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Abstract

Aim. To assess the dynamics of coagulation parameters and the influence of its initial values on the development of
postoperative thrombohemorrhagic complications in male and female patients undergoing large joint arthroplasty
and received combination hemostatic and anticoagulant therapy.

Methods. A retrospective analysis of the medical records (n=253) of patients with arthroplasty, were divided into
two groups based on the time differences between prescription of hemostatic and anticoagulation therapy. The first
group includes 145 patients (57.31%, 112 women and 33 men) with time differences <17 h, and the second group in-
cludes 108 patients (42.68%, 78 women and 30 men) with time differences 18—24 h. The dynamics of coagulation
test results were analyzed, and the influence of its initial value on the risk of postoperative thrombosis or bleeding
was assessed.

Results. Thrombohemorrhagic complications were recorded in 27 (10.67%) patients, of which 22 (81.48%) were
observed in group 1. In the first group, thrombosis developed in regimens with tranexamic acid (p=0.038) with
2.2 times higher incidence than in group 2 (p=0.023). The risk of thrombosis of women in the group 1 was increased
by an initially low level of international normalized ratio [relative risk (RR) 13.333, p=0.00032] and activated par-
tial thromboplastin time (RR=5.8, p=0.037). The risk of bleeding in group | increased by an increasing preoperative
level of activated partial thromboplastin time (RR=18, p=0.0012 and RR=28, p=0.00022, respectively) for all patients
and by a decreasing fibrinogen level (RR=23.25, p=0.00065) and platelets count (RR=10.2, p=0.038) for women.
Conclusion. To minimize the risks of thrombosis and bleeding after arthroplasty, especially in patients with initial
deviations of hemostasis parameters from the norm, and, in particular, when using tranexamic acid as a hemosta-
tic agent, it is recommended to observe the time interval between hemostatic and anticoagulant pharmacotherapy
for at least 18 hours.
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Background

Currently, the world, including Russia is witnes-
sing a rise in the number of total knee and hip en-
doprosthesis replacement surgeries performed. For
instance, in Austria, since 2009, a rise by 14% and
13% have been recorded in the numbers of hip and
knee surrogation surgeries performed, respectively;
in 2015, the respective total numbers of surgeries
reached 18,000 and 17,000 [1]. In 2014, approxi-
mately 300,000 hip arthroplasty were performed
in the United States alone. By 2030, the number

of such surgeries for the hips is expected to reach
4.4 million [2], while that for the knees is expec-
ted to reach 3.5 million [3]. A similar trend has also
been noted for Russia, where, in 2012 alone, 72,000
numbers of endoprostheses of the large joints of the
lower extremities were recorded, which then in-
creased to 100,000 in 2014 [4].

The possible postoperative complications in-
clude instability of the endoprosthesis components
that develops in 25%—60% of the cases in the first
year after surgery; infectious complications occur
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in 3%—4% of cases according to foreign authors
and in 5%—6% of cases according to the Russian
medical statistics [5].

Special attention needs to be paid to thrombotic
complications: deep vein thrombosis of the lower
leg develops in 4.3%—60%, proximal thrombosis in
18%-36%. and pulmonary embolism in 0.9%—-28%
of the cases, while death occurs in 0.1%-2% of the
cases [6,7]. Anticoagulants are widely used to pre-
vent the development of thrombotic conditions [8].

In addition. the total endoprosthesis replacement
of the large joints gets complicated by the blee-
ding of various severities, with a blood loss volume
reaching 20%—40% of the total volume of circula-
ting blood. For the pharmacological correction of
hemorrhagic complications, the patient is prescribed
with hemostatic medicine remedies (MR) [9].

Unresolved questions on MR interaction remain
the most complex and controversial challenges of
pharmacology as illustrated by the various cases of
the use of hemostatic and anticoagulant MR with
different sequences of the main action. With this
background, it has become extremely important to
consider several factors when applying pharmaco-
therapy using these groups of MR.

