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v" Resume

A study investigated the blood clotting and platelet function in patients with chronic hepatitis C
(CHC) infection. The study included 82 CHC patients (39 with advanced liver fibrosis and 43 with
no or mild liver fibrosis) and 39 healthy individuals. 33 patients were treated and achieved
sustained virological response (SVR). Blood samples were collected before and after treatment.

The study found that CHC patients with advanced fibrosis had impaired platelet function and
lower levels of antithrombin, platelet count, and coagulation factors 11-VII-X compared to healthy
individuals. However, thromboelastography (TEG) did not differ between the groups. In patients
who achieved SVR, post-treatment platelet count was higher than pre-treatment counts and some
measures of platelet function improved, but remained below levels in healthy individuals. The study
suggests that CHC-infected patients exhibit rebalanced blood clotting with only partial
normalization in patients achieving SVR, which may have implications for the risk of
cardiovascular disease and bleeding. Further studies are needed to understand the implications of
rebalanced blood clotting.

Keywords: HCV, hemostasis, platelet aggregation

SURUNKALI VIRUSLI GEPATIT C BILAN KASALLANGAN BEMORLARDA
TROMBOTSITLAR AGREGATSIYASINING BUZILISHI VA GEMOSTAZNING
MUVOZANATLASHISHI

Tolibov F. F. https://orcid.org/0009-0001-0186-8499
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v Rezyume

Tadgiqgotimizda surunkali gepatit C (HCV) infeksiyasi bo'lgan bemorlarda gon ivishi va
trombotsitlar funksiyasini o'rganib chigildi. Tadgigotda 82 HCV bilan kasallangan bemorlar (39
jigar fibrozi rivojlangan va 43 jigar fibrozisiz yoki yengil jigar fibrozisiz) va 39 sog'lom shaxslar
o'rganildi. 33 bemor davolandi va bargaror virusga garshi samaraga (BVQS) erishdi. Qon
namunalari davolanishdan oldin va keyin to'plangan.

Tadgiqot davomida fibroz rivojlangan bemorlarda trombotsitlar funksiyasi buzilganligi va
antitrombin, trombotsitlar soni va 11-VI1-X koagulyatsion omillari sog‘'lom odamlarga nisbatan past
bo'lganligi aniglandi. Birog, tromboelastografiya (TEG) natijalari guruhlar o'rtasida farg gilmadi.
BVQS erishgan bemorlarda davolanishdan keyingi trombotsitlar soni davolanishdan oldingi
ko'rsatkichlardan yuqori edi va trombotsitlar funksiyasi yaxshilandi, ammo sog'lom odamlarda
normal darajadan past bo'lib qoldi. HCV bilan kasallangan bemorlarda BVQS erishgan
bemorlarda fagat gisman normallashtirish bilan muvozanatli qon ivishi namoyon bo'ladi, bu esa
yurak-gon tomir kasalliklari va qon ketish xavfiga ta'sir gilishi mumkinligidan dalolat beradi.
Balanslangan gon ivishining ogibatlarini tushunish uchun qo'shimcha tadgiqotlar o'tkazish kerak.

Kalit so'zlar: HCV, gemostaz, trombotsitlar agregatsiyasi
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HAPYHIEHUE ATPEI' ALIMA TPOMBOILIMTOB U IUCBAJTIAHC TEMOCTA3A 'Y
BOJIBHBIX XPOHUYECKUM BUPYCHbBIM I'EITIATUTOM C

Toauboe @.P. https://orcid.org/0009-0001-0186-8499
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v’ Pestome

B xo00e uccnedoeanus uzyuanuce nokazamenu ceepmvléaemMocmu Kpoeu u QyHKuuu
mpomooyumoe y nawuenmoe c xpouuueckum zenamumom C (XI'C). B uccnedoeanue oOvinu
exsrouenst 82 nayuenma ¢ XI'C (39 ¢ npozpeccupyrouwyum huopozom neuenu u 43 oe3 guoposa
neuenu uau ¢ ymepeHnovim huopozom neuenu) u 39 300posuix nwoeii. 33 nayuenma nPOWLIU Kypc
JleueHus u 00CMmuU2iu yCmouuueozo eupyconozuyeckozo omeema (YBO). Oopazuyvt kposu oviiu
63AMbl 00 U noOce 1eUeHus.

