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A comparison of the Berlin and Ghent nosologies 
and the influence of dural ectasia in the diagnosis 
of Marfan syndrome 
Peter S.  Rose, RS'.; Hownrd P. Levy, MD, P I I D ' ,  Nicholas U. A k , I ,  MP, Paul D. Sponseller, MP, T~rish h.9agYarjP MS', 
,hie Dnvis, MSN, CPNP', artd Clnir A. Francomnno, MD' 

Purpose: TO compare the Berlin and Ghent diagnostic criteria for Marfan syndrome and evaluate the utillty of 
screening for dural ectasia in the diagnosis of Marfan syndrome. Methods: Review of clinical and radiographic data 

on 73 patients evaluated for Marfan syndrome at the National lnstitutes of Health. Results: Nineteen percent of 
patients diagnosed under the Berlln criter~a failed to meet the Ghent standard. Dural ectasia was the second most 

common major diagnost~c manifestation, and screening for dural ectasia established the diagnosis of Marfan 

syndrome in 23% of patients under the Ehent criteria. Conclusions: Some patients are appropriately excluded from 

the diagnosis of Marfan syndrome by the Ghent criteria. Determination of dural ectasia is valuable in the diagnosis 

of Marfan syndrome. Genetics in MedEcine, 2000:2(5):278-282. 
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Marfan syndrome is an autosomal dominant connective tis- 
sue disorder caused by mutations in the fibrillin- 1 gene with a 
prevalence of approximately 1110,000.~~~ However, molecular 
diagnosis is not generally available, mutation detection is im- 
perfect, and not all fibrillin-l mutations are associated with 
Marfan syndrome. For these reasons, Marfan syndrome is di- 
agnosed clinically using a set of diagnostic criteria based on 
evaluation of family history, molecular data, a n d  six organ sys- 
tems. 

The diagnostic criteria for Marfan syndrome wete re- 
cently revised from the previous "Berlin" criteria3 into a 
stricter "Ghent" formulation.? Both criteria evaluate family 
history and skeletal, ocular, cardiovascular, pulmonary, skin/ 
integumentary, a n d  central nervous system manifestations. 
Under the Berlin criteria, patients are diagnosed based on in- 
volvement of the skeletal system and two other systems with at 
least one major manifestation (ectopia lentis, aortic dilation] 
dissection, or dural ectasia). Patients with an affected first- 
degree relative are required to have involvement of at least two 
other systems with one major manifestation preferred but not 
required. The revised Ghent formulation requires involvement 
ofthree systems with two major diagnostic manifestations. Ad- 
ditionally, the Ghent criteria provide for major skeletal mani- 

festations and consider affected first-degree relatives or molec- 
ular data as major diagnostic criteria (Table 1). 

The revision of these nosologies stemmed from concern that 
the older Berlin criteria did not provide for molecular data and 
evidence that they falsely diagnosed unaffected relatives.'..'.5 
However, some investigators have argued that the new criteria 
are too stringent and may exclude the diagnosis of Marfan 
syndrome from many affected patients.* Similarly, the utiliv 
of screening for dural ectasia (a finding with greater impact 
under the revised criteria) is unknown. 

The diagnosis of Marfan syndrome has important medical, 
personal, and reproductive consequences for patients and their 
families. We report a comparison ofthe Berlin and Ghent cri- 
teria and the influence of screening for dural ectasia in the 
diagnosis of Marfan syndrome among patients seen at the Na- 
tional lnstitutes of Health. 

We reviewed clinical and radiographic data on 73 consecu- 
tive patients evaluated for possible Marfan syndrome at the 
National Institutes of Health. All patients were enrolled in a 
molecular etiology a n d  natural history study approved by the 
National lnstitutes of Health National Human Genome Re- 
search Institute Instirutional Review Board with written in- 
formed consent (NIH protocol 97-HG-0089). 

All patients were examined by at least one geneticist experi- 
enced in diagnosing Marfan syndrome and related connective 
tissue disorders (HPL, CAF). Aortic root dilation was defined 
by the criteria of Roman et al. as seen on transthoracic echo- 
cardiography.' Dural ectasia was defined by the criteria of Ahn 
and colleagues based on magnetic resonance imaging (MRI) of 
the lumbosacral spine.* Cornea plana was defined by keratom- 
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Table 1 
Berlin and Ghent diagnostic criteria 

Berlin diagnostic criteria 

Major involvement possible Minor involvement possible 

Ocular system Skeletal system 

Cardiovascular system Ocular system 

Dural ectasia Cardiovascular system 

Pulmonary system 

Skinlintegumentary system 

Central nervous system 

Diagnosis requires: 

In the absence o f a n  affected I" degree relative, involvement of the skeleton 
and two other systems with at least one major manifestation. 