The most important parameters of the phar-
macokinetics of using MR are the half-life and
a linked duration of the action, followed by other
significant factors such as the individual character-
istics of patients, including the background coag-
ulogram indicators and chronic diseases (e.g., the
presence of renal pathology since the elimination of
both the MR groups is performed mainly through
the kidneys [6, 10]).

Accordingly. special attention needs to be paid
to the use of tranexamic acid and its interaction
with various anticoagulant MR as it is the most-of-
ten prescribed remedy among hemostatic MR [11,
12]. Notably, the antifibrinolytic activity of MR, ac-
cording to the data of the MR register, can be pre-
served in different tissues for 17 h [13].

In the modern scientific community. insufficient
attention has been paid to the issue of the combined
use of antifibrinolytic and anticoagulation therapies.
Some past studies have demonstrated the effective-
ness of the therapy applied, without disclosing its
safety aspects [14]. In another study, the revealing
aspects of the combined use of MR and the fre-
quency of postoperative complications were higher
in the group that received tranexamic acid. Despite
that the difference in the frequency of complications
between the groups was insignificant, the authors
indicated some limitations in their research [15].

Some past researchers have reported that the
combined therapy with hemostasis and anticoagu-
lants does not involve any increased risk of throm-
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bohemorrhagic complications [16, 17]. However, the
lack of relevant suggestions by the Russian clini-
cal practice guidelines on the management of such
patients [18,19] and insufficient disclosure on this
topic among the scientific community makes it ne-
cessary to further consider the combined use of he-
mostatic and anticoagulant therapies.

Insufficient consideration of the characteristics
of the interaction of MR with hemostatic and an-
ticoagulant activity profiles as well as the factors
that affect this interaction, may, on one hand, con-
tribute to insufficient pharmacological effective-
ness of the therapy, and, on the other hand, lead to
the development of life-threatening unfavorable ef-
fects such as thrombosis and bleeding. Thus, dy-
namic monitoring of hemostasiological parameters
is of great importance for the detection of condi-
tions with a high risk of developing thrombotic and
hemorrhagic complications.

This study aimed to evaluate the dynamics
of the parameters of coagulation hemostasis and
the influence of its initial parameters on the de-
velopment of postoperative thrombohemorrhagic
complications in male and female patients who un-
derwent the endoprosthesis replacement of major
joints and received a combined therapy with hemo-
stasis and anticoagulants.

Materials and methods

This was a retrospective analysis of 253 case histo-
ries of patients undertaking inpatient treatment at
the Traumatological and Orthopedic Department of
the Rostov State Medical University Clinic during
2017-2019. All study patients had undergone a knee
or hip surrogation surgery and had received a com-
bined therapy of hemostasis and anticoagulants.

In most cases, the hemostatic agent was pre-
scribed only once. For cases in which two MR
was prescribed with a hemostatic activity profile,
the first was used intraoperatively and the second
was prescribed within the first day of the surgery.
The next morning after the surgery, an anticoa-
gulant therapy was started and continued for the
entire duration until the end of the inpatient treat-
ment. As the first anticoagulant, most patients were
prescribed either a low-molecular or unfractionated
heparin, and after 4-5 days of starting the surgery,
some patients were prescribed new oral anticoagu-
lants (such as dabigatran etexilate and rivaroxaban).

During the course of the study, two groups were
identified based on the time interval (TI) between
the appointment of the hemostatic and anticoa-
gulation therapy, as follows: Group 1: 145 patients
with a TI of <17 h (112 [77.24%] women, average
age: 64.324+10.22 years; 33 [22.76%] men, average
age: 63.35+£9.21 years) and Group 2: 108 patients
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Table 1. Dynamics of coagulogram indicators of the female patients in Group 1.

