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Abstract

Relevance: Hematomesenchymal dysplasia (HMD), as a background pathology in recurrent clotting disorders, is
reported with a frequency of 54.9% and manifests as combined and concomitant forms in 45.1% of patients, undifferentiated
forms in 22.1%, and differentiated forms in 9.8% as Marfan, Ehlers-Danlos, Whrolick-Lobstein, Franceschetti syndrome, efc.
Hemorrhagic disorders are one of the obligate syndromes of HMD, characterized by an early onset and recurrent course,
and the nosological structure is quite heterogeneous, due to genetic defects in various parts of the hemostatic system.
Angiopathies were detected in 12.3% of patients, thrombocytopathies - 25.5%, Willebrand syndrome (disease) - 11.5%,
hemophilia - 4.3%, their combinations - 45.1%, 1.3% had latent (asymptomatic) defects.

Aim: To review the literature on disorders of the hemostasis system in hematomesenchymal dysplasia.

Search strategy: Sources were searched in the following databases: UpToDate, BMJ, PubMed, Scopus, Ebscohost,
Medline, The Cochrane Library, SpringerLink, Web of Science, Paragraph Medicine, Science Direct. The depth of the search
was 10 years: from 2011 to 2021. Thirty-three articles were included in the literature review, which were available in full text
and underwent a critical appraisal process.

Algorithm for selecting literary resources — Study of clinical guidelines, monographs reporting the concept of
undifferentiated connective tissue dysplasia, mesenchymal dysplasia syndrome, hematomesenchymal dysplasia, joint
hypermobility syndrome — Review of articles from journals, academic journals, dissertations — Systematization of the
material — Literature analysis and article writing.

This literature review was carried out as part of the PhD Dissertation on "Complex assessment of the hemostasis system
and genetic screening in children with hematomesenchymal dysplasia”. The study theme was approved by the ethical
committee.

Results and conclusions: The problem of hemostasis disorders in HMD is understudied and requires more attention to
cover this narrow field of hematology as variants of the clinical picture is various and the most life-threatening complications
are both profuse bleeding and thrombophilic manifestations.

Keywords: hematomesenchymal dysplasia, children, hemostasis system, systemic mesenchymal dysplasia,
complications.
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AktyanbHocTb: [emaTomeseHxumanbHas Aaucnnasus (TMI), kak coHoBas natonorvst npu  peLuauBMpYHOLLUX
HapyLLEHWSIX CBEPTbIBAHUS KPOBW, perucTpupyetcs ¢ 4actotod 54,9% u nposiBnsieTcs kak KOMOMHWpOBaHHbIMKA M
coyeTaHHbIMW  BapuaHTamu Yy 45/1% naumeHToB, HeauddepeHUMpoBaHHbIMA dopMamu — Yy 22,1%, Tak W
puddepeHumporanHbiML - Y 9,8% B Buae cuHapomos MapdiaHa, Anepca-fannoca, Bponuka-IlobluTteiHa, ®paHyeckeTTn n
ap. emopparnyeckne paccTpoiicTBa SIBNSIOTCA OAHUM M3 obnuraTHbIX cuHApomoB M[, XapakTepuaylTcs paHHUM
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Le00TOM 1 PeuMaVBMPYIOLMM TEYeHeM W MO HO30MOTMYECKON CTPYKTYpe BECbMa HEOOHOPOLHbI, YTO 06YCrOBMEHO
reHeTMYeCKUMN AedekTamn B pa3nuuHbIX 3BEHbAX CUCTEMBI remocTasa. AHrvonatim obHapyxusatotes y 12,3% nawumeHTos,
Tpombouutonatum — 25,5%, cuHgpom (GonesHb) Bunnebpanaa — 11,5%, remodunnsg — 4,3%, nx kombuHaumm — 45,1%, y
1,3% - ckpbITble (6eccMNTOMHbIE) AedekTbl.

Llenb: 0630p nuTepaTypHbIX PECYPCOB MO HApYLUEHWSM 3BEHbEB CUCTEMbI rEMOCTa3a Mpu reMaToMe3eHXUManbHOM
aucnnasmm.