In the presence of an i%fected I" degree relative, involvement of at least two 
systems. 

Ghent diagnost~c criteria 

Major involvement possible Minor involvement possible 

Positive family history or molecular data Skeletal system 

Skeletal system Ocular system 

Ocular system Cardiovascular system 

Cardiovascular system Pulmonary system 

Dural ectasia Skinlintegumentary system 

Diagnosis requires major involvement in two systems and minor involvement 
in a third. 

etry measurements < 42 diopters in adult patients (since no 
clear standards exist for this determination in children, we did 
not use this classification in pediatric patients). All patients 
were classified as affected or unaffected based on the published 
standards of the Berlin and Ghent criteria. 

RESULTS 

Seventy-three patients ranged in age from 1 month to 62 
years at the time of evaluation. Sex ratio showed a nonsignifi- 
cant male predominance (M:F = 48:25, P > 0.05). Thirty one 
patients (42%) had an affected first degree relative, and we 
clinically confirmed this diagnosis in 22 cases. All patients were 
examined by a geneticist, and all had echocardiograms, cardiac 
MRI imaging, and/or known aortic root dilation or dissection. 
Sixty-four (88%) had complete ophthalmologic examination 
by ophthalmologists familiar with ocular manifestations of 
Marfan syndrome or known ectopia lentis. Thirty-six (48%) 
had a lumbosacral MRI to evaluate dural ectasia. Complete eye 
examination was generally not obtained in young children. 
Similarly, lumbosacral MRI results were generally unavailable 
for claustrophobic patients, young children, and adults in 
whom spinal instrumentation prohibited imaging or scoliosis 
compromised image interpretation. 

The clinical summary of patients evaluated for Marfan syn- 
drome appears in Table 2. Nine of 48 patients (19%) who met 
the Berlin diagnostic criteria did not meet the Ghent standard. 
This proportion did not change when only patients with com- 
plete clinical and MRI data were analyzed (seven of 32 of these 
patients (22%) met Berlin but not Ghent diagnostic criteria). A 
clinical summary of the nine patients excluded under the Gh- 
ent criteria is presented in Table 3. All had either ( 1) no major 
diagnostic manifestations and an affected first degree relative 
or (2) aortic root dilation but no other major diagnostic man- 
ifestations. 

Dural ectasia constituted the second major diagnostic man- 
ifestation (without which the diagnosis of Marfan syndrome 
would not be supported) for 9 of 39 patients (23%) diagnosed 
under the Ghent criteria. The clinical characteristics of these 
patients are presented in Table 4. Presence or absence of dural 
ectasia had no effect on diagnoses made under the Berlin cri- 
teria. Additionally, dural ectasia was not found in any of the 
patients who were diagnosed under the Berlin nosology but 
excluded by the Ghent criteria (absent in seven, not evaluated 
in two). 

DISCUSSION 

Accurate diagnosis of Marfan syndrome has important re- 
search, medical, and personal implications for patients, but 
some degree of uncertainty is inherent in any diagnosis depen- 
dent on clinical criteria. For example, determination of some 
skeletal features is necessarily subjective, and clear guidelines 
do not exist for interpretation of eye findings such as keratom- 
etry measurements in children or the finding of visible zonules 
in the absence of ectopia lentis. Nonetheless, in the absence of 
a highly sensitive and specific "gold standard" for diagnosis, 
determination of affected status in Marfan syndrome necessar- 
ily requires the use of clinical criteria such as the Berlin or 
Ghent diagnostic nosologies. 

