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Hereditary connective tissue disorders — a genetically and clinically heterogeneous group of diseases united by common congenital 
mesenchymal abnormalities — is one of the most debatable problems of clinical medicine. A great while, from the whole variety of hereditary 
connective tissue disorders, only “differentiated” (with concerted diagnostic recommendations), monogenic syndromes registered in OMIM, 
have been the focus of attention of medical community. However, numerous unclassifiable forms with multi-factorial development mechanisms 
or so called dysplastic phenotypes have not been taken into account when estimating the disease prognosis and determining treatment policy. 
The review represents the current concepts of the nomenclature of hereditary connective tissue disorders, and considers the diagnostic criteria 
of the classified monogenic syndromes (Marfan syndrome and Ehlers–Danlos syndrome, MASS-phenotype, primary mitral valve prolapse, joint 
hypermobility syndrome) and unclassifiable dysplastic phenotypes (МASS-like phenotypes, marfanoid appearance, Ehlers-like phenotype, benign 
joint hypermobility, unclassifiable phenotype) in the view of recent international and domestic recommendations. Congenital mesenchymal 
disorders have been represented in the form of a continuous list in order of decreasing clinical intensity of their manifestations and prognostic 
value reduction (“phenotypic continuum”): from monogenic syndromes through dysplastic phenotypes to unclassifiable phenotypes. The authors 
have laid emphasis on the difficulties of clinical identification of hereditary connective tissue disorders related to non-specificity of external and 
visceral markers of connective tissue weakness and certain conventionality of diagnostic criteria. The review has shown the debating aspects of 
diagnosis and interpretation of clinical significance of some hereditary connective tissue disorders.
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Hereditary Connective Tissue Disorders

Hereditary connective tissue disorders (HCTD), 
a genetically and clinically heterogeneous group of 
diseases united by common congenital mesenchymal 
abnormalities, is one of the most debatable problems 
of clinical medicine. Only “differentiated”, monogenic 
syndromes with concerted diagnostic recommendations 
associated with the mutation of extracellular matrix 
protein genes, growth receptor factors and matrix 
metalproteinases have been the focus of attention of 
medical community for many years. Although the number 
of such syndromes, many of which being registered in the 
Online Mendelian Inheritance in Man (OMIM) database, 
now exceeds 250 [1], their prevalence in the population 
and medical and social significance, accordingly, is 
not relatively high. More often we have to deal with 
numerous undifferentiated (unclassifiable) forms of 
HCTD with multi-factorial development mechanisms 
(so called dysplastic phenotypes). Their manifestations 
(commonly not so remarkable) do not fit any of the 
classified hereditary diseases, and the range of clinical 
features extends up to transitional, hardly differentiated 
from normal ones. While the clinical significance of 
monogenic syndromes being studied in detail and 
diagnosis criteria known, dysplastic phenotypes continue 

to be a kind of homogeneous mass, usually ignored in 
practice. The first attempt to systematize and formulate 
diagnostic criteria was made in the national guidelines 
for HCTD (Russia), adopted in 2009, [2] and revised in 
2012 [3].

the review is aimed to show a clinical diversity of 
congenital mesenchymal disorders, to stress difficulties 
in their identification, show controversial and unsolved 
issues related to concerning HCTD diagnosis and clinical 
significance.

HCTD with concerted diagnostic recommendations 
include Marfan syndrome and Ehlers–Danlos syndrome, 
MASS-phenotype, primary mitral valve prolapse, joint 
hypermobility syndrome.

Marfan syndrome is an autosomal dominant 
pathology with underlying fibrillin-1 (FBN1) gene mutation. 
Despite apparent success of medicinal therapy and 
surgical treatment [4–7], Marfan syndrome continues to 
pose a serious problem associated with the risk of aortic 
dissection, hazardous to, at least, every tenth patient 
aged under 40 years [8, 9]. Determining the pathogenic 
role of the transforming growth factor (TGF-b) allowed a 
better understanding of the origin of the known Marfan’s 
syndrome clinical manifestations and identification 
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of new opportunities of conservative treatment of the 
given pathology with the use of pharmacological agents 
reducing TGF-b concentration [10–16].

Marfan syndrome diagnosis is based on the Ghent 
criteria (Ghent nosology, 1996; 2010). The final, revised 
version [17] lacks the division into major and minor signs 
and a number of minor signs have been excluded. At the 
same time two most specific features — dilatation and/or 
aortic dissection and ectopic lens have been identified 
and numerical scoring of other features for calculating 
the degree of connective tissue systemic involvement 
have been proposed and the diagnostically significant 
threshold of 7 points determined. The advantages and 
limitations of the revised version of the Ghent criteria 
remain debatable. Comparison of the diagnostic values 
of the old and new criteria on the evidence of 1009 
samples with confirmed FBN1 gene mutation showed 
that the diagnosis of Marfan syndrome according to the 
2010 version may be found in 83% of the investigated 
patients, and according to the 1996 version in 89% [18]. 
Applying the new criteria for the disease diagnosis in 164 
patients with established Marfan syndrome did not allow 
to confirm the diagnosis in 9% of cases due to the minor 
diagnostic significance of ectasia in dura mater and 
undervaluation of the aortic dilatation in patients with a 
high value of the total body area [19].

Ehlers–Danlos syndrome is a heterogeneous group 
of collagenopathies with different types of inheritance 
and common clinical manifestations of joint hyper-
mobility and increased skin elasticity. Collagen gene, 
proteoglycans and tenascin-X or enzyme mutations 
involved in post-translational collagen modification, 
underlie these changes [16, 20–24]. The diagnosis of 
Ehlers–Danlos syndrome is based on the Villefranche 
criteria (Villefranche nosology 1997) [25].

