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Background. Important part of orthopedic surgery is endoprosthetics of hip joints, which eliminates pain 
syndrome, restores the amplitude of movement and the support ability of lower limbs. But some complications 
usually take place; venous thromboembolism is leading among them. 

Objective. The aim of the study was to investigate endothelial dysfunction and activity of the hemocoagulation 
system at different levels of VTEC risks and thus to work out the strategy of thromboprophylaxis in patients with 
osteoarthrosis of the hip joint and femoral neck fracture combined with non-specific dysplasia of the connective 
tissue.

Methods. 219 patients of a mean age of 64.7±3.8 years old underwent surgery. In 137 (62.1%) cases, a total 
cement hip replacement was performed for osteoarthritis. 82 (37.4%) patients underwent total and unipolar 
cement hip replacement for cervical femoral neck fractures. 

Results. Clinical manifestations of non-specific connective tissue dysplasia were detected in 83 (37.9%) 
patients that was confirmed by the laboratory determination of the level of general, bound and free oxyproline. 
In the postoperative period, the thrombotic process in the venous system of the inferior vena cava was diagnosed 
in 23 (10.5%) cases. The level of indicators of endothelium status dysfunction was much more significant in the 
patients in cases of nonspecific dysplasia of connective tissue. Operative intervention on the hip joint in the patients 
with nonspecific dysplasia of connective tissue in 11 (13.3%) cases was complicated by development of venous 
thrombosis. In the patients without non-specific connective tissue dysplasia, postoperative thrombosis in the 
system of the inferior vena cava was diagnosed in 12 (8.8%) cases. 

Conclusions. Patients with osteoarthrosis of the hip joint and the femoral neck fracture accompanied by 
the non-specific dysplasia of the connective tissue are characterized by high levels of endothelial dysfunction and 
increased activity of the blood-coagulation system.
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DVT
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FDP
FPA
IVC
LMWH
NCTD

PRT
SCFM
TFA
TPA
VEGF
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antithrombin ІІІ
non-specific connective tissue dysplasia
deep vein thrombosis
fibrinolytic blood activity
fibrin degradation product
fibrinopeptide А
inferior vena cava
low molecular weight heparins
non-specific connective tissue  
dysplasia
plasma recalcification time
soluble complexes of fibrin-monomers
total fibrinolytic activity
thromboembolism of the pulmonary artery
vascular endothelial growth factor
inferior vena cava
venous thromboembolic complications

Introduction 
Significant occurrence of diseases of the 

lower extremities joints leads to the search for 

effective methods of treatment. Among them 
endoprosthetics of the joints is foremost. It 
allows eliminating pain syndrome, restoring the 
amplitude of movement and the support ability 
of the lower limb [1]. During endoprosthetics, 
a number of complications often occur; VTEC 
is leading among them [2]. Without VTE pro-
phylaxis, the overall VTE incidence in medical 
and general surgery of the hospitalized patients 
is in the range of 10- 40%, while it ranges up to 
40-60% in major orthopaedic surgery. With 
routine VTE prophylaxis, fatal pulmonary em-
bo lism is uncommon in orthopaedic patients 
and the rates of symptomatic VTE within three 
months are in the range of 1.3-10% [3]. VTE 
preventive treatment methods are divided into 
mechanical and pharmacological. The mecha-
nical include mobilization, graduated com pres-
sion stockings, intermittent pneumatic com-
pression device and venous foot pumps; the 
pharmacological include aspirin, unfractionated 
heparin, low molecular weight heparin (LMWH), 
adjusted dose vitamin K antagonists, synthetic 
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pentasaccharide factor Xa inhibitor and newer 
oral anticoagulants. LMWH seems to be more 
efficient overall compared with the other 
available agents. We are still sceptical about the 
use of aspirin as a sole method of prophylaxis 
in total hip and knee replacement and hip 
fracture surgery, while controversy still exists 
regarding the use of VTE prophylaxis in knee 
arthroscopy, lower leg injuries and upper 
extremity surgery [3]. The factors that pre-
dispose a high risk of venous thromboembolism 
in the patients undergoing endoprosthetics of 
the joints are taken into account [4]. But there 
is no significant decrease of frequency of VTEC 
development [5].