Crparerusi noucka: Momck nctouHnkoB npooamncs B 6asax: UpToDate, BMJ, PubMed, Scopus, Ebscohost, Medline,
The Cochrane Library, SpringerLink, Web of Science, Maparpac MeauuuHa, Science Direct. 'my6una noucka coctasuna 10
net: ¢ 2011 no 2021 rogpl. B 0630p nutepatypsl Obinu BKOYEHbI 33 CTaTbk, KOTOPbIE BblNM LOCTYMHLI B BUAE MOMHOMO
TEKCTa W MPOLLIT KPUTUYECKMIA MPOLIECC OLIEHKN.

Anroputm oTOOpa NUTEPaTYpHbIX PECYpCOB — M3yyeHue PyKOBOACTB, MOHOrpacuil, OTpaXarLmx KOHLENUMIo
HeaudEPEHUMPOBAHHON  AMCMNA3NM  COEAMHWTENbHOW  TKaHW,  CMHAPOMa  ME3eHXMMarnbHOW  Aucnnasuw,
remMaToMe3eHXMMarbHOM ucnnasun, CMHOpoMa runepMobunbHOCTM CycTaBoB — M3yyeHune ctaTelt U3 XypHaroB, Hay4HbIX
cbopHuKOB, AuccepTaumit — Cuctematmsaums matepruana — AHanu3 nuTepaTypbl U HanUcaHue CTaTby.

[anHbin 0630p nuTepaTypbl Bbin BLINOMHEH B pamkax BbinonHeHus PhD guccepTauun Ha Temy: "KomnnekcHas oueHka
CUCTEMbI FeMOCTa3a 1 FeHETUYECKII CKPUHWHT Y JeTel C reMaToMe3eHXMManbHoi aucnnasuen”. Tema uccnegosaxus Goina
ofobpeHa 3TUYECKUM KOMUTETOM.

PesynbTatbl M BbIBOALI: [pobnema remoctasnonornyeckux pacctponcts npu MM HegocTaTtouHo M3yyeHa u Tpebyet
fonbluero BHUMaHWS C LENbl0 OCBELYEHUS AaHHOM y3KOHanpaBneHHoi obnactu rematonornu, Tak Kak BapuaHTbl
KIMHUMYECKON KapTUHbI Pa3HOODpasHbl 1 Haubonee XM3HEYrPOXKAKLMMM OCMOXHEHUSMW SBNSIOTCA Kak Npodyy3Hble
KPOBOTEYEHNS, TaK M TPOMOOUNNMYECKME NPOSIBNEHNS.

Knrouesble cnoea: zemamomeseHxumanbHas ducnnasus, 0emu, cucmema 2emocmasa, CucmeMHasi Me3eHXuMarbHasi
ducnmna3usi, OCIIOXHEHUS.

Tywingeme
FEMATOME3EHXMMAIJDbBIK AUCIMNA3UA CUHOPOMbBIHOAfFbI
FEMOCTAS3 XYMECIHIH B¥3biNnYbl. 9AEBUETTIK LLUOMY.
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1 KeAK "Cemen meguuuHa yHuBepcurteTi”, Cemei K., KazakctaH Pecnybnukachbi;
2 PMBXBM "HoBocubupck ynTTbIK 3epTTey MeMrekeTTik yHuBepcuTteTi"”, B.3enbmaH meguuuHa xaHe
ncuxonorust UHCTUTYTbl, HoBocuGMpck K., Pecert ®epepauuscol.

