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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 [24].

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

Search strategy: Sources were searched in the following databases: UpToDate, BMJ, PubMed, Scopus, Wiley, Medline,
The Cochrane Library, Springer Link, Web of Science. The depth of the search was 18 years: from 2004 to 2022. Thirty-one
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.

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 [24].

Keywords: hematomesenchymal dysplasia, children, primary hemostasis, systemic mesenchymal dysplasia,
thrombocytopathy.
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'HAO «MeguumHCckuit yHuBepcuteT Cemenr, r. Cement, Pecnyonuka KasaxcraH;
> ®rs0yBO «HoBoCMOGMPCKUI HaLMOHaNbHbLIA UCCIieAoBaTeENbLCKMA FOCYAapCTBEHHbIA YHUBEPCUTETY,
UHcTUTYT MeauumHbl 1 ncuxonorum B. 3enbmaHa, r. HoBocu6upck, Poccuiickasa ®epgepauus.
AKkTyanbHoCTb: [emaTomeseHxumanbHas pucnnasus (TMI), kak ¢hoHOBas naTonorvst Mpu  PeLUauBMPYHOLLUX
HapyLWeHMsX CBEPTbIBaHUS KPOBMW, PErUCTpupyetcs ¢ vactotoh 54,9% W nposiBisSieTcs kak KOMOWHMPOBAHHbIMK W
coyeTaHHbIMW  BapuaHTamu y 45/1% naumeHToB, HeauddepeHUMpoBaHHbIMA dopMamu — Yy 22,1%, Tak W
pudbdepeHumpoBanHbIMI - ¥ 9,8% B Buae cuHapoMoB Mapdara, Onepca-flannoca, Bponuka-MobluTeitHa, ®paHyeckeTTn u
op. [emopparuyeckue paccTpoicTBa SBMSIOTCA OOHAM K3 oOnuraTHbIX cuHapomoB M[, XapakTepusylTcs paHHWUM
[e0TOM U peunavBUPYIOWMM TEYEHMEM M MO HO30NOTMYECKOM CTPYKTYpe BECbMa HEOAHOPOLHbI, YTO 06YCMOBNEHO
FEeHETUYECKMMM JedhekTamn B Pa3nUUHbIX 3BEHbAX CUCTEMbI reMocTasa. AHruonatumn obHapyxusatotes y 12,3% nauueHTos,
TpombouuTonatim — 25,5%, cuHapom (bonesHb) Bunnebpanaa — 11,5%, remocpunus — 4,3%, ux kombuHaumm — 45,1%, y
1,3% - ckpbITble (BeccumnTOMHbIE) AedekTbl [24].
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Llenb: 0630p nuTepaTypHbIX pECYpCcoB MO HapylleHWsM TpOMOOUMTApHOrO 3BEHa CUCTEMbl TremocTasa npu
remMaToMe3eHXMMarbHOM aucnnasuu.

Crpaterua noucka: [Mouck uctouHukoB nposoguncs B 6asax: UpToDate, BMJ, PubMed, Scopus, Wiley, Medline, The
Cochrane Library, SpringerLink, Web of Science. [myfuHa noucka coctasuna 18 net: ¢ 2004 no 2022 rogbl. B 0630p nutepatypbi
ObInu BKItoYeHbI 31 CTaTbsl, KOTOpbIE BbINM AOCTYMHbI B BUZE NOMHOTO TEKCTA W MPOLLIIW KPUTUHECKWIA MPOLIECC OLIEHKN.

Anroputm oTOOpa NUTEPaTYpHbIX PECcYpCcoB — M3yyeHue pPyKOBOACTB, MOHOrpacuil, OTpaXaroLwmx KOHLEMLMIO
HeandEPEHUMPOBAHHON  OMCMNA3NM  COEAMHWTENbHOW  TKaHW,  CMHAPOMa  ME3eHXMMarnbHOW  Aucnnasuw,
remMaToMe3eHXMMarbHOM ucnnasun, CMHpoMa runepMobunbHOCTM CycTaBoB — M3yyeHune cTaTen U3 XypHamnoB, Hay4HbIX
cbopHuKOB, AuccepTaumit — Cuctematmsaums mateprnana — AHanu3 nuTepaTypbl U HanucaHue CTaTby.

