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  Pref ace   

 The Marfan Trust has become increasingly active over the past few years. Our 
 support network has grown and we have engaged with many more people through 
events and fundraising activities. Our website and social media are becoming  central 
in explaining what the charity is doing and how our Marfan patient community and 
supporters are engaging with us and one another. The Trustees held their strategy 
meeting early in 2015 to determine the charity’s direction and goals over the next 
few years. The outcome is published on our website. Our three key objectives 
remain: medical research as a high priority; producing educational literature and 
raising awareness; and support and guidance provided for our patient community. 
We are growing as a charity, providing top quality research in our designated labora-
tory, education, awareness and support in the UK and beyond. 

 The AIMS (Aortic Irbesartan in Marfan Syndrome) Trial, continuing until 2018, 
is one of a number of international trials comparing beta-blocker therapy with losar-
tan or irbesartan therapy. This UK trial, co-funded by the Marfan Trust and 
the British Heart Foundation, is a main priority. With 21 participating Marfan syn-
drome clinics around the UK, this trial has provided an opportunity for Marfan 
syndrome patients to have local diagnosis and support. Additional research is under-
taken in our laboratory into overlapping syndromes such as ectopia lentis and 
 scoliosis, and translational research, which will ultimately benefi t patients through 
improved clarifi cation of diagnosis and the utilisation of results to develop resources 
for medical professionals and education. One example of this is our new paediatric 
guide, formulated from research incorporated into our children’s database. We have 
provided funding support to recruit a number of medical and bioscience students to 
undertake research work. This has assisted our resident researchers and also intro-
duced a new generation of future medical and scientifi c professionals to genetics 
and Marfan syndrome in particular. 

 Knowledge is everything and the fi rst step to knowledge is awareness. We pro-
vide a February Awareness Month over various media platforms. Family Fun Days 
are held twice yearly and permit families to share problems and solutions. Our 
updated literature is now available. We are particularly targeting general practitio-
ners in the UK, where there seems to be a lack of awareness and understanding of 
Marfan syndrome. 

 This present textbook has been eagerly awaited. It reports new research funded 
by the Marfan Trust. We are most grateful to the authors for sharing their 
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knowledge, and we know that increased awareness and improved care of Marfan 
syndrome patients will result. We cannot thank you all enough. 

 W:   www.marfantrust.org     
 E: marfantrust@sgul.ac.uk 
 F: Facebook/marfantrustcharity

     

    Patrons: Sir Magdi Yacoub FRCS, Mr Anthony Latter MA and Lady Maryanna 
Tavener 

 Registered Charity No: 328070  

   Marfan Trust      Les     Tippin    
  London ,  UK      

Preface

http://www.marfantrust.org/
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  1      Introduction                     

       Anne     H.     Child     

          Rare or Common? 

 Marfan syndrome is generally thought to be rare, but clinicians who have seen how 
the gene expression can shade into normality in affected members of a family, sus-
pect that its overall frequency could be underestimated, as a recent collaborative 
publication states [ 1 ]. The fact that the syndrome presents in many different ways 
may also hinder its recognition. Marfan syndrome patients may fi rst be referred to 
any one of a number of specialists. Each doctor is likely to be familiar with a par-
ticular aspect of the syndrome, but less familiar with its other features. The aim of 
this guide is to pool the knowledge available from different experienced specialists, 
and to make it available to the many clinicians likely to encounter a patient with this 
condition.  

    Co-ordinated Care 

 Who should care for the Marfan syndrome patient? I believe the answer is that we 
should all do so. Whoever fi rst suspects the diagnosis should pursue the question 
until it is either proved or disproved, and should consider what other specialist opin-
ions might be required. All patients should be referred for genetic counselling, both 
to help with diagnosis, and to identify other affected family members, as well as 
provide guidance about the risk to future children. Each patient is best cared for by 
a team, led by one co-ordinating physician who is familiar with all aspects of the 
condition. This is likely to be a geneticist or cardiologist. The rise of aortopathy 
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diagnostic and follow-up clinics is to be applauded. As a result, patients can be 
referred locally rather than having to travel long distances for management.  

    International Collaboration and Patient Support 

 National and international patient support group networks have been set up, and 
active research is being undertaken into the cause, early diagnosis, treatment, and 
prevention of Marfan syndrome. A summary of diagnosis and management is pro-
vided in Chap.   2    , Table 2.2. Subsequent chapters show that the management of this 
condition can be much improved by wider knowledge of its principal features, most 
of which can now be effectively treated, resulting in more normal lifespan [ 2 ]. The 
discovery that the underlying connective tissue defect in Marfan syndrome results 
from a primary defi ciency of fi brillin-1 has led to attempts at more fundamental 
methods of prevention and treatment, such as the international trials of losartan and 
irbesartan aimed at preserving the aortic media [ 3 ].  

    First Gene for Familial TAAD 

 International collaborative groups aimed at discovering new genes and new treat-
ments are proving effective [ 3 ]. Marfan syndrome has led the way in this fi eld of 
Familial Thoracic Aortic Aneurysm and Dissection (FTAAD), and clinicians expe-
rienced in managing this condition will be called upon to manage many similar 
genetically-determined aneurysms in future [ 4 ].     

   References 

    1.   Arslan-Kirchner M, Arbustini E, Boileau C, et al. Clinical utility gene card for: marfan syn-
drome type 1 and related phenotypes [FBN1]. Eur J Hum Genet. 2010;18(9): doi:   10.1038/
ejhg.2010.42    .  

    2.    Pyeritz RE. Marfan syndrome: 30 years of research equals 30 years of additional life expec-
tancy. Heart. 2009;95(3):173–5.  

     3.    Pitcher A, Emberson J, Lacro RV, et al. Design and rationale of a prospective, collaborative 
meta-analysis of all randomized controlled trials of angiotensin receptor antagonists in Marfan 
syndrome, based on individual patient data: a report from the Marfan Treatment Trialists’ 
Collaboration. Am Heart J. 2015;169(5):605–12.  

    4.   Milewicz DM, Regalado E. Thoracic aortic aneurysms and aortic dissections.    www.ncbi.nlm.
nih.gov/books/NBK1120/    .    
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  2      Diagnosis and Management (Summary)                     

       Anne     H.     Child     

       In my personal experience, when a patient, whether child or adult, is referred with 
the possibility of a diagnosis of Marfan syndrome, they are assessed after echocar-
diogram, from a cardiovascular genetic point of view using the following approach. 

    Taking the Family History 

 A three or four generation family history is obtained wherever possible, remember-
ing that 25 % of patients are the result of a new mutation, while 75 % have inherited 
the condition from one parent or the other. Each patient is asked to bring already 
existing snapshots of siblings, parents and offspring so that if dominant inheritance 
is present, it can be tracked through photographs. Operative reports and death cer-
tifi cates may have to be obtained. Manifestations of early onset eye, heart or skeletal 
problems are sought (Table  2.1 ). Ages and causes of death of close relatives are 
recorded.

       Physical Examination 

 Careful examination of the patient for any sign of connective tissue disorder is 
undertaken. Our examination sheet is shown in Fig.  2.1 . The examination is per-
formed starting from the head down. The joint hypermobility score is that of 
Beighton [ 1 ] and any value of 5 or greater should be considered abnormal. In addi-
tion, small joint hypermobility of fi ngers and toes should be taken into account. This 
may be racial (Africans, Indians, Arabs, Spaniards) [ 1 ,  2 ] and should be discounted 
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if it is racial. Joint contractures should also be noted. Particular attention should be 
paid to skin, since it contains all of the connective tissue elements found in the aortic 
wall. Is it thin (anterior chest wall), stretchy (side of neck), or striated, especially in 
the lumbar area? Horizontal striae in the lumbar area are usually found in Marfan 
syndrome. Vertical striae on the buttocks suggest joint hypermobility syndrome 
(Ehlers Danlos Type III).

   If the patient is a child, physical examination should be placed in the middle 
column of the examination form, with father’s and mother’s examinations placed 
either side. In this way, common features shared with either parent can be high-
lighted. Often a tall slim pubertal hypermobile child may simply result from the 
genetic combination of joint hypermobility from one parent, and tall stature from 
the other parent, in the presence of a normal echocardiogram in the child. 
Demonstrating shared features indicates that the child is not affected with a new 
condition, but simply a new combination of family genes from both sides. But it 
must be considered that a Marfan syndrome child may be born into a family which 
has hypermobility. 

 A differential diagnosis includes many conditions and we must not overdiagnose 
Marfan syndrome. The commonest condition mistaken for Marfan syndrome is 
undoubtedly Ehlers Danlos syndrome Type III (joint hypermobility syndrome). 
Rare conditions include rarely congenital contractural arachodactyly [ 3 ], and over-
growth syndromes, for example Sotos syndrome [ 4 ]. Another common overlap syn-
drome is Ectopia Lentis as an isolated problem [ 5 ]. If the echocardiogram is normal, 
and a parent is affected with dislocated lenses, then this may still be due to mild 
fi brillin-1 defi ciency, often with a mutation in the fi rst 15 exons of the gene [ 6 ]. If 
the child with Ectopia Lentis is the only one in the family and parents are related 
(consanguineous), this is most likely an autosomal recessive type of Ectopia Lentis 
due to ADAMTSL4, ADAMTS18, or other gene [ 5 ]. Adolescent idiopathic scolio-
sis can also be inherited dominantly, and is now being shown to be due to separate 
genes [ 7 ]. 

 Suspected cases under the age of two should have plasma amino acid analysis in 
the absence of pyridoxine supplementation to rule out the diagnosis of homocystin-
uria, since failure to treat may lead to mental retardation [ 8 ].  

   Table 2.1    Salient features of the Marfan syndrome   

  Physical/skeletal:  Tall, thin physique with long limbs, spinal curvature, fl attening of chest 
(with pigeon or funnel deformity) 

  Cardiovascular:  Dilation of ascending (and sometimes descending) aorta, incompetence of 
aortic (and sometimes mitral) valve, dissection and/or rupture of aorta 

  Ocular:  Dislocation of lens, myopia and refraction problems (often unstable), detachment of 
retina, glaucoma 

  Dental:  High-arched narrow palate, crowding of teeth 

  Genetic:  Inheritance by boys or girls from either parent (50 % risk of any child of affected 
parent having Marfan syndrome); 25 % cases sporadic (new mutation) 

  Variability:  In severity and pattern of features affected 

A.H. Child
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Name:
Date:
Date of birth:
Age:
Weight:
Height:
Arm span:
Upper/lower segment ratio:
Thin?
Eye findings:
Antimongoloid slant:
Head shape:

Palate:
Teeth:
Ears:
Hearing:
Facial appearance:

Chest: lordosis / kyphosis:
Scoliosis:
Pigeon breast:
Pectus excavatum:
Other: (nipples, sulcus, barrel chest,
etc.)

Heart: murmur:
Arrhythmia:
Blood pressure:

Hernia:
Skin: Soft:

Thin:
Hyperextensible:

Scars: Spread:
Papyraceous:
Keloid:

Striae: Lumbar:
Elsewhere:

Bruising: easy:
Arachnodactyly:
Medications:

Lf Th El Kn Bk Lf Th El Kn Bk Lf Th El Kn Bk

Joints: Hypermobile (hands, elbows,
       knees, back)

L L L

R 9 R 9 R 9

Hypermobile fingers (small joints):
Feet: Size:

Flat feet:
Pronated ankles:
Hammer toes:
Hypermobile toes:

Joints general: painful:
Stiff:
Swollen:

  Fig. 2.1    Physical examination form       
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    Diagnostic Pathway 

 The diagnostic features for Marfan syndrome have been presented and updated [ 9 ]. 
However, this highly detailed classifi cation of fi ndings is diffi cult to remember, and 
a simple guideline is that the patient must have classical severe fi ndings in two out 
of three systems (eyes, heart, skeleton) in order to make a clinical diagnosis, or in 
the presence of a dominant family history, one system involvement. We have cre-
ated a diagnostic pathway to make the clinical classifi cation easier (Figs.  2.2  and 
 2.3 ). For a detailed summary of the minor features considered, please see the revised 
Ghent criteria [ 10 ].

        Fibrillin-1 Mutation Screen 

 Most importantly, this condition is no longer just a clinical diagnosis. Because it is 
very variable with reduced penetrance, a mutation screen including MLPA should 
be performed in any questionable case. The cost of this is fully justifi ed, since other 
tests such as a scan for dural ectasia, or repeated echocardiograms, very quickly add 
up to the same sum. Also, the psychological damage of bringing an unaffected 
patient back on an annual basis for echocardiography must be considered. Such 
patients can become hypochondriacal through repeated examinations. It is much 
more professional to do a simple test which will rule out the condition with 97 % 
accuracy.  

    Timetable of Care 

 In Table  2.2  you will fi nd an overview of management. Table  2.3  is a timetable of 
care which could be fi led by the general practitioner in the notes so that the patient 
is referred for specialist care at key points in their life.

        Endocarditis Prophylaxis 

 Recent summaries of best care for Marfan syndrome patients abound [ 11 – 13 ]. One 
point of difference is whether patients require antibiotic therapy for dental or other 
minor surgery. Because cases of endocarditis have occurred following dental work, 
this should be considered as seriously as minor surgery, and the patient covered 
adequately with antibiotic before treatment and after treatment. Any patient who 
has had heart surgery should have antibiotic therapy. This is because Marfan syn-
drome patients have weak connective tissue which cannot resist infection normally. 
Any bacterial or even viral infection can invade rapidly and may prove 
life-threatening.  

A.H. Child



7

No

YesFeatures suggesting another disorder Reconsider diagnosis

Unequivocal family history

Ao Z ≥ 2

Ectopia Lentis
Or
FBN1 mutation
Or 
Systemic score ≥ 7

FBN1 mutation
(Ao)

Marfan
syndrome

Ectopia Lentis

Ectopia Lentis

Systemic score > 5
MASS

MVP
MVPS

Including at least 1
skeletal feature

Ao 
z ≥ 2 if age > 20 years,
Or
Ectopia Lentis
Or
Systemic score ≥ 7
Or
FBN1 mutation (Ao)

Marfan
syndrome

Not yet diagnosed*

No diagnosis*

Unclassified*

Other aortic
disorder*

Systemic score ≥ 7 FBN1 mutation
(Ao)

Marfan
syndrome

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

  Fig. 2.2    Diagnostic fl ow diagram for adults over 20 years of age (Diagnostic fl ow diagram cour-
tesy of Dr John Dean, Consultant Geneticist, Aberdeen Clinical Genetics Centre, Foresterhill, 
AB24 2ZN, UK, based on Loeys et al. [ 10 ]). Note: FBN1 mutation ( Ao ) refers to any mutation 
already reported in the literature affecting heart or aorta in Marfan syndrome       

 

2 Diagnosis and Management (Summary)



8

Not tested/no mutation in family 

Features suggesting another disorder Reconsider diagnosis

Unequivocal family history

Ao Z ≥ 3

FBN1 mutation
(Ao)

Marfan
syndrome

Non-specific
connective
tissue disorder

Ectopia Lentis
Or 
Systemic score ≥ 7
Or 
Ao Z ≥ 3 Marfan

syndrome

Not yet diagnosed*

Other aortic
disorder*

Family FBN1
mutation (Ao)

Not affected*

No

Yes

Yes

Yes
Yes

Yes

Yes

Yes

No

No

No

No

No

No

Ectopia Lentis
Or
FBN1 mutation
Or 
Systemic score ≥ 7

  Fig. 2.3    Diagnostic fl ow diagram for children under 20 years of age. This algorithm for diagnosis 
in people less than 20 years of age is based on the suggestions for the diagnosis of young people 
made in the Revised Nosology [ 10 ]: Young people (< 20 years) with no family history, systemic 
score <7, aortic root z < 3 and no FBN1 mutation may be diagnosed “non-specifi c connective tissue 
disorder” and followed up until adult. The category “potential Marfan Syndrome” discussed in the 
revised nosology is subsumed within “Marfan syndrome” in this algorithm. * Not formally part of 
the Revised Nosology (Note: FBN1 mutation ( Ao ) refers to any mutation already reported in the 
literature affecting heart or aorta in Marfan syndrome)       
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    Aortic Surgery 

 Secondly, the exact timing for cardiac surgery is debatable. The patient could be 
referred, due to the low mortality risk in experienced cardiac surgeon’s hands, at 
sinus of Valsalva diameter between 4.5 and 4.8 cm, but because of possible delay in 
making an operative date, the patient should not be left until the aortic root is 5 cm. 
In some families, with documented dissection at aortic root diameter below 4.5 cm, 
the patient should be referred even earlier, at approximately 4.2 cm. 

 Any aortic root diameter over 4 cm is considered abnormal. Aortic root diameter 
does not depend on the excessive height of the patient in this regard.  

    Prediction of Severity 

 Patients with new mutations are at higher risk of early cardiac disease than familial 
cases. This is because familial cases survive to reproduce, or they would not be 
familial; whereas new mutation cases are unknown entities, and usually represent a 
more severe disease model. 

 To some degree, genotype-phenotype correlation is helpful in predicting long- 
term prognosis [ 14 ,  15 ]. Each mutation behaves uniquely in each family, thus the 
family history, with dates of dissection and death, or of lens dislocation or other 
complication, may be very helpful in predicting severity of disease. An international 
genotype-phenotype database has been set up for clinicians to consult [ 16 ].  

   Table 2.2    Overview of management   

 Regular examination by one co-ordinating physician 

 Periodical multidisciplinary evaluation: 

    Ophthalmological –  between birth and 6 months; annually thereafter 

    Orthopaedic –  scoliosis, pectus deformity, fl at feet, to age 20 

    Cardiovascular –  new-born; every 2 years to age 11; annually thereafter 

    Genetic counselling –  at fi rst diagnosis, and again with partner 

 Periodic ECG and echocardiogram, focusing on dysrhythmias, mitral valve prolapse and aortic 
root dilation 

 Chest radiograph, focusing on apical blebs – tall pubertal males at greatest risk of 
pneumothorax 

 CT or MRI scan of entire aorta – baseline assessment in all adults and periodically in patients 
with aneurysm or dissection – annually after aortic surgery 

 Endocarditis prophylaxis during dental care involving bleeding, and surgery 

 Beta-adrenergic blockade and/or ARB, e.g. irbesartan 

 Restriction of strenuous activities, especially contact sports and isometric exercises, e.g. 
Weightlifting 

 Consider prophylactic surgical replacement of ascending aorta at 4.5–5.0 cm dilatation (or 
earlier if a family history of dissection/rupture is present) 

 Life-long regular monitoring of all unreplaced aortic segments and heart 
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    Familial Thoracic Ascending Aortic Aneurysm 
and Dissection (FTAAD) 

 In recent years, many genes other than fi brillin-1 which can produce FTAAD have 
been described [ 17 ]. Most of these patients do not look marfanoid, and so the diag-
nosis can be very puzzling. Nonetheless, a fi rst screen of fi brillin-1 could then be 
followed by a screening panel of the commonest TAAD genes. If no cause is found, 
the DNA sample should be stored for future research.     
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Syndrome: Pitfalls in the Emergency 
Setting                     
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           Introduction 

 The complications of Marfan syndrome (MFS), which may present as medical 
emergencies, are well recognised [ 1 – 3 ] and include aortic dissection/rupture, pneu-
mothorax, retinal detachment, lens dislocation and joint dislocation. The optimum 
management of these complications has also been well described. Some of the 
above-mentioned complications are life-threatening, the most notorious being aor-
tic dissection. If this condition is undiagnosed the early mortality is 1 % per each 
hour delay [ 4 ,  5 ]. The outcome is proportional to the time spent in making the diag-
nosis and moving the patient from the Emergency Department to the operating 
room. Unfortunately establishing the diagnosis of aortic dissection/rupture in the 
Emergency Department proves diffi cult, leading to avoidable mortality and morbid-
ity. We have attempted in this chapter to highlight some of the pitfalls in the diagno-
sis. Our objective is that these complications will be recognised in a timely manner 
so that patients are moved to the appropriate facility with the least possible delay.  

    Chest Pain in a Young Adult with Known or Suspected MFS 

 If an MFS patient presents with chest pain, the fi rst and the only diagnosis to con-
sider at the beginning is aortic dissection or rupture. Only when this life-threatening 
condition is excluded is one free to consider other possibilities.  

 † Deceased 

mailto:achild@sgul.ac.uk


14

    Aortic Dissection 

 Acute dissection of the thoracic aorta is a life-threatening situation and carries a 
high mortality if defi nitive care is delayed. If untreated the mortality rate is 28 % 
within 24 h, 50 % in 48 h, 70 % within 1 week and 90 % or more within months 
[ 6 ,  7 ]. Marfan syndrome is a predisposing factor for aortic dissection. If a patient 
with known or suspected Marfan syndrome presents to the Emergency Department 
with chest pain, the diagnosis should be acute dissection of the aorta until proven 
otherwise. Such an attitude will make it imperative for us to consider the probability 
of the condition, thus avoiding the catastrophic situation where these patients are 
sent home with an alternative diagnosis. 

 It is important to recognise that 50 % of aortic dissections in women younger 
than 40 occur during pregnancy [ 8 ].  

    Presenting Symptoms and Signs in Aortic Dissection 

 In aortic dissection the mechanism for all the symptoms and signs are:

    1.    Dissection/rupture of the aorta.   
   2.    Compression of adjoining structures by the expanding aorta.   
   3.    Ischaemia caused by occlusion of the branches of the aorta.     

 The common presenting symptoms are as follows:

    Chest pain . The pain is severe and sudden in onset. The maximum pain is at the 
onset. Patients often describe the pain as cutting, searing, ripping, or tearing. It is 
commonly retrosternal and interscapular and may be felt both above and below 
the diaphragm. A common characteristic of aortic dissection pain is midline 
truncal pain, but aortic chest pain may be atypical. Chest pain is the commonest 
symptom which could be due to cardiovascular, pulmonary, gastrointestinal, 
neurological or musculoskeletal causes. A high degree of suspicion in this spe-
cial group of patients will lead to the diagnosis being made expeditiously.  

   Gastrointestinal symptoms . Abdominal pain can be the presenting complaint. 
This may be due to acute mesenteric ischaemia due to occlusion of the superior 
mesenteric vessels. One of the clues in this situation is pain, which is totally out 
of proportion to the abdominal fi ndings.  

   Shortness of breath . Patients with acute dissection may present with acute short-
ness of breath, which could mimic asthma. This is due to acute pulmonary 
oedema from sudden onset of severe aortic insuffi ciency. The other causes are 
compression of trachea from the expanding ascending aorta. In Marfan syn-
drome the diagnosis to be considered with these symptoms are fi rst aortic dissec-
tion and then spontaneous pneumothorax.  

   Fainting episode . About 5 % of all patients with aortic dissection present with a 
history of a syncopal attack [ 9 ]. Causes for this vary from cardiac tamponade to 
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hypovolaemia to conduction disorders of the heart. Again, in Marfan syndrome 
patients one should think of the worst case situation, which is aortic dissection.  

   Neurological complaints . About 20 % of patients with aortic dissection may pres-
ent with a neurological symptom or we may elicit a neurological sign. The com-
monest cause of these symptoms is ischaemia of the spinal cord due to spinal 
artery occlusion or else cerebral vessel occlusion.     

    Clinical Signs in Aortic Dissection 

 Patients with acute aortic dissection may show a wide variety of signs. It is not 
uncommon, however, for there to be few clinical signs. Some clinical signs are very 
non-specifi c and some may clearly indicate the diagnosis. Possible signs include:

    General signs  – Anxious patient, diaphoresis, pale, raised pulse rate, raised respira-
tory rate, mottled extremities.  

   Cardiovascular  – Hypotensive, normotensive, hypertensive, pulsus paradoxus, 
wide pulse pressure, aortic regurgitation murmur, muffl ed heart sounds (pericar-
dial tamponade), asymmetrical pulses.  

   Head and neck  – Horner’s syndrome, vocal cord irritation or paralysis.  
   Respiratory system  – Decreased breath sounds, basal crepitations, wheezing.  
   Central nervous system  – Altered level of consciousness, hemiplegia, and 

paraplegia.     

    Investigations 

 Bearing in mind the high and time-dependent mortality of aortic dissection one 
should ask the question as to how suspicious are you of aortic dissection? If the 
suspicion is high then very early consultation with the local cardiothoracic surgeons 
is essential. 

 The most important adjunct to making the correct diagnosis is a high degree of 
suspicion. If according to the clinical information, the probability of dissection is 
high or moderate, the objective will be to transfer the patient to a cardiothoracic 
surgical centre. The other group of patients in whom the diagnosis of aortic dissec-
tion is considered to be a low probability should rapidly undergo diagnostic proce-
dures to rule out the possibility. 

 ECG may mislead one through showing ischaemic changes or may be relatively 
normal. Chest x-ray can also be misleadingly normal. It is said that the chest x-ray 
will show one or more features of aortic dissection in 80 % of the cases of aortic 
dissection [ 10 ], but nonetheless in practice the chest x-ray may be easily passed as 
normal and provide dangerously false reassurance. Radiological features suggesting 
aortic dissection/rupture are: widened mediastinum, depression of the left main 
bronchus, small basal effusion, oesophagus shifted to the right (seen when a naso- 
gastric tube is inserted before the x-ray), and a left-sided pleural cap. 

3 Diagnosis and Management of Acute Complications Associated with Marfan
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  Case History     A supine chest x-ray of 26 year old female presenting to A & E with 
severe chest pain was normal. ECG showed ischaemic changes. The chest x-ray was 
initially used to exclude a dissection and diagnosis of acute myocardial infarct was 
made. Forty-fi ve minutes later dissection was considered and confi rmed by CT.  

 The other diagnostic tests available are aortography, computed tomography 
(CT), magnetic resonance imaging (MRI), transthoracic echocardiography (TTE) 
and transoesophageal echocardiography (TOE). It has to be recognised that exces-
sive delays in awaiting investigation could do more harm to the patient. In this situ-
ation one has to weigh the risks to the patient and benefi ts carefully, in close early 
consultation with the local cardiothoracic surgeons, at any hour of the day or night. 

 Aortography is not as sensitive as believed earlier. In a study in 1989 its sensitiv-
ity and specifi city were judged to be 88 % and 94 % respectively [ 11 ]. The sensitiv-
ity of CT is similar to that of aortography with values for sensitivity ranging from 
83 to 90 %. Specifi city ranges from 90 to 100 % [ 10 ,  12 ,  13 ]. A study in 1993 con-
cluded that sensitivity and specifi city of MRI could be 95 % and 100 % respectively 
[ 14 ,  15 ]. 

 Even though TTE can give a rapid bedside diagnosis it has a low sensitivity of 
60–80 % and low specifi city of 60–90 % [ 10 ,  11 ,  14 ]. However, TOE has a high 
sensitivity of 95–100 % and specifi city ranges from 70 to 95 % [ 9 ,  10 ,  13 ,  16 ].  

    Transfer of the Patient to the Regional Cardiothoracic Centre 

 It is very common for this group of patients to be transferred urgently from the ini-
tial receiving hospital to regional cardiothoracic centres. 

 The process of transfer has to be properly planned and then executed accurately 
and speedily. Transporting ill patients between hospitals is hazardous and adds to the 
patient morbidity and mortality. Seriously ill patients do not easily tolerate lifting, 
tipping, or any sudden abrupt movement. Sudden acceleration and deceleration is 
associated with potentiation of cardiovascular instability. It is observed that during 
transfer there is deterioration of oxygenation in seriously ill patients. Every hospital 
department which moves patients (inter hospital or intra hospital) should have a 
transfer checklist which has to be completed before moving the patient. This check-
list is normally structured in three main parts: (1) Preparation for the transfer (admin-
istrative aspects); (2) Preparation of equipment, drugs and personnel; (3) Preparation 
of the patient. Prior to transfer of the patient, it is important to ensure the patient is 
stable and will remain stable throughout the journey. The patient should be accom-
panied by the most appropriate, experienced medical personnel. Specifi cally in this 
group of patients, if the patient is hypertensive, it is necessary for the blood pressure 
to be reduced. If the patient is hypertensive one has to bring down the pressure care-
fully by using a nitroprusside infusion to maintain the blood pressure around 90 mm 
of Hg to 100 mmHg. A beta-blocker given intravenously will reduce the velocity of 
the ventricular contraction thus helping to contain the dissection. All these patients 
should have adequate analgesia in the intravenous form.  

D.B. Wijetunge and A.H. Child



17

    Pneumothorax 

 Spontaneous pneumothorax is more common in Marfan syndrome patients than in 
the general population [ 17 ,  18 ]. This should be excluded early in the investigation 
of an MFS patient with chest pain or unexplained breathlessness by doing an erect 
PA chest x-ray. If confi rmed, the management will be as for any spontaneous 
pneumothorax. If it is small and the patient is asymptomatic one can manage 
expectantly. However, if the patient is symptomatic the pneumothorax should be 
aspirated.  

    Endocarditis 

 Marfan syndrome patients have an increased risk of endocarditis compared to the 
general population [ 19 ,  20 ]. This applies to MFS patients in whom no cardiac 
lesion has been demonstrated as well as those more obviously at risk through 
implants or known mitral valve disease. In the emergency care setting this is rel-
evant both in terms of diagnosis of unexplained symptoms, and during treatment, 
when the need to follow up-to-date guidelines for antimicrobial prophylaxis is 
important [ 21 ].  

    General Anaesthesia 

 It is known that general anaesthesia in Marfan syndrome patients carries an increased 
morbidity and mortality risk [ 22 ]. These risks include cardiac and pulmonary com-
plications, and diffi cult endotracheal intubation. In addition to consideration of anti-
microbial prophylaxis for Marfan syndrome patients during procedures under 
general anaesthetic in the emergency care setting, the need for an experienced 
anaesthetist is therefore emphasised.  

    Visual Disturbance in a Patient with Marfan Syndrome 

 The propensity of patients with Marfan syndrome to develop important ocular com-
plications is quite high. These complications are best treated early in their develop-
ment. Early consultation with the ophthalmologists is essential to achieve good 
outcomes. Wakita et al. evaluated the ocular complications associated with Marfan 
syndrome and listed them in order of frequency of the incidence and their fi ndings 
are as shown below [ 23 ].

    1.    Dislocation of the lens 72.6 %.   
   2.    Retinal detachment 36.4 %.   
   3.    Glaucoma 15.2 %.    
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      Lens Dislocation 

 Lends dislocation is the most common ocular abnormality in MFS, affecting 
60–80 %. In the majority of cases it is present before 10 years of age. Ectopia lentis 
refers to a subluxated lens and may occur in Marfan syndrome. Once the lens has 
become displaced enough, it is no longer able to focus light and monocular diplopia 
or blurred vision occurs. Dislocation into the vitreous can occur in these conditions 
as well as in trauma. If increased intraocular pressure (IOP) occurs in the setting of 
a dislocated lens, a vitrectomy and lens removal are necessary to save the eye. 
Acutely, medication to lower the IOP can be used. Early referral to an ophthalmolo-
gist is important to ensure optimum outcome.  

    Retinal Detachment 

 Detachment of the retina is a well-recognised complication in MFS. The incidence 
of retinal detachment in aphakic eyes (16 %) is higher than in the phakic group 
(9 %) [ 23 ]. In order to get good results, early recognition of the condition and refer-
ral are very important.  

    Summary 

 Patients with Marfan syndrome can suddenly develop life- or vision-threatening 
complications. Aortic dissection is a life-threatening condition and if recognised 
early and referred in time the outcome remains return to normal life. Similarly, eye 
complications associated with Marfan syndrome should be referred to specialists 
early to avoid permanent visual impairment.     
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      Infantile and Neonatal Marfan 
Syndrome                     

       Anne     H.     Child     

       Marfan syndrome may be diagnosed clinically at any time of life, with those most 
severely affected attracting medical attention in infancy (the fi rst year of life) or 
even at birth (neonatal Marfan syndrome). Sometimes affected infants are from 
affected families that are already aware that they carry the Marfan gene, but most 
often, infants are affected as a result of a new mutation of the fi brillin-1 gene. Early 
recognition of the correct diagnosis can aid medical and surgical management, and 
genetic counselling. 

    Infantile Marfan Syndrome 

 A review of infants diagnosed in the fi rst 3 months of life indicates that they may be 
recognised by the following features in at least 2 of 3 major systems (eyes, heart, 
skeleton). Other systems may be involved such as the lungs [ 1 ] and the central ner-
vous system [ 2 ,  3 ]. Typically, the baby will be long and thin with a long head and 
face (dolichocephaly), wise “old man” facial appearance with large deep-set eyes, 
large corneas and dislocated lenses, large soft ears, high arched palate, small chin, 
loose joints, arachnodactyly (long spidery fi ngers), contractures of fi ngers and large 
joints, fl at feet and anterior chest deformity. Additional features may include blue 
“whites” of the eye, down-slanting eyes (antimongoloid slant), retinal detachment, 
low-set ears, partial cleft palate, dislocated hip, inguinal hernia, overlapping toes, in 
turned or out turned feet, poor muscle tone (fl oppiness) and very thin muscles [ 4 ]. 

 During the fi rst 3 months of life, heart murmurs are heard in 45 % of affected 
infants, and echocardiography reveals abnormalities in 70 % of infants, including 
mitral valve prolapse, aortic or mitral regurgitation and aortic root dilatation. 

        A.  H.   Child ,  MD, FRCP       
  Cardiovascular and Cell Sciences Research Institute ,  St George’s, University of London , 
  London ,  UK   
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Structural defects of the aortic valve and atrial and ventricular septa should be ruled 
out. Cardiac function ranges from normal to poor, with a tendency to worsen. Each 
infant is unique and must be monitored closely (at least every 3 months) during the 
fi rst year so that medical or surgical treatment for dilating aortic roots, leaking 
mitral or tricuspid valve, or poor ventricular function may be offered at the earliest 
moment [ 5 ]. Atenolol (1 mg per kg) is indicated for children with aortic dilatation 
two standard deviations greater than the mean full body surface area. Repair or 
replacement of a leaking valve, with antibiotic treatment to prevent infective endo-
carditis may be indicated. Infants with severe heart disease understandably have a 
signifi cant mortality risk of approximately 15 % in the fi rst year of life [ 4 ]. Familial 
cases have a better long term outlook, generally following the family pattern of 
involvement.  

    Overlapping Conditions 

 Homocystinuria and Beals syndrome (congenital contractural arachnodactyly) 
should be ruled out. Beals syndrome infants have mutations in the gene for fi brillin-
 2. These infants have no major eye problems, tend to have crumpled ears and more 
severe scoliosis. Heart involvement tends to be less, with non-progressive dilation 
of the aortic root, but occasional structural cardiac defects [ 6 ]. 

 To date, intelligence does not seem to be affected in infantile Marfan syndrome 
or Beals syndrome, whereas mental retardation can occur in untreated 
homocystinuria.  

    Neonatal Marfan Syndrome 

 Neonatal Marfan syndrome represents the most severe end of the clinical spectrum 
of Marfan syndrome [ 7 ]. The cardiovascular features are severe with early dilatation 
of the aortic root, pronounced atrial ventricular valve dysfunction and congestive 
heart failure [ 8 – 10 ]. Death usually occurs in the fi rst years of life, most often within 
the fi rst 12 months, but careful timely medical and surgical management can pro-
long lifespan. This condition is characterised by several features rare in classical 
Marfan syndrome such as crumpled ears, contractures, loose skin and prominent 
forehead. To date, the majority of reported cases of neonatal Marfan syndrome have 
been sporadic [ 11 ], with mutations occurring in a relatively short region of the gene 
between exons 24–32, usually in calcium binding EGF-like sequences, a region 
critical for microfi bril assembly [ 12 ]. Electron microscopy of the fi brillin strands for 
neonatal Marfan syndrome patients reveals that the patients seem to make “beads 
only” – the beads are not strung together in the usual necklace-like pattern, and so 
do not contribute to the elastic strength of tissues. This helps to explain why these 
babies are so severely affected in every system. 

 Progeroid facial features and lipodystrophy are associated with mutations at the 
3′ end of the fi brillin-1 gene [ 13 ,  14 ].

A.H. Child
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    Diagram of FBN1 gene indicating region where neonatal Marfan syndrome mutations are 
usually found (exons 24-32)   

    

        Counselling 

 If the neonate or infant has a new mutation in the FBN1 gene, parents need to know 
that this could happen to any couple (population incidence is 1 in 3300 [ 15 ]) and is 
not the result of anything they did, or did not do, before or during the pregnancy. 
Each individual has approximately 20,000 genes, and carries on average three sig-
nifi cant mutations, but usually these mutations are not in important genes, and so do 
not cause disease. A child with Marfan syndrome has a change in an important gene 
and therefore does not make fi brillin-1 which therefore cannot participate in 
strengthening the connective tissue, including the aortic wall. 

 No couple has as yet been reported to have two affected children when both par-
ents are normal [ 16 ]. The risk of having a further child with Marfan syndrome is 
virtually the same as for any other couple (1 in 3300) – a negligible risk. 

 To reassure anxious parents in a further pregnancy, foetal normality could be 
confi rmed by amniocentesis or chorionic villus biopsy, or mutation analysis of cord 
blood at the time of birth. Foetal echocardiography at 20 weeks of pregnancy 
together with limb length measurements should be offered and the new baby exam-
ined carefully at birth including echocardiography and ophthalmology. 

 Unaffected children of the couple do not bear a risk of passing on the condition. 
Therapy for severely affected children is available. Medical and surgical treatment 
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can help to prevent progression of the disease, but cannot reverse the organ involve-
ment already present at birth. 

 Parents should remember that their affected infant is their baby fi rst, and has 
Marfan syndrome as a secondary feature. Physical development will be delayed 
somewhat, but mental and physical stimulation should be provided to match the 
child’s ability. Quiet pursuits, physiotherapy exercises, and play in a small super-
vised nursery school are recommended. Grandparents and other family members 
can help by spending time with the child, and this would be greatly appreciated by 
the parents, for whom caring for the child will be a demanding task. The infant 
should participate in family outings and holidays, which may have to be somewhat 
restricted. Short air fl ights are possible, but parents should check with the physician 
responsible for overseeing their child’s care before travelling abroad. If the child has 
respiratory distress on the ground, oxygen should be available during the fl ight. If a 
chest x-ray has revealed emphysema or bullae in the lung, then sudden changes of 
air pressure, for example during mountain climbing, are not recommended as pneu-
mothorax may result. Antibiotics should be packed for travel in case of lung or ear 
infection, and a doctor’s letter summarising care for the infant should accompany 
the family in case of illness while abroad, necessitating hospitalisation.     
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  5      The Child with Marfan Syndrome: 
A Paediatric Cardiology Approach                     

       Graham     Stuart     

          Introduction 

 In 1886 the French paediatrician, Professor Antoine Marfan, published the descrip-
tion of a 5 year old girl with an unusual combination of musculoskeletal abnormali-
ties which subsequently became known as Marfan syndrome [ 1 ]. In recent years 
exciting advances in our understanding of the pathogenesis of Marfan syndrome 
have led to a rational approach to diagnosis and management in the child. The pur-
pose of this chapter is to discuss the role of the paediatric cardiologist in the man-
agement of the child and adolescent with Marfan syndrome with particular emphasis 
on pitfalls in diagnosis and areas of controversy in management. A pragmatic 
approach to treatment in the child with Marfan syndrome will also be given in light 
of new developments in drug therapy and, in particular, developments in modulation 
of the TGF-beta pathway.  

    Diagnosis of Marfan Syndrome 

 Frequently, Marfan syndrome is not diagnosed until adolescence or adulthood. 
However, with improved understanding of the value of early diagnosis, it is becom-
ing increasingly common for children to be referred for assessment. Assessment of 
the child suspected of Marfan syndrome requires a team approach and ideally this 
should be in a specialist, multidisciplinary clinic (Table  5.1 ). This has the benefi t of 
concentrating medical expertise, facilitating research and reducing the number of 
clinics the family have to attend. An interested paediatric cardiologist is an essential 
member of the multidisciplinary team. Internationally-accepted diagnostic criteria 
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for Marfan syndrome have been published (the “revised Ghent nosology”) and are 
summarised elsewhere [ 2 ]. The defi nitive diagnosis of Marfan syndrome requires a 
combination of aortic root dilation with ectopia lentis or a known pathogenic 
Fibrillin 1 (FBN1) mutation or an indicative score created from systemic features 
such as pectus carinatum, dural ectasia or a positive wrist and thumb sign. 
Cardiovascular abnormalities are often asymptomatic and careful assessment of the 
cardiovascular system is essential for both diagnosis and follow-up. The paediatric 
cardiologist may be involved in diagnosis and management at any stage from fetal 
life to adolescence (Table  5.2 ).

       Prenatal Diagnosis 

 Two approaches to prenatal diagnosis are possible. Standard ultrasonic measure-
ments of skeletal length have been used but are insensitive and non-specifi c. Genetic 
familial mutation detection can be provided through chorionic villus biopsy at 11 
weeks gestation. Genetic linkage studies can be also carried out in families with 
more than one affected member. Fetal echocardiography can be performed from 16 
to 18 weeks gestation and the aortic root compared with growth centiles in the nor-
mal fetus. There are no data on growth of the aortic root in the fetus with Marfan 
syndrome. Fetal echocardiographic diagnosis of Marfan syndrome has been reported 
but only in a severely affected fetus [ 4 ].  

   Table 5.1    ‘Ideal’ multidisciplinary clinic for children with Marfan syndrome   

 Specialist  Role 

 Clinical geneticist/genetics 
counsellor 

 Co-ordinator of clinic with responsibility for genetic counselling, 
coordination of molecular genetic studies. Family studies. 
Exclusion of similar/overlapping syndromes. Should be assisted 
by genetics nurse/counsellor 

 General paediatrician  Assessment of growth velocity, joint symptoms, pulmonary 
pathology. Assessment of scoliosis. Liaison with school medical 
service. Advice about sports, exercise, career options. Lifestyle 
advice. Referral to orthopaedic surgeon and paediatric 
endocrinologist if appropriate 

 Orthopaedic surgeon  Assessment of spinal curvature, foot deformities, joint 
dislocation 

 Ophthalmologist  Regular slit lamp assessment. Management of lens dislocation, 
myopia, retinal problems 

 Paediatric cardiology 
clinical nurse specialist 

 Liaison with school medical service and teachers, advice on 
lifestyle. Initiation of transition process from paediatric to adult 
cardiology services 

 Paediatric cardiologist  Monitoring of aortic root dilatation. Assessment of mitral and 
pulmonary valve dysfunction and arrhythmias. Liaison with adult 
cardiologist/adult congenital heart disease specialist during 
adolescence 
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    Diagnosis in the Infant 

 A rare type of severe infantile Marfan syndrome exists [ 3 , 5 ]. This is discussed in 
detail elsewhere in this textbook. Most are sporadic mutations associated with a 
specifi c fi brillin deletion (exons 24–32). Severe cardiac problems are common at 
birth including mitral and tricuspid regurgitation [ 3 ] (Table  5.2 ). Other typical fea-
tures include contractures, dolichocephaly, high arched palate, micrognathia, hyper-
extensible joints, pes planus, chest deformity, megalocornea, dislocated lenses and 
characteristic facies “like an old man” [ 3 ]. Heart failure in infantile Marfan syn-
drome is common and cardiac surgery, in particular to the atrioventricular valves, 
may be necessary in early childhood. Most familial cases present at an older age, 
have a milder presentation and are more diffi cult to detect during infancy.  

    Diagnosis in the Child 

 The published diagnostic criteria have limitations in children [ 2 ]. For example, it is 
inappropriate to perform a CT scan to confi rm dural ectasia or protrusion acetabula 
(systemic features) in an asymptomatic child. Moreover, the growing child with 
Marfan syndrome has an evolving phenotype [ 6 ]. Stheneur and colleagues reviewed 
this phenotypic evolution in 259 children with a FBN1 mutation who fulfi lled the 
modifi ed Ghent criteria [ 7 ] (Table  5.3 ). Ectopia lentis and aortic dilatation were the 
best discriminating features although height >3.3 standard deviations above the 
mean was also a useful guide for the non-specialist [ 7 ]. Thus, although some chil-
dren with Marfan syndrome fulfi ll the diagnostic criteria in infancy, others may not 
do so until adolescence. Children with overlapping syndromes, connective tissue 
disorders or even constitutional tall stature may also be referred for assessment (e.g. 

    Table 5.2    Cardiac abnormalities in infants with Marfan syndrome   

 Structure  Abnormality  Frequency (%)  Comments/pathology 

 Mitral valve  Mitral valve prolapse  73/76 (96 %)  Mitral and tricuspid valves 
exhibited elongation of 
chordae tendinae with 
myxomatous thickening of 
valve leafl ets 

 Mitral regurgitation  64/76 (84 %) 

 Tricuspid 
valve 

 Tricuspid valve prolapse  28/51 (55 %)  Severe heart failure was often 
associated with mitral/tricuspid 
regurgitation (7/9 patients) 

 Tricuspid regurgitation  18/60 (30 %) 

 Aortic valve 
and root 

 Root dilatation  71/81 (88 %)  The aortic root had a 
‘cloverleaf’ appearance in 
parasternal short-axis view on 
echocardiography 

 Aortic regurgitation  17/60 (28 %) 

 Pulmonary 
valve/root 

 Pulmonary root 
dilatation/regurgitation 

 3/7 (43 %) 

  Adapted from Geva et al. [ 3 ]  
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Ehlers Danlos syndrome, familial annuloaortic ectasia, mitral valve prolapse syn-
drome). In a large multicentre study of 320 children with Marfan syndrome and 
related type 1 fi brillinopathies, only 56 % could be classifi ed as having Marfan 
syndrome by internationally recognised clinical criteria although this increased to 
85 % of child probands after molecular studies [ 8 ]. The authors concluded that the 
diagnostic criteria for Marfan syndrome had poor applicability in childhood. They 
emphasised the need for follow-up monitoring in cases where there is strong clinical 
suspicion of Marfan syndrome and recognised that the discovery of a FBN1 muta-
tion can be a useful adjunct to diagnosis [ 8 ].

   In our paediatric clinic four diagnostic terms are used;

•    not Marfan syndrome,  
•   possible Marfan syndrome  
•   probable Marfan syndrome  
•   defi nite Marfan syndrome.    

 The term ‘defi nite’ Marfan syndrome is used where the modifi ed Ghent cri-
teria are fulfi lled. ‘Probable’ Marfan syndrome is used where several character-
istic features are present and overlapping syndromes have been excluded but the 
diagnostic criteria have not been fulfi lled. These children are followed up as if 
they had Marfan syndrome. The Fibrillin-1 gene screen is strongly advised to 
guide management. The term ’possible’ Marfan syndrome is used where chil-
dren are at 50 % genetic risk and have some clinical features. They are reviewed 
infrequently (at 5, 10 ,13, 16 years old) until the diagnosis is confi rmed or 
refuted. The most common features of Marfan syndrome in children are shown 
in Fig.  5.1 .

       Types of Cardiac Dysfunction in the Child 

 Although cardiac abnormalities are common in the child with Marfan syndrome 
most have no cardiovascular symptoms (Table  5.4 ). Chest pain is relatively 
common but is usually musculoskeletal. The most common abnormalities are 
asymptomatic mitral regurgitation, mitral valve prolapse and aortic root dilata-
tion. Aortic root dilatation can accelerate during childhood and occasionally 

   Table 5.3    Phenotype evolution in children with Marfan syndrome (Stheneur et al. [ 7 ])   

 Abnormality  Age group 0–6 years (%)  Age group 15–17 years (%) 

 Pectus deformity  43  62 

 Hypermobility  67  47 

 Pes planus  73  65 

 Ectopia lentis  66  72 

 Aortic root dilatation a   75  80 

   a This study population were all treated with betablocker therapy  
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prophylactic root replacement is indicated to prevent aortic dissection. Other 
cardiovascular abnormalities include pulmonary artery dilatation, tricuspid 
valve prolapse and left ventricular diastolic. The cardiac features in the 
child have been described in detail elsewhere [ 13 ]. Arrhythmias are an 
 under- recognised source of symptoms and morbidity in the child with Marfan 
syndrome [ 14 ].

       Mechanism of Cardiovascular Dysfunction 

 Marfan syndrome is associated with an abnormality in the structural protein fi bril-
lin. This is discussed in detail in Chap.   22    . Fibrillin-containing microfi brils are 
found throughout the cardiovascular system and act as a “scaffold” which orientates 
elastin deposition [ 15 ]. This occurs early in development implying that cardiovas-
cular abnormalities are present at birth. The abnormal elastin deposition results in 
increased stiffness of blood vessels, in particular the aorta [ 16 ]. Endothelial dys-
function has also been reported which results in selective impairment of fl ow- 
mediated dilatation of the great arteries [ 17 ]. Recently, there has been considerable 
research linking elevation in tissue levels of the cytokine Transforming-Growth 
Factor beta (TGFβ) to the phenotypic changes observed in Marfan syndrome. 
Elevated levels of this cytokine lead to downstream changes in elastin homeostasis 
and microfi bril function. This discovery has led to new therapeutic possibilities 
where the prime target is to act on the TGFβ pathway.  

  Fig. 5.1    Abnormal features in children with Marfan syndrome (Figure is adapted from Stuart [ 9 ])       
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    Cardiovascular Risk Stratification 

 Not all children with Marfan syndrome have the same risk of progressive, life threat-
ening cardiovascular disease. Most families carry a unique mutation and individual 
risk estimation is necessary. Probands tend to have more severe phenotypic manifesta-
tions [ 7 ]. Other factors associated with the development of serious cardiovascular 
disease include family history of aortic dissection, mitral and aortic regurgitation at 
presentation, rapid rate of aortic root dilatation, generalised (not localised) aortic dila-
tation, spontaneous mutations, systemic hypertension, gross fi brillin abnormalities on 
biopsy, diagnosis in early childhood, infantile-type Marfan syndrome and aortic root 
greater than 50 mm [ 18 ]. An aortic root measurement of >50 mm in an adult is an 
indication for elective aortic root replacement although dissection can occur below 
this level, and root replacement should be considered if there are additional risk fac-
tors or a rapid rate of dilatation [ 18 ]. The indication for surgery in the growing child 
is discussed below. In most studies, sporadic cases and children diagnosed below 10 
years old have a worse cardiovascular prognosis. To some extent this may refl ect the 
earlier presentation of children with more severe abnormalities of fi brillin.   

    Management of Marfan Syndrome in the Child 

 Proposals for health supervision of the child with Marfan syndrome were published 
recently by the American Academy of Paediatrics [ 19 ]. This includes recommenda-
tions for assessment of growth, eye and lung manifestations, psychosocial issues, 
exercise participation and transition to adult services. Regular clinical assessment of 
the cardiovascular system is recommended throughout childhood. 

    Clinical Assessment 

 Most children with Marfan syndrome have no cardiovascular symptoms but palpita-
tions and chest pain occur and may be associated with mitral valve prolapse. The 
cardiovascular history should include a detailed family history. In particular, a fam-
ily history of cardiovascular complications should be sought as this is a risk factor 
for the child and may also infl uence the family reaction to the diagnosis of Marfan 
syndrome. Cardiovascular examination should include auscultation for murmurs of 
valve regurgitation and mid or early systolic clicks. Blood pressure should be mea-
sured. In the child and adolescent the cardiovascular examination is often normal 
but this does not exclude signifi cant cardiovascular pathology.  

    Echocardiography 

 High quality echocardiography is the mainstay of cardiovascular assessment in the 
child with Marfan syndrome. This should include an assessment of ventricular sys-
tolic function (right and left) and the function of all four valves. Diastolic function 
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should be assessed as it may be impaired and this can occur independent of aortic 
dilatation [ 20 ]. Measurement of the ascending aorta at the level of the aortic sinus 
and sinotubular junction should be plotted against body surface area and compared 
with normal centiles [ 19 ]. This is of particular importance in the growing child 
where a sequential comparison of aortic root growth in comparison to somatic 
growth is essential to establish the presence and progression of aortic dilatation. 
Although aortic root measurement >2 standard deviations (SD) above the norm for 
body surface area are often used, Stheneur proposed that measurements >3 SD are 
of more value in diagnosis as 16 % of non-Marfan children referred for assessment 
in their Marfan clinic had an aortic root >2 SD using the Roman centiles [ 7 , 21 ]. It 
is essential for an identical and reproducible technique to be used for measuring the 
aortic root on each occasion. Serial measurements of aortic diameter can be used to 
identify a low-risk subgroup who are less likely to require aortic surgery or dissect. 
ulmonary artery dilatation may be present and should be assessed. Transoesophageal 
echocardiography is useful in older children with a poor echocardiographic window 
but is seldom necessary in the young child. The frequency of measurement is 
debated but most authors recommend an annual echocardiogram in children with 
defi nite Marfan syndrome and more frequent assessment if there is signifi cant aortic 
dilatation or aortic regurgitation. Although aortic dilatation is present in the major-
ity of children with Marfan syndrome, the presence of normal aortic dimensions in 
childhood does not preclude progressive aortic dilatation in adult life and regular 
echocardiographic assessment should continue after transfer to the adult 
cardiologist.  

    Electrocardiography (ECG) 

 Electrocardiographic abnormalities are common in children with Marfan syndrome. 
Partial right bundle branch block is common but other abnormalities occur includ-
ing supraventricular and ventricular premature beats and arrhythmias [ 22 ]. In one 
study 33 % of children were found to have ventricular arrhythmias on extended 
monitoring and this was not always associated with valve dysfunction [ 14 ]. An 
ambulatory ECG should be recorded in children with palpitations or chest pain 
which does not have an obvious musculoskeletal origin.  

    Other Investigations 

 Most children with Marfan syndrome do not require additional cardiovascular 
investigations. Occasionally an electrophysiology study is helpful in children with 
palpitations and episodes of collapse. Lung function assessment may also be indi-
cated if there is a marked sternal anomaly as this can compromise cardiac function 
and may be complicated by bronchial hyperreactivity. Magnetic resonance imaging 
is a useful alternative to transoesophageal echocardiography and allows the assess-
ment of aortic stiffness. This can be of particular value if there is a severe sternal 
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abnormality which makes reproducible measurement of the ascending aorta diffi -
cult or if there is diffi culty visualizing the descending aorta.  

    Medical Therapy 

 Beta blockers have been used for many years in Marfan syndrome to try to prevent 
aortic dissection. In theory, a reduction in the force of left ventricular ejection (dP/
dT) should reduce the risk of dissection and this has been shown in non-Marfan dis-
section and animal models. In 1994 Shores published a randomised study of the 
effect of β-blockade in adolescents and young adults with Marfan syndrome [ 23 ]. 
Seventy patients were followed up for approximately 10 years and were randomised 
to β-blockers (propranolol) or control. The treated group had a slower rate of aortic 
dilatation and a reduced rate of complications including aortic regurgitation, cardiac 
surgery, aortic dissection and death. Moreover, the 2 deaths in the control group 
were probably due to an arrhythmia and not dissection, suggesting propranolol 
might have a protective antiarrhythmic function. Propranolol was not effective in 
every patient, however, and the high dose (mean 212 mg/day) caused signifi cant 
side-effects in 30 %. 

 The routine use of betablockers in Marfan syndrome has been questioned in 
recent years with contradictory evidence of effi cacy in different patient subgroups 
[ 24 ]. Thus, atenolol does not improve aortic distensibility and stiffness in all chil-
dren and, in some adults, aortic stiffness actually increases after β-blockade. 
Alternative drugs including ace-inhibitors and calcium antagonists have been tried 
but their long-term effi cacy is unproven [ 24 ]. Recently, there has been considerable 
interest in the use of angiotensin-receptor blockade in the prevention of aortic com-
plications in Marfan syndrome. This is discussed in detail by Loeys [ 25 ]. Angiotensin 
receptor blockade is thought to act via modulation of expression of the cytokine 
transforming-growth factor Beta (TGFβ). In a small retrospective study of young 
children with aortopathy who had not responded to standard therapy, angiotensin- 
receptor blockade was found to slow the progression of aortic root dilatation [ 26 ]. 
Similarly, Pees demonstrated that monotherapy with losartan reduced aortic dilata-
tion in a small, unselected group of children and adolescents with Marfan syndrome 
with the suggestion that effi cacy was improved when therapy was started at a 
younger age and patients were treated for longer periods [ 27 ]. However, in a much 
larger cohort of 608 children and young adults (6 months to 25 years of age; mean 
11.5 years) randomised to atenolol or losartan, there was no difference in reduction 
of aortic root Z scores, aortic dissection rates, or the need for aortic root surgery 
over a 3 year period [ 28 ]. Thus, at present, the evidence suggests that children with 
Marfan syndrome may develop less aortic dilatation when treated with an angioten-
sin receptor blocker but the relative merits of betablockade and angiotensin convert-
ing enzyme blockade remain unclear. On the basis of current evidence, it would 
seem prudent to treat children with beta-blockers if they have defi nite Marfan syn-
drome and known risk factors for dissection and to have a low threshold for adding 
an angiotensin-receptor blocker if the betablocker is not tolerated, if there is 
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progressive aortic root dilatation despite beta-blockade or if the child is perceived to 
have a high risk of dissection on the basis of phenotype, genotype or family history. 
However, the optimum dose and preparation of both drugs are unknown. 
Furthermore, where there is a contraindication to betablockers (for example, asthma) 
or where betablockers are not tolerated due to side-effects, angiotensin-receptor 
blockers should be used. Further research may inform this exciting area of medical 
therapy.  

    Cardiothoracic Surgery 

 In older children with severe pectus excavatum cardiopulmonary performance can 
improve after sternal repair. The usual indication for cardiac surgery, however, is 
rapid aortic dilatation or dissection. Occasionally mitral or aortic valve repair or 
replacement is also necessary but this is seldom required in childhood except in the 
most severe phenotypes. Surgical morbidity and mortality have steadily improved 
in recent years largely due to elective surgery (composite graft with coronary reim-
plantation) being carried out prior to dissection. Root replacement with preserva-
tion of the aortic leafl ets has also been described thus avoiding the need for lifelong 
anticoagulation. The long-term results of valve sparing root replacement in chil-
dren with Marfan syndrome are unknown but it has been suggested that the aortic 
remodelling technique (Yacoub) should be avoided due to the high rate of reopera-
tion [ 29 ]. 

 The precise timing of aortic root surgery in the child is unclear but in our unit we 
consider aortic root size >45–50 mm or rapid acceleration of root growth (>97th 
centile for body surface area) despite medical therapy indications for surgery. If 
there is a family history of dissection and the aortic valve is competent, valve- 
sparing surgery may be considered at a lower level (40–45 mm at sinus of Valsalva).  

    Risk Modification and Lifestyle 

 It is essential to balance the normal needs of the growing child with the benefi t of 
early diagnosis and treatment of Marfan syndrome. Many children will have wit-
nessed the death of a relative with Marfan syndrome and this, together with an 
embarrassment about body image, may cause considerable distress and resentment. 
In many families, the reassurance of a clear diagnosis with regular monitoring is 
itself of considerable value. Advice on exercise and school activities should be 
given. Children with signifi cant aortic root dilatation should avoid contact sports but 
it is important to maintain reasonable fi tness. Ideally, children with Marfan syn-
drome should be given a formal exercise prescription to include at least 60 minutes 
of total aerobic activity per day. This does not need to be intense exercise and can 
be the equivalent of brisk walking. From an early age parents should be advised to 
guide their children towards leisure activities which can be continued even if car-
diac complications develop. Advice on avoidance of cigarette smoking, good dental 

G. Stuart



37

hygiene and antibiotic prophylaxis against endocarditis should be given. Dietary 
advice to encourage a Mediterranean-type diet (high in fruit, fi bre and vegetables) 
should be given due to the long-term benefi ts this can have on endothelial function. 
The process of transition and patient (as opposed to parent) education should start 
in the early teenage years. The natural rebellion of the teenage years can be particu-
larly diffi cult and it is important teenagers are given the opportunity to discuss their 
worries when not accompanied by their parents. Contraception and the risks of 
pregnancy should be discussed and a clear referral pattern developed which allows 
transfer to the adult cardiologist when the teenager feels ready.   

    Conclusion 
 An interested and dedicated paediatric cardiologist is essential for the manage-
ment of the child with Marfan syndrome. It is important to try to minimise 
cardiovascular risk factors and in particular to monitor the development of 
aortic root dilatation. At the same time it is essential to be sensitive to the emo-
tional needs of the growing child and adolescent. Regular, systematic assess-
ment  balanced with encouragement and reassurance are the cornerstones of 
management.     
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       Marfan syndrome (MFS) is a disease in which connective tissue becomes weak 
because of genetic mutation, resulting in aortic dilatation, aneurysm, dissection, 
aortic regurgitation and mitral valve prolapse. 

    Epidemiology 

 MFS is inherited in an autosomal dominant mode, caused by mutations in the FBN1 
gene which encodes fi brillin-1. Seventy-fi ve percent of all patients inherit the condi-
tion from one affected parent; 25 % are affected as the result of a new mutation. The 
population incidence is 2–3 per 10,000 [ 1 ]. 

 Marfan syndrome autosomal dominant inheritance was described in 1931, due to 
abnormal fi brillin-1 protein found in 1990, encoded by FBN1 gene as reported in 
1991 [ 2 ]. 

 In Marfan syndrome patients, most of the primary causes of death are due to 
cardiovascular manifestations, especially aortic dissection and rupture. According 
to Taiwanese research, aortic dissection is the most deadly complication. This 
occurs in 9.7 %, and 61 % of patients who dissect are male. The average mortality 
after dissection is 10.6 % [ 3 ].  
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    Cardiovascular Manifestations 

 The main cardiovascular manifestations are aortic dilatation and mitral valve pro-
lapse. Tricuspid regurgitation (TR), pulmonary artery dilatation, ventricular arrhyth-
mia, and cardiomyopathy which causes ventricular dilatation also occur. FBN1 is a 
matrix glycoprotein and the major constituent of extracellular matrix (ECM) micro-
fi brils composing elastic fi bre. Abnormal microfi brils are made, and the resultant 
fi broelastic fi bres are weak. Abnormal fi brillin cannot inhibit TGFβ activation and 
signaling. This causes excessive TGF-β signaling and thereby ECM degradation, 
apoptosis and infl ammation are activated. This causes aneurysm or dissection [ 4 ] 
(Fig.  6.1 ).

      Aorta and Aortic Valve 

 Aortic dilatation or aneurysms are caused by cystic medial necrosis, in which the 
medial layer of the aorta demonstrates few cells and lacunar appearance. Most aor-
tic dilatation in patients with MFS starts from sinus of Valsalva, and this occurs in 
60–80 % adult MFS. There are some reasons why dilatation starts from aortic root; 
the fi rst reason is that higher elastic fi bre including fi brillin is thought to be con-
tained there, the second reason is continual force from left ventricular cyclic torsion 
applied to wall of aortic root [ 5 ]. 