The aim of the study was to investigate 
endothelial dysfunction and activity of the 
hemocoagulation system at different levels of 
VTEC risks and thus to work out the strategy of 
thromboprophylaxis in patients with osteo-
arthrosis of the hip joint and femoral neck 
fracture combined with non-specific dysplasia 
of the connective tissue.

Methods
219 patients of a mean age of 64.7±3.8 years 

old underwent surgery. In 137 (62.1%) cases, 
total cement hip replacement for osteoarthritis 
was performed. 82 (37.4%) patients underwent 
total and unipolar cement hip replacement for 
cervical femoral neck fractures. Operative 
intervention was carried out under subdural 
anaesthesia with bupivacaine.

Clinical manifestations of non-specific con-
nective tissue dysplasia (NCTD) were detected 
in 83 (37.9%) patients. This was confirmed by 
laboratory determination of the level of general, 
bound and free oxyproline. The method of 
P.N. Sharaev for a calibrated curve was used.

Mechanical prophylaxis of VTEC by elastic 
compression of the lower extremities was used 
in all cases. Pharmacological prevention of VTEC 
was performed using LMWH (enoxaparin).

The study included 136 patients (group I) 
with hip joint osteoarthrosis and femoral neck 
fracture and 83 patients (group II) with osteo-
arthrosis of the hip joint and femoral neck frac-
ture and associated NCTD. 

In the postoperative period, the thrombotic 
process in the venous system of the inferior 
vena cava (IVC) was diagnosed in 23 (10.5%) 
cases. Operative intervention on the hip joint 
in the patients with NCTD in 11 (13.3%) cases 
was complicated by the development of venous 
thrombosis. In the patients without NCTD, post-
operative thrombosis in the venous system of 

IVC was diagnosed in 12 (8.8%) cases. In 21 
patients, postoperative thrombosis was de tec-
ted in the deep venous system of IVC and only 
in two cases in the superficial venous system.

Monitoring of the thrombotic process in the 
venous system of the inferior vena cava was 
performed by duplex ultrasound scans of the 
vessels of the lower extremities by Sono-
scape S8Exp with a frequency of 5-12 MHz and 
2.5-4 MHz from the first day of the postoperative 
period. In the first day of the postoperative 
period, in two patients the thrombotic processes 
in the deep veins of the IVC system was diag-
nosed, on the 2nd day – in 5 cases, on the 3rd 
day – in one patient, on the 6th, 7th and 8th days – 
in 3, 5 and 2 cases, respectively, and on the 11th 
and 12th day – in one and two patients, respec-
tively. In the superficial venous system of the 
lower limb, the thrombotic process was de tec-
ted in two cases on the 6th and 10th day of the 
postoperative period.

8 (34.9%) cases of the venous thrombotic 
processes were diagnosed within the first three 
days of the early postoperative period in the 
patients with NCTD.

To choose the treatment tactics for venous 
thrombosis of the IVC system, the determination 
of thrombogenicity of thrombotic masses was 
performed. The elastographic properties of the 
venous thrombus were studied by the ultrasonic 
system Siemens Acuson S2000 (Germany). At 
the shear wave expansion speed of 2.5-2.6 m/s 
there is a high risk of embologenity of the 
throm bi, at the shear wave expansion speed of 
2.7-2.9 m/s there is a moderate risk of embo-
logenity of the thrombi, at the shear wave 
expansion speed of 3.0 m/s and more there is 
no threat of embolism.

In two cases on the second day of the 
postoperative period the propagation of the 
shear wave at 2.5-2.6 m/s in the thrombotic 
mass of the vein was established using the 
ultra sonic system Siemens Acuson S2000 (Ger-
many), which is a significant threat to the 
development of pulmonary embolism. This was 
an indication for urgent surgical intervention 
to eliminate the threat of TPA. In all other cases 
anticoagulant therapy was performed.