Six disease modifications instead of ten ones 
previously recognized are identified for these criteria: 
classical, hypermobile, vascular, kyphoscoliotic, 
arthrochalasic and dermatosparactic; availability of at 
least one of the criteria is sufficient for clinical diagnosis 
[3, 23, 25, 26]. However, reports of new genetic and 
clinical syndrome modifications continue to be published, 
inviting to discuss the need of clarifying the Villefranche 
criteria [24, 27, 28]. A classic type of syndrome is the 
most common one accounting for up to 90% of patients 
[29, 30]; COL5A1 or COL5A2 gene mutation is identified 
approximately in 50% of them [31]. Major criteria of a 
classic type of Ehlers–Danlos syndrome include skin 
hyperextensibility, joint hypermobility and wide atrophic 
scars; the availability of at least one of the criteria is 
sufficient for clinical diagnosis [25].

MASS-phenotype (Marfan-like syndrome) is an 
acronym describing mitral valve prolapse, myopia, 
aortic dilatation, skin and skeletal bones changes. 
MASS-phenotype can be diagnosed with borderline and 
non-progressive aortic root dilatation, occurrence of at 
least one skeletal manifestation, chest malformation in 

particular [32], and signs of systemic connective tissue 
involvement with the score of 5 and more. Because 
MASS-phenotype as well as Marfan syndrome may be 
caused by FBN1 gene heterozygous mutations [33], 
it is difficult (if possible) to distinguish it from Marfan 
syndrome with an incomplete set of signs or “arising” 
Marfan syndrome when examining an individual, 
particularly in childhood.

Mitral valve prolapse is diagnosed at systolic shift 
of one or both cusps of the mitral valve off the line of 
the valve ring in the parasternal longitudinal position by 
more than 2 mm [3, 34]. The morphological substrate of 
primary mitral valve prolapse as an HCTD modification 
is valve cusps myxomatosis, reflecting collagenous 
febriles disorganization and the accumulation of acidic 
glycosaminoglycans in them [35–38]. Knowing the TGF-
b effect on progressing mixomatous degeneration [35, 
39, 40] facilitates the explaination of this phenomenon 
nature and provides new opportunities for the prevention 
of mitral regurgitation in those patients.

Primary mitral valve prolapse proved to be the 
most prevalent disorder among the classifiable HCTD 
[41]. Its detection rate substantially depends on the 
chosen diagnostic threshold of prolapsing depth, cusps 
thickness, as well as the age of patients selected. In 
young people, with using ultrasound threshold of 2 mm 
or more, prolapse was diagnosed in 10% of cases, 3 mm 
or more — in 4.3% of cases [42, 43]. The “classical” 
prolapse prevalence (cusps thickening of 5 mm and 
more), according to Framingham research, is not more 
than 1.3% [34, 44]. Non-classical pathology variant 
(prolapsing of more than 2 mm without thickening of the 
valve cusps) was found in the young population more 
often — in 3% of cases [42, 43], which, however, is 
much smaller than previously reported [45–50]. The prior 
reports of higher prevalence of mitral valve prolapse was 
due to its over diagnosis at the dawn of introduction 
in clinical practice of echocardiography, extrapolating 
the results of separate observations on the population 
in the whole and the lack of clear criteria for diagnosis 
[51–55].

Old beliefs about the prevalence and severity of 
complications of primary mitral valve prolapse were 
subject to revision. The opinion that severe complications 
do not occur in patients with mitral valve prolapse more 
often than in individuals lacking that defect was upheld in 
the articles published at the turn of the ХХI century with 
expressive titles: “Misteries of mitral valve prolapse”, “Time 
for a fresh look”, “Old beliefs yield to new knowledge”, 
“The merchant of Venice or much ado about nothing”, 
“When should mitral valve prolapse be considered a real 
disease?” [52, 56–59]. A number of studies, in particular, 
did not confirm the information about close association 
of mitral prolapse with cerebral stroke [51, 60], infectious 
endocarditis [61], other complications [51, 52], however, 
other observations suggest otherwise [62–66]. It is not 
ruled out that a pathogenetic relationship of primary mitral 
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valve prolapse with some complications (cerebral stroke, 
serious cardiac rhythm disturbance) can be supported 
without direct involvement of the “valve” mechanism, 
for example, due to the inherent HCTD activation of the 
vegetative nervous system, neuroendocrine dysfunction 
or bleeding abnormalities [63, 67–71].

At present clear diagnostic mitral valve prolapse 
criteria have been developed [34, 63, 72, 73], and 
pathology modifications associated with a different 
degree of risk and various prognosis, including serious 
ones have also been determined [52, 63, 74–76]. For 
risk stratification in patients with mitral valve prolapse 
the parameters of prolapsing depth, cusp thickness and 
the degree of mitral regurgitation are essential [72].

With high mitral regurgitation and cusp thickness of 
more than 5 mm (a sign of its mixomatous degeneration) 
the probability of hemodynamic disorders significantly 
increases [73]. The genetic homogeneity as well as 
clinical and prognostic differences of diffused (Barlow’s 
valve) and partial myxomatosis of valve cusps are in 
doubt so far [37, 63]. Besides, as shown in the literature 
[7, 43, 77, 78], disturbed circulation in primary mitral 
valve prolapse occurs not only through the mechanism of 
mitral insufficiency, but also through diastolic dysfunction 
and reduced contractility, conditioned by intramyocardial 
connective tissue involvement.