©3exTiniri: NematomeseHxumanblk aucnnaswa (TMI) kaiTanaHaTblH KaH YIObIHbIH Oy3binynapbiHhaFbl (OHABIK
natonorust peTiHae 54,9% winikneH Tipkenedi xeHe naumeHTTepiH, 45,1%-biHAa BipikTipinreH xoHe inecne gopmanap,
22,1%-pa GeninbereH copmanap xaHe 9,8% - pa capanaxFaH dopmanap Typiae MapdaH, Onepc-[annoc, Bponuk-
NobwreitH, PpaHyeckeTTn xoHe T.0. remopparusnbik Oy3binynap MD obnurauusnbik cuHapompapbiHbiH, Oipi 6onbin
Tabbinagbl. Gactany xeHe KaiTanaHaTblH Kypc, an HO30MOrusnbIK KypbinbiM reteporexgi, Oyn remocras XyieciHiH
apTypni GenikrepiHgeri reHeTukanblk akaynapfa OaiinaHbicTbl. AHrvonmatusnap HaykactapgblH 12,3% - ga,
TpombouuTonatusnap - 25,5% - pa, BunnebpaHg cuHgpombl (aypy) - 11,5% - pa, remodunus-4,3% - aa, onapabiH
komBuHauuscel - 45,1% - ga, 1,3% - 4a xacbIpblH (acuMnToMaTUKanbIK) akaynap 6ap.

MakcartbI: remaTome3eHxuMarnbabl Aucnnasusnarsl reMocTas XyieciHiH 6y3binybl Typanbl a4ebueTTik wony.

I3pey ctpaTerusicbl: Aepekkesgep keneci manivettep 6asackiHaH Tabbingbl: UpToDate, BMJ, PubMed, Scopus,
Ebscohost, Medline, Cochrane kitanxaHacel, SpringerLink, Web of Science, Paragraph Medicine, Science Direct. I3gey
TepeHairi 10 xbin Bongbl: 2011 xbingaH 2021 xbinra aeitiH. ©aedueTTepre WOy TOMbIK MOTIHAE KOM KETIMAi XOHE ChIH
DaFanaynaH ©TKeH OTbI3 YL MakanaHbl KamTbigbl.

©pebu pecypcTapabl Tanaay anroputMi — [loHekep TiHiHiH, 6eniHbereH gucnnaswsckl, ME3eHXMManbIK LUCnnasmus
CUHOPOMbI, remMaTOME3eHXMManbIK Aucnnasus, OybiHOapAblH, rMnepmobunginik  CUHApPOMbI  Typanbl  TyCiHikTEpAi,
MOHorpacusnappl 3eptrey — XypHangapaaH, FbinbIMU XWUHaKTapAaH, gucceprauusnapiaH Makananapael 3eptrey —
Matepuangbl xyheney — Oaebuettepai Tangay xaHe Makana xasy.

"TemocTa3 xyiieciH kelweHai Garanmay XaHe rematomeseHxuManblk gucnnasuscel 6ap Gananapgafbl reHeTuKarnblk
CKpUHWHI" TakbipbiObiHaa PhD guccepTauusichbiH OpblHAAY aschblHAa Xacangbl. 3epTTey TaKbipblOblH STUKANbIK KOMUTET
MaKyngagsl.

Hotuxenep MeH KopbiTbiHAbInap: MM remocTasbiHbIH, Oy3bimybl MOCENECi KETKINIKTI Typae 3epTTenMereH xaHe
remMaTomnorusiHbiH, OCbl Tap aiMarblH KaMTyFa Ken KeHin benyai KakeT eTegi, OUTKeHi KNUHUKanbIK KOPIHICTIH, HyCKanapbl
BpTYpNi XoHe emipre KayinTi ackbiHynap-06yn aybip KaH KeTy xaHe TpoMOodunbLi KepiHicTep.

Tylindi ce3dep: eemamomeseHxumanbik Oucnnasusi, bananap, eemocma3 Xyleci, Xylenik Me3eHXxumanbik
ducnnasus, ackbiHynap.
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Relevance

HMD is a clinical variant of undifferentiated systemic
mesenchymal  dysplasia (SMD) with  hemorrhagic

symptoms. The doctrine (the concept of SMD) created by
Prof. Barkagan Z.S., Corresponding Member of RAMS
(1998-2006), further the pupils [Sukhanova G.A., 2004;
Suvorova A.V., 2000 and others] studied the hemorrhagic
and thrombotic conditions on the background of connective
tissue dysplasia.

However, the character of manifestations of bleeding in
children with hemorrhagic mesenchymal dysplasias in the
literature is insufficiently analyzed [Sukhanova G.A., 2004;
Andreeva N.N., 2005; Sturov V.G., 2008].