 If the dilatation tears, aortic dissection occurs, and if dissection involves coro-
nary artery, myocardial infarction may also occur. Aortic root dilatation causes aor-
tic regurgitation with central jet because of annulus dilatation. Syndromic thoracic 
aortic aneurysm (TAA) growth rate is variable. Average speed of TAA growth in 
patients with MFS is 0.5–1.0 mm per year. In comparison, average speed of TAA 
growth in patients with Loeys-Dietz syndrome which is also one of the connective 
tissue disorders is more than 10 mm per year [ 6 ]. Aortic dilatation/dissection are 
major criteria in revised Ghent criteria [ 7 ]. 

 Figure  6.2  is about ascending/descending aorta and normal size in healthy peo-
ple. Aortic size is strongly affected by body surface area, weight, age, and sex. For 
estimation of aorta, we use Z score taking into account these factors [ 8 ,  9 ]. When 
the aorta dilates, risk for aortic dissection/rupture becomes higher. Aortic diameter 
is used for monitoring, but it is infl uenced by body surface area (BSA), so Z score 
which is adjusted to BSA and age is used [ 7 ].

   According to ESC guidelines, the growth speed of aneurysm occurring in ascend-
ing aorta is 1 mm per year. On the other hand, the growth speed of aneurysm occur-
ring in thoracic descending aorta is 3 mm per year in general population. In case of 
patients with Marfan syndrome, the growth speed of distal descending aorta is 
0.58 ± 0.5 mm per year after undertaking aortic dissection surgery [ 6 ]. 

    Distal Aorta 
 Although sudden death from aortic dissection is decreasing due to improved aortic 
monitoring and elective aortic root surgery, some patients need to undertake surgery 
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for distal aorta after aortic root surgery [ 10 ]. After elective aortic root surgery, dila-
tation of the distal aorta is more common than before [ 11 ]. 

 Careful monitoring of the entire aorta is important even though the aortic root is 
repaired. Ischemia of mesenteric and femoral artery have been seen with abdominal 
dissection [ 12 ]. 

 Aortic dissection is defi ned as disruption of the medial aortic layer provoked by 
intramural bleeding, resulting in separation of the aortic wall layers and subsequent 
formation of a true lumen and a false lumen with or without communication [ 8 ]. 
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  Fig. 6.1    A potential molecular pathway of dysregulation of TGFβ leading to aneurysms and dis-
sections. Transforming growth factor β (TGFβ) is secreted in a biologically inactive form and 
stored in the extracellular matrix in a complex termed the large latent TGFβ complex (LLD), 
consisting of a TGFβ homodimer associated with the latency-associated peptide (LAP), and the 
latent TGFβ binding protein-1 (LTBP-1). Dysregulated TGFβ signaling results from mutations in 
fi brillin-1, TGFBR1, or TGFBR1, leading to altered transcription of TGFβ-responsive genes, and 
ultimately resulting in degenerative changes in the vessel wall leading to aneurysms and dissec-
tions [ 4 ]       
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 The location of pain is due to location of dissection; ascending aorta causes ante-
rior chest pain, descending aorta causes back pain, and abdominal aorta causes 
abdominal pain. 

 In MFS patients, dissection of most patients is Stanford type A. 
 From the end of growth phase to 40 years, up to 50 % of undiagnosed or 

untreated patients die from aortic dissection or rupture, whereas aortic dissection 
or rupture rarely occur in children or adolescent patients with MFS [ 12 ]. Aortic 
root dilatation is the most common manifestation, and aortic sinus enlargement 
which causes aortic aneurysm occurs in 50–60 % of adult patients and 50 % of 
paediatric patients [ 12 ]. 

 Januzzi J. et al. [ 13 ] have reported about patients with aortic dissection. Five 
percent of patients developing aortic dissection were patients with MFS. Comparing 
those with MFS and without MFS, type A was 76 % vs 62 % (p = 0.04), intramural 
hematoma was 2 % vs 11 % (p = 0.03), age was 35 ± 12 vs 64 ± 13 (p < 0.001), with 
a history of hypertension was 27 % vs 74 % (p < 0.001), and with a history of ath-
erosclerosis was 0 % vs 32 % (p < 0.001) [ 13 ]. 

 From another of his reports, 7 % of patients with dissections were under 40 years 
old. Fifty percent of patients under age 40 years with aortic dissection have MFS, 
and only 2 % of older (40 and older) patients with aortic dissection have MFS [ 14 ]. 

 Risk factors for aortic dissection in Marfan syndrome are as follows: aortic diam-
eter more than 5 cm, progressive aortic dilatation extending beyond sinus of 
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  Fig. 6.2    Diagram of ascending and descending aorta with expected diameters in healthy adults 
[ 8 ]. Shows normal range of diameter of each section of aorta. The aorta is divided into thoracic 
aorta and abdominal aorta. Thoracic aorta is ascending aorta, aortic arch and thoracic descending 
aorta. Ascending aorta includes aortic annulus, sinuses of Valsalva, sinotubular junction, and prox-
imal ascending aorta. Aortic arch is from brachiocephalic (innominate) artery to arterial ligament. 
Descending aorta is from arterial ligament to the level of diaphragm. Abdominal aorta is below the 
level of diaphragm       
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Valsalva, rapid aortic growth rate (more than 5 % per year or more than 2 mm per 
year in adults), and family history of aortic dissection [ 12 ] (Fig.  6.3 ).

       Aortic Regurgitation (AR) 
 Aortic valve regurgitation is caused by aortic annular dilatation or myxomatous 
degeneration. The associated murmur is heard as high pitched at left sternal border 
intercostal spaces 3–4 in diastolic phase. Patients have no symptoms during early 
stage. To evaluate aortic regurgitation severity, colour fl ow Doppler is essential. 

 AR severity is evaluated by morphological feature, Doppler index, and quantitative 
assessment. Ejection volume in each left ventricular contraction increases since the 
regurgitant volume increases. Thus left ventricular volume in the end-diastolic period 
becomes larger to maintain cardiac output, and the left atrium enlarges, refl ecting the 
increase of end-diastolic left ventricular pressure and left atrial pressure. The left ven-
tricular ejection fraction is not decreased due to normal or hyperkinetic wall motion in 
compensation phase. If myocardial damage occurs due to chronic overload, the com-
pensation mechanism collapses and cardiac output cannot be maintained. Myocardial 
damage spreads to the whole left ventricle and it is important to differentiate this 

De Bakey
Type A
Type I

Type A
Type II

Type B
Type III

Stanford

  Fig. 6.3    Shows the classifi cation of aortic dissection. De Bakey classifi cation is according to 
entry level and dissection. De Bakey 1 involves entry in ascending aorta and dissection extends to 
abdominal aorta. De Bakey 2 involves dissection only of ascending aorta. De Bakey 3 involves 
entry in descending aorta. De Bakey 3 has subtypes 3A and 3B. Type 3A dissection does not 
extend to abdominal aorta and 3B extends to abdominal aorta. Stanford classifi cation is according 
to level of dissection. Stanford type A dissection exists in ascending aorta. Stanford type B dissec-
tion does not exist in ascending aorta [ 5 ,  6 ]       
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diagnosis from other diseases causing diffuse hypokinesis. Aortic regurgitation is not 
seen in normal subjects under 40. If mechanical valve lesion or aortic dilatation are 
seen, pathological aortic regurgitation will be found. 

 Approximately 25 % of MFS patients have mild (less than 10 %), asymptomatic 
reduced left ventricular ejection fraction, suggesting impaired systolic function and 
underlying cardiomyopathy. These patients also have right ventricular systolic dys-
function [ 15 ].   

    Mitral Valve 

 MFS patients have degenerative mitral valve leafl et with elongation and thickening 
(myxomatous degeneration). This is due to defective connective tissue and degen-
eration because of increased TGF-β signaling [ 16 ] (Fig.  6.1 ). 

  Mitral valve prolapse  (MVP) is defi ned as closing position displacement of one 
or both leafl ets cephalad (or superior) into the left atrium past the annular plane. 

 The prevalence of isolated MVP is 2–3 % in the general population with the 
signifi cant risk of severe MR, heart failure, and infective endocarditis. 0.25 % of 
mitral valve prolapse patients are reported to have MFS. During ventricular contrac-
tion, the mitral valve has to withstand its force, and prolapse of posterior leafl et is 
more common [ 17 ]. In 2011, Rybczynski and Treede, reported the prevalence of 
MVP in MFS is 40 %, severe MR is 12 %, and infective endocarditis is 2.5 % [ 18 ]. 
The prevalence of more severe myxomatous mitral valve thickening with prolapse 
is 25 % in MFS patients. 

 They reported the outcome of MVP and MVP related events in 112 patients with 
MFS. They found that bileafl et MVP affected 62 %, anterior MVP occurring more 
often than posterior MVP. Mitral Regurgitation (MR) progression was seen in 37 % 
and it was related to fl oppy mitral valve and increased indexed end-systolic left 
ventricle diameters. Mitral valve (MV) infective endocarditis, heart failure, MV 
replacement and repair were seen in 28 %, predicted by fl oppy mitral valve and mild 
or moderate MR. Aortic dilatation, dural ectasia, and new mutation cause were not 
related to outcome. Neither blood pressure nor medication (Beta-blocker (BB) and 
Angiotensin Receptor Blocker (ARB)) had any effect on MV related outcome [ 18 ]. 

 Habashi et al. studied mice with FBN-1 mutation. They hypothesised that elon-
gation and thickening of the mitral valve leafl et could be caused by increased activa-
tion and signaling of TGF-β. When they treated mice with a TGF-β neutralizing 
antibody, elongation and thickening of leafl et recovered to normal [ 19 ]. 

 Mitral valve prolapse is associated with mid-systolic click at apex, especially 
with the patient lying on the left side. And if it is accompanied by mitral regurgita-
tion, a high-pitched holosystolic murmur is heard. Due to mitral regurgitation, left 
ventricle and left atrium have volume overload, and heart failure may occur in 
decompensated phase. Calcifi cation of the valve annulus has also been reported to 
occur at a greater rate than in normal individuals [ 5 ]. 

 Severity of regurgitation is variable. Some paediatric MFS patients have early 
onset and severe symptoms. In infancy, mitral regurgitation may cause congestive 
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heart failure, pulmonary hypertension, and death. More than 25 % of Marfan syn-
drome patients have progression of mitral valve prolapse to mitral regurgitation by 
adulthood, and twice as many women as men demonstrate progressive mitral dys-
function [ 1 ].  

    Tricuspid Valve, Pulmonary Artery 

 Tricuspid valve prolapse may also occur due to degeneration of tricuspid valve. In a 
Norwegian study of adult MFS patients, CT or MRI were performed to evaluate the 
pulmonary artery. In normal subjects, published mean pulmonary diameter was 
from 24.0 ± 2.0 to 27.2 ± 3.0 mm. More than half of adult patients with MFS had 
pulmonary artery trunk more than 30 mm, though some (15 %) did not have ascend-
ing aortic dilatation [ 20 ]. Pulmonary artery dilatation usually occurs at the level of 
the root [ 5 ].  

    Left Ventricular Dilatation and Dysfunction 

 If the patient has signifi cant mitral, aortic, or tricuspid regurgitation, left ventricular 
dilatation and dysfunction may occur due to volume overload. However, De Backer 
et al. reported some Marfan syndrome patients without signifi cant valve regurgita-
tion showed systolic and diastolic dysfunction independently. Their left ventricular 
volume in both systolic and diastolic phase was larger than in controls, and ejection 
fraction was reduced [ 21 ]. This was thought to be due to increased left ventricular 
afterload caused by aortic root stiffness [ 22 ]. Extracellular matrix remodelling and 
abnormal TGF-β due to fi brillin defi ciency also contribute to impaired left ventricu-
lar function [ 22 ]. 

 LV dimension and construction was normal in most of Marfan patients. The LV 
of 7 % of these patients was dilated but none of them fulfi lled criteria for idiopathic 
Dilated Cardiomyopathy (DCM) [ 23 ].  

    Heart Failure 

 Heart failure may occur if valve regurgitation becomes severe. Little is written spe-
cifi cally about treatment for heart failure in patients with Marfan syndrome.  

    Arrhythmia and Sudden Cardiac Death 

    General 
 In 1997, A. Savolainen et al. investigated 45 adult patients with Marfan syndrome [ 24 ]. 
The prevalence of cardiac arrhythmias, for example prolonged atrioventricular 
conduction, ST segment depression and ventricular repolarisation abnormality such 
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as QT interval prolongation and U wave, was higher than in the general 
population [ 24 ]. 

 This was not related to aortic root dilatation, left atrial dilatation, left ventricular 
dilatation or function. Most arrhythmias were premature atrial or ventricular beats. 
Moreover, asymptomatic ST depression was also seen in more patients with MFS 
than in the general population. It was supposed that there would be myocardial 
abnormality. They thought defi ciency of fi brillin in patients with MFS producing 
microfi bril abnormality in the matrix of the heart muscle would affect tissue in the 
impulse conducting system. Most arrhythmia does not lead to life threatening con-
dition in patients with MFS, however, ventricular arrhythmia may occur in patients 
with repolarisation abnormality [ 24 ]. 

 Yetman et al. reported that ventricular arrhythmia was seen in 21 % of MFS 
patients, and 4 % died from arrhythmia [ 28 ]. 

 Ali Aydin et al. [ 25 ] reported that ventricular couplets and non-sustained ven-
tricular tachycardia were seen in 40 %, and PVC more than 10 beats/h was seen in 
35 %. PVC and couplet, non-sustained VT and ventricular arrhythmia events were 
related to NT-pro BNP level elevation and left atrial dilatation. PVC, couplet, and 
non- sustained VT were related to indexed end-systolic dilatation, moderate mitral 
regurgitation, and prolonged QTc. 

 The incidence of ventricular arrhythmia events was 12 %, and sudden cardiac 
death was 4 %. All arrhythmias were related to NT-pro BNP. Left ventricular dys-
function, and fi brillin-1 gene exon 24–32 mutations increased risk of ventricular 
arrhythmia event. They reported an 8 % prevalence of ventricular arrhythmic events 
including sudden cardiac death, much higher than in the general population, and 
lower than in patients with hypertrophic cardiomyopathy who have a 12 % preva-
lence [ 25 ]. 

 Premature ventricular contraction is an independent risk factor for sudden death. 
Boris A. Hoffmann et al. reported that 2.1 % of their patients died sudden cardiac 
death and 6.5 % had sustained ventricular tachycardia. They studied patients’ 
NT-pro BNP, echocardiogram, ECG. They set NT-proBNP >−214.3 pg/ml level as 
cut-off point. Levels higher than this carried a signifi cant risk factor for sudden 
cardiac death, and these patients had higher NYHA classifi cation, and decreased 
left ventricular function. Incidence of sudden cardiac death in MFS is thought to be 
0.92 per 1000-person-years. Incidence of sudden cardiac death in those aged 18–50 
years is thought to be 0.09 per 1000-person-years, and it is impossible to predict by 
FBN1 mutation [ 22 ].   

    Discussion About Arrhythmia 

 As Savolainen et al. [ 24 ] reported before, patients with MFS more frequently have 
dysrhythmia, for example, atrial arrhythmias >1 beat/h, ventricular arrhythmias 
>1 beat/h, ventricular arrhythmias >10 beats/h, ventricular salvos of >3 beats and R 
on T phenomenon. 

 We studied patients at St George’s Hospital compared with a control group. 
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 Fifty-fi ve patients fulfi lled revised Ghent criteria: 33 patients (60 %) were male, 
and average age was 34.5 years old. 58.2 % of patients were on medication; beta- 
blocker, ARB or ACE-I. 

 The control group consisted of unaffected relatives of cardiac sudden death 
patients, or healthy volunteers. Of 165 subjects, 94 were male (57.0 %) and the 
average age was 35.7 years old. Only one control subject was taking 
beta-blocker. 

 All of them underwent Holter ECG. 92.7 % of patients with MFS had ventricular 
ectopy (VE), and 9.8 % of them had >10 beats/h. 73.9 % of the control group had 
ventricular ectopy, and 4.1 % of them had >10 beats/h. Neither group demonstrated 
atrial fi brillation, ventricular tachycardia, or signifi cant heart block. 

 On echocardiogram, mitral valve prolapse (MVP) as a common manifestation in 
Marfan syndrome was seen in 20 % of patients, in contrast to 1.7 % of the control 
group (P < 0.05). Although all those with MVP demonstrated VE, only one had VE 
>10 beats/h (see Table  6.1 ).

   Ali Aydin et al. studied 80 mutation proven MFS patients [ 25 ]. Patients under-
went 24 h Holter ECG, 12 lead ECG and echocardiography. They reported 28 out of 
80 (35 %) had ventricular premature complexes >10 beats/h, and 16 patients (57 %) 
had mitral valve prolapse. In our study, 55 patients with MFS underwent 24/48 h 
Holter ECG and echocardiography. Five out of 55 patients (9.1 %) had ventricular 
premature complexes >10 beats/h and 1 patient out of 5 had mitral valve prolapse. 
Ali Aydin also reported that location of mutations in exons 24–32 of the FBN1 gene 
was a risk factor for ventricular tachycardia event. 

 In our study, 50 out of 55 patients had fi brillin-1 mutation screening, and a muta-
tion was found in 44 patients (88 %). Seven patients had mutations in exons 24–32. 
Three patients had missense mutations (1 involving cysteine), 2 patients had non-
sense mutations resulting in stop codons, and 2 patients had splice site mutations. 
Of these 7 patients, 1 patient who had missense mutation affecting cysteine residues 
in exon 31 had frequent VEs. However, the remaining 6 patients did not have ven-
tricular ectopy or mitral valve prolapse. Our fi ndings did not support the data that 
mutation in the neonatal region predisposes to VEs. Studies are under way to deter-
mine if the actual location of the cysteine affected by the mutation may explain why 
our results differ from those in the Aydin et al. study. 

 We recognise that this is a small group with an incomplete data set, but our data 
regarding incidence of arrhythmia agrees with that in previous publications.  

    Investigations 

    Echocardiogram 
 Echocardiogram is widely-used for evaluation of valve and aortic root, as it is con-
venient and noninvasive, and can be used in case of emergency. Following initial 
diagnosis, a second echocardiogram should be performed after 6 months in order to 
assess the growth of aortic diameter and decide the interval for follow up [ 26 ]. After 
that, in adults, echocardiogram should be performed once a year, unless aortic 
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   Table 6.1    Incidence of arrhythmia in 55 adult Marfan syndrome patients   

 VE > 0/h  VE > 1/h  VE > 10/h  VE > 30/h 

 MVP (n = 11)  11 (100 %)  6 (55 %)  1 (9.1 %)  0 (0 %) 

 Marfan 

 Control 
 unaffected relatives and 
healthy volunteers 

 p value 
 p < 0.05 
sig 

 No of subjects  55  165 

 Male  33 (60.0 %)  94 (57.0 %)  0.694 

 Average age (median age)  34.5 ± 12.6 (32)  35.7 ± 12.3 (32)  0.535 

 Medication 

   Beta-blocker  21 (38.2 %)  1 (0.%)  0.000 

   ARB  12 (21.8 %)  0 (0.0 %)  0.000 

   ACE-I  3 (5.5 %)  0 (0.0 %)  0.003 

   None  23 (41.8 %)  164 (99.4 %)  0.000 

 Holter  55 (100 %)  165 (100 %)  N/A 

   48 h  41 (74.5 %)  28 (17.0 %)  0.000 

   VE > 0 beat  51 (92.7 %)  122 (73.9 %)  0.003 

   VE > 1 beat/h  17 (30.9 %)  16 (9.7 %)  0.000 

   VE > 10 beats/h  5 (9.1 %)  5 (3.0 %)  0.062 

   VT  0 (0 %)  1 (0.6 %)  0.563 

   AF  0 (0 %)  0 (0 %)  N/A 

   Heart block  0 (0 %)  3 (1.8 %)  0.314 

   Signifi cant heart block  0 (0 %)  0 (0 %)  N/A 

 12-lead ECG  21 (38.2 %)  132 (80.0 %)  0.000 

   Sinus rhythm  21 (100 %)  131 (99.2 %)  0.689 

   HR (bpm)  61.1 ± 8.6  67.1 ± 13.6  0.05 

   PR interval (ms)  158.2 ± 21.0  156.1 ± 27.0  0.68 

   QRS duration (ms)  96.3 ± 11.0  91.9 ± 10.0  0.099 

   QTc (ms)  403.2 ± 22.7  408.5 ± 42.1  0.396 

   LVH  4 (19.0 %)  10 (7.6 %)  0.09 

   T wave inversion 
(in 2 and more leads) 

 1 (4.8 %)  4 (3.0 %)  0.678 

   RSR or pRBBB  4 (19.0 %)  3 (2.3 %)  0.001 

   CRBBB  0 (0 %)  0 (0 %)  N/A 

   LBBB  0 (0 %)  1 (0.76 %)  0.689 

 Echocardiogram  55 (100 %)  118 (71.5 %)  0.000 

   Aortic root dilation  39 (70.9 %)  7 (5.9 %)  0.000 

   Aortic root diameter (mm) a   39.7 ± 5.4  31.3 ± 4.1  0.000 

   MVP  11 (20 %)  2 (1.7 %)  0.000 

  p < 0.05 

  a Dilation defi nition: >38 mm diameter or technician comment  
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diameter is 4.5 cm or over, or there is recent major change in the aorta, when echo-
cardiogram should be performed twice a year [ 12 ]. 

 When aortic diameter is estimated, the leading-edge convention in the paraster-
nal long axis view at the end diastolic period is best for visualisation. In order to 
measure the maximum aortic diameter, apical long axis view of aorta is helpful. 
Also, it should be parallel to the aortic annular plane [ 2 ,  27 ]. 

 As written above, aortic diameter depends on age, height, gender. Devereux et al. 
studied aortic root diameters with normal subjects. They found that men had larger 
aortic diameter, and larger body surface area subjects also had larger aortic diame-
ter. Devereux et al. made Z-score calculation using height, as below [ 2 ,  27 ];

   predicted aortic root (cm) for length = 1.519 + (age × 0.010) − (sex × 0.247)  
  (male = 1, female = 2)  
  Z-score = (measured diameter – predicted aortic root)/SD  
  (model SD = 0.215 cm) with an SD of 0.125 cm    

 Aortic diameter should be checked at annulus, sinus of Valsalva, ST junction, 
ascending aorta, descending aorta, and abdominal aorta. Annulus is measured dur-
ing mid systole period [ 2 ]. The incidence of aortic dissection is increased in patients 
with rapid rate of aortic diameter growth compared with slow rate of growth. 

  CT or MRI     CT, MRI, and transesophageal echocardiogram all have high sensitiv-
ity and specifi city at the time of diagnosis of aortic dissection [ 12 ]. CT is used for 
evaluation of aorta and coronary arteries, and diagnosis of aortic dissection. MRI 
allows detailed assessment of aorta, valve disease and ventricular size. If patients 
have chest deformities, MRI is a good tool for evaluation. Evaluation of this sys-
temic condition including whole aorta is possible by MRI without radiation. Two 
types of measurement of aortic root are used - cusp to commissure and cusp to 
cusp. It is said that aortic root diameter measured from cusp to commissure in 
diastole by non-contrast MRI is similar to aortic diameter measured inner edge by 
echocardiogram [ 2 ].  

 For patients who have had surgery to replace aortic root, CT or MRI should be 
done before discharge to evaluate beyond the aortic root; aortic arch, descending 
aorta, abdominal aorta. And it should be done every 6 months until aortic diameter 
is seen to be stable. Some patients who have had aortic surgery will have distal aor-
tic event [ 26 ].   

    ECG and 24 h ECG 

 Sometimes abnormal fi ndings are seen, including atrioventricular conduction delay, 
QT interval prolongation, and ST depression. Perhaps these fi ndings are not due to 
aortic root diameter, but heart structure and function, and valve condition. However, 
repolarisation has been thought to be related to left ventricular dilatation [ 28 ]. 
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 As written in arrhythmia section, it is thought that fi brillin defi ciency causes micro-
fi brillar abnormality in the myocardium, and leads to conduction impairment. On the 
other hand, PQ interval duration is thought to be associated with heart structure [ 24 ]. 

 ESC guideline suggests patients who have chest symptoms should have 24 h 
ECG as ventricular arrhythmia, conduction disorder, and sudden cardiac death may 
occur in this group [ 29 ].   

    Prevention and Treatment 

    Daily Life 

 In the 1970s, Marfan syndrome patients’ life expectancy was 40–50 years because 
of aortic dissection or heart failure from aortic or mitral regurgitation. Due to pro-
gression of medical and surgical therapy, life expectancy has improved and now lies 
within the normal range [ 30 ]. 

 Marfan syndrome patients require appropriate exercise, isometric and isokinetic 
exertion at less than maximal effort. However, to avoid severe cardiovascular com-
plications, they should avoid contact sports which may cause chest trauma, and 
straining which produces Valsalva strain (breath-holding). Contact sports may also 
cause ocular complication such as ectopia lentis. Thoracoabdominal cavity pressure 
increases with Valsalva strain, leads to diminished venous return, causes blood pres-
sure decrease and increased sympathetic nervous tone. This is not recommended 
because of the risk of dissection or aortic rupture from increasing blood pressure. In 
general, patients with MFS are recommended low to moderate intensity exercise. 
And they should check their blood pressure routinely and keep blood pressure under 
120/80 mmHg [ 12 ,  29 ] 

 Risk factors that accelerate expansion of aortic wall should be addressed and 
modifi ed. Smokers have a higher aortic dilatation expansion rate, and higher occur-
rence of dissection than non-smokers. Smoking should be avoided by patients with 
MFS as it is related to vascular complications [ 31 ]. 

 About 30 % of patients with MFS have obstructive sleep apnea. It is thought to 
be related to progression of aortic dilatation as it increases pleural pressure during 
sleep. Patients who have obstructive sleep apnea should be treated [ 12 ]. Sleep apnea 
is also an independent risk factor for reducing left ventricular ejection fraction and 
increasing NT-pro BNP [ 22 ]. 

 According to European guidelines, systolic blood pressure needs to be kept 
under 120 mmHg, and under 110 mmHg with aortic dissection [ 29 ].  

    Medical Treatment 

    To Prevent Aortic Dilatation 
  β-blocker  is currently used for cardiovascular management to reduce aortic root 
dilatation. As frequency of aortic dissection and rupture are high with hypertensive 
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patients, β-blocker is used to prevent these adverse aortic events in Marfan syn-
drome. Ideal heart rate is under 60–70 beats per minute and up to 100 beats per 
minute during exercise [ 26 ]. β-blocker inhibits adrenaline β activation release into 
blood from sympathetic nerves and adrenal gland. In the heart, β-receptor stimula-
tion increases heart rate and cardiac contraction, and excitation conduction in atrio-
ventricular node. Thus β-blocker therapy decreases heart rate, cardiac contraction 
and myocardial oxygen consumption. 

 Adrenaline type β1 receptor is related to heart function. There are type β2 recep-
tors in smooth muscle of blood vessel and trachea, and these smooth muscles 
become relaxed when type β2 receptors are stimulated. β-blocker inhibits relaxation 
of blood vessel and trachea. Therefore, as β-blocker use risks making diseases 
involved with smooth muscle contraction worse, β-blocker is contraindicated for 
patients with diseases involving smooth muscle contraction. 

 Some studies have shown that β-blocker reduces blood pressure and heart rate, 
and thus reduces progression of aortic root size [ 2 ,  32 ]. Aortic stiffness is also 
reduced and aortic distensibility increased [ 12 ]. However, there are no reports 
which indicate that aortic dissection or prophylactic surgery can be avoided by 
β-blocker [ 26 ]. 

 β-blocker is more effective in patients with less aortic dilatation, for example less 
than 4.0 cm [ 12 ]. β-blocker is recommended for use in the early stages regardless of 
aortic dilatation because the aorta dilates most between the ages of 6–14 years old 
[ 26 ] (See also Chap.   5    ). In children, the main side effects of β-blocker are broncho-
spasm, hypotension, bradycardia. β-blocker affects sugar and lipid metabolism, and 
masks hypoglycemia symptoms, for example palpitation, tremor and hunger [ 33 ].  

    Angiotensin Receptor Blocker (ARB) 
 As explained previously, TGF-β signaling is excessive due to abnormal fi brillin in 
patients with MFS. TGF-β is produced when AII combines with AT1 receptor. 
Increasing activation and signaling cause aneurysm and dissections due to ECM 
degradation, apoptosis and infl ammation. As activation and signaling of TGF-β is 
increased in Marfan syndrome patients, inhibiting these is felt to be effective [ 4 ]. 

 When mice with FBN1 mutation were treated with TGF-β antibody, myxoma-
tous degeneration of aortic and mitral valves was prevented [ 26 ,  34 ]. Use of angio-
tensin 1 receptor antagonists (Losartan) indicated the same effect. Losartan is one 
of the angiotensin receptor blockers (ARB) used to control blood pressure. ARB 
acts on renin-angiotensin pathway. The glomerulus in the kidney senses blood pres-
sure. If blood pressure is low, renin is secreted, and if blood pressure is high, the 
secretion decreases. Renin effect on angiotensinogen, and angiotensinI(AI) is pro-
duced. AI is converted to angiotensinII(AII) by angiotensin conversion 
enzyme(ACE). AII combines with angiotensinII receptor; when it combines with 
AT1 receptor in vascular smooth muscle, vasocontraction occurs, and when it com-
bines with AT2 receptor in adrenal cortex, secretion of aldosterone is stimulated. 
ARB inhibits AII from combining with AT2 receptor and acts as an antihyperten-
sive. Also, TGF-β is produced in endothelium from AT1 receptor and is inhibited by 
AT2 receptor. ARB blocks AT1 receptor and reduces TGF-β, and so ECM 
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degradation, apoptosis and infl ammation are inhibited, thus delaying aneurysm for-
mation [ 4 ]. 

 According to a prospective, randomised, controlled trial [ 35 ], losartan use 
reduced aortic root dilatation rate in adult patients with MFS. This study also 
showed that the reduction of aortic root dilatation rate was irrespective of age, sex, 
blood pressure, aortic root size, presence of FBN1 mutation and concomitant 
β-blocker use. 

 In 2014, Dietz et al. compared the effect of Losartan and Atenolol over 3 years 
in 608 children and young adults with MFS who were 6 months to 25 years old. 
They found no signifi cant difference in the rate of aortic root dilatation, aortic sur-
gery, aortic dissection and death [ 36 ].  

    New Drug 
 In 2008, doxycycline, which is an antibiotic member of the tetracycline family, 
when administered to mice, inhibited the expression of MMP-2 and MMP-9 both 
type4 collagenases, was shown to delay elastic fi bre disruption and aortic rupture. 
When doxycycline was compared with atenolol in MFS animal model, animals 
administered doxycycline had no aortic aneurysm [ 37 ]. 

 Doxycycline was thought to affect endothelial function, elastic fi bres, and the 
structure of aortic wall. However, as doxycycline has not been tested in patients 
with MFS, we do not yet have strong evidence to use this drug for inhibiting aortic 
dilatation [ 26 ].   

    Management of Ventricular Arrhythmias 

 As arrhythmias are secondary to other cardiac conditions, it is essential to treat 
the underlying cardiac disorders to prevent arrhythmia. In addition, patients 
with MFS should be carefully monitored for early detection of arrhythmia with 
resting and/or stress ECGs and periodic ambulatory rhythm recordings [ 38 ]. As 
left ventricular dilatation is associated with ventricular arrhythmias in MFS 
patients, this should be routinely measured and monitored through echocardiog-
raphy. Β-blockers, primarily used to prevent aortic dilatation, are thought to 
have a parallel protection against arrhythmias [ 39 ]. Agents like ARBs and ACEi 
are likely to play a role in the incidence of arrhythmias indirectly by decreasing 
the primary cardiac disorder, and directly by modulating alterations in ion 
channels [ 40 ]. 

 However, further research is necessary to elucidate the potential role of RAAS 
inhibitors for the prevention of cardiac arrhythmias in MFS patients. Furthermore, 
Hoffmann et al. [ 22 ] demonstrated NT-pro BNP to be an independent predictor of 
adverse arrhythmias in patients with MFS and this new fi nding might help in select-
ing patients who are at risk of developing life threatening arrhythmias. Patients at 
high risk of developing malignant arrhythmias are referred for either an implantable 
cardiac defi brillator (ICD) or pacemaker [ 41 ].  
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    Surgical Treatment 

 Prophylactic aortic replacement is chosen to avoid aortic dissection, and emergency 
surgery is required in case of aortic dissection type A. European guidelines also 
suggest that when aortic diameter reaches 5.0 cm, patients should have surgery [ 29 ]. 
At 4.5 cm, patients are recommended to undergo surgery if they have risk factors for 
dissection; family history of dissection, size increase more than 3 mm per year, 
severe aortic regurgitation, or desire for pregnancy [ 6 ]. 

 However, sometimes it takes time to consult, see their surgeon and decide a 
schedule, so 4.8 cm is thought to be a better cut-off for referral. In case of Stanford 
type A dissection, patients should be sent to surgery, because the mortality within 
48 h period is 50 %, perioperative mortality is still 25 %, and some complications 
remain. Surgery reduces 1 month mortality from 90 to 30 % even in the case of 
patients without MFS [ 6 ]. 

 Aortic root surgery is becoming safer. Mortality of elective surgery is 1.5 %, 
compared to that of emergency surgery (11.7 %), survival rate at 5 years is 84 %, 
and at 10 years is 75 %. However, patients have a higher recurrence risk of dissec-
tion and aneurysm than in other aortic diseases [ 29 ]. In case of Stanford type B 
dissection, which is seen in 10 % of all aortic dissection in patients with MFS, medi-
cal treatment is recommended unless they have complication and required surgery. 
Patients need to have pain and blood pressure controlled. 

    Endocarditis 
 To prevent endocarditis, some patients with MVP, surgical prosthetic material, or 
personal endocarditis history should take prophylactic antibiotic when they need to 
have dental procedure or minor surgery. Although infective endocarditis may occur 
from not only minor surgery or dental procedure, also brushing, chewing, fl ossing, 
there is no standardisation about prophylaxis of endocarditis [ 12 ,  29 ]. On the other 
hand, the National Marfan Foundation recommends prophylaxis of endocarditis for 
MFS patients who have valvular regurgitation, because although guidelines do not 
recommend prophylaxis of endocarditis for patients with valvular regurgitation 
without personal endocarditis history, there is no risk stratifi cation of endocarditis 
in case of patients with systemic connective tissue disorder [ 26 ].  

    Stent Graft 
 In case of aortic dissection type B with complications for example, ischemia of 
lower parts of body, or impending aortic rupture, surgery has higher risk. Stent graft 
is used to prevent false lumen enlargement. Stent graft may be used for patients in 
whom open surgery is contraindicated [ 26 ]. 

 However, systematic review reported that although MFS patients with dissection 
who have had stent graft had 2.8 % mortality, 21.6 % patients had periprocedural 
endoleaks. The average time of occurrence of endoleak was 2.5 years, and the fi nal 
mortality was 12 % [ 2 ]. For these reasons, stent graft for patients with MFS is not 
recommended.    
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    Summary 

 Treatment strategies for cardiac manifestations including β-blockers, elective aortic 
root replacement and mitral valve repair surgery have improved life expectancy in 
patients with MFS. Despite this improvement, cardiac morbidity remains a problem 
among patients with MFS. Novel approaches, such as ARBs, are believed to par-
tially exert their benefi cial effects on cardiac involvement by reducing TGF-β activ-
ity, which has been recognised to play a pivotal role in the pathogenesis of cardiac 
manifestations observed among MFS patients. However, ARBs have important 
limitations, and therefore further studies need to be performed to develop more 
therapies that specifi cally aim to reduce TGF-β activity.     
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  7      Echocardiography in Diagnosis 
and Management of Patients 
with Marfan Syndrome                     

       Anna     Marciniak       and     Rajan     Sharma     

       The cardiovascular complications of Marfan syndrome require lifelong monitoring, 
even after surgical intervention. Echocardiography plays a crucial role in the diag-
nosis and evaluation of cardiovascular features, follow up and further decision 
regarding management in patients with Marfan syndrome. Echocardiography is 
used worldwide, the most widely available and cost effective non invasive technique 
for evaluating cardiac structures and the proximal aorta. The technique uses ultra-
sound and is therefore completely safe. A full study takes 30 min. Moreover, 
machines are now available the size of a smart phone, making this technique attrac-
tive for scanning patients repeatedly. 

 The initial evaluation of patients with Marfan syndrome includes detailed echo-
cardiographic assessment of left ventricular (LV) function, cardiac valves and the 
aorta. Echocardiographic fi ndings include:

    1.    Dilatation of the aortic annulus, sinus of Valsalva and ascending aorta.   
   2.    Aortic regurgitation due to aortic root dilatation.   
   3.    Prolapse of the mitral and tricuspid valves with regurgitation.   
   4.    LV dilatation and impaired LV systolic function due to mitral/aortic regurgita-

tion or Marfan Cardiomyopathy.   
   5.    Pulmonary artery dilatation.     

 Echocardiography is the imaging modality of choice for the diagnosis and ongo-
ing surveillance of these abnormalities. 
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    Aorta and Aortic Valve Assessments 

    Echocardiographic Measurements 

 When performing transthoracic echocardiographic examination in patients with 
suspected or confi rmed Marfan syndrome it is important to accurately assess the 
aortic valve, aortic root and the proximal ascending aorta which are well seen in the 
parasternal long and short axis views (Figs.  7.1  and  7.2 ). In adults, the aortic diam-
eter measurements should be made [ 1 ]:

 –      In two dimensional long axis plane through the centre of the aortic sinus and the 
ascending aorta.  

 –   At end diastole (as the aortic pressure is the most stable then. End diastole is also 
easily identifi ed by the onset of QRS complex).  

 –   From the inner edge to the inner edge defi ning the aortic lumen.  
 –   At the aortic annulus, aortic sinuses, sinotubular junction and the ascending aorta.    

  Fig. 7.1    The parasternal 
long-axis view with dilated 
aortic sinuses in patient 
with Marfan syndrome. 
The regions where aortic 
diameters are measured for 
follow up analysis are 
indicated with  arrows : 
 1  aortic valve annulus, 
 2  aortic sinuses, 
 3  sinotubular junction, 
 LA  left atrium,  LV  left 
ventricle,  Ao  Aorta, 
 DAo  descending aorta       

  Fig. 7.2    The short-axis view with open aortic valve ( left ). There is a triangular opening of the 
aortic leafl ets, instead of circular, as a result of stretching due to annular dilatation. The short-axis 
view of the closed aortic valve ( right ).  LA  left atrium,  RA  right atrium,  NCC  non-coronary cusp, 
 RCA  right coronary cusp,  LCA  left coronary cusp       
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 The key echocardiographic measurement is the aortic diameter at the sinuses of 
Valsalva (Fig.  7.1 ) as this is the segment that generally dilates initially and is at the 
greatest risk for aortic dissection. 

 Aortic sinus can also be measured with an M-Mode tracing at the level of the 
valve leafl ets when a perpendicular orientation between the ultrasound beam and 
the aortic sinuses can be obtained. With M-mode tracings a leading edge-to-leading 
edge measurement convention is used. Depending on the ultrasound penetration, the 
images of additional segments of the ascending aorta may be obtained by moving 
the transducer towards the head, one or more intercostal spaces (Fig.  7.3 ). Image 
quality is enhanced by positioning the patient in a steep left lateral decubitus posi-
tion bringing the aorta in contact with the anterior chest wall [ 1 ].

   To continue assessing the aorta during transthoracic examination, aortic arch is 
imaged from suprasternal notch or supraclavicular approach with the patient in 
supine position with the neck extended (Fig.  7.4 ). Usually only a small segment of 

  Fig. 7.3    Imaging of the 
ascending thoracic aorta 
obtained after moving the 
transducer one intercostal 
space toward the head from 
the standard parasternal 
long-axis view       

  Fig. 7.4    Suprasternal view 
with aortic arch and 
descending thoracic aorta. 
 Ao arch  aortic arch,  DAo , 
descending aorta,  RPA  
right pulmonary artery       
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the ascending aorta is visible from the suprasternal notch window but it is variable 
in different patients [ 1 ].

   In the assessment of the descending thoracic aorta, it is initially seen in cross 
section posterior to left atrium in the parasternal long axis (Fig.  7.1 ). Then from the 
apical two chamber view a longitudinal section of a segment of the descending aorta 
is seen by lateral angulation and clockwise rotation of the transducer (Fig.  7.5 ). 
Finally from the subcostal approach the distal thoracic and proximal abdominal 
aorta are seen as it traverses the diaphragm (Fig.  7.6 ).

    The normal values of the aortic diameter are directly proportional to body size 
throughout normal growth and into adulthood. These normal values were fi rst estab-
lished by Roman et al. in 1989 and were based on data derived from 135 adult 
subjects [ 2 ]. Given the above average stature and therefore greater body surface 

  Fig. 7.5    Modifi ed apical 2 
chamber view with 
descending thoracic aorta. 
 LV  left ventricle,  Ao  aorta       

  Fig. 7.6    Subcostal view 
with distal thoracic and 
proximal abdominal aorta       
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area, growing individuals with Marfan syndrome should have their aortic measure-
ments indexed to body surface area [ 3 ]. This can be expressed as an aortic size ratio 
based on gender- and body size-related norms [ 2 ,  4 ] or expressed in relationship to 
the aortic size in normal population distribution, as a Z score. When considered in 
these terms, patients with Marfan syndrome with proximal aortic ratios of >1.3 or Z 
scores >3 are at particular risk [ 5 ]. 

 Echocardiography plays an important role in functional evaluation and anatomi-
cal inspection of the aortic valve in patients with Marfan syndrome. The aortic 
annulus dilatation often results in aortic leafl ets malcoaptation and a functional aor-
tic regurgitation (Fig.  7.7 ). The stretching of the leafl ets due to dilated aortic annu-
lus causes the triangular shape of the aortic valve, instead of circular, visualised in 
the parasternal short axis view (Fig.  7.2  left). The detailed assessment of aortic 
valve morphology i.e., bicuspid vs tricuspid, the presence of calcifi cation and the 
assessment of the degree of aortic regurgitation are important to guide the planning 
of surgery. The severity of the aortic regurgitation can be assessed based on quanti-
tative methods like Effective Regurgitant Orifi ce Area (EROA) and Regurgitant 
Volume (RVol) and semiquantitative methods like vena contracta and pressure half 
time.

       Monitoring 

 As recommended in the 2010 ACC/AHA/AATS guidelines for thoracic aortic dis-
ease, patients with MFS should have echocardiography performed at the time of 
diagnosis and 6 months later to determine the aortic root and ascending aortic diam-
eters and their rate of enlargement [ 6 ]. 

 According to ESC guidelines from 2010, stable patients need a yearly visit with 
echocardiography. Cardiac Magnetic Resonance (CMR) should be performed at 
baseline and repeated at least once in 5 years if the aortic size beyond the root is 
normal. In the case of aneurysm formation beyond the root, CMR should be repeated 
at least yearly [ 7 ].  

  Fig. 7.7    Parasternal long 
axis view with central jet 
of aortic regurgitation       
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    Limitations of Echo 

 The echocardiogram enables us to visualise descending aorta and the blind spot of 
proximal ascending aorta, therefore computed tomography (CT) or CMR play an 
important role in imaging of the entire aorta. These studies should be performed 
every 3–5 years after the initial evaluation, as part of surveillance, as 20 % of Marfan 
patients may have descending aorta involvement [ 8 ]. 

 It is also important to be aware of the differences in aortic measurements between 
different imaging modalities. The standard echocardiographic conventions estab-
lished the leading edge to leading edge diameter in end diastole recommended by 
American Society of Echocardiography [ 9 ], however other experts in the literature 
favor inner edge-to-inner edge diameter [ 1 ]. CT or CMR may use either inner edge- 
to- inner edge or outer edge-to-outer edge, with the external diameter expected to be 
2–4 mm larger than the internal one. These measurements also depend upon whether 
or not contrast agents are utilised. 

 In CMR/CT the cusp-commissure and cusp-cusp root dimension in sinus planes 
are assessed, with the latter ones typically being 2–3 mm larger [ 10 ]. The cusp- 
commissure in sinus planes as well as the sinus level in the sagittal LVOT plane 
correspond to the echocardiographic measurements. 

 3D echocardiography, CT or CMR also measure the cross sectional area which 
can be adopted for the acquisition of the views of the different segments. In this situ-
ation it is important to avoid oblique imaging of the aorta as this will overestimate 
the aortic diameter. This usually applies to the measurements of the aortic arch, and 
the descending thoracic aorta that may take a tortuous course [ 11 ]. 

 In the available data, the prevalence and prognostic signifi cance of aortic dilatation 
in adults have emerged from echocardiography which is a widely available technique. 
However it is important to complement it with other imaging techniques keeping in 
mind the difference in the measurements between the imaging modalities.  

    Management of Aorta Based on Dimensions 

 In adults, if the aortic diameter is documented as stable over time, then annual imag-
ing is recommended if the aortic dimension is less than 45 mm. If the aortic diam-
eter is ≥45 mm or shows signifi cant growth over time, then more frequent imaging 
is suggested (e.g., twice yearly) and surgery may be indicated. CMR should be 
performed at baseline and repeated at least once in 5 years if the aortic size beyond 
the root is normal. In the case of aneurysm formation beyond the root, CMR should 
be repeated at least yearly [ 7 ].  

    Transoesophageal Echocardiography 

 This technique is more invasive and uses a transducer attached to an endoscopy 
probe. The transducer lies immediately behind the left atrium and therefore allows 
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precise evaluation of the atria, mitral valve and interatrial septum. The shorter dis-
tance between the transducer and the aorta allows better evaluation of the severity 
of aortic regurgitation and higher accuracy for aortic dissection diagnosis. The sen-
sitivity of TOE for aortic dissection diagnosis reaches 99 %, with a specifi city of 
89 % [ 12 ]. Localised aortic dissection of the distal segment of the ascending aorta 
can be missed – the ‘blind spot’. 

 TOE provides enhanced views of the mitral valve, which now also includes 
three-dimensional reconstruction to provide detailed information as to the nature of 
the underlying pathology and helps to visualise the entire mitral valve in the supine 
position, which the surgical team will fi nd at the time of the surgery. This is very 
helpful and important when planning mitral valve repair/replacement.  

    Indications for Surgery 

 Early identifi cation and establishment of the diagnosis is critical, since prophylactic 
surgery can prevent aortic dissection and rupture. Indications for surgery are based 
mainly on aortic diameter and derived from fi ndings based on natural history regard-
ing the risk of complications weighed against the risk of elective surgery. According 
to ESC guidelines, surgery should be performed in patients with Marfan syndrome, 
who have a maximal aortic diameter ≥50 mm. A lower threshold of 45 mm can be 
considered in patients with additional risk factors, including family history of dis-
section, size increase >3 mm/year (in repeated examinations using the same tech-
nique and confi rmed by another technique), severe aortic regurgitation, or desire for 
pregnancy [ 7 ]. Patients with marfanoid manifestations due to connective tissue dis-
ease, without complete Marfan criteria, should be treated as Marfan patients.  

    Children 

 For children with Marfan syndrome, annual imaging is recommended if the aortic 
dimension is documented as stable over time and not markedly enlarged. There are 
no validated age-specifi c absolute aortic diameters that can be used to determine 
when more frequent imaging should be performed or when prophylactic aortic sur-
gery is indicated. It is recommended that aortic measurements be compared to the 
body surface area. Sonographic measurement of aortic diameter should be per-
formed annually as long as the increase in aortic size remains proportional to the 
increase in body surface area. Twice yearly measurements are recommended if aor-
tic size diverges from height when expressed in the same fashion. Individuals under 
20 years of age with systemic fi ndings suggestive of Marfan syndrome, but without 
cardiovascular involvement, should also have annual echocardiograms due to the 
potential risk of development of aortic disease [ 13 ]. Adults with repeatedly normal 
and stable aortic measurements without a defi nitive genetic predisposition for aortic 
enlargement but with a sense of predisposition based upon family history or border-
line aortic measurements can be seen at 2–3 year intervals.  
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    Aortic Dissection 

 The majority of patients with Marfan syndrome present with enlargement of the 
ascending aorta or a type A dissection. Rarely, a patient presents with a type B dis-
section involving the descending thoracic aorta, but no data indicate that enlarge-
ment of the descending aorta necessarily precedes dissection. Therefore, serial 
examination of patients with MFS is focused primarily on assessing the ascending 
aorta. 

 If aortic dissection is suspected the transthoracic examination includes evalua-
tion of the:

 –    Ascending aorta from the standard and high parasternal window  
 –   Aortic arch from the suprasternal aortic window  
 –   Descending aorta from the parasternal and apical windows  
 –   Proximal abdominal aorta from a subcostal approach.    

 The echocardiographic features indicating aortic dissection include the presence 
of a linear, mobile echogenic structure in the aortic lumen (Fig.  7.8 ), with pattern of 
motion different from the aortic wall and the pattern of different colour Doppler 
fl ow in true and false lumen which are often associated with the presence of a dilated 
aortic lumen. In the absence of an identifi able fl ap there are other signs which may 
indicate suspected dissection like aortic regurgitation, pericardial effusion and new 
regional wall motion abnormalities [ 1 ]. The sensitivity and specifi city of TTE range 
from 77–80 % to 93–96 %, respectively, for the involvement of the ascending aorta 
[ 14 – 16 ]. TTE is successful in detecting a distal dissection of the thoracic aorta in 
only 70 % of patients [ 16 ].

  Fig. 7.8    An example of 
aortic dissection with 
visible dissection fl ap 
( white arrow ) in patient 
with Marfan syndrome       
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   Therefore CT, CMR or TOE are often required to confi rm the diagnosis and 
demonstrate the extent of the dissection. These techniques have extremely high 
(99 %) sensitivity and specifi city and the modality used will depend on availability 
and local expertise. Once diagnosis is made, immediate surgery is required as there 
is 50 % mortality in fi rst 48 h [ 17 ].   

    Mitral Valve Assessment 

 Mitral valve prolapse (MVP) is the second most common cardiac manifestation of 
Marfan syndrome and is thought to be related to myxomatous degeneration of the 
valvular tissues secondary to underlying extracellular matrix derangements. The 
biological mechanism for MVP in patients with Marfan syndrome seems to be 
related, in part, to a genetically induced reduction in the extracellular matrix binding 
of latent transforming growth factor-β, which leads to a localised increase in TGFβ 
activity, resulting in elongation and excessive thickening of the mitral valve leafl ets 
[ 18 ]. The leafl ets’ response to repeated mechanical stress may result in the forma-
tion of myxomatous valves, even in patients with Marfan syndrome. 

 In the general population MVP has a prevalence of 3–5 %. In Marfan syndrome, 
reported prevalence ranges from 28 to 91 % [ 19 ,  20 ]. It has also been shown that 
valve prolapse becomes more prevalent with increasing age in this group of patients 
[ 21 ]. Kunkala et al. reported that 166 (69 %) of the 239 patients with Marfan syn-
drome who underwent elective aortic root repair had MVP although only 15 (9 %) 
of these patients had mitral regurgitation (MR) severity grade >2. This proportion of 
MR greater than moderate is similar to the reported frequency in MVP patients 
without connective tissue disorders [ 18 ]. 

 Echocardiography is the gold standard for MVP diagnosis and assessment of 
MR severity and suitability for repair rather than replacement. The mitral leafl ets 
and chordae have an elongated appearance with excessive thickening and a systolic 
displacement of the leafl ets to the left atrium (Fig.  7.9 ). This displacement in systole 
is most reliably assessed in parasternal and apical long axis views. The echocardio-
graphic criteria for the diagnosis of mitral valve prolapse are single or bileafl et 
prolapse ≥2 mm beyond the long-axis annular plane, and leafl et thickening [ 21 ]. 
This is commonly associated with mitral regurgitation which then, as a chronic 
volume overload condition, may lead to dilatation of the left ventricle and eventu-
ally left ventricular impairment, if not operated on in time. These patients often have 
enlarged atria and develop atrial fi brillation over time, with a high risk of stroke and 
heart failure [ 22 ].

   A common complication of mitral valve prolapse is ruptured chordae tendineae 
which presents as a fl ail portion of the mitral valve protruding into the left atrium in 
systole on transthoracic echocardiography. The rupture of mitral chordae may lead 
to acute mitral regurgitation which may precipitate the acute onset of heart failure 
or the need for urgent or emergent mitral valve surgery [ 23 – 26 ]. 

 The degree of MR can be assessed using quantitative methods like Effective 
Regurgitant Orifi ce Area (EROA), Regurgitant Volume (RVol), and semiquantitative 
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methods like vena contracta, systolic fl ow reversal in pulmonary vein fl ow and prom-
inent E wave on mitral infl ow. 

 While performing the transthoracic echo examination there are also numerous 
clues in the left atrium and ventricle to severe MR [ 1 ]:

 –    The left ventricle is spherically dilated and hyperdynamic  
 –   The left atrium is enlarged at peak systole and has an exaggerated increase in 

systolic volume  
 –   The mitral valve itself may have one of the lesions consistent with severe MR, 

such as a fl ail leafl et.    

 In situations that impede transthoracic echocardiography (e.g., acoustic shadow-
ing from annular calcium or a mitral prosthesis), TOE provides an unobstructed 
view. It permits assessment of precisely which of the mitral valve scallops may be 
affected. The middle scallop of the posterior leafl et (P2) is the most common site of 
chordal rupture. 

 It is important to assess the morphology of the mitral valve, the degree of regur-
gitation and its impact on LV function in patients with Marfan syndrome, as further 
combined mitral and aortic surgery may be required. 

 When patients without connective tissue disorders have mitral regurgitation at 
the time of aortic root replacement, mitral valve intervention is performed if the 
severity of the MR is at least moderate [ 27 ]. Similarly, Marfan patients with mitral 
valve prolapse and at least moderate mitral regurgitation undergo MV surgery dur-
ing aortic root replacement.  

  Fig. 7.9    Parasternal long 
axis view with anterior 
mitral leafl et prolapse 
( white arrow )       
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    Marfan Cardiomyopathy 

 LV abnormalities in patients with Marfan syndrome can occur in the absence of 
valvular heart disease. These include LV dilatation, LV hypertrophy and impaired 
LV function. The exact mechanisms are unclear but fi brillin mutation within the 
myocardium plays a direct role. Up to 25 % Marfan patients may have reduced left 
ventricular ejection fraction [ 28 ]. 

 The echocardiography examination plays an important role in accurately assess-
ing myocardial function and then further monitoring it over time. For reasons of 
availability, safety and portability, TTE is the gold standard for evaluation of LV 
size, wall thickness and systolic function. Echocardiography has been the technique 
of choice for major clinical trials evaluating drug and device treatments in heart 
failure, revascularization and valve disease. The principle parameter for defi ning LV 
systolic function is LV ejection fraction. This is the volume of blood the LV ejects 
with each heart beat expressed as a percentage of the total volume of blood in the 
heart at end diastole. The value is determined by modifi ed biplane Simpson tech-
nique which involves planimetry of the endocardial border in diastole and end sys-
tole (Fig.  7.10 ). An assumption is then made that ventricular volume is the sum of 
the volumes of adjacent sets of discs of varying depth and cross sectional area.

   Tissue Doppler and deformation imaging with speckle tracking allow evaluation 
of subclinical cardiac dysfunction but clinical use remains unclear at this stage.  

    Pregnancy and Marfan Syndrome 

 Pregnancy and the postpartum period is a high risk time for aortic dissection and 
rupture in women with Marfan syndrome. The increased risk may be due to 
increased arterial wall stress associated with the hypervolemic and hyperdynamic 

  Fig. 7.10    The assessment of left ventricular systolic function using biplane Simpson’s technique 
which involves planimetry of the endocardial border in end diastole ( left ) and end systole ( right ) in 
apical 4 chamber view. This measurement is then repeated in apical 2 chamber view which then 
allows automatic calculation of ejection fraction       
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circulatory state, or hormonal effects on aortic wall composition [ 29 ,  30 ]. Aortic 
root dilatation then leads to worsening aortic regurgitation. There is increased risk 
of aortic dissection with aortic root dilatation in pregnant women with Marfan syn-
drome, although a normal dimension does not exclude the possibility of dissection 
[ 30 – 32 ]. The risk of aortic rupture or dissection during pregnancy is diffi cult to 
quantify, as limited data are available. 

 A woman with Marfan syndrome who is contemplating pregnancy should have a 
screening transthoracic echocardiogram for assessment of aortic root, ascending 
aorta dimensions, and assessment of possible associated valve or myocardial dis-
ease. In addition, imaging of the entire aorta by computed tomography or magnetic 
resonance imaging, as well as specialist clinical consultation is highly 
recommended. 

 Serial clinical assessment should include echocardiographic monitoring in all 
pregnant women with Marfan syndrome, even among women with baseline aortic 
root diameter ≤40 mm [ 33 ,  34 ]. The frequency of clinical and imaging follow-up 
should be individualised depending on patient characteristics. The European Society 
of Cardiology Guidelines suggest repeat echocardiographic imaging every 4–8 
weeks during pregnancy in patients with aortic root or ascending aorta dilatation 
(diameter >40 mm) [ 35 ]. Similarly, the ACC/AHA/AATS guidelines recommend 
monthly or bimonthly echocardiographic measurement of the aortic root and 
ascending aortic dimensions in this setting [ 6 ]. 

 As noted in the ESC and ACC/AHA/AATS guidelines, magnetic resonance 
imaging is recommended over computed tomography (CT) for pregnant women 
with aortic arch, descending or abdominal aortic dilatation, to avoid exposing the 
mother and fetus to ionizing radiation. The risk of dissection or other serious com-
plications such as heart failure has been estimated to be approximately 1 % in 
women with Marfan syndrome with an aortic root diameter ≤40 mm. Women with 
Marfan syndrome with an aortic root diameter >40 mm or rapidly increasing aortic 
root size are at increased risk of dissection and adverse cardiovascular outcomes 
[ 33 ,  34 ]. 

 For women with Marfan syndrome with an aortic root diameter ≥45 mm (or 
>27 mm/m 2 ), the 2014 ESC guidelines suggest elective repair prior to conception, 
although limited supporting data are available [ 33 ,  34 ]. This approach differs some-
what from the ACC/AHA/AATS guidelines suggesting that elective repair is rea-
sonable if the aortic diameter exceeds 40 mm in women with Marfan syndrome who 
are contemplating pregnancy [ 6 ]. Although the risk of ascending aortic dissection is 
reduced with successful surgical correction, there is a risk of aortic dissection in the 
remaining aorta during subsequent pregnancies [ 34 ,  35 ]. 

 Due to the increased risk of aortic dissection postpartum, the monitoring of 
patients with Marfan syndrome for complications during the fi rst 4–6 weeks post-
partum is very important. Postpartum follow-up may range from one visit for low 
risk patients to weekly follow-up with imaging during the fi rst few weeks for high 
risk patients. 

 The more detailed description of pregnancy management in Marfan patients can 
be found in Chap.   9    . 
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    Echo After Surgery 

 All patients with Marfan syndrome require lifelong surveillance regardless of the 
type of surgical procedure they underwent. 

 After elective surgery and with stable aortic size, a yearly echo and CMR (every 
2–3 years) of the thorax are performed to check the condition of the remaining 
aorta. 

 After acute dissection or surgical repair of chronic dissection, an initial check-up 
should be scheduled every 3 months, then every 1–2 years, and include echo and 
CMR/CT scan of the thorax [ 17 ]. 

 In patients who underwent additional aortic or mitral surgery, a complete base-
line clinical assessment including echocardiographic examination should be per-
formed 6–12 weeks after surgery [ 36 ]. This assessment is of the utmost importance 
in excluding potential early complications i.e., endocarditis by interpreting clinical 
changes in symptoms, murmurs and prosthetic sounds. It is important to assess 
ventricular function, transvalvular gradients to exclude stenosis and paravalvular 
regurgitation. Transvalvular gradients are best interpreted in comparison with the 
baseline values, rather than in comparison with theoretical values for a given 
prosthesis. 

 Transthoracic echocardiogram should also be performed if any new symptoms 
occur at any point after valve replacement or if complications are suspected. TOE 
should be considered in cases of suspected prosthetic dysfunction or endocarditis.      
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Cardiovascular Magnetic Resonance 
in Marfan Syndrome

Ee Ling Heng and Raad H. Mohiaddin

 Introduction

The cardiovascular features and complications of Marfan syndrome (MFS) consist 
of a spectrum of valvular, myocardial and great vessel pathologies, which require 
screening and lifelong serial surveillance. Ninety-five percent of deaths in MFS are 
related to cardiovascular manifestations, with aortic dissection accounting for the 
most common cause of cardiovascular related mortality [1–3]. Cardiovascular com-
plications are less readily detectable at the early stages compared to ocular and 
skeletal manifestations, as patients are typically asymptomatic. This brings into 
focus the relevance of early diagnosis and timely intervention to prevent potentially 
catastrophic adverse outcomes including death.

Multiple imaging modalities are utilised in the longterm care of MFS patients, 
but each with their own caveats. Chest radiography is often of limited value in this 
condition, as the proximal ascending aorta is not well visualised and its temporal 
sensitivity is poor. Transthoracic echocardiography whilst readily available may 
pose considerable technical challenges when acoustic windows are limited by the 
presence of chest wall deformities, thereby preventing comprehensive and repro-
ducible visualisation of the aorta for monitoring dilatation or diagnosing dissection. 
Computer tomography and cardiac catheterisation are able to supersede the limita-
tions of echocardiography, but suffer the pitfalls of being invasive, involve ionising 
radiation and contrast media administration. These issues have therefore paved the 
way for an expanding role for cardiovascular magnetic resonance (CMR) in this 
patient group.
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CMR is a versatile imaging modality that allows visualisation of the cardiovas-
cular system in any plane with the option for three-dimensional acquisitions and 
reconstruction; is non-invasive and does not involve x-ray irradiation. CMR is par-
ticularly well-suited for the surveillance of individuals with MFS, who invariably 
require regular imaging from childhood to adolescence and throughout adult life, 
including child-bearing years in young adult women. CMR eliminates the radiation 
exposure, which would otherwise be associated with computer tomography surveil-
lance of the aorta. However, the use of CMR is limited in acute clinical settings, due 
to variable scanner access and longer acquisition times when compared to computer 
tomography.

 Principles of CMR

Understanding the basic principles and details of magnetic resonance imaging 
(MRI) is invaluable in appreciating the capabilities of the technique and these have 
been well described many times [4, 5]. Most magnetic resonance studies are of the 
hydrogen nuclei (protons) in water. Protons spin on their axes and generate a tiny 
magnetic field and behave as a small magnet, which will align with an applied mag-
netic field and precess about the field in the same way that a spinning top precesses 
in a gravitational field (Fig. 8.1). Applying radio waves at the resonance frequency, 
however, excites some protons to the higher energy antiparallel orientation and 
these protons initially precess in phase together. The net effect is to rotate the net 
magnetisation vector at an angle to the applied field, and this initial flip angle is 
determined by the amount of energy applied. After absorption of energy, the net 
magnetisation vector precesses and relaxes back to its equilibrium position tracing 
out a spiral. The rates at which the net magnetisation parallel and perpendicular to 
the applied field return to equilibrium after a disturbance are called the longitudinal 
(T1) and transverse (T2) relaxation times respectively. They depend upon the fluctu-
ating magnetic fields experienced by the nuclei, and hence upon their biochemical 
and biophysical environment.