Mutation of genes encoding collagen, elastin, fibrillin 
and tenascin X, resulting in joint ligament weakness, 
underlies joint hypermobility syndrome. Currently joint 
hypermobility is diagnosed on the P. Beighton stanine 
[79], its comparison with previously proposed scales 
(Carter and Wilkinson, Rotès-Quérol) has demonstrated 
its validity [80]. Joint hypermobility of no less than 4 
points on the Beighton scale, and arthralgia in no less 
than four joints with three and more month duration are 
significant diagnostic criteria for the disorder. A major 
clinical problem of joint hypermobility is a chronic pain 
syndrome [81–83] often inducing depression and anxiety 
[84–86]. Arthralgia associated with joint hypermobility 
syndrome rather often becomes the cause of prolonged 
diagnostic seeking [87, 88] and diagnostic errors [89, 
90]. Presumable relationship between joint hypermobility 
and osteoarthrosis still remains unproven [81].

Accompanying pathology of the urogenital system 
as the reflection of systemic connective tissue defect is 
one more problem for patients with joint hypermobility 
syndrome. The prevalence of genital prolapse [87, 91–
93] and urinary incontinence [87, 93–96], vesicoureteral 
reflux [97] and urinary tract infections [87], the frequent 
combination of these disorders with fecal incontinence 
[91, 94, 95] disproves the idea of “benign joint 
hypermobility syndrome”.

Unclassifiable HCTD being, as a rule, of multifactorial 
origin and unfitting concerted diagnostic criteria occur 
more often in daily practice. Their clinical diversity 
is classified into the following modifications: (МASS-
like phenotypes, marfanoid appearance, Ehlers-like 

phenotype, benign joint hypermobility, unclassifiable 
phenotype. The first two of them phenotypically remind 
Marfan syndrome, the following two ones remind 
Ehlers–Dunlos syndrome, not meeting completely the 
diagnostic criteria of these conditions. The diagnosis of 
unclassifiable HCTD is based on the same principles 
(a constellation of external and visceral phenotypic 
manifestations) that are applied to identify HCTD with 
concerted guidelines, though the diagnostic criteria are 
“softer” at that [41, 98].

МASS-like (Marfan-like) phenotype is characterized 
by the borderline value of the aortic root size in 
combination with myopia and/or mitral valve prolapse 
and signs of the systemic connective tissue involvement 
of less than 5 points (unlike MASS-phenotype in which 
involvement is 5 points or more).

Marfanoid appearance is characterized only by the 
signs of the skeletal system involvement (with no less 
than four signs [41]) and no visceral changes. Less strict 
skeletal changes than those required for diagnosing 
Marfan syndrome are accepted but dolichostenomelia 
and arachnodactyly are obligatory [3]. The opinions 
about the harmless nature of marfanoid appearance 
(due to no changes of visceral organs) seem to be 
subjected to revision in light of the latest findings. Young 
individuals with Marfanoid appearance are shown [99] 
to significantly differ from their peers by a higher activity 
of the sympathoadrenal system and more significant 
(though within normal) values of the diameter of the 
aortic root, wall thickness and myocardium mass. The 
idea of Marfanoid appearance as a predictor of atrial 
fibrillation and sclero-degenerative lesions of the aortic 
valve is undoubtedly of interest [100–102].

The main prerequisite of referring a patient to the 
Ehlers-like phenotype is the availability of at least two 
signs of the skin involvement, excluding the major criteria 
of Ehlers–Danlos syndrome.

Benign joint hypermobility is diagnosed at the 
identification of excessive movement range in the joints, 
but (unlike joint hypermobility syndrome) without clinical 
symptoms [3]. Benign joint hypermobility turned out to 
be the most prevalent dysplastic phenotype, however, as 
the range of values for its prevalence, given by different 
authors, is wide (4–13% [103] to 44–50% [41, 104]), the 
necessity of toughening diagnostic criteria is discussed 
[41, 105].

The cases of detection of at least six minor external 
and/or visceral signs of connective tissue congenital 
“weakness” that do not meet the criteria of the mentioned 
above syndromes and phenotypes are referred to the 
unclassifiable phenotype [3]. Its prevalence has 
caused showing thought for it; the clinical significance of 
this phenotype needs specification [2, 106]

Non-specificity of external and/or visceral markers 
of connective tissue congenital “weakness”, certain 
conditionality of the diagnostic criteria of dysplastic 
phenotypes (some of which differ not in quality, but 
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quantitatively, i.e. by the number of identified signs) 
impedes the identification of some HCTD. The diagnosis 
should be guided by a distinctive hierarchy of HCTD: from 
monogenic syndromes through dysplastic phenotypes 
to unclassifiable phenotype and norm. Following 
Glesby M.J. and Pyeritz R.E. [107] the similar continuous 
list is accepted terminologically as “phenotypic continuum” 
[108]. According to this approach the availability of Marfan 
or Ehlers–Dunlos syndrome excludes the diagnosis of 
unclassifiable HCTD. Availability of MASS-phenotype 
criteria (including mitral valve prolapse and skeletal 
changes) does not give evidence to indicate primary 
mitral valve prolapse or marfanoid appearance. Similarly, 
the diagnosis of primary mitral valve prolapse turns down 
the conclusion about any dysplastic phenotype. Finally, 
the least clinical and diagnostic significance belongs 
unclassified phenotype.