Pe3ynbTatbl 1 BbiBoAbI: [pobnema remocTasnonornyeckux pacctpoincta npu MM HegocTaTouHo u3ydeHa n Tpebyet
fonbluero BHUMaHMS C LENblo OCBELLEHWS [aHHOW Y3KOHanpaBMeHHOW 06nacT remaTtonoruu, Tak Kak BapuaHTbl
KMWMHUYECKON KapTWHbl Pa3HoObpasHbl W Haubonee KWU3HEYTPOXAIOWMMM OCMOXHEHUSAMU SBASIOTCA Kak Npody3Hble
KPOBOTEUEHNS, TaK 1 TpoMBOUnnMyeckie nposisneHus [24].

Knroyesble cnosa: cemamomeseHxumansHas ducnnasus, O0emu, nNepsuYHOE 38EHO 2emocmasa, CcucmemHas
Me3eHxumarnbHas ducniasus, mpomboyumonamus.
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1 KeAK "Cemen meguumHa yHuBepcuteTi”, Cemen K., KazakctaH Pecnybnukachl;
> ODMBXBM "HoBocubupck ynTTbiK 3epTTey MeMnekeTTik yHuBepcuTeTi”, B. 3enbmaH meguunHa xaHe
ncuxonornsa MHCTUTYTbl, HoBocnbupck K., Pecen ®epepaumscoil.

Kipicne: lematomeseHxumanblk gucnnasus (TMI) KkaiATanaHaTbiH KaH YiObIHbIH, Oy3binynapbiHaarsl  OHAOLIK
natonorus petiHge 54,9% xwinikneH Tipkenedi xoHe naumenTTepdiH 45,1%-biHAa BipikTipinreH xoHe inecne gopmanap,
22,1%-pa GeninbereH copmanap xaHe 9,8% - pa capanadFaH dopmanap Typiae MapdaH, Onepc-Jannoc, Bponuk-
NobwreitH, PpaHyeckeTTn XoHe T.0. remopparusnbik Oy3binynap TMD obnuraumsnbik cuHapompapbiHbiH, Oipi 6onbin
Tabbinagbl. Gactany xeHe KaiTanaHaTbiH Kypc, an HO30MOrusnbIK KypbinbiM reteporexgi, Oyn remocras XyieciHiH
apTypni GenikrepiHgeri reHeTukanblK akaynapfa OaiinaHbicTbl. AHrvonmatusnap HaykactapgblH 12,3% - ga,
TpombouuTonatusnap - 25,5% - ga, Bunnebpang cungpomsl (aypy) - 11,5% - ga, remodmnuns - 4,3% - ga, onapasiH
komBuHaLusich - 45,1% - aa, 1,3% - 4a xacblpblH (acumnTomaTvkanbIk) akaynap 6ap [24].

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

I3pey cTpateruschbl: gepekke3aep keneci manimeTTep 6asackiHaH Tabbingbl: Up To Date, BMJ, Pub Med, Scopus, Wiley,
Medline, Cochrane kitanxaHacsl, Springer Link, Web of Science. I3gey Tepengairi 18 xbin 6ongbl: 2004 xbingan 2022 xbinFa
[eliiH. ©nebueTTepre WOy TOMbIK MOTIHAE KO XeTiMAi xaHe CbiHu GaranayaaH eTkeH 0TbI3 6ip MakanaHbl KamTblgbl.

