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Objective. Тo analyze the current state of diagnosis and preven-
tion of hemostatic disorders in patients with Kellgren-Lawrence 
grade III-IV coxarthrosis after total hip arthroplasty based 
on scientific literature. Methods. A search was performed in 
PubMed, Web of Science, Google Scholar and Scopus. Using 
MeSH and keywords such as: "inflammatory markers", "cox-
arthrosis", "thromboembolism", "tranexamic acid", "anticoagu-
lants", "inflammation", "fibrinolysis", "D-dimer", "arthroplas-
ty", "hypercoagulability", "plasminogen". Results. An important 
issue in the prevention of thromboembolic complications during 
total hip arthroplasty is to determine the dynamics of fibrinolysis 
disorders. Thus, it was found that hip arthroplasty is character-
ized by an increase in inflammatory markers in the blood and 
hemostatic disorders. Conclusions. In clinical orthopedics, after 
hip arthroplasty in patients with coxarthrosis of III-IV stages, 
complications often occur in the form of hemostatic disorders, 
which are accompanied by the development of deep vein throm-
bosis of the extremities, in severe cases — pulmonary embo-
lism. These complications are monitored based on the results 
of determining the markers of the hemostatic system, which are 
examined before and after surgery. It has been proven that there 
are many different factors that affect the development of hemo-
static disorders in the body. The age factor, as elderly patients 
have their own metabolic characteristics and altered rheologi-
cal properties of blood. Increased body weight, in particular, 
obesity, is also an important factor that cannot be ignored in 
clinical practice. To date, clear clinical and laboratory criteria 
for assessing the hemostatic system and a list of biochemical 
markers of connective tissue to monitor the condition of patients 
before and after joint replacement in the context of modern anti-
coagulant regimens remain to be defined. 

Мета. На основі досліджень наукової літератури про-
аналізувати сучасний стан діагностики та профілактики 
порушень у системі гемостазу у хворих із коксартрозом 
III–IV ст. за Kellgren-Lawrence після операцій тотального 
ендопротезування кульшового суглоба. Методи. Здійснено 
пошук у PubMed, Web of Science, Google Scholar і Scopus. 
З використанням MeSH і ключових слів, таких як: «маркери 
запалення», «коксартроз», «тромбоемболія», «транексамо-
ва кислота», «антикоагулянти» «запалення», «фібриноліз», 
«Д-димер», «ендопротезування», «гіперкоагуляція», «плаз-
міноген». Результати. Важливим питанням профілактики 
тромбоемболічних ускладнень під час тотального ендо-
протезування кульшових суглобів є визначення динаміки 
порушень фібринолізу. Встановлено, що ендопротезування 
кульшового суглоба характеризується збільшенням марке-
рів запалення в крові та порушенням гемостазу. Висновки. 
У клінічній ортопедії після операцій ендопротезування 
кульшових суглобів у хворих із коксартрозом ІІІ–ІV стадій 
часто виникають ускладнення у вигляді порушень системи 
гемостазу, які супроводжуються розвитком тромбозу гли-
боких вен кінцівок, у важких випадках — тромбоемболією 
легеневої артерії. Контроль цих ускладнень проводиться 
за результатами визначення маркерів системи гемостазу, 
які досліджуються до та після оперативного втручання. 
Доведено, що існує велика кількість різноманітних чинників, 
які впливають на розвиток порушень системи гемостазу 
в організмі. Віковий фактор, адже пацієнти похилого віку 
мають власні особливості метаболізму, а також змінені 
реологічні властивості крові. Збільшення маси тіла, зокре-
ма, ожиріння, також є важливим чинником, який не можна 
не враховувати в клінічній практиці. На сьогодні залиша-
ються не до кінця визначені чіткі клініко-лабораторні кри-
терії оцінювання системи гемостазу та перелік біохімічних 
маркерів сполучної тканини для контролю стану пацієнтів 
до та після ендопротезування суглобів на фоні застосуван-
ня сучасних схем призначення антикоагулянтів. Ключові 
слова. Гемостаз, ендопротезування, кульшовий суглоб, 
тромбоемболія, плазміноген.
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Introduction
Total hip arthroplasty is an effective method 

of treating patients with grades III–IV coxarthrosis 
by Kellgren-Lawrence, as it allows 85–95 % to ob-
tain positive results and restore the musculoskeletal 
function of the lower extremities [1]. However, during 
such operations, severe thromboembolic complica-
tions (deep vein thrombosis, pulmonary embolism) 
occur in 24–62 %. Therefore, blood loss control is 
an important aspect of orthopedic surgery [2]. Hem-
orrhagic shock from trauma has been proven to be 
a cause of mortality in both the military and the ci-
vilian population. It is also known that effective he-
mostasis during surgery is of great importance for 
medical practitioners, as it prevents diffuse bleeding 
from capillaries and venules, which close the surgical 
field and increase the time of surgery and the risk 
of infection [3].