Tndex Te INR APTT PT Fg
N 88 (78.57) 90 (80.36) 95 (84.82) 72 (64.29) 52 (46.43)
<N 10 (89.3) 0 13 (11.61) 7(6.25) 4(3.57)
Before >N 14 (12.5) 22 (19.64) 4(3.57) 33 (29.46) 56 (50)
surgety M=m 245.33+55.06 1.08+0.11 26.12+4.21 14.55+1.88 4.28+1.19
232 1.05 25.5 14 42
Me Qi Q) | (210267 (1-1.18) (23-29.2) (12.7-15.49) (3.5-5.3)
N 70 (62.5) 43 (38.39) 80 (71.43) 75 (66.96) 40 35.71)
<N 41 (36.61) 0 26 (23.21) 6 (5.36) 3(2.68)
Day 1 atier 7N 1(0.89) 69 (61.61) 6 (5.36) 31 (27. 68) 69 (61.61)
surgery 1.22+0.13* 6.59+1.54*
M+m 187.11458.01 om0.001) 26.85+8.56 (0=0.001) 4.52+1.07
185 122 25 13.9 4.4
Me Qi Q) | (164-210) (1.14-1.29) (23-27.2) (13-16) (3.5-5.3)
N 75 (66.96) 23 (20.54) 75 (66.96) 17 (15.18) 6 (5.36)
<N 36 (32.14) 0 1(0.9) 0 3(2.69)
Day 2after 7N 1(0.9) 89 (79.46) 36 (32.14) 95 (84.82) 103 (91.96)
surgery Mim 204.65462.09% 1.6+0.16* 33.79+7.9% 17.069+3.12* 6.551.51%
(p=0.002) (p=0.006) (p=0.002) (p=0.003) (p=0.008)
203 13 326 16.8 6.75
Me Qi Q) | (169-229) (1.22-1.39) (30.6-36.3) (16.15-18) (5.5-7.36)
N 89 (79.47) 36 (32.14) 85 (75.89) 37 (33.03) 3 (2.68)
<N 4(3.57) 0 0 3(2.68) 0
Atthe time oM 1(0.9) 89 (79.46) 36 (32.14) 95 (84.82) 103 (91.96)
of discharge 1312034*% | 3433£11.34% | 16.78+3.43* 6.83+1.78*
Mm 247.52+86.6 (p=0.006) (p=0.002) (p=0.003) (p=0.002)
233 1.24 322 16 6.85
Me Qi Q) | (188289) (1.09-1.42) (27.4-35.3) (14.6-17.9) (5.9-7.6)

Note: *statistically significant differences within a group for accepted indicators in comparison with those before surgery (ac-
cording to the Mann—Whitney U-criterion); Tc — platelet count; INR — international normalized ratio; APTT — activated
partial thromboplastin time; PT — prothrombin time; Fg — fibrinogen concentration.

with a TI of 18-24 h (78 [72.22%] women, average
age: 66.36+10.43 years; 30 [27.78%)] men, average
age: 62+13.34 years). The respective durations of
the hospitalization for men and women in Group
1 were 11.87+4.13 days and 11.37+3.88 days,
while those for Group 2 were 11.63+2.71 days and
11.55+£3.1 days.

To study the coagulation hemostasis, the ana-
lysis of the following parameters were performed:

1) activated partial thromboplastin time
(APTT);

2) prothrombin time (PT);

3) fibrinogen concentration (FC);

4) international normalized ratio (INR);

5) the count of thrombocytes (Tc).

Reference values (norm): APTT 22.5-35.5 s, PT
11-15 s, FC-2.7-4.013 g/L, INR 0.82—1.11 standard
units, and Tc 180-320 x 10°.

The accepted indicators were monitored before
the surgery and on the 1st and 2nd days of the ope-
ration and at the time of discharge.