Opnebn pecypcrapabl TaHgay anroputMi — [loHekep TiHiHIH, GeniHbereH aucnnasmschl, Me3eHXMManblK Aucnnasus
CUHOPOMbI, remaToMe3eHXuUManblk Aaucnnasus, OybiHOapAblH, runepmobunginik CMHAPOMbI  Typambl  TYCiHikTEPAi,
MOHorpacusnapapl 3eptrey — XypHangapaaH, FbinbIMU XWHaKTapAaH, gucceptauusnapiaH Makananapael 3epTrey —
Matepuangbl xyreney — Oaebuettepai Tangay xaHe Makana xasy.

Hatuxenep MeH KopbITbiHAbIap: MM remMocTasblHbiH, Oy3binybl MOCENeCi KETKINIKTI Typae 3epTTeNMereH xaHe
reMaTonorvsiHbIH OCbl Tap aliMarblH KaMTyFa Ken keHin 6enyai kaxeT eTeqi, ONTKEHI KNMHWUKaNbIK KOpPIHICTIH Hyckanapsl
apTYpNi XeHe emipre KayinTi ackbiHynap-6yn aybip KaH KeTy xaHe Tpombodunbai kepiHictep [24].

Tyliindi ce3dep: zemamome3eHxumanbik Oucnnasusi, 6ananap, eemocmaslbiH b6acmankbl 6ybiHbl, Xylenik
Me3eHxumarbIK ducnsiasus, mpomboyumonamus.
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Introduction

The importance of studying diseases of the hemostasis
system in children is due to the wide variety of clinical
symptoms, combination with pathologies of other organs and
systems, difficulty in diagnosis, and even the possibility of
disability. Hemostasis is a complex multi-stage (cascade)
process of two links, a primary, vascular-platelet, and a final,
plasma-coagulation process. The pathological conditions of
each vary widely, with congenital and acquired ones
differentiated according to genesis, hemorrhagic and
thrombotic variants determined according to the nature of the
clinical manifestations. A balance between hemorrhagic
syndrome and thrombosis is necessary to maintain
physiological levels of the hemostasis system. Despite the
classified variants of clotting disorders, there is a wide range
of unexplored pathological syndromes which require more
detailed investigation. The pathogenetic mechanism of
thrombohemorrhagic manifestations is associated with
abnormal development of the mesenchymal layer of the
vascular endothelium, manifested by the
hematomesenchymal dysplasia (HMD) syndrome. HMD is a
variant of undifferentiated connective tissue dysplasia
(UCTD) [5]. UCTD refers to cases in which the complex
phenotypic features do not match any differentiated diseases.
The concept of HMD was created by Barkagan Z.S., followed
by further studies on hemorrhagic and thrombotic conditions
in connective tissue dysplasia carried out by a group of
research students and followers of the professor's school.
However, the nature of bleeding manifestations in children
with hemorrhagic mesenchymal dysplasia did not sufficiently
analyze in the available literature [Andreeva N.N., 2005].

An urgent problem of connective tissue dysplasia is
hemostasis disorders. The hemorrhagic syndrome is one of
the manifestations of mesenchymal abnormalities
[Barkagan Z.5.,1988]. The changes affect both the
coagulation and platelet-vascular stages of hemostasis. The
severity of HMD can range from mild to severe, even life-
threatening conditions (intracranial hemorrhage, uterine,
gastrointestinal hemorrhage). A variety of hemorrhagic
manifestations - recurrent epistaxis, mild bruising, and
excessive bleeding of the gums - are often seen in various
forms of dysplasia [Barkagan Z.S. et al., 1994].

The worldwide prevalence of HMD is unknown; separate
studies suggest that the incidence varies according to the
severity of the clinical manifestations, with mild to moderate
variants occurring in 60-80% of cases and severe variants
occurring less frequently in the range of 10-20% [2].

Aim: to review the bibliographic resources on disorders
of the primary hemostasis in hematomesenchymal dysplasia.

Search strategy: The list of sources in the following
databases: UpToDate, BMJ, Pub Med, Scopus, Wiley,
Medline, The Cochrane Library, Springer Link, Web of Science.
The depth of the search is eighteen years: from 2004 to 2022.
The literature review included thirty-one papers available in full
text and reviewed through 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.