The image is also influenced by the type of imaging sequence used and blood 
flow in the area of interest. Blood flow effects partly result in the black blood appear-
ance with spin echo imaging, in contrast to gradient echo imaging that produces 
images in which blood appears white. Spin echo imaging is static and therefore used 
to delineate cardiovascular anatomy, whilst cine gradient echo images generally 
relate to cardiac function and blood flow [6].

 CMR Sequences

Scanning sequences are necessary to produce images, with components comprising 
preparation and excitation pulses (to generate contrast between tissues and localise 
excitation areas), gradient and magnetic field pulses (to form images) followed by 
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signal read-outs for data collection. Multiple sequences are acquired in MFS patients 
to ensure thorough evaluation of the aorta, ventricular function and concomitant 
valvular pathology. Common sequences applied include:
Spin-echo black blood imaging: delineates aortic anatomy and morphology, in 
addition to assessing the aortic wall for haematoma or thickening. This sequence is 
acquired with ECG-gating at end-diastole, sometimes with double-inversion recov-
ery techniques that null the blood signal. Black blood imaging can be repeated after 
gadolinium administration to identify vessel wall enhancement.

White blood imaging: performed with gradient echo sequences or balanced steady- 
state free precession (SSFP) techniques. The cine images generated enable mea-
surements to determine ventricular volumes and function, change in aortic diameters 
between scans and assessment of valvular function by demonstrating turbulent 
blood flow. Multi-slice static gradient echo sequences may also be acquired in place 
of black blood images to display cardiovascular anatomy.

Direction
of

magnetic
moment

N

S

BB

Fig. 8.1 A proton with magnetic moment due to its spin (red arrows) approximately aligns with 
and precesses around the direction of an external magnetic field (BB)
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Phase contrast velocity mapping: usually acquired to evaluate gradients and 
blood flow across an area of stenosis or regurgitation. Image contrast is produced 
by differences in blood flow velocities, which generates two-dimensional images 
from which peak flow and velocity measurements can be calculated, in addition 
to plotting time-flow and time-velocity curves. To improve the accuracy of mea-
surements made through a plane transecting a large vessel, correction of back-
ground phase offset errors by phase contrast imaging of a static phantom may be 
required [7].

Contrast-enhanced MR angiography (CE-MRA): T1-weighted spoiled gradient 
echo imaging performed with intravenous administration of gadolinium contrast 
to produce a 3D angiogram of the aorta and arch vessels. The contrast adminis-
tered causes T1 shortening and provides greater signal in the arterial or venous 
system, thereby enhancing the vessel-to-background contrast-to-noise ratio. 
Careful timing of image acquisition is necessary to optimise peak enhancement in 
the vascular system of interest. Maximum intensity projection (MIP) images can 
then be reconstructed to provide detailed vascular delineation. Although CE-MRA 
is regarded as the standard technique for imaging the thoracic aorta [8], its appli-
cation is limited by the need for contrast agents, which restricts its use in patients 
with renal failure. The acquired images are non ECG gated and image quality may 
be compromised by suboptimal patient compliance with breath-holds and pulsa-
tion artefacts of the aortic root and proximal ascending aorta due to cardiac 
motion.

Three-dimensional bSSFP: Non-contrast, free-breathing, diaphragmatic navigator 
and ECG-gated technique [9] which overcomes the limitations of CE-MRA as out-
lined in the previous section. Numerous respiratory tracking algorithms [10, 11] 
have been developed, which have resulted in superior image quality of the aortic 
root [12, 13] compared to CE-MRA, albeit with comparatively slower acquisition 
times. There is ongoing work seeking to improve scan efficiency for 3D-bSSFP
methods.

Gadolinium-enhanced imaging: inversion recovery sequences that are usually 
taken early after gadolinium contrast administration (~2 min) enable differentiation 
of slow flow phenomena from thrombus within the cardiac chambers or within the 
false lumen if a dissection flap is present.

Late gadolinium enhancement with image acquisition from ~10 min post con-
trast also allows the detection of infarcted myocardium and/or myocardial fibrosis, 
by exploiting the properties of gadolinium contrast. Kinetic and partition properties 
of gadolinium cause it to linger in the extracellular space, concentrating in areas of 
cell necrosis or fibrosis as a result of local extracellular expansion. The signal inten-
sity of normal myocardium can be set to zero with varied inversion times, which 
leads to high signal intensities in infarcted and fibrotic areas [14].

A proposed CMR protocol for MFS is outlined in Table 8.1. This can be used in 
part or in its entirety on a case by case scenario [15, 16]:
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 Role of CMR in Marfan Syndrome

CMR is central in providing diagnostic and follow-up imaging data in patients with 
MFS. Current European guidelines recommend dual imaging modalities for diagno-
sis and surveillance in MFS, with the second modality being either CMR or com-
puter tomography, during which the entire aorta should be imaged at baseline [17]. 
Thereafter, CMR should be repeated at least once every 5 years if the aortic dimen-
sions beyond the root are normal. When there is known aneurysm formation, CMR 
should be undertaken at least annually. European and American guidelines advocate 
more frequent imaging if the maximal aortic diameter >4.5 cm or if significant 
growth from baseline is evident [17–19].

The response to medical therapy in MFS can be evaluated with 
CMR. Pharmacotherapy is targeted at reducing the rate of aortic dilatation and risk 
of aortic dissection with beta-blockers and angiotensin receptor blockers (via angio-
tension converting enzyme (ACE) inhibitors or angiotensin II receptor antagonists). 
An early randomised controlled trial investigated the effects of beta-blockade on 
aortic root diameters as determined by echocardiography, with propanolol appearing 
to retard the rate of aortic dilatation [20]. The study findings prompted numerous 
further studies, and propelled beta-blocker into the mainstay of medical treatment in 
MFS. However, subsequent meta-analyses have reported inconsistencies in the ben-
eficial effects of beta-blockers [21–23]. Angiotensin II and Type 2 receptor expres-
sion are known to be increased in MFS aortas and associated with cystic medial 

Table 8.1 CMR protocol with recommended sequences, and optional sequences to be considered 
for inclusion in italics

Localisers and multislice 
scouts

Half-fourier single shot turbo spin echo or multislice SSFP stacks 
in transaxial/coronal/sagittal views

SSFP cines Two and four chamber views

Short-axis stack encompassing LV and RV

LVOT views and aortic valve

Aortic arch (in ‘candy/hockey stick’ view)

Mitral valve stack

Aortic sinus stack

Velocity mapping Aortic flow (assessment of AR)

Flow through true vs false lumen if dissection present (optional)

Turbo spin echo (T1/T2) Vessel wall assessment in transaxial/sagittal oblique 
slices (optional)

3D SSFP
CE-MRA

Aortic arch and branch vessels assessment

Late Gadolinium 
Enhancement

LV scar assessment in long axis and short axis stack 
views (optional)

AR aortic regurgitation, CE-MRA Contrast-enhanced magnetic resonance angiography, LV left 
ventricle, LVOT left ventricular outflow tract, RV right ventricle, SSFP steady-state free precession, 
3D three-dimensional
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degeneration [24]. ACE inhibitors and angiotensin II receptor antagonists have there-
fore been trialled in MFS, with evidence of reduction in aortic stiffness and aortic 
root diameters when prescribed in isolation or combined with beta-blockade [25, 26]. 
There was no clear benefit of an angiotensin II receptor over beta-blockade in a 
recent head-to-head analysis [27]. Current drug therapy trials in MFS examining the 
impact of losartan and combination therapy have either incorporated CMR into the 
study protocol or chosen CMR as the primary imaging technique for assessing aortic 
dilatation rates as outcome measures of therapeutic effectiveness [28–30].

CMR is the technique of choice for longterm follow-up after surgical interven-
tion in MFS for the surveillance of new aneurysm formation or further dissection. 
Whilst computer tomography provides similar accuracy to CMR, the need for 
potentially nephrotoxic contrast media and ionising radiation exposure limits its 
repeated application. Furthermore, CMR is recognised to have an equivalent sensi-
tivity and specificity to computer tomography for the diagnosis of suspected aortic 
dissection, but is more accurate when the pre-test probability is high [31]. When 
transoesophageal echocardiography was compared directly with CMR, a better 
specificity of CMR was demonstrated due to lower false positive rates. If aortic dis-
section is present, CMR allows concurrent evaluation of the aortic valve for cusp 
involvement and quantification of aortic regurgitation (if present). The entry and 
exit points of a dissected aorta can usually be identified by gradient echo images 
with velocity measurements. Velocity mapping seals the diagnosis by demonstrat-
ing differences in flow velocities in the true and false lumina.

 Advantages and Limitations of CMR in Marfan Syndrome

The main strengths of CMR arise from its multi-planar image acquisition approach 
without the use of ionising radiation, thereby allowing biventricular volume and func-
tional measurement regardless of cardiac chamber anatomy which may be distorted by 
associated skeletal malformations. Specific to MFS, CMR is able to identify anatomi-
cal variants of aortic dissection, as well as assess involvement of vascular branches and 
the aortic valve. It is also unrivalled as a non-invasive technique for tissue characterisa-
tion, particularly for the detection and quantification of myocardial fibrosis.

In spite of its numerous advantages, the use of CMR is not ubiquitous as it is 
contraindicated in patients with claustrophobia, metallic implants (such as some 
types of cerebral aneurysm clips) and non MR-conditional pacemakers. A compre-
hensive resource for magnetic resonance safety can be obtained at mrisafety.com. 
The need for patient co-operation and longer scan times in contrast to computer 
tomography restricts its use in unstable patients when they present as emergencies. 
When focussed on aortic assessment, CMR is not always able to evaluate aortic 
valve calcification of anchoring zones. Image quality in CMR is dependent upon 
optimisation of multiple sequence parameters, and an operator learning curve is 
therefore inevitable and should be taken into consideration [15]. Lastly, the admin-
istration of gadolinium based contrast in patients with severe renal impairment (esti-
mated glomerular filtration rate <30 ml/min) is recognised as a potential risk for 
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nephrogenic systemic fibrosis [32]. However, the risk is very small particularly 
when using more stable cyclic compounds.

 Specific Applications of CMR in Marfan Syndrome

 Anatomy and Function

Cardiac and vascular anatomical details can be demonstrated by CMR in any plane 
in patients with MFS. Images in standardised views can be planned from transaxial, 
coronal and sagittal multislice series. Extra-cardiac features of MFS can sometimes 
be visualised within the field of view of CMR, providing additional anatomical 
information. For example, skeletal abnormalities (such as scoliosis and pectus exca-
vatum) can result in thoracic cavity distortion and displacement of the heart in this 
patient cohort, which then adversely impacts upon ventricular function (Fig. 8.2). 
Features of dural ectasia may also be visible on sagittal and coronal acquisitions in 
which the lumbosacral spine is imaged alongside the heart [33, 34].

CMR is considered the gold standard for biventricular volumetric and functional 
measurement. Ventricular volumes can be derived from the summation of disks 

a b

c

Fig. 8.2 Marked pectus excavatum (a, b) with reduced anteroposterior dimension of the central 
thorax seen on transaxial turbo spin-echo imaging (c)
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method, either by manual planimetry or semi-automated segmentation software 
(Fig. 8.3). Volumetric analysis by manual planimetry involves delineating the epi-
cardial and endocardial borders at end-diastole, as well as endocardial borders at 
end-systole. Simpson’s rule is then used to derive volumes and mass, with subtrac-
tion of systolic volume from diastolic volume to obtain ejection fraction [35]. 
Manual contouring is time consuming and has been largely replaced by a variety of 
semi-automated segmentation software in which similar principles are applied. 
When interpreting ventricular volumes and function, it is worth noting that different 
imaging sequences produce systematic differences in measurements. SSFP imaging 
tends to produce slightly larger ventricular volumes and stroke volumes with smaller 
ventricular mass, possibly related to superior contrast between myocardium and the 
blood pool compared to gradient echo cine sequences [36]. Normative reference 
values should therefore be applied specific to the sequence.

 Cardiomyopathy
In Marfan patients, there has been growing awareness of a Marfan-associated car-
diomyopathy since the first description of myocardial involvement in 1985 [37], 
with subsequent identification of a dilated cardiomyopathy phenotype [38, 39]. 
Mild biventricular impairment of ejection fraction and elevated volumes as quanti-
fied by CMR has been reported in asymptomatic MFS patients without significant 
valvular abnormalities [40, 41]. CMR is advantageous over echocardiography in 
evaluating these often subtle changes in Marfan patients with superior reproduc-
ibility and therefore lower sample sizes required to demonstrate clinically relevant 
changes in LV size and function [42]. This clinical entity has also been recognised 
in a small subset of patients with MFS who have undergone cardiac surgery [43].

Whilst ventricular impairment seen in patients with MFS may relate directly to 
myocardial factors, it is worth recognising that pectus excavatum may indepen-
dently cause ventricular dysfunction through sternal compression which causes car-
diac geometric distortion. This then negatively impacts upon cardiopulmonary 
function, which can be improved or partially reversed by surgical correction with 
the Nuss procedure [44, 45].

 Vascular

CMR vascular assessment in a patient with MFS is focussed on the vulnerable aorta, 
which is subjected to endothelial shear and intrinsic wall stresses, which over time 
leads to thinning of the aortic wall that dilates and loses distensibility. This sequence 
of events directly increases the risk of aneurysm formation throughout the course of 
the aorta, but particularly at the aortic root (Fig. 8.4) [38]. There is a male prepon-
derance of aortic dilatation and subsequent dissection. The risk of aortic dilatation 
and dissection increases with age and aortic diameters, with aortic dilatation present 
in 96 % of MFS patients with a fibrillin 1 (FBN1) mutation by the age of 60 years 
[46]. Aortic dilatation remains the best predictor for a future aortic event [47], and 
meticulous measurements and surveillance are therefore paramount.
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Fig. 8.3 Volumetric analysis with CMR by summation of disks method (for which pre-defined 
slice thickness are illustrated in panels a and b, which are then acquired to produce the correspond-
ing short-axis stack shown in panel c. Each row in panel c represents a single level acquisition). 
The epicardial (in red) and endocardial (in black) borders in diastole and endocardial borders in 
systole are then delineated. ED end diastole, ES end systole
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Decision making for timing of surgical intervention often relies on serial CMR-
derived measurements. Measurement of aortic diameters should be made perpen-
dicular to the longitudinal or flow axis of the aorta and at standard anatomic locations 
to avoid serial measurement error. Guidelines recommend that the external diameter 
of the aorta should be measured with CMR and the widest aortic root diameter (usu-
ally at mid-sinus level) should be quoted [19]. However, internal diameters are still 
measured for continuity in selected centres [16].

Apart from imaging the aorta, it is also important to visualise the main and 
branch pulmonary arteries as dilatation of the main pulmonary artery occurs in 
>10 % of MFS patients, although associated pulmonary trunk aneurysms are rare.

 The Aorta: Aortic Aneurysm and Dissection
An aneurysm is a ‘permanent localised dilatation of the artery’, which increases by 
≥50 % of the expected normal diameter as defined by the American guidelines [19]. 
Aortic dilatation in MFS typically affects the aortic root and proximal ascending 
aorta with effacement of the sinotubular junction. Asymmetrical aortic root dilata-
tion which is often seen in MFS may be implicated in aortic root dissection [48].

The aorta is particularly well visualised with CMR due to its size, relative immo-
bility and natural contrast between the vessel wall and moving blood within it. 
When an aortic aneurysm is known of or suspected, CMR enables accurate localisa-
tion, delineation of the extent of the aneurysm(s) and its relation to neighbouring 
branch vessels (Fig. 8.5). Luminal dimensions of aneurysms can be measured and 
compared between carefully aligned serial scans in similar planes to establish pro-
gression (that is, rate of change). When comparisons of successive aortic dimen-
sions are to be taken, it is vital not only to consider equivalent image planes, but to 
ensure that these are acquired in similar phases of the cardiac cycle with ideally the 
same sequence type (be it black-blood imaging, SSFP cine images, contrast- 
enhanced MRA or 3D SSFP). Reference values are available for CMR-derived aor-
tic root and aortic dimensions with sinus-sinus and sinus-commissure measurements 
shown to be comparable with echocardiographic data [49–51]. In addition, 

Fig. 8.4 Dilated aortic root at sinus level (a) with ‘en face’ view of aortic valve sinuses in end 
diastole (b) and end systole (c)
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non-contrast 3D-navigated balanced SSFP sequences can be acquired as a promis-
ing alternative method for accurate and reproducible aortic measurements [9, 52].

CMR examination of a suspected aortic dissection should provide diagnostic 
information that includes anatomical delineation of the origin and extension of the 
intimal flap, associated valvular abnormalities and flow in affected aortic branches. 
Spin echo and cine imaging should be undertaken early during the scan in multiple 
planes (e.g. transaxial and sagittal) to detect the presence of an intraluminal intimal 
flap. In haemodynamically stable patients, gradient echo imaging and phase con-
trast flow images can be acquired to quantify aortic regurgitation in Type A dissec-
tions (Fig. 8.6), as well as differentiate between the true and false lumens. The false 
lumen can be identified from remnants of dissected aortic media attaching as ‘webs’ 
to the outer luminal wall. High signal intensities may also be visible in the periaortic 
space adjacent to the descending aorta or pericardium, reflecting blood leakage 
through the rupture site. A bloody pericardial effusion heralds impending rupture of 

Fig. 8.5 Coronal orientation maximal intensity projection (MIP) images from contrast-enhanced 
MR angiography illustrating aneurysms of the ascending, descending and abdominal aorta, with 
involvement of the brachiocephalic artery in the same patient with Marfan syndrome (aneurysms 
marked *) in panels a and b. Right subclavian artery and descending aortic aneurysms in second 
patient with Marfan syndrome in coronal (panel c) and transaxial (panel d) reconstructions
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the ascending aorta into the pericardial space [53]. Thereafter, 3D CE-MRA should
be undertaken as to seal the diagnosis and complete anatomical definition of the 
dissection particularly when involvement of the arch vessels and branch arteries are 
suspected. CMR has been shown to be the superior imaging technique for the 
prompt diagnosis of aortic dissection in stable patients, and current guidelines rec-
ommend whole aorta imaging with CMR or computer tomography in every Marfan 
patient [17, 54, 55].

The aortic wall can also be assessed for aortic dissection, intramural haema-
toma, mural thrombus, aortitis and para-aortic haematomas (Fig. 8.7) [56]. The 
descending aorta should not be neglected during aortic surveillance in MFS 
patients, as 20 % of dissections originate in the descending aorta and occur inde-
pendently of ascending aorta dilatation. Furthermore, in patients with a history of 
aortic dissection, secondary dissections appear to disproportionately affect the 
descending aorta [57].

 Valvular Pathology and Flow Assessment

Aortic, mitral and tricuspid valve involvement is recognised in MFS, and can be 
detected and quantified by cine MR imaging, volumetric analysis and great vessel 

a b

d e

c

Fig. 8.6 Spin-echo image (a) and balanced SSFP image (b) of significantly dilated aortic root and 
proximal ascending aorta with type A dissection flap (arrowed). There is associated functional 
severe eccentric aortic regurgitation (c) with central coaptation defect seen at sinus level (d). The 
flow-time curve across the aortic valve (e) allows derivation of forward and regurgitant flows, with 
systolic forward and diastolic reversed flow
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phase contrast velocity mapping. CMR not only provides a visual estimate of the 
severity of valvar regurgitation analogous to echocardiography, but also provides 
the added advantage of valvular regurgitant fraction quantification. This measure-
ment can be serially charted to detect asymptomatic progression of valvular 
regurgitation.

 Mitral Valve Prolapse and Regurgitation
The incidence of mitral valve prolapse and regurgitation increases with age in 
MFS. Mitral valve pathology is present in up to 80 % of adult MFS patients, with 
an increased prevalence of bileaflet and anterior leaflet prolapse when compared 
to myxomatous mitral valve disease [46, 58, 59]. Progression of mitral regurgita-
tion may require surgical intervention with mitral valve repair or replacement 
[60, 61].

Mitral valve prolapse is defined as systolic displacement of one or both leaflets 
>2 mm from the mitral annulus plane in the LVOT view [62]. Mitral valve anatomy 
and regurgitation can be visualised in left ventricular long axis views and in short- 
axis planes transecting the mitral valve. Balanced SSFP cine imaging in the LVOT 
view is often optimal for detecting mitral valve prolapse [63]. When mitral regurgi-
tation is present, a mitral valve stack should be acquired, consisting of a contiguous 
stack of 5 mm slices aligned to the mitral valve inflow across the coaptation line to 
determine the anatomical basis for regurgitation. This will identify the scallops of 
both leaflets implicated.

The degree of mitral regurgitation can be calculated from ventricular volumes and 
phase-contrast velocity mapping of the aortic valve. The aortic forward flow is mea-
sured from through-plane velocity mapping in a transaxial plane, transecting the aorta 
at the level of the sinotubular junction. The stroke volume of each ventricle is derived 

a b c

d e f

Fig. 8.7 Para-aortic haematoma (*) in Marfan patient 1 year after aortic root replacement surgery. 
Transaxial (a, d), coronal (b, e) and sagittal (c, f) views with turbo spin-echo imaging (a–c) and 
balanced SSFP imaging (d–f)
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from a summation of the area of contiguous short-axis slices through the heart at end-
diastole and end-systole. As the stroke volume ratio between the right and left ven-
tricles approximate to unity over an imaging period of minutes, any differences seen 
would therefore reflect the severity of valvular regurgitation when there is an isolated 
valve lesion present [64]. The severity of mitral regurgitation can then be worked out:

 
Mitral regurgitant volume ml LVstroke volume aortic forward fl( ) = - oow  

 Mitral regurgitant fraction mitral regurgitant volume LVstroke= / vvolume´100 %  

 The Aortic Valve
Aortic valve dysfunction in MFS is usually secondary to annular dilatation with 
aortic regurgitation present in up to 50 % in reported series [65]. Aortic valve anat-
omy and regurgitation can be imaged (similar to the mitral valve) with balanced 
SSFP cine imaging in left ventricular long axis and valvular ‘en face’ views. If and 
when relevant, the degree of aortic regurgitation can be derived from phase-contrast 
through-plane velocity mapping transecting the aorta at the level of the sinotubular 
junction or from stroke volume calculations (if aortic regurgitation is present as an 
isolated valvular lesion).

The aortic regurgitant fraction from velocity mapping is derived from the regurgitant 
volume/aortic forward flow in systole × 100 %; whilst by stroke volume measurements, 
it is calculated from the stroke volume difference between left and right ventricles/LV 
stroke volume × 100 %. Holodiastolic flow reversal may be present in the descending 
thoracic aorta or abdominal aorta, and can be ascertained from through-plane phase-
contrast velocity mapping and velocity-time plots at the relevant aortic levels.

 Late Gadolinium Enhancement (LGE)

LGE CMR facilitates the detection and diagnosis of concurrent myocardial pathol-
ogy in Marfan patients, including myocarditis, myocardial infarction (Fig. 8.8), 

a b c

Fig. 8.8 Transmural late gadolinium enhancement reflecting anterolateral myocardial infarction 
during peri-operative period of aortic root replacement. Balanced SSFP imaging shows thinned 
mid to apical anterolateral wall and apex (a) with LGE in corresponding regions in four chamber 
view (b) and two chamber view (c)
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fibrosis or infiltration. Papillary muscle enhancement may be seen in patients with 
mitral valve prolapse, in whom evidence of papillary muscle dysfunction is evident. 
Subendocardial or transmural LGE may be seen in Marfan patients with aortic dis-
sections that cause coronary ostial occlusion.

 Biophysical Properties of the Aortic Wall

The histological hallmark of MFS is that of ‘cystic medial necrosis’, with degrada-
tion of the extracellular matrix. At a microscopic level, elastic lamella and smooth 
muscle fibre disruption, and hypertrophy with increased vascular channels from the 
media to adventitia are evident. MFS is not only a consequence of structural con-
nective tissue pathology, but also implicates binding protein dysregulation via trans-
forming growth factor–β (TGFβ) [66].

These molecular pathological changes translate to reduced aortic distensibility 
and compliance at the macroscopic level. Aortic distensibility is defined as the per-
centage luminal increase per pressure increase during a cardiac cycle (in mmHg) or 
the propagation velocity of the pulse wave through the aorta (known as pulse wave 
velocity or flow wave velocity). Arterial compliance is the reciprocal of the resis-
tance to deformation and defined by the change in volume per unit change in pres-
sure (micro millilitre/mmHg). Compliance is typically greatest in the ascending 
aorta compared to the arch and lowest in the descending aorta in healthy individu-
als, and decreases with age [67].

Regional aortic distensibility can be measured from high-resolution cine imag-
ing in a plane perpendicular to the aortic region of interest (ascending or descending 
aorta), together with the aortic pulse pressure derived from a sphygmomanometer at 
the level of the brachial artery (Fig. 8.9) in accordance to the formula:

 
Aorticdistensibility A A A pulsepressuremax min min=( )- ´/  

In which Amax = maximal aortic area (mm2), Amin = minimal aortic area (mm2) and 
pulse pressure is the difference between systolic and diastolic blood pressure (mmHg). 
The aortic luminal area in systole (Amax) and diastole (Amin) are either manually con-
toured from the relevant cine frames or derived from an automated algorithm [67, 68].

Regional arterial compliance is derived by calculating the change in volume of 
the aortic segment of interest:

 
Aorticcompliance A A slice thickness pulsepressuremax min= -( )´ /  

Aortic pulse wave velocity is expressed as the ratio between the distance separating 
two points of interest within the vessel and the time taken for pressure/velocity 
waveform to traverse this distance, and typically increases as distensibility decreases 
[69]. Phase contrast through-plane velocity mapping is acquired perpendicular to 
the aortic lumen at two different levels (typically ascending and descending thoracic 
aorta at the level of the pulmonary artery bifurcation), generating a phase velocity 
map. The mean flow velocity across the cross-sectional area of the vessel can then 
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be plotted as a function of time across both levels to obtain the transit time of the 
foot of the flow wave (Fig. 8.10). There are multiple methods for obtaining transit 
time estimations with high reproducibility of calculated pulse wave velocities [70].

Aortic distensibility has been shown to be a predictor of progressive aortic dilata-
tion and aortic events in MFS when measured by CMR [71, 72]. Decreased aortic
distensibility and increased flow wave velocity has been detected in non-dilated 
aortas in patients with MFS, with variations in distensibility seen at different regions 
of the aorta. Distensibility has therefore been proposed as a potential biomarker of
early aortic involvement in MFS before overt dilatation occurs [73–75], and may 
play a role in family screening or risk stratification. It has also been applied to assess 
the response to beta-blocker therapy prescribed to mediate aortic root dilatation in 
patients with MFS. Beta-blockade produced a significant increase in aortic distensi-
bility at multiple levels in tandem with a reduction in pulse wave velocity in patients 
with MFS when compared to control subjects [76].

a b

c d

Fig. 8.9 Regional aortic distensibility obtained at level demarcated in sagittal oblique orientation 
(a) with corresponding oblique transaxial planes in diastole (c) and systole (d). The brachial blood 
pressure should be measured concurrently (b). AA ascending aorta, DA descending aorta

E.L. Heng and R.H. Mohiaddin



89

 Post Surgical Surveillance

Aortic surgical intervention may be indicated electively or acutely with emergency 
presentations in Marfan patients. Surgery for aortic dilatation is indicated when the 
external diameter of the dilated aortic segment exceeds 5 cm, or if any concomitant 
factors are present:

a

b

c

d

Fig. 8.10 Pulse wave velocity assessment with phase velocity acquisition at points 1 and 2 (planes 
for pulmonary arteries and aorta illustrated) in (b). The distance between the 2 points is measured 
as in (a). The pulse wave velocity is calculated from the transit time (defined as the difference in 
arrival time of the flow wave and points 1–2) divided by the distance in (c) and (d) [53]
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• Progressive aortic dilatation >0.2–0.5 cm/year
• Family history of aortic dissection
• Presence of significant aortic or mitral regurgitation, or
• If pregnancy is contemplated in women with maximal aortic dimension >4 cm 

[17–19]

Surgery is performed to repair or replace diseased aortic tissue, with various 
surgical procedures available targeted towards aortic valve, root and/or arch replace-
ment. More recent surgical approaches have enabled valve-sparing procedures 
(such as the Yacoub and David techniques) to preserve anatomically normal aortic
valves when aortic root or arch surgery is required [77–79]. The Bentall composite 
graft can be implanted in patients in whom complete replacement of the aortic valve 
and ascending aorta is desired, with reimplantation of the coronary artery ostia into 
the aortic prosthesis [80]. A surgical technique involving an ‘aortic wrap’ has also 
been developed in the last decade to proactively mitigate ongoing aortic root dilata-
tion (see section below on PEARS).

Whilst the life expectancy of patients with MFS has improved with timely aortic 
surgery for aneurysms and dissection at first presentation, the majority remain sus-
ceptible to further events, with 70 % of a series of 192 MFS patients developing 
subsequent vascular system aneurysms or dissections [81]. Regular CMRs post sur-
gical intervention has been shown to effectively detect and monitor complications 
such as peri-prosthetic haematomas, false aneurysms, residual chronic dissection 
and aneurysm formation in sections of native aorta [82]. CMR imaging of the aorta 
should be considered during the same admission after surgical intervention for aor-
tic dissection, and then at 1, 3, 6 and 12 months post-intervention. If post-operative 
findings are stable, annual imaging should then be carried out. In patients who have 
undergone aortic root repair or aortic valve replacement, CMR should be contem-
plated pre-discharge and annually thereafter [19].

Other post surgical complications that can be assessed by CMR include peri- 
prosthetic leaks, haemopericardium, intra-cardiac thrombus, peri-operative myocar-
dial infarction and infection (Fig. 8.11).

 Prosthetic Valves
CMR can be performed after prosthetic valve replacement surgery for longterm 
monitoring of valve function and late complications. Prosthetic valves and almost 
all metallic surgical and interventional implants within the chest are non- 
ferromagnetic and safe within 1.5 or 3 T magnetic fields, including sternal wires, 
clips, stents and occlusion devices. The guidelines recommend doing the CMR scan 
at least 6 weeks after surgery to allow fibrosis to settle in. Localised artefact around 
the prosthetic valve should be anticipated, although modern implants may cause 
less localised artefact within the magnetic field, and valve function is not usually 
adversely affected [83–85]. Localised artefact arises around prosthetic valves as 
they do not contain mobile hydrogen ions, resulting in distortion of the local mag-
netic field with signal loss for a variable distance around the prosthesis. The distor-
tion is less pronounced in spin echo images as compared to gradient echo images, 
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and can introduce inaccuracies in establishing the assessment of turbulent jets in the 
region of the prosthetic valve.

 Aortic Surveillance After Personalised External Aortic  
Root Support (PEARS)
The personalised external aortic root support (PEARS) system was developed in 
2004 as a conservative approach to halt aortic root dilatation and circumvent aortic 
dissection in Marfan patients (Fig. 8.12) [87]. CMR is the main imaging modality 
utilised in surgical planning and subsequent post-operative surveillance at 6 months, 
1 year and annually thereafter. Pre-procedural CMR spatial data is utilised to repli-
cate the patient’s aorta to guide production of a customised external mesh support, 
designed to accommodate the aortic sinuses and coronary artery origins without 
impingement [88, 89]. The operation is typically performed without cardiopulmo-
nary bypass on a beating heart. During the course of mean 4.4 years (range 1.4–
8.8 years) follow-up in 30 patients, there is conservation of the aortic valve and root 
architecture. There has been one perioperative death in the first 50 patients. No 
aortic, cerebral or aortic valve related events have occurred after 133 patient-years 
of follow-up. PEARS stabilises aortic root dimensions with outcomes comparable 
to valve-sparing aortic root replacement surgery [90].

 Emerging CMR Applications in Marfan Syndrome:  
Flow- Sensitive 4D MRI

Time resolved three-dimensional phase contrast MRI with three-directional veloc-
ity encoding (also known as flow-sensitive 4D MRI) appears to be relevant for illus-
trating the morphology and abnormal flow dynamics in MFS that contribute to 

a b

Fig. 8.11 Subcutaneous infected collection (marked *) post aortic root and ascending aorta 
replacement with infected Dacron graft seen superficially (a) and on balanced SSFP imaging (b) 
(Reproduced from Dormand and Mohiaddin [16])
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aortic pathology, which may in turn impact upon post-surgical outcomes. Flow- 
sensitive 4D MRI is acquired with cardiac ECG and respiratory navigator gating
with a 3D phase-contrast pulse sequence. The data acquired is then corrected for
eddy currents, gradient (Maxwell) terms and velocity aliasing [91, 92], before soft-
ware facilitated post-processing to generate flow visualisations (Fig. 8.13). Various 
parameters can be derived from the analysis of flow-sensitive 4D MRI data includ-
ing alterations in wall shear stress, normalised flow displacement, in addition to the 
presence of helix and vortex flow [94–97]. The technique has also been extended to 
derive transient pressure indexes that reflect spatiotemporal distributions of relative 
pressure and its components in the aorta [98, 99].

As MFS patients remain susceptible to further aortic complications of aneurysms 
and dissections most commonly distal to their index dissection, flow-sensitive 4D
MRI has shown early promise in small patient series in identifying abnormal aortic 
wall shear stresses that may predispose to the development of these complications 
[100, 101]. Alterations in wall shear stress in MFS patients without significant aor-
tic dilatation have been elucidated. It has also been postulated that the loss of aortic 
sinus integrity after root replacement surgery in MFS may negatively affect aortic 

Fig. 8.12 Patient with Marfan syndrome before (a) and after (b) Personalised External Aortic 
Root Support (PEARS) with stable aortic root dimensions. Balanced SSFP imaging of aorta in 
sagittal oblique view and transaxial plane at aortic valve level (inset). Thickening of the ascending 
aortic walls can be seen (b) as a result of mesh incorporation, forming a mesh-aortic composite 
wall (arrowed) (From Treasure et al. [86]. Copyright © 2015 Massachusetts Medical Society. 
Reprinted with permission)
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valve function through loss of supravalvular flow vortices, which would otherwise 
allow sharing of shear stress and load [102].

Disturbances to helical and vortical flows have been described in MFS. Helical
flow is defined as a circular or ‘corkscrew-like’ motion where the predominant flow 
occurs along the axis of rotation, whereas vortex flow consists of particles revolving 
around a point within a vessel, in which the rotational direction deviates >90° from 
the physiological flow direction. Helix flow can be subdivided into global helix 
formation of the whole vessel or local helix flow which only affects a circumscribed 
section of the vessel. Increased local helical flow has been demonstrated in the 
ascending aortas of MFS patients in association with aortic sinus dilatation. 
Increased global helical and vortex flows have also been found in the descending 
aorta, together with evidence of local helix flow in the left subclavian artery. These 
factors in combination may be implicated in the formation of Type B dissections, 
due to flow alterations in the proximal descending aorta, which induces pathological 
shear forces of the vessel wall [96]. Flow-sensitive 4D MRI is currently restricted to
the research domain in MFS patients, but may have important contributions to make 
towards clinical decision making in this patient cohort.

 Conclusion

The diagnosis and management of cardiovascular manifestations of MFS remain 
pivotal to the lifelong care of these patients, with surveillance by CMR forming an 
integral component of the available imaging armamentarium. CMR is not only 
able to non-invasively provide accurate and reproducible myocardial and vascular 
assessment, but may increasingly provide mechanistic insight into the disease 
pathophysiology and aid in timing of interventions to optimise clinical outcomes.
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Fig. 8.13 4D flow images of the aorta of a patient with Marfan syndrome with arrows indicating
regions of turbulent vortex formation (Reproduced from Pitcher et al. [93])
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          Introduction 

 One of the cardinal features of Marfan Syndrome (MFS) is involvement of the 
 cardiovascular system, with predominant effect on the thoracic aorta. The most life- 
threatening complication of MFS is aneurysm of the thoracic aorta. This can lead to 
acute aortic dissection or rupture. The mainstay of surgical treatment of the thoracic 
aorta in Marfan patients is to prophylactically replace or repair part of the thoracic 
aorta before dissection or rupture occurs. However, it also encompasses emergency 
surgical management of acute aortic dissection when this lethal disorder does pres-
ent itself. 

 Before the era of open heart surgery, the predominant cause of death in patients 
with MFS was acute dissection or rupture of the thoracic aorta. This generated an 
average life expectancy of 45 years of age for Marfan patients. The improvement in 
current medical and surgical therapy of the thoracic aorta has signifi cantly improved 
this average life expectancy, extending it up to 70 years [ 1 ,  2 ].

      Anatomy of the Thoracic Aorta 

 Surgery of the aorta is one of the most challenging areas of cardiac surgery. To 
achieve optimal surgical results, which are a necessity if embarking on surgery for 
young patients, it is essential to have an exhaustive knowledge of the anatomy of the 
aorta. 

 The thoracic aorta can be divided into four anatomical sections: the root, ascend-
ing aorta, aortic arch, and descending thoracic aorta. The most common site for 
aneurysm formation is progressive aortic root dilatation, and this can extend further 
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up into the ascending aorta. Less commonly, the aortic arch and descending aorta 
can also become aneurysmal in Marfan syndrome patients (Fig.  9.1 ).

       Aortic Root 

 The aortic root consists of the functional aortic annulus, the aortic valve leafl ets 
with their attachments, and the three bulges in the aortic wall named the sinuses of 
Valsalva. It is from the sinuses that the two coronary arteries supplying blood to the 
myocardium arise. The left coronary artery arises from the left coronary sinus, and 
the right coronary artery arises from the right coronary sinus. The remaining sinus 
is named the non-coronary sinus. In the same respect, the three aortic valve leafl ets 
are named the left, right and non-coronary leafl ets. 

 The aortic annulus, otherwise named the ventriculo-aortic junction or basal ring, 
describes the transition zone between the left ventricle and the aortic root. This zone 

Ascending
thoracic aorta

Sinotubular
junction

Aortic root
(Sinuses of
Valsalva)

Annulus

Abdominal
aorta

Descending
thoracic aorta

Aortic arch

  Fig. 9.1    Anatomy of thoracic aorta (Figure from Isselbacher [ 3 ])       
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is often described by different specialists in different ways. For the cardiologist and 
echocardiographer, the annulus relates to the plane passing through the nadir of the 
semilunar leafl et hinges. For the cardiac surgeon, it corresponds to the leafl et hinge-
lines onto which a prosthetic valve is sewn. For an anatomist, the annulus is where 
the myocardium of the left ventricle ends and the aortic wall begins [ 4 ]. 

 If the annulus is thought of as a ring, one half of its circumference is a fi brous portion, 
and the other half is a muscular portion. The fi brous portion lies beneath the non-coro-
nary sinus and half of the left coronary sinus. It consists of the aorto-mitral continuity, 
where the base of the anterior leafl et of the mitral valve becomes continuous with the 
annulus. The muscular portion lies beneath the right coronary sinus and the other half of 
the left coronary sinus. This consists of the muscular interventricular septum. 

 At the point where the bulging sinuses of Valsalva end, and the tube-like ascend-
ing aorta starts, is named the sino-tubular junction. The circumference of the sino- 
tubular junction is similar to that of the annulus, and often slightly smaller. This 
gives the aortic root a structure which allows the aortic valve leafl ets to co-apt and 
close during diastole in a way which prevent regurgitation of blood back into the 
ventricle. This relation is lost in the Marfan root. As the sinuses dilate and become 
bulbous, they splay out the commissures and attachments of the valve leafl ets. This 
prevents the leafl ets co-apting correctly, and leads to central regurgitation. 
Enlargement of the sinuses also pushes the coronary artery openings upwards. 

 Within the lumen of the aortic root, the majority of the leafl et hinge-lines lie 
above the level of the annulus. The lowest points of the leafl et hinge-lines cross the 
level of the annulus. The highest points reach to within 1–2 mm of the sino-tubular 
junction. On the outside of the aortic root, the annulus corresponds to the transition 
zone between myocardial tissue and the aorta. This is an important zone surgically, 
as it is the limit of aortic root dissection when performing aortic valve sparing root 
replacement surgery. Around the left and non-coronary sinus, this zone corresponds 
to the roof of the left atrium. Around the right coronary sinus, it corresponds to right 
ventricular outfl ow tract and myocardium overlying the interventricular septum [ 5 ]. 

 The aorta is a dynamic structure, and changes size and shape during the cardiac 
cycle. There is a 10 % change in diameter of the annulus between systole and dias-
tole, with a relatively greater deformation within the muscular portion compared to 
the fi brous portion of the annulus [ 6 ] (Figs.  9.2 ,  9.3 , and  9.4 ).

         Ascending Aorta 

 The ascending aorta commences at the junction between the sinuses of Valsalva, 
and the tubular ascending aorta, named the sino-tubular junction. Here, it is around 
3 cm in diameter in a healthy adult. It ascends for a short distance before curving 
posteriorly and to the left before it becomes the aortic arch. The ascending aorta is 
contained within the pericardial sac, and is enclosed in a tube of serous pericardium, 
which it shares with the pulmonary artery. To the right of the ascending aorta lies the 
superior vena cava, anteriorly in the lower part lies the appendage of the right atrium 
(which also lies in front of the aortic root), and to the left lies the pulmonary trunk. 
The right main pulmonary artery travels behind the ascending aorta.  
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    Aortic Arch 

 The aortic arch begins at the superior border of the right second sternocostal joint. 
The junction between the ascending aorta and the aortic arch is marked by a fold of 
the pericardial sac. It runs posteriorly and to the left to travel in front of the trachea, 
and subsequently downward to the left of the body of the fourth thoracic vertebra. It 
becomes the descending thoracic aorta at the lower border of this vertebra (Fig.  9.5 ).

Sinutubular junction

Anatomic ventriculo-aortic junction

Virtual basal ring

Crown-like
semilunar attachments

  Fig. 9.3    Diagrammatic representation of the aortic root (Figure from Tilea et al. [ 6 ]))       
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  Fig. 9.2    The aortic root: 
 a  Sinotubular junction, 
 b  ventriculo-aortic junction, 
 c  sinuses of Valsalva 
(Figure from de Kerchove 
et al. [ 4 ])       
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   The aortic arch can be divided into three hypothetical areas: right, central and 
left. The right part consists of the short length between the pericardial fold and the 
origin of the brachiocephalic artery (the fi rst of three major head and neck vessels 
which branch from the aortic arch, also known as the innominate artery). The cen-
tral part, which is convex in shape, gives rise to the brachiocephalic artery, left com-
mon carotid artery, and left subclavian artery. These three branches are crossed 
anteriorly by the left brachiocephalic vein, which can pose diffi culties with expo-
sure during surgery to replace the aortic arch. This vein can when necessary be 
ligated and divided to improve exposure to the arch vessels. 

  Fig. 9.4    The opened aortic root seen from within the lumen. Continuous  black line  shows the 
ventriculo-aortic junction,  interrupted black line  shows the limit of proximal aortic root dissection, 
 double black arrow  shows the segment of myocardium included into the base of the right coronary 
sinus,  dotted line encircles  the membranous septum,  LCS  left coronary sinus,  RCS  right coronary 
sinus,  NCS  non-coronary sinus (Figure from de Kerchove et al. [ 4 ])       
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  Fig. 9.5    The most common aortic arch branching pattern (Figure from Layton et al. [ 7 ])       
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 The left vagus nerve runs down from the neck in front of the left common carotid 
artery to then lie on the surface of the anterior wall of the aortic arch. It then turns 
to the left and heads towards the ligamentum arteriosum (see below). From here, it 
descends to pass posterior to the hilum of the left lung. The left phrenic nerve travels 
initially along a similar path to the vagus nerve, albeit more superfi cial. It does not 
directly contact the aortic arch, and runs more anteriorly to pass in front of the hilum 
of the left lung. 

 Behind the origin of the left subclavian artery from the aortic arch lies the trachea 
and the oesophagus. The trachea lies to the right of the oesophagus, and can be 
found when dissecting the space between the left common carotid artery and left 
subclavian artery. At this point, on the anterior surface of the trachea, lies the recur-
rent laryngeal nerve, a branch of the left vagus nerve which must be preserved dur-
ing dissection of the arch. 

 The ligamentum arteriosum, the remnant of the ductus arteriosus, lies between 
the pulmonary trunk and the inferior surface of the aortic arch, just 1–1.5 cm distal 
to the origin of the left subclavian artery. This is in the left or fi nal part of the aortic 
arch. The left vagal nerve runs down from the anterior surface of the aortic arch 
towards the ligamentum arteriosum. Before diving to pass behind the left hilum, it 
gives off the recurrent laryngeal nerve at the level of the ligamentum arteriosum, 
which then hooks around the inferior wall of the arch and then passes upward 
towards the anterior surface of the trachea (Fig.  9.6 ).

       Descending Thoracic Aorta 

 The aortic arch continues as the descending thoracic aorta just below the aortic 
isthmus. This is the section of the distal arch that is positioned between the origin of 
the left subclavian artery and the attachment of the ligamentum arteriosum. During 
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  Fig. 9.6    Surrounding anatomy of the aortic arch (Figure from Berdajs et al. [ 8 ])       
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foetal development, this area is signifi cantly narrowed. Just distal to attachment of 
the ductus arteriosus, the aorta has a fusiform dilatation, called the aortic spindle. 
The narrowing of the isthmus and the dilatation of the spindle even themselves out, 
but still persist to a minor degree in the adult. On average, the diameter of the 
spindle is 3 mm larger than the isthmus in adults. 

 The descending aorta lies in its proximal section to the left side of the vertebral 
column. It usually gives off nine pairs of intercostal arteries. Other branches given 
off include pericardial, bronchial, oesophageal, mediastinal, subcostal and phrenic. 
By the time it reaches the diaphragm at the level of the twelfth thoracic vertebra, it 
lies closer to the midline. The aortic hiatus of the diaphragm is traversed by the 
aorta, azygos vein and thoracic duct.  

    Indications for Surgery 

    Emergency Surgery for Aortic Dissection 

 Acute aortic dissection is a life-threatening complication which can occur in 
patients with MFS. It occurs when a tear in the inner wall, or intima, of the aorta 
allows blood to fl ow between the layers of the wall of the aorta. This forces the 
layers apart, and blood fl owing between the layers of the aortic wall (the false 
lumen), may compress blow fl ow within the true lumen of the aorta. This can cause 
ischaemia of organs perfused by branches of the aorta, leading to possible myocar-
dial infarction, stroke, paraplegia, renal failure, mesenteric ischaemia, and/or limb 
ischaemia. Rupture of the aorta may also ensue. Dissection downwards towards the 
aortic root may also result in structural changes to the aortic valve with loss of its 
suspensory support, thus leading to acute regurgitation. Other complications 
include pericardial effusion and tamponade from ruptured blood within the 
pericardium. 

 Aortic dissection can be classifi ed depending on the anatomical extent of the 
dissection. A number of different classifi cation systems have been proposed over 
the years, however the most internationally recognized classifi cation systems now 
are the Stanford [ 9 ] classifi cation and the Debakey [ 10 ] classifi cation systems. 
The key point of classifying an aortic dissection depends on whether the ascend-
ing aorta is involved regardless of the location of the tear. If the dissection involves 
the ascending aorta, it is a Stanford Type A dissection, which corresponds to the 
Debakey Type I or Type II. Debakey Type II dissections are confi ned to the 
ascending aorta, whereas Debakey Type I dissections extend beyond the brachio-
cephalic artery. Stanford Type B dissections involve the descending aorta and are 
distal to the left subclavian artery. By far the commonest type of dissection 
involves the ascending aorta, arch and descending aorta, and this is the most lethal 
combination (Fig.  9.7 ).

   Type A dissection is an absolute indication for emergency surgery. In the Marfan 
patient who develops type A dissection, this is an indication to replace the aortic 
root. This may be with or without preserving the aortic valve depending on its 

9 Thoracic Aortic Surgery in Marfan Syndrome



108

morphology and whether there is signifi cant valvular regurgitation. The standard 
operation is replacement of the sinuses of Valsalva and as much of the ascending 
aorta as possible. If the tear extends into the aortic arch (which is rare in patients 
with MFS), then replacement of the arch will also be necessary. 

 Acute type B dissection is generally not as life-threatening as acute type A dis-
section. When taking the general population, early survival is satisfactory using 
medical management alone, unless distal ischaemic complications or aortic rupture 
occur [ 11 ]. Patients with life-threatening complications of type B dissections require 
emergency treatment with either endovascular stent-graft treatment, open surgical 
aortic graft replacement, interventional or surgical fl ap fenestration, or extra- 
anatomic surgical bypass. In recent years, there has been a move towards early 
intervention in the acute setting even in uncomplicated patients. This has been in the 
form of endovascular stent-graft treatment. However, patients with MFS deserve 
special consideration in this setting. Stent-grafting in the Marfan patient at this point 
in time is not recommended, and should only be used when operative intervention 
is indicated but open repair is deemed too risky and prohibitive [ 11 ]. This is because 
there is limited information regarding the effect of the radial forces that a stent-graft 
places on the abnormal and weak aorta of patients with MFS. Furthermore, these 
patients are often young at presentation, and since the long term durability of stent- 
grafts is unknown, this intervention is not prudent. Open thoraco-abdominal aortic 
replacement can be safely achieved in experienced centres with acceptable morbid-
ity and mortality, and is still the treatment of choice for Marfan patients with 
descending aorta pathology.  

Percentage 60 %

DeBakey I

10–15 %

DeBakey II

Stanford A (Proximal)

25–30 %

DeBakey III

Stanford B
(Distal)

Type

Classification of aortic dissection

  Fig. 9.7    The Stanford and Debakey classifi cations of aortic dissection       
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    Elective Surgery 

 The purpose of elective surgery in patients with MFS is to prevent aortic dissection 
or rupture. It is diffi cult to predict with great confi dence when an aorta will dissect. 
There are rarely ever any symptoms or signs to predict impending dissection. 
Therefore, we still rely on measurement of aortic size to guide timing of 
intervention. 

 Natural history studies at Yale University by Elefteriades et al. [ 12 ] have looked 
at the lifetime risk of rupture or dissection. They showed specifi c “hinge points” in 
the aortic size at which rupture or dissection occur. In the ascending aorta, these 
hinge points occur at 6 cm, and in the descending aorta 7 cm. Further analysis 
showed a 15.6 % yearly risk of rupture, dissection or death in patients with aortic 
size ≥6.0 cm. It is thought that if planned surgery carries a risk lower than this, the 
patient should have surgery. This concept has governed cardiovascular guidelines 
on management of the aorta for many years. The aim of these guidelines is to pro-
mote prophylactic surgery before catastrophic complications manifest. In the 
Marfan population, more stringent guidelines are used due to the increased risk of 
aortic complications. In the current era, experienced aortic surgeons can perform 
operations at low risk, and thus the following guidelines are currently used. 

 Current European Society of Cardiology guidelines [ 13 ] on the management of 
aortic disease, similar to guidelines from North America [ 14 ], state that patients 
with MFS should undergo surgery when the aortic root diameter is 50 mm, with 
class I level C evidence. Those with a family history of aortic dissection should be 
treated more aggressively, as tendency for the aorta to dissect runs in families. 
Therefore, a positive family history of dissection is an indication to operate at a root 
diameter of 45 mm or above. The rate of change of aortic size is another factor to 
consider. Progressive enlargement between surveillance imaging is a worrying sign, 
and thus an increase in size of >3 mm/year is also an indication to operate at a diam-
eter of 45 mm or above. Other indications to operate at this lower size threshold 
include severe aortic or mitral valve regurgitation. If the patient has symptoms of 
valvular regurgitation and/or an increase in the size of left ventricle, then the same 
rules for valve surgery apply. If the patient merits aortic valve replacement, it may 
be deemed unwise to replace the aortic valve alone and leave the Marfan root in situ. 
Female patients who plan to become pregnant may also be considered for surgery at 
a lower size threshold of 40–45 mm, to prevent aortic complications during preg-
nancy or in the post-partum period. 

 As well as diameter alone, another measurement which can be used for guidance 
on timing of surgery is the cross-sectional area of the root in square centimetres, 
divided by the patient’s height in metres. If this value exceeds ten, it may also be 
considered an indication for surgery. Z-scores taking into account root size, height 
and weight may also be used to aid in timing of surgery [ 15 ]. 

 As for the descending thoracic aorta, elective replacement should be considered 
if size reaches 50 mm. Replacement of the descending aorta is challenging, and 
decisions regarding surgery should be made by surgeons experienced in performing 
these operations [ 11 ].   
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    Types of Surgery 

    Aortic Root Replacement (Bentall Procedure) 

 In 1967, Bentall and De Bono [ 16 ] devised an operation for replacement of the 
aortic root and ascending aorta by using a Starr-Edwards valve hand-sewn into a 
tube graft. This was a considerable contribution to the fi eld of cardiac surgery, 
with an even more signifi cant impact on the life expectancy of patients with 
MFS. Prior to this operation, the average life expectancy for Marfan patients was 
around 45 years. With this operation, and the subsequent techniques that ensued 
(see below), average life expectancy has been quoted as high as 70 years in some 
studies [ 1 ]. 

 The Bentall operation is one which has stood the test of time, and is still the 
most commonly performed operation for replacement of the aortic root. It remains 
the gold standard to which all root procedures must be compared. It consists of root 
replacement with a conduit (Dacron tube graft) and a prosthetic aortic valve (either 
mechanical or biological). The coronary arteries have to be mobilised, and subse-
quently re-implanted onto the conduit. When the procedure was fi rst described, it 
involved a graft inclusion technique whereby the composite valve-graft was placed 
inside the opened native dilated aortic root, and after completion of the various 
anastomoses, the native aneurysmal aorta was wrapped around the new root. The 
aim of this wrap was to contain the bleeding which occurred at the suture lines in 
the porous Dacron graft of that era. This was satisfactory at the time, and peri- 
operative mortality became as low as 10 %. However, it led to medium and long 
term problems with pseudoaneurysm formation from bleeding into the native 
aneurysmal wrap. Repeat operations to deal with these complications posed sig-
nifi cant risk. 

 Subsequent adaptation of the technique has led to the exclusion composite valve- 
graft replacement. This version of the operation involves excision of the aneurysmal 
section of aorta right down to the annulus. Without having the inclusion wrap of 
native aneurysmal aorta around the conduit, the surgeon is able to visualize and deal 
with all bleeding points before completion of the operation. Newer versions of 
Dacron grafts are signifi cantly less porous, and this has reduced the rates of bleed-
ing even further. 

 Setup for the operation involves standard median sternotomy or mini-J sternot-
omy. The patient is systemically heparinised and monitored with serial ACT (acti-
vated clotting time) measurements. For patients where the aneurysm is confi ned to 
the aortic root and/or ascending aorta, arterial cannulation of the distal ascending 
aorta is suffi cient to completely excise the aneurysmal section of the aorta. Venous 
drainage of the patient is carried out by inserting a 2-stage cannula into the right 
atrial appendage. A vent is inserted into the right superior pulmonary vein and 
advanced into the left ventricle to reduce myocyte distension and minimise myocar-
dial oxygen demand. Placement of a cross-clamp on the distal ascending aorta 
allows antegrade infusion of cold blood potassium-rich cardioplegia into the aortic 
root via a separate cannula, thus arresting the heart in diastole and providing 
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myocardial protection during the ischaemic clamp time. This needs to be repeated 
every 20 min directly into the coronary ostia whilst the cross-clamp is still on, to 
prevent the heart from contracting. 

 The ascending aorta is opened and assessment of the aortic valve is made. 
Complete dissection of the aortic root and its components is carried out. If the aortic 
valve is normal in structure, consideration may be given to a valve-sparing root 
replacement (see below). Otherwise, the valve is excised and the annulus is decalci-
fi ed if necessary. The coronary arteries are dissected and mobilised on buttons of 
aortic tissue. The degree of mobilisation of the coronary arteries is important – too 
little and there may be tension and narrowing once they are re-connected, too much 
and they kink. 

 The aneurysmal section of the aorta is excised. The valve is sized using the 
appropriate valve sizer. Valve sutures with pledgets are placed from the ventricular 
to the aortic sides of the annulus, in a horizontal mattress fashion. Distance between 
sutures must be equal to provide a constant tension on the anastomosis and prevent 
bleeding. Good surgical technique is imperative to follow the curve of the needle 
through the aortic annulus, as unwanted leverage on the needle will create irregular 
needle holes leading to bleeding at the end of the operation. The valve sutures are 
then passed through the cuff of the prosthetic valve at the corresponding points. The 
valve is parachuted down and subsequently the sutures are tied in turn. The annular 
suture line is checked for gaps and appropriate repairs made if necessary. 

 Now that the combined valve-graft conduit is attached to the annulus, the coro-
nary artery buttons can be re-implanted. Hand-held cautery is used to cut a hole the 
size of the coronary button into the appropriate location on the graft. A 5/0 polypro-
pylene suture is then used to anastomose the coronary buttons to the conduit. 

 Then the distal anastomosis between the Dacron graft and the distal ascending 
aorta is performed. After tailoring the conduit graft, this is done with a 4/0 polypro-
pylene running suture, starting at the most posterior point and then working round 
each side in turn to fi nish anteriorly. As the most anterior part of the suture line is 
reached, the vent is turned off and the heart is allowed to slowly fi ll. Before the 
anastomosis is tied down, the heart and new composite valve-graft are de-aired 
through the distal anastomosis. Once the suture is tied down, further de-airing can 
be continued through a small hole made in the anterior portion of the Dacron graft. 
Ventilation is recommenced to push air out of the pulmonary vasculature and into 
the heart, hence aiding in de-airing. Trans-oesophageal echocardiography can be 
used to assess the de-airing process. The cross-clamp can then be removed. Once 
the surgeon is happy that the heart has been de-aired thoroughly and myocardial 
function is restored, cardiopulmonary bypass can be discontinued. 

    Advantages and Disadvantages 
 The Bentall procedure allows for use of either a mechanical valve or a bioprosthetic 
valve (porcine or bovine) in combination with an artifi cial graft. In the majority of 
patients with MFS who have this operation, they will be at a relatively young age. 
Therefore, a mechanical valve will be the most commonly used of the valve types, 
as bioprosthetic valves generally have a life-span of 10–15 years before decline in 
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function. Mechanical valves have the theoretical advantage of lasting for the life- 
span of the patient, but they require life-long anticoagulation with warfarin. This 
itself carries a risk of bleeding, which although small in probability, has an incre-
mental effect for every year anticoagulation is used (around 1 %/year) [ 17 ]. Life- 
long warfarin for a young patient should not be taken lightly, and careful discussion 
with the patient is paramount. Even with anticoagulation, mechanical valves do 
carry a small risk of thromboembolism (1 %/year) [ 17 ]. 

 In young patients unable or unwilling to take warfarin, a bioprosthetic valve may 
be used. This may be because of a pre-existing bleeding diathesis, liver disease, 
excess alcohol intake, or simply a life-style choice. It may also be used in young 
female patients who wish to bear children in the future, as warfarin is associated 
with a risk of teratogenicity when taken during pregnancy. The implication of using 
a bioprosthetic valve in young patients is that they will inevitably require further 
procedures later on in life. Redo operations always carry a higher risk than the fi rst, 
as the tissues develop dense adhesions making surgery more challenging. But expe-
rienced surgeons can still attain satisfactory morbidity and mortality outcomes in 
these procedures. In recent years, advances in catheter-based valve procedures have 
led to successful trans-catheter valve-in-valve implantation where a new valve is 
inserted within a degenerated bioprosthetic valve. This omits the need for redo sur-
gery. However, to date this has been restricted to elderly patients too sick to undergo 
redo open heart surgery. The long term results and longevity of these valves is 
unknown. Therefore, they are not recommended for use in young Marfan syndrome 
patients (Figs.  9.8  and  9.9 ).

          Valve-Preserving Root Replacement 

 In the early 1990s, it was with the intention of sparing patients the burden of life- 
long anticoagulation that two different surgeons from both sides of the Atlantic 
separately devised valve-sparing root replacement (VSRR) operations. Sarsam and 

  Fig. 9.8    The aortic valve 
has been excised and the 
coronary buttons 
mobilised. Valve sutures 
with pledgets have been 
placed in the annulus 
corresponding to the left 
coronary sinus (Figure 
from Girardi [ 18 ])       
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Yacoub [ 19 ] and David et al. [ 20 ] developed the remodelling and reimplantation 
procedures respectively, whereby the aneurysmal aortic root could be replaced 
without replacing the aortic valve. These are more challenging operations compared 
to the Bentall procedure, requiring the surgeon to craft an aortic root in which the 
suspensory support of the aortic valve has to be reconstructed without causing any 
deformity or asymmetry, any small degree of which would cause valvular 
regurgitation. 

    Remodelling Technique 

 The remodelling technique was fi rst described by Professor Sir Magdi Yacoub [ 19 ]. 
The technique consists of radical excision of the sinuses down to the aortic annulus, 
whilst sparing the valve leafl ets, their hinge-points, and the commissures. The integ-
rity of the aortic root is then reconstructed using a artifi cial tube graft which is 
manually shaped to form appropriate-sized sinuses. The aortic valve is suspended 
again in relation to the neo-sinuses created. 

  Fig. 9.9    The right coronary button is being anastomosed to the tube conduit (Figure from 
Girardi [ 18 ])       
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 The setup of the operation is similar to that of the Bentall procedure described 
above. The aortic root is dissected free from surrounding structures. Once the 
ascending aorta is transected, the aortic valve leafl ets are assessed for any defects, 
fenestrations, and for adequate co-aptation. If the surgeon is satisfi ed that the leaf-
lets are healthy enough to achieve good long-term function and co-aptation, the 
valve-sparing procedure can be embarked upon. The diseased and enlarged aortic 
sinuses are excised down to the aortic annulus, leaving only 4-6 mm of aortic wall 
attached to the aortic annulus. The coronary arteries are dissected and mobilised as 
with the Bentall procedure. 

 The next step is to choose an appropriately sized tube graft. This is a critical part 
of the operation, and an error at this point may make an otherwise skilled attempt 
at the operation futile. Yacoub fi rst described this measurement by taking horizon-
tal mattress sutures above the top of each commissure and stretching the three 
commissures in a vertical direction. The valve cusps were observed to see if they 
would co-apt correctly. Once the cusps were optimally co-apting, the distance 
between the commissures was measured. This would then represent one-third of 
the circumference of the tube graft, and would thus provide a guide to the diameter 
of the graft needed. In subsequent years, this measurement has been described by 
others as using a tube graft of a diameter 10–15 % smaller than the average length 
of the valve free margins (or double the height of the leafl ets). A simpler technique 
is to size the annulus using valve sizers and subsequently use a tube graft 1–2 mm 
larger. Whichever technique is used, most adult patients require grafts of 26–30 mm 
in diameter. In adolescents and small individuals, a tube graft around 20 mm would 
be used. 