Hccneoosanue nokazano, umo y nayuenmose c¢ XI'C c¢ npozpeccupyrwouwum ¢uoposom
Habnoanucy HApywieHus QYHKUUU mMpomoOouumoe u 0071ee HU3KUe YPOGHU AHMUMPOMOUHA,
Kouuecmea mpomoouumos u gpaxmopos ceepmuieanus |1-V11-X no cpasnenuro co 300possimu
A100emu. Oonaxo pezyarvmamol mpomoodnacmozpaguu (TII) ne omnuuanucy mexcoy zpynnamu.
Y nayuenmos, oocmucumux YBO, konuuecmeo mpomooyumoe nocie ievenusn 0o evluie, yem 00
Jleuenus, u HeKOmopule noKazamenu YHKYUU mpomooyumos yayuuiuauch, Ho 0CMasaIUCy HUdice
nokazameneii  300poevix awoen. Hccinedosanue  nokasvlgaem, UMoO Yy — HAUUEHMO8,
unguuyuposannvix XI'C, nabawoaemcsa 60ccmanosienue 0aianca c6epmvleaeMocmu Kpoeu, npu
Imom y nayuenmos, oocmucwiux YBO, on Hopmanuzyemca nauuwib 4acmuuno, 4mo Modcem
6UAMb HA PUCK CEPOEYHO-COCYOUCmBbIX 3a00n1eeanuil u Kpoeomeuenuil. Heobdxooumvl
oanvHelwue UCCTe006anuUsn, YMmoodbl HNOHAMbL NOCAEOCHIEU G0CCHAHOGICHUA Oananca
ceepmuleaemMocmu Kposu.

Knrouesvie cnosa: zenamum C, cemocmas, azpezayun mpomooyumos

Relevance

H epatitis C virus (HCV) is the cause of viral hepatitis, with an estimated 130-150 million persons

with chronic hepatitis C infection (CHC) worldwide [1]. Approximately 80% of those infected
will develop CHC, and 10-15% of patients with CHC infection will develop advanced liver disease
with cirrhosis and increased risk of hepatocellular carcinoma (HCC) [2]. Besides these well-known
manifestations of CHC, increased risk of cardiovascular disease (CVD) and thromboembolic events
has been documented [3-6]. Vascular inflammation and altered coagulation caused by CHC infection
has been hypothesized to contribute to increased CVD risk. In contrast, CHC infection is also
associated with thrombocytopenia and lower levels of coagulation factors, contributing to an increased
risk of bleeding [7-9]. Evidence thus points towards manifestations of both hypo- and
hypercoagulability.

Hemostasis is balanced by pro- and anticoagulant and pro- and antifibrinolytic factors, most of
these being synthesized by the liver [10]. Advanced liver disease is thus associated with perturbations
in the level of these due to secretory deficiencies [11,12]. Furthermore, lower platelet count, lower
concentrations of factor I1-VII-X, and anti-fibrinolytic factors are all features of CHC infection,
suggesting hypocoagulability [7,10,13]. However, higher concentrations of von-Willebrand factor
(vWf) and Factor V111 as well as lower concentrations of anticoagulant factors including Protein C and
S have also been reported in CHC infection suggesting hypercoagulability [10,13-15]. The
combination of these alterations may lead to a rebalanced hemostasis as a common explanation for the
observed increased risk of both thromboembolic events and bleeding in patients with CHC infection
[13].

Conventional plasma-based coagulation tests such as activated partial thromboplastin time (APTT)
and international normalized ratio (INR) are often used to assess both hemostasis and liver function in
CHC-infected patients [16]. However, these tests are poor predictors of bleeding risk and cannot
predict thrombotic events [16]. In contrast, the risk of bleeding and thromboembolic events can be
assessed by functional hemostatic whole blood tests such as thromboelastography (TEG) and
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impedance platelet aggregometry , which are well-established tests reflecting secondary and primary
hemostasis, respectively [13,15,17]. To the present authors’ knowledge, no previous studies have
investigated whole blood hemostatic function in patients with CHC infection.

The primary aim of this study was to investigate hemostasis in patients with CHC infection using
functional hemostatic whole blood tests and determine possible associations with liver fibrosis. CHC-
infected patients with no or mild and with advanced fibrosis as well as a group of uninfected controls
were included in a cross sectional study. To determine possible effects of HCV viral replication on
coagulation, a prospective study of patients starting treatment against CHC infection was conducted. It
was hypothesized that untreated CHC infection was associated with altered whole blood functional
hemostasis tests and that hemostasis would normalize after successful treatment of HCV.

The three groups (CHC with no or mild fibrosis, CHC with advanced fibrosis, and healthy controls)
in the cross sectional study differed regarding age. A Spearman correlation test did not reveal any
significant correlations between age and TEG or Multiplate data. Furthermore, due to study design, the
CHC-infected group with advanced fibrosis had a higher level of fibrosis compared to patients with no
or mild fibrosis.