The studied groups of patients were homoge-
neous and comparable with respect to the numbers
of patients and their age: M, + m, 64.099 + 9.959,
M, +m, 65.155 + 11.351 (p = 0.542). No statistical-
ly significant differences were noted in the initial
hemostasis parameters. as confirmed by the data
presented in Table 1-4, where the lines “Before
surgery” indicates the average values, standard de-
viation, and the median value for the analyzed pa-
rameters of the coagulogram of patients in both
the groups.

The data obtained from the retrospective ana-
lysis were subjected to statistical processing on
a personal computer using the MS Office software
package (Excel 2010) as well as Statistica 10.0
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Table 2. Dynamics of coagulogram indicators of the female patients in Group 2.

Tndex Te INR APTT PT Fg
N 56 (71.79) 63 (80.77) 58 (74.36) 48 (61.54) 24 (30.77)
<N 9 (11.54) 0 11 (14.1) 7(8.97) 11 (14.1)
Before >N 13 (16.67) 15 (19.23) 9 (11.54) 23 (29.49) 43 (55.13)
surgery M<+m 24521458 21 1.1120.19 28.836.59% 14.83433 4.06+1.01
(p=0.011)
240 1.08 279 136 42
Me (QuQi9) | (210-276) (1-1.18) (24-31.8) (12-15.3) (3.55-5.1)
N 50 (64.1) 33 (4231) 58 (74.36) 63 (80.77) 41 (52.56)
N 28 (35.89) 0 13 (16.67) 2(2.56) 6 (7.69)
Day 1 afier [N 0 45 (57.69) 7(8.97) 13 (16.67) 31 (39.75)
surgery 1.21+£0.13* 4.06£1.01#
M<m 191.32453.78 Py 26.69+5.85 16.64+2.13 om0 04l
187 1.23 25 13.6 4
Me Qi Qi) | (168-217) (1.13-1.3) (23-28.5) (12.1-14.3) (3.5-4.55)
N 52 (66.67) 33 (42.31) 46 (58.97) 19 (24.36) 6 (7.69)
N 26 (3333) 0 0 0 0
Day 2 after |7 0 45 (57.69) 32 (41.03) 59 (75.64) 72 (92.31)
surgery Mim 197.12449.61% | 1324041% | 35.15:11.51% 17,2554 5% 5.88+1.964
(p=0.008) (p=0.012) (p=0.006) (p=0.018) (p=0.045)
192.5 1.22 332 15.95 5.5
Me Qi Q) | (1722222) (1.14-1.33) (26.25-41) (15.05-18.1) (4.6-6.4)
N 54(69.23) 39 (50) 52 (66.67) 30 (38.46) 0
N 11 (14.1) 0 0 0 4(5.13)
>N 13 (16.67) 39 (50) 26 (3333) 48 (61.54) 74 (94.87)
At the time
; 1.2240.18*#
of discharge 32.7546.23* 16.17+2.16% 6.93+2.09%
M+ m 260.81299.02 |  (*p=0.014. - I 3
LI (p=0.009) (p=0.046) (p=0.001)
254 12 307 15.95 7.1
Me Qi Q) | (189 298) (1.09-1.32) (28.05-38) (14.55-18) (5.89-7.89)

Note: *statistically significant differences within the group according to accepted indicators in comparison with indicators be-
fore surgery (U-Mann—Whitney test); #statistically significant differences in the first group compared to the second group ac-
cording to accepted indicators (U-Mann—Whitney test); Tc — number of platelets; INR — international normalized ratio;

APTT — activated partial thromboplastin time; PT — prothrombin time; Fg — fibrinogen concentration.

(StatSoft, USA). Prior to statistical analyses, the
obtained data were analyzed for the normality of
the distribution with reference to the Kolmogorov—
Smirnov criterion. The relative and average values
(arithmetic mean and median), standard deviation.
and interquartile interval (from the 25th to the 75th
quartile) were calculated for quantitative indica-
tors. The Mann—Whitney U—test and the Pearson’s
%2 test with a Yates correction were used to assess
the impact of indicators. The relative risk and con-
fidence interval limits (CI) were calculated for in-
dicators that demonstrated their significance in the
development of thrombotic and hemorrhagic com-
plications. The influence of risk factors was con-
sidered separately for thrombosis and bleeding in
Groups 1 and 2 for the male and female patients,
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respectively. The differences were considered to be
statistically significant at p < 0.05.