The rate of coagulation and fibrinolytic 
system functioning was determined: fibrinogen 
was determined by gravimetric method accor-
ding to R.A. Rutberg; activity of the fibrin sta-
bilizing factor (F XIIІ) – by means of the “set for 
determination of FBA-XIII” of the scientific and 
production firm SIMKO Ltd (Lviv); thromboplastic 
activity of blood – by B.A. Kudryashov and 
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P.D. Ulytina method; Plasma recalcification 
time – by Bergerhof and Rock method; plasmin, 
plasminogen, total fibrinolytic activity (TFA) – by 
V.A. Monastyrska et al. method (1988); time of 
lysis of euglobin clots – using the “Set for the 
determination of fibrinolytic blood plasma 
activity” by the scientific and production firm 
SIMKO Ltd (Lviv). D-dimer was determined by 
immunoanalytical method using a coagulo-
meter. The soluble fibrin-monomer complexes 
were determined using the Tablet method.

The state of the endothelial system was 
evaluated by determining the level of endothelial 
dysfunction markers: the concentration of 
P-selectin, E-selectin, tissue plasminogen 
activator (t-PA), type 1 vascular endothelium 
adhesion molecule (sVCA M-1) was determined 
using the Bender MedSystems (Austria) for 
immune-enzyme analysis. Endothelin-1 con-
centration was determined using the Biomedica 
(Canada) kits for immune-enzyme analysis. The 
reaction was evaluated on a SUNRISE microplate 
semimetric photometer (Tecan, Austria) using 
the Hydroflex washing station (Tecan, Austria). 
To determine circulating endothelial cells (CEC) 
the J. Hiadovec and N.N. Pertishchev et al. 
method (2001) was used. The level of nitrogen 
oxide (NO) metabolites, vascular endothelial 
growth factor (VEGF) was determined by the 
immune enzyme method using the KHGO111-
VTGF analyser and the Griess reagent.

Results
The state of the endothelial system reflects 

the pathology of the organism. In the patients 
with osteoarthrosis of the hip joint and femoral 
neck fracture an increased level of all endothelial 
system markers was noted. At the same time, 
the level of indicators of endothelium status 
was more significant in the patients (group II) 
with pathology of hip joint in the presence of 
NCDT (Table 1). Thus, at the preoperative stage 
of treatment, the blood level of circulating en-
do thelial cells was higher in 1.8 times (р<0.001), 
endothelin-1 level was increased in 2.2 times 
(р<0.001), P-selectin and E-selectin levels 
increased in 1.5 times (р<0.001) and 1.2 times 
(р<0.05) respectively, compare to in dicators of 
healthy persons. There was a 1.8 fold (р<0.001) 
increase of blood NO levels and a slight 1.2 fold 
(р<0.05) increase of the VEGF blood contents.

Operative intervention in the patients of 
group II contributed to development of severe 
endothelial dysfunction. This was especially 
noticeable at the twelfth hour of the post-
operative period. The latter occurred due to a 

1.5 fold increase (р<0.05) in the contents of 
circulating endothelial cells in blood and a 1.5 
fold increase (р<0.05) in endothelin-1, a 1.2 fold 
decrease (р<0.05) and a 1.5 fold decrease 
(р<0.05) of P-selective and E-selectin levels 
respectively, to compare with the preoperative 
period. There was also a slight increase of NO 
contents in blood and a 1.3 fold (р<0.05) 
increase of VEGF contents in blood.