Altered Standard Coagulation Tests in CHC-Infected Patients. Compared to healthy controls,
patients with CHC infection, both with no or mild fibrosis and with advanced fibrosis, had lower
platelet counts and lower concentration of antithrombin, whereas only patients with advanced fibrosis
had lower concentration of coagulation factor 11-V11-X. Compared to CHC-infected patients with no or
mild fibrosis, CHC-infected patients with advanced fibrosis had lower platelet counts (median 139 x
109/L versus 232 platelets x 109/L, p < 0.001) and lower concentration of coagulation factors (0.76
arb.units versus 0.88 arb.units, p = 0.002). Furthermore, the concentration of antithrombin was lower
in patients with advanced fibrosis compared to patients with only no or mild fibrosis (0.86 1U/L versus
1.01 IU/L (p < 0.001)). The proportion of patients with D-dimer above threshold was 21% in the
group of CHC-infected patients with advanced fibrosis versus 2% in CHC-infected patients with no or
mild fibrosis (p = 0.009). APTT and fibrinogen did not differ between CHC-infected patients.

When correcting for platelet count (“multiplate variable”/”’platelet count in patient” = multiplate
unit per platelet), patients with advanced fibrosis had higher per platelet function than both CHC-
infected patients with no or mild fibrosis (TRAP/platelet count = 0.51 versus 0.42 U/109/L p = 0.008)
and healthy controls (TRAP/platelet count = 0.51 versus 0.46 U/109/L p = 0.044). Same pattern was
observed for ADPtest but not ASPItest and RISTOhigh test.

Minor Changes in Functional Hemostasis after Treatment. A total of 33 patients were treated for
CHC infection and achieved SVR. End of treatment samples were compared with baseline samples.
Standard blood coagulation tests, platelet counts, and fibrinogen were partly but not fully restored and
remained below the healthy controls . No changes in overall wholeblood coagulation (TEG analysis)
were found.

Improvements were observed in the Multiplate analysis with partly normalization of (p = 0.003),
ASPItest (p = 0.007), and RISTOhigh test (p = 0.003). No significant differences were observed in the
TRAPtest (p = 0.060. When correcting for platelet count, the per platelet function did not significantly
change post treatment when compared to pretreatment (TRAP/platelet count = 0.51 versus 0.49
U/109/L p = 0.537). The same pattern was observed for ADPtest, ASPItest, and RISTOhigh test (data
not shown).

Compared to uninfected controls, patients who had been treated for CHC infection and achieved
SVR still had lower platelet count (p = 0.001) and coagulation factor 11-VI1-X (p = 0.001). In contrast
whole blood hemostasis was comparable to uninfected control. Importantly, patients with SVR still
had impaired platelet aggregation with lower TRAPtest (p = 0.001) ADPtest (p = 0.001), ASPItest (p =
0.001), and RISTOhigh test (p = 0.004) when compared to healthy controls . Patients who achieved
SVR continued to have significant lower per platelet activation in TRAP analysis post treatment when
compared to healthy controls (TRAP/platelet = 0.49 versus 0.46 U/109/L p = 0.027). Same pattern was
observed for ADPtest (p = 0.001) and RISTOhigh test (p = 0.036) but not ASPItest (p = 0.270).

Discussion: Patients with CHC infection and advanced fibrosis had decreased platelet count and
impaired platelet aggregation when compared to both CHC patients with no or mild fibrosis and
healthy controls. However, patients with CHC infection and advanced fibrosis also displayed evidence
of no overall impairment in functional hemostasis indicating a rebalanced overall hemostatic capacity
Importantly, CHC-infected patients that were treated and achieved SVR only obtained partial
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normalization of both platelets count and platelet aggregation, when compared to the healthy controls.

Coagulation in patients with CHC infection has often been evaluated using standard coagulation
tests including factor I1-VI1I-X, INR, and APTT. However, the use of these tests in patients with liver
disease has been questioned as the tests are poor predictors of both bleeding and cardiovascular
comorbidity [5,16]. The accumulating evidence of increased risk of thromboembolic events and CVD
in patients with CHC infection warrants application of tests that measure functional hemostatis
[16,18]. TEG has been used for a decade to monitor and goal-direct hemostatic therapy in liver
transplantation, cardiac surgery, intensive care, and bleeding in trauma patients [19-23]. TEG has also
been used to predict cardiovascular events like pulmonary embolism, myocardial infarction, and deep
vein thrombosis (DVT) in post-surgical patients [14] and to evaluate risk of bleeding in patients with
liver disease [16]. Studies have found an overall normal TEG in patients with liver disease, further
suggesting a rebalanced hemostasis [19]. Multiplate has been used in clinical routine to monitor the
effect of anti-platelet drugs in surgical settings and platelet dysfunction in critical illness including
trauma and sepsis [17] as well as to evaluate risk of cardiovascular events and effect of antithombotic
medication [18]. Thus, whole blood functional hemostasis tests may provide additional information
about hemostasis and CVD risk in CHC-infected patients. At the University Hospital of Copenhagen,
TEG and Multiplate are used to goal-direct transfusion and therapy with pro-hemostatic drugs in
bleeding or at risk of bleeding patients and in patients prior to high risk surgical procedure . The
present study does not assess the possible benefits of using TEG and/or Multiplate in CHC patients in
a surgical setting; further studies are needed to assess this aspect. Using whole blood coagulation test,
especially Multiplate, could prove valuable in the clinical assessment of liver disease, especially when
complicated with bleeding, but further studies are needed aiming to investigate this CHC patients.