These results indicate that approximately 20% of patients 
diagnosed with Marfan syndrome under the Berlin criteria fail 
to meet the Ghent diagnostic standard. Of the nine patients 
whose diagnoses changed under the Ghent criteria, all had ei- 
ther (1)  no major diagnostic manifestations and an affected 
relative or (2) aortic root dilation but no other major diagnos- 
tic manifestations. Those in the first group all had mild sys- 
temic features often seen in the general population (for exam- 
ple, skin striae or mild skeletal features). Although we lack the 
molecular data or long-term follow-up to absolutely exclude 
the inheritance of a fibrillin-1 mutation in these patients, they 
are clinically unaffected with Marfan syndrome. In the second 
group, all had aortic root dilation but no other major diagnos- 
tic features of Marfan syndrome. Three of these four patients 
displayed subtle systemic manifestations clinically compatible 
with a non-Marfan fibrillinopathy such as MASS phenotype' 
or familial aortic aneurysm'" rather than true Marfan syn- 
drome. The remaining patient (Table 3, patient number eight), 
a 22 year old male with a history of aortic root dilation, spon- 
taneous pneumothorax, and minor manifestations of the skel- 
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Table 2 
Clinical summary of patients evaluated for Marfan syndrome 

Affected 1" 
relativeci Skeletal Ocular Cardiovascular Dural e c t a s i a ~ u l m o n a $  Skin' 

Total" ( n  = 73) 

Involved 46/73 (63%) 17/64 (27%) 6/73 (8%) 5 46/73 (63%) 

Mdjor 31/73 (42%) 7/73 ( 10%)' 12/64 (19%) 40173 (55%) 19/36 (53%) 

Berlin" ( n  = 48) 

Involved 44/48 (91%)' 13/45 (29%) 3/48 (6%) 4 39/48 (81%) 

Major 28/48 (58%) 12/45 (27%) 38/48 (79%) 

Ghent' (,I = 39) 

Involved 34/39 (87%) 10136 (28%) 1/39 (3%) 3 31/39 (79%) 

Major 22/39 (56%) 5/39 (13%) 12/36 (33%) 34/39 (87%) 19/25 (76%) 

"All patients evaluated for possible Marfan syndrome. 
"patients meeting Berlin diagnostic criteria. 
'Patients meeting Ghent diagnostic criteria. 
" ~ a j o r  feature only; no criteria for involvement. 
"Involvement only; no major criteria. 
'Major involvement under Ghent standards. 

etal, ocular, and skintintegumentary systems, does not meet 
the clinical definition of Marfan syndrome. However, he has 
multisystem manifestations of a Marfan-like connective tissue 
disorder and is clinically believed to be at risk to develop fur- 
ther complications consistent with the Marfan phenotype. 

No case of incomplete penetrance has ever been demon- 
strated for patients carrying fibrillin-1 mutations associated 
with Marfan syndrome.I1 However, patients with the same 
mutation can show a wide degree of phenotypic variability. 
This has been exemplified in the large pedigrees reported by 
Dietz and colleagues and the report of monozygotic twins with 
sharp differences in clinical severity of musculoskeletal and 
cardiovascular features of the ~ y n d r o m e . ' ~ , ' ~  Continued clini- 

cal and molecular studies are necessary to determine the ge- 
netic risk and natural history of patients who meet the Berlin 
but not Ghent diagnostic criteria. 

The importance of screening for dural ectasia in the diagno- 
sis of Marfan syndrome has not been established. As a major 
diagnostic manifestation, the condition has greater signifi- 
cance under the revised Ghent criteria. Dural ectasia is most 
closely associated with Marfan syndrome and is a sensitive 
clinical manifestation of the d i s ~ r d e r . l * ~ ~  However, dural ec- 
tasia is also found in patients with Ehlers-Danlos syndrome 
and neurofibromatosis,16 and the prevalence of dural ectasia in 
non-Marfan fibrillinopathies or other overlap connective tis- 
sue disorders has not been studied. Presence and severity of 

Table 3 
Clinical summary of patients meeting Berlin but not Ghent criteria" 

Family 
Patient Agelsex history Skeletal Ocular Cardiovasculdr Durdl ectasia Pulmonary Skin Ghent score" 

1 28 M ~ a j o r "  Involved No No No No Involved IM 21 

2 39 F Major Mild No No No No Involved 1M 11 

3 16 F ~ a j o r "  Involved No Involved No No Involved 1M 31 

4 29 F ~ a j o r "  M~ld '  Involved No No No No 1M 11 

5 51 F Major No No Involved Not eval. No Involved 1M 21 

6 13 F Pt. 7 No No Major No No Involved 1M 11 
below 

7 39 F No Mild' No Major No No Involved 1M 11 

8 22 M No Involved Involved Major No Involved Involved 1M 41 

9 62 F No Involved Involved Mdjor Not eval. No Involved 1M 31 

"No patients meeting the Ghent diagnostic criteria failed to meet the Berlin criteria. 
'We  clinically confirmed thc diagnosis of the affected family member. 
'Noted as mild if skeletal manifestations were insufficient to meet involved status under the Ghent criteria. 
 umber of systems with major ( M )  and involved ( I )  status under the Ghent criteria. 
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Table 4 
Clinical characteristics of patients requiring presence of dural ectasia for diagnosis 