Connective tissue abnormalities are mostly of hereditary
origin, represented by connective tissue dysplasia
syndrome. This syndrome, in itself, manifests as
differentiated and  undifferentiated  variants.  The
pathogenetic basis of connective tissue dysplasia is a
genetically determined defect in the structure of collagen
proteins, which results in abnormal hemostasis. This feature
had confirmed by many research groups focusing on the
hemorrhagic syndrome in complex with platelet dysfunction,
coagulation, and plasma hemostasis disorders, HMD,
Ehlers-Danlos syndrome. "According to Gladkih N.N. et al.,
in hematomesenchymal dysplasia, genetically
predetermined defects in maturation and differentiation of
mesenchymal progenitors affect the structure and functional
integrity of cell membranes, causing dysfunction of platelets
and endothelium"[9].

Moreover, as reported by Ben Salha M., et al, “In
Russia, an Expert Council was established in 2008 to
develop criteria for the diagnosis of uCTD, and the Russian
guidelines 'Hereditary disorders of connective tissue
structure and function' were drawn up. Differentiated CTDs
include connective tissue diseases with a specific type of
inheritance and clear symptomatology. Undifferentiated
CTD includes many variants of CT abnormalities without
clearly defined symptomatology. In the literature there are
various synonyms of uCTD - "mesenchymal dysplasia”,
"connective  tissue dysfunction", ‘"connective tissue
weakness", "connective tissue dysplasia syndrome",
"unclassified forms of connective tissue dysplasia™ [2].

In addition, the pathogenetic components of
hematological disorders can be varied, i.e., defects are
found both, in the symbiosis of clotting factors with
connective tissue and in the hemostasis system itself,
particularly in platelets, vascular endothelium, and particular
factor. Pathological conditions have manifested with
hemorrhages and thromboses and may affect various

hemostasis reactions, but the predominant prevalence of
primary blood clotting diseases. Clinically, microcirculatory
bleeding is more common than the combined type. It is
crucial to recognize hemorrhagic syndrome due to CTD at
the onset of symptoms. First of all, treatment should be
preventive and be part of a comprehensive treatment plan
for children with connective tissue dysplasia [2,23,25,29].

According to Siegel CH., et al, the term
'undifferentiated connective tissue disease’ was first
introduced in the 1980s and was used to diagnose patients
who were in the early stages of the disease, but the clinical
data did not meet the basic criteria of distinct connective
tissue diseases. Most patients remained in the same
undifferentiated state, or entered remission without
progressing to definite connective tissue disease. Examples
of early-stage diagnoses were ‘latent lupus" and
"incomplete lupus erythematosus". In addition, many
patients suffering from UCTD had clinical features similar to
lupus, the remaining patients had symptoms of another
definite rheumatological nosology, so it is legitimate to apply
the definition of "UCTD". According to recent data,
persistent variant UCTD appears as an independent
disease rather than as a precursor to an overt
rheumatological nosology. Indeed, the etiopathogenesis of
UCTD and most other connective tissue diseases remains
poorly understood. UCTD is difficult to investigate due to
the fact that it affects patients with different clinical
symptoms and blood counts. One hypothesis is that certain
individuals have a hereditary predisposition or risk of
developing rheumatological pathology and, under the
influence of an infectious environmental factor, the immune
system begins to work against its own body. What
mechanisms are involved in the development of UCTD
remains unclear and unexplored. Certainly, UCTD and
other connective tissue diseases are not infectious [30].

Aim: To review the literature concerning disorders of
the hemostasis system in hematomesenchymal dysplasia.

The search strategy: Sources had searched in the
following databases: UpToDate, BMJ, Pub Med, Scopus,
Ebscohost, Medline, The Cochrane Library, SpringerLink,
Web of Science, Paragraph Medicine, Science Direct. The
depth of the search was seventeen years: from 2011 to
2021. The literature review included 33 articles available in
full text and reviewed via a critical appraisal process.