Thus, to date, the concept of HCTD as an extensive 
and non-discrete multitude of various by symptoms and 
prognosis congenital connective tissue disorders has 
taken shape; the classification of these pathological 
conditions has been developed and their diagnostic 
criteria have been formulated. In the course of further 
investigations the clinical significance of individual 
classified HCTD and, particularly, dysplastic phenotypes 
will have to be specified.

study funding and Compenting interests. The 
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references

Kadurina T.I., Gorbunova V.N. Displaziya soedinitel’noy 
tkani [Connective tissue dysplasia]. Saint Petersburg: Elbi-
SPb; 2009; 704 p.

Hereditary connective tissue disorders. Russian 
recommendations. Kardiovaskulyarnaya terapiya i profilaktika 
2009; 8(S5): 2–24.

Hereditary connective tissue disorders in cardiology. 
Diagnosis and management. Russian recommendations 
(I revision). Kardiovaskulyarnaya terapiya i profilaktika 2013; 
1(Suppl. 1): 1–32.

Trindade P.T. Losartan treatment in adult patients with 
Marfan syndrome: can we finally COMPARE? Eur Heart J 2013 
Dec; 34(45): 3469–3471.

Di Eusanio M., Berretta P., Folesani G., Di Bartolomeo R. 
Aortic disease in Marfan syndrome: current role of surgery and 
thoracic endovascular aortic repair. G Ital Cardiol 2013 Jul–Aug; 
14 (7–8): 538–547, http://dx.doi.org/10.1714/1308.14462.

Ramirez F., Dietz H.C. Marfan syndrome: from 
molecular pathogenesis to clinical treatment. Curr Opin Genet 
Dev 2007 Jun; 17(3): 252–258,  http://dx.doi.org/10.1016/
j.gde.2007.04.006.

De Backer J. Cardiovascular characteristics in Marfan 
syndrome and their relation to the genotype. Verh K Acad 
Geneeskd Belg 2009; 71(6): 335–371.

Cook J.R., Ramirez F. Clinical, diagnostic and therapeutic 
aspects of the marfan syndrome. Adv Exp Med Biol 2014; 802: 
77–94, http://dx.doi.org/10.1007/978-94-007-7893-1_6.

Chiu H.-H., Wu M.-H., Chen H.-C., et al. Epidemiological 

1.

2.

3.

4.

5.

6.

7.

8.

9.

profile of marfan syndrome in a general population: a national 
database study. Mayo Clin Proc 2014 Jan; 89(1): 34–42, http://
dx.doi.org/10.1016/j.mayocp.2013.08.022.

Gillis E., Van Laer L., Loeys B.L. Genetics of thoracic 
aortic aneurysm: at the crossroad of transforming growth 
factor-b signaling and vascular smooth muscle cell contractility. 
Circ Res 2013 Jul 19; 113(3): 327–340, http://dx.doi.
org/10.1161/CIRCRESAHA.113.300675.

Hartog A.W., Franken R., Zwinderman A.H., et al. 
Current and future pharmacological treatment strategies with 
regard to aortic disease in Marfan syndrome. Expert Opin 
Pharmacother 2012 Apr; 13(5): 647–662, http://dx.doi.org/10.
1517/14656566.2012.665446.

Benke K., �gg B., Szilveszter B., et al. The role 
of transforming growth factor-beta in Marfan syndrome. 
Cardiol J 2013; 20(3): 227–234, http://dx.doi.org/10.5603/
CJ.2013.0066.

Franken R., den Hartog A.W., de Waard V., et al. 
Circulating transforming growth factor-b as a prognostic 
biomarker in Marfan syndrome. Int J Cardiol 2013 Oct 3; 168(3): 
2441–2446, http://dx.doi.org/10.1016/j.ijcard.2013.03.033.

Nataatmadja M., West J., Prabowo S., West M. 
Angiotensin II receptor antagonism reduces transforming 
growth factor beta and smad signaling in thoracic aortic 
aneurysm. Ochsner J 2013 Spring; 13(1): 42–48.

Akhurst R.J., Hata A. Targeting the TGFb signalling 
pathway in disease. Nat Rev Drug Discov 2012 Oct; 11(10): 
790–811.

Choi J.C., LeMaire S.A. Thoracic aortic dissection: 
genes, molecules, and the knife. Tex Heart Inst J 2012; 39(6): 
838–839.

Loeys B.L., Dietz H.C., Braverman A.C., et al. The 
revised Ghent nosology for the Marfan syndrome. J Med 
Genetics 2010; 4: 476–485, http://dx.doi.org/10.1136/
jmg.2009.072785.

Faivre L., Collod-Beroud G., Ad�s L., et al. The new 
Ghent criteria for Marfan syndrome: what do they change? 
Genet 2012 May; 81(5): 433–442, http://dx.doi.org/10.1111/
j.1399-0004.2011.01703.x.

Radonic T., de Witte P., Groenink M., et al. Critical 
appraisal of the revised Ghent criteria for diagnosis of Marfan 
syndrome. Clin Genet 2011 Oct; 80(4): 346–353, http://dx.doi.
org/10.1111/j.1399-0004.2011.01646.x.

Malfait F., De Paepe A. The Ehlers-Danlos syndrome. 
Adv Exp Med Biol 2014; 802: 129–143, http://dx.doi.
org/10.1007/978-94-007-7893-1_9.

Petersen J.W., Douglas J.Y. Tenascin-X, collagen, and 
Ehlers-Danlos syndrome: tenascin-X gene defects can protect 
against adverse cardiovascular events. Med Hypotheses 
2013 Sep; 81(3): 443–447, http://dx.doi.org/10.1016/
j.mehy.2013.06.005.