 One end of the tube graft is taken and three equidistant vertical lines are cut into 
it. This divides the circumference of that end of the tube graft into three sections of 
equal length. The height of the grooves is made to be the height of the commissures 
(distance between the bottom of the sinus to the top of the commissures). These 
measurements are made by trans-oesophageal echocardiography prior to the estab-
lishment of cardiopulmonary bypass. If this turns out to be larger than necessary, it 
can easy be trimmed during suturing of the graft to the annulus. Cutting these three 
grooves creates three extensions of the tube graft which are square at their ends. The 
sharp edges are rounded. This creates the three neo-sinuses of the tube graft. 

 The three mattress sutures earlier placed at the top of the three commissures are 
then passed through the apex of each of the three grooves in the tube graft, and the 
tube graft is parachuted down to the annulus. Now the Dacron neo-sinuses can be 
trimmed to size if necessary. Each Dacron neo-sinus is then sutured to the aortic 
annulus surrounding each sinus using 4/0 polypropylene. We recommend anchoring 
each neo-sinus in the middle (in the midpoint of each valve cusp). The next step is to 
sew each neo-sinus by starting at the commissure and working towards the bottom of 
the sinus. In our experience, this reduces the possibility of valvular regurgitation and 
disturbance of leafl et mechanism, which can occur near the top of the commissures. 
These suture lines are technically challenging, as they need to be adequately haemo-
static, but at the same time maintaining a perfect symmetry which allows the re-
suspended aortic valve to co-apt without any prolapse or regurgitation. 
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 Subsequently, two circular holes are created at the appropriate location in the 
neo-sinuses to accommodate the two coronary buttons. These holes are made using 
hand-held cautery, and the coronary button anastomosis is carried out in the same 
manner as in the Bentall procedure, as is the remainder of the operation. 

 De-airing is performed in a standard fashion. Once the heart has been weaned 
from cardiopulmonary bypass, it is imperative to assess the function of the aortic 
valve via trans-oesophageal echocardiography. If regurgitation is present, cardio-
pulmonary bypass needs to be re-established and repair of the valve carried out. If 
repair is not possible, then the diffi cult decision needs to be made as to redoing the 
root replacement with a Bentall procedure. The valve preserving operation is unfor-
giving with a steep learning curve, and should not be carried out in inexperienced 
hands (Figs.  9.10  and  9.11 ).

        Reimplantation Technique 

 The reimplantation technique was fi rst described by Dr Tirone David [ 20 ], whereby 
a Dacron graft is sealed below the annulus of the aortic valve. It involves two suture 

  Fig. 9.10    The tube conduit is cut to shape three neo-sinuses (Figure from Hopkins et al. [ 21 ])       
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lines as compared to one suture line in the remodelling procedure. The two suture 
lines are sub-annular, and intra-aortic. The reimplantation technique has been modi-
fi ed numerous times over the years. The fi rst version was named the David I proce-
dure, and subsequent variations have led to the David V procedure. A further 
iteration has been the David V – Standford Modifi cation technique. What started out 
as a technique using a straight tube graft (David I), has proceeded in stages to using 
an oversized straight tube graft which is then plicated proximally to create neo-
sinuses (David V). The intention of these modifi cations has been to create a larger 
diameter neo-sinus which is better at allowing unhindered valve leafl et excursion, 
and preservation of sinus fl ow vortices. The Stanford Modifi cation involves the use 
of an appropriate sized second graft (which is smaller than the tube graft used for 
the root replacement) to anastomose to the larger root graft and in doing so create 
the new sino-tubular junction. 

 The setup of the operation is the same as the previously described root opera-
tions. The aortic valve is again assessed for function once the ascending aorta has 
been transected. Again, the aorta is trimmed down to the annulus, leaving 7–8 mm 
of native aortic wall attached to the annulus. Next, the aortic root is carefully dis-
sected away from surrounding structures, which includes separating it from the pul-
monary artery, atria and right ventricular outfl ow tract. This dissection must extend 
to just below the level of the annulus. A Hegar dilator is then used to size the tube 
conduit by being placed through the valve and into the left ventricular outfl ow tract. 

  Fig. 9.11    Anastomosis of 
the tube graft to the aortic 
root (Figure from Cameron 
[ 22 ])       
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It should fi t in comfortably, but not be too tight. This correct size is then added to 
11 mm and the resulting number is the size of the tube conduit. This is usually 
32–38 mm in adults. 

 Next, the subannular layer of sutures are placed. This suture line is specifi c to the 
reimplantation technique, and is not part of the remodelling procedure. Horizontal 
mattress sutures are placed in a planar fashion under the annulus with the sutures 
coming out externally from the aortic root. Each pair of sutures is clipped, ready to 
be used in the next step. There should be one horizontal mattress suture directly 
underneath each commissure. 

 The appropriate sized tube graft is then marked with a pen such that the circum-
ference at one end of the graft is divided into three equal sectors. These lines help to 
guide where the horizontal mattress sutures underneath each commissure should go. 
The rest of the mattress sutures are sequentially placed into one end of the tube 
graft. Once they are all placed, the tube graft is parachuted down to the annulus. The 
aortic valve and the small rim of aortic wall should fall within the tube graft. The 
same Hegar dilator which was used to fi nally size the conduit is again placed through 
the aortic valve, and the subannular sutures are tied. This prevents narrowing the 
outfl ow tract and annulus too much. The three commissural sutures are tied fi rst, 
followed by the rest. 

 The three valve commissures are lifted up by placing a polypropylene horizontal 
mattress suture inside-to-out at the top of each commissure. This allows the three 
commissures to be anchored to the graft at 120 °  intervals. A small amount of saline 
is injected into the root to see if the leafl ets co-apt correctly when fl uid rests in the 
sinuses. If leafl et co-aptation is satisfactory, the anchoring sutures are tied down, 
and each limb of the suture is then used to suture the rim of aortic wall around the 
valve to the tube conduit in a running fashion. It is important with these sutures to 
stay close to the base of the valve leafl ets, but not too close to impinge on them. 

 The coronary buttons are then anastomosed to circular holes created at the appro-
priate locations in the tube graft. In the Modifi ed Stanford technique, a second tube 
graft smaller in size than the one used for the root is then anastomosed to this tube 
graft in order to create a crimping effect of the sino-tubular junction. 

    Advantages and Disadvantages 
 The main advantage of valve-sparing root replacement over the traditional Bentall 
procedure is the conservation of the native valve and avoidance of either a mechani-
cal valve which requires life-long anticoagulation, or a bioprosthetic valve which 
will likely need re-intervention in young patients. With this signifi cant advantage 
does come some drawbacks too. The valve-sparing operation is technically much 
more challenging, and few surgeons have a large experience with this operation. 
Furthermore, it is an operation which has a steep learning curve, and is associated 
with a four-fold increase in rate of re-intervention on the aortic valve when com-
pared to the Bentall procedure (1.3 %/year vs 0.3 %/year). There is no difference in 
rates of endocarditis (0.3 %/year vs 0.2 %/year) [ 23 ]. 

 Valve-sparing root replacement has emerged as an alternative in patients who 
have minimal valve involvement. It avoids the needs for life-long anticoagulation 

9 Thoracic Aortic Surgery in Marfan Syndrome



118

and late valve-related thromboembolism. The short and medium term results are 
good in the hands of experienced surgeons. What remains unknown is the truly 
long-term results (Fig.  9.12  and  9.13 ).

          Replacement of the Aortic Arch 

 For patients with aneurysms of the aortic arch (either in isolation or as part of an 
aneurysm starting from the aortic root and extending up into the arch), the head and 
neck vessels will need to be disconnected and the aneurysmal arch excised [ 25 ]. This 
requires the use of deep hypothermic circulatory arrest. There are however a variety 

  Fig. 9.12    The subannular 
horizontal sutures are 
placed through the graft 
before it is lowered down 
to the aortic root (Figure 
from Ikonomidis [ 24 ])       

  Fig. 9.13    The aortic cuff 
around the valve is sutured 
to the graft in running 
fashion (Figure from 
Ikonomidis [ 24 ])       
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of cerebral perfusion strategies for providing oxygenated blood to the brain during 
this period of circulatory arrest to reduce the neurological ischaemic burden. 

 This operation is usually carried out through a median sternotomy, however if 
more extensive resection of the descending aorta is required, a clamshell thoracot-
omy (bilateral anterior thoracotomy) may also be utilised to give better exposure to 
the descending aorta. The patient is heparinised in preparation for cardiopulmonary 
bypass. A number of arterial cannulation options may be utilised. Here we describe 
right axillary artery cannulation as it also is part of the cerebral perfusion strategy. 

 The right axillary artery is exposed through a subclavicular incision. An 8 or 
10 mm tube graft is anastomosed end-to-side to the axillary artery. Venous cannula-
tion is carried out through the right atrium. Once cardiopulmonary bypass is estab-
lished, the patient is cooled down to 18–20 °C. The arch and its branches are 
dissected out carefully. Once the patient has reached the desired temperature with 
electroencephalographic silence, fl ow is reduced and the brachiocephalic artery, left 
common carotid artery and left subclavian artery are clamped. Flow is resumed at 
10 mL/kg to now establish antegrade cerebral perfusion from the right axillary 
artery through the right common carotid artery and vertebral artery and via the 
Circle of Willis. A left arm blood pressure between 40 and 60 mmHg is aimed for. 
The head is topically cooled with ice and intravenous steroids are administered. The 
electroencephalogram and cerebral oximetry are observed for bilateral fl ow and 
adequate cerebral protection. 

 The aorta can now be transected and the blood volume drained. The three head 
and neck vessels are divided proximal to their clamps. The aneurysmal section is 
excised. If the aneurysm only extends to the distal arch, the excised section can be 
limited to just before the origin of left subclavian artery. The stump of the left sub-
clavian artery would then have to be oversewn. 

 Alternatives to the technique of cerebral protection described here include selec-
tive antegrade cerebral perfusion, whereby individual cannulae are inserted into the 
divided brachiocephalic, left common carotid and left subclavian arteries once the 
aorta has been transected. This requires additional individual cannulae and perfu-
sion lines from the cardiopulmonary bypass machine. Another alternative is retro-
grade perfusion through a venous cannula inserted into the superior vena cava, 
however there is some evidence questioning the benefi ts of this technique. 

 The aortic arch is sized for a suitable tube graft. A number of different grafts are 
available, including a simple tube graft with a side arm (for subsequent arterial per-
fusion), and tube grafts with three branches for the head and neck vessels, as well as 
the side arm. The distal anastomosis is performed with the proximal descending 
aorta. If there is aneurysmal disease of the descending thoracic and/or abdominal 
aorta, a 2-stage elephant trunk technique is used [ 26 ]. Here, a longer tube graft is 
used, and it is folded in on itself at the point of desired distal anastomosis. The 
inverted tube graft is passed down into the descending aorta, and the distal anasto-
mosis is carried out at the inversion fold. Subsequently, the inner part of the inverted 
graft is pulled up into the surgical fi eld and this will become the neo-arch. The sec-
tion of the graft remaining in the descending aorta is the so-called “elephant trunk”. 
This will remain in the descending aorta and can be utilised in the second stage of 
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the procedure, either for an open procedure to anastomose a second tube graft for 
replacement of the descending thoracic/thoracoabdominal aorta, or for an endovas-
cular procedure to be used as a landing zone for a covered stent. 

 Once the distal anastomosis is carried out, the head and neck vessels can be anasto-
mosed as an island [ 25 ] or individually [ 26 ]. Our preference is island anastomosis 
where possible. Antegrade cerebral perfusion is converted once again to antegrade 
whole body perfusion once anastomosis to the head and neck vessels is completed (and 
a clamp placed on the tube graft just proximal to this). Finally, the proximal anastomo-
sis is made either to the root replacement tube graft in the case of root and arch aneu-
rysm, or to the native ascending aorta in the case of isolated arch aneurysm. 

 After thorough de-airing, the cross-clamp is removed and the heart allowed to 
reperfuse for a number of minutes. Once rewarming is complete, the heart can be 
weaned from cardiopulmonary bypass (Fig.  9.14 ).

       Replacement of the Descending Aorta 

 The replacement of the descending aorta is carried out through a left thoracotomy, 
with the left lung defl ated [ 25 ]. In the case of thoracoabdominal aneurysms, this 
becomes a thoraco-laparotomy. The descending aorta will need to be cross-clamped 
for the repair, and therefore the circulation to the lower half of the body will need to 

  Fig. 9.14    First stage of the elephant trunk technique. The fi rst diagram shows the distal anasto-
mosis to the descending aorta, with the tube graft inverted. The second diagram shows an island 
anastomosis of the head and neck vessels to the tube graft (Figure from Svensson [ 25 ])       
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be bypassed. Commonly left heart bypass will be used, although a number of other 
options are available including full cardiopulmonary bypass, deep hypothermic cir-
culatory arrest, and apico-aortic shunt. Left heart bypass has the goal of diverting a 
portion of oxygenated blood from the left atrium to the aorta distal to the section 
being replaced. The proximal cannula is usually inserted into the left inferior pul-
monary vein or the left atrial appendage. The portion of blood travelling to the 
ascending aorta, arch and head and neck vessels will be pumped by the left ventri-
cle. The portion of blood diverted from the left atrium to the distal circulation will 
be driven by a centrifugal pump. 

 One of the risks of surgery on the descending aorta is that of paraplegia. This 
can be caused by a combination of factors. Firstly, the blood supply to the spinal 
cord is variable and different patients have different degrees of collateralisation. 
Certain intercostal arteries (supplying spinal arteries) may be more important than 
others. Surgery often involves re-implantation of some intercostal patches or but-
tons. Cross-clamping the descending aorta has been shown to increase cerebrospi-
nal fl uid (CSF) pressure. Since spinal perfusion pressure is the difference between 
systemic blood pressure and CSF pressure, this effect causes a decrease in spinal 
cord perfusion pressure, thereby increasing the risk of paraplegia. One way of pre-
venting this is to carry out CSF drainage, thereby maintaining spinal cord perfu-
sion pressure [ 27 ].  

    Outcomes After Surgery 

 A recent report by the Aortic Valve Operative Outcomes in Marfan Patients Study 
Group described early 1-year outcomes after root surgery on patients with MFS 
across 19 surgical centres [ 28 ]. They reported a 30-day mortality of 0.6 % for both 
Bentall procedure and valve-sparing root replacement, with 1-year survival rates of 
97 % and 98 % respectively. They did fi nd a higher rate of grade ≥2+ aortic regur-
gitation in 7 % of the valve-sparing root replacement group. However, consideration 
should be given to the fact that the majority of these 19 centres performed only a 
small number of cases per year. 

 Longer-term results were reported in a meta-analysis by Benedetto et al. [ 23 ] 
who analysed 1385 patients across 11 studies (972 patients had Bentall procedures 
and 413 had valve-sparing procedures). The mean follow-up was 8.0 years for the 
Bentall group and 4.7 years for the valve-sparing group, giving a combined total of 
1279 patient-years. They reported a re-intervention rate of 0.3 %/year versus 1.3 %/
year for the Bentall procedure and valve-sparing procedures respectively. The 
thrombo-embolic event rates were 0.7 %/year versus 0.3 %/year for the two groups 
respectively. 

 Mortality following aortic arch replacement varies between 2 and 17 % [ 25 ]. 
Larger surgical centres performing higher number of operations tend to obtain bet-
ter results. 30-day mortality for repair of thoraco-abdominal aneurysms are reported 
as low as 5 % in some series, with a permanent paraplegia rate of 4 % [ 29 ].  
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    Anaesthetic Considerations 

    Pre-operative Assessment 

 As with all patients undergoing major cardiac surgery, a careful evaluation of medi-
cal history, organ system review, and drugs history must be undertaken. Close atten-
tion must be paid to symptoms and signs specifi c to MFS, such as spontaneous 
pneumothorax, ectopia lentis, dural ectasia, pathological fractures, and scoliosis 
[ 30 ]. A dental assessment must be made in order to reduce the risk of prosthetic 
endocarditis. Pre-operative examination of the airway is important as the presence 
of prognathism, a high arched palate, and reduced neck extension may pose diffi cul-
ties during tracheal intubation.  

    Intra-operative Management 

 Positioning of the patient on the operating table must be done carefully. It is important 
to assess the patient for joint laxity to avoid dislocations and injuries when the patient 
is asleep. The temporo-mandibular joint may also be at risk during intubation if 
excessive traction is used. If somatosensory evoked potentials or motor evoked poten-
tials will be used during surgery, then neuromuscular blocking agents and volatile 
agents are avoided. Propofol infusion will be used for maintenance. A trans-oesopha-
geal echocardiography probe is used for pre-op and post-operative assessment [ 30 ].   

    Pregnancy 

 Pregnancy is associated with an increased risk of aortic dissection for women with 
MFS. The majority of these events occur in the third trimester and peripartum 
period. There also appears to be a higher rate of growth of aorta during pregnancy. 
Furthermore, the long-term risk of aortic dissection or operative intervention on the 
thoracic aorta is higher in women with MFS who have had previous pregnancies 
compared to nulliparous women with MFS [ 31 ]. 

 Both the haemodynamic and hormonal changes that take place during pregnancy 
account for this increased risk of aortic complications. The hyperdynamic and 
hypervolaemic status of the pregnant mother increase arterial wall stress and shear 
forces which act on the intima of the aorta. Further changes are made to the histo-
logical makeup of the aortic wall due to hormonal changes. 

 An aortic root dimension ≥40 mm in pregnancy is associated with a 10 % risk of 
aortic dissection for Marfan patients. More than half of pregnant women with MFS 
with an aortic root size ≥40 mm will either develop aortic dissection, a life- 
threatening dilatation, or require surgery during pregnancy [ 31 ]. 

 Women with MFS contemplating pregnancy should have a preconception assess-
ment by obstetricians as well as cardiologists. Assessment of the aorta, heart func-
tion and valvular function should be carried out with echocardiography and 
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computed tomography (CT) or magnetic resonance imaging (MRI). These assess-
ments will inform the decision as to whether prophylactic surgery is required before 
conception. 

 During pregnancy, all women with MFS should be regularly imaged with trans- 
thoracic echocardiography every 1–2 months for measurement of aortic root size. 
MRI is safer than CT if further imaging is required. Medical therapy with beta- 
adrenergic blockers is recommended to control blood pressure and prevent aortic 
dilatation. Angiotensin II blockers are contraindicated. 

 When aortic dissection occurs during pregnancy, it carries a signifi cant risk to 
mother and foetus (50 % mortality). Type A dissections are much more common in 
pregnancy. Treatment is urgent repair of the dissection with close and detailed foetal 
monitoring. During the third trimester, depending on the haemodynamic and meta-
bolic condition of the mother, consideration should be given to urgent caesarean 
section as well as repair of the dissection. 

 Elective repair of aortic aneurysms during pregnancy remains a challenge. A 
multi-disciplinary approach involving foetal medicine, cardiology, cardiothoracic 
surgery, anaesthetics and paediatrics is required. Surgery during the fi rst trimester is 
associated with foetal malformations, and in the third trimester there is an increased 
risk of maternal mortality and preterm delivery. Therefore, any planned surgery dur-
ing the course of pregnancy should be undertaken during the second trimester. 
Surgery can be performed without hypothermia and with pulsatile perfusion. Foetal 
blood fl ow monitoring can be performed via transabdominal and/or transvaginal 
Doppler ultrasound [ 32 ]. 

 In the post-partum period, the increased risk of dissection continues for a number 
of months. Beta-blockade is usually continued for 3 months post-partum, and aortic 
monitoring should be maintained during this period.  

    Children 

 Dissection is very rare under the age of 12. It is predominantly mitral valve pathol-
ogy which is the leading cause of death in young children with MFS. The aortic root 
behaves differently between early childhood and late teenage years in MFS. The 
infantile form of MFS is associated with an earlier onset of aneurysm formation. 
The size threshold for surgical repair is 50 mm, but again surgery is indicated at 
smaller sizes if there is a family history of aortic dissection, more than mild aortic 
regurgitation, and a rapidly expanding aneurysm (1 cm/year) [ 33 ]. 

 Aortic root replacement in children remains a challenging area due to multiple 
factors. There is the potential for growth of cardiovascular structures in a young 
child. There is no long-term follow-up of valve preserving root replacement, how-
ever it remains the favoured choice with an aortic annulus greater than 18 mm and a 
tricuspid undamaged valve. A mechanical Bentall procedure is a good alternative. 
Homografts are used in small roots with an annulus <18 mm, however they are asso-
ciated with early valve dysfunction. Pulmonary autotransplantation (Ross procedure) 
is contraindicated due to defi cient wall properties of the pulmonary root [ 33 ].     
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          Definitions, Classification and Context 

 Thoracoabdominal aortic aneurysm (TAAA) refers to aneurysmal disease affecting 
variable extents of the thoracic and abdominal aorta concurrently. TAAA may occur 
as a primary pathology or secondary to aortic dissection. The extent of aortic 
involvement in TAAA is defi ned by the Crawford classifi cation (Fig.  10.1 ), which is 
the basis for stratifying prognosis and also determines the surgical approach [ 1 ].

   In the general population, TAAA is a rare pathology (incidence: 6/100,000 per-
son years) [ 2 ] typically affecting the older patient and associated with the usual risk 
factors for atherosclerosis. The Marfan syndrome (and other Mendelian causes of 
aortopathy) form a distinct subset within TAAA overall, with a younger age of 
onset, where traditional risk factors are not a major component. The natural history 
and characteristics of the disease in this group are different [ 3 ,  4 ]. 

 Of aortopathies in Marfan syndrome, TAAA is a relatively common presentation 
(accounting for almost a half of all aortic operations [ 5 ]) often occurring after or 
concurrently with a proximal aortic presentation, most commonly an aortic root 
aneurysm [ 6 ,  7 ]. Abdominal aortic aneurysms (AAA) are rarely observed in 
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isolation in Marfan syndrome, and when they do occur, are observed as part of a 
TAAA or following prior TAAA repair. Therefore, they will be considered as a 
subgroup of TAAA for the purposes of this review.  

    Patient Factors and Selection for Surgery 

 Owing to the extent of the aorta involved and the corresponding major systemic 
disruption to blood supply, which is an inevitable aspect of repair, TAAA replace-
ment tends to be associated with a signifi cantly higher burden of mortality and 
morbidity than other aortic presentations, with few centres worldwide undertaking 
it. Nevertheless, at the outset, lie the same two questions as for any aneurysm; fi rst, 
concerning the timing of aortic replacement and second, concerning the best strate-
gies to minimise the surgical risk as far as possible. Both of these attempt to balance 
the risk from the natural course of the disease (which tends to be aggressive and 
unpredictable in Marfan syndrome) against the risk of intervention (which is also 
signifi cant). 

    Identification of At-Risk Marfan Patients 

 The best outcomes in aortic surgery in general depend on identifying the disease 
early and planning an elective repair at the correct time [7,9, 10]. A signifi cant pro-
portion of TAAA overall (13–16 %) follow a prior aortic pathology, and in Marfan 

Normal I II III IV V

  Fig. 10.1    Crawford classifi cation of TAAA extent (from Safi  et al., Annals Surgery 2003 [ 10 ]). In 
brief, type I aneurysms extend from the level of the left subclavian artery to the renal arteries; type 
II, the most extensive and complex to repair, extend from the level of the left subclavian artery to 
the aortoiliac bifurcation; type III start at or are distal to T6 and affect the lower part of the descend-
ing thoracic aorta and the abdominal aorta; and type IV involve the abdominal aorta below the 
diaphragm but extending up to the diaphragm. Type V is a variant of Type III, more recently 
defi ned, involving a lesser extent of the abdominal aorta       
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syndrome this proportion is a great deal higher (around 50–68 %); a similar propor-
tion of ascending or aortic root operations in Marfan syndrome are followed by 
subsequent aneurysmal disease in the distal aorta, including TAAA [ 6 – 9 ]. Thus, a 
close surveillance of known aortic cases in Marfan syndrome is advocated and we 
would agree with current guidelines that this should involve annual imaging by 
magnetic resonance angiography (MRA) or computed tomogram angiography 
(CTA) in a stable postoperative patient and closer surveillance once new pathology 
is detected [ 3 ,  4 ]. Similarly, surveillance by MRA/CTA of any newly diagnosed 
Marfan patient and any relatives carrying the familial  FBN1  mutation should be 
instigated and maintained at appropriate intervals [ 3 ].  

    Specific Considerations in the Marfan Patient 

 The Marfan patient presenting with TAAA is younger (mean age 39–49 years) and 
physiologically fi tter compared with the majority of TAAA patients (who present at 
a greater mean age of 68 years and have signifi cant cardiorespiratory comorbidities) 
[ 5 ,  8 ,  10 – 12 ]. The generalised connective tissue dysfunction manifests fi rstly in a 
larger extent of aorta involved on presentation. The disease course is more aggres-
sive: Marfan TAAA’s demonstrate faster growth rate, earlier rupture and greater 
propensity to dissection [ 4 ,  7 ,  8 ,  13 ]. Furthermore, there is a higher frequency of 
recurrence, with a tendency for new aneurysm formation in intervening untreated 
parts of the native aorta or in autologous grafts or patches used for revascularisation 
of visceral branches of the abdominal aorta [ 5 ,  8 ,  11 ,  14 ]. These all suggest that a 
more durable and a more extensive repair is indicated and indeed some centres 
advocate a full length aortic repair in any Marfan patient with aortic dissection [ 15 ] 
(Table  10.1 ).

   There appears to be a further group of apparently Mendelian cases of aortopathy 
who do not meet Ghent criteria or have a  FBN1  mutation. From our own cohort 
(Ibrahim et al (unpublished)) and others [ 5 ,  16 ], this group appears to be phenotypi-
cally intermediate between the proven Marfan group and the sporadic group, or 

   Table 10.1    Specifi c considerations in Marfan TAAA patients   

 Factor  Strategy 

 Younger age, physiologically fi tter  More durable repair (open surgery) 

 More aggressive/extensive disease & tendency to 
recurrence 

 Lower size-threshold for elective repair 

 More extensive repair at fi rst 
presentation 

 Open surgery in preference to 
endovascular options 

 Generalised connective tissue disorder with 
tendency for aneurysmal degeneration of intervening 
(untreated) aorta or autologous grafts/patches 

 More extensive repair 

 Use of pre-fabricated (synthetic) 
branched grafts as opposed to 
autologous patches to re-connect 
visceral/renal vessels 
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partly overlapping with the Marfan group. Elucidating the spectrum of genetic 
mutations underlying this group and correlation with phenotype in larger cohorts 
will allow a more informed or personalised approach to their surgical management; 
the wider application of high-throughput DNA sequencing technologies will cer-
tainly help this in future [ 17 ]. However, for the moment, we approach those cases 
with a strong family history, younger age of onset or phenotypically more aggres-
sive presentation in a similar manner to the Marfan group [ 3 ].  

    Indications for Intervention 

 A patient with a symptomatic aneurysm of any size should be considered for repair. 
Symptoms are usually non-specifi c and include chest, abdominal or back pain or 
cough. An acute presentation heralds a rapid expansion and possible imminent rup-
ture, requiring emergent investigation and treatment. 

 For asymptomatic patients (approximately 50 %), aneurysm diameter is used as 
a guide to predict when the operative risk is exceeded by the risk of rupture, to guide 
the timing of aortic replacement. It is known that the risk of rupture with respect to 
aortic diameter is not a linear relationship, and in fact increases steeply above a 
certain threshold (or “hinge point”) [ 18 ]. The exact value for the latter is not accu-
rately known either in sporadic TAAA or in the Marfan patient presenting with 
TAAA. Therefore, a range of size thresholds for intervention have been proposed. 
Absolute aortic diameter from 5 to 6.5 cm or relative values of twice the normal 
aortic diameter in the individual patient have been suggested as suitable cut-off 
points for management [ 3 ,  6 ,  18 ]. A fast-growing aneurysm (>0.5 cm/year) is also 
an indication for repair. 

 In the Marfan syndrome, it is accepted that these thresholds for intervention 
should be lowered [ 4 ,  8 ,  13 ]. Any TAAA caused by aortic dissection (Stanford Type 
B), which in the general population is managed conservatively if uncomplicated, has 
a poorer prognosis in the Marfan patient, therefore operative intervention is indicated 
[ 19 ]. Furthermore, since it can be argued that the immediate operative risk to the 
younger, physiologically fi tter Marfan patient is lower, earlier intervention is war-
ranted. In summary, we would consider operative intervention in any Marfan patient 
with an aortic dissection (or family history of dissection), any symptomatic TAAA or 
an asymptomatic TAAA with maximal diameter >5 cm or growth rate >0.5 cm/year.   

    Surgical Strategy and Available Modalities 

 The essential aim is to replace the aneurysm and a variable proportion of surround-
ing non-aneurysmal aorta with a synthetic graft. The greater extent of involved 
aorta, and the propensity to recurrent disease means an extensive repair is often 
warranted at the outset, sometimes involving the whole length of the descending 
aorta from the termination of the aortic arch in the upper thorax to the aortoiliac 
bifurcation in the lower abdomen (Fig.  10.2 ).
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   The biggest concern in approaching TAAA surgery is in managing the major 
physiological and metabolic challenge, which arises from disruption of blood sup-
ply to most of the thorax, abdomen, all organs therein as well as the lower limbs. 
These are in addition to the usual challenge of a long general anaesthetic, which 
carries its own risk of myocardial inhibition, stroke and mortality. Therefore, the 

  Fig. 10.2    Intraoperative 
photograph of 
revascularised 
thoracoabdominal aorta. 
A Dacron graft replaces 
the aorta from the proximal 
(thoracic) end (top of 
picture), extending under 
the diaphragm to the distal 
abdominal aorta. The 
continuous  black line  on 
the Dacron graft starts at 
the proximal (thoracic) end 
of the aorta; at the distal 
(abdominal) end, there is a 
short extension graft 
sutured graft to graft. The 
 black  indicator line is 
disrupted at this site       
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aim is to optimise the patient pre-operatively and, during and after the operation, to 
utilise all necessary means to support physiology and minimise the ischemic insult 
to key organs (mainly the spinal cord, kidneys and abdominal viscera). 

 There are three potential modalities available: open surgical replacement, which 
is carried out via thoraco-laporotomy or endovascular stent graft placement or by a 
combination of the two (known as the “hybrid” technique). In reality, open surgical 
replacement is the gold standard in Marfan syndrome and endovascular options are 
only indicated in special conditions. The focus of this chapter will therefore be on 
open surgery, followed by a discussion of endovascular techniques.  

    Preoperative Preparation 

 Pre-operative optimisation focuses on four critical areas: the heart, neurovascular 
supply, lungs and kidneys. Though coronary artery disease or strokes are not com-
mon in the MFS patient, it is important to rule out left ventricular dysfunction (by 
echocardiogram and/or exercise stress testing) as well as signifi cant carotid disease 
(by carotid duplex ultrasonography). Though the main risk factors for pulmonary 
complications include smoking history or COPD (which may be less common in the 
Marfan patient compared with other TAAA patients), intra-operative factors such as 
thoracotomy, diaphragmatic incision, unilateral lung collapse and operative site 
involving the thorax contribute to the fact that pulmonary complications comprise 
the most common following TAAA repair. Pulmonary function tests, spirometry 
and arterial blood gases are carried out with desirable targets of FEV1 >1.0 L, pCO 2  
<4.5 kPa and in borderline cases, a period of 1–3 months optimisation and smoking 
cessation to optimise the patient’s condition. The arterial supply to the kidneys is 
assessed (with a view to pre-operative or intraoperative revascularisation) and 
pre- operative dialysis is undertaken if necessary.  

    Open Surgery – Procedural Details and Key Considerations 

 The operative technique has been described in detail previously [ 10 ]. Here we shall 
briefl y outline the key events and issues, which impact on the overall care of the 
patient. 

 The approach depends upon the extent of involved aorta. In the most extensive 
TAAA (Crawford types I and II, Fig.  10.1 ), which form the majority of TAAA seen 
in Marfan syndrome, a single long thoraco-laporotomy incision beginning at the tip 
of the scapula, passing anteriorly through the fourth or fi fth intercostal spaces and 
extending in the midline of the abdomen is used. This allows access to, and ade-
quate exposure of, the whole length of the descending thoracic and abdominal aorta. 
The left lung is collapsed to allow access to the heart and thoracic aorta. Left heart 
bypass is instigated. This takes oxygenated blood from the left atrium or a left pul-
monary vein and returns it via a pump system, distal to the repair site, usually the 
femoral artery, ensuring ongoing distal aortic perfusion while the repair proceeds 

R.A. Weerakkody et al.



133

(the brain, head and neck and upper limbs will be perfused proximally via the aortic 
arch vessels, which are proximal to the repair and therefore not disrupted). The 
abdominal aorta is approached and exposed by retroperitoneal dissection. 

 After full exposure, the aorta is sequentially clamped and opened, beginning at 
the proximal thoracic aorta. A synthetic graft is sewn onto the proximal, normal 
aorta above the aneurysm. Intercostal vessels (from a critical watershed area of 
T7–T12) are selectively implanted back into the graft. The proximal aspect of the 
graft is now in direct connection with the proximal aorta and, once isolated from the 
rest of the graft by a clamp, allows the re-implanted intercostal vessels to be per-
fused through it, while the rest of the repair takes place distally. After clamping and 
opening the abdominal aorta, the visceral vessels (coeliac plexus, superior and infe-
rior mesenteric arteries) and renal arteries are explanted and perfused via separate 
cannulas from the left heart bypass system. The distal end of the graft is sewn onto 
the distal abdominal aorta. The visceral and renal arteries are then anastomosed on 
to the graft. The graft now forms a continuous conduit from the proximal thoracic 
aorta down to the distal abdominal aorta, with perfusion to the spinal cord and 
abdominal viscera maintained through their re-implanted vessels. 

 The process of clamping the aorta interrupts normal blood fl ow to the branches 
of the aorta, causing widespread end-organ ischaemia for that duration: this period 
is known as the “cross clamp time” [ 20 ]. The direct effects of extensive end-organ 
ischemia as well as secondary effects from ischemia-reperfusion injury - which is a 
process of cytokine and free radical release from reperfused vascular beds, leading 
to damage to the lungs, heart and possibly the spinal cord - are the major concern in 
TAAA [ 20 ,  21 ]. The main complication is paraplegia from spinal cord ischemia, 
which in the past was as high as 30 % [ 22 ,  23 ]. These effects are reduced by 
minimising cross-clamp time, which itself depends upon the technical profi ciency 
and speed by which the operation is undertaken. However, the ischemic insult dur-
ing the cross-clamp period can be further signifi cantly mitigated by the use of a 
number of adjuncts, resulting in improvements in patient outcomes beyond what is 
achievable by technical factors alone – these adjuncts have been shown, collectively 
to prevent between 1 in 5 and 1 in 20 permanent neurological defi cits, or in other 
words represent a reduction in risk of 72 % overall [ 10 ,  21 ]. They include measures 
either to reduce metabolic demand to a minimum level or to maintain blood fl ow to 
critical organs during the cross-clamp period: systemic hypothermia (which may be 
moderate systemic hypothermia at 32–34° Celsius or deep hypothermic circulatory 
arrest), use of the left-heart bypass circuit to maintain distal perfusion, and selective 
perfusion of visceral and renal arteries whilst their branches are disconnected from 
the aorta. Specifi c measures for the spinal cord include: intraoperative and post- 
operative CSF drainage [ 10 ,  23 – 26 ], identifi cation and re-implantation of intercos-
tal vessels of T8–L2 or the artery of Adamkiewicz, which are thought to comprise a 
critical arterial supply to the spinal cord [ 10 ,  21 ,  27 – 30 ], use of intraoperative motor 
and sensory evoked potentials to assess the adequacy of spinal cord blood supply/ 
reperfusion [ 10 ,  31 – 33 ], and (in some cases) localised epidural cooling [ 34 ]. Certain 
pharmacological agents such as steroids, mannitol and free-radical scavengers have 
also been proposed [ 35 ]. To prevent pulmonary complications and prolonged 
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post- operative ventilatory requirements, care is taken to minimise lung trauma and 
protect the phrenic nerves throughout the procedure.  

    Post-operative Management 

 Immediately post-operatively the patient is managed on the intensive care unit with 
haemodynamic parameters maintained to optimise perfusion and oxygen delivery 
and minimise fl uctuations in blood pressure, particularly periods of hypotension 
(which compromise spinal cord perfusion). Mean arterial pressure is maintained 
between 90 and 100 mmHg, haemoglobin concentration at >10 g/dL, cardiac index 
at >2 L/min, CSF pressure <10 mmHg (as spinal cord blood fl ow is counteracted by 
CSF pressure). The spinal drain remains in situ for 2–3 days postoperatively. Careful 
attention is paid to the development of respiratory complications. Once stabilised, 
the patient convalesces on the general ward and is rehabilitated to their usual life- 
routine. Beta-blockers are continued indefi nitely post-operatively and moderate 
exercise limitation is advised (to avoid major haemodynamic stresses such as from 
contact sports and isometric exercises e.g. weight lifting).  

    Endovascular and Hybrid Open/Endovascular Options 
as an Alternative to Open Surgery 

 Whereas in open surgery, the diseased segment is effectively removed and replaced 
with a synthetic graft, the endovascular technique involves placing a stent-graft 
within the existing aorta, to bypass the aneurysmal section. It is introduced in its 
collapsed state across a wire, via a peripheral artery – usually the femoral artery- 
guided into the correct position and deployed to its full diameter under fl uoroscopy. 
The graft-size is preselected so that, at maximum diameter, it anchors itself to the 
normal-diameter aorta proximal and distal to the aneurysmal segment, by radial 
force alone. For extensive aneurysm, custom-designed grafts also allow fenestra-
tions or branches to allow perfusion of key aortic branch vessels, which would oth-
erwise be excluded by the stent. Alternatively, the Hybrid technique, involves a 
limited operation to revascularise key branches (visceral and renal arteries) by cre-
ating a bypass from an unaffected peripheral branch before inserting the stent 
[ 36 – 42 ]. 

 Overall, this modality, as a result of its minimally invasive approach, has the 
advantage of lower anaesthetic risk and lower short-term mortality and morbidity 
[ 43 ,  44 ]. However, in the Marfan patient its routine use is precluded by a higher rate 
of technical failure and limited durability resulting from a faster growing aorta. This 
can predispose to “endoleak” (leakage between the stent and native aorta) and ten-
dency to recurrent disease in the intervening untreated aorta [ 45 ,  46 ]. Biomechanically 
and pathologically, one might also question the compatibility of a stent graft with 
the Marfan aorta: evidence of reduced aortic compliance [ 47 ], early elastolysis and 
loss of smooth muscle cell to elastic lamella connections [ 48 ,  49 ] and an earlier 
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predisposition to dissection and aneurysmal dilatation all suggest that the applica-
tion of a stent graft which relies on radial force for anchoring may adversely interact 
with an already compromised aortic structure. The most severe adverse events 
encountered include retrograde dissection and aortic perforation, but more fre-
quently, endoleak and the need for multiple further corrective procedures are the 
main concern [ 8 ]. 

 In specifi c instances however, owing to the much lower anaesthetic risk, this can 
be a useful alternative and we have utilised endovascular or hybrid techniques as a 
‘last ditch’ measure in a systemically unstable patient who is unlikely to survive 
open surgery [ 42 ,  50 ]. Such procedures may form the basis for a more defi nitive 
repair once the patient is stabilised.  

    Outcomes for TAAA Replacement 

 The reported post-operative outcomes for open surgical replacement of TAAA in 
Marfan syndrome from experienced centres are good. Outcomes in TAAA patients 
overall, including Marfan syndrome have improved signifi cantly since these proce-
dures were fi rst undertaken. This partly refl ects the experience of the centres from 
which these outcomes are reported. Centres undertaking a higher volume of proce-
dures show better patient outcomes particularly in relation to TAAA (a concept 
known as volume outcome relationship) [ 51 ]. The major outcome measures in 
TAAA surgery are early mortality and spinal cord ischaemia in the short term (con-
ventionally measured within 30 days of the operation) and, in the long term, all 
cause mortality/survival and the need for re-intervention. 

 When considering short-term mortality, fi gures are comparable or lower in 
Marfan TAAA patients (0–6.5 %) [ 5 ,  8 ,  11 ,  12 ] compared with TAAA overall 
(5–14 %) [ 8 ,  10 ,  11 ,  52 ,  53 ]. In a direct comparison of TAAA operations for 31 
(mainly Marfan) patients with connective tissue disorder versus 226 patients with-
out, Dardik et al. found that 30 day mortality was almost half in the connective tis-
sue disorders group compared with the wider group (Table  10.2 ). This probably 
refl ects the lower age and lower burden of major cardiorespiratory comorbidity in 
those with Marfan syndrome compared with the older sporadic group.

   On the other hand, rates of symptomatic spinal cord ischaemia (presenting with 
either a temporary or permanent paraplegia) are probably higher in the Marfan 
group, refl ecting the fact that the Marfan group has a greater extent of aorta 
involved – over 50 % of Marfan TAAA patients present with the Crawford type II 
TAAA (the most extensive form) [ 5 ,  8 ,  11 ]. Extent of aortic disease, specifi cally 
presenting with Crawford type II TAAA is probably the major risk factor for the 
development of post-operative spinal cord ischemia (conferring between a 4 and 
20-fold greater risk, compared with other types and is also the most responsive to 
protection by the use of intra-operative adjuncts) [ 10 ,  25 ]. In the same study, multi-
variate analysis also revealed the importance of comorbid risk factors for the devel-
opment of spinal cord ischaemia post-operatively including: age, smoking, renal 
dysfunction and history of cerebrovascular accident [ 10 ]. In a smaller comparative 
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   Table 10.2    Outcomes for Marfan TAAA replacement   

 Study 
 Le Maire 
2006  Dardik 2002 

 Mommertz 
2008  Kaltat 2007  Pacini 2013 

 Patient group  Marfan  Marfan  Marfan  Marfan  Marfan 
Endovascular 
(meta-analysis) 

 No.  178  28  22  19  54 

 Details  From a 
larger 
cohort of 
398 aortic 
operations 
in Marfan 
patients 

 From a larger 
cohort of 31 
patients with 
inherited 
connective 
tissue disorder 
(28 Marfan, 3 
Ehlers 
Danlos) and 
226 sporadic 
cases 

 From a 
larger cohort 
of 206 
TAAA cases 

 Cohort of 22 
Marfan 
patients with 
TAAA, 19 
surgically 
operated 

 Systematic 
review and 
meta-analysis 
of 12 studies 
presenting data 
for 
endovascular 
treatment in 
Marfan patients 

 Male  62 %  61 %  –  64 %  75 % 

 Mean age  39  48.6  40  38  41 

  Pathology  

 I  19 %  26 %  27 %  11 % 

 II  57 %  52 %  50 %  79 % 

 III  14 %  29 %  18 %  11 % 

 IV  10 %  6 %  5 % 

 Other  9 % a   36 % d  

 Dissections  71 % (65 % 
chronic) 

 52 %  100 %  100 %  100 % (79 % 
chronic) 

 Emergency  7 %  7 %  9 % 
(rupture) 

 26% e   32 % (urgent & 
emergency) 

  Short term outcomes (within 30 days)  
 Mortality  3 %  6.50 %  0 %  0 %  2 % 

 Spinal cord 
ischemia 

 4 %  19.4% b   0 %  0 %  2 % 

 Re-operation 
rate 
(technical 
failure) 

 5 %  5 %  15.7% f   30 % g  

 Other  Lung 22 %, 
Cardiac 
11 %, Renal 
8 % 
 Stroke 1 % 

 Lung 10 % 
 Cardiac (MI) 
6 % 
 Renal 13 % 
 Stroke 0 

 Lung 14 % 
 Cardiac 9 % 
(MI = 0), 
Renal 0 % 

 Lung:11 % 
 Renal- 
support 0 %  
Stroke:5 % 

 Length of 
stay (ICU 
stay) in days 

 14 (6.4)  19(8)  13 
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study, Dardik et al showed a small but statistically signifi cant increased risk of spi-
nal cord ischemia in patients with connective tissue disorder compared to those 
without [ 11 ]. 

 In terms of long-term survival and outcome after TAAA replacement, no signifi -
cant difference in long-term survival between MFS and non-MFS patients has been 
observed. Long-term survival is affected by a number of factors including age, 
smoking, renal dysfunction, emergency presentation, and anatomy, specifi cally 
Crawford type II TAAA. The use of adjuncts, which aim to maintain perfusion dur-
ing aortic clamping are protective. These data suggest that early detection and elec-
tive treatment of TAAA is benefi cial, particularly in the face of more extensive 
aortic involvement and more aggressive natural history as seen in the Marfan 
syndrome. 

 Whilst giving excellent results in non-MFS sporadic cases, outcomes of endovas-
cular techniques in Marfan syndrome show a high rate of technical failure in terms of 
endoleak and high corresponding re-intervention rates [ 45 ,  46 ]. Pacini et al under-
took a systematic review of 54 Marfan patients with aortic dissections from 12 pub-
lications. In this metanalysis, short term mortality was low (2 %). Early endoleak 
(within 30 days of the procedure) occurred in 22 % of patients overall and in 30 % of 
chronic dissections [ 46 ], signifi cantly higher than rates reported for non-MFS 
patients (which are between 7 and 12 %) [ 43 ,  54 ]. It has been suggested that early 
endoleak is not as prevalent when the proximal aspect of the stent is overlapped with 
an existing synthetic graft, although existing evidence as a whole does not support 
this notion [ 45 ,  46 ]. In the long term (over a mean duration of 2.5 years after opera-
tion) this group had endoleak and reintervention rates of 18 % each (compared with 

Table 10.2 (continued)

 Study 
 Le Maire 
2006  Dardik 2002 

 Mommertz 
2008  Kaltat 2007  Pacini 2013 

  Long term outcomes  

 Mean 
follow-up 
period 

 5 years  5 years  38 months  56 months  30 months 

 Survival  98 %  >54% c   100 %  90 %  88 % 

 Re-operation 
rate 

 2 %  18 % 

  Summary outcome data from major series reporting open TAAA repair for Marfan syndrome 
(columns 1–4) compared with meta-analysis of all available endovascular outcomes in Marfan 
TAAA (column 5). I–IV refer to Crawford classifi cation of TAAA 
  a Completion/reverse elephant trunk 
  b Though no sign diff in paraparesis rate, multivariate analysis showed presence of CTD as possible 
predictor of paraparesis post op (OR 1.2–70, p = 0.03) 
  c This series showed no signifi cant difference in long term survival in Marfan patients compared 
with sporadic patients 
  d Arch aneurysms concurrent with TAAA 
  e This includes two ruptures 
  f One SMA thrombosis 

  g 25 % early endoleak rate and 5 % conversion to open surgery  
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1–9 % endoleak rate in non-MFS aortas) [ 42 ,  43 ,  50 ,  54 ,  55 ] and a 12 % mortality, 
with a mean age of death of 41 years. Overall, current outcomes support the surgical 
approach to TAAA replacement, which uses early open surgery as the fi rst option 
and endovascular strategies in specifi c conditions where open surgery is precluded.  

    Conclusions 

 TAAAs are the most extensive and some of the most surgically complex of aortopa-
thies. In Marfan syndrome, they are further complicated by a more aggressive 
pathology including faster growth rate and greater propensity to dissection in the 
MFS patient. This requires early detection and surveillance, which in the future, 
will be aided by the more widespread application of new genomic technologies, 
allowing more detailed genotype-phenotype correlation and risk-stratifi cation. 
Early elective replacement and an extensive repair at fi rst presentation minimises 
recurrence and the need for further procedures. Open surgery, though in the past 
marred by very high mortality and morbidity, is now the gold standard for treatment 
as technical developments over the past three decades have allowed good long-term 
outcomes and durability. When carried out at experienced centres this has allowed 
Marfan syndrome patients to experience comparable outcomes to TAAA patients 
overall. Endovascular options have very limited scope in this group but may be a 
useful alternative in very specifi c situations where open surgery is not possible.     
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      Ophthalmic Abnormalities 
in Marfan Syndrome                     

       Aman     Chandra       and     David     G.     Charteris     

       The ocular manifestations of Marfan Syndrome (MFS) are varied. They include 
myopia, corneal fl attening, ectopia lentis (EL), and retinal detachments. The preva-
lence of these in MFS is unclear, though a recent survey of the UK Marfan Trust, 
suggested that 30 % of patients with MFS had EL, and 15 % had had retinal detach-
ments [ 1 ]. We will discuss the most important of these features below. 

    Ectopia Lentis (Lens Subluxation/Dislocation) 

 Ectopia Lentis (EL) is the most diagnostic ophthalmic abnormality in Marfan syn-
drome [ 2 ]. Alternate conditions may cause EL [ 3 ,  4 ], thus careful genetic investiga-
tions must be undertaken to defi nitively diagnose or exclude MFS in the presence of 
EL [ 5 ]. The subluxation is due to weaknesses of the lens  - zonular fi bres secondary 
to abnormal fi brillin. Fibrillin-1 is a critical structure in these zonules, and thus it is 
unsurprising that these are affected in MFS. Subluxation of the lens is usually bilat-
eral and symmetrical. Occasionally, complete dislocation of the lens into the vitre-
ous cavity or into the anterior chamber can also occur. The subluxation of the lens 
usually occurs in the fi rst two decades and, in general, is stable once an individual 
reaches their twenties. The subluxed lens itself can however develop a cataract, 
which can lead to visual impairment. Occasionally a subluxed or dislocated lens 
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will become unstable resulting in fl uctuating vision [ 6 ,  7 ]. Furthermore, anterior 
subluxation of the lens may compromise the drainage angle of the eye, resulting in 
raised intraocular pressure and secondary glaucoma. 

 Often visual acuity will remain relatively good, despite subluxation of the lens. 
Optical correction with appropriate glasses or contact lenses (often to correct around 
the lens itself in the ‘aphakic’ part of the pupil) will be suffi cient to maintain ade-
quate vision. 

 If the vision becomes signifi cantly impaired by a cataract, if there is troublesome 
fl uctuation of vision caused by the instability of the lens, or if an individual is intol-
erant to aphakic glasses or to contact lenses then surgical correction should be con-
sidered [ 3 ]. The current surgical technique for lens dislocation/subluxation in 
Moorfi elds Eye Hospital is the operation of vitreolensectomy. This uses an approach 
through the pars plana of the eye using automated ultrasonic fragmentation and cut-
ting to remove the dislocated lens and the vitreous gel. Removal of both the lens and 
the vitreous gel minimises the chances of subsequent retinal detachment, which has 
been a signifi cant complication of previous forms of surgery for lens dislocation in 
Marfan syndrome. At the same time that this procedure is performed a detailed 
examination of the retina is undertaken and laser or cryotherapy is applied to sur-
round any areas of lattice retinal degeneration or retinal tears which might predis-
pose to retinal detachment. This form of surgery can also be applied to eyes which 
have EL and a concomitant retinal detachment; the detachment itself can be repaired 
simultaneously often using intraocular expansile gas or silicone oil tamponade. 

 Our results using this technique at Moorfi elds Eye Hospital [ 8 ] demonstrated 
that only two of a total of 40 eyes did develop a retinal detachment following such 
a procedure and these were successfully managed with further retinal surgery. 
Following the surgery itself, correction with contact lenses is often adequate (many 
individuals will have been contact lens wearers prior to the surgery). For certain 
individuals a lens implant may be considered. This procedure differs from that 
employed in standard cataract surgery where the lens capsule and lens zonular fi bres 
are intact. Where vitreolensectomy has been performed a lens implant may be 
sutured into the posterior chamber, captured in the sclera, clipped to the iris, or 
placed in the anterior chamber [ 9 ]. Surgical correction following removal of the lens 
can be undertaken simultaneously with the vitreolensectomy procedure, or as a sec-
ondary procedure at a later date.  

    Myopia 

 Myopia is more common in Marfan syndrome patients and is regarded as a minor 
diagnostic feature of MFS [ 2 ]. However, myopia itself is very common, and for this 
reason we do not feel that it serves any diagnostic utility in MFS. 

 In many cases myopia is of low to moderate degree in MFS and can easily be 
corrected with glasses or contact lenses. Where there has been substantial sublux-
ation or dislocation of the crystalline lens the Marfan patient may be rendered 
hypermetropic (long-sighted) and occasionally the refraction may be somewhat 

A. Chandra and D.G. Charteris



143

unstable. The above refractive errors can often be adequately corrected with glasses 
or contact lenses. Occasionally, however, particularly where there is a large differ-
ence in refraction between the eyes, vitreolensectomy may be performed to correct 
a refractive error.  

    Retinal Detachment 

 As outlined above, retinal detachment can occasionally occur as a complication of 
surgery to remove a lens which is dislocated or subluxed. This complication is now 
much less common using the modern viteolensectomy approach. Retinal detach-
ment may occur in the absence of prior lens surgery, with our survey suggesting this 
to be the case in up to 80 % of RD cases in MFS [ 1 ]. Surgical management of this 
may involve removal of the lens by a vitreolensectomy procedure if EL is concomi-
tant. Other manoeuvres would include a combination of laser or cryotherapy, intra-
ocular gas injection (occasionally silicone oil may be used as a tamponade) and a 
silicone plastic explant placed around the eye. Generally such techniques will be 
successful, although in 30–40 % of cases detachment surgery will require subse-
quent procedures to stabilise the retina [ 1 ]. 

 In a small percentage of cases the detachment will be caused by a giant retinal 
tear (defi ned as a retinal tear greater than 25 % of the circumference of the eye). 
Again, this will require vitrectomy procedure and may require silicone oil to be 
used as the tamponading agent.  

    Other Ophthalmic Problems 

 Strabismus (squint) is more common in Marfan syndrome individuals [ 10 ] and may 
in some cases be associated with amblyopia. Abnormalities of the anterior chamber 
can rarely be associated with raised ocular pressure (and sometimes glaucoma [ 11 ]) 
and occasionally dislocation of the lens into the anterior chamber can produce acute 
glaucoma. This type of lens dislocation can result in an acutely painful eye and 
requires urgent ophthalmic management. Finally, the cornea of patients with MFS 
is reported to be thinner and fl atter than the normal population [ 12 ]. It is therefore 
not advisable for these patients to consider corneal refractive surgery.  

    General Ophthalmic Management in Marfan Syndrome 

 It is advisable that an ophthalmologist examines individuals with MFS or a family 
history of MFS at an early age. Regular checks of visual acuity and refractive error 
should also be carried out to detect any development of lens abnormalities in chil-
dren. An optometrist or an ophthalmologist may carry these out. It is probably 
advisable that children refrain from sports where there is excessive head contact or 
deceleration, such as boxing or bungee jumping, but most sports such as football 
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and athletics are acceptable. Parents should maintain a degree of awareness for any 
loss of vision that the child may experience and seek prompt ophthalmic advice 
should this occur.     
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  12      Spinal Deformity in Marfan 
Syndrome (MFS)                     

       Nanjundappa     S.     Harshavardhana       
and     Mohammed     H.  H.     Noordeen     

          Introduction 

 Marfan syndrome (MFS) was fi rst described by the French physician Dr. Antonine 
Marfan in 1896 when he described a 5.5 year old girl named Gabrielle who had tall 
stature, long and slender limbs, with an asthenic build (dolichostenomelia) [ 1 ]. It is 
one of the most common inherited connective tissue disorders and is transmitted as 
an autosomal dominant trait characterised by complete penetrance, but with vari-
able expressivity. The disorder is attributed to a mutation involving the Fibrillin 
(FBN-1) gene located on the long arm of chromosome 15 (i.e. 15q21) that shows 
striking pleotropism with clinical variability [ 2 ]. A family history of MFS with an 
affected fi rst degree relative is usually present in 75 % of the instances. Up to 25 % 
of affected patients may not have a family history and they may represent a de novo 
mutation of FBN-1 [ 3 ]. The incidence of MFS is estimated to be 1–3 per 10,000 in 
the population and it affects both sexes equally often [ 4 ]. The diagnosis is largely 
clinical and is characterised by cardinal features that mainly affect three major sys-
tems, that is,

•    The skeletal,  
•   The ocular, and  
•   The cardiovascular.    
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 The genetic association was fi rst established by Dietz et al. in 1991 when they 
detected a mutation of the FBN-1 gene. It shares overlapping clinical features with 
congenital contractural arachnodactyly (i.e. Beal’s syndrome), which is caused by a 
mutation involving the FBN-2 gene [ 5 ]. In fact, it is believed that Dr. Marfan’s origi-
nal description of the affected girl indicates that she probably had this condition and 
would no longer meet the current diagnostic criteria of MFS. The differential diag-
nosis includes:

•    Mitral valve prolapse syndrome,  
•   Weill-Marchesani syndrome,  
•   Loeys-Dietz syndrome,  
•   Shprintzen-Goldberg syndrome,  
•   Homocystinuria,  
•   Ehlers-Danlos syndrome,  
•   MASS (mitral, aortic, skin & skeletal) manifestation phenotype, and  
•   Beals syndrome.    

 Fibrillin-1 is an extracellular matrix glycoprotein that is essential for fi brinogen-
esis and is present in connective tissues, including bone. The mutations increase the 
susceptibility to proteolysis leading to the fragmentation of microfi brils, which 
causes changes in cell-to-cell signaling through the latent transfer binding protein. 
The abnormalities of fi brillin also cause a loss of inhibitory effect on transforming 
growth factor beta (TGF-β) which affects the microfi bril structure systemically, 
resulting in the dysfunctional signaling of TGF-β that is implicated in the patho-
physiology of MFS. Similarly increased TGF-β activation and signaling, secondary 
to mutations involving the TGFBR1 and TGFBR2 genes located on chromosomes 
9 and 3, are also observed in patients with other Marfan-related disorders [ 6 ]. 

 Children born with this condition are normal at birth with normal mentation, but 
the clinical manifestations become more evident with increasing age. The natural 
history is premature mortality, usually secondary to a cardiovascular event. Since 
the 1970s, with advances in cardiac sciences, surgeries focused on the aortic valvu-
lar area have signifi cantly increased the longevity of these patients to near normal in 
contemporary era [ 7 ].  

    Diagnosis 

 MFS is characterised by cardinal skeletal features that include tall stature with thin 
habitus and long slender digits (arachnodactyly). The most common skeletal mani-
festation is scoliosis, which is seen in at least 60 % of the patients [ 8 ]. Chest cage 
deformities, i.e. pectus excavatum/ carinatum, are also common. They typically 
have arm span to height ratio of >1.05 with a decreased upper segment to lower seg-
ment (US:LS) ratio. Pes planus and protrusio acetabuli are also not uncommon. 

 The Ghent nosology has incorporated the clinical features of seven systems, and 
determines whether major/minor criteria and systemic involvement are present. The 
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major criteria are infrequent in other CTD and have high specifi city. Nevertheless, 
debate persists to this day as to whether the Ghent nosology is too stringent and 
excludes truly affected MFS cases [ 9 ]. Further details of testing for MFS and the 
merits and limitations of these criteria are discussed in more detail in other chapters. 
The overall consensus, however, is to let the geneticist (rather than the clinician) 
apply the stringent Ghent nosology in the clinical diagnosis of MFS.  

    Scoliosis in MFS 

 The axial skeleton is the most commonly affected part of skeletal system in 
MFS. The reported incidence of scoliosis in established diagnosis of MFS varies 
from 40 to 60 % [ 10 ]. In 1939, the fi rst reported series, published by Fahey et al., 
had 45 scoliosis patients from 132 MFS cases [ 11 ]. Subsequently, Sinclair et al. 
(1960), Wilner et al. (1964), and Scheier et al. (1967) observed scoliosis of mild to 
moderate severity [ 12 – 14 ]. Ford et al. (1968), in their review of MFS, found at least 
13 % of patients had severe scoliosis which required aggressive bracing, fusion, or 
both [ 15 ]. Sliman et al. (1971) were the fi rst to observe striking similarities and 
unique differences between the scoliosis of MFS vs. idiopathic etiology, and they 
concluded that MFS scoliosis has a poorer prognosis [ 16 ]. Robins et al. (1975) 
reported a 44 % incidence of scoliosis (35 out of 64 MFS patients with scoliosis) 
and observed poor response to treatment with a Milwaukee brace (MB) [ 17 ]. Spinal 
fusion with Harrington instrumentation yielded a 41 % correction with an average 
loss of 7 °  over 2.3 years of follow-up [ 17 ]. Sponseller et al evaluated 113 patients 
with MFS from their hospital database and found that 82 of them were skeletally 
immature. 52 out of 82 patients had scoliosis, and all but two (i.e. 50 out of 82) had 
scoliosis which was convex to the right [ 18 ]. The incidence of scoliosis in their 
series was 60 %. The thoracic spine was the most common region affected, followed 
by the thoracolumbar junction. Though these curves resembled the idiopathic curve 
type/pattern, certain unique features were evident. MFS patients had a higher inci-
dence of having double thoracic or triple major curves. In addition, on the sagittal 
plane, there was a loss of thoracic kyphosis (TK) with reversal to thoracic lordosis 
in the most severe cases [ 18 ]. This, coupled with pectus excavatum, resulted in a 
reduced AP diameter of the chest with resultant mechanical compression of the 
large airways, which predisposed these patients to recurrent chest infections. Fewer 
patients had hyperkyphosis (i.e. TK of >50 ° ) which was seen in 40 %. 

 The scoliosis in MFS differs signifi cantly from idiopathic scoliosis by having 
rapid progression with a poor response to non-operative treatment. Furthermore, 
vertebral morphology is affected signifi cantly, which makes operative treatment 
challenging. The key fi ndings in vertebral bodies and posterior elements in children 
with MFS scoliosis include [ 19 ]:

•    Narrow pedicles,  
•   Vertebral and sacral scalloping,  
•   Wide transverse processes,  
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•   Thin laminae, and  
•   Low bone mineral density (BMD).    

 There is a high prevalence of lumbosacral transitional vertebra, and the presence 
of spondylolysis/spondylolisthesis is also not uncommon. Sponseller et al studied 
the sagittal plane deformity in MFS and proposed a classifi cation to describe it. The 
two main sub-groups identifi ed were (i) Transitional vertebra at or above L2, and 
(ii) Transitional vertebra below L2. Further sub-types for these two main sub-groups 
are illustrated in Table  12.1  [ 18 ]. They emphasised evaluating the sagittal profi le in 
choosing fusion levels for scoliosis correction to avoid junctional problems (i.e. 
proximal junctional kyphosis [PJK] and distal junctional kyphosis [DJK]). 