The study of hemostasis system disorders in pa-
tients after total joint replacement surgery is currently 
relevant and requires further study [2–6].

Purpose: based on analysis of scientific literature, 
to assess the current state of diagnosis and preven-
tion of hemostasis system disorders in patients with 
grades III–IV coxarthrosis by Kellgren-Lawrence af-
ter total hip replacement surgery.

Material and methods
A search was conducted in PubMed, Web of Sci-

ence, Google Scholar and Scopus. Using MeSH and 
keywords such as: “inflammatory markers”, “cox-
arthrosis”, “thromboembolism”, “tranexamic acid”, 
“anticoagulants”, “inflammation”, “fibrinolysis”, 
“D-dimer”, “endoprosthetics”, “hypercoagulation”, 
“plasminogen”. A comprehensive review of publica-
tions and meta-analyses was conducted to evaluate 
the functionality of the hemostasis system in patients 
undergoing endoprosthetic procedures. The study cri-
teria were original and clinical studies, presented in 
English, high level of evidence, year of publication 
(2012–2025).

In total, 1,723 sources were identified by searching 
the literature in electronic databases, and 73 poten-
tially suitable publications were selected from them 
during a detailed review. Ultimately, 46 publications 
were retained following further analysis.

Results and discussion
During joint replacement, localization of bleeding 

is especially important for obtaining satisfactory sur-
gical results. Considering that it is very difficult to 
arrest bleeding from both intramedullary canals and 
bone surfaces mechanically, the use of pharmacolog-

ical agents (epinephrine, desmopressin, tranexamic 
acid, aminocaproic acid, etc.) may be a reasonable 
addition for this purpose [3, 7].

The fibrinolytic system of the blood is involved in 
hemostasis, removing blood clots after vascular dam-
age is repaired. In recent years, scientists have eval-
uated the effectiveness and safety of antifibrinolytic 
agents in reducing perioperative bleeding [8–10].

Some conditions that clearly require the use of an-
tifibrinolytic drugs include trauma, postpartum hem-
orrhage, cardiac surgery, spinal surgery, and knee or 
hip replacement [11–23]. There is currently little re-
search on the perioperative features of the fibrinolytic 
system. The physiology of fibrinolysis, its relationship 
to thrombus structure, and perioperative preparation 
have been described [24]. Pathophysiological mecha-
nisms relevant to clinical practice and their possible 
designs are discussed according to the proposed clas-
sification [25]. Today, there is a need to provide phy-
sicians with a broader understanding of the normal 
functioning of fibrinolysis, the mechanisms of pos-
sible deviations from the norm in the perioperative 
period, the pathophysiological rationale supporting 
the current indications for antifibrinolytic drugs, and 
some recent results obtained during their use [26–28].

An important issue in the prevention of thrombo-
embolic complications during total hip arthroplasty 
is determining the dynamics of fibrinolysis disorders. 
Their diagnosis involves an assessment of the level 
of fibrinolytic activity, indicators of fibrin degrada-
tion products and thromboelastography results, which 
are decisive for prescribing therapy to prevent throm-
bosis. Blood was taken from patients who underwent 
arthroplasty to study the level of D-dimer and fibrin 
degradation products before, during and after surgery 
within 6, 12, 24 and 48 hours. Thromboelastography 
indicators and D-dimer levels correlated with coag-
ulation and fibrinolysis data, all were within normal 
limits, although higher than before surgery. In addi-
tion, the dynamics of D-dimer and fibrin degradation 
products correlated with blood loss during surgery. 
As a result, they were found to be quite effective and 
informative diagnostic indicators for predicting fi-
brinolytic activity in the postoperative period, in par-
ticular, 6 hours after the intervention [29]. In addition, 
postoperative complications, such as venous throm-
boembolism, cerebrovascular and cardiac diseases, 
were the main sources of mortality risk in the early 
postoperative period [30–33]. Therefore, acute deep 
vein thrombosis is an absolute contraindication for 
elective hip or knee arthroplasty. Surgery may dis-
place existing thrombi, which will lead to potentially 
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life-threatening complications, such as pulmonary 
embolism.