Ritelli M., Dordoni C., Venturini M., et al. Clinical and 
molecular characterization of 40 patients with classic Ehlers-
Danlos syndrome: identification of 18 COL5A1 and 2 COL5A2 
novel mutations. Orphanet J Rare Dis 2013 Apr 12; 8: 58, 
http://dx.doi.org/10.1186/1750-1172-8-58.

Byers P.H., Murray M.L. Heritable collagen disorders: 
the paradigm of the Ehlers-Danlos syndrome. J Invest Dermatol 
2012 Nov 15; 132(E1): E6–E11, http://dx.doi.org/10.1038/
skinbio.2012.3.

De Paepe A., Malfait F. The Ehlers-Danlos syndrome, 
a disorder with many faces. Clin Genet 2012 Jul; 82(1): 1–11, 
http://dx.doi.org/10.1111/j.1399-0004.2012.01858.x.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

А.V. Klemenov, А.S. Suslov



СТМ ∫ 2014 — vol. 6, No.2   131

reVIeWS

Beighton P., De Paepe A., Steinmann B., et al. Ehlers-
Danlos syndromes: revised nosology, Villefranche, 1997. Am 
J Med Genetics 1998; 1: 31–37, http://dx.doi.org/10.1002/
(SICI)1096-8628(19980428)77:1<31::AID-AJMG8>3.0.CO;2-O.

Parapia L.A., Jackson C. Ehlers-Danlos syndrome — a 
historical review. Br J Haematol 2008 Apr; 141(1): 32–35, 
http://dx.doi.org/10.1111/j.1365-2141.2008.06994.x.

Lamrock E., Wills E., Fischer G. A case of mosaic Ehlers-
Danlos syndrome. Australas J Dermatol 2012 Nov; 53(4): 278–
280, http://dx.doi.org/10.1111/j.1440-0960.2011.00869.x.

Winters K.A., Jiang Z., Xu W., et al. Re-assigned 
diagnosis of D4ST1-deficient Ehlers-Danlos syndrome 
(adducted thumb-clubfoot syndrome) after initial diagnosis 
of Marden-Walker syndrome. Am J Med Genet A 2012 
Nov; 158A(11): 2935–2940, http://dx.doi.org/10.1002/ajmg.
a.35613.

Steinmann B., Royce P.M., Superti-Furga A. Connective 
tissue and its heritable disorders. Molecular, genetic and 
medical aspects. New York; 2002; 432 р.

Malfait F., Wenstrup R.J., De Paepe A. Clinical 
and genetic aspects of Ehlers–Danlos syndrome, classic 
type. Genet Med 2010 Oct; 12(10): 597–605, http://dx.doi.
org/110.1097/GIM.0b013e3181eed412.

Morais P., Ferreira O., Magina S., et al. Classic Ehlers-
Danlos syndrome: case report and brief review of literature. 
Acta Dermatovenerol Croat 2013 Aug; 21(2): 118–122.

Tocchioni F., Ghionzoli M., Pepe G., Messineo A. Pectus 
excavatum and MASS phenotype: an unknown association. 
J Laparoendosc Adv Surg Tech 2012 Jun; 22(5): 508–513, 
http://dx.doi.org/10.1089/lap.2012.0009.

Wilson B.T., Jensen S.A., McAnulty C.P., et al. 
Juvenile idiopathic arthritis, mitral valve prolapse and a familial 
variant involving the integrin-binding fragment of FBN1. Am 
J Med Genet A 2013 Aug; 161(8): 2047–2051, http://dx.doi.
org/10.1002/ajmg.a.36011.

Freed L.A., Benjamin E.J., Levy D., et al. Mitral 
valve prolapse in the general population: the benign nature 
of echocardiographic features in the Framingham heart 
study. J Am Coll Cardiol 2002; 40: 1298–1304, http://dx.doi.
org/10.1016/S1062-1458(02)01019-X.

Aupperle H., Disatian S. Pathology, protein expression 
and signaling in myxomatous mitral valve degeneration: 
comparison of dogs and humans. J Vet Cardiol 2012 Mar; 
14(1): 59–71, http://dx.doi.org/10.1016/j.jvc.2012.01.005.

Sainger R., Grau J.B., Branchetti E., et al. Human 
myxomatous mitral valve prolapse: role of bone morphogenetic 
protein 4 in valvular interstitial cell activation. J Cell Physiol 
2012 June; 227(6):  2595–2604, http://dx.doi.org/10.1002/
jcp.22999.

Adams D.H., Rosenhek R., Falk V. Degenerative mitral 
valve regurgitation: best practice revolution. Eur Heart J 2010 
Aug; 31(16): 1958–1966, http://dx.doi.org/10.1093/eurheartj/
ehq222.

Valvular heart disease: a companion to Braunwald’s 
heart disease. C.M. Otto, R.O. Bonow (editors). Philadelphia, 
PA: Saunders/Elsevier; 2009; 452 p.

Malev E.G., Zemtsovskiy E.V., Omel’chenko M.Yu., 
Vasina L.V. The role of transforming growth factor-b in the 
pathogenesis of mitral valve prolapse. Kardiologiya 2012; 
52(12): 34–39.

Geirsson A., Singh M., Ali R., et al. Modulation of 
transforming growth factor-b signaling and extracellular matrix 
production in myxomatous mitralvalves by angiotensin II 

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

receptor blockers. Circulation 2012 Sep 11; 126(11 Suppl 1): 
S189–S197.