   Table 12.1    The Sagittal profi le classifi cation in Marfan syndrome [ 21 ]   

 Type I  Normal transitional zone 
(at or above L2) 

 Normal kyphosis (20 ° –50 ° ) 

      

 Hypokyphosis (≤19 ° ) 

      

 Hyperkyphosis (≥51 ° ) 

      

 Type II  Abnormal transitional zone 
(below L2) 

 Long kyphosis 

      

 Reversal of direction 
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Multi- planar deformities (i.e. kyphoscoliosis) with chest cage deformation second-
ary to pectus excavatum/carinatum pose unique challenges and are often fraught 
with life- threatening risks. Multi-disciplinary input with the involvement of a cardi-
ologist, respiratory physician, paediatrician, thoracic surgeon, in addition to a spinal 
surgical team is desired to optimise surgical results and outcomes.

   Increasingly, medical rapid prototyping technology (RPT) based on three- 
dimensional printing principles is used to replicate 1:1 scale models, which helps to 
better illustrate the underlying deformity, counsel patients and parents, and plan the 
surgical correction prior to intraoperative correction [ 20 ]. Evidence exists which con-
fi rms this to be a standard of care in complex spinal deformity vertebral column resec-
tion (VCR) surgeries [ 21 ]. One such case example of an RP model in a patient with 
complex multi-planar congenital spinal deformity along with its three- dimensional 
computed tomography reconstruction (i.e. 3D CT) scan is illustrated in Fig.  12.1 .

  Fig. 12.1    Illustrative case example of a rapid prototyping (RP) model of a severe congenital 
multi-planar spinal deformity with 3D-CT reconstruction images       
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   The appendicular skeleton is also involved, producing leg length inequality 
(LLE), angular deformities of the lower extremities, pes planus, and fl exion con-
tracture at the elbows. Protrusio acetabuli was also found to be common [ 22 ] (See 
the rheumatological manifestations of MFS and the surgical management of pectus 
excavatum/carinatum in other chapters of this book).  

    Cervical Spine 

 Patients with MFS have a loss of normal cervical lordosis or reversal of lordosis 
with cervical kyphosis on sagittal evaluation. The incidence of cervical kyphosis 
was 16 % (i.e. one in six) and at least 36 % of the patients had basilar impression 
(i.e. cranial setting) [ 23 ]. In addition, they also have increased atlanto-axial 
movement on fl exion-extension movement, particularly in children, who are at a 
risk of developing atlanto-axial rotatory subluxation in up to 20 % of the 
instances. Ligamentous laxity with some degree of muscle hypotonia is believed 
to be the causative factor behind these manifestations. Surprisingly, the inci-
dence of cervical stenosis was rare and no more than 2–3 % [ 23 ]. The incidence 
of neck pain was similar to age- and sex-matched controls without MFS. The 
overall risk of neurological complication in MFS is rare, and routine screening 
radiographs of the neck in all patients with MFS, prior to a general anaesthetic, 
is not recommended. Patients with MFS ought to refrain from playing contact 
sports (to protect the aorta and the lens of the eye) and any sports that cause high 
impact loading of the cervical spine (in particular, diving, weight lifting, and 
American football) [ 23 ].  

    Dural Ectasia 

 Dural ectasia (DE) refers to the widening of the thecal sac and nerve root sleeves in 
the caudal portion of the spine. There is a high incidence of DE in MFS (56–92 %) 
and DE is not necessarily pathognomic of MFS [ 24 ]. Other conditions where it is 
commonly present include neurofi bromatosis, Ehlers-Danlos syndrome, tumors, 
trauma, congenital scoliosis, and ankylosing spondylitis. In fact DE is the second 
most common manifestation of MFS after aortic dilation/dissection. The Ghent 
nosology recommends screening for DE, indicating its presence as high in impor-
tance for the diagnosis of MFS. CT and MRI scans detect DE with high sensitivity 
and specifi city. The receiver operator characteristics (ROC) curve demonstrates a 
large area for both CT (0.863) and MRI (0.910), with the MRI being superior in 
addition to the added advantage of eliminating irradiation [ 25 ]. An index case 
example of MFS with dural ectasia as seen on T 2  weighted coronal and sagittal MRI 
images is illustrated in Fig.  12.2 . One of the most widely used criteria for describing 
DE in MFS is the one proposed by Ahn et al., and it is summarised in Table  12.2 . It 
comprises major and minor criteria and they recommended a volumetric  gold 
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standard  criteria for the diagnosis of DE to be a volume of >7 cm 3  (i.e. more than 
two standard deviations [SD] above the mean for normal controls) when measured 
from the caudal to inferior end plate of the L 5  vertebra [ 25 ].

    DE develops owing to hydrostatic pressure exerted upon inherently weakened 
dura and it is invariably present below L 5  owing to this vertebra having the greatest 
fl uid pressure in the most caudal portion of the spine. Its incidence increases as the 
patient ages [ 26 ]. DE most commonly causes intractable back pain or severe head-
aches, and neurological defi cit necessitating decompression surgery. Patients can 
also be completely asymptomatic, and incidentally detected DE on advanced imag-
ing can be seen in up to 40 % of MFS children. The natural history of DE is unknown 
and a diagnostic criterion to aid in the evaluation of DE in children is yet to be 
developed.  

  Fig. 12.2    A T 2  weighted MRI scan of the lumbar spine showing dural ectasia in a patient with 
Marfan syndrome. The lateral extensions of dura around the S 1  nerve root sleeves are indicated in 
 white arrows        

   Table 12.2    The Ahn criteria for the description of dural ectasia in Marfan syndrome [ 28 ]   

 Major criteria  Minor criteria 

 1. Width of dural sac below L5 > width above L4 
 2. Anterior sacral meningocoele 

 1. L5 nerve root sleeve diameter >6.5 mm 
 2. S1 scalloping >3.5 mm 

  Dural ectasia exists if one major or two minor criteria are present  
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    Spondylolisthesis 

 Patients with MFS have twice the incidence of spondylolisthesis compared to the 
general population (5–6 % vs. 2–3 %) [ 27 ]. The spondylolisthesis of MFS tend to 
be of an usually higher Myereding grade, with at least twice the slip angle (i.e. 
30 %), in comparison to normal cohorts (whose average slip angle is 15 %). The slip 
angle further increased to an average of 60 % with the presence of scoliosis. Patients 
with bilateral pars defects had a high risk of progression owing to the vertebral body 
and sacral scalloping with DE. Symptomatic spondylolisthesis mandates the exten-
sion of instrumentation/inclusion of the pelvis in spinal fusion, which is fraught 
with complications such as pseudoarthrosis, dural leak, risk of arachnoiditis, and 
pseudomeningocoele. To this day, there is no published case series that has reported 
the surgical results of spondylolisthesis in MFS. Winter (1982) and Taylor (1987) 
have published case reports recommending either decompression with in-situ 
postero- lateral fusion or decompression with reduction and circumferential 360 °  
fusion as treatment strategies [ 28 ,  29 ].  

    Bone Mineral Density (BMD) and Protrusio Acetabuli 

 There is a component of low BMD, especially in adult males with MFS who had an 
average T score of −1.54 (osteopenia) [ 30 ]. The BMD in adolescents and females was 
surprisingly found to be within normal limits, for reasons unknown, in a series of 51 
patients (30 adults and 21 children) studied by Giampietro et al. [ 30 ]. Further evidence 
is needed to defi ne the role of anti-osteoporotic medications (bisphosphonates, selec-
tive estrogen receptor modulators [SERM], etc) before their routine prescription for 
MFS. The incidence of protrusio acetabuli in MFS was reported to be at least 30 % and 
was independent of BMD of the hip and pelvis [ 31 ]. Protrusio acetabuli was purely a 
radiographic fi nding that did not correlate with the clinical symptoms and its presence 
alone was not felt to be an indication to either justify or recommend surgery.  

    Treatment of Scoliosis in MFS 

 The scoliosis of MFS closely resembles that of idiopathic scoliosis and the manage-
ment in this chapter is therefore discussed along those lines. As in idiopathic scolio-
sis, management is covered under the following three sub-groups depending on age 
at the manifestation of scoliosis [ 32 ]:

    (i)     Infantile: from birth up to 3 years   
   (ii)     Juvenile: between 3.1 and 9.9 years   
   (iii)     Adolescent/Adult scoliosis: age ≥10 years.    

  Some professionals group the infantile/juvenile forms as one single entity and 
discuss them under the broad category ‘early-onset scoliosis’ (EOS), which is the 
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manifestation of spinal deformity in children aged ≤9.9 years [ 33 ]. The treatment of 
scoliosis in this chapter is therefore covered under two broad sub-groups, namely, 
(1) Early-onset scoliosis, and (2) Adolescent/adult scoliosis, with an emphasis on its 
surgical management with practical operative tips. 

    Early-Onset Scoliosis (EOS) in MFS (Infantile 
and Juvenile Sub-types) 

 Infantile scoliosis is the most severe form of MFS and almost all patients have an 
affected fi rst degree relative diagnosed with MFS. It presents with severe deformity 
and often a kyphoscoliosis that progressed rapidly. In a series of 14 MFS patients 
with infantile scoliosis, Sponseller et al observed 13 of them had a family history of 
MFS [ 34 ]. The authors studied eight boys and six girls and observed that all had 
motor developmental delay. Longevity was signifi cantly reduced, with mean sur-
vival of 13 years, and four patients died due to cardiac problems before their tenth 
birthday. Nine patients were treated by bracing and it was ineffective in all (i.e. 0 % 
success with a brace), despite wearing it for an average of 11 h/day for a mean of 
3.3 years. The most common curve pattern was a double major curve (right thoracic 
and left lumbar) and 12 patients were treated with surgery. The curve magnitude 
ranged from 60 °  to 80 °  at the time of surgery. Instrumented posterior spinal fusion 
(PSF) was performed using Luque wires in fi ve and a Harrington rod in four patients. 
Posterior instrumentation with Luque wires and a Harrington rod without fusion 
was performed in the remaining three patients. Anchor dislodgement and rod break-
ages were a rule, rather than an exception, and revision surgery was needed in fi ve 
patients. They reported a modest 20 % mean correction of scoliosis at the 5 year 
follow-up, with the mean longevity being 13 years (range: 7–25 years). The overall 
results of bracing for MFS are poorer than those for idiopathic scoliosis, and the 
results of one reported study were 17 % [ 35 ]. 

 Conventional growing rods (CGR) had been the mainstay in the surgical man-
agement of EOS in MFS in the past. Dual rods, inserted subcutaneously, subfas-
cially, or submuscularly were the standard of care until the end of the last decade. 
They could be inserted by making two tiny skin incisions, and then anchored to the 
proximal spine (or rib) anchors and spine (or pelvis) anchors distally, followed by 
rail-roading the growth rod linked with extensible domino or tandem connectors, 
which would be lengthened under general anaesthesia on a regular four to six 
monthly basis. Sponseller et al reported a series of ten patients treated with three 
single and seven dual growing rods and observed a mean curve correction of 51 % 
[ 36 ]. The mean age at surgery was 5.3 years and the mean duration of treatment 
with CGR was 5.25 years. Dual rods produced better correction than single rods, 
with reduced incidence of implant-related complications (anchor dislodgements 
and rod breakages). Defi nitive spinal fusion was performed on fi ve patients after a 
mean of 5.5 years, following CGR insertion. 

 Magnet-driven growing rods (MdGR) are novel implants recently approved by 
USFDA and NICE for EOS and are the currently recommended standard of care for 
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all etiologies of EOS, with a remaining growth potential of at least 3 years [ 37 ]. 
They eliminate the need for invasive lengthenings under anaesthesia by offi ce-based 
expansions and are reported to improve pulmonary function, especially in neuro-
muscular and syndromic scoliosis at 2 years [ 38 ]. There are at least fi ve published 
studies reporting their early clinical results which are all very encouraging [ 39 – 43 ]. 
There are no published case reports to this day in the English language highlighting 
their use in MFS. The senior author (MHHN) has now inserted MdGR in a few MFS 
patients. Two such case examples of EOS secondary to MFS, treated by single and 
dual MdGR insertions, in two and a half and seven year old boys are illustrated in 
Figs.  12.3  and  12.4  respectively. A detailed description of our preferred surgical 
technique is as described below:

       Surgical Technique 
 The patient was placed in prone position under general anaesthesia with endotra-
cheal intubation on a Montreal mattress with adequate padding of all the pressure 
points. Special care was taken to avoid hyperextension of the upper extremities, 
which carried the risk of causing brachial plexopathy [ 44 ]. Pre-operative planning 
was undertaken to determine the anchor/instrumentation vertebrae guided by the 
curve characteristics. Our preference is to use a spine – spine anchor construct with 
all pedicle screw anchors for distal fi xation and hybrid fi xation for proximal anchors 
(pedicle screws and transverse process [TP] hooks). We prefer to have six points of 
proximal fi xation and at least four distal fi xation points in all cases. Abnormal 
lumbo-sacral transition or large dural ectasia with vertebral/sacral scalloping may 
warrant instrumentation to the pelvis and the use of iliac bolt fi xation (our preferred 
method of pelvic fi xation) or S2-Ala screws. Two separate skin incisions were made 
in the midline at the proximal thoracic spine (usually T2–T5 vertebra) and at the 
distal thoracolumbar/lumbar spine, exposing the predetermined fusion levels. 
Pedicle screws of appropriate length and diameter were inserted into the T3 and T4 
vertebrae bilaterally by free-hand technique. Two down-going transverse process 
hooks were inserted into T2 and remained fl ush to the bone at all times in order to 
minimise the risk of apical pneumothorax. Two more pedicle screws were then 
inserted into the previously determined vertebrae as distal fi xation anchors. A fl ex-
ible rod template was used to measure the length of the rod needed and the MdGR 
was cut to the desired length. Care was taken to ensure that the actuator area con-
taining the magnet remained straight at all times, which is crucial for the integrity 
of the magnetic coil system. Appropriate sagittal contouring dictated by the curve 
profi le/patient characteristic was then given to the MdGR to facilitate the ease of 
insertion. The functioning of the magnetic coil was tested with the handheld device 
before its fi nal insertion. 

 A 24G chest tube was then used to rail-road the rod submuscularly in a caudo- 
cranial fashion on the concave side and then it was attached to the fi xation anchors, 
starting with the pedicle screws distally. The rod was attached to the hybrid con-
struct cranially (hooks and pedicle screws). The posterior elements were then decor-
ticated and mixed with bone marrow aspirate obtained at the time of the pedicle 
screw insertions. 10–20 mg of silicated calcium phosphate (SiCaP) granules were 
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  Fig. 12.3    A 2.5 year old 
Marfan syndrome boy with 
infantile kyphoscoliosis 
treated with a single 
submuscular insertion of a 
magnet-driven growing rod 
(MdGR). Preoperative, 
1 year, and three and half 
years postoperative 
radiographs are shown       
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  Fig. 12.4    A 7 year old Marfan syndrome boy with juvenile scoliosis and pectus excavatum treated 
with a novel magnet driven growing rod (MdGR) implant – dual rod insertion. Preoperative and 
postoperative PA and lateral radiographs are shown       
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mixed with native/host bone and then laid over both the proximal and distal fi xation 
anchors. An index case, from a 7 year old child with juvenile MFS, illustrating our 
above technique with the use of a dual MdGR and having a T2–L3 fi xation is shown 
in Fig.  12.4 . Our preference is to use a dual rod construct whenever possible. We 
have used single rods (SR) in a few rigid multi-planar curves (especially those with 
severe kyphosis/kyphoscoliosis). SR are also particularly helpful for severe sagittal 
plane deformities, which provide fl exibility with a creative design confi guration and 
tension-free soft tissue/skin closure. 

   Post-operative Care and Rehabilitation 
 A chest radiograph is taken during recovery to ensure that the lung tissue is well 
expanded and rule out a spontaneous pneumothorax or secondary to TP hook inser-
tion. The child should be allowed to sit-up, with head end elevated to 30 ° –40 °  with 
effect from day one and erect with effect from post-op day two. We let most of the 
children begin mobilisation from post-op on day two and they are discharged on 
day three or four. We do not routinely use orthosis following MdGR insertion, and 
we begin serial lengthening at 3 months post-op, and at two to three monthly inter-
vals thereafter. Simple stretching exercises and school PT can be resumed at 
3 months postoperatively. Contact sports and horse-riding are prohibited for at 
least 6 months. The initial 3 months of close observation with minimal physical 
activity ensures adequate arthrodesis at the anchor sites prior to commencing regu-
lar/serial distractions. All lengthenings are performed in offi ce, wherein a hand-
held magnetic wand is used to locate the precise area of the magnetic coil. Low-dose 
chest x-rays or ultrasound (USG) are performed after each distraction to confi rm 
that the spine has indeed lengthened and we document the distraction achieved in 
millimetres [ 45 ]. 

 Traditional teaching in the past was to refrain from performing spinal surgery in 
patients aged <4 years, owing to the severe cardiac involvement, as large curve 
magnitude combined with poor cardiac reserve precluded one from undertaking 
surgical correction safely [ 34 ]. The rationale that such children would succumb 
spontaneously to cardiac failure was used to justify such a stand. Serial casting, 
though an option as a delaying tactic or time-buying strategy, is discouraged because 
of the restrictive effect it imposes on the lungs and its burden on cardiac physiology. 
However, with advances in infantile cardiac surgeries, this is being successfully 
challenged. One such case example of a 2.5 year old boy with neonatal MFS, pre-
senting with severe kyphoscoliosis which was treated by a novel magnet-driven 
growing rod (MdGR) and operated on by the senior author with a follow-up of 
3.5 years, is illustrated in Fig.  12.3 . The top row depicts the preoperative radio-
graphs (PA and Lateral) showing a left thoracic infantile scoliosis of ≥70 ° . A mean 
22.3 mm length gain was achieved at one year post-op (middle row radiographs) 
following a single submuscular MdGR insertion. However, despite satisfactory 
curve containment in the coronal plane, there was a worsening of sagittal balance 
with thoracic hyperkyphosis at 3.5 years postoperatively (bottom row radiographs). 
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Such a phenomenon appears to be a rule than an exception, irrespective of the surgi-
cal option exercised. Early defi nitive spinal fusion is not recommended, as it causes 
a disproportionately short upper segment with a truncal height of <220 mm result-
ing in thoracic insuffi ciency syndrome (TIS) [ 46 ].    

    Adolescent and Adult Scoliosis in MFS 

 Surgical correction of scoliosis is eventually needed in at least 10–15 % of MFS 
patients [ 17 ,  18 ]. Defi nitive spinal fusion is usually performed when the patient has 
attained skeletal maturity/completed growth (i.e. Risser Gr. ≥IV). A preoperative 
MRI/CT scan is mandatory to evaluate for posterior element defect/dural ectasia to 
minimise the risk of durotomy during surgical exposure. Selective fusion of either 
the thoracic or thoraco-lumbar/lumbar curve is not recommended and long fusion 
tends to be the rule. 

 Unlike with idiopathic scoliosis, the surgical correction of MFS is associated 
with higher intraoperative blood loss, and the use of intraoperative anti-coagulants 
(i.e. έ-amino caproic acid (EACA) or tranexemic acid) with an intraoperative cell- 
saver is recommended to minimise the blood loss. A higher incidence of inadvertent 
durotomy (8 %), pseudoarthrosis rate (21 %), deep infection (8 %), loss of correc-
tion achieved with time (30 %), laminar fractures (8 %) and implant failure (anchor 
dislodgement or rod breakage) is also reported [ 47 ,  48 ]. The ligamentous laxity and 
attenuated muscle tone pose unique sagittal plane challenges. MFS patients have a 
higher risk of developing proximal junctional kyphosis (PJK) or distal junctional 
kyphosis (DJK). Meticulous attention during surgical exposure with retention of the 
midline soft tissue structures (i.e. the supraspinous and interspinous ligaments) and 
inclusion of the fi rst lordotic disc (on standing sagittal radiographs) in the instru-
mentation/construct minimises such events (i.e. PJK and DJK). Instrumentation to 
the pelvis may be inevitable in the presence of dural ectasia with vertebral 
scalloping. 

 Our preference is to correct the scoliosis using a low implant density index (IDI) 
construct (i.e. IDI of ≤1.5) with either all pedicle screws or a hybrid construct 
employing a combination of cantilever, translation, and derotation (CTD) tech-
niques adhering to the Noordeen adolescent idiopathic scoliosis (AIS) curve clas-
sifi cation algorithm to aid in the selection of fusion levels [ 49 ]. Our algorithm 
identifi es three main curve patterns which are further subdivided into two sub-types 
(depending on the position of the shoulder on the convexity of the curve – i.e. up or 
down in relation to its counterpart on the concavity) yielding six different curve pat-
terns as illustrated in Fig.  12.5 . As a rule, we do not perform or recommend selective 
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fusion of scoliosis in MFS. An index case example of such a correction in a 15 year 
old boy is illustrated in Fig.  12.6 . We do not routinely use BMP or harvest an iliac 
crest bone graft (ICBG) to achieve arthrodesis. The gold standard ICBG is fraught 
with complications including, but not exclusively limited to, donor site morbidity, 
iliac wing fractures, prolonged hospital stay, iliac hematoma, etc. Our preference is 
to use silicated calcium phosphate (SiCaP) granules mixed with local autologous 
bone (spinous process and decorticated posterior elements) to achieve fusion. The 
use of a low IDI construct minimises implant costs associated with scoliosis correc-
tion without compromising clinical results or causing a loss of correction with time.

       Practical Operative Tips to Improve Safety and Outcomes [ 48 ] 
•     Positioning the patient in the Trendelenburg position to minimise ballooning of 

the distal dura  
•   Avoiding the use of sublaminar wires to minimise the risk of inadvertent durot-

omy in the current era of pedicle screws which are ‘ gold standard ’ anchors for 
surgical correction  

•   Aiming to achieve 50–60 % curve correction to avoid curve decompensation 
which could potentially result in excessive correction (i.e. >75 %)  

•   Avoid using laminar hooks as anchors (as there is a risk of laminar fractures and 
steel stenosis)  

•   Anaesthetic induction under the supervision of a cardiac anaesthetist with post-
operative care in a cardiac ICU/cardiac fl oor, instead of a general orthopaedic or 
surgical fl oor.       

2A 2B

3A 3B1A 1B

  Fig. 12.5    The Noordeen AIS curve classifi cation algorithm: six types of AIS curves.  1  structural 
thoracic curve.  2  structural thoracic & thoraco-lumbar/lumbar curve.  3  structural thoraco-lumbar/
lumbar curve. Sub-types  A  convex shoulder is  up. B  convex shoulder is  down        
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    Conclusion 

 In summary, MFS is a systemic connective tissue disorder with scoliosis as one 
of its skeletal manifestations. Though the curve type and pattern mimics idio-
pathic scoliosis, distinct characteristics exists that differentiate MFS scoliosis 
from idiopathic scoliosis. Curves <20 °  largely remain unchanged and children 
should be observed until skeletal maturity for progression of the deformity. 
Bracing plays a small role, since scoliosis is usually resistant to bracing with 
poorer results, and it is indicated for curves with a Cobb angle of 21 ° –40 °  in the 
juvenile age group. Serial casts and braces may delay the need for growing rod 

  Fig. 12.6    A 15 year old Marfan syndrome boy with adolescent scoliosis treated with posterior 
instrumented spinal fusion using a low implant density index (IDI) construct. Preoperative and 
postoperative radiographs are shown       
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insertion/growth guided procedures in infantile scoliosis or neonatal MFS, which 
is often most severe and extremely diffi cult to treat. Curves >40 °  usually prog-
ress, which ultimately warrants surgical management. Understanding the verte-
bral morphological differences of the scoliotic spine in MFS is of paramount 
importance when planning and executing surgical correction. 

 Neonatal MFS produces some of the most severe multi-planar spinal deformi-
ties with signifi cant cardio-pulmonary compromise. These patients usually live 
up to young adulthood and beyond with advances in cardiac care and pharmaco-
therapeutic treatment with β-blockers and Angiotensin converting enzyme 
(ACE) inhibitors [ 50 ]. Advances in growing rod technology with magnet-driven 
growing rods (MdGRs) are a boon to such vulnerable young children, since they 
eliminate the need for repetitive anesthesia and serve as an internal brace, guid-
ing the curve correction with growth. Early defi nitive spinal fusion is not recom-
mended, for it leaves an individual with a short trunk, manifesting with thoracic 
insuffi ciency syndrome (TIS) [ 46 ]. 

 Juvenile scoliosis in MFS is best treated by bracing for moderate curves, and 
then growth guided procedures for those with severe/progressive curves (i.e. 
Growing rods: magnet-driven or conventional/Shilla technique/Luque-Trolley 
instrumentation, etc). MdGRs are increasingly becoming the standard of care for 
most aetiologies of early-onset scoliosis (EOS) and MFS is no exception. They 
have an added advantage of facilitating minimal absence from school, with nor-
mal psychological maturation, scholastic performance, with one-off surgery and 
serial offi ce-based lengtheni.ng. 

 Patients with MFS needing scoliosis surgery have a higher risk of curve 
decompensation with excessive correction, incidental durotomy, and periopera-
tive complications, compared to surgically treated idiopathic scoliosis patients 
[ 47 ,  48 ]. Dural ectasia (DE) may pose signifi cant challenges and warrant instru-
mentation to the pelvis in select cases, owing to poor bone stock or vertebral 
scalloping which has a higher complication rate (i.e. pseudoarthrosis and implant 
failure). 

 Co-existent chest cage deformities may warrant surgery to increase the AP 
diameter of the chest and normalise the space available for the lungs (SAL) by 
using a Nuss bar for pectus excavatum [ 51 ]. The Nuss bar may cause a worsen-
ing of the kyphosis with paraparesis, warranting a high-risk vertebral column 
resection (VCR), and treating surgeons should be aware of this potential scenario 
[ 52 ]. The surgical correction of scoliosis in MFS should be undertaken at spe-
cialist centers with multi-modal intraoperative neuro-monitoring (IONM) in a 
safe manner. A preoperative work-up with CT/MRI/DEXA scans and medical 
optimisation and attention to detail improves the surgical outcome and fi nal 
results.     
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      Rheumatological Aspects 
of Marfan Syndrome                     

       Anne     H.     Child       and     Rodney     Grahame     

          Introduction 

 Locomotor symptoms are frequent and troublesome in the Marfan syndrome [ 1 ,  2 ]. 
Close involvement with rheumatologists and orthopaedic surgeons may be indi-
cated to manage painful joint hypermobility and its complications in early to mid- 
life, and, with increased longevity, degenerative joint disease in later years. Seventy 
per cent of children experience symptoms of arthralgia, back pain and ligament 
laxity and injury [ 1 ]. The earliest complaints of the child are often knee pain or 
ankle pain necessitating rest and analgesia. These symptoms, if not appreciated by 
parents and teachers, may lead to the belief that the child is not trying to participate 
in family outings or school sporting activities. It is important to allow the child to 
participate to the extent of his or her ability, but to permit rest, or to terminate the 
family outing, if the child cannot keep up. Taking a pushchair on family outings 
makes it a more pleasant activity for all concerned. Allowing the child to act as a 
referee or a goal keeper or play the least demanding role on the team at school is 
helpful. Weak ankles and knees, combined with poor eyesight may make the chil-
dren appear clumsy in sporting activities, and they soon lose interest. It is important 
to wear sports shoes with ankle support, and even arch supports and heel cups, to 
render the gait more controlled. Ankle and knee supports may be worn to stabilise 
these joints, which are prone to recurrent sprains, and in some cases patellar disloca-
tion. In severe cases, surgical fusion of the ankle, or shortening of the patellar liga-
ments may be helpful. Patients should be taught to gently reduce recurrent 
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dislocations of patellae, fi ngers and toes. These joints gain stability with passing 
years. Wrist or fi nger splints may help to stabilise the loose wrist, thumb or fi ngers, 
and render writing neater. If the hand tires, especially during examinations, extra 
time should be given. Using fat pens or pencils, which may be built up, makes the 
handwriting more legible. For older children, the use of a laptop computer, or even 
a tape recorder to record lessons, may avoid the need for handwritten notes.  

    Preventive Measures 

 Back and neck pain may be eased by ensuring correct posture. Some patients fi nd 
learning the Alexander method of correct posture at all times, very helpful. 
Stretching exercises may be taught by a physiotherapist, and sitting for long periods 
of time should be avoided. It is essential that the chair and desk are of adequate 
height for the tall child and adult, so that they do not stoop. It is important that com-
puter screens and keyboards are at the correct height to avoid neck and eye strain.  

    Medical and Surgical Management 

 Flat, long, thin feet, often with hammer toes, require very careful shoe fi tting with 
orthotics, and for the largest and most diffi cult feet, hand-made shoes may be the 
only solution. Surgery for hammer toes can be helpful, but frequently this deformity 
recurs after surgery, so it may be best just to purchase shoes with extra depth to 
allow room for the toes. Men with Marfan syndrome are especially prone to spon-
dylolisthesis, and should avoid gaining weight in middle age, and heavy lifting at all 
ages. In approximately 5 % of all families, there is a tendency to early osteoarthritis, 
and the hip joint may need replacing by the age of 50. Protrusio acetabulae is known 
to occur with increased frequency [ 3 – 5 ]. 

 Because of the overgrowth of ribs, pectus deformities may result, and even with-
out this, a tendency to costochondritis, especially in rapidly growing adolescents, 
may lead to worries about chest pain coming from the heart. This is best treated with 
reassurance, non-steroidal anti-infl ammatory medication, review of possible trig-
gering events such as playing tennis, and if all else fails, intra-articular injection 
with steroids. In general, steroid injections should be used as a last resort, as they 
suppress collagen production. Certainly repeated injections are discouraged. 

 Physiotherapists and occupational therapists may be of great assistance, pro-
vided that they are informed that they are not dealing with normal joints. Exercises 
alone will not markedly strengthen genetically weak ligaments or muscles, although 
they are helpful to maintain optimum strength. Manipulation of the spine and other 
painful joints should be gentle. 

 When prescribing medication for acute or chronic joint complaints, in the Marfan 
patient, the physician should be aware that most patients, although tall, have very 
little subcutaneous fat. Therefore, a low dose may be appropriate. In addition, gas-
tric irritation with anti-infl ammatory medication should be guarded against, with 
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simultaneous Losec and non-steroidal [anti-infl ammatory] medication. Several 
NSAIDs may have to be tried, starting with the mildest before the most effective 
one is found. 

 Should the patient come to surgery, it must be remembered that healing is often 
delayed, as indicated by a tendency to scar, or to heal with papyraceous scar. Sutures 
need to be strong, and left in somewhat longer than for the average patient. Antibiotic 
cover should also be provided to prevent endocarditis, and an experienced anaesthe-
tist should be utilised, as with all surgery, since the combination of high narrow 
palate, reduced neck extension, and fl oppy larynx may give rise to diffi culty in 
intubation.  

    Occupation and Choice of Sports 

 Fibrillin-1 is an important constituent of bone, cartilage, periosteum, as well as 
tendons and ligaments and muscle itself. It has a special function in providing inser-
tion of ligaments into bone. This explains the frequency of disability due to pain, 
dislocation or laxity in the central or peripheral skeleton, as well as skeletal muscle 
underdevelopment or hypotonia. Muscles tend to be slim and weak, and do respond 
to regular exercise, but muscle building exercises such as heavy weightlifting should 
be discouraged, as it is not realistic to expect muscle hypertrophy. It is better to 
choose sporting activities which are suited to the long, lean frame, such as cycling, 
basketball or badminton. Occupational choice may also be limited by physical abil-
ity, and patients should be encouraged to prolong their academic studies, and enter 
an occupation which is physically undemanding. Fibrillin defi ciency in muscles and 
ligaments may also play a role in the easy fatigability which affects children and 
adults alike. Depression tends to occur if the working day takes all the energy a 
patient has to give. It is better to save some energy for social or leisure pursuits. 
Similarly, some patients experience an increase in fatigability from the age of 50 
onward, necessitating early retirement if they are in a demanding occupation. 
Informed choice of a less demanding occupation may prolong the working life of 
the patient.     
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  14      The Role of Physiotherapy 
in Marfan Syndrome                     

       Rosemary     J.     Keer     

          Introduction 

 Marfan syndrome is frequently associated with a variety of musculoskeletal abnor-
malities which have the potential to produce symptoms throughout life. Joint hyper-
mobility is one of the most common musculoskeletal features, affecting 85 % of 
children and 56 % of adults [ 1 ]. Hypermobility caused by ligamentous laxity can 
lead to poor joint control, rendering the individual prone to pain, recurrent joint 
sprains and strains, including subluxation and dislocation. The fi nger, ankle and 
patellofemoral joints are affected most frequently in the Marfan population. In a 
small percentage this can progress to early onset osteoarthritis. Scoliosis is also 
common, being present in 60 % of individuals with Marfan syndrome [ 2 ]. This can 
lead to progressive deformity, particularly during the growth spurts and be associ-
ated with back pain and restricted ventilatory capacity. 

 Managing these symptoms requires a close working relationship between rheu-
matologists, orthopaedic surgeons, podiatrists, occupational therapists and physio-
therapists to help relieve symptoms and prevent complications. 

 Initially, physiotherapy aims to reduce pain and improve joint control and stabil-
ity, progressing onto the ultimate aim of injury prevention and enabling the patient 
to self manage their condition confi dently.  

mailto:rosemary.keer@hje.org.uk


170

    Education and Advice 

 Education on joint care is an important part of a therapeutic intervention where the 
emphasis is on educating and empowering the patient to avoid harmful postures and 
activities which can overstretch and strain hypermobile joints while encouraging 
exercise and activity to maintain good joint health [ 3 ]. 

 Individuals diagnosed with Marfan syndrome (and their families) really appreci-
ate being given the time to talk about the problems associated with their diagnosis. 
There are often questions around whether they will harm their joints, or body, by 
being physically active and they may have been given the impression that they are 
fragile and need to protect their joints. A balance needs to be found between protect-
ing joints in the short term and progressing on to exercise and activity which will 
ensure good joint function in the long term.  

    Posture 

 Good postural habit is important in everyone, but is particularly important in indi-
viduals with hypermobile joints as it reduces the stress and strain on the soft tissues 
of the body, helps to prevent injury and is the most effi cient way to support the body 
during both static and dynamic activities [ 3 ]. 

 Individuals with hypermobile joints often rest at the end of range-of-motion in 
many of their joints, partly as it gives a feeling of more stability and partly as it 
requires less effort [ 4 ]. Favourite postures, for both children and adults, include 
slumped sitting, standing with ‘locked’ knees, hanging on the hip and resting on the 
lateral border of the feet. These and other similar postures can be considered poten-
tially ‘harmful’ if adopted habitually as it puts prolonged stress on ligamentous tis-
sue in a stretched position rather than using low level muscle co-contraction to 
support a joint. Education and practice in maintaining joints in a more neutral posi-
tion will involve improving joint awareness, proprioception, postural alignment and 
muscle function. An individually tailored postural re-education programme showed 
good improvement in pain and quality of life in hypermobile individuals [ 5 ]. 
Instruction in the Alexander technique can be very helpful and has been shown to 
be effective in reducing low back pain [ 6 ]. 

 Advice should be specifi c and often involves ergonomic considerations such as 
ensuring that the desk and chair set-up both at school and in the offi ce are at the 
correct height and distance. For children it may involve advice regarding school 
work; using chunky pens and laptops to reduce symptoms from prolonged writing, 
carrying school books and participation in sports. For the mother it may involve 
analyzing and then advising on posture during standing, bending and lifting, all 
essential activities with young children. 

 If a scoliosis is present it is prudent to monitor progress throughout childhood 
paying particular attention to good postural habits. Physiotherapy can be successful 
in treating scoliosis [ 7 ] through exercise designed to improve posture, spinal 
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biomechanics, muscle balance and breathing, although bracing and surgery may be 
required in more severe cases.  

    Joint Control 

 Exercise has been shown to be effective in managing the symptoms of joint hyper-
mobility and helping to prevent problems in the future. 

 In the initial stages following injury, it may be necessary to rest the area, use an 
external support and take analgesia to allow the acute pain and swelling to subside. 
Gentle manual therapy may be helpful to restore normal movement. Attention then 
turns to improving static and dynamic control of hypermobile joints throughout the 
full range of movement. 

 Normal movement relies on the integration of proprioception and motor control. 
Proprioception is the ability to sense joint position and movement to ensure joints 
are correctly positioned and have suitable muscle tone for the activity. Proprioceptive 
acuity is frequently decreased in hypermobile individuals, possibly due to an impair-
ment of segmental musculoskeletal refl exes which is thought to have important 
implications for stability around the knee in particular, and be part of the explana-
tion for the sensation of the knee ‘giving way’ [ 8 ]. 

 Motor control and joint stability can be improved with a programme of exercises 
which enhance proprioception and produce effective co-contraction of muscles 
around a joint. These exercises performed regularly over a 6–8 week period have 
been shown to signifi cantly reduce pain, reduce hyperlaxity and improve quality of 
life in hypermobile individuals [ 9 ,  10 ]. Closed kinetic chain exercises are most 
effective in this respect and can include standing on one leg, mini squats, single leg 
knee bend and four-point kneeling. These can be made more challenging by pro-
gressing on to more dynamic balance activities using a balance (wobble) board, 
foam rollers and the Swiss ball. Proprioception can be further enhanced by increas-
ing sensory input via the skin through ‘hands on’ movement facilitation, wearing 
tight fi tting clothing and neoprene gloves and the application of tape during specifi c 
exercise or functional rehabilitation sessions. 

 Once the patient is familiar with, and has adopted better postural control and 
more effective stability strategies, it is important that the exercise programme is 
integrated into everyday life. This means practising good joint control when stand-
ing, sitting, sitting to standing, walking, and particularly during any provocative or 
challenging physical situations the individual may have. 

 Open chain exercises can be added later to be more functionally specifi c and 
exercises in general are progressed to encourage an increase in overall physical 
activity by improving muscle strength and endurance. Generalized muscle weak-
ness is a characteristic of Marfan syndrome and while muscle hypertrophy is unre-
alistic [ 11 ] it is important to optimise muscle strength and endurance. 

 Exercise and manual therapy may exacerbate pain and this can quickly lead to 
non compliance. Exercises should as far as possible be pain free. Pain in this context 
means that too much stress is being placed on soft tissues, possibly causing 
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microinjury of the connective tissue, and is distinct from training pain which is to 
be expected with more vigorous exercise. The exercise may need to be modifi ed in 
terms of range, number of repetitions or position to ensure correct muscle activation 
and adequate control. The ‘form’ and level of the exercise are of paramount impor-
tance to ensure that there is no undue stress on hypermobile tissues which have been 
further weakened by injury or deconditioning. Initially, exercise should be consid-
ered ‘easy’, performed with a relaxed breathing pattern, with good body awareness 
and postural control, and with repetitions reduced to single fi gures if necessary. 
Hydrotherapy, making use of water as a supportive medium, can be a successful 
way to get a deconditioned individual, who has diffi culty weight-bearing due to 
pain, starting to strengthen and move again.  

    Stretching 

 People with hypermobile joints are often discouraged from stretching for fear that 
they may overstretch and injure their joints. Frequently though, hypermobile 
 individuals report that they positively benefi t from stretching and it can be used as a 
means to ease out muscular tensions and spasms. As long as stretching is not forced 
and the individual is aware of their vulnerable areas and has a good understanding 
of how to care for their joints, gentle stretching can be very benefi cial and is not 
necessarily to be avoided.  

    External Support 

 Supporting joints externally in the form of splints and braces is generally discour-
aged in favour of strengthening muscles to provide more effective support. 
However, there are times when judicious use is very helpful. Providing support to 
a joint during the acute phase of an injury, such as a strain or sprain, can facilitate 
recovery by unloading injured tissues and encouraging more normal movement. 
In the longer term, well fi tting splints which stabilise joints, yet allow good func-
tion, can help the individual with lax joints to sustain an activity for longer and 
can be particularly benefi cial in the hand, promoting better writing, typing and 
participation in music and recreational activities. Tape, applied to the skin to sup-
port joints during exercise, has been found to improve proprioception and help to 
prevent injury, although extra care should be taken when applying and removing 
tape due to the risk of skin fragility. In addition, it has been reported that close 
fi tting, contour controlled underwear and lycra exercise clothing has been helpful 
in improving perceived joint stability and reducing pain and can be used on a 
regular basis. 

 The typical long, slender foot with fl at arch and hammer toes will benefi t from 
sensible, good fi tting footwear with a strong heel counter, fi rm fastenings over the 
mid foot and cushioning materials to absorb load. Some individuals may require 
functional foot insoles or orthotics for additional support.  
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    Physical Activity and Physical Fitness 

 Children and adults are encouraged to take part in regular physical activity to main-
tain good health and wellbeing. Decreased sports activity is frequently encountered 
in Marfan syndrome as pain, laxity and dislocation as well as poor muscle develop-
ment can impact on an individual’s ability to excel. The challenge is to fi nd activi-
ties and sports which are safe, enjoyable and maximise condition. As a rule, it is 
recommended that exercise is non-contact, non competitive and of low intensity. 
Weightlifting is actively discouraged as it is unrealistic to expect muscle hypertro-
phy and any exercise which encourages breath holding is detrimental [ 12 ]. Generally 
exercise should be low impact, low resistance and aim for endurance rather than 
strength. Exercise in water, including swimming (good technique is essential to 
prevent strain of the cervical and lumbar spine), T’ai Chi, Pilates and dance are 
recommended, as well as walking (leisurely), cycling, golf, bowling, basketball, 
badminton and jogging. Exercising on the Wii fi t has recently been shown to 
improve balance and lower limb strength and could be a very enjoyable way to 
exercise for some [ 13 ]. During any activity, attention to maintaining good posture 
and joint control is paramount and individuals should incorporate all they have 
learnt about their limitations into their chosen activity or sport and follow the prin-
ciples of pacing.     
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      Pulmonary Manifestations 
of Marfan Syndrome                     

       Anne     H.     Child       and     Anita     K.     Simonds     

          Introduction 

 While the cardiovascular features of Marfan syndrome most frequently require 
medical intervention, it is recognised that pulmonary complications occur in up to 
10 % of patients [ 1 ,  2 ]. Lung involvement may present in infancy or childhood [ 3 ], 
Complications may arise in adolescence or adult life that have serious consequences 
and are potentially fatal [ 4 ,  5 ].  

    Clinical Features 

    Lung Function in Marfan Syndrome 

 Abnormalities of fi brillin result in connective tissue friability and laxity. These fea-
tures can lead to chest wall deformity [ 6 ] or, within the lung, fl accidity of small 
airways and terminal bronchioles, predisposing to premature airway closure, 
obstruction and air trapping. The function of larger airways can also be abnormal 
and when this occurs in association with thoracic kyphoscoliosis, central airway 
obstruction can occur. As a result MFS patients may have mildly abnormal lung 
function. This is usually manifest as abnormalities of FEV1 and FVC [ 7 ,  8 ], 
although the literature is divided about this issue. Streeten et al. reported 79 cases of 
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Marfan syndrome and found there to be little or no abnormality in patients with no 
other complications of the condition [ 8 ]. Notwithstanding this, abnormal body pro-
portions make the interpretation of lung function diffi cult. If sitting height was used 
to predict spirometric values (it is possible to pre-calculate predicted FEV1 and 
FVC from ‘upper segment length’) the previously observed abnormalities in lung 
function were in part corrected [ 8 ]. This fi nding is explained by correction for the 
relative increases in leg length as a proportion of total height (Table  15.1 ). For those 
patients with kyphoscoliosis a typical restrictive ventilatory effect is found, in keep-
ing with the chest wall deformity.

   Corsico et al. [ 9 ] reviewed lung function tests of 64 Italian MFS patients includ-
ing spirometry, lung volumes and diffusing capacity. Fourteen percent reported pre-
vious pneumothorax. Two of the 19 patients who had CT scans were diagnosed with 
emphysema; both were non-smokers. Seven of these 19 had subpleural apical blebs. 
Only 37 % of patients had normal lung function; 19 % showed a restrictive pattern 
and 44 % an obstructive pattern or an isolated diffusion impairment or an isolated 
hyperinfl ation. All patients with pneumothorax history showed an obstructive pat-
tern and diffusion impairment. Particular attention should be paid to prevent 
pneumothorax.  

    Pneumothorax and Bullous Lung Disease 

 A number of reports have been published showing an increased occurrence of pneu-
mothorax in Marfan syndrome (especially in males) compared to normal control pop-
ulations. Various studies have cited the incidence at between 4 and 14 % [ 10 – 12 ]. 

 Furthermore, pneumothoraces are more likely to recur in these patients and there 
are a number of reports of bilateral disease. Both radiological and autopsy studies 
have shown pulmonary bullae (often apical) in patients, particularly in those who 
have had a pneumothorax [ 13 ]. Familial pneumothorax is rare and its association 
with Marfan syndrome is exceptional [ 14 ,  15 ]. 

 The combination of bullae, obstructive spirometry, and impaired carbon monox-
ide gas transfer in keeping with mild emphysema has been reported [ 13 ]. A consis-
tent pattern of distal acinar emphysema was noted in a retrospective series of fi ve 
patients [ 16 ]. Some individuals are simply noted to have bullae on radiological 
assessment. These fi ndings of bullous lung disease and emphysema may occur 

   Table 15.1    Predicted sitting and standing values (%) for FEV1 and FVC, in an index case of 
Marfan syndrome   

 FEV1: % of predicted value  FVC: % of predicted value 
 FEV1/FVC ratio: % of predicted 
value 

 Standing  Sitting  Standing  Sitting  Standing  Sitting 

 63  87  83  95  78  92 

  The use of sitting height corrects for the contribution of leg length to increased total height (The 
upper body segment remains within normal limits)  
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independent of smoking. Histologically the elastic fi bres in lung biopsy specimens 
show degenerative changes, and although these are not as severe as those seen in the 
samples from patients with cutis laxa, the samples from Marfan syndrome patients 
with emphysema are easily distinguishable from those of normal controls, suggest-
ing that degenerative change in the lung is the likely explanation for these changes 
rather than congenital cystic changes per se [ 17 ]. The management of pneumotho-
rax in Marfan is along similar lines to idiopathic spontaneous pneumothorax. 
However, given the increased incidence of recurrent disease following tube drain-
age (with or without pleurodesis), it is recommended that early defi nitive surgical 
intervention is performed in these patients [ 11 ]. There are no specifi c features in the 
management of emphysema in a patient with Marfan syndrome although smoking 
should be strongly discouraged.  

    Chest Wall Deformity 

 Kyphoscoliosis is a feature of Marfan syndrome, the incidence quoted varying 
between 40 and 75 %. The progression of this skeletal abnormality is often more 
severe than in the idiopathic type, and double and triple curves are more common. 
Respiratory complications of a severe restrictive type occur, particularly when the 
deformity is associated with vertebral inversion or pectus excavatum, both of which 
are common features [ 18 ,  19 ]. Surgical correction remains the treatment of choice 
to prevent progressive deformity and secondary respiratory failure. While scoliosis 
surgery may not actually improve lung function, it may prevent worsening. Some 
patients at the severe end of the respiratory spectrum may require non-invasive 
 ventilation (NIV) in the perioperative period if having major cardiac surgery, such 
as valve replacement.  

    Bronchiectasis and Bronchial Sepsis 

 The association of bronchiectasis with Marfan syndrome is less clear than for cystic 
lung disease although there are a number of anecdotal case reports in both children 
[ 20 ] and adults [ 2 ,  5 ]. Wood et al., in their survey of 100 adult patients, found two 
cases of bronchiectasis, three with recurrent lower respiratory infections and three 
cases of tuberculosis [ 12 ]. Plain chest X-ray is inadequate to diagnose bronchiecta-
sis, but CT detects airway abnormalities characteristic of the condition. Recently 
[ 21 ], 79 Korean MFS patients (47 M:32 F) were evaluated using CT imaging, and 
airway dilations indicative of bronchiectasis (10/79, 13 %) were commonly found, 
although the extent of dilatation was not severe, and was frequently confi ned to a 
single lobe. Bronchiectasis was evident in three patients (4 %), with underlying 
bronchiectasis or bronchioloectasis. Four patients (5 %) had previous histories of 
treatment of pulmonary tuberculosis. No patient was diagnosed with non- tuberculous 
mycobacteria. Management of bronchiectasis in MFS is the same as for other 
patients with chronic bronchial sepsis.  

15 Pulmonary Manifestations of Marfan Syndrome
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    Interstitial Lung Disease 

 As is true for bronchiectasis there are only sporadic reports of lung fi brosis in 
MFS. There are four cases of upper lobe fi brosis amongst the cases described by 
Wood et al. [ 12 ], and Lipton et al. reported a case of pneumothorax in a patient with 
bilateral honeycomb lung [ 22 ]. These few cases suggest a possible association 
between interstitial lung disease and the connective tissue defects seen in Marfan 
syndrome.  

    Obstructive Sleep Apnoea (OSA) 

 Sleep apnoea exhibits increased frequency in Marfan syndrome and is not predicted 
by classic risk factors. Obstructive and central sleep apnoeas may relate to cardio-
vascular disease variables [ 23 ]. Kohler et al. performed sleep studies in 61 patients 
with Ghent criteria positive MFS and in 26 matched control subjects [ 24 ]. In MFS 
patients, aortic root diameter was measured by echocardiography. Results showed 
that more patients with MFS than controls had OSA (15.8 % compared with 
11.5 %). Mean aortic root diameter was signifi cantly greater in patients with OSA 
compared to those without OSA (p < 0.0001). They concluded that the prevalence of 
OSA is higher in MFS, and OSA may be a risk factor for aortic root dilatation.   

    Anaesthesia 

 There is at least one case report of perioperative tracheal obstruction in a patient 
with fl oppy central airways, despite intubation, during manipulation of the spine 
[ 25 ]. Intubating Marfan syndrome patients may be diffi cult, so an experienced 
anaesthetist should be present (See Chaps.   3     on page 13 and   16     on page 181).  

    Conclusion 

 Patients with Marfan syndrome have a higher incidence of respiratory disease 
than expected. The connective tissue defect underlies both the skeletal and lung 
parenchymal abnormalities. Various changes occur in the lung, ranging from 
normal or mildly obstructed physiology to emphysema. The commonest reported 
manifestations are pneumothorax and cystic changes in the lung. Kyphoscoliosis 
is a feature of MFS and is often progressive. The management of this skeletal 
complication is along similar lines to the idiopathic variety although extra care 
should be taken managing the airway during anaesthesia. The diagnosis of 
Marfan syndrome (or a forme fruste of it), should be considered in patients pre-
senting with recurrent pneumothoraces or with a family history of pneumotho-
rax. Awareness of both the connective tissue disorder and the cardiovascular 
complications of the condition should infl uence the management of pneumotho-
rax in Marfan syndrome.     
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  16      Dental Aspects of Marfan Syndrome                     

       Lucy     N.     Hyde     

          Clinical Manifestations 

 The clinical fi ndings in the oral region display the same great variability in expres-
sion as is shown throughout the rest of the body in Marfan patients. Important char-
acteristics include a long, narrow face and skull (dolichocephaly), often with 
mandibular prognathism, prominent supraorbital ridges, sunken eyes and frontal 
bossing [ 1 ,  2 ].

    The most common oral sign is a high, arched palate. This can be a very striking 
feature, the difference from normal being demonstrated in Figs.  16.1  and  16.2 . 
Collapse of the upper dental arch, and in some cases severe malocclusion and open 
bite, tend to be associated with the high palate. Weakened capsular ligaments and 
hyperextensibility of muscles can contribute to habitual dislocations or subluxations 
of the temporomandibular joint (TMJ) and TMJ dysfunction [ 1 – 3 ]. The teeth tend 
to be affected more by crowding than by developmental abnormalities; though rare 
cases of supernumeraries, congenital absence, incomplete development, crown dys-
plasia, enamel hypoplasia, dentinogenesis imperfecta and multiple odontogenic 
cysts have been reported. It has also been suggested that the teeth tend to be long 
and narrow [ 1 ]. Other uncommon features mentioned in the literature are cleft pal-
ate and bifi d uvula, enlarged maxillary sinuses and hypoplasia of the mandible. 
There is also a possibility that the fi brillin defect could contribute to slight relapse 
after orthodontic treatment and greater periodontal problems [ 1 ].  
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    Dental Management 

 In addition to good oral hygiene and regular routine dental treatment, some patients 
may need orthodontic and possibly oral surgical care. Careful planning from an 
early age can lead to successful aesthetic results [ 4 ]. The prevention of bacterial 
endocarditis is all-important because of the high incidence of heart valve involve-
ment and abnormalities of the great vessels in Marfan syndrome. There is also an 
increase of special risk patients who have had cardiac surgery or a previous attack 
of bacterial endocarditis. Nice guidelines for antibiotic prophylaxis are periodically 
updated in the British National Formulary and the Dental Practitioners Formulary 
[ 5 ]. It is important to prevent endocarditis before and after surgery. Free endocardi-
tis cards are available from the British Heart Foundation. The possibility of a bleed-
ing tendency has been noted in some affected individuals, and this should be taken 
into consideration when planning any surgical intervention.  

  Fig. 16.1    A normal palate       

  Fig. 16.2    Palate of a 
patient with Marfan 
syndrome       
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    General Anaesthesia 

 Patients with Marfan syndrome are recognised to have an increased morbidity and 
mortality risk associated with general anaesthesia. The contributing factors to this 
are cardiovascular abnormalities, impaired respiratory function, scoliosis, the 
potential to develop endocarditis and a tendency to spontaneous pneumothorax. 
Rarely, diffi culty with intubation has been reported due to limited neck extension, a 
high palate and a narrow trachea [ 6 ]. Pre-operative assessment should include a 
through medical examination with a chest x-ray, electrocardiogram and an 
 echocardiogram. Any treatment must be carried out in conjunction with the patient’s 
cardiologist [ 2 ,  7 ]. 

 There is a signifi cant incidence of sleep apnea in Marfan syndrome, which should 
be assessed with sleep studies. Treatment may include ENT surgery for enlarged 
adenoids or septal devation, as well as intermittent positive pressure breathing at 
night [ 8 ,  9 ].  

    Conclusion 
 In summary, the dentist must be aware of all the problems associated with treat-
ing a patient with Marfan syndrome. Prevention of tooth decay, regular check-
ups and careful forward planning all reduce the need for more elaborate and 
potentially dangerous procedures. The classical marfanoid appearance of the 
face and mouth can be recognised by a dentist, and could be the fi rst vital step 
towards diagnosis of the underlying condition. If the diagnosis is suspected, the 
patient should be referred for echocardiography and genetic counselling through 
the family practitioner.     
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  17      ENT Aspects of Marfan Syndrome                     

       Anne     H.     Child       and     Joanna     Rowntree   

       The clinical fi ndings in the ear, sinuses, nose and throat display the same great vari-
ability in expression as found throughout the rest of the body in Marfan syndrome 
[ 1 ]. Important skeletal characteristics which contribute to ENT problems include a 
long narrow face and skull (dolichocephaly), often associated with mandibular 
prognathism, high arched palate, crowded teeth, prominent supra-orbital ridges, 
deep-set eyes and frontal bossing [ 2 ]. The ears are often large, simple, low-set and 
posteriorly rotated. Ear canals can be narrow and angulated upward and forward. 
Unilateral hearing loss is not uncommon, although the cause is obscure, possibly 
due to ossicular malformation during development, but most likely due to recurrent 
or chronic otitis media in childhood. 

 The nose is long, often beaked and asymmetrical, with narrow cavities and fre-
quently deviated septum, which may lead to complete blockage of one side of the 
nose. Mouth breathing may result. In addition, sinuses may be narrow and underde-
veloped with narrow drainage channels, therefore recurrent sinusitis is a common 
problem. 

 Sleep apnoea is a common associated feature, requiring referral for sleep studies 
[ 3 ,  4 ]. Frequent unexplained nosebleeds may be a feature in childhood and adoles-
cence, probably due to vascular wall fragility. 
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    Medical Management 

 Early recognition and prompt medical management of allergic rhinitis or sinusitis 
may prevent secondary infections. Antibiotics for infection must be used earlier in 
the sinusitis, otitis or tonsillitis attack, and for longer than for a normal child or adult.  

    Surgical Management 

 Grommets for “glue ear” may help resolve the problem of recurrent otitis media. 
However, early removal of tonsils and/or adenoids is recommended, as surgical 
experience shows that these structures are surprisingly large and can actually con-
tribute, through obstruction, to chronic otitis and sleep apnoea [ 5 ]. 

 Surgical correction of deviated septum can be very helpful in management of 
nasal obstruction, mouth breathing and sleep apnoea. Cautery for recurrent nose-
bleeds may be necessary. 

    Bacterial Endocarditis Prophylaxis 

 The prevention of bacterial endocarditis is all-important because of the high risk of 
incidence of heart valve involvement. High risk patients are those who have had 
cardiac surgery or a previous attack of bacterial endocarditis. Therefore antibiotic 
prophylaxis is mandatory for any invasive procedure involving bleeding. Guidelines 
for antibiotic prophylaxis are periodically updated in the British National Formulary. 
The possibility of a bleeding tendency, probably due to vascular fragility, has been 
noted in some affected individuals, and this should be taken into consideration when 
planning surgery.   

    General Anaesthesia 

 Patients with Marfan syndrome are recognised to have a slightly increased morbid-
ity and mortality risk associated with general anaesthesia. Factors contributing to 
this are cardiovascular abnormalities and arrhythmia, impaired respiratory function, 
scoliosis, the potential to develop endocarditis, and a tendency to spontaneous pneu-
mothorax especially in adolescence. Rarely, diffi culty with intubation has been 
reported, due to limited neck extension, high palate and narrow trachea [ 6 ]. Pre- 
operative assessment should include a through medical examination with a chest 
x-ray, electrocardiogram and echocardiogram looking for valvular insuffi ciency and 
aortic root dilatation in the sinuses of Valsalva. Any treatment must be carried out 
in conjunction with the patient’s cardiologist. 
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   Conclusion 

 In summary, the patient’s doctor and ENT specialist must be aware of all the 
problems associated with treating a patient who has Marfan syndrome. Prompt 
management of ENT infections in childhood, together with surgical removal of 
tonsils and adenoids, where indicated, and correction of deviated septum or inad-
equate sinus drainage, will preserve health and hearing. 

 The classical marfanoid appearance of the face, mouth and ears can be recog-
nised by a physician or surgeon, and could be the fi rst vital step towards a diag-
nosis of the underlying condition. If the diagnosis is suspected, the patient should 
be referred for echocardiography and genetic counselling through the family 
practitioner.      
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  18      Gastrointestinal Symptoms in Patients 
with Marfan Syndrome                     

       Benedict     Scoones       and     Anne     H.     Child     

          Introduction 

 According to the Ghent criteria, two of three main body systems must be affected 
for the diagnosis of MFS: the heart and blood vessels, the eyes and the skeleton. 
Other body systems are also affected to a lesser extent. It has been suggested that the 
gastrointestinal system is one. St George’s, University of London has a database of 
3,500 patients with MFS. Assessment of many of these patients in clinic has led to 
the hypothesis that an increased number of patients with MFS have gastrointestinal 
disturbances constituting irritable bowel syndrome (IBS). This anecdotal evidence 
strongly suggests a prevalence of IBS in MFS of 20 %, compared to a population 
incidence of 10.5 % (6.6 % for men and 14 % for women) [ 1 ,  2 ]. 

 There are no previous reports in the literature of IBS being a feature of 
MFS. Reports of gastrointestinal problems in MFS are limited and generally 
restricted to abnormal gastrointestinal anatomy. They include one of diverticulosis 
coli in a 38-year old woman [ 3 ], diagnosed post mortem. Death occurred following 
surgery for a thoracic aortic aneurysm, which confi rmed the diagnosis of MFS. In 
the letter, however, there is no report of gastrointestinal symptoms, if any, in this 
woman prior to death. More recent reports include one of multiple gastrointestinal 
problems in a 36 year old woman including diaphragmatic hernia, inguinal hernia, 
diverticulosis coli and a Zenker’s diverticulum [ 4 ]. Both inguinal and diaphragmatic 
hernias are known to be problems associated with MFS. 
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 In 2013, Thakur et al. reported a 25 year old Marfan syndrome female who presented 
with acute abdominal pain for 1 day [ 5 ]. Contrasted-enhanced computed tomography 
revealed that the port of herniation was the lax, dilated oesophageal hiatus, and at explor-
atory laparotomy, herniation into the chest, of stomach, part of ascending and transverse 
colon, splenic fl exure and hernia omentum was revealed. The hernial contents were 
returned to the abdominal cavity after assessing the viability. The hiatus was approxi-
mated and fundoplication successfully achieved, with uneventful recovery. Arena et al. 
[ 6 ] reported a rare case of neonatal intrathoracic gastric volvulus in MFS. 

 Another report [ 7 ] is of a 15 year old boy with features suggestive but not diagnos-
tic of MFS because there was only involvement of the skeletal system and there was 
not a FBN1 mutation reported, nor affected family members. The gastrointestinal 
presentation although of interest, consisting of an absent suspensory ligament of the 
liver and a massively dilated liver, cannot be said to be related to MFS which is not 
defi nitively diagnosed. Despite requests [ 4 ,  7 ] for further research into gastrointestinal 
problems in MFS we believe this present report to be the fi rst such piece of research. 

 Although mention of gastrointestinal symptoms in MFS is very limited there is 
more widespread reporting of gastrointestinal problems in Ehlers-Danlos Syndrome 
(EDS) which overlaps clinically with MFS. The basis for Ehlers-Danlos Syndrome is 
collagen defi ciency. In the gut this presents problems in two forms: tissue extensibility 
and tissue fragility specifi cally in EDS type IV. The problems can include diverticula 
throughout the GI system, visceroptosis, gastric atony, megaoesophagus and megaco-
lon. Constipation is thought to be caused by fl accidity of the large bowel, and refl ux 
and IBS are complications seen in the classical form of EDS. Hernias are common 
and can recur after correction; diverticulae can lead to perforation and bleeding. The 
relevance of the occurrence of these problems in patients with EDS is that it is known 
that collagen and fi brillin usually occur together in connective tissue and defi ciencies 
in one or the other can lead to similar problems.  

    Patients and Methods 

    Marfan Syndrome Patients 

 Patients with MFS were recruited from our clinical database. All patients involved 
had a clinical diagnosis of classical MFS; half of the patients had been screened for 
fi brillin-1 mutations [ 8 ]. Two hundred and seventeen questionnaires were sent out 
to patients currently attending a specialist MFS clinic at St George’s Hospital.  

    Hospital Outpatient Controls 

 Hospital controls were recruited from outpatients attending a hypertension clinic at 
St George’s Hospital. This is because the drug therapy for MFS patients before and 
after aortic root replacement is broadly similar to treatment for hypertensive patients. 
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Approximately half of all MFS patients take a beta-blocker of some kind and over a 
quarter take warfarin postoperatively. It was felt that it was important to control for 
some of the drugs used in the treatment of MFS as the effect that these may have on 
the gastrointestinal system could be noticeable. Hospital outpatients were matched 
by sex and age (±7 years). All patients completed the questionnaire themselves 
whilst waiting for their clinic appointment.  

