |. Early diagnosis of Marfan syndrome to
avoid multiple unnecessary examinations, 2. to maximize the individual therapeutic success, 3. to avoid blindness due to
early examination especially in children but also in adults, 4. to reduce the psychiological stress reaction for the patient and
his family, and 5. to keep in close contact to specialized colleagues to enable new therapeutic strategies.

Bettina Fuisting, Clinic of Ophthalmology

The comprehensive cross-linked treatment of our patients according to best quality standards and individual sight on our
patients. Working on a same eye-level of the entire therapeutic team. Putting our clinic’s mission statement into use: Our
success is the patients’ satisfaction

Barbara Napp, chief of Nursing

In the context of legal medicine it is essential to learn from the dead, ie, to serve the living, especially family members.
Moreover, diagnostic errors and wrong tracks can be avoided by quality assurance concerning the cause of death.

Klaus Piischel, director of the Institute of Forensic Medicine and Anna L Kammal, forensic pathologist

My dedication as rhythmologist is to bring results of electrophysiological tests in a knowledgeable and experienced
multidisciplinary care team and to identify patients with Marfan syndrome who are at risk for sudden cardiac death.
Prevention of this fatal outcome is the significant driver of my work.

Boris A Hoffmann, rhythmologist

Sleep-related breathing disorders can result from different conditions (eg, heart failure, craniofacial abnormalities) and at
the same time have influence on others (eg, hypertension, aortic dilatation). So to get the optimal results for the individual
patient, it is highly beneficial to work multidisciplinary.

Nele Gessler, cardiologist and sleep specialist

Orthodontist A close multidisciplinary cooperation improves the early and efficient orthodontic and orthopedic treatment among
patients with Marfan syndrome suffering from various craniofacial and oral abnormalities.
Eva Vahle-Hinz, orthodontist
Neurologist Neurologists rather rarely see patients with Marfan syndrome but if so, they usually present with severe conditions and
challenging treatment decisions. Discussing these cases in a team of experts helps to better understand the patients’ specific
problems and make the right treatment decisions.
Gotz Thomalla, neurologist
(Continued)
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Table 4 (Continued)

Strategic business
development

Rehabilitation specialist

The best medical treatment of the patient comes first. To facilitate local multidisciplinary team work, and national and
international cooperation it requires more administrative support. For the future | hope that the complex treatment of

patients with rare diseases will receive improved refunding.

Gunda Ohm, chief of Strategic Business Development

There is empirical evidence that multidisciplinary rehabilitation team care effectively improves rehabilitation outcome for

different health problems. And we have the personal experience that it is very helpful for individuals with Marfan syndrome.

Dieter Benninghoven, rehabilitation specialist
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