Zemtsovskiy E.V., Malev E.G., Reeva S.V., et al. 
Diagnostics of hereditary connective tissue disorders. Results 
and prospects. Rossiyskiy kardiologicheskiy zhurnal 2013; 
102(4): 38–44.

Malev E.G., Zhelninova T.A., Pulit V.V., et al. 
Prevalence of mitral valve prolapsed in Russian population. 
Byulleten’ federal’nogo tsentra serdtsa, krovi i endokrinologii 
im. V.A. Almazova 2011; 5: 113–118.

Malev E.G., Reeva S.V., Timofeev E.V., et al. 
Modern approaches to diagnosis and assessment of mitral 
valve prolapsed prevalence in young people. Rossiyskiy 
kardiologicheskiy zhurnal 2010; 1: 35–41.

Freed L.A., Levy D., Levine R.A., et al. Prevalence 
and clinical outcome of mitral-valve prolapse. N Engl J 
Med 1999 Jul 1; 341(1): 1–7, http://dx.doi.org/10.1056/
NEJM199907013410101.

Potapova M.V., Sokolova O.R., Sadykov R.Z. Mitral 
valve prolapsed: norm or pathology? Vestnik sovremennoy 
klinicheskoy meditsiny 2009; 2(2): 29–33.

Krasnopol’skaya N.S., Yashina L.M., 
Grigoricheva E.A. External dysmorphogenesis stigmas 
in minor cardiac malformations and their correlation with 
echocardiographic changes in young people aged 20–24 years. 
Sibirskiy meditsinskiy zhurnal 2008; 3: 84–88.

Volkova I.I., Luksha E.B., Perekal’skaya M.A., 
Ostanina Yu.O. Prevalence and some characteristics of mitral 
valve prolapsed in patients referred to cardiac ultrasound for 
clinical indications. Byulleten’ federal’nogo tsentra serdtsa, 
krovi i endokrinologii im. V.A. Almazova 2012; 3: 12–15.

Gupta R., Jain B.K., Gupta H.P., et al. Mitral valve 
prolapse: two dimensional echocardiography reveals a high 
prevalence in three to twelve year old children. Indian Pediatr 
1992 Apr; 29(4): 415–423.

Zua M.S., Dziegielewski S.F. Epidemiology of 
symptomatic mitral valve prolapse in black patients. J Natl Med 
Assoc 1995 Apr; 87(4): 273–275.

Oladapo O.O., Falase A.O. Prevalence of mitral 
valve prolapsed in healthy adult Nigerians as diagnosed by 
echocardiography. Afr J Med Med Sci 2001 Mar–Jun; 30(1–2): 
13–16.

Gilon D., Buonanno F.S., Joffe M.M., et al.  Lack of 
evidence of an association between mitral-valve prolapse and 
stroke in young patients. N Engl J Med 1999; 41(1): 8–13, 
http://dx.doi.org/10.1056/NEJM199907013410102.

Playford D., Weyman A.E. Mitral valve prolapse: time 
for a fresh look. Rev Cardiovasc Med 2001; 2(2): 73–81.

Schmeisser A., Flachskampf F.A. Mitral valve prolapse. 
Z Kardiol 2000; 89(4): 349–353.

Zuppiroli A., Mori F., Favilli S., et al. “Natural histories” 
of mitral valve prolapse. Influence of patient selection on 
cardiovascular event rates. Ital Heart J 2001; 2(2): 107–114.

Schmeisser A., Flachskampf F.A. Mitral valve prolapse. 
Z Kardiol 2000 Apr; 89(4): 349–353.

Bensaid J. When should mitral valve prolapse be 
considered a real disease? Ann Cardiol Angeiol 2000; 49(7): 
411–413.

Hayek E., Griffin B. Mitral valve prolapse: old beliefs yield 
to new knowledge. Cleve Clin J Med 2002; 69(11): 889–896.

Mulumudi M.S., Vivekananthan K. Mysteries of mitral 
valve prolapse. Proper treatment requires consideration of all 
clues. Postgrad Med 2001; 110(2): 43–44.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Hereditary Connective Tissue Disorders



132  СТМ ∫ 2014 — vol. 6, No.2 

reVIeWS

Stefanadis C., Toutouzas P. Mitral valve prolapse: the 
merchant of Venice or much ado about nothing? Eur Heart 
J 2000; 21(4): 255–258.

Mas J.L. Cardiopathies associated with a low embolic 
risk. Rev Neurol 1999; 155(9): 677–683.

Koegelenberg C.F., Doubell A., Orth H., Reuter H. 
Infective endocarditis in the Western Cape Province of South 
Africa: a three-year prospective study. QJM 2003; 96(3): 
217–225.

Tagarakis G.I., Karantzis I., Tsolaki F., et al. Classic and 
non-classic forms of mitral valve prolapse. Anadolu Kardiyol 
Derg 2012 Feb; 12(1): 2–4.

Boudoulas K.D., Boudoulas H. Floppy mitral valve 
(FMV)/mitral valve prolapse (MVP) and the FMV/MVP 
syndrome: pathophysiologic mechanisms and pathogenesis 
of symptoms. Cardiology 2013; 126: 69–80, http://dx.doi.
org/10.1159/000351094.

Karakurum B., Top�u S., Yildirim T., et al. Silent cerebral 
infarct in patients with mitral valve prolapse. Int J Neurosci 
2005 Nov; 115(11): 1527–1537,  http://dx.doi.org/10.1080/00
207450590957836.