An algorithm for selecting literary resources — Study of
clinical guidelines, monographs reporting the concept of
undifferentiated connective tissue dysplasia, mesenchymal
dysplasia syndrome, hematomesenchymal dysplasia, joint
hypermobility syndrome — Review of articles from journals,
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academic journals, dissertations — Systematization of the
material — Literature analysis and article writing.

This literature review was carried out as part of the PhD
Dissertation on "Complex assessment of the hemostasis
system and genetic screening in children with
hematomesenchymal dysplasia”. The study theme was
approved by the ethical committee.

The results of the search and discussion section.

Prevalence of mesenchymal dysplasia syndrome.

Systemic mesenchymal dysplasia (SMD), as a
background pathology in relapsing bleeding disorders, has
a frequency of 54.9% and manifests as combined and
concomitant forms in 45.1% of patients, undifferentiated in
31.9%, unidentifiable in 13.3% and differentiated in 9.7% as
Marfan, Ehlers-Danlos, Vrolik-Lobstein, Franceschetti
syndrome, and others. Hemorrhagic disorders are one of
the obligate syndromes of SMD, characterized by an early
onset and relapsing course, and have a heterogeneous
nosological structure due to genetic defects in various parts
of the hemostasis system. Angiopathies were detected in
12.3% of patients, thrombocytopathies in 25.5%, Willebrand
syndrome in 11.5%, hemophilia in 4.3%, their combinations
in 45.1%, and 1.3% had latent (asymptomatic) defects. The
clinical equivalents of these diseases are recurrent
hemorrhagic manifestations in 88.5% of cases and
thrombotic analogs in 10.2%. Their frequency, localization,
severity, and time of onset largely depend on the clinical
and pathogenetic form of SMD [11].

As claimed by Ben Salha M., et al, “DCT has recently
been of significant interest to practitioners due to the
increasing detection rate of patients with this pathology. The
incidence of DCT is quite high, ranging from 26% to 80%
depending on the study group. Undifferentiated connective
tissue dysplasia (uCTD) is understood as a nosologically
independent syndrome of multifactorial nature, manifested
by external phenotypic signs of connective tissue dysplasia
and clinically significant dysfunction of one or more internal
organs. This syndrome is mostly diagnosed at the physical
examination stage with a comprehensive assessment of
phenotypic markers. There are no strictly accepted
morphological and genetic criteria for this syndrome. A
critical number of external phenotypic markers for a
diagnosis of uCTD has been suggested by various authors
to indicate mild uCTD when a patient scores 3 to 6; when a
patient scores 7 to 11, the diagnosis is made as moderate
uCTD; when a patient scores over 11, the diagnosis is
made as severe uCTD" [2].

Moreover, prophylactic treatment is the first choice
because microcirculatory bleeding associated with CTD has
its characteristics, most notably, the intensity of the
hemorrhagic syndrome at the time of and right after medical
manipulations: tooth extraction, adenotomy, tongue frenum
excision, increased contact injury to mucous membranes on
fibrogastroscopy, cystoscopy, and other procedures [8,25].

Manifestations of hemorrhagic syndrome - recurrent
epistaxis, heavy menstrual bleeding, easy bruising,
excessive gingival bleeding, prolonged bleeding after skin
incisions and tooth extraction - were noted in 62.5% of
those with mitral valve prolapse [5,15,18].

A study by Trutnev et al. presented that hemorrhagic
syndrome is often a comorbidity of chronic gastroduodenitis
in children, with nasal bleeding present in 57.7% and a

tendency to mild ecchymosis in 43.1% of cases. This
syndrome  results from  mesenchymal  dysplasia,
characterized by impaired platelet aggregation, Willebrand
factor activity, and clotting final stage, and is associated
with a predisposition to excessive bleeding in CTD [13].

Changes in the hemostasis system in patients with
UCTD manifest predominantly as a clinical syndrome of
hemorrhagic ~ mesenchymal  dysplasia, rarely as
thrombophilia and erythrocytosis. The majority of patients
with UCTD syndrome have changes in the coagulation,
fibrinolytic and platelet-forming components of hemostasis.
Patients with HMD syndrome have most characterized by
delayed clotting in basic coagulation tests, activation of the
fibrinolytic system, and platelet dysfunction. Changes in the
hemostasis system in thrombophilia had characterized by
signs of coagulation activation, hypercoagulation, and
delayed fibrinolysis, forming the hypercoagulation status of
these patients and thromboembolic complications [6,16,21].