The results of the search and discussion section.

l. Primary hemostasis disorders in
thrombocytopathies associated with GMD syndrome.

The primary site of hemostasis is the vascular and
platelet stage of the clotting system, in which platelets play a
significant role. When a blood vessel, artery, or vein, is
damaged, platelets immediately begin the bleeding arrest
phase by forming clumping clot plates at the site of damage
to the vascular wall. This process consists of three
consecutive steps: adhesion, secretion, and aggregation.
During the adhesion phase, platelets attach themselves to the
site of the vascular wall defect and spread across the vessel
surface to stop bleeding. The secretion phase follows,
marked by platelet activation, as platelets are inactive without
vessel wall disruption. In turn, activated platelets release the
contents of their granules. The final phase of primary
hemostasis is aggregation, during which platelets stick
together under the influence of biologically active amines,
resulting in the formation of plugs. The outer part of the
platelets contains receptors, while the inner part includes
granules, which play a crucial role in the clotting process [19].

There are conditions in the development in which
platelet function does not perform as it should, and its
function is impaired. Due to impaired platelet plug
formation, bleeding time might have prolonged, and patients
with impaired platelet function are prone to form a
hemorrhagic syndrome, which manifests as hematoma and
spontaneous, prolonged bleeding. The underlying cause of
platelet dysfunction can be related to a problem with the
platelets themselves or with a single receptor or granule.
Platelet dysfunction can be congenital or acquired [31].

Clinically, ~ the  hemorrhagic ~ syndrome  in
thrombocytopathies is manifested by a microcirculatory type
of bleeding, which can occur either alone or in combination
with other hemorrhagic diatheses. Thus, congenital
thrombocytopathy can be associated with hemophilia.
According to Suvorova N.M., the study revealed that 1/5 of
children with hemophilia had manifestations of the
microcirculatory type of bleeding, namely nasal bleeding,
petechiae, ecchymoses, and gastrointestinal bleeding, the
frequency of which was higher in the group of children with
manifestations of connective tissue dysplasia syndrome. In
addition, impaired platelet aggregation function was
confirmed in 1/2 of the children with hemophilia. Among
them, 80% had symptoms of connective tissue dysplasia,
and 7.5% were detected in combination with an
unexpressed reduction of the Willebrand factor. Platelet
quality defects were detected during the assessment of
serotonin  concentration and release, manifested by
impaired serotonin storage pool and serotonin release
response, and the incidence of these defects was also
higher in children with connective tissue dysplasia. Further,
neonates with hemophilia, combined with hypocoagulation
symptoms, were found to have both impaired platelet
aggregation function and serotonin release from platelets
[9, 25].
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Picture 1. Hemostasis is how body plugs and repairs a wound
[https://my.clevelandclinic.org/health/symptoms/21999-hemostasis].

To verify the diagnosis of thrombocytopathy, the
traditional method of diagnosis, light transmission
aggregometry, and a more modern test of platelet functional
activity based on flow cytometry before and after platelet
activation is used. The clinical presentation of bleeding
symptoms is assessed using the ISTHBAT scale. It is not
always possible to correlate clinical signs of hemorrhage
with laboratory findings, as there are cases in the literature
where a severe hemorrhagic syndrome may have
laboratory coagulogram indicators within normal limits, but
asymptomatic patients show significant changes in
hemostatic tests at the time of the prophylactic examination.
According to a group of researchers in a retrospective
evaluation of 50 children with thrombocytopathy, in which
thrombocytopenia was an exclusion criterion, a comparative
analysis of aggregometry and PFA with the ISTHBAT
bleeding scale revealed that aggregometry had little
susceptibility to platelet granule deficiency. In addition,
abnormal results from the PFA test and without the defect
were not differentiated when the ISTHBAT bleeding scale
was applied [10].