Barnett H.J., Laidlaw J.J. Unique experiences with 
intercontinental trials in stroke — part II. Can J Neurol Sci 2013 
Sep; 40(5): 645–651.

Wand O., Prokupetz A., Grossman A., Assa A. Natural 
history of mitral valve prolapse in military. Aircrew Cardiology 
2011; 118: 50–54, http://dx.doi.org/10.1159/000324313.

Pierangeli G., Cevoli S., Zanigni S., et al. The role of 
cardiac diseases in the comorbidity between migraine and 
stroke. Neurol Sci 2004 Oct; 25(Suppl 3): 129–131, http://
dx.doi.org/10.1007/s10072-004-0270-z.

Providencia R.A. Headache and cardiovascular disease: 
old symptoms, new proposals. Future Cardiol 2010 Sep; 6(5): 
703–723, http://dx.doi.org/10.2217/fca.10.76.

Schwedt T.J. The migraine association with cardiac 
anomalies, cardiovascular disease, and stroke. Neurol 
Clin 2009 May; 27(2): 513–523, http://dx.doi.org/10.1016/
j.ncl.2008.11.006.

Blum A., Shapira Y., Yeganh S., Rabinkov M. Mitral 
valve prolapsed and thromboembolic events. Isr Med Assoc J 
2001 Apr; 3(4): 282–283.

Martini F., Zuppiroli A., Gori A., et al. Platelet and blood 
clotting activation in patients with mitral valve prolapse. Thromb 
Res 1996 Aug 15; 83(4): 299–306.

Zemtsovskiy E.V., Malev E.G. Mitral valve prolapsed: 
current view of a problem. Byulleten’ federal’nogo tsentra 
serdtsa, krovi i endokrinologii im. V.A. Almazova 2011; 5: 
25–30.

Bonow R.O., Carabello B.A., Chatterjee K. 2008 focused 
update incorporated into the ACC/AHA 2006 guidelines for the 
management of patients with valvular heart disease: a report 
of the ACC/AHA Task Force on Practice Guidelines. J Am 
Coll Cardiol 2008 Sep 23; 52(13): e1–e142, http://dx.doi.
org/10.1016/j.jacc.2008.05.007.

Bensaid J. When should mitral valve prolapse be 
considered a real disease? Ann Cardiol Angeiol 2000; 49(7): 
411–413.

Igondjo-Tchen S., Pages N., Bac P., et al. Marfan 
syndrome, magnesium status and medical prevention of 
cardiovascular complications by hemodynamic treatments and 
antisense gene therapy. Magnes Res 2003; 16(1): 59–64.

Katsi V., Vlaseros I., Tsartsalis D., et al. Mitral 
valve regurgitation: use of the standard and the latest 

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

echocardiographic techniques for establishing the diagnosis. 
Hellenic J Cardiol 2012 Sep–Oct; 53(5): 392–396.

Khan R., Sheppard R. Fibrosis in heart disease: 
understanding the role of transforming growth factor-beta in 
cardiomyopathy, valvular disease and arrhythmia. Immunology 
2006; 118(1): 10–24.

Malev E.G., Pshepiy A.R., Vasina L.V., et al. Myocardial 
remodeling and left ventricular diastolic function in mitral valve 
prolapsed. Rossiyskiy kardiologicheskiy zhurnal 2013; 100(2): 
12–19.

Grahame R., Bird H.A., Child A. The revised (Brighton, 
1998) criteria for the diagnosis of benign joint hypermobility 
syndrome. J Rheumatology 2000; 7: 1777–1779.

Remvig L., Jensen D.V., Ward R.C. Are diagnostic criteria 
for general joint hypermobility and benign joint hypermobility 
syndrome based on reproducible and valid tests? A review of 
the literature. J Rheumatol 2007 Apr; 34(4): 798–803.

Remvig L., Jensen D.V., Ward R.C. Epidemiology of 
general joint hypermobility and basis for the proposed criteria 
for benign joint hypermobilitysyndrome: review of the literature. 
J Rheumatol 2007 Apr; 34(4): 804–809.

Grahame R. Joint hypermobility syndrome pain. Curr 
Pain Headache Rep 2009 Dec; 13 (6): 427–433.

Simpson M.R. Benign joint hypermobility syndrome: 
evaluation, diagnosis, and management. J Am Osteopath 
Assoc 2006 Sep; 106(9): 531–536.

Baeza-Velasco C., G�ly-Nargeot M.C., Bulbena 
Vilarrasa A., Bravo J.F. Joint hypermobility syndrome: problems 
that require psychological intervention. Rheumatol Int 2011 
Sep; 31(9): 1131–1136, http://dx.doi.org/10.1007/s00296-011-
1839-5.

Smith T.O., Easton V., Bacon H. The relationship 
between benign joint hypermobility syndrome and psychological 
distress: a systematic review and meta-analysis. Rheumatology 
(Oxford) 2014 Jan; 53(1): 114–122.

Garcia-Campayo J., Asso E., Alda M. Joint hypermobility 
and anxiety: the state of the art. Curr Psychiatry Rep 2011 Feb; 
13(1): 18–25, http://dx.doi.org/10.1007/s11920-010-0164-0.

Adib N., Davies K., Grahame R., et al. Joint hypermobility 
syndrome in childhood. A not so benign multisystem disorder? 
Rheumatology (Oxford) 2005 Jun; 44(6): 744–750,  http://
dx.doi.org/10.1093/rheumatology/keh557.

Bacić M.P., Perić P., Curković B., et al. Benign joint 
hypermobility syndrome — case report: unrecognized or 
undiagnosed condition? Reumatizam 2010; 57(1): 48–52.