    Community Controls 

 Community controls were selected from the patient list of a general practice 
sited close to St George’s Hospital. We stratifi ed the list into 5-year age groups 
from 20 to 80 years for both males and females. We then extracted 20 names 
from each of the 24 sex-age groups by taking the fourth name from each group. 
A questionnaire was sent, with a covering letter from the general practitioner, 
and a stamped addressed envelope. No fi nancial or other inducements were 
given. Patients who did not return their questionnaires were sent a reminder 
after 6 weeks. Those whose addresses were incorrect, or who had moved, were 
replaced by additional names from the same age-sex group. We then selected 
one community control for each MFS patient, matched for sex and age 
(±10 years) and ethnicity [ 9 ]. For each patient, the fi rst suitable control on the 
returned questionnaire list was used.  

    Questionnaire Design and Validation 

 After reviewing methods of evaluating bowel disease [ 10 ,  11 ], our questionnaire 
was designed. A locally validated version of the Rome II criteria was used [ 12 ]. 
Additional questions on stool frequency, use of laxative and drug treatment were 
added. MFS patients and the hypertensive patients were also asked to fi ll out a 
hospital anxiety and depression score [ 13 ], as these can infl uence the perception 
of pain [ 14 ]. 

 Gastrointestinal symptoms were classifi ed according to the following 
 categories [ 12 ]:

    1.    Oesophageal disorders (globus, rumination syndrome, chest pain of presumed 
oesophageal origin, heartburn, dysphagia).   

   2.    Gastroduodenal disorders (dyspepsia, aerophagia, vomiting).   
   3.    Bowel disorders (irritable bowel syndrome, abdominal bloating, constipation, 

diarrhoea and unspecifi ed bowel disorder).   
   4.    Abdominal pain syndrome or unspecifi ed.   
   5.    Biliary disorders (gallbladder or sphincter of Oddi dysfunction).   
   6.    Anorectal disorders (functional incontinence and functional anorectal 

pain).    
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      Statistical Analyses 

 Statistical analyses were performed using the Statistical Package for the Social 
Sciences (SPSS) software version 10.1. The Fisher’s exact test and chi-square test 
were used for comparing categorical variables. As multiple comparisons were 
made, a probability value of 0.01 was taken to denote statistical signifi cance.  

    Ethical Considerations 

 The study protocol was approved by the Wandsworth Research Ethics Committee, 
and informed written consent was obtained from all patients and control subjects.   

    Results 

    Questionnaire Validation and Community Controls 

 Seventy-three patients took part in the validation studies. Out of 54 questions, the 
kappa score was greater than 4.0 in every case, and above 7.0 for 45 questions. For 
the community controls, 400 questionnaires were sent. One hundred and ninety- 
four were completed and returned, giving a response rate of 49 %.  

    Hospital Outpatient Controls 

 43 hypertensive patients were recruited from outpatient clinics. There were 26 
females and 17 males, with age range from 22 to 80 years. There were more MFS 
patients than hypertensive patients; because of this each hypertensive patient was 
age-sex matched with 2 MFS patients.  

    MFS Patients 

 118 MFS patients responded to the questionnaire; these included 56 men and 62 
women, ranging in age from 18 to 82 years (Table  18.1 ). Of the 118 patients all had 
a clinical diagnosis of MFS according to the Ghent Criteria. 58 of the 118 (49 %) 
had had a genetic test for mutations in the FBN1 gene. Of these 58, 37 (64 %) had 
a putative mutation identifi ed in their FBN1 gene using SSCP method. Of the other 
21, 17 had no putative mutation found, and 4 had variants identifi ed that were con-
sidered to be less common polymorphisms.
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       Oesophageal Disorders in Patients with MFS 

 MFS patients did not report globus, rumination syndrome, heartburn or dysphagia 
more often then community controls or the outpatients. MFS patients did however, 
report more functional chest pain then the community controls 7:1 (p < 0.05); this 
result was not found with the outpatient group.

   Table 18.1    Showing all results   

 Marfan patients 
 Outpatient 
controls  Community controls 

 M:F  56:62 (118)  17:26 (43)  56:62 (118) 

 Globus  8 (7 %)  0  2 (2 %) 

 Rumination syndrome  0  1 (2 %)  2 (2 %) 

 Chest pain, presumed oesophageal  7 (6 %)  0  1 (1 %) 

 Functional heartburn  24 (20 %)  5 (12 %)  20 (17 %) 

 Functional dysphagia  5 (4 %)  0  3 (3 %) 

 Functional dyspepsia  5 (4 %)  0  4 (3 %) 

 Ulcer type dyspepsia  3 (3 %)  0  1 (1 %) 

 Dysmotility type dyspepsia  2 (2 %)  0  3 (3 %) 

 Aerophagia  9 (8 %)  2 (5 %)  10 (9 %) 

 Functional vomiting  0  0  1 (1 %) 

  Abdominal pain    47  ( 40  %)   6  ( 13  %) a    18  ( 15  %) a  

  IBS    31  ( 26  %)  6 (13 %)   12  ( 10  %) a  

 Diarrhoea predominate IBS  9 (8 %)  2 (5 %)  2 (2 %) 

 Constipation predominate IBS  12 (10 %)  0  3 (3 %) 

 Functional abdominal bloating  19 (16 %)  3 (7 %)  17 (14 %) 

 Functional diarrhoea  6 (5 %)  2 (5 %)  6 (5 %) 

 Functional constipation  22 (19 %)  2 (5 %)  17 (14 %) 

 Unspecifi ed bowel disorder  29 (25 %)  8 (19 %)  30 (25 %) 

 Incontinence: soiling  14 (12 %)  0  4 (3 %) 

 Gross incontinence  5 (4 %)  0  3 (3 %) 

 Levator ani syndrome  3 (3 %)  2 (5 %)  1 (1 %) 

 Proctalgia fugax  4 (3 %)  0  12 (10 %) 

 Pelvic fl oor dyssynergia  2 (2 %)  1 (2 %)  4 (3 %) 

 Laxative use  21 (18 %)  3 (7 %)  NA 

   a p < 0.01 
 Shows the results for all questions, comparing the patients with MFS to the community controls 
and the outpatient control group  
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       Gastroduodenal Disorders in MFS Patients 

 There were no signifi cant differences between the MFS patients and the two control 
groups all reporting similar levels of dyspepsisa, ulcer type dyspepsia, dysmotility 
dyspepsia, aerophagia and functional vomiting.  

    Bowel Disorders in MFS Patients 

 MFS patients suffered more abdominal discomfort and IBS then the community 
control group. Abdominal discomfort was reported by 47 of the 118 MFS patients 
(40 %), but only 18/194 (10 %) of the community controls (p < 0.0001). When com-
pared to the outpatient group this result was not quite so signifi cant (p < 0.005). 31 
of the MFS patients reported symptoms of IBS compared to 12 of the community 
control group (p < 0.005). The levels of IBS in the outpatient control group were not 
signifi cantly lower than the MFS group (6/43:31/118). When looking at the two 
subsets of IBS, diarrhoea predominating or constipation predominating, the MFS 
patients suffered from both more than the community control group. IBS (diarrhoea 
predominating) affected 9 MFS patients but only 2 of the community controls 
(p < 0.05), IBS (constipation predominating) affected 12 MFS patients and just 3 of 
the community controls (p < 0.05). The outpatient control group did report signifi -
cantly lower rates of IBS (constipation predominating) (p < 0.05) and functional 
constipation (p < 0.05) then the MFS group. There were however, no signifi cant 
differences with respect to diarrhoea. There were no major differences with regards 
to bloating, diarrhoea, constipation or unspecifi ed functional bowel disorders 
between the community controls and the MFS group.  

    Anorectal Disorders in MFS Patients 

 MFS patients did report higher rates of incontinence (soiling) than both the outpa-
tient control group (p < 0.05) and the community control group (p < 0.05). The rates 
of gross incontinence, levator ani syndrome and pelvic fl oor dyssynergia were not 
signifi cantly different.  

    Differences between Male and Female MFS Patients 

 The only difference found was that women with MFS had higher rates of abdominal 
bloating (p < 0.05) and constipation (p < 0.005) than men with MFS (Table  18.2 ).  

    Effect of Anxiety 

 Of the MFS patients 16 of the 118 (14 %) had anxiety according to the criteria used 
[ 9 ]. Of the outpatients only 34 of the 43 fi lled out the form suffi ciently to assess 
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anxiety and of these 6 were found to be anxious (18 %); thus there was no signifi -
cant difference in the numbers of anxious patients between the two groups. In the 
MFS group there were no signifi cant differences between anxious and non-anxious 
patients. In the outpatient group diarrhoea was more common in anxious patients 
(p < 0.05) (Tables  18.3  and  18.4 ).

        Effect of Depression 

 Of the MFS patients 9 of the 118 (8 %) were depressed according to the criteria; 
only 34 of the outpatient controls fi lled out the depression questionnaire fully and of 
these none were depressed. Comparing the depressed MFS patients to the non- 
depressed MFS patients, more of the depressed patients reported heartburn 
(p < 0.05), more reported abdominal pain (p < 0.05), more IBS (p < 0.01), more IBS 

   Table 18.2    Comparing men and women with Marfan syndrome   

 MFS men (56)  MFS women (62) 

 Globus  5 (9 %)  3 (5 %) 

 Rumination syndrome  0  0 

 Chest pain, presumed oesophageal  2 (4 %)  5 (8 %) 

 Functional heartburn  8 (14 %)  16 (26 %) 

 Functional dysphagia  3 (5 %)  2 (3 %) 

 Functional dyspepsia  1 (2 %)  4 (6 %) 

 Ulcer type dyspepsia  0  3 (5 %) 

 Dysmotility type dyspepsia  1 (2 %)  1 (2 %) 

 Aerophagia  4 (7 %)  5 (8 %) 

 Functional vomiting  0  0 

 Abdominal pain  18 (32 %)  29 (47 %) 

 IBS  13 (23 %)  18 (29 %) 

 Diarrhoea predominate IBS  6 (10 %)  3 (5 %) 

 Constipation predominate IBS  4 (7 %)  8 (13 %) 

 Functional abdominal bloating  4 (7 %)  15 (24 %) 

 Functional diarrhoea  4 (7 %)  2 (3 %) 

  Functional constipation    4  ( 7  %)   18  ( 29  %) a  

 Unspecifi ed bowel disorder  13 (23 %)  16 (26 %) 

 Incontinence: soiling  8 (14 %)  6 (10 %) 

 Gross incontinence  2 (4 %)  3 (5 %) 

 Levator ani syndrome  1 (2 %)  2 (3 %) 

 Proctalgia fugax  2 (4 %)  2 (3 %) 

 Pelvic fl oor dyssynergia  0  2 (3 %) 

 Laxative use  6 (11 %)  15 (24 %) 

   a p < 0.01  
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(constipation predominating) (p < 0.05), more levator ani syndrome (p < 0.05) and 
greater use of laxatives (p < 0.01) (Table  18.5 ).

       Effect of Calcium Channel Blockers 

 Of the MFS patients 12 of the 118 (10 %) were taking a calcium channel blocker 
at the time of the survey; 8 of the 43 (19 %) outpatient hypertensive control 
group were taking a calcium channel blocker. There were no differences between 
those patients taking calcium channel blockers and those not taking calcium 
channel blockers in either the MFS patient group or the outpatient group 
(Table  18.6 ).

   Table 18.3    Comparing anxious Marfan syndrome patients with anxious outpatients   

 Anxious Marfans (16)  Anxious outpatients (6) 

 M:F  6:10  1:5 

 Globus  2 (13 %)  0 

 Rumination syndrome  0  0 

 Chest pain, presumed oesophageal  1 (6 %)  0 

 Functional heartburn  6 (38 %)  0 

 Functional dysphagia  1 (6 %)  0 

 Functional dyspepsia  0  0 

 Ulcer type dyspepsia  0  0 

 Dysmotility type dyspepsia  0  0 

 Aerophagia  1 (6 %)  0 

 Functional vomiting  0  0 

 Abdominal pain  10 (63 %)  0 

 IBS  6 (38 %)  0 

 Diarrhoea predominate IBS  0  0 

 Constipation predominate IBS  2 (13 %)  0 

 Functional abdominal bloating  3 (19 %)  0 

 Functional diarrhoea  1 (6 %)  2 (33 %) 

 Functional constipation  2 (13 %)  0 

 Unspecifi ed bowel disorder  6 (38 %)  0 

 Incontinence: soiling  4 (25 %)  0 

 Gross incontinence  0  0 

 Levator ani syndrome  1 (6 %)  0 

 Proctalgia fugax  1 (6 %)  0 

 Pelvic fl oor dyssynergia  1 (6 %)  0 

 Laxative use  5 (31 %)  0 
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        Discussion 

 The fi ndings presented in this study represent the fi rst scientifi c study to be found in 
the literature of gastrointestinal symptoms in Marfan syndrome. Therefore there are 
no previous studies with which to compare these results. To validate the results, fur-
ther research with other populations of Marfan syndrome patients should be per-
formed. The fi rst point to note is that compared to community controls patients with 
Marfan syndrome suffer from both more abdominal pain and more IBS. Compared to 
outpatient controls, the patients with Marfan syndrome suffer from more abdominal 
pain, but the rates of IBS are not signifi cantly higher. Abdominal pain is of course not 
always due to gastrointestinal pathology. Specifi cally with respect to Marfan 

   Table 18.4    Comparing non-anxious MFS patients with non-anxious outpatients   

 Non-anxious MFS patients  Non-anxious outpatients 

 M:F  50:52  13:15 

 Globus  6 (6 %)  0 

 Rumination syndrome  0  1 (4 %) 

 Chest pain, presumed oesophageal  6 (6 %)  0 

 Functional heartburn  18 (18 %)  3 (11 %) 

 Functional dysphagia  4 (4 %)  0 

 Functional dyspepsia  5 (5 %)  0 

 Ulcer type dyspepsia  3 (3 %)  0 

 Dysmotility type dyspepsia  2 (2 %)  0 

 Aerophagia  8 (8 %)  2 (7 %) 

 Functional vomiting  0  0 

  Abdominal pain    37  ( 36  %)   3  ( 11  %) a  

 IBS  25 (25 %)  3 (11 %) 

 Diarrhoea predominate IBS  9 (9 %)  2 (7 %) 

 Constipation predominate IBS  10 (10 %)  0 

 Functional abdominal bloating  16 (16 %)  3 (11 %) 

 Functional diarrhoea  5 (5 %)  0 

 Functional constipation  20 (20 %)  1 (4 %) 

 Unspecifi ed bowel disorder  23 (23 %)  8 (29 %) 

 Incontinence: soiling  10 (10 %)  0 

 Gross incontinence  5 (5 %)  0 

 Levator ani syndrome  2 (2 %)  2 (7 %) 

 Proctalgia fugax  3 (3 %)  0 

 Pelvic fl oor dyssynergia  1 (1 %)  0 

 Laxative use  16 (16 %)  2 (7 %) 

   a p < 0.01  
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syndrome, aortic dissection can cause abdominal pain, but this would be an acute 
severe event that is unlikely to have been reported in response to this questionnaire.  

    Summary 

 A signifi cant proportion of patients with Marfan syndrome have gastrointestinal 
disturbances constituting irritable bowel syndrome (IBS). 

 In a St George’s Hospital project, 118 Marfan syndrome patients (56 men and 
62 women) aged 18–88 years were asked to fi ll out a bowel questionnaire. The 
results were compared with two control groups. Hospital patients participating 
also fi lled out anxiety and depression questionnaires as these can infl uence the 
perception of pain. 

 MFS patients suffered more abdominal discomfort and IBS than control groups. 
40 % of the MFS group as compared to 15 % of the control group reported symp-
toms, consisting of both types of IBS, namely diarrhea predominant or constipation 

   Table 18.5    Comparing non-depressed MFS patients and non-depressed outpatients   

 Non-depressed Marfans  Non-depressed outpatients 

 M:F  51:58  14:20 

 Globus  6 (6 %)  0 

 Rumination syndrome  0  1 (3 %) 

 Chest pain, presumed oesophageal  7 (6 %)  0 

 Functional heartburn  22 (20 %)  3 (9 %) 

 Functional dysphagia  3 (3 %)  0 

 Functional dyspepsia  5 (5 %)  0 

 Ulcer type dyspepsia  3 (3 %)  0 

 Dysmotility type dyspepsia  2 (2 %)  0 

 Aerophagia  8 (7 %)  2 (6 %) 

 Functional vomiting  0  0 

  Abdominal pain    40  ( 37  %)   3  ( 9  %) a  

 IBS  25 (23 %)  3 (9 %) 

 Diarrhoea predominate IBS  9 (8 %)  2 (6 %) 

 Constipation predominate IBS  9 (8 %)  0 

 Functional abdominal bloating  18 (17 %)  3 (9 %) 

 Functional diarrhoea  6 (6 %)  2 (6 %) 

 Functional constipation  20 (18 %)  1 (3 %) 

 Unspecifi ed bowel disorder  28 (26 %)  8 (24 %) 

 Incontinence: soiling  11 (10 %)  0 

 Gross incontinence  5 (5 %)  0 

 Levator ani syndrome  1 (1 %)  2 (6 %) 

 Proctalgia fugax  4 (4 %)  0 

 Pelvic fl oor dyssynergia  2 (2 %)  0 

 Laxative use  16 (15 %)  2 (6 %) 

   a p < 0.01  
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predominant. Women with MFS had higher rates of bloating and constipation than 
men. There was no signifi cant difference in bowel complaints between anxious and 
non anxious patients. However, depressed patients reported more symptoms. 
Medication for Marfan syndrome, for example antihypertensives including beta- 
blockers, did not make any difference to bowel symptoms.  

    Management 

 There is no blood test for IBS, however blood tests can rule out more serious condi-
tions such as coeliac disease. The cause of IBS is unknown, but overactivity of the 
gut, emotional stress, and intolerance to certain foods may play a part. Specifi c 
dietary advice and medical management should be sought through the general prac-
titioner, and may include referrals to hospital dietician and gastroenterologist. 

   Table 18.6    Comparing MFS patients not taking calcium channel blockers with outpatient con-
trols not taking calcium channel blockers   

 Marfans not on calcium 
channel blockers 

 Outpatients not on calcium 
channel blockers 

 M:F  50:56  15:20 

 Globus  7 (7 %)  0 

 Rumination syndrome  0  1 (3 %) 

 Chest pain, presumed oesophageal  6 (6 %)  0 

 Functional heartburn  21 (20 %)  3 (9 %) 

 Functional dysphagia  5 (5 %)  0 

 Functional dyspepsia  5 (5 %)  0 

 Ulcer type dyspepsia  3 (3 %)  0 

 Dysmotility type dyspepsia  2 (2 %)  0 

 Aerophagia  8 (8 %)  1 (3 %) 

 Functional vomiting  0  0 

  Abdominal pain    42  ( 40  %)   5  ( 14  %) a  

 IBS  27 (25 %)  5 (14 %) 

 Diarrhoea predominate IBS  9 (8 %)  2 (6 %) 

 Constipation predominate IBS  10 (9 %)  0 

 Functional abdominal Bloating  16 (15 %)  2 (6 %) 

 Functional diarrhoea  6 (6 %)  2 (6 %) 

 Functional constipation  20 (19 %)  1 (3 %) 

 Unspecifi ed bowel disorder  26 (25 %)  5 (14 %) 

 Incontinence: soiling  11 (10 %)  0 

 Gross incontinence  5 (5 %)  0 

 Levator ani syndrome  2 (2 %)  2 (6 %) 

 Proctalgia fugax  2 (2 %)  0 

 Pelvic fl oor dyssynergia  2 (2 %)  0 

 Laxative use  17 (16 %)  1 (3 %) 

   a p < 0.01  
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Careful attention to diet, avoiding foods such as wheat, dairy products, coffee and 
alcohol may be helpful, as well as eliminating stress and taking regular exercise 
[ 15 – 17 ].     
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  19      The Neurosurgical Manifestations 
of Marfan Syndrome                     

       Timothy     L.     Jones       and     Marios     C.     Papadopoulos    

          Background 

 Antoine-Bernard Marfan fi rst described the skeletal manifestations of Marfan’s syn-
drome (MFS) in 1896. Since then, a variety of associated clinical manifestations 
have been identifi ed and numerous diagnostic criterions for MFS proposed. 
Following the identifi cation of  FBN1  as a causal gene for MFS, more stringent diag-
nostic criteria were put forth, referred to as the ‘Ghent nosology’ [ 1 ]. This employed 
a set of ‘major’ and ‘minor’ manifestations of MFS in numerous tissues. It has been 
criticised as diffi cult to use in children, that it includes non-specifi c physical mani-
festations and has poorly validated diagnostic thresholds. To address these issues a 
‘revised Ghent nosology’ was proposed [ 2 ] based on clinical characteristics of large 
published patient cohorts and expert opinion. These systems include systemic fea-
tures relevant to neurosurgical practice, most notably the identifi cation of dural 
ectasia (DE). This chapter focuses on the diagnosis and management of this condi-
tion and discusses some of the other possible spinal and cerebro-vascular sequelae 
of MFS relevant to neurosurgical practice.  

    Dural Ectasia (DE) 

    Definition and Pathophysiology 

 Dural ectasia has been defi ned as: “enlargement of the neural canal anywhere along 
the spinal column, but nearly always in the lower lumbar and sacral regions; thin-
ning of the cortex of the pedicles and laminae of the vertebrae; widening of the 
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neural foramina; or an anterior meningocele.” A more recent defi nition of DE is 
widening of the dural sac or spinal nerve root sleeves, usually associated with bony 
erosions of the posterior vertebral body [ 3 ]. In MFS, it is typically identifi ed in the 
lumbosacral spine and associated with the thinning of adjacent osseous structures. 
DE is one of the ‘major’ criteria in the Ghent nosology and has an incidence ranging 
from 63 to 92 % in Ghent positive patients [ 4 ,  5 ]. 

 DE is considered a sign of potential MFS however is not specifi c to the syn-
drome. DE has been observed in scoliosis, neurofi bromatosis [ 6 ], ankylosing spon-
dylitis [ 7 ,  8 ] and Ehlers-Danlos syndrome [ 9 ] as well as following trauma. It has 
been suggested that DE may be more a sign of inherited connective tissue disorders 
than MFS alone, as DE has been found in persons with mutations in  TGFBR1  and 
 TGFBR2  genes, some of these individuals fulfi lling the Ghent criteria, and some not 
[ 10 – 12 ]. It is proposed that defective fi brillin results in abnormally weak connective 
tissues causing incompetence of the dural sac. This theory is supported by the fact 
that the ectasia mostly occurs in the caudal portions of the spinal column, where the 
cerebrospinal fl uid pressure is highest with the patient in the upright position [ 4 , 
 13 ]. Animal studies of dural ectasia have shown increased levels of TGF-b in the 
dura [ 14 ] correlating with the current understanding of MFS as a fi brillin-1 defi -
ciency resulting in an increased expression of TGF-b [ 15 ].  

    Clinical Presentation 

 In the majority of cases, DE is asymptomatic and may only be identifi ed inciden-
tally on imaging studies or as part of clinical surveillance. The range of commonest 
reported symptoms in patients with radiologically confi rmed DE, based on previous 
studies, are summarised in Table  19.1 .

   The prevalence of moderate to severe back pain in patients with MFS is common 
[ 17 ], reportedly in as many as 53 % of patients in the largest series [ 18 ] however 
DE may be present without any signifi cant back pain [ 16 ]. The amount of pain may 
correlate with the intradural volume (i.e. severity of ectasia). Interestingly, this is 
not the case in MFS patients with associated spinal dysraphism. This may be 
because the enlarged bony canal in dysraphia allows more room for the DE to 
expand without eroding vertebral structures [ 16 ]. The pathophysiology of DE pain 
is not fully understood. Theories include: direct pressure on the periosteum, erosion 

  Table 19.1    Frequency of 
symptoms in MFS patients 
with radiologically confi rmed 
dural ectasia [ 16 ]  

 Symptom  Incidence (previous studies)  % 

 Back pain  20/63  31.7 

 Headache  5/16  31.3 

 Radiculopathic leg pain  8/30  26.7 

 Neurologic defi cit  3/36  8.33 

 Gait abnormality  1/19  5.3 

 Abdominal pain  1/20  5.0 

 Sphincter disturbance  3/20  15.0 
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of structural lumbosacral elements, nerve root traction and sacral bone thinning 
resulting in microfractures [ 17 ,  19 – 22 ]. Symptoms associated with anterior menin-
goceles associated with MFS include abdominal discomfort, constipation and 
incontinence and are discussed later in this chapter [ 16 ,  22 – 24 ]. 

 Headache is reported in approximately 30 % of MFS patients with DE. In the 
majority of cases, patients report an improvement when they are in the supine posi-
tion. A direct association between the volume of ectasia and presence of headache 
has not been found; however, there may be an association between headache and 
persistent CSF leak from DE, which is considered later in the context of intracranial 
hypotension. 

 It is rare to identify neurological defi cits in patients with MFS-associated DE 
[ 4 ,  22 ]. However neurological defi cits have been observed in DE associated with 
ankylosing spondylitis [ 25 ,  26 ]. There are also reports of radiculopathic dysfunction 
(pain and weakness) due to DE and scoliosis associated with MFS in adults [ 27 ]. 
Less common presentations of DE in MFS include sepsis [ 28 ], where enteric fl ora 
(e.g. E.coli) may enter into the central nervous system via recto-thecal fi stulas and 
vertebral/meningeal anomalies.  

    Natural History 

 The natural history of dural ectasia in MFS is relatively unknown [ 14 ,  29 ]. In one 
study, dural ectasia was noted in 40 % of children with MFS at a median age of 
12.6 years [ 30 ]. A 10 year follow up study of patients with MFS-associated DE, 
(age range 40–60 years old), did not identify any signifi cant change in imaging 
features, supporting the concept that dural ectasia size peaks during adolescence or 
early adulthood and then plateaus [ 5 ]. The same study did not identify a signifi cant 
increase in Oswestry Disability Index (ODI) scores, dural volume or any progres-
sion of any associated spondylolisthesis [ 5 ].  

    Diagnosis 

 A number of methods of how to best assess DE in MFS have been reported using 
conventional radiographs, CT, and MR imaging [ 9 ,  29 ,  31 ,  32 ], yet no gold standard 
for DE diagnosis has emerged. A number of radiologic features of DE have been 
defi ned (Figs.  19.1  and  19.2 ), including:

•      Anterior sacral meningocele: herniation of a dural sac via a defect in the anterior 
sacral surface [ 33 ] or through a widened foramen.  

•   Lateral herniation of the dura along the nerve root sleeves [ 29 ] (widened root 
sleeve throughout the neuroforamen).  

•   Dural sac ratios (DSR) >0.48 at L5 and >0.57 at S1. DSR is the ratio between the 
dural sac diameter (DSD) measured on the midline sagittal image and the verte-
bral body diameter (VBD) at the same level [ 32 ].  
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•   Scalloping of the vertebra (posterior vertebral margin halfway between the supe-
rior and inferior endplates was greater than 2 mm anterior to a line drawn from 
the upper to lower posterior margin of the vertebral body [ 34 ].  

•   Perineural or Tarlov cysts (cystic dilation containing spinal fl uid along the nerve 
root) [ 35 ].    

a b

c d

  Fig. 19.1    Quantitative radiological assessment of DE. ( a ) Sagittal T2-weighted MRI acquired 
from a patient with DE, centred on L4, L5 and S1. ( b )  White lines  drawn through the plane of the 
superior and inferior endplates of the vertebral body of L4. The perpendicular distance between 
them (d 1 ) is a measurement of the vertebral body height and the mid-point of this line (d 1 /2) is 
nominated at the level at which to measure corresponding axial metrics such as dural sac diameter 
(DSD,  red arrow ) and vertebral body diameter (VBD) and to assess for scalloping. Dural sac ratio 
can be determined at each level using equation D. ( c ) Assessment of scalloping. Posterior vertebral 
margin drawn for L4 ( yellow line ). The distance in mm (d 2 ) between this line and the posterior 
margin of the vertebral body through the plane of the mid-point of the body is measured. A value 
of d 2  greater than 2 mm suggests scalloping       
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 CT and conventional radiographs are best suited to identify the osseous changes 
associated with DE. MRI allows direct visualisation of soft tissues of the spine 
[ 16 ,  17 ,  29 ]. Sagittal images best identify the antero-posterior (AP) spinal canal 
and vertebral body diameters, whereas additional information may be obtained 
from axial and coronal images. The latter are of particular importance to charac-
terise lateral or anterior meningoceles. It has been proposed that quantitative signs 
of DE (e.g. DSR & DSD) have major advantages over qualitative assessments 
(e.g. presence of Tarlov cysts and vertebral scalloping) as defi nitive diagnostic 
‘cut-off’ values can be applied and tested more uniformly than qualitative signs 
[ 32 ,  36 ]. 

a b c g h

i j

k l

d e f

  Fig. 19.2    Case 1. A 45 year old ‘Marfanoid’ man presents with a painful, distended abdomen. 
Plain radiographs ( a ) confi rm acute large bowel obstruction. He proceeded to CT scanning 
( b  sagittal reconstructed &  c  coronal reconstructed) which identifi es a large cystic mass within the 
pelvis, thinned sacral bone and a possible defect in the anterior sacrum. This is further character-
ised by MRI ( d  sagittal T1-weighted,  e  sagittal T2-weighted,  f  axial T2-weighted through the level 
S3) which confi rms a diagnosis of anterior meningocele (*), fi lling via an antero-lateral ectactic 
defect at S3 ( white arrow  on  f ). He was managed conservatively and went on to make a full recov-
ery. Case 2. A 36 year old Ghent positive MFS patient presents to clinic with chronic back pain 
with no radiculopathy, neurological defi cit or reported headaches. Sagittal reconstructed CT ( g ) 
and axial images ( h ) identify a widened lumbosacral canal (S1 > L5), thinning of the sacral laminae 
( red arrow ) and enlarged sacral foraminae. Subsequent MR imaging ( i  sagittal T2-weighted, 
 j  axial T2-weighted,  k  sagittal T1-weighted,  l  axial T1-weighted) confi rms the diagnosis of dural 
ectasia ( blue arrow ) with nerve root enlargement ( yellow arrow ) with early signs of lateral menin-
gocele. As a result the body of the sacrum is severely thinned due to remodelling around the 
expanded theca. Some disc and facet degeneration is also observed as well as ‘scalloping’ of the 
posterior vertebral bodies at other levels. She was successfully treated with oral analgesia and a 
course of physiotherapy       
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 The role of vertebral body scalloping as a diagnostic marker of DE is controver-
sial. Habermann et al. found no differences in scalloping between patients with 
MFS and controls [ 36 ]. Ahn et al. [ 29 ] found scalloping at S1 a useful minor crite-
rion for DE however another study found signifi cantly higher scalloping at S1 level 
in Ghent-positive patients than in others [ 34 ]. 

 Lundby et al. [ 34 ] investigated imaging criteria to characterise DE in patients 
with MFS. They studied 105 subjects divided into three groups: (i) those already 
fulfi lling the Ghent criteria for MFS, independent of a diagnosis of DE (group 1, 
n = 73), (ii) those fulfi lling the Ghent criteria dependent on a diagnosis of DE (group 
2, n = 14) and (iii) those suspected of having MFS, but not fulfi lling the criteria 
(group 3, n = 18). 91 % of all Ghent-positive patients (group 1) had DE on the basis 
of lateral or anterior meningoceles, the latter were only found in Ghent-positive 
patients. Lateral meningoceles were present in 37 % of group 1 patients and 14 % 
in group 2 patients. The sensitivity of this fi nding in diagnosing MFS was 37 % and 
the specifi city, 100 %. Herniation of the nerve root sleeve was frequently present in 
Ghent-positive patients. They were most commonly found at levels S1 and S2. A 
larger DSD at S1 than L4 was found in a high proportion of Ghent-positive patients 
and could be assessed with high inter-observer agreement, agreeing with previous 
studies [ 29 ,  36 ]. 

 Oosterhof et al. [ 32 ] reported that DSR could be used to identify MFS with 95 % 
sensitivity and 98 % specifi city. Their method has been discussed and tested in later 
studies, but similar results have not been reproduced [ 37 ,  38 ]. Weigang et al. [ 39 ] 
detected DE in 94 % of patients with MFS and in 44 % without MFS when they 
followed the methods and cut-off values of Oosterhof et al. [ 32 ]. Habermann et al. 
[ 36 ] found a difference in DSR between patients with MFS and controls at L5 and 
S1 only. At S1, they calculated a diagnostic sensitivity of this metric of only 56 % 
and a specifi city of 65 %. Lundby et al’s study applied the DSR cut-off values from 
Oosterhof et al. to a group of normal controls and found DE ‘diagnostic’ levels in 
12 % at S1 and 19 % at L5, suggesting that these cut-off values are too low. In prac-
tice, the radiological diagnosis of DE is formed by a qualitative appreciation of a 
range of imaging features and the variation of opinion on the clinical utility of spinal 
measurements, mean these techniques are suited more to the stratifi cation of disease 
in clinical trials at this stage. 

 Spondylolisthesis is found in 6 % of patients with Marfan syndrome [ 18 ], usu-
ally as a high-grade slip. It is not known if dural ectasia leads to the progression or 
development of spondylolisthesis/spondylolysis over time [ 18 ]. It has been postu-
lated that this slip may be due to the underlying connective tissue disorder affecting 
ligament and disc properties [ 5 ].  

    Management of DE 

 Several previous reports present posterior laminectomy as a technique to relieve 
back pain secondary to dural ectasia [ 21 ,  40 ,  41 ]. Owing to the risk of peri- and 
post-operative cerebrospinal fl uid (CSF) leak plus the lack of long-term data on 

T.L. Jones and M.C. Papadopoulos



207

spinal stability, DE, in the majority of cases, should be managed non-operatively. 
This may especially the case in DE associated with MFS owing to potential anaes-
thetic risks associated with the cardiovascular features of the syndrome. Dural ecta-
sia results in erosion of the osseous structures of the lumbosacral spine [ 42 ,  43 ]. 
Mean pedicle widths and lamina thickness in the lumbosacral spine are signifi cantly 
less than in normal controls [ 42 ]. The combination of thin pedicles, thin laminae, 
and weak dural connective tissue in MFS can make operative fi xation of the Marfan 
spine perilous with a conservative estimate of dural tear rate of 8 % and a 8 % rate 
of adjacent segment lamina fracture reported [ 44 ]. 

 Surgery for anterior sacral meningocele (Fig.  19.2 , case 1) is not indicated for 
stable and asymptomatic lesions [ 45 ]. The presence of escalating pelvic discomfort, 
neurologic defi cits, altered bowel habit and urinary frequency may lead the surgeon 
to consider operating. The two classical approaches are either posteriorly via sacral 
laminectomy or anteriorly via an open transperitoneal approach. A more recent case 
series proposed employing a laparoscopic transperitoneal drainage of the cyst [ 46 ]. 
We propose that the management of these lesions is complex and that surgery is 
reserved for selected cases requiring allied general and neurological surgical input.  

    Intracranial Hypotension 

 Spontaneous intracranial hypotension (SIH) is an important cause of new-onset 
headache, which are typically orthostatic in character and relieved by recumbency. 
SIH may be caused by a spinal cerebrospinal fl uid (CSF) leak, the exact cause of 
which usually remains unknown however a combination of an underlying weakness 
of the spinal meninges and a trivial precipitating event is generally suspected. The 
underlying pathological substrate may range from small dural rents and tears to 
complex fragile meningeal diverticula or absence of the dura normally enveloping 
the spinal nerve roots. 

 Auditory and visual vestibular symptoms often accompany SIH [ 47 ]. Intracranial 
subdural haematoma with accompanying signs and symptoms of meningeal irrita-
tion is a recognised complication. The presumed aetiology of haematoma is rupture 
of the bridging veins between the cortical surface of the brain and the dura when the 
brain descends as CSF volume decreases. These changes are mirrored radiologi-
cally on MRI scan as a ‘sinking brain’, with herniation of the cerebellar tonsils 
through the foramen magnum. There is often accompanying enhancement of the 
dura evident on gadolinium-enhanced T1-weighted MR images. The mechanism of 
pain production in SIH is unclear [ 47 ]. It has been hypothesised that it is not low 
CSF pressure, rather displacement of pain sensitive structures in the cranial vault 
that cause headache when the patient is upright. 

 Retrospective studies suggest connective tissue disorders are present in 16–36 % 
of patients presenting with spontaneous spinal CSF leaks [ 48 – 50 ]. In some cases a 
heritable connective-tissue disorder is suspected on the basis of physical examination 
alone, e.g., isolated joint hyper-mobility in up to two-thirds of patients with SIH [ 51 ]. 
Isolated skeletal features of MFS (i.e. absence of the major ocular or cardiovascular 
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manifestations) are found in 10–20 % of patients with SIH [ 48 ,  51 ]. These patients 
do not typically harbour mutations in  FBN1  gene [ 52 ], however, abnormalities of 
fi brillin-1 containing microfi brils have been demonstrated in these patients. Studies 
have failed to show a direct relationship between SIH and MFS using clinical exami-
nation techniques (e.g. joint hypemorbility scores) [ 53 ,  54 ] or gene studies alone 
[ 52 ]. A small study of 18 patients with spontaneous intracranial hypotension found 
that seven (38 %) did have subtle signs of connective tissue disorders with three of 
the patients having some of the minor skeletal features of MFS [ 51 ]. 

 Conservative management of SIH may include bed rest, hydration, analgesia, a 
high-salt diet and caffeine in the fi rst instance [ 55 ]. Refractory cases may require epi-
dural venous blood patching [ 56 ] and a period of fl at bed rest, even in the context of 
SIH and intracranial subdural collections [ 57 ]. A report exists of Chiari malformation 
secondary to the CSF leak in MFS [ 58 ]. In this case, primary surgical decompression 
of the foramen magnum did not relieve the patient’s symptoms however a subsequent 
recovery was noted following blood patching. In most cases of MFS associated SIH, 
the suspected site of CSF leak is lumbo-sacral ectatic dura however there exists a 
report of a leak via a CSF fi stula located in the clivus [ 59 ], presumably caused by a 
failure in bone development. This patient was successfully treated by trans-sphenoidal 
approach to perform a graft repair covering the fi stulous defect.   

    Other Spinal Manifestations of MFS 

    Atlanto-Axial Subluxation 

 There is an increased prevalence of focal kyphosis in the cervical spine and atlanto-
axial translation (on fl exion and extension) reported in patients with MFS [ 60 ]. The 
Marfan population also has an increased rate of basilar impression, possibly explained 
by an associated general increase in odontoid height when compared to age-matched 
controls. In light of these features, it is possible that MFS patients are at increased risk 
of cervical spine injuries, particularly when muscle tone is attenuated by muscle 
relaxants peri-operatively. Several authors recommend that MFS patients avoid sports 
at risk of high-impact loading of the cervical spine. However, the rarity of actual neu-
rologic injuries in MFS means that pre-operative radiographs for all patients with 
MFS undergoing general anaesthesia is not necessary or recommended. Our experi-
ence (Fig.  19.3 ) and those of small case series however have reported incidence of 
rotational atlanto-axial subluxation following minor trauma and neck manipulation 
during intubation for general anaesthesia [ 61 ]. This may be due to ligamentous laxity 
coupled with dysmorphic cervical spine anatomy. Of particular concern, the combina-
tion of atlanto-axial hypermobility and increased odontoid height may predispose 
MFS to life-threatening cervicomedullary compression. The typical cause of sudden 
death in MFS is cardiac arrhythmias, especially in the presence of ventricular dilation 
[ 62 ], there exists however reports of sudden death in patients with MFS with a normal 
cardiovascular system on post mortem examination however abnormal anterior axis 
height and cervical stenosis suggesting cervical subluxation as the likely cause [ 63 ].
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       Spinal Scoliosis 

 Scoliosis, defi ned as curvature of the spine in the coronal plane of more than 10°, 
is seen in slightly more a half of individuals with MFS and can be mild to severe 
as well as atypically progressive [ 18 ,  64 ]. Close monitoring using a ‘forward-
bending test’ at yearly intervals and management with physiotherapy is preferred 
to invasive and high risk surgical stabilisation of the spine [ 65 ]. Application of a 
spinal brace is less successful if the curves are greater than 35–40° but may have 
some role in prevention for smaller curves. A spinal curvature of less than 30° is 
associated with a good long-term prognosis with dramatic progression often seen 
with curvatures greater than 50°. This progression can occur well into adulthood. 

a b c

d e f

  Fig. 19.3    Twenty-nine year old male with known Ghent positive MFS, who was admitted with 
neck following a trivial fall. No neurological defi cit noted on examination. Cervical spine CT 
reconstructions in the sagittal plane through  right facet complexes  ( a ),  midline  ( b ) and  left facet 
complexes  ( c ). 3D reconstruction ( d ) showing the bilateral ‘jumped’ facet joints at C6/C7 ( white 
arrows ,  red circle  on 3D-reconstruction) which is also shown on the axial CT slice through the C6/
C7 facet joint ( e ) revealing the classic ‘reverse hamburger sign’ in the left sided C6/7 facet (* on 
 e ), NB not seen on the same CT slice on the right due to angulation of the acquisition). Sagittal 
T2-weighted MRI shows the step deformity at C6/7 ( red arrow ), kinking of the spinal cord how-
ever no cord compression due to ruptured C6/7 intervertebral disc prior to treatment. He was suc-
cessfully treated with open (operative) reduction and underwent anterior cervical discectomy and 
plating followed by the posterior stabilisation using lateral mass screw fi xation       
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Thoracic kyphosis is also common in MFS and can be postural or a result of bony 
over-growth and ligamentous laxity [ 66 ]. Postural education and joint stabilisa-
tion with core strengthening may be of benefi t but have unproven long-term out-
comes. Spinal deformities can lead to chronic back pain and, in some cases, 
restrictive lung disease. As with DE, the surgical management of scoliosis in these 
patients is complex and should be performed only by those with experience in 
treating patients with MFS [ 67 ].   

    Neurovascular Manifestations of MFS 

    Neurovascular Compression 

 The genetic defect in MFS codes for fi brillin, a glycoprotein which is a major 
structural component of elastic tissues within artery walls [ 68 ]. Patients with 
MFS may demonstrate tortuous and elongated intracranial vessels causing dis-
section of the internal carotid [ 69 ] or vertebral artery [ 70 ] or to intracranial giant 
aneurysms [ 71 ,  72 ]. Although these tortuous vessels can theoretically cause neu-
rovascular compression syndromes, only two cases of hemifacial spasm [ 71 ,  73 ] 
and one case of trigeminal neuralgia [ 74 ] have been reported so far. In these case 
reports, digital subtraction angiography or MR angiography showed tortuous and 
ectatic vertebral arteries causing the neurovascular compression and all were 
successfully treated with microvascular decompression (MVD). MVD may in 
these cases be easier as patients tend to be younger and the vessels less 
atherosclerotic.  

    Cerebrovascular Ischaemia 

 Cerebrovascular complications of MFS are rare, with an incidence of only 3.5 % in 
one retrospective study of 513 patients, the majority of which were a cardio-embolic 
ischemic stroke [ 75 ]. Reports of cervico-cephalic extension of aortic dissection 
associated with MFS with consequent cerebral ischemic symptoms and of extracra-
nial arterial dissection exist in the literature [ 76 ]. Cystic medial necrosis and fi bro-
muscular dysplasia has been identifi ed in extracranial arterial vessels in MFS, but 
neither fi nding is considered specifi c for dissection [ 77 ]. Pathological analysis of 
intracranial arteries of three patients with MFS identifi ed a range of fi ndings; from 
normal arterial segments to combinations of intimal proliferation, medial degenera-
tion, and fragmentation of the internal elastic lamina [ 78 ]. The physiologic stressors 
of hypertension, extreme physical exertion, and migraine noted before development 
of acute neurologic signs and symptoms may contribute to the dissection of intra-
cranial vessels. The best approach to treat dissection remains unclear, especially in 
children. Recent guidelines that address both stroke and anticoagulation therapy do 
not recommend the use of anticoagulation for the treatment of intracranial arterial 
dissection [ 79 ,  80 ].  
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    Intracranial Aneurysms 

 Intracranial aneurysms have historically been reported as a feature of MFS [ 78 ,  81 ]. 
Case series [ 82 ,  83 ] however have not identifi ed an increased prevalence of intracra-
nial aneurysm or rate of rupture in MFS and they are in fact likely to be of similar 
prevalence to that seen in the general population. The differential diagnosis for MFS 
includes multiple hereditary disorders of connective tissue (HDCT). HDCTs associ-
ated with intracranial aneurysm include pseudoxanthoma elasticum, Loeys-Dietz 
syndrome and Ehlers-Danlos syndrome. There was no observed increase in the 
prevalence of symptomatic or asymptomatic intracranial aneurysm in MFS patients 
compared to the general population in two large case series using post-mortem and 
neurosurgery audit data [ 82 ,  84 ,  85 ]. It has been proposed that the previously 
reported association between MFS and intracranial aneurysms came from a series 
of combined single-patient reports of patients. A signifi cant proportion these 
patients did not, in fact, fulfi l the diagnostic nosology for MFS at that time [ 82 ]. 
Furthermore, the autopsy series from the Mayo Clinic [ 78 ] may suffer from a sam-
pling bias (i.e. due to its volume of neurovascular throughput). In selected cases of 
headache, presumed to secondary to cerebral aneurysm, alternative diagnoses such 
as temporo-mandibular joint dysfunction may be found [ 86 ], which affects up to 
52 % of patients with MFS [ 87 ].  

    Migraine 

 The aetiology of migraine is multi-factorial, due to a combination of genetic and 
environmental factors. Migraine with aura has been associated with cardiac shunts, 
non-shunting congenital heart defects, congenital abnormalities of the aorta, pulmo-
nary arteriovenous malformation and connective tissue disorders such as Ehlers–
Danlos and MFS [ 88 ]. A questionnaire study of 457 MFS patients [ 89 ] and a 
multicentre study of 123 MFS patients [ 88 ] found that the lifetime prevalence of 
migraine with aura (but not migraine without aura), is increased in patients with 
MFS. This association is driven by a history of aortic root surgery and was not infl u-
enced by the presence or absence of dural ectasia [ 88 ] as previously proposed [ 90 ]. 
It has been postulated that the increased extracellular matrix degeneration observed 
in the systemic blood vessels of MFS patients results in an endothelial cell reaction, 
secreting vasoactive mediators (e.g. vasodilator nitric oxide and vasoconstrictor 
endothelin-1). Several studies have found increased levels of these mediators to be 
present in patients with migraine. Another possibility is the presence of micro- 
emboli in the affected aortic root, which can act as a trigger for spreading cortical 
depression. There exists one case report of a 38 year old man known to have MFS 
presenting with headache and neck pain and a ventral epidural mass which was 
found to be an engorged and thrombosed epidural venous plexus [ 91 ]. The authors 
postulate that MFS may have predisposed the patient to engorged veins due to a 
disorder of the venous connective tissue however appreciate that it may be sequelae 
of CSF leak resulting in a reduced CSF volume.  
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    Conclusion 

 The infl uence of the genetic abnormality causing MFS is characterised by its multi- 
system involvement and variability in phenotypic expression. Whereas patients 
with MFS may frequently present to cardiothoracic surgeons, they are a rare entity 
in general neurosurgical practice and even more rarely require surgery. Despite 
this, the range of symptoms and signs described in the preceding sections represent 
the bulk of our practice. It is paramount therefore that a  possible diagnosis of MFS 
is not overlooked, enabling referral to the relevant specialty and appreciation of the 
increased surgical risks associated with treating this condition.      
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  20      Genitourinary Tract in Women 
with Marfan Syndrome                     

       Corrine     Jabs       and     Anne     H.     Child     

       Pelvic organ prolapse and urinary stress incontinence in women are multifactorial 
in etiology. The etiologic factors associated with these two conditions are thought to 
have considerable overlap. Stress incontinence is associated with hypermobility of 
the bladder neck as well as intrinsic sphincter weakness with most patients having 
overlap of these two components. Hypermobility of the bladder neck can be elicited 
on physical examination with the presence of cystourethrocele. 

 The denervation of the pelvic fl oor and physical trauma which occurs with child-
birth is thought to contribute to these conditions but individual predisposition also 
has a considerable effect. The strength and resilience of the connective tissue of the 
pelvis is thought to have a major infl uence on the occurrence of pelvic organ pro-
lapse and stress incontinence. 

 A constitutional predisposition to stress incontinence and pelvic organ prolapse 
has been sought by studying joint hypermobility and collagen. Joint hypermobility 
has been associated with pelvic organ prolapse [ 1 ,  2 ]. Ehlers-Danlos syndrome, a 
connective tissue disorder involving collagen, has been studied in association with 
gynecologic disorders and while incontinence was a frequent complaint, joint 
hypermobility was not correlated with pelvic fl oor prolapse [ 3 ,  4 ]. Weaker collagen 
cross linking [ 5 ], reduced overall collagen production [ 6 ,  7 ] and changes in the 
ratios of collagen types [ 8 ] have all been studied in relation to stress incontinence or 
prolapse and suggest an etiologic role for reduced overall fascial strength as a pre-
disposing factor for stress incontinence and prolapse. 
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 Collagen and fi brillin are essential components of connective tissue. Marfan syn-
drome is an autosomal dominant hereditary condition which results from mutations 
in the FBN1 gene which encodes fi brillin-1 on chromosome 15q21.1. Fibrillin-1 is 
an extracellular matrix component found in non-collagenous microfi brils in  virtually 
every tissue. Microfi brils contribute to the formation of elastic fi bers as well as 
s erving an anchoring function in non-elastic tissue. 

 Marfan syndrome was fi rst described more than 100 years ago [ 9 ] and remains a 
clinical diagnosis which can be confi rmed by demonstrating a mutation in the FBN1 
gene. Two of the three main systems (ocular, cardiovascular, skeletal) must be 
affected to make the diagnosis [ 10 ]. If a fi rst degree relative is classically affected, 
involvement of one system is suffi cient to make the diagnosis. Marfan syndrome 
affects approximately 1 in 5000 population world-wide and 25 % of cases are a 
result of a new mutation [ 11 ]. There are many overlapping syndromes affecting 
these systems which are related to defects in specifi c domains of the fi brillin gene 
or other mutations affecting microfi brils. 

 Medline literature search for Marfan syndrome, fi brillin, prolapse and inconti-
nence did not reveal any studies of these urogynecological disorders in women with 
Marfan syndrome despite the frequent mention of connective tissue disorders as etio-
logic features of pelvic organ prolapse and stress incontinence. One study on pelvic 
organ prolapse in women less than 35 years of age found an increased number of 
women with neurological, autoimmune and congenital diseases but included no 
cases of Marfan syndrome or Ehlers-Danlos syndrome. The association of medical 
diseases with prolapse may also have been related to the treatment of these disorders 
(e.g. corticosteroids) or to the university hospital setting predisposing to an increased 
number of referrals of young women with underlying medical conditions [ 12 ]. 

 A postal survey was undertaken with 240 questionnaires sent to addresses 
obtained from the Marfan Association in the United Kingdom. Surveys were sent to 
both men and women and asked questions eliciting presence of diseases involving 
the renal, urinary and reproductive systems (unpublished data, Anne Child). 
Responses were received from 42 females who had a mean age of 41 years (range 
14–63). Eleven women were age 50 years or above. There were 14 positive responses 
to the question regarding stress incontinence. This corresponds to a 33 % crude 
prevalence rate of stress incontinence in this group. Due to the embarrassing nature 
of urinary incontinence, we suspect the prevalence rate of the postal survey to be an 
underestimate of the true rate of incontinence. 

 An observational study by Jabs showed a prevalence of pelvic organ prolapse 
and stress incontinence in a population of women with Marfan syndrome. The 
association between pelvic organ prolapse, stress incontinence and joint hypermo-
bility in women with Marfan syndrome was also studied and found not to be 
correlated. 

 The study involved recruitment of female subjects from the clinical genetics 
practice of Anne Child. Female patients, 18 years of age or older, who could be 
contacted were invited to participate. Seventy-fi ve names of adult female patients 
with Marfan syndrome were obtained from the records of Dr. Child. Four patients 
were deceased and 12 patients were unable to be contacted by any means leaving 
59 patients available for recruitment. Of the 25 women who agreed to participate, 
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14 patients underwent interview, questionnaire and examination. An additional 11 
were interviewed by telephone and completed the questionnaire. Information col-
lected included: age, obstetrical history, gynecological history, medical 
 complications associated with Marfan syndrome, medical conditions unrelated to 
Marfan syndrome, and medications. Symptoms of urinary incontinence, pelvic 
organ prolapse and bowel dysfunction were elicited. A standardized urinary 
symptom questionnaire was used to document bladder function, type of inconti-
nence and effects on quality of life [ 13 ]. Physical examination determined joint 
hypermobility using the method described by Beighton [ 14 ] which allocates a 
score of 0–9 with a score of 4 or more indicating hypermobility. Pelvic examina-
tion was carried out with pelvic organ prolapse staging recorded according to the 
International Continence Society guidelines in the left lateral position at maxi-
mum Valsalva maneuver. 

 Of the 25 women with Marfan syndrome recruited to the study, the mean age was 
43 years (range 22–59 years). Ten women were postmenopausal of whom eight 
were using hormone replacement therapy. Ten women were nulliparous. Four 
women had undergone abdominal hysterectomy, 1 had undergone vaginal hysterec-
tomy. A history of urinary incontinence was elicited in 22/25 (88 %) of patients, of 
whom 13/25 (52 %) considered the problem signifi cant. Five had undergone surgi-
cal treatment for stress incontinence and 1 had medical treatment of urge inconti-
nence. Of the women with a history of incontinence, 18/25 (72 %) had a history of 
stress incontinence (pure or mixed) and 10/25 (40 %) felt that stress incontinence 
interfered with their life. Twenty-four percent of women had undergone treatment 
for stress incontinence. Women with stress incontinence were older than women 
without stress incontinence (47.6 vs. 31 years, p = 0.004). Seven of the 18 women 
with stress incontinence were nulliparous (Table  20.1 ). Parity was not associated 
with stress incontinence in this population. 

 Nine women had Stage II prolapse on examination, one patient had undergone 
Manchester repair on history and one additional patient had symptomatic prolapse 
but was not available for examination and had not undergone treatment therefore 
11/25 (44 %) of the total group had history or evidence of prolapse. Six women 
(24 %) had undergone surgical treatment of prolapse. The average age of women 
with prolapse on examination was similar to women without prolapse (47.2 vs. 
42.6 years, p = 0.3). Nine (64 %) of the women examined had Stage II prolapse 
(descent to –1, 0 or +1 cm from the hymenal ring). Seven women had anterior wall 
prolapse, all of whom had stress incontinence and two were symptomatic with a 
genital bulging sensation. Three had Stage II posterior wall descent, two of which 
complained of incomplete evacuation and the third had fecal soiling. Three of the 
9 women with prolapse were nulliparous and parity was not associated with the 
fi nding of prolapse (Table  20.1 ). 

 Nulliparous  Parous 

 Stress/mixed incontinence (18)  7  11 

 Prolapse (9)  3  6 

 Total study group (25)  10  15 

   Table 20.1    Effect of parity  
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 Three of the 6 women with Stage II anterior descent (cystocele/cystourethrocele) 
had undergone previous anterior repair for prolapse or stress incontinence and now 
had recurrent prolapse. One of the 2 women with Stage II posterior wall descent 
(rectocele) had previously undergone a vaginal prolapse repair. The patient with 
anterior and posterior prolapse had previously undergone anterior and posterior 
repair. Of note is that of the 5 women with previous surgical repair of prolapse, all 
now had fi ndings of recurrent Stage II prolapse. 

 Eight of the 14 women examined had evidence of joint hypermobility with a 
score of 4 or more out of 9. Of the 9 women with Stage II prolapse, 5 occurred 
in the hypermobile group and 4 occurred in the group without hypermobility 
(Table  20.2 ). Eleven of the 14 women examined complained of stress incontinence 
of whom 6 were in the hypermobile group while 5 were not. Prolapse and stress 
incontinence were not signifi cantly associated with hypermobility. 

 The etiology of pelvic organ prolapse and stress incontinence is not yet fully 
understood. Individual variation has a signifi cant impact as patients presumed to be 
at high risk are commonly seen with no stress incontinence and no evidence of pro-
lapse, while nulliparous women at low risk are sometimes found to have these con-
ditions. This is presumed to be due to variation in pelvic fl oor muscle and connective 
tissue. Marfan syndrome affects strength and elasticity of connective tissue. An 
abstract by Carley and Schaffer at the American Urogynecologic Society Meeting 
1998 presented interview data on 12 women with Marfan syndrome and found a rate 
of urinary incontinence of 42 % and pelvic organ prolapse of 33 %. There is no 
other published article defi ning the incidence of these disorders in women with 
Marfan syndrome. 

 The prevalence of incontinence in women in the general population is not easily 
ascertained as the methodologic problems in epidemiologic studies include the sam-
ple population chosen, the defi nition of stress incontinence used and the under- 
reporting of embarrassing conditions. There is also variation between studies which 
estimate the prevalence of “any incontinence” versus “severe incontinence.” This has 
led to a wide range of estimates for incontinence in the literature from 5 to 51 % [ 15 ]. 
A prevalence of approximately 30 % may be a clinically useful fi gure with approxi-
mately 5 % considered to have “severe” incontinence. In females, stress incontinence 
accounts for nearly 50 % of symptomatic women with approximately 30 % complain-
ing of mixed symptoms and 20 % complaining of isolated urge incontinence [ 16 ]. In 
the study by Jabs, 88 % of women with Marfan syndrome had experienced urinary 
incontinence, 72 % had experienced episodes of stress incontinence, 52 % considered 
stress incontinence a problem and 24 % had undergone previous treatment for stress 
incontinence. These rates are considerably higher than those quoted for the general 
population despite the wide range of prevalence found in the literature. 

 The prevalence of pelvic organ prolapse in the general population is even less 
well defi ned than that of urinary incontinence. One study estimates the lifetime risk 

 N = 14  Prolapse  No prolapse 

 Hypermobility  5  3 

 No hypermobility  4  2 

  Table 20.2    Examination – 
hypermobility and prolapse  
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of a woman undergoing at least one operation for treatment for prolapse and stress 
incontinence to be 11.1 % [ 17 ]. A study of the prevalence of prolapse in women 
20–59 years of age found a prevalence of 30.8 % for any degree of prolapse and 2 % 
of prolapse that reached the introitus [ 18 ]. Age, parity, pelvic fl oor muscle strength 
and maximum birth weight were independently associated with prolapse [ 18 ]. In 
one population with Marfan syndrome, 24 % had undergone surgical treatment for 
prolapse. Of the 14 women examined, 9 (64 %) had Stage II pelvic organ prolapse 
of whom 5 were recurrent and 3 occurred in nulliparous women. 

 The high risk of recurrence following operation for prolapse repair in the Marfan 
population is discouraging. Patients need to be counseled that their risk of recur-
rence is higher than the general population. Consideration should be given to a trial 
of conservative therapy for prolapse such vaginal pessary. Anterior repair was used 
to correct prolapse and stress incontinence in 4 women in this study group. Anterior 
repair has been shown to be a less effective treatment for stress incontinence in the 
general population [ 19 ,  20 ] and it should also be avoided in this population with 
high risk of recurrence. A colposuspension using the strong attachment point of the 
iliopectineal ligament and permanent suture or a vaginal tape may prove more suc-
cessful for treatment of stress incontinence. 

 It appears that there is a higher prevalence of pelvic organ prolapse and stress 
incontinence in women affected by Marfan syndrome. This agrees with the assumed 
association of connective tissue disease and these conditions. As prolapse and stress 
incontinence are multifactorial in origin, it is diffi cult to determine what, if any, 
preventive techniques are effective for this high-risk group. Certainly these patients 
should be counseled to minimize additional theoretical risk factors for these condi-
tions such as constipation, straining at stool, chronic cough, heavy lifting and 
increased body weight. Pelvic fl oor exercises with or without the assistance of a 
physiotherapist, are risk-free and should be encouraged. Elective cesarean delivery 
cannot be recommended as prophylaxis against prolapse since these patients are at 
higher surgical risk and prolapse has also been shown to occur in nulliparous 
women. 

 Patients with Marfan syndrome are known to have delayed wound healing due to 
abnormal fi brillin production. The vasculature of Marfan syndrome patients is also 
fragile which can lead to increased blood loss and hematoma formation [ 21 ]. They 
should be considered at higher risk for incisional hernia and dehiscence. Meticulous 
surgical technique is required with attention to hemostasis and consideration should 
be given to using suture material with prolonged delayed absorption (Maxon or 
PDS) or non-absorbable suture where possible. Suture and staple removal should 
also be delayed compared with patients with normal wound healing. Antibiotic pro-
phylaxis is required for bacterial endocarditis prevention. 

 The care of Marfan syndrome patients may be co-ordinated through their family 
physician but often they are seen more regularly by specialists for complications of 
Marfan syndrome. 

 Specialists such as cardiologists, geneticists, ophthalmologists or orthopedic sur-
geons may be involved depending on the individual patient’s health status. Effective 
treatment for cardiovascular complications of Marfan syndrome has increased the 
life expectancy for these patients [ 22 ]. As a result, Marfan syndrome patients will 
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more commonly experience diseases that increase in prevalence with age, such as 
incontinence and pelvic organ prolapse. Physicians caring for these patients should 
be aware of the diverse manifestations of this disease and request input from a gyne-
cologist or urogynecologist when appropriate.
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  21      Pregnancy Management in Marfan 
Syndrome                     

       Fiona     Walker       and     Anne     H.     Child     

          Introduction 

 Cardiac disease is the leading cause of maternal mortality in the developed world 
[ 1 ]. In women with MFS and a signifi cantly dilated aorta (over 4.0 cm) [ 2 ] the risk 
of aortic dissection rises to at least 10 % and increases further with an increasing 
aortic diameter [ 2 ,  3 ].  