At the stage of preoperative preparation of 
patients, activation of the hemostasis system 
was observed (Table 2). This was more signi-
ficant among the patients of the group II. The 
indicators that characterize the condition of the 
coagulation system of patients with NCTD were 
in 1.2 times higher than those of the patients 
without NCTD. In the patients with NCTD in the 
preoperative period the content of fibrino-
gen was 5.07±0.35 g/l, (in healthy patients – 
3.52+0.34 g/l (p<0.05). At the same time, an 
increase of the contents of SCFM in blood was 
determined as of 0.57±0.11 extr. units (р<0.05). 
Monomers that were formed as a result of se-
pa ration of fibrinopeptides A and B from 
fibrinogen under the influence of thrombin, 
form macromolecular degradation products of 
fibrin with it. Trombinemia was confirmed by 
the increase up to 2.61±0.23 ng/l (p<0.05) of 
FPA content. At the same time, an increased up 
to 6.92±2.09 μg/l (norm 4.71±1.58 μg/ml) 
content of the FDP was detected. It took place 
on the background of minimal changes of the 
FBA and in the absence of any changes in the 
level of AT III and PRT.

Significant changes of coagulation system 
occurred during the intraoperative period of 
surgical treatment of the patient. At the trauma-
tic stage of surgical intervention, a hypercoagu-
lative condition of blood developed. During that 
period, the fibrinogen level in the blood ex-
ceeded the preoperative level by only 10.2%, 
then the blood contents of SCFM was increased 
in 1.4 times (p<0.05), the contents of FPA was 
increased in 1.7 times (р<0.001), the contents 
of FDP was increased in 1.9 times (р<0.001). It 
took place on the background of reduced 
fibrinolytic activity of blood, reduced contents 
of AT III in blood, decrease of PRT (Table 3).

The maximum level of hypercoagulation 
reached at 6 h. of early postoperative period. 
At that time, the blood fibrinogen level excee-
ded the preoperative rate in 1.3 times (p<0.05), 
and the contents of SCFM in blood was in crea-
sed in 2.1 (р<0.001) times, the content of FPA 
and FDP – in 2.7 and 2.8 (р<0.001) times, respec-
tively. It took place at a 1.3 fold decrease 

I.K. Venher et al.
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(p<0.05) of fibrinolytic activity of blood, a 
decrease of the contents of AT III, and a slight 
decrease of PRT.

Operative intervention significantly influ-
enced the aggregation state of patients’ blood. 
So, at the traumatic stage of surgical intervention 
and up to 6 hours of the early postoperative 
period, the platelet aggregation rate significantly 
increased with a slight decrease in platelet 
aggregation time. In the same period, there 
was a decrease in the activity of the fibrinolytic 
blood system. This level of anticoagulant 
system with a tendency to exacerbation was 
maintained until the 3rd h. of early postoperative 
period. From the 6th hour of early postoperative 
period a gradual increase in the activity of the 
fibrinolytic blood system was evidenced.

The results of the study of hemostasis in 
the patients with NCTD at the intraoperative 
stage of surgical intervention at the increase of 
hypercoagulative properties of blood, stren g-
thening its aggregation ability with a depressed 
state of the fibrinolytic blood system indicated 
development of conditions for thrombotic pro-
cess formation in the venous system. It could 
be promoted by a high level of endothelial 
dysfunction, which increased in the conditions 
of surgical intervention.

Discussion 
A number of complications often occurs in 

cases of endoproathetics. VTEC among them is 
still urgent [1]. Patients with surgical inter-
ventions on the large joints of the lower extre-
mities require anticoagulant prophylaxis [2]. 
Both the classical factors of the Virchow’s triad, 
and the specific factors, which are specific for 
the endoprosthetics of the hip joint [5], as well 
as individual factors of the patients risk and 
pathology of large joints are taken into account 
[5]. However, in thromboprophylaxis the 
incidence of thrombosis of deep veins after the 

hip replacement is 0.8-9.0%, pulmonary embo-
lism – from 1.4 to 6.0% [6]. The latter gives the 
right to suppose that during the thrombo pro-
phylaxis the factors with different etiopatho-
genetic origin are not taken into account, but 
there is a direct or indirect activation of pro-
coagulant FBAs in their presence. Thus, much 
attention should be paid to nonspecific dys-
plasia of the connective tissue [7].