Shanmugapriya V., Subashini B., Brindha K., 
Shobhana S. A ‘benign’ condition masquerading as arthritis. 
BMJ Case Rep 2013 Aug 5, http://dx.doi.org/10.1136/bcr-
2013-010518.

Mullick G., Bhakuni D.S., Shanmuganandan K., et al. 
Clinical profile of benign joint hypermobility syndrome from a 
tertiary care military hospital in India. Int J Rheum Dis 2013 Oct; 
16(5): 590–594, http://dx.doi.org/10.1111/1756-185x.12024.

Manning J., Korda A., Benness C., Solomon M. The 
association of obstructive defecation, lower urinary tract 
dysfunction and the benign joint hypermobility syndrome: 
a case-control study. Int Urogynecol J Pelvic Floor Dysfunct 
2003 Jun; 14(2): 128–132.

Mastoroudes H., Giarenis I., Cardozo L., et al. Prolapse 
and sexual function in women with benign joint hypermobility 
syndrome. BJOG 2013 Jan; 120(2): 187–192, http://dx.doi.
org/10.1111/1471-0528.12082.

Mastoroudes H., Giarenis I., Cardozo L., et al. 

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

А.V. Klemenov, А.S. Suslov



СТМ ∫ 2014 — vol. 6, No.2   133

reVIeWS

Lower urinary tract symptoms in women with benign joint 
hypermobility syndrome: a case-control study. Int Urogynecol 
J 2013 Sep; 24(9): 1553–1558, http://dx.doi.org/10.1007/
s00192-013-2065-3.

Jha S., Arunkalaivanan A.S., Situnayake R.D. 
Prevalence of incontinence in women with benign joint 
hypermobility syndrome. Int Urogynecol J Pelvic Floor Dysfunct 
2007 Jan; 18(1): 61–64,  http://dx.doi.org/10.1007/s00192-
006-0096-8.

Arunkalaivanan A.S., Morrison A., Jha S., Blann A. 
Prevalence of urinary and faecal incontinence among female 
members of the Hypermobility Syndrome Association (HMSA). 
J Obstet Gynaecol 2009 Feb; 29(2): 126–128, http://dx.doi.
org/10.1080/01443610802664747.

Smith M.D., Hussain M., Seth J.H., et al. Stress 
urinary incontinence as the presenting complaint of benign joint 
hypermobility syndrome. JRSM Short Rep 2012 Sep; 3(9): 66, 
http://dx.doi.org/10.1258/shorts.2012.012005.

Beiraghdar F., Rostami Z., Panahi Y., et al. 
Vesicourethral reflux in pediatrics with hypermobility syndrome. 
Nephrourol Mon 2013 Sep; 5(4): 924–927, http://dx.doi.
org/10.5812/numonthly.10770.

Malfait F., Hakim A.J., De Paepe A., et al. The genetic 
basis of the joint hypermobility syndromes. Rheumatology 
2006; 45: 502–507, http://dx.doi.org/10.1093/rheumatology/
kei268.

Zemtsovskiy E.V., Malev E.G., Reeva S.V., et al. 
About heat rhythm disorder prevalence and the indices of 
its variability in patients with marfanoid appearance. Vestnik 
aritmologii 2010; 59: 47–52.

Davtyan K.U., Lobanov M.Yu. The role of hereditary 
disorders of connective tissue structure and functions in atrial 

94.

95.

96.

97.

98.

99.

100.

fibrillation seizures in patients with coronary heart disease and 
effort angina. Arterial’naya gipertenziya 2008; 14(2, Suppl 2): 
5–10.

Parfenova N.N., Khasanova C.I., Mitrofanova L.B., et 
al. The role of hereditary mechanisms of sclera degenerative 
changes in aortal valvular disease. Rossiyskiy kardiologicheskiy 
zhurnal 2013; 1(99): 50–53.

Forster O.V., Shvarts Yu.G. Is there the correlation 
between the degree of connective tissue dysplasia, “emotional 
status”, and atrial fibrillation in patients with coronary heart 
disease? Vestnik aritmologii 2003; 33: 18–21.

Seckin U., Sonel Tur B., Yilmaz O., et al. The 
prevalence of joint hypermobility among high school students. 
Rheumatol Int 2005; 25: 260–263.

Kwon J.W., Lee W.J., Park S.B., et al. Generalized 
joint hypermobility in healthy female Koreans: prevalence and 
age-related differences. Ann Rehabil Med 2013 Dec; 37(6): 
832–838, http://dx.doi.org/10.5535/arm.2013.37.6.832.

Grahame R. The need to take a fresh look at criteria 
for hypermobility. J Rheumatol 2007 Apr; 34(4): 664–665.

Zemtsovskiy E.V. Undifferentiated connective tissue 
dysplasias. “Delenda est Carphago?” Kardiovaskulyarnaya 
terapiya i profilaktika 2008; 7(6): 73–76.

Glesby M.J., Pyeritz R.E. Association of mitral valve 
prolapse and systemic abnormalities of connective tissue. 
A phenotypic continuum. J Amer Med Ass 1989; 262(4): 
523–528.

Perekal’skaya M.A. Hereditary connective tissue 
disorders with extracellular matrix fibrillar structure pathology 
and undifferentiated dysplasia: some classification and 
diagnostic aspects. Arterial’naya gipertenziya 2009; 15(4): 
481–484.

101.

102.

103.

104.

105.

106.

107.

108.

Hereditary Connective Tissue Disorders