Assessing fibrosis using fibroscan to is feasible, but exact cut-off for fibrosis and cirrhosis are still
a matter of debate. According to the European Association for the Study of the Liver (EASL)
guidelines, values between 5.2 and 9.5 kPa have been proposed as cut-off for >F2 fibrosis and values
between 11.9 and 14.8 kPa as cut-off for cirrhosis [34]. Based on these guidelines and guidelines from
our clinic, the present study divided patients with CHC infection in two groups. One with Fibroscan
<8 kPa termed “CHC patients with no or mild fibrosis level” and one with Fibroscan >8 kPa termed
“CHC patients with advanced fibrosis” including cirrhosis.

The prevalence of thrombocytopenia in patients with chronic liver disease, including CHC, has
been reported to be between 15-70%, with thrombocytopenia being associated with the severity of
disease. In agreement with this, the present study found lower platelet counts in patients with
advanced fibrosis as compared to patients with no or mild fibrosis. Furthermore, patients with
advanced fibrosis had impaired platelet aggregation compared to patients with no or mild fibrosis and
healthy controls. Likewise, previous studies of platelet function in CHC, applying the platelet function
analyzer (PFA-100) and quantitative measurements of metabolites from the platelet metabolism, have
suggested a dysfunction of platelets in patients with advanced liver disease. Thus, impaired function of
platelets in patients with cirrhosis due to impaired inositol lipid and arachidonic acid metabolism has
been reported. Furthermore, lower platelet activation in patients with hepatitis B and C was found after
stimulated with TRAP but not ADP. Interestingly, the present study found higher per-platelet
activation in patients with advanced fibrosis compared to that in healthy controls suggesting a
compensatory mechanism in patients with advanced liver disease. The present study, however, does
not provide information on the exact mechanism for such a compensation, and further studies are
needed to explore this subject.

Previous studies have found impairment of both the pro- and anticoagulant system in patients with
chronic liver disease, including CHC infection, and a hypothesis suggesting a rebalanced coagulation has
been proposed [9,13-15]. The present study provides support for this hypothesis. Thus, despite having
lower platelet count, impaired overall platelet aggregation, and lower concentration of pro-coagulant
factors, patients with CHC infection had normal whole blood functional hemostasis when measured with
TEG. This suggests that CHC-infected patients have a rebalanced hemostatic system possible partly due to
lower levels of antithombin and by higher per-platelet activity found in present study.

The effect of HCV viral replication on coagulation was assessed in a prospective study of 33 patients
that were treated for CHC infection and achieved SVR. Only minor changes were observed in standard
coagulation parameters post treatment. Thus, although platelet counts and level of coagulation factor II-
VII-X increased post treatment, they remained lower compared to healthy controls. A previous study
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including 100 patients with SVR showed a slow rise and only gradual normalization in platelet count over
7.5 years of follow up. Likewise, improvement of platelet aggregation was found in post treatment though
it did not reach a level comparable with that in healthy controls.

This calls into question whether altered coagulation in CHC infection is merely a direct result of HCV
viral replication. An alternative explanation could be damage to the liver as evidenced by the presence of
persistent liver fibrosis in patients with SVR. Earlier studies have suggested a slow regression of fibrosis in
some but not all patients who achieve SVR. Unfortunately, this study was not able to measure the level of
fibrosis post treatment. However, the above suggests a long recovery phase beyond that of achieving SVR,
indicating the need to evaluate the functional hemostatic system in studies with longer follow-up.

Conclusion

The present study had some limitations. First, it included a relatively low number of participants
especially in the prospective study. The cross-sectional design used in part of the study limits analysis of
causality. Treated patients only had one blood sample drawn post treatment, limiting the possible effects of
long-term SVR on the coagulation system and unfortunately patients with or without fibrosis differed with
regards to age. However, significant correlations between age and the functional hemostasis tests were not
found. Finally, all hemostasis tests were performed on blood in vitro, not taking the contribution of the
endothelium into account.
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