The patients with hip osteoarthrosis, fe-
moral neck fracture with NCTD are characterized 
by increased degree of endothelial dysfunction, 
a greater activity of the haemocoagulation 
system compared to the patients without NCTD. 
Thus, in the preoperative stage, the blood level 
of markers of endothelial dysfunction in the 
patients with NCTD is in 1.5-2.2 times (P <0.001) 
higher compare to the patients without NCTD. 
It causes a 1.2 fold higher activity of the blood 
hemocoagulation system of these patients.

The patients with pathology of the hip joint 
with NCTD experience an increased degree of 
endothelial dysfunction at the intraoperative 
stage which leads to hypercoagulation. These 
changes of the endothelial system and the 
hemocoagulation system create favourable 
conditions for VTEC.

Endoprosthetics of the hip joint is a high-
risk group of VTEC and requires anticoagulation 
prophylaxis. A number of present recommen-
dations offer pharmacological prophylaxis for 
prevention of VTEC in cases of endoprosthetics 
of large joints. The use of low molecular he-
parins, synthetic inhibitors of Xa and IIa factors 
of blood coagulation or antagonists of vitamin 
K is recommended for this [8]. However, the 
rate of VTEC development in the postoperative 
period is trill at the previous level.

In order to reduce the postoperative DVT, 
attention should be paid to intraoperative 
changes in the haemocoagulation state of the 
operated patients. [9] There are reports [10] 

Table 3. The intraoperative state of hemostasis in the patients with hip arthritis and NCTD

Index Preoperative Traumatic 
stage 3hr. p/о 6hr. p/о 12 hr. p/о

Fibrinogen, g/l 5.07±0.35 5.59±0.46 5.82±0.49 6.54±0.48* 6.43±0.47*
SCFM, units.extr. 0.57±0.11 0.81± 0.11* 1.23±0.19** 1.24±0.18** 0.97±0.21**
FPA, ng/ml 2.61±0.23 4.51±0.36* 7.05±0.35* 6.94±0.43* 6.39±0.48*
FDP, mcg/ml 6.92±2.09 13.47±3.56* 18.25±4.41* 19.12±4.38* 14.89±4.78*
FBA, % 54.49±3.53 43.75±4.13 42.19±4.16* 43.41±4.23* 45.72±4.27*
AT ІІІ, % 89.77+6.09 84.12+6.55 81.24+5.49 84.54+5.75 85.56+5.68
PRT, sec 91.67±7.31 80.57±7.33 82.65±7.72 84.59±7.37 89.28±8.19

Notes: * – p<0.05 in comparison with preoperative indices;
** – p<0.001 in comparison with preoperative indices.
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about the diagnosis of the thrombotic process 
in the IVC system after the end of the surgical 
intervention.

During the surgical intervention for the 
pathology of the hip joint from the second half 
of the traumatic phase and during the first 2-3 
hours of the early postoperative period, an 
increase of the level of hypercoagulation due 
to fibrin-monomeric complexes is observed. It 
is the unfractionated heparin that has a pre-
dominant influence on the IIa factor (thrombin – 
fibrinogen) of the hemocoagulation cascade. 
And thromboprophylaxis should be started 
straight after the end of the surgical intervention 
with the prescription of non-fractional heparin 
and should be continued until the first injection 
of LMWH, which has a predominant influence 
on the Xa factor of the blood coagulation 
system [11]. 

The use of oral form of unfractionated he-
parin is promising [12]. This has become pos-
sible due to the combination of unfractionated 
heparin and the molecule N [8 (2-hydroxy ben-
zene) amine] carrier – sodium caprylate. The 
third phase of coagulation cascade study 
showed that oral heparin reduces the incidence 
of postoperative thrombotic formation.

Conclusions
The patients with osteoarthrosis of the hip 

joint and femoral neck fracture and non-specific 
dysplasia of the connective tissue are charac-
terized by expressed levels of endothelial dys-

function and increased activity of the hemo-
coagulation system.