In a further study, the subject was the detection of
primary clotting pathology in children with bleeding
manifestations in the absence of concomitant coagulopathy
and thrombocytopenia and the evaluation of the correlation
between the degree of clinical manifestations and platelet
dysfunction. Of 32 children aged 1 to 17 years with various

hemorrhages, the PFA study revealed that two children
showed no defects, four children had a deficiency of integrin
[Ib3, and twenty-six patients had a variety of quantitative
and functional platelet granule defects, among which, dense
granule deficiency was detected in twelve patients.
Combined defects were found in fourteen children. A direct
correlation was found between the clinical bleeding index
and the degree of integrin activation and dense granule
release (p<0.05), besides a statistically significant
correlation between the clinical bleeding index and isolated
disorders of integrins or dense granules, was not found. It
follows that the degree of change in the phenotypic features
of platelets may correlate with the severity of manifestations
of the hemorrhagic syndrome, which makes the use of the
test of platelet functional activity promising in the diagnosis
of the etiology of the hemorrhagic syndrome among the
child population [6].

Inherited defects of platelet function are a
heterogeneous cluster of rare clotting disorders, with
symptoms ranging from mild to life-threatening. Accurate
diagnosis of platelet function defects remains a challenge,
even for specialists. Despite advances in understanding the
etiology of these defects, in the vast majority of patients
with inherited platelet disorders, the underlying mechanisms
remain unknown. The treatment of platelet dysfunction will
depend on the specific type of disorder as well as the
severity of the bleeding. Platelet transfusion remains the
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main therapy for severe bleeding. Alternatively, rFVIla (90-
120 pglkg bolus infusion) can be given. In contrast to
receptor defects, platelet function defects can be treated
with desmopressin (0.3 pg/kg body weight intravenously or
in case of mild bleeding with Octostim (Ferring) spray)
and/or cyclocapron (tranexamic acid 20 mg orally) [21,13].

Moderate types in general, are very difficult to diagnose
correctly. Current methods for assessing platelet function
are hardly standardized and require proper laboratory
equipment and staff competence. Analyses need to be
carried out immediately after venipuncture, which is only
possible in specialized central laboratories. Consequently,
the prevalence of hereditary thrombocytopathies in the
population remains underestimated.

The use of flow cytometry is currently one of the most
promising methods for the diagnosis of inherited platelet
abnormalities. This method detects several platelet
functions simultaneously, including in patients with low
platelet counts. In addition, flow cytometry requires a very
small amount of blood, which is a priority for pediatric
patients. One of the advanced diagnostic trends in
congenital thrombocytopathies is molecular genetic
diagnosis. The growth of molecular genetic diagnostics has
been driven by advances in next-generation sequencing
(NGS) technology, a method that allows a large number of
samples to be examined in a single time frame, hence
being financially and time-saving for the study.

It cannot be excluded that, in the next few years,
molecular genetic diagnostic methods will replace first-line
functional tests in the identification of thrombocytopathies.
The interpretation of the sequencing results is challenging
and it is sometimes difficult to establish a link between the
phenotypic manifestations of hemorrhagic bleeding and the
mutation. In addition, moderate hemorrhagic events are in
most cases a combined condition that is the result of
complex inheritance of several defects that do not
individually induce hemorrhagic events. Consequently, the
stepwise application of functional tests according to
international guidelines is now basic in the diagnostics of
platelet abnormalities of hereditary origin [11].

The morphological and functional parameters of the
platelets of newborns and their mothers in norm and
thrombohemorrhagic complications of pregnancy were
analyzed. The state of platelets was assessed by automatic
hematologic analysis, computer cytomorphometry, and
aggregation capacity. Pathological changes in the platelet
hemostasis of mothers suffering from thrombopathy have
been found to affect the morphofunctional cell activity of
their children, which is expressed in an increase in the
quantitative, optical, geometrical, and functional properties
of platelets [1].