Patients with juvenile rheumatoid arthritis combined with
connective tissue dysplasia; patients with systemic lupus
erythematosus with lupus anticoagulant should have
considered at risk for severe hemostasis and fibrinolysis.
Prognostically unfavorable criteria for thrombohemorrhagic
disorders in patients with systemic connective tissue
diseases are the presence of high thrombinemia (over 150
Mg/ml), inhibition of Xlla-dependent euglobulin lysis, defects
of final stage kinetics of blood clotting and reduced levels of
physiological anticoagulants. Thrombinemia and final-stage
clotting values can serve as objective criteria for
determining the severity of systemic disease and predicting
the probability of intravascular clotting. Pathology of
hemostasis in patients with rheumatoid arthritis combined
with connective tissue dysplasia is due to the following
factors: thrombocytopathy, hypofibrinogenemia,
thrombinemia, and delayed rate of inhibitory fibrin monomer
polymerization. The course of the systemic disease had
distinguished by polymorphism of clinical manifestations
and the severity of the hemorrhagic syndrome.
Hypercoagulation, thrombinemia, increased fibrinogen
levels, inhibition of fibrinolysis, and accelerated fibrin
monomer polymerization is been noticed in patients with
renal damage, serositis, capillaritis, hemorrhagic rash.
Thrombocytopathy, hypocoagulation, delayed
polymerization of fibrin monomers manifested by a
recurrent petechial rash. The antiphospholipid syndrome
has clinically characterized by vascular thrombosis and
neurological disorders [10].

The correlation between the indicators of endothelial-
platelet function and a range of CTD characteristics was
established and possible for diagnostics, differential
diagnosis, and estimation of the risk of hemostasiological
and vascular complications development in patients with
various forms connective tissue dysplasia. The presence of
subclinical endothelial-platelet dysfunction in patients with
differentiated and undifferentiated dysplasia with more than
five external stigmas, myxomatous degeneration of mitral
valve prolapse, three micro anomalies of the cardiovascular
system help the early diagnosis of endothelial-platelet
dysfunction. The presence of anthropometric features in
patients with undifferentiated CTD in the form of decreased
body weight and Kettle index and decreased collagen-
induced platelet aggregation and increased index can be
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used as one of the risk criteria for the hemorrhagic
syndrome [7,19,26,27].

All patients with renal damage in systemic connective
tissue diseases should have a comprehensive study of the
vascular-platelet, and coagulation hemostasis and
fibrinolysis on admission and at dynamics and a screening
examination of antiphospholipid syndrome. It is appropriate
to use the lebetox-echitoxin index to diagnose secondary
antiphospholipid syndrome in children, as the sensitivity is
100%, specificity 83.3%, and prognostic value 85.7%
[3,24,31].

Based on the application of poison diagnostics and
methods of evaluation of auto- and heteropolymerization
reactions of fibrin monomers. It was established one of the
mechanisms of hemorrhagic disorders development in
children with connective tissue dysplasia is qualitative
defects of fibrinogen molecules. A comparative study of the
dynamics of the parameters of the poison coagulation tests
has revealed a high informative value of the echitox test in
recognition of hidden hypercoagulation in patients with
acute (subacute) disseminated intravascular coagulation
syndrome [4].

Consequently, disorders of the hemostasis system in
HMD syndrome are the majority cases, hemorrhagic, less
frequent thrombotic, and dysfibrinogenemia. The diagnosis
of HMD requires not only laboratory confirmation of
disaggregated thrombocytopathy, dysfibrinogenemia, and
decreased activity of certain blood factors, but also the
presence of signs of dysmorphogenesis.

A specific feature of thrombohemorrhagic syndrome in
HMD is its unusual high intensity, which is unexpected in
the medical interventions and its recurrent course.

HMD  associated with  hemorrhagic and
thrombophilic syndrome.