In the following studies, inflammatory markers 
were determined after hip arthroplasty. 70 subjects 
of different sexes were examined, the average age 
of which was (68.4 ± 10.9) years. Inflammatory mark-
ers were determined before, the next day, and 5 days 
after surgery. Thus, after surgery, their significant in-
crease was found, in particular, C-reactive protein by 
almost 10 times. Interleukin-6 increased significantly 
the day after surgery, but decreased on the 5th day. 
The number of leukocytes and the ratio of neutrophils 
and lymphocytes, as well as platelets and lympho-
cytes, was significantly increased compared with 
the indicators before surgery. Thus, it was established 
that hip arthroplasty is characterized by an increase 
in inflammatory markers in the blood and impaired 
hemostasis. Therefore, determining their number can 
provide useful information for monitoring patients at 
risk of cardiovascular thromboembolic complications 
[34–35].

F. Hartono et al. evaluated the clinical significance 
of deep vein thrombosis after total hip and knee ar-
throplasty, which was accompanied by metabolic 
changes in biochemical markers, namely collagen 
types I and IV, tissue factor, P-selectin and nitric 
oxide. Patients were classified into three categories: 
the first group received total arthroplasty, the sec-
ond group underwent hemiarthroplasty, and the third 
group received open reduction internal fixation. In 
all groups of patients, thromboprophylaxis was not 
performed.

Blood tests were carried out on the 3rd and 6th day 
after the intervention. Deep vein thrombosis was de-
tected, which was confirmed by ultrasound Doppler 
and venography 6 days after the operation. Deep vein 
thrombosis was diagnosed in 18 patients (10 after to-
tal arthroplasty, 5 after hemiarthroplasty, 3 after open 
reduction internal fixation). Thus, the risk of this 
complication in patients after total arthroplasty was 
found to be 3.5 times higher than after open reduction 
internal fixation. Moreover, biomarkers (type I col-
lagen) and nitric oxide underwent changes as early as 
3 days after the operation. This study established that 
traumatization of the metaepiphyseal spongy bone 
tissue of the joints affects the frequency of deep vein 
thrombosis, confirmed by an increase in biochemical 
markers. Three days after the operation, they became 
the most informative for predicting the development 
of thrombosis. Other biochemical parameters used in 
the study (type IV collagen, tissue factor, and P-selec-
tin) were not diagnostic. The authors also emphasize 
the need for further research on this topic [36].