The diagnosis of thrombocytopathies has its difficulties
and peculiarites. The clinical manifestations  of
thrombocytopathies can be nasal bleeding, menorrhagia,
and another bleeding. The absence of a poor family history
does not exclude the presence of a spontaneous mutation
leading to the development of the disease in the patient. In
the presence of any history of bleeding of the
microcirculatory type (easily formed ecchymoses, nasal and
gingival bleeding), a detailed history and comprehensive
examination of both plasma and platelet hemostasis must
be performed. Genetic analysis is of course important to

identify the specific mutation and, if possible, trace it back

into the family tree. Patients with hereditary
thrombocytopathy  should be seen in specialized
hematology centers [8].

The diagnostic search for hereditary

thrombocytopathies must exclude thrombocytopenia, and
plasma hemostasis disorders, followed by specific tests
characterizing platelet aggregation properties and functional
activity. For the differential diagnosis of Hermansky-Pudlak
syndrome and Chediak-Higashi syndrome, morphological
examination of peripheral blood cells and genetic analysis
are essential [3, 19].

The light transmission aggregometry (LTA) method has
been recognized as the "gold standard" for assessing
platelet functional activity. The method is based on the
photometer estimation of the light transmission capacity (%
aggregation) of citrate-rich platelet plasma when an
aggregation  agonist (ADP, epinephrine,  collagen,
arachidonic acid, thromboxane, ristocetin) is added to it.
Platelet aggregation induced by ristocetin, which activates
Willebrand factor binding to the glycoprotein complex GPIb-
IX-V, is also measured using LTA. In this test, data on the
intake of medications and homeopathic drugs that may
affect platelet aggregation must be considered [20].

Aggregometric features of several thrombocytopathies
are known to be present. The absence of aggregation with
all agonists except ristocetin indicates Glanzmann
thrombasthenia. This diagnosis can be confirmed by flow
cytofluorimetry, a quantitative assessment of the platelet
membrane receptor lIb/llla. A significantly reduced
response to all concentrations of ADP indicates a defect in
the ADP receptor P2Y12. Decreased second wave
aggregation by ADP and epinephrine and decreased
aggregation with collagen may indicate a storage pool
deficiency. To confirm dense granule deficiency, the
functional status of dense granules should be examined by
flow cytofluorimetry and electron microscopy. Thus, the
recognition and differential diagnosis of thrombocytopathies
should be based on a comprehensive study of hemostasis,
examination of platelet morphology by light and electron
microscopy, assessment of functional activity by flow
cytofluorimetry, and genetic analysis to identify mutations
correlating with different types of thrombocytopathies [4,
18].

A study by Russian researchers found that the acquired
form of thrombocytopathies prevails over hereditary
thrombocytopathies in children. It was observed more
frequently in children from 11 to 14 years of age. In 55.5%
of cases, the cause of acquired thrombocytopathy was the
intake of drugs, NSAIDs, antibiotics, and antihistamines.
The hemorrhagic syndrome manifested typical recurrent
epistaxis and ecchymosis in 55% and 25%, respectively,
with a normal platelet count, against a background of
increased mean platelet volume, hypochromic anemia,
prolonged Ivy bleeding time, addition coagulogram values
were within reference values, in contrast, aggregation with
ADP and adrenaline was impaired.

The initial diagnosis of platelet dysfunction in the
pediatric population should include a set of hematological
tests: analysis of mean platelet volume, Ivy bleeding time,
coagulogram, measures of degree, time, and rate of platelet
aggregation with ADP agonists, adrenaline, ristomycin. To
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definitively verify the diagnosis of platelet dysfunction,
abnormal aggregation must be recorded three times at 45-
day intervals, with a precise protocol for the
hemostasiogram tests [12,7].