Patient Agelsex Skeletal" Ocular Cardiovascular Other 

1 46lF Arachnodactyly, pectus excavatum, mild scoliosis. 
reduced UIL segment ratio, articular 
hypermob~lity, typical facies 

181F Arachnodactyly, mild pes planus, pectus 
excavatum, articular hypermobility, typical 
facies 

32lF Arachnodactyly, severe pectus excavatum, mild 
scoliosis, mild pes planus, reduced UIL 
segment ratio, articular hypermobility, typical 
facies 

Aortic dilation Striae atrophica 

Striae atrophica 

Striae atrophica 

50lF Arachnodactyly, mild scolios~s, severe pes planus Aortic dilation Striae atrophica 

211M Arachnodactyly. mild scoliosis, reduced UIL 
segment ratio, typical facies 

Aortic dilation Striae atrophica 

38lM Arachnodactyly, pectus excavatum, severe pes Cornea plana, increased axial Aortic dilation Striae atrophica 
planus, reduced UIL segment ratio and length of globe 
increased ASIHT ratio, articular hypermobillty, 
typical facies 

39lF Arachnodactyly, pectus excavatum, mild scoliosis. 
severe pes planus, articular hypermobility. 
typical facies 

491M Severe pectus excavatum, spondylol~sthesis, mild 
scoliosis, pes planus, increased ASIHT ratio 

Aortic dilation Striae atrophica 

Aortic dilation Striae atrophica 

9 27lM Severe pectus excavatum, mild scoliosis, severe Aortic dilation Recurrent herniae, 
pes planus, reduced UIL segment ratio, striae atrophica 
articular hypermobility, typical facies 

"UIL, upper to lower segment ratio; ASIHT, armspan to height ratio. 

dural ectasia does not correlate with cardiovascular outcome in 
Marfan syndrome.15 

Assessment of dural ectasia is often not performed during 
evaluation for Marfan syndrome because of cost, difficulties in 
interpreting images, and perceived lack of clinical benefit. The 
condition is best evaluated by lumbosacral MRI, although 
computed tomography (CT)8.1h and plain radiographs can also 
be used for diagnosis (N.U. Ahn, unpublished data, 2000). 
Most authors report a prevalence of approximately 65%,17 al- 
though some investigators report figures as high as 92%.15 Se- 
verity seems to increase with age, supporting the hypothesis 
that a weakened dural sac expands from the cumulative effect 
of increased intrathecal pressure at the base of the spine from 
upright posture. Formal standards for the evaluation of MRI 
and CT images for dural ectasia have recently been published 
and should allow standardization of the diagnosis of dural ec- 
tasia.8 

Suitable MRI images of the lumbosacral spine were obtained 
on only half of our patients. Many were not obtained or were 
uninterpretable because of young age, claustrophobia, or spi- 
nal instrumentation or scoliosis. In those evaluated, dural ec- 
tasia was the second most predictive major diagnostic finding 
under both the Berlin and Ghent criteria. Dural ectasia consti- 
tuted the second major diagnostic manifestation for one fourth 
of patients diagnosed under the Ghent criteria (without which 
the diagnosis of Marfan syndrome would not be supported, see 
Table 4 for clinical descriptions). Dural ectasia is also associ- 
ated with headache, back pain, and nerve  compression.^-m 
These findings support the clinical and diagnostic value of 
screening patients with suspected Marfan syndrome for dural 
ectasia. 

In summary, approximately 20% of patients diagnosed with 
Marfan syndrome under the Berlin criteria failed to meet the 
Ghent diagnostic standard. Determination of dural ectasia is 
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valuable in the evaluation of Marfan syndrome and established 
the diagnosis under the Ghent criteria in one fourth of patients. 
The Ghent criteria appropriately exclude some patients, but 
further long-term follow-up or reliable molecular diagnostic 
techniques are necessary to establish the relative sensitivity and 
specificity of the Berlin and Ghent criteria as diagnostic tools. 
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