Hemorrhagic hematomesenchymal dysplasia (HMD) is
a group of hereditary hemorrhagic diatheses based on
connective tissue development and structure disorders and
related hemostatic disorders. These include Ehlers-Danlos
syndrome, Marfan syndrome and juvenile kyphoscoliosis,
Quique syndrome (association of telangiectasia and
Willebrand factor deficiency), radial absence syndrome,
thrombocytopathies and clotting factor X deficiency,
Hermansky-Pudlak disease (pigmented and mesenchymal
disorders combined with lack of dense granules in
platelets), and others. Hemostatic disorders might manifest
as thrombophilia, dysfibrinogenemia, coagulopathy with
decreased levels of various clotting factors,
thrombocytopathy either with decreased aggregation or
hyper aggregation of the platelets, and clinically expressed
as increased bleeding, but also as the development of
thrombosis [14].

The variety of hemostasis disorders characteristic of
hematomesenchymal dysplasia, the concept of which was
founded by Barkagan Z. S. in the 1980s in our country,
requires further versatile research, including that in patients
with connective tissue dysplasia. The high incidence of co-
morbidity of angiodysplasia and hereditary thrombophilias,
and the combination of thrombophilias  and
thrombocytopathies characteristic of CTD, dictate that the
individual hemostasiology profile of each patient should
have studied to prescribe adequate correction. The check-
up plan consists of a complete blood count and

coagulogram. The screening test for thrombocytopathies is
bleeding time and should consider prolonged if the
indication is more than 5 minutes. Specific tests are platelet
aggregation on microscope glass (sec) or aggregometer
(%) with different aggregation inductors (ADP, collagen,
adrenaline, ristomycin) [8,22].

Mesenchymal dysplasia (MD) often combines with
microcirculatory, less commonly hematomas bleeding.
Based on clinical and laboratory examination of patients
with  HMD, the classification features of hemostasis
disorders in this pathology were determined, including five
main types of abnormalities: hemorrhagic telangiectasia
(24.3%), platelet dysfunction (42.8%), Willebrand syndrome
(25.1%), coagulation hemostasis disorders, mainly fibrin
polymerization disorders (40.7%) and a combination of
these disorders. In complex disorders of hemostasis,
Ehlers-like and MABB-like syndromes are more common.
The pattern of hemostatic abnormalities in these syndromes
is similar. MD is frequent (54.7% of cases), although not
always diagnosed in hemophilia. In these cases, the
hematomas type of hemorrhage superimposes on the
microcirculatory  (bruise-petechial) one, and platelet
dysfunction is detected. Mesenchymal dysplasia had
identified in 43.4% of cases with the early development of
blood vessel thrombosis and organ ischemia, which is 2.7
times more often in those without MD (p<0.001). These
thromboses are  associated with  hematogenous
thrombophilias in 72.4% of cases: disorders of the protein C
system, hyperhomocysteinemia, antiphospholipid
syndrome, and sticky platelet syndrome. In 75% of patients
with early ischemic stroke, MD had associated with
thrombophilic conditions with factor Va resistance to
activated protein C, hyperhomocysteinemia, and hyper
aggregation of platelets [12].

Study of Jackson S.C., et al. reported that “Disorders of
collagen are associated with a mild bleeding tendency
because of the potential abnormal interaction of collagen,
von Willebrand factor (VWF) and platelets required during
primary hemostasis and due to generalized soft tissue
fragility. Abnormal collagen may contribute to bleeding in
existing mucocutaneous bleeding disorders, but the
prevalence in this setting is unknown. Generalized
symptomatic joint hypermobility (SJH) is common in
collagen disorders and may be objectively measured. To
assess the association between symptomatic joint
hypermobility and mucocutaneous bleeding disorders, was
performed a case-control study in which case subjects were
55 consecutive individuals who had visited bleeding
disorder clinic with a diagnosis of von Willebrand disease,
low von Willebrand factor levels, mild platelet function
disorder or undefined bleeding disorder. Symptomatic joint
hypermobility was associated with increased odds of an
underlying mucocutaneous bleeding disorder. These
findings suggest that a collagen disorder is common and
often unrecognized in the bleeding disorder clinic as a
potential contributor to the bleeding symptoms. Collagen
disorders are common and may be unrecognized in the
bleeding disorder clinic whether detected by revised
Brighton criteria or by specific probing on history. The
degree of contribution to the bleeding symptoms is difficult
to determine in this population with existing disorders of
primary hemostasis. Asymptomatic joint hypermobility is
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common in this predominately female population and not an
adequate screening tool for a potential collagen disorder.
Further study to confirm the suspected diagnosis using
biochemical or genetic endpoints would be ideal” [20].