Adolescents with menorrhagia or other mucocutaneous
bleeding symptoms suggestive of clotting disorders should
be screened for platelet dysfunction in conjunction with
other clotting disorders, including Willebrand disease and
factor deficiency. A complete blood count, including platelet
count and platelet size, should be performed to determine
thrombocytopenia. In addition, a blood smear test should be
performed as part of the assessment. Previous platelet
counts can help to distinguish acquired thrombocytopenia
from congenital thrombocytopenia. Before testing platelet
function, a thorough history of medication should be

obtained and, if medically possible, medications that
depress platelets should be discontinued 10-14 days before
testing. Neither a bleeding time nor a platelet function assay
-100 has sensitivity or specificity for screening or diagnosis
of platelet dysfunction. Platelet light transmittance
aggregatometry in platelet-rich plasma is considered the
benchmark for diagnosing mild abnormalities of platelet
dysfunction. Typical agonists include collagen, ADP,
arachidonic  acid, adrenaline, and ristocetin.
Nonthrombocytopenic freshly prepared samples are required
for platelet aggregometry. Platelet adenosine triphosphate
release, valuable for diagnosing storage pool and secretion
disorders, can be performed with Lumiaggregometry. Flow
cytometry helps diagnose Bernard-Soulier syndrome and
Glanzmann thrombasthenia [27, 29].

Table 1.
Primary hemostasis diagnostic tests.
Primary hemostasis diagnostic tests
Screening tests Description
1 |Complete blood count: platelet countfhelps to distinguish acquired thrombocytopenia from  congenital

and platelet size, mean platelet volume

thrombocytopenia, exclude thrombocytopenia

2 |lvy bleeding time

time more than 10 minutes are concerning for coagulopathy, method is more
accurate but has an increased scarring risk. Normal bleeding time less than 8
minutes

3 |Duke bleeding time

times greater than 5 minutes indicates to coagulopathy, method is less
accurate and carries a higher hematoma rate. Normal bleeding time less
than 3 minutes

4 |Coagulogram

blood clotting factors assays (Factor I, Factor I, Factor VIII, IX, for exclusion
secondary hemostasis disorders

5 |Platelet light
aggregatometry

transmittance

detection of time and rate of platelet aggregation with ADP agonists,
adrenaline, collagen, arachidonic acid, tromboxane, ristomycin.

6 |Lumiaggregometry

method for detection of platelet function disorders, platelet adenosine
triphosphate release, valuable for diagnosing platelet storage pool and
secretion disorders

7 |Flow cytometry

helps diagnose Bernard-Soulier syndrome and Glanzmann thrombasthenia

8 |POCT (Point-of-care testing of platelet
count)

provides real-time data for rapid decision method, similar results with the
reference method and good correlation between capillary and venous blood
samples, provides point-of-care assessment of normal and thrombocytopenic
platelet counts from fingerprick blood with high precision and limited

interferences

A comparative review of platelet function assessment
tests has shown that work continues to transform the
various platelet function assessment tests into diagnostic
tools for assessing clotting disorders and monitoring
antiplatelet therapy. The available POCT platelet function
assessment system (point-of-care testing or testing at the
patient's bedside) makes in laboratories and intensive care
units, allowing their use in various clinical settings, such as
inherited clotting disorders, intensive cardiovascular care,
traumatic coagulopathy, liver transplantation and obstetric
care for bleeding prognosis. Similarly, the use of these
POCT tests could be extended not only at the patient's
bedside in critical areas outside the specialist laboratory,
but also in centralized and remote laboratories. Newly
available POCTs can be considered useful supplements to
existing well-established functional platelet tests, but further
prospective studies are needed to determine the use of
these tests. Future improvements in the study of the platelet
genome and proteome may include knowledge of platelet

function testing with notable implications for the diagnosis
and management of patients with hemorrhagic or
thrombotic defects [28, 14].