O. E. Dahl et al. emphasize that hip joint im-
plantation with bone cement intraoperatively affects 
the development of cardiovascular and vascular com-
plications. They proved that patients after prosthetics 
using cement often posthumously detected microem-
boli and fibrin deposition in the lungs. The reasons 
for such changes are, apparently, the launch of the hy-
percoagulation mechanism and the local reaction to 
methyl methacrylate, based on which bone cement 
is created. A significant amount of toxic substances 
is formed at the implantation site, which, together 
with cell fragments, are released by damaged tissues. 
These fragments are transported by blood to the lung 
tissue, where they accumulate with the develop-
ment of microcirculation disorders and the forma-
tion of emboli. Thus, circulatory disorders occur in 
the lungs with concomitant hypercoagulation, which 
can cause significant dysfunction of various organs 
and tissues with an impact on the brain, cardiovas-
cular system, renal blood flow, and also lead to he-
modynamic disorders. In a number of patients, these 
changes lead to fatal outcomes, particularly in the el-
derly with femoral neck fractures. Thus, the patho-
physiological mechanisms underlying the above-men-
tioned abnormalities in cemented hip arthroplasty 
may have serious consequences in the form of hyper-
coagulable complications due to cell destruction and 
toxic reactions to bone cement, which are also associ-
ated with vasoactive substances [37]. A. Abedi et al. 
indicate that the risk of venous thromboembolism 
(VTE) increases after total hip and knee arthroplasty. 
Although most VTE prophylaxis regimens are pre-
scribed postoperatively, activation of the blood coag-
ulation system begins during the intervention. During 
prosthetic repair, after reaming the femur for pros-
thesis installation, it is manifested by increased lev-
els of thrombin-antithrombin complex, prothrombin 
fragment 1+2, fibrinogen peptide A and D-dimer. 
Intraoperative heparin significantly reduces the level 
of fibrinopeptide A and prothrombin F1.2, which in-
dicates a decrease in the synthesis of thrombin and 
fibrin, but does not affect the thrombin-antithrombin 
complex [38]. F. J. Conway et al. investigated the role 
of vitamin C in the development of connective tis-
sue impairment and hemostasis after hip arthroplasty. 
Ascorbic acid is a well-known water-soluble vitamin 
that has many diverse metabolic functions in the hu-
man body. In particular, it has the properties of a uni-
versal antioxidant that can protect cells from dam-
age, as well as an effect on hemostasis. In addition, 
vitamin C is involved in the synthesis of some hor-
mones, collagen, carnitine, as well as the formation 
of bile salts and affects the normal absorption of iron 
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by the human body. There are also publications that 
prove that there is a correlation between the content 
of ascorbic acid in human blood plasma and the sys-
temic inflammatory process, which is controlled by 
the concentration of C-reactive protein in the blood. 
Changes in the content of vitamin C and tocopherol 
in the blood of patients and their correlation with tis-
sue damage by free radicals as components of sys-
temic inflammation were revealed. During the ob-
servation, blood tests were performed 1, 2, 3 and 
90 days after hip replacement. It determined such 
biochemical markers as ascorbic acid, malondialde-
hyde, cholesterol, C-reactive protein, tocopherol and 
albumin levels. A significant decrease in the blood 
content of vitamin C was found by 74, tocopherol by 
36, cholesterol by 40, malondialdehyde by 38, albu-
min by 29 %. At the same time, the content of C-re-
active protein increased by as much as 160 times due 
to the systemic inflammatory process after surgery. 
Three months after surgery, all indicators that were 
analyzed at the beginning of the study returned to 
their previous values.

As a result, it was found that the content of ascor-
bic acid can be an important and informative bio-
chemical marker in the case of the development 
of a severe systemic inflammatory response in pa-
tients after surgical interventions on hip joint replace-
ment. Therefore, a decrease in the content of vitamin 
C in the blood is apparently associated with its use 
by the body as an antioxidant to support the regen-
erative capacity of tissues and repair damage during 
the intervention, which caused a severe systemic in-
flammatory reaction [39]. N. Guler et al. investigated 
the mechanisms of fibrinolysis disorders in patients 
after total hip joint replacement, which, in their opin-
ion, remains an incompletely studied issue. As is 
known, violations of the fibrinolytic link of hemo-
stasis in various inflammatory processes and their 
activation after surgical interventions are not always 
sufficiently pathogenically justified. We investigated 
the fibrinolysis system disorders in patients in the first 
24 hours after surgery for total hip arthroplasty. They 
can lead to both thrombosis and bleeding in clinical 
practice. We studied the medical histories of 98 pa-
tients who underwent arthroplasty. Among the fi-
brinolysis indicators, D-dimer and plasminogen acti-
vator inhibitor, as well as tissue plasminogen activator 
were determined using the enzyme-linked immuno-
sorbent assay method, and the antiplasmin indicator 
was also studied. The level of fibrinolysis markers, 
except antiplasmin, before surgery was found to be 
significantly higher in patients compared to clinically 
healthy individuals. However, the percentage of anti-

plasmin before surgery was lower than in the control 
group. The levels of plasminogen activator inhibitor 
and D-dimer in patients were elevated, and the level 
of antiplasmin was lower, compared to the values be-
fore surgery. Changes in tissue plasminogen activator 
are insignificant. No correlation between the content 
of plasminogen activator inhibitor and D-dimer was 
also established.