As stated in Ben Salha M, et al, “The genetic markers
associated with the development of complications in
patients with high and moderate severity of UCTD are the
following genotypes: C/C of IL6 gene: 174 C>G, G/C of
VEGFA gene: -634 G>C, 6A/6A of MMP3 gene: 1171
5A>6A, A/A of MMP9: 855 A>G. The identified associations
of gene polymorphisms in patients with UCTD made it
possible to clarify certain links in the pathogenesis of this
pathology. The application of modern statistical analysis
methods made it possible to develop highly specific models
for predicting the risk of gynecological, obstetric and
neonatal complications. The use of these models in clinical
practice will increase the efficiency of complication
prediction and improve their outcomes” [2].

Furthermore, according to Kendel N.E., et al. “Patients
with hereditary connective tissue disorders may experience
significant bleeding symptoms throughout their lifetime,
including easy bruising, mucosal bleeding, and heavy
menstrual bleeding. While this association is well
recognized in the more severe connective tissue disorders,
it is perhaps not as diagnostically obvious to healthcare
providers seeing patients with milder forms such as
generalized hypermobility spectrum disorder (G-HSD)
and hypermobile Ehlers-Danlos syndrome (hEDS). The
diagnosis of hEDS requires patients to meet specific criteria
evaluating joint hypermobility, associated systemic
manifestations of connective tissue dysfunction, family
history, and musculoskeletal pain symptoms. Most patients
with generalized joint hypermobility do not meet these
diagnostic criteria, but they can still have significant
associated symptoms that place them in the spectrum of
disorders known as G-HSD. Given these subtle findings,
these patients may present to a hematologist for evaluation
and treatment of bleeding symptoms before receiving a
diagnosis of G-HSD/hEDS. The diagnosis of these
conditions also requires the provider to understand and
assess a Beighton score. The Beighton score is a validated
and reproducible nine-point assessment of joint mobility that
evaluates dorsiflexion of the fifth digits, apposition of the
thumbs to the flexor surface of the forearms,
hyperextension of the elbows, hyperextension of the knees
and forward flexion of the trunk. Recent studies show that
Beighton scores can vary significantly with age, sex, and
ethnicity, indicating that different thresholds may be
necessary for diagnosis. The updated 2017 hEDS
diagnostic criteria utilizes the Beighton score as one of its
measures, with different thresholds specified for different
ages’ [22)].

A validated bleeding assessment tool has been used
currently to effectively assess the frequency and severity of
bleeding syndrome in hemostasis disorders, which
facilitates proper diagnosis and appropriate treatment. "The
study by Hickey S.E. et al. screened patients with bleeding
symptoms in Ehlers-Danlos benign joint hypermobility
syndrome using a bleeding assessment tool with the results
were positive in 56% of cases with no apparent hemostasis
defect. In addition, researchers believe that the use of
genetic assessment tools had simultaneously needed for a
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comprehensive  understanding of the mechanisms
underlying hemorrhagic syndrome" [5,14,16,26,29,30].

Conclusion

Therefore, this literature review highlights the
importance of alertness to hereditary coagulopathies that
lead to life-threatening complications. Timely diagnosis for
patients with severe hemostasis associated with HMD
remains an urgent problem in pediatric hematology due to
the constant high risk of life-threatening bleeding. Thus, one
of the most advanced branches of modern hemostasis
diagnostics can serve as a preventive method of examining
genetic material to detect the clinical and laboratory
correlation of the hallmarks of hemostasis pathology studied
in the HMD syndrome.
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