In the same way, according to a study by Connie H.
Miller, gender, race, diet, and testing system affect platelet
function test results in healthy individuals, and these
differences should be considered when interpreting results
in patients referred for bleeding evaluation. Adrenaline and
ristocetin are particularly problematic; abnormal results
observed with only one of these agonists may reflect
population changes and should be interpreted with caution.
Exclusion of flavonoid-rich foods from the diet 24 h before
testing may reduce false-positive results. Systems with the
lowest intra-individual variability and fewest false positives
might be the best choice for testing patients; increased
specificity often leads to decreased sensitivity. A similar
comparison of methods using patients with known defects
in platelet function would be required to determine whether
methods demonstrating the least variability retain sufficient
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sensitivity to detect mild platelet defects and whether
measurements that reduce specificity significantly improve
diagnostic efficacy. Because of the high frequency of
abnormal results observed in normal individuals, it is
necessary to confirm all abnormal results by demonstrating
the reproducibility of the defects in another sample, as well
as examining specific receptors, granules, or DNA, to
ensure an accurate diagnosis and avoid mislabelling
patients as having platelet dysfunction [23, 30].

Despite recent advances in this field, there is no uniform
approach to the assessment of a child with symptoms of
mild bruising and/or bleeding. A detailed personal and
family history of bleeding symptoms should be obtained.
Future research will show whether tools such as the
pediatric bleeding questionnaire can be used as screening
tools to identify patients who require additional laboratory
tests when initial screening is normal. The physical
examination cannot be forgotten as an important part of the
assessment, and assessment of joint mobility should be
included in every initial visit, especially in pediatric patients.
Platelet dysfunction is one of, if not the most common
inherited clotting disorders. However, testing for such
disorders is time-consuming and requires a stepwise
approach. Differences in methodology and interpretation of
platelet aggregation testing adversely affect our ability to
differentiate the literature and make meaningful clinical
decisions. Hematologists need to wunderstand the
indications and limitations of platelet function testing
methods used by their institutions. Although recently
published guidelines  will  hopefully improve the
standardization of techniques such as platelet
aggregometry, population studies are still needed to better
understand the expected laboratory results of common
facilities, such as platelet storage and release defects [26,
16,17].

The diagnosis of hereditary blood clotting disorders
(HBCs) remains a challenge, especially for inherited platelet
disorders, due to the heterogeneity of the clinical and
laboratory phenotype, the limited specificity of platelet
function tests, and a large number of potential causative
genes. Disclosure of the underlying molecular defect
provides an effective diagnosis of HBCs, facilitating
prognosis and clinical care, which is particularly important in
implicating severe clinical syndromes and may be
associated with an increased risk of malignancy. Until
recently, Sanger sequencing of candidate genes was the
only method of molecular diagnosis, but this approach is
time-consuming and expensive and requires phenotype-
based identification of any obvious candidate gene(s). High-
tech sequencing (HTS) now enables simultaneous and
rapid investigation of several genes at an affordable cost.
This HTS technology, which includes targeted sequencing
of predefined genes, whole-genome sequencing, or
complete genome sequencing, is revolutionizing the genetic
diagnostics of human diseases. With its widespread
adoption in research and clinical practice, HTS is rapidly
improving the molecular characterization of HBCs.
However, despite this powerful approach, many patients still
do not receive a diagnosis. As HBCs are complex and rare
diseases, the development of better laboratory assays,
improved bioinformatics systems, and the formation of

interdisciplinary teams are recommended to improve our
understanding of HBCs [22, 15].

Conclusion. Based on the above literature review, the
difficulty in accurately verifying hereditary
thrombocytopathies is that platelet defects can often be
complex, combining granule and platelet receptor defects.
Thrombocytopathies are an integral component of GMD,
often accompanying coagulopathies such as hemophilia,
and Willebrand's disease. In addition, the phenotype of the
disease may not correlate with the genotype, hence the
diagnosis of platelet dysfunction requires a multidisciplinary
examination of platelet function, performing several
methods, standard and genetic, as well as correlation
analysis according to the ISTHBAT bleeding scale. Such a
comprehensive  approach to the diagnosis  of
thrombocytopathies based on GMD facilitates a much
easier understanding of the etiopathogenesis of platelet
defects and will help to interpret the results more effectively,
allowing a more accurate algorithm for the management of
primary hemostasis pathology to be defined.
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