The results obtained by the authors confirm 
the violation of the fibrinolysis system in patients 
after surgery for total joint replacement. They also 
determined that during surgical intervention, control 
of the fibrinolysis system is mandatory, since its vio-
lation can lead to complications in the form of bleed-
ing, hematomas and the need for blood transfusion 
[40]. A. Burleson et al. conducted a study on the influ-
ence of perioperative factors on the fibrinolysis sys-
tem in patients who underwent endoprosthetic repair 
of large joints. It is widely recognized that the ma-
jority of patients requiring total joint replacement, 
particularly hip and knee, are elderly individuals who 
often present with concomitant diseases, an elevated 
body mass index, and impaired carbohydrate me-
tabolism. All these factors can affect the fibrinoly-
sis system both before and after surgery. The authors 
revealed the influence of age, body mass index and 
the use of tranexamic acid in the treatment of patients 
on the fibrinolysis system. A total of 99 patients who 
underwent total hip and knee arthroplasty were ex-
amined. Blood tests were performed on patients be-
fore surgery and on the first day after surgery, and 
the levels of D-dimer, plasminogen activator inhib-
itor, and tissue plasminogen activator were deter-
mined using enzyme-linked immunosorbent assay 
methods, as well as the level of antiplasmin. Data on 
the age, sex, hemoglobin level, and body mass in-
dex of patients were systematized during the study 
of their medical histories.

Blood levels of D-dimer and tissue plasminogen 
activator were shown to have a positive correlation 
with the age of patients, while the antiplasmin index 
before surgery was negatively correlated with age. 
Body mass index is associated only with the preoper-
ative level of tissue plasminogen activator. The type 
of surgical intervention had no effect on the value 
of fibrinolysis. There was no significant difference 
in the D-dimer, plasminogen, tissue plasminogen 
activator, or antiplasmin data between patients who 
received tranexamic acid and those who did not. 
The concentration of D-dimer and tissue plasmino-
gen activator showed significantly lower results in in-
dividuals who received this acid. The data obtained 
by the authors confirmed that the advanced age 
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of patients and an increased body mass index affect 
the disruption of the fibrinolysis system after endo-
prosthetic repair, while the use of tranexamic acid re-
duces its level [41, 42].

Tranexamic acid is a potent antifibrinolytic agent 
with recognized efficacy. Its use during joint endo-
prosthetic repair is approved by clinical boards [43]. 
The use of tranexamic acid covers almost 95 % 
of patients after endoprosthetics worldwide [44]. 
The MATTER study (Tranexamic Acid in Surgery) 
included 896 patients and found a 6.5% reduction in 
mortality in patients receiving tranexamic acid [45].

Currently, therapeutic attention is focused on 
the fibrinolytic system, including the mechanisms 
regulating the formation and activity of plasmin on 
cell surfaces, fibrin, and extracellular matrix pro-
teins, the effects of plasminogen/plasmin on plate-
let aggregation induced by various agonists, and its 
pro-inflammatory function. Charithani B. Keragala 
et al. reported that plasminogen administration im-
proves thrombolysis and accelerates wound healing. 
Most of these findings have been based on in vitro or 
animal studies, but the use of antifibrinolytic agents 
to reduce bleeding in patients has been shown to have 
clinically significant benefits, including a reduced 
risk of infection that is independent of their hemo-
static properties [46].

Conclusions
In clinical orthopedics, after hip joint replacement 

surgery in patients with grades III–IV coxarthrosis, 
complications are often observed in the form of he-
mostasis system disorders, accompanied by the de-
velopment of deep vein thrombosis of the extremi-
ties, and in severe cases, pulmonary embolism. These 
complications are monitored based on the results 
of determining hemostasis system markers, which are 
examined before and after surgery.

Today, there is no clear consensus among orthope-
dic specialists, as well as anesthesiologists, therapists 
and specialists in hemostasis disorders regarding 
the rational, safe and effective use of anticoagulants, 
in particular, their correct combination in order to 
minimize the risks of postoperative complications 
from the blood coagulation/anticoagulant system.

Numerous factors have been identified that sig-
nificantly impact the development of disorders within 
the hemostasis system. They include age factor, be-
cause elderly patients have their own metabolic char-
acteristics, as well as altered blood rheological prop-
erties. Weight gain, in particular obesity, is also an 
important factor that cannot be ignored in clinical 
practice. In addition, cardiovascular disorders are re-

flected in the development of arterial hypertension, 
changes in the structure of vessels, and cause the for-
mation of thrombi and microthrombi. All this must 
be taken into account when choosing the prevention 
of hemostasis system disorders in patients who re-
quire joint replacement.

Today, clear clinical and laboratory criteria for 
assessing the hemostasis system and a list of bio-
chemical markers of connective tissue for mon-
itoring the condition of patients before and after 
joint replacement against the background of the use 
of modern anticoagulant prescription schemes remain 
incompletely defined.
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