    Preconception Counselling 

 All women with MFS should have preconception counselling to discuss MFS inher-
itance risk: the risk of an affected foetus is 50 %. The actual prediction of severity 
of the disease is based on the male and female phenotypes within the proband’s 
family. The proband’s mutation should be sought through DNA analysis of the 
FBN-1 gene, all 65 exons plus MLPA, in the 6 months prior to planned conception. 
This can be used for chorionic villus biopsy at 11 weeks’ gestation, pre- implantation 
genetic diagnosis [ 5 ,  6 ], or postnatal diagnosis, according to the couple’s wishes. 
(see Chap.   23    ). 
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 Maternal cardiovascular risk; the cardiologist should review current and past 
serial echo data (if available) and also take a detailed family history. Specifi c echo-
cardiographic considerations include aortic dimensions, aortic valve function, 
mitral valve anatomy and function, and myocardial function. A cardiac MRI should 
be undertaken to assess the whole of the distal aorta. With regards the family history 
the details of aortic dissection (AOD) in any family members including intra- 
operative or post-mortem fi ndings is helpful in knowing if AOD occurred in the 
context of normal aortic dimensions or aortic enlargement. If AOD occurred with 
normal aortic size the threshold for undertaking elective root replacement pre- 
pregnancy is 40 mm, otherwise elective root replacement should be considered at 
45 mm. All women should be advised of the symptoms of AOD and told to have a 
low threshold for seeking urgent medical attention if such symptoms occur. It is 
better that an A&E attendance is unnecessary and the diagnosis is indigestion rather 
than missing the early symptoms of AOD. 

 Obstetric risk; The miscarriage rate for the normal population is 10–20 % prior 
to 20 weeks gestation. In MFS this rate is higher but the main cause of foetal mortal-
ity and morbidity relates to prematurity and premature rupture of membranes 
(~5 %). Other complications include increased joint pain and joint dislocation, and 
respiratory complications due to kyphoscoliosis. Symphysis pubis dysfunction is 
particularly painful and can be debilitating. 

 Advice with regards contraception should also be provided, [ 4 ] both prior to 
planned pregnancy, and postpartum.  

    Pregnancy Management 

 All women with MFS embarking on pregnancy should be referred to a tertiary cen-
tre, with a multi-disciplinary team (MDT) in place for pregnancy care. Such joint 
expert care reduces maternal and foetal risks [ 10 – 12 ]. 

    Drug Therapy 

 Beta-blockers, have been shown to reduce aortic growth in pregnancy and are there-
fore the preferred treatment option. Women should switch from ACE inhibitors 
(ACEI) or Angiotensin receptor blockers (e. g Losartan) to beta-blockers pre- 
pregnancy where possible, but should also be advised of their potential associated 
foetal effects including growth retardation [ 7 ], and bradycardia in the newborn [ 8 ]. 
Although tiny amounts of beta-blockers are secreted in breast milk, breastfeeding is 
not contraindicated and the benefi ts of treatment outweigh the small foetal risks. 
ACEI and ARBs are contraindicated in pregnancy due to a risk of foetal renal 
 abnormalities and an increased risk of intra-uterine death but they can re-instated 
post-partum and are safe in breast-feeding [ 9 ].  
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    Echo Surveillance 

 Echocardiography to assess the aortic dimensions should be undertaken each tri-
mester but more frequently if the aorta is between 40 and 45 mm. Surveillance 
should continue post-partum for up to 6 months as the peak risk for aortic dissection 
is in the last trimester and postpartum period. If aortic dimensions increase during 
pregnancy the degree and accuracy of this increase in size must be validated by 
blinded measurements and repeat CMRI. The recommendation to interrupt a preg-
nancy early is a signifi cant decision with important consequences, therefore changes 
in dimension must be genuine and pathological and the decision made by the MDT.  

    Delivery Planning 

 Each delivery plan must be individualized taking into account the patients echo/
CMRI fi ndings and family history. For patients with no FHX of AOD and normal 
aortic dimensions, a vaginal delivery with epidural anaesthesia is entirely appropri-
ate. Epidural is preferable to general anaesthesia, as intubation may lead to marked 
fl uctuations in blood pressure [ 13 ]. Intubation may be diffi cult due to high palate, 
limited neck extension, jaw dislocation and fl oppy larynx [ 14 ]. Note, if regional 
anaesthesia is planned, that the anaesthetist should be made aware of the presence 
of dural ectasia as the local anaesthetic dosing regime can be affected [ 15 ]. Dural 
ectasia is present in 65 % of MFS patients and can be determined prior to pregnancy 
by MRI [ 16 ,  17 ]. The optimal mode of delivery for other patients with perhaps a 
positive FHX of AOD or aorta size of 40–45 mm is less clear. Usually a vaginal 
delivery with epidural anaesthesia and instrumental assistance to shorten the second 
stage, along with tight blood pressure control is appropriate, but an elective caesar-
ean section is equally appropriate and also safe. The risk of postpartum haemor-
rhage is increased in MFS.   

    Aortic Dissection and Pregnancy 

 Acute aortic dissection in pregnancy is a catastrophic complication with a high mater-
nal and foetal mortality. Maternal health is the priority and any intervention should 
focus on preserving maternal health and well-being. Treatment should follow current 
guidelines for acute AOD [ 18 ]. There are many case reports regarding vascular com-
plications requiring surgery during pregnancy [ 19 – 21 ]. Of 11 pregnant patients (4 had 
Marfan syndrome) undergoing aortic surgery, Yates et al. [ 22 ] reported no maternal 
deaths, 8 healthy babies born at term and 3 pregnancies resulting in intra-uterine 
demise within one week of surgery. With appropriate maternal and foetal monitoring, 
attention to cardiopulmonary bypass, pulsatile perfusion, near-normothermia, and 
avoidance of vasoconstrictors any risks may be minimised (see Chap.   9    ). 
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 The risk of AOD persists for up to 6 months post-partum irrespective of mode of 
delivery [ 23 ,  24 ], therefore ongoing surveillance and vigilance for symptoms sug-
gestive of AOD is essential. Breastfeeding prolongs the risk period, however most 
mothers still prefer to breastfeed.  

    Further Pregnancy 

 Any subsequent pregnancy should be deferred for 12 months after stopping breast-
feeding and new baseline investigations including TTE and CMRI undertaken to 
inform pre-conception risk discussions [ 25 ].  

    Conclusions 

 Pregnancy in MFS women is associated with signifi cant maternal, foetal and 
neonatal risks. At best there is a background AOD risk of ~1 % which has an 
associated mortality of up to 30 %. In light of this, all women with MFS who 
wish to embark on pregnancy should be offered expert pre-pregnancy counsel-
ling and specialist multidisciplinary care in a tertiary hospital setting, and made 
aware of the symptoms of aortic dissection and the need for urgent medical atten-
tion should these occur.     
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  22      Marfan Syndrome (MFS): Inherited 
Microfibrillar Disorder Caused 
by Mutations in the Fibrillin-1 Gene                     

       Jose     Antonio     Aragon-Martin       and     Anne     H.     Child     

       There have been several studies suggesting that  FBN1  gene was responsible for the 
Marfan syndrome (MFS) phenotype [ 1 – 4 ] before announcing the localisation of the 
gene on chromosome 15q21.1 in 1991 [ 3 ,  5 ,  6 ]. Subsequently, many research labo-
ratories started to screen  FBN1  in their MFS patients. Many mutations have been 
mapped to this gene due to this increase in genetic screening and international col-
laborations confi rming  FBN1  as the gene responsible for Marfan syndrome [ 7 – 15 ]. 
This has been the fi nal proof to confi rm that the  FBN1  gene is the cause of MFS. 

 MFS displays an autosomal dominant [ 16 ] inheritance pattern. Although infre-
quent, there have been recessive [ 17 – 21 ] and compound-heterozygote [ 22 ,  23 ] 
cases with mutations in the  FBN1  gene where the phenotype tends to be more severe 
than the autosomal dominant form. Most of the  FBN1  mutations occur at the germ-
line, either by spontaneous mutation ( de Novo  mutation) [ 12 ] or inherited (familial 
mutation) [ 7 ]. Though very rare, there have been cases of mosaicism by either 
germline [ 8 ] or somatic mutations [ 9 ,  10 ]. The syndrome has been reported with an 
estimated incidence of 1 in 3000–5000 [ 24 – 26 ] live births, Gray has reported an 
incidence of 1 in 9800 [ 27 ] live births; and approximately 25 % [ 25 ,  27 ] of cases 
arising as the result of spontaneous mutations. 
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 In 1995 it was reported that life expectancy for patients with MFS had increased 
about 25 % [ 28 ] since 1972. One of the reasons was the addition of one year of life 
expectancy per every year of research in the fi eld, but the main reason was due to 
the increased frequency of diagnosis helped by mutation screening [ 29 ]. 

  FBN1  gene codes for fi brillin-1 protein, which is composed of 47 (~75 % of the 
protein) repeated EGF-like (epidermal growth factor-like) domains; 43 of them 
have calcium-binding properties [ 30 ] (cbEGF-like - calcium binding EGF-like). 
Between the EGF-like domains there are 7 (~11 % of the protein) TGFBP (trans-
forming growth factor-β binding protein-like) domains, defi ned as 8-cysteine 
domains (Fig.  22.1 ).

   MFS occurs when a causative mutation appears in the nucleotide sequence of the 
 FBN1  gene disrupting the normal assembly of the protein [ 32 ]. This extracellular 
matrix protein is produced as profi brillin-1 (~350 kD), which is transformed to 
fi brillin-1 (~320 kD) in a calcium-dependent process [ 33 ,  34 ]. Fibrillin-1 is a 
cysteine- rich glycoprotein that is a major structural component of the 10–12 nm 
calcium-binding extracellular microfi brils [ 1 ]. A better understanding of the role of 
fi brillin-1 is being obtained due to the mapping of novel and recurrent causative 
mutations and by the study of their effect on protein structure and expression. 

 A region of interest is between exons 24–32 (neonatal region). Causative muta-
tions in this region tend to create severe phenotypes [ 35 – 37 ] and patients generally 
die in the fi rst years of life of cardiopulmonary failure [ 32 ]. 

 Another region to be noticed is between exons 23–29. Causative mutations in 
this region tend to create phenotypes with no ocular anomalies. The UMD (univer-
sal mutation database) shows that half of causative mutations in these patients are 
located in this region [ 8 ]. 

  FBN1  is a relatively large and highly fragmented gene. It consists of 65 coding 
exons (Exons 1–66 – Exon 1 is a non-coding exon) contained in ~237 kb of genomic 
DNA [ 31 ,  38 ,  39 ]. About 3000 mutations associated with  FBN1  gene have been 
reported in the UMD to date [ 40 ]. The majority of the mutations occur throughout 
the gene in exons 2 through 66. Each mutation is unique to a specifi c family (rare 
exceptions occur) implying that spontaneous de novo mutations are common. A 
great number of mutations are base changes that result in amino acid substitutions 
(non-synonymous variants) within the EGF-like domains of fi brillin-1 [ 41 ]. These 

Signal peptide

`NH2 unique region

4-Cys motif LTBP-like

EGF-like

cbEGF-like

Hybrid Domain Proline-rich region

TGFBP COOH unique region

FibuCTDIII-like

  Fig. 22.1    Drawing of the 62 different domains of profi brillin-1 protein. Each domain is made of a 
black box and the box is coloured depending on the type of domain. The location of the signal peptide 
cleavage, the 2 tetrabasic Furin/PACE cleavage site, the N-terminus and C-terminus cleavage, the cell 
attachment signal location and the 15 N-glycosilation sites has been omitted to focus on a clear 
understanding of the domains.  EGF  epidermal growth factor,  TGFBP  transforming growth factor-β 
binding protein-like,  cbEGF  calcium binding EGF (Modifi ed from Pereira et al. [ 31 ])       
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variants are expected to alter calcium binding or disulphide bond formation, which 
mediate protein interactions in the extracellular matrix [ 42 ,  43 ]. 

 There are 43 calcium binding epidermal growth factor-like (cbEGF-like) domains 
in fi brillin-1. The amino acid sequence in these 43 domains differs between 2–7 
amino acids but the core amino acids are highly conserved. Calcium binds to a 
highly conserved region in the cb-EGF-like domain made of the following amino 
acid sequence [D]–[x 1 ]–[D/N]–[E]–[C 1 ]–[x 4–6 ]–[C 2 ]–[x 3–6 ]–[C 3 ]–[x 1 ]–[N/D]. The 
example in Fig.  22.2  is from cb-EGF-like number 35 with its conserved sequence 
[D]–[x 1 ]–[D]–[E]–[C 1 ]–[x 6 ]–[C 2 ]–[x 6 ]–[C 3 ]–[x 1 ]–[N] (Fig.  22.2 ).

   Non-synonymous causative mutations in the conserved calcium-binding region 
have been found in Marfan patients [ 7 ,  40 ,  45 – 47 ]. This is probably due to the 
inability of the conserved region to bind calcium ions and as a consequence the 
protein might breakdown at the domain affected by the mutation. Proteolysis of 
fi brilin-1 can occur but it has been studied that calcium ions in the cb-EGF-like 
domains have a protective effect [ 48 – 52 ]. 

D D/N
E

N/D

C2

C4 C5

C6

C1

C3

Ca2+

NH2-terminus

COOH-terminus

  Fig. 22.2    This picture represents cbEGF-like domain number 35 in fi brillin-1, from the amino 
terminus (NH2-terminus) to the carboxyl terminus (COOH-terminus).  Black circles  represent 
amino acids. Black circles C1-C3 ( light blue ), C2-C4 ( red ), C5-C6 ( green ) reveal the position of 
cysteine residues. Cysteine residues are attached by disulphide bonds, which are represented by 
 dotted colour lines . Calcium (Ca2+) is represented as oval shape and attached ( solid blue lines ) to 
a highly conserved amino acid sequence ([D]–[x1]–[D/ N]–[E]–[C1]–[x4-6]–[C2]–[x3-6]–[C3]–
[x1]–[N/D]) found in cb-EGF-like domains. x = amino acids not conserved. x4–6 = 4–6 amino 
acids (Modifi ed from Micheal et al. [ 44 ])       
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 Cysteine changes are very important because cysteine tends to create disul-
phide bonds with another cysteine. Other non-synonymous causative mutations 
are found in Marfan patients where one of the 6 cysteines found in the cbEGF-like 
domain has been changed to an amino acid that might disrupt the normal assem-
bly of the disulphide bonds, therefore, destabilising the domain [ 7 ,  53 ,  54 ]. There 
are Marfan patients where a normal amino acid in the protein sequence has been 
changed to a new cysteine, which might disrupt the natural assembly of the disul-
phide bonds [ 7 ,  40 ]. 

 Other types of DNA mutations can affect the normal splicing of the FBN1 tran-
script either by inserting [ 55 ] or skipping [ 7 ,  40 ] exons. There is a large and com-
plex molecular machine behind the normal splicing called spliceosome. Proteins 
involved in the spliceosome need to recognise and bind to consensus sequences in 
pre-mRNA molecules to splice their introns. Several studies in Marfan patients have 
found causative mutations in the sequence of FBN1 pre-mRNA molecules that dis-
rupt the involvement of the spliceosome [ 7 ,  40 ,  55 ,  56 ]. 

 There are cases where the transcription of fi brillin-1 message is prematurely ter-
minated or part of the  FBN1  gene is deleted; if there is no degradation of the mRNA 
it will produce truncated fi brillin-1 polypeptides disrupting the normal function of 
fi brillin-1 protein [ 7 ,  40 ,  57 ,  58 ]. On the other hand, if there is degradation of the 
mRNA the Marfan patient will develop FBN1 haploinsuffi ciency; this happens 
when one of the alleles for  FBN1  gene is not expressed as protein due to an anom-
aly, leaving one copy of the good gene to do the entire job but it is not suffi cient to 
stop the development of Marfan phenotype. One study suggests that patients with 
haploinsuffi ciency respond better to drug treatment [ 59 ]. 

 It is understandable to think that the importance of knowing the type of causative 
mutation will tell us more about the Marfan phenotype. This is something that sci-
entists are working hard on, at present, to get an explanation. There have been sev-
eral genotype-phenotype association studies in Marfan syndrome but none of them 
with a conclusive answer [ 60 – 62 ]. 

 Diagnosis of MFS relies on clinical criteria and mutation screening helps to fi nd 
the genetic cause. Scientists have been investigating to improve mutation sensitive 
techniques to get a clear idea of the molecular genetic cause in MFS. Heteroduplex 
(~78 %) [ 63 ] and SSCP (~75 %) [ 7 ] techniques had a low mutation rate in  FBN1  
screening. An improvement in sensitivity came with dHPLC analysis technique 
(~91 %) [ 7 ] but when it comes to sensitivity there is nothing like the gold standard, 
Sanger sequencing (~98 %), which all the other techniques have to use to validate 
their variants. 

 Mutation screening by Sanger sequencing technique (Fig.  22.3 ) is very powerful 
but even this technique has sensitivity issues. It cannot detect large deletions or 
duplications in the DNA sequence and to solve this problem MLPA technique has 
come to the rescue. The combination of MLPA with Sanger sequencing has 
improved the mutation screening technique to ~99 % accuracy. One of the reasons 
it is not 100 % is because these techniques do not normally cover promoter or whole 
intron regions when screening for mutations. It is known that variations can occur 
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deep within an intron and some of them can be causative mutations [ 55 ] but the 
majority of causative mutations occur within the coding region of a gene. It would 
be astronomically expensive to screen whole introns of  FBN1  gene by Sanger 
sequencing.

   The world has been working very hard since 2004 to solve this monetary prob-
lem. The latest techniques that scientists trust for mutation screening are called 
whole genome/exome sequencing, which are part of next generation sequencing 
(NGS). The difference between them is that whole exome sequencing will only 
screen the coding regions of all the genes in a genome; on the other hand, whole 
genome sequencing will screen the whole genome of a patient (including promoter 
and intron regions). Major drawback points of these techniques are random low 
coverage of regions in the genome, accuracy when sequencing repetitive regions 
with one nucleotide and the reliability of the programs used to fi nd variants [ 64 ]. 
Although the programs are very convenient and fast, increasing the coverage or 
even the usage of visual interfaces like IGV (Fig.  22.4 ) to screen manually the 
sequences will help to increase NGS reliability [ 64 ]. A minor drawback is that every 
single variant that needs to be studied has to be confi rmed by the “gold standard”: 
Sanger sequencing.

Normal

T A G G GA A A A A A A CCCCT T T

T A G GC C
130140

130140
-

C CGA A A A A A A AT T T

Mutant

  Fig. 22.3    This picture represents the visual result of using Sanger sequencing technique. It was 
visualised with Gap4 program. The  red arrow  points to the location of a mutant nucleotide and the 
 green arrow  to the normal variant. This FBN1 causative mutation is found in Exon 61. It alters the 
nucleotide sequence at a codon (AAT > AGT), where its amino acid affects the calcium binding 
consensus sequence in the domain cbEGF-like number 40. This causative mutation is called 
c.7577A > G (nucleotide sequence) and p.N2526S (amino acid sequence) based on HGVS nomen-
clature and NM_000138 transcript       
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    Advance on these last two techniques is going even further. In the past years there 
has been a growing interest with a company called Oxford Nanopore Technologies. 
The previous NGS platforms are going to be renamed 2nd Generation Sequencing 
(2GenSeq) since the technique from this last company is going to be called 3rd 
Generation Sequencing (3GenSeq). The previous platforms must use fragmented 
DNA, while Oxford Nanopore is using whole DNA molecules to pass through a very 
tiny pore where each nucleotide gives a different electric charge (Fig.  22.5 ). If it 

  Fig. 22.4    Picture taken from IGV program to visualize exome sequencing data. Fragments with 
nucleotide sequence identical to the reference genome are coloured  grey  and nucleotides that are 
different will be shown in colours ( blue  =  C ;  black  =  G ;  green  =  A ;  red  =  T ). The reference genome 
sequence is located at the  bottom  of the picture. The location of the two  black dotted lines  is cen-
tred in a particular nucleotide. This variant was found in exon 11 of the FBN1 gene with the names 
c.1415G > A & p.C472Y (based on HGVS nomenclature and NM_000138 transcript). The nucleo-
tide and the coverage region are coloured to facilitate the location of important variants in the 
genome. Some other possibly important nucleotides in the vicinity are shown in lighter colour but 
the program analysing the data could be calling the wrong nucleotide       
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really works one day, this will defi nitely solve the reliability of the nucleotide 
sequences. At the moment there is a major challenge with the fast speed of DNA 
molecules when they pass through the pores [ 67 ]. 

 The importance of 2nd & 3rd Generation Sequencing comes from the current 
understanding that other genes could infl uence the mild or severe phenotype of 
Marfan syndrome patients. These other genes are called modifi ers and therefore 
variations in these genes will modify the severity of a Marfan phenotype. It is well 
known that Marfan syndrome is clinically variable between families and between 
members of the same family, making the research into the genotype-phenotype 
association very diffi cult. This is why the arrival of NGS platforms is critical. NGS 
techniques provide data that not only will screen the whole  FBN1  gene but also will 
allow the study of other genes that can be classifi ed as modifi ers. This will help to 
better understand the genotype-phenotype association in Marfan syndrome patients. 

 One last point to consider here is the incidence of many overlapping syndromes 
when it comes to diagnosing a patient with Marfan syndrome where patients with 
similar features are not linked to the  FBN1  gene [ 68 ]. Also, other connective tissue 
disorders may be linked to the  FBN1  gene. There are many connective tissue disor-
ders that are similar to the phenotype encountered in Marfan syndrome like Loeys-
Dietz syndrome (LDS) or Ehlers-Danlos syndrome (EDS type IV), which do not 
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have mutations in the  FBN1  gene. On the other hand, depending on the location of 
the causative mutation within the  FBN1  gene, different clinical phenotypes, apart 
from Marfan syndrome may appear, and some of them are:  M itral valve,  A orta, 
 S keleton, and  S kin syndrome (MASS),  T horacic  A ortic  A neurysm and  D issection 
(TAAD) or familial Ectopia Lentis (EL) [ 35 ,  41 ]. 

 Because other connective tissue disorders are very similar clinically to Marfan 
syndrome, when researching it is imperative to focus on these overlapping condi-
tions, their different phenotypes and the genes they are associated with. It is under-
stood that some TAAD genes are involved in the same pathway as the Marfan 
syndrome gene ( FBN1 ) and these other genes could be modifi er genes that research-
ers are looking for to clarify the understanding of the genotype-phenotype relation-
ship in Marfan syndrome. 

 We are coming from a long way and we are still going places.    

   References 

     1.    Sakai LY, Keene DR, Engvall E. Fibrillin, a new 350-kD glycoprotein, is a component of 
extracellular microfi brils. J Cell Biol. 1986;103(6 Pt 1):2499–509.  

   2.    Hollister DW, Godfrey M, Sakai LY, Pyeritz RE. Immunohistologic abnormalities of the 
microfi brillar-fi ber system in the Marfan syndrome. N Engl J Med. 1990;323(3):152–9.  

    3.    Dietz HC, Pyeritz RE, Hall BD, Cadle RG, Hamosh A, Schwartz J, Meyers DA, Francomano 
CA. The Marfan syndrome locus: confi rmation of assignment to chromosome 15 and identifi -
cation of tightly linked markers at 15q15-q21.3. Genomics. 1991;9(2):355–61.  

    4.    Kainulainen K, Pulkkinen L, Savolainen A, Kaitila I, Peltonen L. Location on chromosome 15 
of the gene defect causing Marfan syndrome. N Engl J Med. 1990;323(14):935–9.  

    5.    Magenis RE, Maslen CL, Smith L, Allen L, Sakai LY. Localization of the fi brillin (FBN) gene 
to chromosome 15, band q21.1. Genomics. 1991;11(2):346–51.  

    6.    Lee B, Godfrey M, Vitale E, Hori H, Mattei MG, Sarfarazi M, Tsipouras P, Ramirez F, Hollister 
DW. Linkage of Marfan syndrome and a phenotypically related disorder to two different fi bril-
lin genes. Nature. 1991;352(6333):330–4.  

             7.   Comeglio P, Johnson P, Arno G, Brice G, Evans A, Aragon-Martin J, da Silva FP, Kiotsekoglou 
A, Child A. The importance of mutation detection in Marfan syndrome and Marfan-related 
disorders: report of 193 FBN1 mutations. Hum Mutat. 2007;28(9):928–50.  

     8.    Collod-Béroud G, Lackmy-Port-Lys M, Jondeau G, Mathieu M, Maingourd Y, Coulon M, 
Guillotel M, Junien C, Boileau C. Demonstration of the recurrence of Marfan-like skeletal and 
cardiovascular manifestations due to germline mosaicism for an FBN1 mutation. Am J Hum 
Genet. 1999;65(3):917–21.  

    9.    Blyth M, Foulds N, Turner C, Bunyan D. Severe Marfan syndrome due to FBN1 exon dele-
tions. Am J Med Genet A. 2008;146A(10):1320–4.  

    10.    Montgomery RA, Geraghty MT, Bull E, Gelb BD, Johnson M, McIntosh I, Francomano CA, 
Dietz HC. Multiple molecular mechanisms underlying subdiagnostic variants of Marfan syn-
drome. Am J Hum Genet. 1998;63(6):1703–11.  

   11.    Hayward C, Porteous ME, Brock DJ. Mutation screening of all 65 exons of the fi brillin-1 gene 
in 60 patients with Marfan syndrome: report of 12 novel mutations. Hum Mutat. 
1997;10(4):280–9.  

    12.    Hayward C, Keston M, Brock DJ, Dietz HC. Fibrillin (FBN1) mutations in Marfan syndrome. 
Hum Mutat. 1992;1(1):79.  

   13.    Dietz HC, Cutting GR, Pyeritz RE, Maslen CL, Sakai LY, Corson GM, Puffenberger EG, 
Hamosh A, Nanthakumar EJ, Curristin SM. Marfan syndrome caused by a recurrent de novo 
missense mutation in the fi brillin gene. Nature. 1991;352(6333):337–9.  

J.A. Aragon-Martin and A.H. Child



241

   14.    Dietz HC, McIntosh I, Sakai LY, Corson GM, Chalberg SC, Pyeritz RE, Francomano CA. Four 
novel FBN1 mutations: signifi cance for mutant transcript level and EGF-like domain calcium 
binding in the pathogenesis of Marfan syndrome. Genomics. 1993;17(2):468–75.  

    15.    Tynan K, Comeau K, Pearson M, Wilgenbus P, Levitt D, Gasner C, Berg MA, Miller DC, 
Francke U. Mutation screening of complete fi brillin-1 coding sequence: report of fi ve new 
mutations, including two in 8-cysteine domains. Hum Mol Genet. 1993;2(11):1813–21.  

    16.    McKUSICK VA. The cardiovascular aspects of Marfan’s syndrome: a heritable disorder of 
connective tissue. Circulation. 1955;11(3):321–42.  

    17.    de Vries BB, Pals G, Odink R, Hamel BC. Homozygosity for a FBN1 missense mutation: 
clinical and molecular evidence for recessive Marfan syndrome. Eur J Hum Genet. 
2007;15(9):930–5.  

   18.    Hogue J, Lee C, Jelin A, Strecker MN, Cox VA, Slavotinek AM. Homozygosity for a FBN1 
missense mutation causes a severe Marfan syndrome phenotype. Clin Genet. 
2013;84(4):392–3.  

   19.    Capotorti L, de Benedetti Gaddini R, Rizzo P. Contribution to the study of the heredity of 
Marfan’s syndrome: description of a family tree of 4 generations with marriage between con-
sanguineous parents. Acta Genet Med Gemellol (Roma). 1959;8:455–82.  

   20.    Chemke J, Nisani R, Feigl A, Garty R, Cooper M, Bårash Y, Duksin D. Homozygosity for 
autosomal dominant Marfan syndrome. J Med Genet. 1984;21(3):173–7.  

    21.    Schollin J, Bjarke B, Gustavson KH. Probable homozygotic form of the Marfan syndrome in 
a newborn child. Acta Paediatr Scand. 1988;77(3):452–6.  

    22.    Karttunen L, Raghunath M, Lönnqvist L, Peltonen L. A compound-heterozygous Marfan 
patient: two defective fi brillin alleles result in a lethal phenotype. Am J Hum Genet. 
1994;55(6):1083–91.  

    23.    Van Dijk FS, Hamel BC, Hilhorst-Hofstee Y, Mulder BJ, Timmermans J, Pals G, Cobben 
JM. Compound-heterozygous Marfan syndrome. Eur J Med Genet. 2009;52(1):1–5.  

    24.    Keane MG, Pyeritz RE. Medical management of Marfan syndrome. Circulation. 
2008;117(21):2802–13.  

    25.    Judge DP, Dietz HC. Marfan’s syndrome. Lancet. 2005;366(9501):1965–76.  
    26.    Chiu HH, Wu MH, Chen HC, Kao FY, Huang SK. Epidemiological profi le of Marfan syn-

drome in a general population: a national database study. Mayo Clin Proc. 2014;89(1):34–42.  
     27.    Dean JC. Management of Marfan syndrome. Heart. 2002;88(1):97–103.  
    28.    Silverman DI, Burton KJ, Gray J, Bosner MS, Kouchoukos NT, Roman MJ, Boxer M, 

Devereux RB, Tsipouras P. Life expectancy in the Marfan syndrome. Am J Cardiol. 
1995;75(2):157–60.  

    29.    Pyeritz RE. Marfan syndrome: 30 years of research equals 30 years of additional life expec-
tancy. Heart. 2009;95(3):173–5.  

    30.    Corson GM, Chalberg SC, Dietz HC, Charbonneau NL, Sakai LY. Fibrillin binds calcium and 
is coded by cDNAs that reveal a multidomain structure and alternatively spliced exons at the 
5’ end. Genomics. 1993;17(2):476–84.  

     31.    Pereira L, D’Alessio M, Ramirez F, Lynch JR, Sykes B, Pangilinan T, Bonadio J. Genomic 
organization of the sequence coding for fi brillin, the defective gene product in Marfan syn-
drome. Hum Mol Genet. 1993;2(7):961–8.  

     32.    Summers KM, Nataatmadja M, Xu D, West MJ, McGill JJ, Whight C, Colley A, Adès 
LC. Histopathology and fi brillin-1 distribution in severe early onset Marfan syndrome. Am 
J Med Genet A. 2005;139(1):2–8.  

    33.    Milewicz DM, Pyeritz RE, Crawford ES, Byers PH. Marfan syndrome: defective synthesis, 
secretion, and extracellular matrix formation of fi brillin by cultured dermal fi broblasts. J Clin 
Invest. 1992;89(1):79–86.  

    34.    Raghunath M, Kielty CM, Steinmann B. Truncated profi brillin of a Marfan patient is of appar-
ent similar size as fi brillin: intracellular retention leads to over-N-glycosylation. J Mol Biol. 
1995;248(5):901–9.  

     35.    Kainulainen K, Karttunen L, Puhakka L, Sakai L, Peltonen L. Mutations in the fi brillin gene 
responsible for dominant ectopia lentis and neonatal Marfan syndrome. Nat Genet. 
1994;6(1):64–9.  

22 Marfan Syndrome (MFS): Inherited Microfi brillar Disorder Caused by Mutations



242

   36.    Milewicz DM, Duvic M. Severe neonatal Marfan syndrome resulting from a de novo 3-bp 
insertion into the fi brillin gene on chromosome 15. Am J Hum Genet. 1994;54(3):447–53.  

    37.    Putnam EA, Cho M, Zinn AB, Towbin JA, Byers PH, Milewicz DM. Delineation of the Marfan 
phenotype associated with mutations in exons 23–32 of the FBN1 gene. Am J Med Genet. 
1996;62(3):233–42.  

    38.    Sakai LY, Keene DR. Fibrillin: monomers and microfi brils. Methods Enzymol. 1994;
245:29–52.  

    39.    Biery NJ, Eldadah ZA, Moore CS, Stetten G, Spencer F, Dietz HC. Revised genomic organiza-
tion of FBN1 and signifi cance for regulated gene expression. Genomics. 1999;56(1):70–7.  

         40.    Collod-Béroud G, Le Bourdelles S, Ades L, Ala-Kokko L, Booms P, Boxer M, Child A, 
Comeglio P, De Paepe A, Hyland JC. and others. Update of the UMD-FBN1 mutation database 
and creation of an FBN1 polymorphism database. Hum Mutat. 2003;22(3):199–208.  

     41.    Dietz HC, Saraiva JM, Pyeritz RE, Cutting GR, Francomano CA. Clustering of fi brillin 
(FBN1) missense mutations in Marfan syndrome patients at cysteine residues in EGF-like 
domains. Hum Mutat. 1992;1(5):366–74.  

    42.    Smallridge RS, Whiteman P, Doering K, Handford PA, Downing AK. EGF-like domain cal-
cium affi nity modulated by N-terminal domain linkage in human fi brillin-1. J Mol Biol. 
1999;286(3):661–8.  

    43.    Kielty CM, Rantamäki T, Child AH, Shuttleworth CA, Peltonen L. Cysteine-to-arginine point 
mutation in a ‘hybrid’ eight-cysteine domain of FBN1: consequences for fi brillin aggregation 
and microfi bril assembly. J Cell Sci. 1995;108(Pt 3):1317–23.  

    44.    Micheal S, Khan MI, Akhtar F, Weiss MM, Islam F, Ali M, Qamar R, Maugeri A, den 
Hollander AI. Identifi cation of a novel FBN1 gene mutation in a large Pakistani family with 
Marfan syndrome. Mol Vis. 2012;18:1918–26.  

    45.    Collod-Béroud G, Béroud C, Ades L, Black C, Boxer M, Brock DJ, Holman KJ, de Paepe A, 
Francke U, Grau U. Marfan Database (third edition): new mutations and new routines for the 
software. Nucleic Acids Res. 1998;26(1):229–33.  

   46.    Liu WO, Oefner PJ, Qian C, Odom RS, Francke U. Denaturing HPLC-identifi ed novel FBN1 
mutations, polymorphisms, and sequence variants in Marfan syndrome and related connective 
tissue disorders. Genet Test. 1997;1(4):237–42.  

    47.    Lönnqvist L, Child A, Kainulainen K, Davidson R, Puhakka L, Peltonen L. A novel mutation 
of the fi brillin gene causing ectopia lentis. Genomics. 1994;19(3):573–6.  

    48.    Reinhardt DP, Mechling DE, Boswell BA, Keene DR, Sakai LY, Bächinger HP. Calcium deter-
mines the shape of fi brillin. J Biol Chem. 1997;272(11):7368–73.  

   49.    Reinhardt DP, Ono RN, Sakai LY. Calcium stabilizes fi brillin-1 against proteolytic degrada-
tion. J Biol Chem. 1997;272(2):1231–6.  

   50.    Reinhardt DP, Ono RN, Notbohm H, Müller PK, Bächinger HP, Sakai LY. Mutations in 
calcium- binding epidermal growth factor modules render fi brillin-1 susceptible to proteolysis. 
A potential disease-causing mechanism in Marfan syndrome. J Biol Chem. 
2000;275(16):12339–45.  

   51.    Ashworth JL, Murphy G, Rock MJ, Sherratt MJ, Shapiro SD, Shuttleworth CA, Kielty 
CM. Fibrillin degradation by matrix metalloproteinases: implications for connective tissue 
remodelling. Biochem J. 1999;340(Pt 1):171–81.  

    52.    McGettrick AJ, Knott V, Willis A, Handford PA. Molecular effects of calcium binding muta-
tions in Marfan syndrome depend on domain context. Hum Mol Genet. 2000;9(13):1987–94.  

    53.    Loeys B, Nuytinck L, Van Acker P, Walraedt S, Bonduelle M, Sermon K, Hamel B, Sanchez 
A, Messiaen L, De Paepe A. Strategies for prenatal and preimplantation genetic diagnosis in 
Marfan syndrome (MFS). Prenat Diagn. 2002;22(1):22–8.  

    54.    Schrijver I, Liu W, Brenn T, Furthmayr H, Francke U. Cysteine substitutions in epidermal 
growth factor-like domains of fi brillin-1: distinct effects on biochemical and clinical pheno-
types. Am J Hum Genet. 1999;65(4):1007–20.  

      55.    Gillis E, Kempers M, Salemink S, Timmermans J, Cheriex EC, Bekkers SC, Fransen E, De 
Die-Smulders CE, Loeys BL, Van Laer L. An FBN1 deep intronic mutation in a familial case 
of Marfan syndrome: an explanation for genetically unsolved cases? Hum Mutat. 
2014;35(5):571–4.  

J.A. Aragon-Martin and A.H. Child



243

    56.    Dietz HC, Valle D, Francomano CA, Kendzior RJ, Pyeritz RE, Cutting GR. The skipping of 
constitutive exons in vivo induced by nonsense mutations. Science. 1993;259(5095):680–3.  

    57.    Kainulainen K, Sakai LY, Child A, Pope FM, Puhakka L, Ryhänen L, Palotie A, Kaitila I, 
Peltonen L. Two mutations in Marfan syndrome resulting in truncated fi brillin polypeptides. 
Proc Natl Acad Sci U S A. 1992;89(13):5917–21.  

    58.    Körkkö J, Kaitila I, Lönnqvist L, Peltonen L, Ala-Kokko L. Sensitivity of conformation sensi-
tive gel electrophoresis in detecting mutations in Marfan syndrome and related conditions. 
J Med Genet. 2002;39(1):34–41.  

    59.    Franken R, den Hartog A, Radonic T, Micha D, Maugeri A, van Dijk FS, Meijers-Heijboer HE, 
Timmermans J, Scholte AJ, van den Berg MP. Benefi cial Outcome of Losartan Therapy 
Depends on Type of FBN1 Mutation in Marfan Syndrome. Circ Cardiovasc Genet. 
2015;8(2):383–8.  

    60.    Franken R, Heesterbeek T, de Waard V, Zwinderman A, Pals G, Mulder B, Groenink 
M. Diagnosis and genetics of Marfan syndrome. Expert Opinion Orphan Drugs. 
2014;2(10):1049–62.  

   61.    Attias D, Stheneur C, Roy C, Collod-Béroud G, Detaint D, Faivre L, Delrue MA, Cohen L, 
Francannet C, Béroud C. and others. Comparison of clinical presentations and outcomes 
between patients with TGFBR2 and FBN1 mutations in Marfan syndrome and related disor-
ders. Circulation. 2009;120(25):2541–9.  

    62.    Hilhorst-Hofstee Y, Hamel BC, Verheij JB, Rijlaarsdam ME, Mancini GM, Cobben JM, Giroth 
C, Ruivenkamp CA, Hansson KB, Timmermans J. and others. The clinical spectrum of com-
plete FBN1 allele deletions. Eur J Hum Genet. 2011;19(3):247–52.  

    63.    Nijbroek G, Sood S, McIntosh I, Francomano CA, Bull E, Pereira L, Ramirez F, Pyeritz RE, 
Dietz HC. Fifteen novel FBN1 mutations causing Marfan syndrome detected by heteroduplex 
analysis of genomic amplicons. Am J Hum Genet. 1995;57(1):8–21.  

     64.    McInerney-Leo AM, Marshall MS, Gardiner B, Coucke PJ, Van Laer L, Loeys BL, Summers 
KM, Symoens S, West JA, West MJ. Whole exome sequencing is an effi cient, sensitive and 
specifi c method of mutation detection in osteogenesis imperfecta and Marfan syndrome. 
Bonekey Rep. 2013;2:456.  

    65.    Bayley H. Sequencing single molecules of DNA. Curr Opin Chem Biol. 2006;10(6):628–37.  
    66.    Schneider GF, Dekker C. DNA sequencing with nanopores. Nat Biotechnol. 

2012;30(4):326–8.  
    67.    Wang Y, Yang Q, Wang Z. The evolution of nanopore sequencing. Front Genet. 2014;5:449.  
    68.    Boileau C, Jondeau G, Babron MC, Coulon M, Alexandre JA, Sakai L, Melki J, Delorme G, 

Dubourg O, Bonaïti-Pellié C. Autosomal dominant Marfan-like connective-tissue disorder 
with aortic dilation and skeletal anomalies not linked to the fi brillin genes. Am J Hum Genet. 
1993;53(1):46–54.    

22 Marfan Syndrome (MFS): Inherited Microfi brillar Disorder Caused by Mutations



245© Springer-Verlag London 2016
A.H. Child (ed.), Diagnosis and Management of Marfan Syndrome, 
DOI 10.1007/978-1-4471-5442-6_23

        K.   Sage ,  BSc, MSc, GC      
  Department of Preimplantation Genetic Diagnosis , 
 The Bridge Centre, London Fertility Clinic ,   London ,  UK   
 e-mail: k.sage@thebridgecentre.co.uk  

  23      Reproductive Decisions                     

       Karen     Sage     

          Reproductive Options for Marfan Syndrome 

 The majority of individuals diagnosed with Marfan syndrome have a mutation in the 
fi brillin 1 (FBN1) gene located on chromosome 15. This genetic change will have 
either been inherited (75 % chance) from one of the parents or the mutation will 
have arisen as result of a new or “ de novo ” change (25 %). Discussions with health 
care professionals trained in genetics, a genetic counsellor or clinical geneticist spe-
cialising in cardiac conditions would be recommended so that individuals can fully 
understand their options prior to planning a family.  

    Reproductive Risk 

 When a parent has Marfan syndrome, each pregnancy and child has a 50 % chance 
of inheriting the mutation; the pattern of inheritance is described as autosomal dom-
inant. If both parents have Marfan syndrome there is a 75 % chance that the child 
will be affected. However, a child inheriting an altered FBN1 gene copy from each 
parent would be severely affected and the pregnancy will often not proceed to term, 
or the child will have serious complications after birth resulting in neonatal death. 

 The following discussion on reproductive options considers the situation where 
the risk of having a child with Marfan syndrome is 50 % with one parent affected 
and the gene mutation is known.  
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    Reproductive Options 

 There are several reproductive options available to couples with Marfan syndrome 
who wish to minimise the risk of passing on the condition to their children.

•     Prenatal Diagnosis (PND)   
•    Pre-implantation Genetic Diagnosis (PGD)   
•    Natural Conception   
•    Gamete (egg or sperm) Donation   
•    Adoption     

    Prenatal Diagnosis 

 Prenatal Diagnosis is available during a pregnancy to diagnose and confi rm whether 
the foetus has inherited the genetic mutation from the parent. There are two rou-
tinely used procedures for prenatal diagnosis currently available [ 1 ]:

    1.      Chorionic villus sampling (CVS) .   
   2.      Amniocentesis .    

     Chorionic Villus Sampling 
  Chorionic villus sampling (CVS)  is routinely performed between 10 and 12 weeks 
of gestation under ultrasound guidance and can be performed trans-abdominally or 
trans-cervically (Figs.  23.1  and  23.2 ).

    The chorion is the outermost layer of the foetal membranes and the sampling 
is carefully carried out to ensure that the amniotic cavity is not penetrated. 
Using ultrasonography guidance, a needle attached to a syringe is inserted 
through the abdomen for the trans-abdominal procedure, the most commonly 
used method. If performing the procedure trans-cervically, a tube or forceps are 
inserted through the cervix to reach the chorion. The sample is collected and 
dissected to separate foetal material from maternal cells. The chorionic villi can 
be used for DNA extraction and for rapid molecular analysis using the tech-
niques described below. 

   Polymerase Chain Reaction (PCR) 
 There is only a very small amount of DNA present in the villi sample. In order to 
accurately detect the specifi c mutation being investigated, more copies of the small 
section of DNA are required. PCR is highly selective and it allows copies of the 
section of DNA required for the test targeting the mutation site. PCR can only 
amplify a small length of DNA (typically up to 1–2 thousand bases) known as an 
amplicon. Since most genes are larger than this, several PCR reactions will be 
needed to copy a whole gene.  
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   How PCR Works 
 Before a particular DNA sequence can be PCR-amplifi ed it is necessary to design 
two short single-stranded DNA fragments called “primers”. The primers will match 
and bind specifi cally to sequences fl anking the section of DNA which is to be ampli-
fi ed. The primers are chemically synthesised by specialist diagnostic companies. 
The samples are placed on an automated machine that undergoes a series of 
 amplifi cation cycles of programmed temperature changes. During each cycle of 
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  Fig. 23.1    Transabdominal chorionic villus sampling (CVS)       
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  Fig. 23.2    Transcervical chorionic villus sampling       
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temperature changes the targeted section of DNA under investigation, which is 
fl anked by the primers, is copied, doubling the quantity of the target DNA sequence. 
After 20 cycles of PCR it should have been amplifi ed 220 = 1 million-fold. The 
whole process would usually take only 1–2 h. 

 The essential components necessary for a PCR reaction are:

   DNA, a set of specifi c targeted primers, an enzyme needed for DNA to replicate 
(DNA polymerase); a supply of nucleotides which will make the DNA molecules 
(A, G, C and T bases); a suitable solution (buffer solution) and appropriate tem-
perature cycles.  

  PCR is the fi rst step in many techniques used in diagnostic laboratories to identify 
alterations in DNA sequences that may be the pathogenic cause of a genetic 
condition.     

   Prenatal Diagnosis for Marfan Syndrome 
 Prenatal diagnosis is available if the causative familial mutation in the FBN1 gene 
is known. 

 Another technique called QF-PCR (quantitative fl uorescence polymerase chain 
reaction) is mainly used as an additional rapid prenatal test for common chromo-
somal trisomies (i.e. where there are three copies of one particular chromosome) 
and this is usually offered at the same time as targeted mutation detection with 
results available within 5 days. This provides added reassurance that the foetus is 
normal. 

 Small sections of DNA are copied, typically 3–5 sections from chromosomes 13, 
18, 21 and each sex chromosome. Primers used to copy each section of DNA are 
labelled with different coloured fl uorescent tags of varying sizes. This allows 
molecular geneticists to determine which parts of the chromosomes are represented 
by each result and the amount of DNA can be measured. 

 The amount of fl uorescence and size of the DNA that has been copied is mea-
sured, and ratios are presented on a graph. The number and height of each peak 
shows the number of copies of alleles at that region on the chromosome in the 
patient’s DNA sample i.e. how many copies of the chromosomes are present.  

   Possible Outcomes from the QF-PCR Analysis 
 If two copies of the chromosomes are present there will either be two peaks of equal 
size or one peak. 

 If there are three copies of the chromosome (trisomy) there will be either three 
peaks or two peaks in a 2:1 ratio. If just one single large peak is seen it is not pos-
sible to tell if that single peak is indicating the presence of one chromosome, or two 
or three identical chromosomes. 

 The results are compared to maternal cells that act as a control sample. 
 There are risks associated with this procedure and they would be discussed prior 

to consenting. An experienced obstetrician would perform this procedure.  
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   RISKS Associated with CVS [ 1 ] 

   Miscarriage 
 Overall, chorionic villus sampling carries between 1 and 2 % risk of pregnancy loss. 
The risk of miscarriage appears to be slightly higher when the tissue sample is taken 
through the cervix (trans-cervical) rather than the abdominal wall (trans- abdominal). 
There is also a slight increase in miscarriage risk if the foetus is smaller than normal 
for his or her gestational age.  

   Rh Sensitization 
 Chorionic villus sampling might cause some of the baby’s blood cells to enter 
the mother’s bloodstream. If the mother has Rh-negative blood and has not 
developed antibodies to Rh-positive blood, medication in the form of Rh immu-
noglobulin may be administered after the CVS test to prevent the mother from 
producing antibodies against the baby’s blood cells. This can be monitored 
through a simple blood test which can detect if the mother begins to produce 
antibodies.  

   Infection 
 Chorionic villus sampling may trigger a uterine infection, although this is extremely 
rare. 

 Chorionic villus sampling is typically offered when the test results might have a 
signifi cant impact on the management of a pregnancy. Ultimately, the decision to 
have chorionic villus sampling is up to the individual and couple and it is important 
to have full discussions with a specialist and genetic counsellor who can help 
explain the outcomes and offer support during the decision-making pre- and 
post-testing.    

    Amniocentesis 
 This test is carried out between 14 and 20 weeks of gestation (Fig.  23.3 ). Guided 
by ultrasound to locate the foetus, a thin needle is inserted through the abdomen 
into the amniotic sac and a small quantity (10 ml) of amniotic fl uid is removed. 
Foetal cells are then isolated from the fl uid and cultured for cytogenetic or 
molecular analysis. Routinely biochemical analysis involves testing levels of 
alpha foetal protein (AFP) produced by the liver. High levels indicate there may 
be hole or “leak” indicative of a neural tube defect or abdominal wall defect. 
Cell culture for cytogenetic chromosome ploidy analysis routinely takes approx-
imately 2 weeks. Increasingly, molecular analysis for chromosome ploidy is the 
diagnostic test favoured by most laboratories as the results are accurate and cell 
culture is not so critical in this instance. Molecular analysis by qf-PCR can 
detect the major chromosomes. Molecular analysis of DNA and detection of the 
familial or known FBN1 mutation for Marfan syndrome can be determined at 
this stage.
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     RISKS Associated with Amniocentesis 
 Most women experience amniocentesis as painless, others may feel cramping 
when the needle enters the uterus, others describe a pressure when the amniotic 
fl uid is extracted. The miscarriage rate is approximately 0.5–1 %, slightly lower 
than the CVS procedure. Some may experience cramping and spotting, and will 
be advised to rest and avoid intense activity for a day after. Serious complications 
are rare. 

 Choosing to have an amniocentesis is a measured and personal decision. It is 
important that individuals and couples are fully informed and understand the mater-
nal age-related risk of chromosomal abnormality, and that an amniocentesis will 
reveal this in addition to the genetic mutation on FBN1 for Marfan syndrome. A 
discussion of the risk of maternal trisomies should take place pre-procedure, and 
support offered for decisions post procedure should be in place. Important decision- 
making regarding continuing or terminating a pregnancy at this stage would need to 
be carefully considered. 

 Preparing for the outcome of the test is important, and it is helpful to discuss this 
with a genetic counsellor or specialist health care practitioner. If the decision is 
made to proceed with the pregnancy, preparing for special needs, medication and 
support that the baby may need would be encouraged, to help parents plan for the 
birth. 

 Couples, individuals and families are encouraged to fi nd out as much as possible 
about the types of prenatal testing that are available. Understanding the results, 
interpreting and supporting decision-making are essential, and health care profes-
sionals are available to facilitate this.    

Ultrasound probe

Placenta

Amniotic fluid

Bladder

  Fig. 23.3    Amniocentesis       
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    Next Generation Sequencing (NGS) 

 Next generation sequencing (NGS) is often referred to as massively parallel DNA 
sequencing, which means that millions of small fragments of DNA can be sequenced at 
the same time, creating a massive pool of data equivalent of one billion (1,000,000,000) 
base pairs of DNA. I n comparison, previous methods could sequence one DNA frag-
ment at a time, perhaps generating 500–1000 base pairs of DNA in a single reaction. 

 Rapid sequencing of a whole gene or group of genes is now available and panels 
and assays have been developed for diagnostic use. Prenatal testing however is usually 
targeted as the mutation is known. NGS testing prenatally is currently not available in 
the UK but the guidelines are changing and this may be in use in the future. Seventy 
to ninety three percent of mutations in the FBN1 gene can be detected by NGS full 
gene sequencing so it is envisaged that confi rmation of pathogenicity will increase. 

 Genetic laboratories are in the early stages of introducing NGS into service. The 
potential uses for this technology are far-reaching and need careful consideration. 
Traditional genetic testing involved the sequence analysis of a number of genes in a 
step-wise manner to try to identify where a genetic alteration might be. An example 
of this could be the genetic testing involved in cases of Marfan syndrome where 
FBN1 would be sequenced in the laboratory to look for genetic alterations in 
affected patients. Now panels are being developed to search for mutations in a num-
ber of aortic aneurysm genes. 

    NGS and Prenatal Diagnosis 
 This service is currently under development in the NHS in England with Great 
Ormond Street Hospital, London evaluating the procedure. A number of large 
teaching hospitals are in partnership with external diagnostic laboratories with a 
view to introducing the service into routine clinical practice.   

    Non-invasive Genetic Testing/Diagnosis (NIPT/NIPD) 

 A third option for diagnosing genetic conditions is non-invasive testing based on 
analysis of a maternal blood sample in the 10th week of pregnancy. At the time of 
writing NIPT is commercially available for aneuploidy screening in the private sec-
tor. NIPT and NIPD have been extensively evaluated by the prenatal diagnostic 
team at Great Ormond Street Hospital, London working on the RAPID project 
funded by the National Institute of Health Research (NIHR) for rollout into routine 
antenatal care across the NHS. 

   http://www.rapid.nhs.uk/about-rapid/background/     
  NIPT/NIPD is available for 

    1.    Aneuploidy detection for chromosomes 21, 18 and 13, X and Y.   
   2.    Foetal Sexing: at 10 weeks for pregnancies at risk of an X-linked serious genetic 

condition affecting boys.   
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   3.    Rhesus D factor   
   4.    Foetal Genotyping e.g. Human Platelet Antibodies (HPA) and the Kell antigen 

blood group.   
   5.    Single Gene Disorders: specifi cally mutations inherited from the father or cer-

tain  de novo  mutations e.g. fi broblast growth factor genes (FGFR) 1 and 2 muta-
tions leading to skeletal dysplasias and Apert syndrome. The list of conditions 
currently tested is increasing.    

     How Does NIPT Work? 
 DNA cell fragments are always present in maternal blood, and during pregnancy 
approximately 10 % of these fragments are from the foetus arising as a result of 
apoptosis (cell death) from placental cells. This fraction is known as cell free foetal 
DNA (cffDNA) compared to the maternal fraction cfmDNA. The fragments are 
between 143 and 160 DNA base pairs in length. Amplifi cation of these fragments 
using NGS or qfPCR and counting the number mapping to DNA sequences on a 
particular chromosome it is possible to detect when the amount of chromosome 
material is greater than expected. Increased amount of chromosome 21 would lead 
to a diagnosis of Down Syndrome. Accuracy levels vary depending on the test pro-
vider. Reported data indicates accuracy detection rates of 99 % for Downs and 
between 98 and 90 % for chromosomes 18 and 13 with a lower rate approximately 
88 % for the X and Y aneuploidies. If a positive result is reported, a follow up 
amniocentesis is recommended to rule out confi ned placental mosaicism. 

 At the time of writing, testing is not currently available routinely for Marfan 
syndrome since there are no common mutations in the FBN1 gene. However if the 
FBN1 familial mutation is known it is possible to develop a unique prenatal test for 
NIPD. This work time up is approximately 8 weeks, so it is essential that the test is 
prepared prior to pregnancy (personal communication with Great Ormond Street, 
molecular diagnostics laboratory). Once the test is available, the turnaround time for 
a diagnostic result at 10 weeks of pregnancy is 5 days.  

    What is Required for NIPT/NIPD 
 An ultrasound scan is needed to confi rm the exact number of weeks gestation, 
ensure the pregnancy is viable and whether it is a singleton or multiple pregnancy 
and 10–20 ml of maternal blood from a routine blood draw by a trained 
phlebotomist.  

    Benefits of NIPT/NIPD 
 The advantage of this option is that a defi nitive diagnosis can be made at an earlier 
stage in the pregnancy to facilitate decision-making. Women would have detailed 
counselling and discussions prior to testing and supported through the decision- 
making process post testing as for invasive prenatal testing. One of major advan-
tages of NIPT/NIPD is the reduction of miscarriage risk. 

 The main limitation of NIPT/NIPD is that it is currently  not  possible to distin-
guish between DNA fragments in multiple pregnancies. There are reports in the 
literature that aneuploidy can be detected in twin pregnancies but this is not 
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available through the NHS Rapid project. Follow up screening by CVS and/or 
amniocentesis would be recommended. 

 Depending on the local, regional and national restrictions in countries, the legal 
limit on termination of affected pregnancies would need to be observed. For some 
couples, termination of an affected pregnancy is not an option due to religious and 
culture beliefs. An alternative to prenatal diagnosis can be considered.   

    Preimplantation Genetic Diagnosis (PGD) 

 Preimplantation genetic diagnosis (PGD) [ 2 ] is often regarded as an alternative to 
prenatal diagnosis and the procedure is clinically well established. In the UK, the 
Human Fertilization and Embryology Authority (HFEA) is the government author-
ity responsible for licensing, monitoring and regulating clinics performing In Vitro 
Fertilisation (IVF) and PGD. In order to perform PGD a licence must be granted by 
the HFEA and a licence allowing PGD for Marfan syndrome has been in place in 
the UK since 2010. The purpose of the PGD licence is to confi rm that testing is 
appropriate and to ensure the service and test provided by the clinics and diagnostic 
laboratories are accurate and reliable. 

 PGD is performed by combining IVF treatment with genetic analysis on single 
cells removed from embryos to test for the presence of the specifi c genetic alteration 
prior to embryo transfer and implantation (Figs.  23.4  and  23.5 ). The aim of PGD is 
to reduce the risk of having a child with a genetic condition and prevent the condi-
tion being passed on in the family line. In the case of MFS, an autosomal dominant 
condition, the risk of transmission is reduced from 50 to <2 %. The oocytes (eggs) 
are retrieved following ovarian stimulation and are fertilised in the laboratory using 
either IVF or ICSI. Single cells are removed (biopsied) from each embryo at the 
cleavage stage (day 3 of embryo development) (Fig.  23.6 ). Increasingly, multiple 
cells (2 or 3) are biopsied at the blastocyst stage (day 5 or 6 of embryo development) 
Fig.  23.7 . DNA from the biopsied cells are processed and analysed. Embryos diag-
nosed as unaffected and predicted to be free of MFS are transferred into the uterus 
(womb). Embryos diagnosed as affected are, with the couple’s consent, humanely 
discarded.

  Fig. 23.4    IVF schematic. 
Four stages in IVF: (1) 
Superovulation, (2) egg 
retrieval, (3) fertilization/
insemination, and (4) 
embryo transfer       
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         Molecular Analysis Methods Used for PGD 
 Molecular techniques used to perform PGD have evolved since the fi rst birth was 
described in 1990. Advances in DNA amplifi cation and genetic sequencing have 
allowed marked improvements in detecting genetic changes. There are currently 
three main methods used to detect single gene disorders. 

   Method 1 
 This involves direct mutation analysis with fl uorescent polymerase chain reaction 
(PCR) of closely linked DNA sequences called Short Tandem Repeat markers or 
STRs found on or near the gene to be analysed. These sequences of DNA are nor-
mally 2–5 base pairs in length and repeated a number of times. Within populations, 
individuals have naturally occurring changes in these STR sequences due to a 

Remove
1 or 2 cells
for testing

Egg Sperm

or

Test result

Not transferred Transferred

with
genetic disorder

without
genetic disorder

Intracytoplasmic sperm injection (ICSI)

Standard in vitro ferilization

Analyze DNA or chromosomes

  Fig. 23.5    PGD schematic       

  Fig. 23.6    Cleavage stage 
biopsy (day 3) 
 Single cell 
 Blastomeres 
 Fresh embryo transfer 
possible       
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different number of copies of the repeat bases. These are known as naturally occur-
ring “polymorphisms”. By searching for specifi c STRs linked to the genetic muta-
tion, the accuracy of detection of the mutation and therefore the diagnosis can be 
improved. The linked markers reduce the risk of misdiagnosis caused by a phenom-
enon known as allele dropout (ADO). ADO refers to the failed amplifi cation of one 
of the two alleles (genes) which can potentially lead to a misdiagnosis. Figure  23.8  
is a schematic of a number of linked markers linked to the HBB gene in a case of 
beta thalassemia, an autosomal recessive condition. Each parent is a carrier and has 
a different mutation on the gene. The homozygous affected embryo can be detected 
by analysing all the DNA sequences.

  Fig. 23.7    Blastocyst 
biopsy (day 5 or 6) [ 3 ] 
 Multiple cells 
 Trophectoderm samples 
 Embryo is vitrifi ed post 
biopsy. Frozen embryo 
transfer       
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  Fig. 23.8    Showing linked STRs to the HBB gene in an autosomal recessive inherited condition. 
Embryo 6 has inherited the mutation and the linked markers from the parents and is considered 
affected. Embryos 3 and 6 are mutation free and are unaffected and available for embryo transfer. 
Embryos 1, 2 and 7 are carriers like the parents and would also be available for embryo transfer       
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      Method 2 
 Targeted haplotyping by multiplex PCR of STRs is a method involving linkage of 
genes [ 4 ]. The haplotype is created using a set of genetic markers near the gene 
and along the length of a chromosome. A haplotype can be visualised as sections 
along a chromosome with genes that are linked and therefore inherited together 
from one parent. The term “haplotype” can also refer to the inheritance of a clus-
ter of single nucleotide polymorphisms (SNPs) that are variations at single posi-
tions in the DNA sequence among individuals. Developing a haplotype of genetic 
markers that have statistical associations to a target disease gene rather than iden-
tifying the mutation provides a diagnostic technique for analysing the inheritance 
of a mutated gene. This method is known as preimplantation genetic haplotyping 
(PGH).  

   Method 3 
 It is possible to perform genome wide individual haplotyping using high-density 
single nucleotide polymorphism (SNP) genotyping. Karyomapping [ 5 ] can be 
described as an extended form of haplotyping using SNP genotyping analysis to 
include the gene under investigation and all chromosomes in a biopsied cell. 
Karyomapping as a diagnostic technique can be considered a comprehensive 
method for linkage-based diagnosis of any single gene disorder. Genotyping of the 
parents and a close relative of known genetic disease status can be used to establish 
informative SNP loci and eliminates the need for lengthy customised PGD test 
development. The extensive coverage enabled by using SNPs across the whole 
genome and the complete set of chromosomes in a shorter time gives this technique 
greater diagnostic power for detecting the inheritance of specifi c altered genes and 
expands the test to include chromosomal aneuploidy. 

 All PGD tests are unique and specifi cally created for couples and can be time- 
consuming and labour intensive. The targeted approach using direct mutation 
analysis and haplotyping provides limited information on chromosome aneu-
ploidy. This is clinically recognised to be a major cause of IVF failure and preg-
nancy loss. PGD by karyomapping or any enhanced SNP analysis is now becoming 
increasingly used by many clinics in the US and Europe offering PGD for single 
gene disorders.   

   How Does Karyomapping Work for Marfan Syndrome? 
 A blood sample is taken from the prospective parents (one of whom has a mutation 
in FBN1) and another relative who may or may not be affected by the condition and 
thus may or may not have a FNB1 mutation. In many cases the relative tested is a 
couple’s child or another fi rst degree relative of the affected parent. The relative is 
referred to as the “reference.” If the mutation is de-novo in the parent, the reference 
can either be a parent or sibling of the affected individual and direct mutation analy-
sis can be combined with genome wide SNP analysis to improve the accuracy of 
detection in the embryos. If there are no relatives available for reference DNA, 
embryos produced in the PGD cycle, can be used as the reference. Freezing embryos 
after biopsy will extend the analysis time in these cases. 
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 By analysing SNPS on the chromosomes from biopsied cells and comparing the 
karyomaps with those of the parents and the reference case at approximately 
300,000 different points it is possible to detect the key inheritance of the linked 
SNPS on the chromosome which carries the altered gene [ 6 ]. The karyomap can be 
described as a unique genetic profi le. By developing this profi le it is possible to test 
embryos. If detected it means the embryo has inherited the chromosome carrying 
the defective gene and in the case of Marfan syndrome would not be available for 
embryo transfer. Conversely, if the profi le is  not  detected, it can be inferred that the 
embryo has inherited the unchanged copies of FBN1 and is predicted to be free of 
the disorder; these embryos are suitable for transfer. Figure  23.9  shows a complete 
karyomap profi le.