In the postoperative period after endopro-
sthetics of hip joints, in the patients with 
osteoarthrosis of the hip joint and femoral neck 
fracture and non-specific dysplasia of the con-
nective tissue, VTEC was diagnosed in 13.3% of 
cases, in the patients with osteoarthrosis of the 
hip joint and femoral neck fracture in the ab-
sence of nonspecific dysplasia of the connective 
tissue VTEC was revealed in 8.8% of cases.

The thromboprophylaxis of VTEC in the 
patients with endoprosthetics of hip joints 
should be started straight after the start of 
surgical intervention with the prescription of 
non-fractional heparin, which has a predominant 
effect on the IIa FBA of the hemocoagulation 
cascade and should be continued until the first 
injection of LMWH, which has a dominant 
influence on Ha factor of the hemocoagulation 
system.
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НЕСПЕЦИФІЧНА ДИСПЛАЗІЯ СПОЛУЧНОЇ ТКАНИНИ – ФАКТОР РИЗИКУ 
ВЕНОЗНИХ ТРОМБОЕМБОЛІЙ ПРИ ЕНДОПРОТЕЗУВАННІ КУЛЬШОВОГО 
СУГЛОБА 

І.К. Венгер, Н.І. Герасимюк, С.Я. Костів, І.І. Лойко, Д.В. Хвалибога 
ТЕРНОПІЛЬСЬКИЙ НАЦІОНАЛЬНИЙ МЕДИЧНИЙ УНІВЕРСИТЕТ ІМЕНІ І.Я. ГОРБАЧЕВСЬКОГО,  

ТЕРНОПІЛЬ, УКРАЇНА

Вступ. Важливою складовою ортопедичної хірургії є ендопротезування тазостегнових суглобів, 
що усуває больовий синдром, відновлює амплітуду рухів та підтримуючу здатність нижньої кінцівки. 
Але ці втручання супроводжуються рядом ускладнень, серед яких провідне місце займає венозна 
тромбоемболія.

Мета. Дослідити ендотеліальну дисфункцію та активність системи гемокоагуляції на різних рівнях 
ризиків венозного тромбемболізму та, таким чином, розробити стратегію тромбопрофілактики у 
пацієнтів з остеоартрозом з переломом шийки тазостегнового суглоба та стегнової кістки у поєднанні 
з неспецифічною дисплазією сполучної тканини.

Методи. Оперовано 219 пацієнтів із середнім віком 64,7±3,8. У 137 (62,1%) спостереженнях проведено 
тотальне цементне ендопротезування стегна з остеоартритом. 82 (37,4%) пацієнтів отримали 
тотальну та однополярну заміну стегна при переломах шийки стегнової кістки.

I.K. Venher et al.
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Результати. Клінічні прояви неспецифічної дисплазії сполучної тканини були виявлені у 83 (37,9%) 
пацієнтів, що було підтверджено лабораторним визначенням рівня загального, зв’язаного та вільного 
оксипроліну. У післяопераційному періоді в 23 (10,5%) спостереженнях діагностували тромботичний 
процес у венозній системі нижньої порожнистої вени. Рівень показників ендотеліальної дисфункції був 
суттєво вираженіший у пацієнтів за наявності неспецифічної дисплазії сполучної тканини. Оперативне 
втручання на тазостегновому суглобі у пацієнтів з неспецифічною дисплазією сполучної тканини у 11 
(13,3%) випадках ускладнилось розвитком венозного тромбозу. У пацієнтів без неспецифічної дисплазії 
сполучної тканини післяопераційний тромбоз у системі нижньої порожнистої вени був діагностований 
у 12 (8,8%) спостереженнях.

Висновки. Пацієнти з остеоартрозом тазостегнового суглоба та переломом шийки стегнової 
кістки, що супроводжуються неспецифічною дисплазією сполучної тканини, характеризуються 
вираженим рівнем ендотеліальної дисфункції та підвищеною активністю системи згортання крові.

КЛЮЧОВІ СЛОВА: ендопротезування; тромбемболія; ендотеліальна дисфункція; дисплазія. 
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