FBN1

1 2 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22

x

  Fig. 23.9    Karyomap analysis one embryo. The  blue  and  red  chromosomes are paternal, the  green  
and  yellow  chromosomes are maternal. The sample is showing a euploid karyomap, for a male (the 
Y chromosome is not evident in the image). The  grey images  are where the SNP amplifi cation is 
scant. The  inset  is showing the FBN1 gene section on chromosome 15 [ 7 ]       
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      Karyomapping Detect Chromosome Aneuploidies 
 Many embryos produced during IVF treatments are aneuploid. These embryos may 
succeed in implanting, but the pregnancy can often result in a miscarriage. More 
rarely, embryos with an abnormal number of chromosomes can lead to children 
affected by genetic conditions such as Down syndrome or the conditions associated 
with live birth. Karyomapping can detect most (although currently not all) aneu-
ploid embryos, and can help select the embryo likely to result in a healthy preg-
nancy unaffected by MFS and aneuploidy. Transferring euploid unaffected embryos 
to the uterus reduces the chance of miscarriage and Down syndrome. This risk can-
not be entirely eliminated hence prenatal diagnosis in addition for any pregnancy 
achieved by PGD is highly recommended for patients. This is an important consid-
eration for couples prior to opting for this treatment as some may have very strong 
objections to PND and have opted for PGD accordingly.  

   Benefits of Karyomapping and Extended SNP Genotyping 
 SNP analysis decreases the time to develop a PGD test for a couple with a genetic 
mutation. Since the analysis is based on the inheritance of sections of DNA segregat-
ing with the altered gene, rather than the targeted mutation testing, the profi le work up 
time is rapid and PGD tests can be ready within 2 weeks of DNA receipt. This com-
pares favourably to standard direct mutation and linkage which take time to optimise 
and takes many months of labour intensive work before the test is released. 
Karyomapping can be used for single or multiple gene disorders. For example it is 
possible to test for the Human Leucocyte Antigen (HLA) panel in anaemias, espe-
cially sickle cell disease and beta thalassemias to detect a HLA matched unaffected 
embryo for use in sibling-to-sibling cord blood transfusions or bone marrow trans-
plants to cure an affected child. Karyomapping is often referred to as a universal PGD 
test and increasingly many diagnostic laboratories are moving to these technologies in 
preference to the older techniques. There is fl exibility to use direct mutation analysis 
with extensive SNP coverage so this diagnostic method is widely deployed.  

   Accuracy of PGD and the Need for Prenatal Testing PND 
 Whatever the diagnostic technique used for PGD, the test is performed on a single 
or couple of cells from an embryo. Any test carried out on such a small amount of 
material can never be 100 % accurate. In most cases, the chance of karyomapping 
successfully detecting an embryo affected by a specifi c inherited disorder is greater 
than 98 %, which is comparable to the other methods used for PGD. Because there 
is a small chance of an incorrect diagnosis after PGD, it is strongly recommended 
that prenatal testing (for example amniocentesis or chorionic villus sampling CVS) 
is used to confi rm that any pregnancy achieved is unaffected. Amniocentesis and 
CVS techniques collect and culture thousands of cells from the foetus and can there-
fore provide an accurate result when checking for the FBN1 mutation and aneu-
ploidy. It is foreseen that the option of mutation analysis at 10 weeks by NIPD will 
be recommended to reduce the miscarriage risk following PGD [ 7 ]. Like all tests 
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involving analysis of embryos, PGD should be considered a risk-reducing method 
of avoiding an affected pregnancy, but not providing complete risk elimination [ 8 ]. 
The accuracy of karyomapping for the detection of chromosome abnormalities is 
not yet known, but it is thought the majority of aneuploidies are successfully 
detected and are currently being reported in clinical validation studies. At the time 
of writing, several ongoing trials validating karyomapping for aneuploidy detection 
are underway. 

 PGD can be stressful for some couples as there are many stages in the process 
and there are no guarantees that the treatment will result in a pregnancy. Couples are 
counselled and supported throughout the process by a team of professionals engaged 
in their treatment. Patients undergoing PGD treatment usually have no underlying 
infertility issues, hence the success rates are slightly higher for PGD compared to 
IVF treatment quoted for similar maternal ages.  

   Summary 
 To summarise, PGD is available for Marfan syndrome. The diagnostic method used 
to analyse embryos will depend on the number of DNA samples available and the 
service provided by the laboratory. For consanguineous cases, the number of infor-
mative STR markers can be limited, but with extensive coverage provided by SNP 
analysis, this is envisaged to provide a more accurate diagnostic technique. In sum-
mary the techniques described have evolved to provide improved SNP coverage, 
improved accuracy and shorter development time. 

  The following table compares the main PGD technologies 

 Analysis extent  Traditional 
mutation and 
STR 

 Haplotyping  Karyomapping 

 Number of 
linked markers 

 Min 3 to max 25 
per locus 

 Min 3 to max 25 per 
locus 

 280 K genome wide coverage 
(130–600 for majority of 
Single Gene Disorders) 

 Number of 
Loci analysed 

 Single locus limit 
per STR set 

 Single locus with SNPS 
on single chromosomes 
or section 

 Multiple loci in parallel 

 Workup time  3–6 months  3–6 months  2–4 weeks 

 Linkage 
analysis 

 Manual  Manual  Software, bioinformatics 
assisted 

 Aneuploidy 
detection 

 Not part of 
analysis 

 Not part of analysis  Possible and validation 
underway 

  Haplotyping developed in-house is offered by Guy’s and St Thomas’ Hospital, London, UK, a 
major teaching hospital performing the majority of NHS PGD cases in the UK. Direct mutation 
analysis with linkage and karyomapping protocols are increasingly offered in the private sector 
performing PGD. The PGD consortium does not specify a preferred diagnostic method. The labo-
ratories offering PGD must be CPA accredited (HFEA) in the UK. The ESHRE PGD Consortium 
regularly reviews and publishes guidelines for IVF centres and diagnostic laboratories offering this 
service 
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         Natural Conception 

 Spontaneous pregnancy is an option available to all fertile couples. The decision 
whether to check the pregnancy for Marfan syndrome prior to birth is highly per-
sonal and depends on the individual or couple’s cultural and religious beliefs. Some 
couples and families may have strong objections to terminating a pregnancy and 
may wish to proceed to term. Discussions with health care professionals would be 
encouraged to prepare for the outcome of a child with Marfan syndrome. Routine 
antenatal care and ultrasonography can be performed to check the development of 
the foetus and foetal heart in the fi rst and second trimester. Due to the variability of 
the condition, it would not be possible to predict the severity of the condition in an 
affected pregnancy (although the parent’s condition will give some indication). 
With this option, genetic testing is NOT offered during pregnancy. 

 Ultrasonography can detect the extremely rare congenital Marfan syndrome. In 
the event of a pregnancy being affected, the mother can prepare for the outcome 
with the relevant referrals to the specialist paediatric services so that monitoring and 
surveillance can be implemented shortly after birth following a clinical diagnosis. 
Support can be offered to these families through national Marfan syndrome support 
groups in their countries. 

   http://www.marfanworld.org/members.htm     (and see Appendix 1).  

    Gamete (Egg or Sperm) Donation 

   http://www.dcnetwork.org/home     
 Deciding to use a gamete donor is a very personal decision and often reached 

after speaking with many health care professionals and agencies involved in provid-
ing gamete donation programmes. 

 The donor conception network in the UK has a wealth of information for pro-
spective recipients and is recommended for any patient considering this option. One 
of the major changes in the last few years is the introduction of non-anonymity for 
donors in the UK, such that a donor-conceived child at the age of 18 can contact 
their genetic parent. The register is maintained by HFEA. 

 A couple may choose to use a known or anonymous egg or sperm donor. Gamete 
donors are routinely screened and offered appropriate genetic testing and screening. 
For information on gamete donation see:

    1.     National Gamete Donation Trust 
   http://www.ngdt.co.uk    .   

   2.     Human Fertilisation Embryology Association (HFEA) 
   http://www.hfea.gov.uk/egg-and-sperm-donors.html       

   3.     Donor Conception Network UK: supporting families 
   http://www.dcnetwork.org         
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 Individual countries will have legislation and regulations in place if gamete 
donation is offered. Specifi c recommendations are made. This is a list of recom-
mendations in Europe and America and emerging initiatives in Australia. Where 
gamete donation is not allowed, this can promote the trend of reproductive tourism, 
where individuals and couples will travel for treatment. 

 American Society of Reproductive Medicine (ASRM) 
   https://www.asrm.org/     
 European Society of Human Reproduction and Embryology 
   http://www.eshre.eu     
 Australia: an example of emerging regulations in New South Wales 
   http://www.health.nsw.gov.au/art/pages/default.aspx      

    Adoption 

 Adoption is a way of providing a permanent home and family to a child who is 
unable to be raised by their birth family. It is an alternative method of parenting. 
Today, the majority of adoptions in the UK involve older children, sibling groups 
and children with disabilities, who have been taken into care. Adoption can help to 
transform the lives of some of the most vulnerable children in society. The follow-
ing aspects should be taken into consideration:

    Parents with a genetic condition wishing to adopt a child : The adoption 
agency is responsible for making an assessment in the best interests of a 
child, therefore the genetic condition, prognosis, effect on the long term 
health of the parent(s) should all be factored into the decision on both sides. 
It is important that the prospective parent understands that they will be 
assessed for their suitability as adoptees in the light of the information about 
their condition. This can be diffi cult for parents who have decided on adop-
tion as they are not willing to have a child at risk of a serious genetic condi-
tion, only to feel they are disadvantaged again in terms of the possibility of 
being rejected.  

   Adopting a child with a genetic condition : The parents must be given full, accu-
rate and appropriate information about the effects of the condition and the prog-
nosis for the child in order to ensure that adequate provision is made for the 
child.    

 The following links are available:

    Government   
    https://www.gov.uk/child-adoption      
   Adoption UK   
    http://www.adoptionuk.org      
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   Adoption and Fostering   
    http://www.baaf.org.uk/info/adoption      
  Inter-country adoption  
    http://pactcharity.org/adoption/intercountry-adoption        

 Each country will have legislation and regulations governing adoption so it is 
important to thoroughly research this option with independent agencies.      
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  24      Exercise in Marfan Syndrome                     

       Bethan     Davies       and     Anne     H.     Child     

          Introduction 

 For people with Marfan syndrome, certain activities are thought to increase the risk 
of some of the serious complications ([ 1 ]–[ 3 ]). In addition, some of the physical 
manifestations of Marfan syndrome may limit the person’s ability to fully partici-
pate in exercise [ 4 ]. For example, those with eye problems such as dislocated lenses 
or severe myopia, may have diffi culty playing sports involving hand-eye coordina-
tion, such as racquet sports. People with Marfan syndrome are affected in different 
ways, so what is suitable for one person may not be for another.  

    Diagnosis 

 Diagnosis is made after careful physical examination and echocardiography [ 5 ,  6 ], 
demonstrating classical features in two out of three major systems (eyes, heart, skel-
eton), supported by a family history in 75 % of cases [ 7 ]. There are many genes 
which can cause familial thoracic aortic aneurysm and dissection (FTAAD) [ 8 ]. If 
no genetic cause can be found, and aortic measurements are just outside the normal 
upper limits and are non-progressive, the athlete may be allowed to continue sport-
ing activity with continual echo surveillance. 
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 Mutations can be found in the fi brillin-1 gene in 97 % of Marfan syndrome 
patients, assisting with screening of family members, and pregnancies [ 9 ].  

    Cardiac Problems 

 The most serious problems occur in the heart and blood vessels [ 10 ]. The aorta is 
usually wider than expected for a given body surface area and is more fragile due to 
defi ciency in the amount of fi brillin-1 present. The dilatation tends to be progressive 
leading to aortic dissection with or without aortic regurgitation. Surgical repair is 
recommended when the aortic root becomes widened to 4.8 cm, or earlier in cases 
with a family history of early dissection. Beta-blocker therapy can delay dilatation. 
Mitral valve prolapse is also often present. Antibiotic prophylaxis is recommended 
for dental procedures involving bleeding, if a heart valve is leaking suffi ciently to 
produce an audible heart murmur, or if a heart valve has been replaced.  

    Guidelines 

 In general, most people living with Marfan syndrome should exercise regularly through 
low-intensity, low-impact activities adapted to meet their specifi c needs. They should 
avoid contact sports because of the risk of damaging the aorta or loose ligaments and 
joints [ 13 ], and injuring the eyes [ 14 ]. Strenuous activities, such as competitive sports 
and weightlifting, also should be avoided because of the stress placed on the aorta. 

 The Marfan Association (UK)   www.marfan.org.uk     and the National Marfan 
Foundation (USA)   www.marfan.org     provide guidelines on what exercise is suitable 
for people with Marfan syndrome, and which activities are best avoided [ 15 ]. There 
is currently very limited evidence base for how exercise affects people with Marfan 
syndrome ([ 16 ], [ 17 ]) and therefore the advice given should be based on the guide-
lines issued by the Marfan Association and the National Marfan Foundation.

 Recommended:- (Not high level competition) 

 Archery  Cycling (on the level)  Hockey 

 Shotput  Badminton  Discus 

 Javelin  Skating  Bowls 

 Fencing  Netball  Swimming 

 Canoeing  Football (no heading)  Racketball 

 Table tennis  Cricket  Golf 

 Sailing  Tennis  Yoga 

 Walking/jog-walking  Dancing  Light weight-lifting 
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   Please remember each patient is affected differently and our general recommen-
dations need to be discussed with the patient’s own medical attendants and parents. 
Children should be allowed to stop when tired.

 Contraindicated- (To prevent damage to: E = Eye; H = Heart; J = Joints; L = Lungs) 

 Boxing  (E)  High altitude mountaineering  (L) 

 Rugby  (H, J)  Trampolining  (J) 

 Deep sea diving  (L)  High diving  (E) 

 Rowing  (H, J)  Weight-lifting  (H, J) 

 Distance running  (H, J)  Karate/judo  (H, J) 

 Sky-diving  (L)  Wrestling  (H, J) 

 Hang gliding  (L)  *Squash  (E, H) 

   *See below  

   Heavy lifting is not advised ( H ).

•    Basketball should be discussed with patient’s doctor. If played as a contact sport, 
it can lead to repeated falls ( H ).  

•   Horse riding on a quiet horse is best. Jumping may cause falls ( H ,  J ).  
•   Squash ( E ,  H ) – For those who do not have heart problems, squash can be played 

wearing goggles, to protect the eyes.  
•   Participating in  Aerobics  ( H ,  J ) and  Abseiling  ( J ) should be governed by the 

patient’s limitations.  
•   Prolonged exertion at peak capacity should be avoided. In the gym; short stints 

in a number of activities is recommended.    

 For children, alternative activities could include swimming in the school pool, to 
be undertaken at the same time as the peer group is performing more stressful PE 
activities. If that is impossible then the child should be given a task, with the neces-
sary instruction to enable the child to complete it competently, such as refereeing 
which gives them a position of importance without being involved in the physical 
activity. Some children are given an individual fi tness routine to work through in the 
corner of the gym.  

    Medication Impact on Physical Activity 

 Many people with Marfan syndrome take a beta-blocker medication to reduce stress 
on the aorta. This medication lowers the pulse at rest and during exercise and makes 
it somewhat more diffi cult to achieve a given level of physical fi tness for the amount 
of physical work performed. They do not, however, enable a person with Marfan 
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syndrome or other aortic aneurysm syndrome to perform very strenuous exercises 
or play contact sports. Some patients with Marfan syndrome take medications called 
angiotensin blockers (like losartan) or angiotensin converting enzyme inhibitors. 
These medications do not protect the aorta from strenuous exercise. 

 People who have artifi cial heart valves usually take an anticoagulant medication, 
warfarin (Coumadin ®). This medication interferes with blood clotting and increases 
the chances of bruising and internal haemorrhages. People taking this medication 
should avoid contact sports and any activity with a moderate risk of a blow to the 
head or abdomen. 

 FINAL ADVICE SHOULD COME FROM THE PATIENT’S OWN DOCTOR.  

    The Problems Encountered by Patients 

 In a survey of the exercise habits of 70 UK patients aged between 18 and 65 with 
Marfan syndrome, the following results emerged:-

•    72 % said that their exercise habits had been affected by having Marfan 
syndrome.  

•   The reasons for this were (most common fi rst) joint pain, shortness of breath, 
medical advice, fatigue, palpitations, dislike of exercise, and overheating.  

•   By far the most popular exercise activity was walking, followed by gym, swim-
ming, jogging, cycling and yoga/pilates. Only a handful of people participated in 
activities that are considered to be unsuitable (long distance running, heavy 
weight-lifting).  

•   Only 44 % of people had received information about exercise.  
•   Of these, the most common source of information was hospital consultant, fol-

lowed by the Marfan Association, family physician, the internet and occupa-
tional therapists/physiotherapists.  

•   The advice given seems to have corresponded with the published guidelines.  
•   17 % said that they had received confl icting advice.  
•   Of the 25 people who had cardiac surgery, only 13 had been offered subsequent 

rehabilitation. Of these, 9 took up the offer and in only 4 cases was the person in 
charge of the programme defi nitely aware of Marfan syndrome.  

•   A number of those engaging in rehabilitation programmes found that it was not 
tailored to their needs, but to the needs of an older population with different con-
ditions (e.g. coronary artery disease).  

•   Many people commented that although they had been given general exercise 
advice, they were still unclear about what is actually meant in practice. In addi-
tion, they often found that doctors, other healthcare professionals and employees 
of gyms/fi tness centres were not able to give accurate and appropriate advice.  

•   Worryingly, 2 people had been turned away from gyms once they disclosed that 
they had Marfan syndrome. A letter from the doctor to the gym instructor indi-
cating suitable sports is therefore recommended.  
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•   Some found the exercise advice frustrating and demoralising; for those who were 
keen to improve their fi tness, positive suggestions on how to achieve this were 
limited – much of the advice focussed on what not to do.  

•   A number of people commented on their negative experiences of sport at school 
and the distress at being told that they could no longer do their favourite sport or 
compete. Tapering unsuitable sports such as long distance running, and gradu-
ally replacing them with more suitable sports such as jog-walking is 
recommended.    

    Who Should Be Aware 

 Hospital doctors, family physicians, physiotherapists, physical education teachers, 
sports coaches and those working in the fi tness industry should be aware of the 
nature of Marfan syndrome and how it relates to exercise ability. A letter from the 
hospital doctor to a physical education teacher or other supervisor of exercise pro-
gramme is helpful.  

    What Advice Is Needed 

•     A system should be in place to ensure that all people with Marfan syndrome 
receive information about exercise as soon as possible after diagnosis.  

•   Patients should be encouraged to exercise as much as possible within their capa-
bilities in order to improve and maintain their general health.  

•   When giving advice to patients, the advice should be tailored to the needs of the 
individual, taking into account how they are affected by Marfan syndrome, their 
age and their general health.  

•   Patients need more than a couple of activity suggestions (such as walking and 
swimming). They need to know what level they should exercise at, how long and 
how often to exercise and, especially for those keen to maximise their fi tness, 
practical suggestions on how this can be achieved. Where possible, the patient’s 
own preferences of sporting and exercise activities should be accommodated.  

•   For those who are involved in exercise considered to be a risk to their health, the 
advice should be to taper down the activity over a period of time, rather than 
stopping it suddenly. This is more acceptable to the patient and gives time to 
develop an interest in an alternative sport.  

•   As a general rule, the patient should be able to converse while exercising.     

    After Surgery 

 Following heart surgery, the patient should be offered a cardiac rehabilitation pro-
gramme suitable to their needs and age.   
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    Other Aortopathies 

 The younger a patient is at the time of discovery of ascending aortic aneurysm or 
actual dissection, the more likely it is that there is an underlying genetic predisposi-
tion. Also, a positive family history for TAAD signals an increased risk. Each off-
spring of an affected parent has up to 50 % risk of also developing an aortic 
aneurysm, at approximately the same age. There are many predisposing dominantly 
inherited genes reported [ 8 ] and the list is growing annually. Some have associated 
phenotypic features; many do not (see Table  24.1 ).  

   Table 24.1    Genotype-phenotype correlation of selected genetic mutations involved in FTAAD   

 Gene (protein)  Phenotypic characteristics  Pathway 

  Extracellular matrix protein  

 FBN1 (fi brillin-1)  MFS; highly penetrant 
ascending aortic aneurysm; 
ectopia lentis; scoliosis; 
dolichostenomelia (marfanoid 
habitus) 

 TGF-β 

 COL 3 A1[collagen α-1(III)]  EDS type 4; arterial 
dissection with infrequent 
aneurysm; thin skin; large 
eyes; beaked nose; thin lips, 
lobeless ears; acrogeria (aged 
appearance extremities) 

 Collagen 
 Metabolism 

  Transmembrane protein  

 TGFBR1 (TGF-β receptor 
type 1) 

 LDS; TAAD with other 
arterial involvement 
(cerebral, carotid, abdominal) 
marfanoid but no ocular 
disease; early age of onset 
(30s). bifi d uvula; 
hypertelorism; 
craniosynostosis; congenital 
heart defects; mental 
retardation 

 TGF-β 

 TGFBR2 (TGF-β receptor 
type 2) 

 LDS; TAAD with marfanoid 
appearance; cerebral artery 
involvement; onset 40s; 
dissection at low aortic root 
diameter. Operate by 4.5 cm 

 TGF-β 

  Cytoplasmic protein  

 SMAD3 (SMAD family 
member 3) 

 LDS; TAAD with 
osteoarthritis (AOS). Risk of 
involvement of cerebral 
arteries, entire aorta 
extending into iliac arteries 

 TGF-β 
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 An athlete with ascending aortic dimension equal to or greater than 4.0 cm, no mat-
ter how tall should be referred to a cardiovascular genetic screening clinic, where 
family history will be taken, snapshots of affected family members reviewed for phe-
notypic features such as height, body build, factual features, joint hypermobility, and 
careful past medical history taken and physical examination performed. If increased 
risk is confi rmed, a 5 ml EDTA blood sample should be taken for TAAD gene screen 
or exome sequencing to study reported causative genes, and search for unidentifi ed 
genes. The athlete should have three consecutive annual echocardiograms to assess 
progression. If this is shown, the patient should be placed on medication such as beta-
blocker or irbesartan, and referred for elective aortic root surgery between aortic root 
diameters 4.5 and 4.8 cm, depending on the gene and the family history. 

 First degree relatives (siblings, parents and offspring) should also be screened by 
echocardiogram. Such athletes should not be allowed to compete at high level, and 
advised to limit sporting activities to moderate exercise in order to keep fi t. 

 An affected patient should be counselled that there may be up to 50 % risk of 
genetic predisposition to aortic aneurysm, for each offspring, regardless of sex.  

    Summary 

 Each patient with Marfan syndrome or other genetic aortopathy is unique, and the 
systems affected are determined by how the genotype (gene mutation) affects the 
phenotype (body build). Frank dialogue between physician, patient and coach will 
determine what level of suitable sporting activity will maintain fi tness without jeop-
ardising future health. Competitive sport at high level involving prolonged exertion 
at peak capacity should be discouraged unless the individual is mildly affected and 
is kept under careful, regular echocardiographic surveillance.     

 Gene (protein)  Phenotypic characteristics  Pathway 

 ACTA2 (α-smooth muscle 
actin) 

 Association with PDA, BAV, 
early coronary artery disease 
and stroke; livedo reticularis, 
iris fl occuli. smooth muscle 
cell dysfunction leads to gut 
immobility, pulmonary 
hypertension 

 IGF-1, Ang II 

 MYH11 (smooth muscle 
myosin) 

 Association with PDA  IGF-1, Ang II 

   FTAAD  familial thoracic aortic aneurysm and dissection,  TGF-β  transforming growth factor 
beta,  EDS  Ehlers-Danlos syndrome,  TGFBR1  transforming growth factor beta receptor type 1, 
 LDS  Loeys-Dietz syndrome,  TGFBR2  transforming growth factor beta receptor type 2, 
 SMAD3  Mothers against decapentaplegic homolog 3,  ACTA2  alpha-smooth muscle actin, 
 PDA  patent ductus arteriosus,  BAV  bicuspid aortic valve,  IGF-1  insulin-like growth factor 1, 

 Ang II  angiotensin II,  MYH11  myosin heavy chain 11  

Table 24.1 (continued)
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  25      Ageing in Marfan Syndrome                     

       Ali     Hasan      ,     J.     Poloniecki     , and     Anne     H.     Child     

       Prior to the use of life-saving cardiac surgery in the mid-twentieth century, Marfan 
syndrome (MFS) with cardiac involvement resulted in a shortened life span, with an 
average age of death of 32 years and a median probability of 48 years [ 1 ]. More 
recently, surveys have been aimed at describing the complications, including those 
affecting the eyes, heart, and musculoskeletal system, faced by older survivors. 

    UK Survey 

 All 2500 patient records from the national Marfan syndrome clinical database were 
reviewed to identify suitable participants aged 50 or over. Of 156 postal question-
naires 60 were returned, comprised of 28 female patients and 32 male patients with 
a median age of 57 years. Control data were provided from a second questionnaire 
sent to each participant, to be completed by an age and sex matched unrelated sub-
ject. Fifty-six eligible controls were recruited. Results revealed that these patients 
provide an early aging model, specifi cally with a higher risk than previously reported 
for retinal detachment and arrhythmia. Interestingly, cataract was reported by 27 %.  
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    Life Expectancy 

 Murdoch et al. 1972 [ 1 ] and Silverman et al. 1995 [ 2 ] stated the median probabili-
ties of survival were 47 and 72 years respectively. Modern medicine and surgery 
have signifi cantly increased the life span of patients with Marfan syndrome [ 2 ]. 
Gray et al. 1998 performed a study in Wales and Scotland and found the median 
survival to be 53 for male patients and 72 years for female patients [ 3 ]. For patients 
who have had one aortic aneurysm repair, Finkbohner et al. quoted a median life 
expectancy of 61 years [ 4 ]. These fi gures are still noticeably lower than the average 
life expectancy of 76 years in men and 81 years in women in the UK [ 5 ].  

    Ocular Features 

 We found that only 27 % of the MFS responders did not suffer eye problems, as 
opposed to 80 % of controls (signifi cantly different  P < 0.0000001 ). Thirteen MFS 
patients (22 %) experienced both retinal detachment and dislocated lenses in their 
lifetimes. Cataract was reported by 27 % of MFS patients, signifi cantly higher than 
the incidence in controls (9 %) ( P = 0.015 ).  

    Cardiac Features 

 Forty-six percent of patients had aortic surgery, and of those 20 % had aortic root 
repair and 25 % had aortic valve and root replacement. These differences were all 
highly signifi cantly different from the control population, however the fi gures for 
mitral valve repair (3 %) and mitral valve replacement (5 %) were not signifi cantly 
different from the control population. Fifty-three percent of patients reported 
arrhythmia as opposed to 21 % of controls ( P = 0.00053 ) with 26 % of the patient 
group taking medication for arrhythmia as opposed to 5 % in the control group 
( P = 0.025 ).  

    Musculoskeletal Symptoms 

 Women with MFS reported painful joints more frequently than men (64 % vs. 34 %; 
signifi cantly different,  P = 0.02 ). The incidence of scoliosis/kyphosis was 29 % 
which is somewhat lower than other studies in the literatures (see Table  25.1 ). There 
were signifi cant differences between MFS patients and controls in prevalence of 
pectus excavatum (18 % in MFS,  P = 0.017 ), Pectus carinatum (29 %,  P = 0.000004 ) 
and scoliosis/kyphosis ( P = 0.000004 ). Thirty percent (18 out of 60) of patients with 
MFS were affected by either rheumatoid arthritis or osteoarthritis.
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       Other Features 

 Varicose veins were more common in female patients with MFS than male patients 
with MFS (82 % vs. 25 %,  P < 0.01 ). Hernia was more common in male patients 
than female patients (44 % vs 11 %,  P < 0.01 ).  

    Genitourinary Features 

 Urinary frequency and nocturia, symptoms commonly occurring with age, are 
reported signifi cantly more frequently in patients with MFS than controls.  

    Mental Health 

 Twenty percent of patients with MFS reported suffering depression, with onset 
commencing from puberty to 53 years. Depression was reported in 2 males (6 % of 
all males) and 6 females (21 % of all females). None were currently on anti- 
depressant medication. Of these patients, two had counselling, one had psycho-
therapy and one, medication for anxiety. Two controls, both male, noted depression 
commencing at age 61. The difference in prevalence of depression was signifi cantly 
greater in female subjects with MFS, compared with controls ( P = 0.024 ).  

    Medication 

 Eighty-two percent of MFS respondents were on regular medication. Of these, 65 % 
were on three of more regular medications. Fifty-eight percent were taking anti- 
hypertensive medication. Sixty-three percent of controls were on regular medica-
tion, with 26 % on three or more (signifi cantly different from the MFS group, 
 P = 0.00004 ). Twenty-nine percent of control subjects were on anti-hypertensive 
medication.  

    Alternative Therapy 

 Twenty-two percent of patients with MFS reported using at least one type of alter-
native therapy, e.g .  acupuncture or homeopathy. In comparison, 13 % of controls 
reported use of alternative therapy.  

    Discussion 

 This study had a response rate of 35 %, however further studies of a similar nature 
should refi ne our fi ndings.  
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    Musculoskeletal Features 

 Musculoskeletal problems are extremely common in Marfan syndrome and can be 
very detrimental to patient quality of life. Only 23 % of patients did not suffer mus-
culoskeletal symptoms. A high proportion of MFS patients suffer from muscle 
weakness and easy fatigability, from a relatively young age. In a MFS patient group 
investigated by Grahame and Pyeritz, only 2 out of 48 adults aged 18–76 had never 
experienced locomotive symptoms. This study mentioned that 69 % reported spine 
pain, and 58 % had arthralgia [ 8 ]. 

 There is a high prevalence of claw toes/hammer toes (more common in MFS 
men in outpatient population) and fl at feet in patients with MFS when compared 
with controls. Joseph et al. also described a variety of foot problems in MFS [ 10 ]. 
Grahame and Pyeritz found that 44 % of 48 MFS patients had experienced ligament 
injury: 19 % of our respondents reported torn ligaments or tendons, three times 
more than our controls, ( P = 0.044 ).  

    Employment, Rehabilitation and Exercise Recommendations 

 Those with MFS should avoid lifting heavy weights, and great physical exertion at 
peak capacity, which may have deleterious effects on their cardiovascular and mus-
culoskeletal systems. 

 Physiotherapists and others must be warned not to be aggressive in their manage-
ment of this patient group. Gentle, light sports, particularly swimming and walking, 
are recommended to maintain muscle tone and keep the patient active.  

    Psychological 

 The psychological problems of self-image which affect adolescents, may in middle 
age become compounded by problems of increasingly failing health. Van Tongerloo 
and De Paepe [ 13 ] reported from interviews of 17 patients between 16 and 35 years, 
that patients were signifi cantly burdened by their disease in terms of its effects on 
day to day life, schooling and career opportunities. During childhood, most of them 
had experienced teasing because of their typical phenotypic traits. The female 
cohort expressed concern regarding potential problems of childbirth, and as in the 
general population, female patients experienced higher rates of depression than 
male patients. All patients found psychological support helpful.  

    Conclusion 
 In summary, one may look at MFS as a model of premature old-age, with patients 
suffering from many problems that the general population encounter, but at 
younger ages and higher frequencies. More research needs to be conducted, and 
especially interesting will be the correlation of genotype with phenotype in pre-
dicting health problems throughout life so that these may be anticipated and 
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prevented [ 14 ]. Meanwhile, the available information should help practitioners 
to manage mature MFS patients [ 15 ]. 

 Conditions of old age must be treated appropriately, and not dismissed as a 
complication of MFS.     
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  26      Psychosocial Aspects of Marfan 
Syndrome                     

       Anne     H.     Child       and     Joanna     Rowntree   

         The diagnosis of a genetic disorder such as Marfan syndrome affects the entire fam-
ily. Each member must adjust to the diagnosis, making allowances for it, while 
maintaining their individual self-fulfi lment. Couples may experience a temporary 
strain in their relationship when they fi rst learn that their child has Marfan syn-
drome. It is important to communicate to each other and to grandparents, aunts and 
uncles of the child, their hopes and fears. Common reactions include dismay, worry 
regarding the future, a tendency to blame oneself, one’s partner, or the doctors for 
the infant’s condition. Grieving for the loss of perfect health in the child must also 
be experienced. The whole family should offer support to the parents. Prolonged 
discussion as to the prognosis for the child, and a plan for medical and psychologi-
cal support and contact with another family who have older Marfan syndrome chil-
dren, should be arranged at interview with the doctor in charge of the child’s care. 

 Treatment is available for every aspect of Marfan syndrome, and the child should 
lead as normal a life as possible. 

    Childhood and Puberty 

 The affected child, up to the age of 5, appears to have few worries about the condi-
tion. If regular hospital visits are required, these may be explained as check-ups to 
make sure that nothing is changing. After each visit, the child should be reassured 
that they are well, if possible. From age 5–11, children realise they are different, and 
may report teasing and bullying due to increased height, poor eyesight, thin body 
build and slight clumsiness due to lax ligaments and long limbs. The child may 
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fatigue easily. Limitation of sporting activities may lead to feelings of isolation 
which must be actively combated by encouraging a special friend to play with the 
child and to stand by them at school if teasing occurs. A sense of humour with 
regard to teasing should be fostered; bullying should be reported to the teacher, for 
whom a book is available [ 1 ], and parental insistence on playground supervision is 
important. The child’s special talents should be discovered and encouraged. Musical 
talent may lead to group activities. Computer studies or other sedentary activities 
and handicrafts should be encouraged, and may actually lead to a suitable career 
choice. The child should keep fi t by participating in non-contact sports. 

 The child should be kept in a normal school if possible, with expert advice 
regarding visual and other teaching aids, and statementing to provide extra one-to- 
one teaching time, if necessary. Children should not be overprotected which leads to 
resentment, and delays normal psychological development. Mild depression may 
appear due to resentment at being different, and can often be dispelled by a quiet 
talk between the child and parent, who can point out the skills and talents which the 
child does possess. Accomplishments should be praised. 

 During the pubertal growth spurt, from age 10 to 20, features of Marfan syn-
drome may appear or worsen. A  Booklet for Teenagers  [ 2 ] is available to help 
youngsters through this diffi cult period. The child may have diffi culty with body 
image, and referral to a psychologist may prevent negative feelings from develop-
ing. Purchasing clothing and shoes to fi t may be a problem. 

 Close friends may be informed of the nature of the condition. Genetic advice 
should be offered to a couple when the affected young person has a serious girl or 
boyfriend, and is contemplating a lasting relationship. A counselling session 
together, and individually if a partner has extra questions and anxiety, is indicated.  

    Family Survey by Questionnaire 

    Background 

 Children with long term physical disorders have an increased risk of psychological 
problems, because they look and feel different, they have restrictions imposed 
because of their physical problems (eyes, hear, skeleton in Marfan syndrome), and 
because they may have frequent school absence due to hospital visits. In addition, 
the family history of members experiencing sudden death may be a worry. 

 A previous study by Hofman and colleagues [ 3 ], of 30 school children with 
Marfan syndrome, showed average intellectual development, but half of the chil-
dren had problems, with learning disability (13 %), short attention span (17 %), and 
better results on verbal intelligence testing that performance testing due to loose 
joints, clumsiness and short sightedness (30 %). 

 Schneider and colleagues [ 4 ] studied 22 adolescents with Marfan syndrome and 
pointed out that puberty is the peak time for psychological problems. Because phys-
ical features may appear or worsen during puberty, youngsters have diffi cult with 
their body image, they realise they are different from their peers, they fi nd easy 
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fatigability limiting, and may have a prolonged dependence period on their parents. 
At interview, they said their lives would be signifi cantly better without Marfan syn-
drome, especially with regard to physical activity and self-image.  

    Aims 

 The aims of our study were to determine the rate of common behavioural and psy-
chological problems in young people with Marfan syndrome, compared to an unaf-
fected control group. We also determined the prevalence of bullying. One hundred 
and one children aged 4–16 years (60 males and 41 females) were recruited from 
Dr. Child’s Marfan syndrome outpatient clinic, the regional genetic centre, and vol-
unteer members of the Marfan Association U.K. We are grateful to all families for 
participating. For children aged 5–7, the parents fi lled out the questionnaires, and all 
parents were asked to fi ll out the child behaviour check list (CBCL). Children aged 
8–12, and 13–16 were asked to fi ll out a children’s depression inventory (CDI), a 
perceived competence scale (Harter) and a bullying questionnaire.   

    Results 

      Parents 

 Parents reported that the Marfan syndrome children had more time off school, more 
operations, more medication, were more likely to have seen a psychologist or a 
psychiatrist, less likely to be in a single sex school, and more likely to be state-
mented, and to attend remedial or special classes. Parents also fi lled out the child 
behaviour check list (CBCL) and 15 children with Marfan syndrome had a high 
score indicating that they needed medical attention for behavioural problems, while 
only 3 controls had a high score. Parents reported that Marfan syndrome children 
tended to internalise (keep to themselves) their worries, resulting in withdrawn chil-
dren with attention problems, physical complaints, anxiety and depression. 
Interestingly, they were not more likely to be aggressive or antisocial (externalising 
their worries). Signifi cantly more common in the Marfan syndrome group were the 
following comments, ticked by their parents: cannot concentrate; cannot pay atten-
tion for long; is disobedient at home; is accident-prone; gets teased a lot; feels dizzy; 
has aches and pains (not headaches); is poorly coordinated or clumsy; sees things 
that are not there; has speech problems; is underactive and lacks energy.  

    The Children Speak 

    Depressive Tendency 
 Answers to the  child depression inventory  showed a signifi cant difference between 
responses from the 75 children with Marfan syndrome as compared with 90 control 
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children. Twenty-one Marfan syndrome children had a score higher than 11, whereas 
only 8 controls had a score higher than 11. The key differentiating questions were 
as follows (the children have to tick which one applies most correctly to their own 
situation):

•    I HATE MYSELF/I DO NOT LIKE MYSELF/I LIKE MYSELF  
•   I HAVE PLENTY OF FRIENDS/I HAVE SOME FRIENDS BUT WISH I HAD 

MORE/I DO NOT HAVE ANY FRIENDS     

    Poor Self-Esteem 
 The  Harter self - esteem questionnaire  was answered by 63 children with Marfan 
syndrome and 76 controls. Marfan syndrome children had a lower opinion of them-
selves with respect to social and physical competence, and feelings of general self- 
worth. Marfan children saw themselves as not being sure of themselves, not being 
liked by others, not being happy in their present school, not being sure they were 
doing the right thing, and not being good enough at sports.  

    Bullying 
 The results from 74 subjects and 90 controls reveal that children with Marfan syn-
drome were bullied more often, chiefl y by being called nasty names, having chil-
dren tell nasty stories about them, and having their belongings taken away from 
them (theft). Marfan syndrome children were more likely to be bullied by several 
children, usually from a different class and often a higher year, were more likely to 
tell a teacher and a parent, and had fewer friends, thus being more often on their own 
in the playground.  

      Summary 

 Affected children are vulnerable to emotional and behavioural problems. Early 
identifi cation and prompt intervention may reduce suffering. Advice regarding 
schooling is to stay in mainstream schooling wherever possible, to request extra 
help in the classroom, including statementing, and to establish a good parent-
teacher relationship. Special attention should be given to seating to take account 
of short sightedness, extra height, and poor concentration, and visual aids such as 
large print text, and computers to speed up written tasks. Loose joints may be sup-
ported by splints, and extra time to rest the hands should be requested during long 
written examinations. 

 Time off school should be minimised by asking for hospital appointments and 
operations to be arranged wherever possible during school holidays. The child may 
feel too tired or unwell to go to school occasionally, and should be helped to catch 
up immediately or will become anxious that they have missed out, and do not fi t in 
with the peer group. 

 Bullying is highly stressful and results in low self-esteem, and emotional and 
behavioural problems. To counteract this problem, parents should liaise with 
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teachers, encourage special friends to act as allies, and help the child develop spe-
cial interests and skills to improve self-image (e.g. music, swimming, archery, pets, 
art and handicrafts). 

 Lastly, professional psychological counselling may help with self-image at any 
age, and improve social interactions with peers. 

    Siblings 

 Unaffected brothers and sisters also need support, as they may feel guilty that 
they are unaffected, or fearful that they may still become affected or have chil-
dren who are affected. They may resent the special attention the affected child 
receives. Parents should spend special time talking to children about their feel-
ings, as they need reassurance that parents are as interested in them as in their 
affected sibling. Once the situation is explained, children usually become very 
protective of, and helpful to, the affected sibling. They may wonder what to tell 
their friends or partner, and individual counselling with an interested physician 
will be helpful.  

    Adulthood 

 Affected young adults may react by trying to prove they are normal, taking part in 
dangerous or highly competitive sports, avoiding medication, or travelling around 
the world. The threat of early death, present in those with serious cardiac involve-
ment, may make them adult before their time. Some react by marrying early, and 
having children quickly, often without genetic advice. Pregnancy in the young 
female with Marfan syndrome may be contraindicated due to heart and aorta 
involvement. Pregnancy should be supervised closely by a cardiologist and obstetri-
cian. A booklet,  Before and After Birth  [ 5 ], may be helpful.  

    Careers 

 Career choice should be decided after advice from specialist physicians caring 
for the young adult. Education should be pursued as far as possible, so that a seden-
tary occupation may be chosen. Young adults diagnosed mid-training may have to 
change their career, or choose a quiet branch which is not physically taxing. Heavy 
lifting should be avoided, and occupations where repetitive joint strain is a feature, 
for example, physical education and the armed forces, are unsuitable. Being tall is 
an advantage in seeking a responsible position, or promotion, as employers usually 
look upon tall individuals as being older and more responsible than their shorter 
peers. Easy fatigability is a feature of Marfan syndrome, and regular working hours 
in an offi ce close to home are recommended. Extra-curricular activities may have to 
be pursued only on weekends.  
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    Insurance and Pensions 

 Life insurance may be diffi cult to obtain. Pension schemes should be carefully stud-
ied if the working life may be foreshortened due to illness. Early retirement on 
grounds of ill health usually provides full pension rights.  

    Reproduction 

 Some affected patients avoid or postpone a permanent relationship, feeling that it is 
not fair to a potential spouse, or that they do not want to have affected children. 
However, the vast majority of patients do establish happy relationships, providing 
genetic counselling includes the intended partner. It is diffi cult for the unaffected 
partner to accept a diagnosis after the partnership is established, especially if 
affected children have been born. 

 The decision to have children will be taken by the couple, with expert advice 
from a genetic counsellor. The 50/50 risk of passing the gene on to each offspring is 
always applicable, but predicted severity of systems involved may be modifi ed in 
the light of the family history. If the couple can accept the manifestations of the 
disease in all affected family members, then they can accept the diagnosis in their 
child. Prenatal diagnosis may be available, or the baby may be screened for the fam-
ily mutation after birth. If the husband is affected, artifi cial insemination by donor 
is possible, and if the wife is affected, ovum donation is a possibility. This allows 
the affected parent to be the environmental parent without the concern of being the 
genetic parent. Once a gene mutation is discovered, pre-implantation genetic diag-
nosis is available either through the NHS, or privately.  

    Partner’s Response 

 The unaffected partner may have to worry about the affected partner and also 
affected children. Counselling should be given to the couple, as well as the unaf-
fected partner alone. In this way, temporary rejection in the unaffected partner may 
soon become total acceptance and support. Each of us has a number of genes which 
are not normal; moreover we are not responsible for our genes, nor do we request 
them. The patient’s positive self-image, and the attitude of the partner, should not be 
dependent on one’s genetic inheritance.  

    Coming to Terms with Marfan Syndrome 

 Accepting loss is part of the family adjustment to Marfan syndrome – loss of health, 
self-image, loss of a job or job opportunities – the psychological stresses similar to 
that of any long term disorder with variable age of onset. Patients should be encour-
aged to accept what they cannot change, and to make the most of their abilities. 
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There is a danger of patients becoming cardiac hypochondriacs, but sudden cata-
strophic events normally only occur if the situation is not being monitored. The 
patient is a member of a team caring for him or her, and returning for annual echo-
cardiograms is the part he or she must play to participate in the decision-making 
process of whether, and when, elective cardiac surgery is required. The surgery 
bears small mortality risk, and prolongs life. Medication can buy time, during which 
medical and surgical treatment are constantly improving.  

    Further Support 

 Support is available from many directions, including peer group counselling, espe-
cially pre- and post- cardiac surgery. In the UK, the Marfan Association offers infor-
mation, resources, referrals, meetings and support to those who are interested. In 
addition, it has close contact with similar organisations around the world, which is 
especially encouraging for the travelling patient. Active research is being under-
taken internationally, and any advances will be instantly communicated to those 
affected. This offers hope for improved quality of life and a normal lifespan for both 
the patient and their descendants.      

  All the following publications (excluding 5 & 6) are available from the Marfan Association UK, 
Rochester House, 5, Aldershot Road, Fleet, Hampshire, GU52 8NG. Tel: 01252810472  
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  27      Patient Support                     

       Diane     L.     Rust     

       It is some years since my husband, Mr Robin Rust, FISOB, FIMIT and MIFM, and 
the late Dr Martin J Briggs, MB BS DFPHM, worked very hard together with Dr 
Anne Child, MD FRCP, and the authors of the previous “The Marfan Syndrome – A 
Clinical Guide Revised edition 2002” and we will always be extremely grateful to 
the British Heart Foundation for publishing that vital guide. Much headway has 
been achieved by us all and it has been wonderful to work with so many eminent 
Marfan syndrome professionals over the years. 

    “Yes Together We Can!” 

 When a diagnosis of Marfan syndrome is suspected, many families react in the same 
way as they did in the past – worried, confused, angry, fearful, guilty, full of despair 
and concerned for the future. What a difference time has made. Early diagnosis is 
vital to enable an appropriate Medical Care Programme to be put together for the 
individual patient, since Marfan syndrome is extremely variable in its nature. Sadly, 
some people are very seriously affected, thus vigilant care is essential. 

 Patients can now search for help on the internet. Many general practitioners are 
now more aware of this condition and should be able to point patients in the right 
direction for appointments to specialists concerning eyes, skeleton, heart and lungs, 
which eventually should provide the diagnosis of, or rule out, Marfan syndrome. By 
now the patient will be aware that this disorder of the connective tissue is thought to 
be hereditary in 75 % of cases and spontaneous in 25 %. Some patients are mildly 
affected, but for some it may sadly be life-threatening. 

mailto:chairman@marfan-association.org.uk
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  Patients fi nd it very helpful to speak to non - medical people ,  so please don ’ t 
forget to tell your patients that the Marfan Association UK is here for them . 

 Throughout the life of the Marfan Association UK, we have worked closely with our 
member patients, frequently undertaking studies in order that we stay close to how 
Marfan syndrome truly affects them, identifying any shortfalls that may exist in their 
care. This enables us to work more effectively with our medical colleagues. The revised 
Ghent criteria for diagnosis (2010) together with the Marfan care pathways and numer-
ous Marfan research studies around the world are huge steps forward in gaining an 
improved understanding of the condition, whereby it is now possible that some patients 
with Marfan syndrome can live a “normal lifespan.” However, we are all aware that this 
condition is variable and each patient requires individual ongoing assessment, an appro-
priate care plan and timely surgical intervention if indicated. In any hereditary disorder, 
family screening should be initiated and any necessary action taken. 

  We provide support  for the patient and their family members, often working 
together with their medical specialists, and we recognise that many of our members 
need extra support and understanding at certain times in their lives. 

  We continually create awareness and publish educational literature  both for the 
medical profession and for the patients. 

  We undertake research  amongst our membership on the various aspects of this 
perplexing disorder, which enables us “to better understand the patients that we 
serve”. We can then help and support them in a more purposeful way, continually 
amending our ‘Five Year Plan’ whilst working closely with our “Marfan Medical 
and Scientifi c Advisory Team.” 

 Robin and I co-founded the European Marfan Support Network in 1990 (EMSN) 
and co-ordinated this for the fi rst 10 years, making many valuable contacts who 
remain in touch with us. We are also on the founding committee of the International 
Federation of Marfan Syndrome Organizations (IFMSO), and it is with great joy 
that we witness the growth of Support organizations across the world. This is help-
ing Marfan patients worldwide, and joint Marfan research projects provide a widen-
ing knowledge of Marfan syndrome.  

    “Support for Today with Tomorrow in Mind” 

    Marfan “In Touch” Magazine 

 Members of the Marfan Association UK and medical professionals worldwide 
receive a Marfan “In Touch” magazine twice yearly.  

D.L. Rust
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    Annual Marfan Association UK Information Day 

 These meetings are always well attended and much welcomed by the patients and 
doctors who attend. Our medical speakers are always happy to participate in a 
“Questions and Answers Session”. Being bombarded with questions is not an easy 
task, but much is learned by patients and medical specialists alike.  

    Marfan Association UK Support Network 

 We operate this Network in order to provide local support for patients. Many of 
them also fundraise to enable us to continue our vital work of Support, Education 
and Research. Some of them participate in local medical meetings.  

    Representing Marfan Syndrome Across the UK 

 Robin, Diane and trained staff have been invited to schools to inform the teachers, 
school nurses and pupils about Marfan syndrome. Doctors may be required to assist 
the parents of the child to obtain the appropriate help required during their school 
years. 

 We participate in medical meetings around the country. Recently we have held 
and participated in meetings in Glasgow, London, Birmingham, Manchester, 
Cardiff, Southampton and Dorking, amongst others. 

 These have included meetings in the House of Commons, speaking to Lions 
Groups, Ladies meetings, fundraising events and participation in International 
Marfan Research Meetings. This enables us to meet up with medical colleagues 
with whom we have been in touch for many years. It is good to share information 
with one another.  

    Publications 

 We have recently published our new Marfan Fact Sheet and have already 
received good feedback on this helpful aid. This helps patients to go equipped 
to their many medical appointments and is indeed “a must” for every doctor’s 
library.  

27 Patient Support
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    Marfan Mascot 

 Our mascot, “Marf”, accompanies us to many meetings, having been chosen due to 
the eye, skeletal and heart problems also encountered by the giraffes…..and they 
have such beautiful eyes!       
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   Appendix 

               Argentina   
  Mario del Frade, Chairman  
  Marfan Argentina  
  Charcas 33913er piso offi ce 32  
  Buenos Aires, Republic Argentina   
  www.marfan.org.ar    
  e-mail: Marfan@argentina.com    

        Australia   
   Queensland, Australia   
  Susanne Hemphill  
  Marfan Association, Queensland Branch  
  P.O. Box 294  
  Sumner Park, Queensland 4074  
  Australia  
  Telephone: ++61 7 3376 6160  
  Fax: ++61 7 3279 1927   
  e-mail: marfanaustralia@hotmail.com    

    Victoria, Australia   
  Marfan Association Victoria Inc.  
  Sally Ferguson, President  
  PO Box 42  
  Sunbury, Victoria. 3429  
  Australia  
  Telephone: ++61 3 5784 1357  
  Fax: ++61 3 5784 1357   
  www.marfanvic.org.au    
  e-mail: yvette1@bigpond.com    
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    New South Wales, Australia   
  Marfan Support Group  
  Trudy Whaite   
  mail@marfan.net.au    
  www.marfan.net.au    

        Belgium   
  Yvonne Flemal - Jousten  
  Association Belge du Syndrome de Marfan  
  27A, rue Residence Air Pur  
  B 4623 - Magnee  
  Belgium  
  Telephone: ++32 4 355 13 59   
  e-mail: yvonne.jousten@easynet.be    
  www.marfan.be    

    Brazil   
  Brazilian Marfan Association (Marfan Brasil)  
  Flavia Gioia, President   
  e-mail: fl avia.gioia@br.abnamro.com    
  www.marfan.com.br    

   Contact:  
  Adriano Rodrigues  
  Rua dos Juritis - Quadra 07 - Apt.403 - Ed. Mirela  
  Jardim Renascença  
  Sao Luis, MA, Brazil  
  CEP 65075-240  
  Tel: 55 98 3236 0455  
  Cell phone: 8129 9224   
  e-mail: adrianocostarodrigues@yahoo.com    

        Canada   
   “Making A Difference”   
   “Le Pouvoir de changer les choses”    

   Eva Theofi lopoulos, Executive Manager  
  Josipa Paska, Director  
  Central Plaza Postal Outlet  
  128 Queen St. S., P.O. Box 42257  
  Mississauga Ontario L5M 4Z0  
  Canada  
  Telephone: (905) 826–3223; FAX: (905) 826-2125   
  e-mail: josipa.paska@aak.com    
  info@marfan.ca    
  website: www.marfan.ca    
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        China   
  Lydia Chen   
  e-mail: lcsnoopy@21cn.com    

        Costa Rica   
  Michelle Gómez  
  Tel: (506) 817- 0001   
  e-mail: mich_go19@hotmail.com    

        Cuba   
  Carolina Douglas  
  Cuban Association of Marfan Syndrome  
  Calle 34 No. 310, apto2  
  entre 3ra y 5ta, Miramar  
  Ciudad de La Habana 11300  
  Cuba  
  Fax: ++337 330145   

        Denmark   
  Ms. Bodil Davidsen  
  Danish Marfan Association  
  Frederikshave 34 st. th.  
  DK-3400 Hillerod  
  Denmark  
  Tel. ++45 4826 3652  
  Fax ++45 4826 3752   
  e-mail: msdk@get2net.dk    
  www.marfan.dk    

        Finland   
  Leila Raninen  
  Finnish Marfan Association  
  PO Box 1328 SF-00101  
  Helsinki, Finland  
  Telephone: ++35894171727   
  e-mail: iinfo@marfan.fi     
  www.marfan.fi     

        France   
  Annette Belloncle  
  Association Syndrome de Marfan Amis d’Antoine (A.S.M.A.A.)  
  B.P. 63  
  F-95160 - Montmorency  
  France  
  Telephone/Fax: ++33 139 64 56 12   
  e-mail: jtihierr@free.fr    
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   Paulette Morin  
  Association Française du Syndrome de Marfan (A.F.S.M.)  
  13, Allee des Terasses  
  F-77200 Torcy  
  France  
  Tel. ++33 164620375  
  Fax ++33 160 057 910   
  e-mail: vivremarfan@caramail.com    
  www.vivremarfan.org    

        Germany   
  Marfan Hilfe (Deutschland) e.V.  
  Post Box 0145  
  D-23691 Eutin  
  Germany  
  Tel: ++49 4521 8305035  
  Fax: ++49 4521 8305034   
  e-mail: kontakt@marfan.de    
  www.marfan.de    

    Greece   
  Xanthi Zafi ris  
  Greek Association of the Marfan Syndrome  
  tel/fax 0030 210-2793075  
  Athens   
  e-mail: marfansyndromegr@yahoo.com    

        Guatemala   
  Evelyn Oliva Barrios  
  Guatemala, City   
  e-mail: marfanguatemala@hotmail.com    

        India   
  Chirarnjib Nath  
  South Hazarapar,  
  Tezpur, Assam  
  India 784001   
  e-mail: sc.nath@gmail.com and ck.nath15@yahoo.com    

        Ireland   
  Mary O’Driscoll  
  Marfan Syndrome Support Group Ireland, Ltd  
  78 Whitehorn Drive  
  Palmerstown, Dublin 20  
  Ireland   
  e-mail: Marfan@eircom.net    
  http://www.marfan.ie    

D.L. Rust

e-mail: vivremarfan@caramail.com
www.vivremarfan.org
e-mail: kontakt@marfan.de
www.marfan.de
email: marfansyndromegr@yahoo.com
email: marfanguatemala@hotmail.com
e-mail: sc.nath@gmail.com and ck.nath15@yahoo.com
e-mail: Marfan@eircom.net
http://www.marfan.ie


295

        Italy   
  Silvia Salice  
  Associazione Vittorio  
  Strada alla Villa d’Aglié 23/3  
  I-10132 Torino  
  Italy  
  Telephone/Fax: ++39 11898 0995   
  e-mail: michaela.tarantini@marfan.info    
  www.marfan.info    

    Japan   
  Marfan Network Japan (MNJ)  
  President, Yoko Shimozaki  
  Fukuike 1-17-1, Tenpaku-ku  
  Nagoya-city, Aichi-ken,  
  Japan 468-0049   
  e-mail: yoko-shimo@gf6.so-net.ne.jp    
  info@marfan.gr.jp (MNJ)    
  website: www.marfan.gr.jp (Japanese only)    

   Japan Marfan Association (JAMAA)  
  Keiko Inoi, Representative Director  
  c/o Aichi Japan Intractable Diseases Information Center  
  N105 COMBi Honjin, 1–24 Matsubara-cho, Nakamura-ku, Nagoya, Aichi 453-0021  
  Telephone: ++050-5532-6503  
  FAX: ++053-454-6764   
  e-mail: info@marfan.jp    
  website: http://www.marfan.jp    
  http://www.marfan.jp/modules/jamaa/index.php?content_id=57    

        Mexico   
  Marcos and Geraldine Duran  
  Sindrome de Marfan de Mexico A.C.  
  Paseo de Lilas #92  
  Loc. 58, Suite 143  
  Bosques de Las Lomas  
  Mexico D.F. C.P. 05120  
  Mexico  
  Tel/Fax: ++52-452260   
  e-mail: admin@marfan.org.mx    
  www.marfan.org.mx    

        Netherlands   
  Contactgroep Marfan Nederland  
  Postbus 1809  
  3800 BV Amersfoort  
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  The Netherlands  
  Phone +31 (0)33 422 65 46   
  website: www.marfansyndroom.nl    
  e-mail: contact@marfansyndroom.nl    

        New Zealand   
  No current contacts   

        Norway   
  Wenche Snekkevik  
  Marfanforeningen co/FFO  
  PB 4568  
  0404 Oslo, Norway  
  Tel. 47–46 66 00 06   
  e-mail: info@marfan.no    
  wenche@marfan.no    
  http://www.marfan.no    

        Peru   
  Contáctenos a:  
  La Asociación Peruana del Síndrome de Marfan (APSIM)  
  Cecilia Delgado Tello  
  Calle Carlos Aguirre 189 – 301.  
  Urb Prolongación Benavides. Santiago de Surco.  
  Lima. Perú  
  Telefono: (511) 2743767   
  e-mail: marfanperu@marfanperu.org    
  website: http://www.marfanperu.org    

        Poland   
  Polish Marfan Association  
  Swietojanska 49/17  
  PI-81-391 Gdynia  
  Poland  
  Telephone: ++48 601286245  
  Fax: ++48 58 629 4425   
  e-mail: marfan@marfan.pl    
  marfan@gdansk.sprint.pl    
  www.marfan.pl    

        Portugal   
  Telf: + 351 225 431 080 / +351 210 970 766  
  Fax: +351 225 431 089   
  e-mail: marfan.pt@gmail.com    

        Singapore   
  Willie Loh Chung Wei  
  Blk 471 Ang Mo Kio Ave 10 #11-774 SE 560471  
  Republic of Singapore  
  Telephone: + 65 9145 5708   
  e-mail: Lchungwe@yahoo.com    
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   Singapore Marfan Support   
  www.marfansingapore.org    
  e-mail: support@marfansingapore.org    

        Slovakia   
  Post address: AMS, Lukovicova Betty  
  Vajnorska 54, 831 04 Bratislava, Slovakia  
  Tel: 00421 2 44257904, mobile phone: 00421 903 74 74 24   
  e-mail: marfan.sk@mail.t-com.sk    
  e-mail: lukovicova@stonline.sk    
  website: http://marfan.szm.sk/    

        South Africa   
  South African Marfan Syndrome Organisation  
  (Suid-Afrikaanse Marfansindroom Ondersteuningsgroep)  
  P O Box 12895  
  Queenswood 0121  
  Telephone: +27 12 333 3894   
  e-mail: info@marfan.org.za    
  http://www.marfan.org.za    

   Online Marfan Syndrome diagnosis tool:   
  http://www.marfan.org.za/diagnosis.html    

        Spain   
  SIMA Asociación de Afectados Síndrome de Marfan  
  Ofi cinas Centrales  
  C/ Pardo Jimeno n° 55, entlo. C  
  E - 03007 Alicante  
  Teléfono: + 34 965 11 11 02 - +34 619 19 61 65   
  e-mail: Info@marfan.es    
  www.marfan.es    

        Sweden   
  Karin Olsson  
  Svenska Marfanföreningen  
  c/o Ulla Frick  
  St. Eriksgatan 50 A  
  112 34 Stockholm  
  Sweden  
  Tel: +46 8 651 3609   
  e-mail: bertil.frick@swipnet.se    
  karin.olsson@vansterpartiet.se    
  www.marfanforeningen.se    

        Switzerland   
  Marfan Stiftung Schweiz  
  Marktgasse 31  
  CH-3011 Bern  
  Switzerland  
  Telephone: 41 31 312 11 22  
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  Fax: 41 31 312 11 20   
  e-mail: info@marfan.ch    
  www.marfan.ch    

        Syria   
  Mohammad Mouchli  
  Tel:00963-11-6664647  
  Tel:00963-11-6662864  
  P.O.Box:16428 Damascus -Syria   
  e-mail: Marfan@Shuf.Com    

        Ukraine   
  Contact Person: Sergii Demchenko  
  Ukrainian Marfan Care Centre (UMCC)  
  P.B. #213  
  Odessa-23 65023 UKRAINE  
  Tel. + 380-(66)-7-700-710   
  e-mail Address: info@marfan.in.ua    
  website Address: http://www.marfan.in.ua    

        United Kingdom   
  Diane Rust  
  Marfan Association UK  
  Rochester House  
  5, Aldershot Road  
  Fleet, Hampshire GU51 3NG  
  United Kingdom  
  Telephone: ++44 1252 810472  
  Fax: ++44 1252 810473   
  e-mail: contactus@marfan-association.org.uk    
  www.marfan-association.org.uk    

        United States   
  Carolyn Levering  
  National Marfan Foundation  
  22 Manhasset Avenue  
  Port Washington, New York 11050  
  USA  
  Telephone: ++ 516-883-8712  
  ++800-862-7326  
  Fax: ++516-883-8040   
  e-mail: staff@marfan.org    
  www.marfan.org    

    World Organizations:   
  Beatruce Preston  
  Chairman  
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   European Marfan Support Network (EMSN)   
  Römerweg 4  
  CH-4410 Liestal  
  Switzerland  
  +41 61 921 91 89   
  e-mail: preston5@bluewin.ch    

   Priscilla Ciccariello  
  President   
    International Federation of Marfan Syndrome Organizations (IFMSO)   
  c/o National Marfan Foundation  
  22 Manhasset Avenue  
  Port Washington, NY 11050   
  e-mail: Cilla71@aol.com    
  www.marfanworld.org     
   http://www.marfanworld.org/members.htm      
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