Results and Discussion

The study involved several stages.

At the first stage, the studied hemostasiogram pa-
rameters were evaluated in accordance with their as-
signment to one of the subgroups of values: norm (re-
ference values), above the norm, and below the norm.

The average values of the accepted parameters
of the coagulogram among the female patients in
both the groups and among the male patients in
both the groups on different days of the inpatient
treatment duration are presented in Tables 1-4, re-
spectively. The data in Tables 1-4 are presented as:
n (%) — an absolute number; and (%) — the re-
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Table 3. Dynamics of coagulogram indicators of the male patients in Group 1.

Index Tc INR APTT PT Fg
N 26 (78.79) 26 (78.79) 32 (96.97) 20 (60.61) 17 (51.52)
N 72121) 0 1(3.03) 3(9.09) 2 (6.06)
Before surgery |7 0 7121 0 10 (30.3) 14 (42.42)
M+ m 234.45:48.03 1.0940.12 27.76:4.02 14,53+ 2.19 4244146
246 113 2745 14 38
Me Qi Q) | (205-260.5) (1.01-12) (26-32) (13-16) (3.1-4.77)
N 18 19 (57.58) 24 (72.73) 24 (72.73) 23 (69.7)
N 15 0 3(9.09) 0 0
Day I afer | >N 0 14 (42.42) 6 (18.18) 9(27.27) 10 (30.3)
surgery M £m 180.65+40.35 1.19+£0.19 28.4145.64 15.9842.52 4.43+1.59
184 118 275 135 3.85
Me Qs Qi) | (167-210) (1.11-1.27) (24-32.5) (12.2-15.75) (3.6-4.5)
N 19 (57.58) 0 26 (78.79) 0 0
N 14 (42.42) 0 0 0 0
bay2aier 7N 0 33 (100) 7(2121) 33 (100) 33 (100)
surgery Mim 181.68441.59% |  1.41£0.15% 32.8+4.72% 18.641.93% 5.5240 8%
(p=0.002) (p=0.002) (p=0.001) (p=0.006) (p=0.001)
183 14 33.4 18.25 5.41
Me Qi Q) | (161-209) (13-1.53) (29-35) (17-20.5) (5.2-5.95)
N 22 (66.67) 13 (39.39) 23 (69.7) 16 (48.43) 0
N 4(12.12) 0 3(9.09) 0 3(9.09)
atthetime PN 7121 20 (60.61) 7(2121) 17 (51.52) 30 (90.91)
of discharge 12550.20% | 32.04£7.09% | 16.71:2.79* 6.8441.78*
M+m 250.92+85.61 (p=0.01) (p=0.03) (p=0.01) (p=0.001)
243 1.29 315 16.7 6.8
Me Qi Q) | (185-302) (1.06-1.37) (27.1-34.5) (14.2-19) (6.4-7.54)

Note: *statistically significant differences within a group for the accepted indicators in comparison with those before surgery
(according to the Mann—Whitney U-criterion); Tc — platelet count; INR — international normalized ratio; APTT — activated
partial thromboplastin time; PT — prothrombin time; Fg — fibrinogen concentration.

lative number of patients with the accepted coa-
gulogram parameters within the normal range (N),
below the norm (<N), and above the norm (>N). We
also calculated the arithmetic mean, median, stan-
dard deviation, and interquartile interval (from the
25th to the 75th quartile).

Thus, as can be seen from the data presented
in Tables 1 and 2, the statistically significant intra-
group differences in platelet hemostasis after the
surgery were detected among women in both the
groups. In addition, significant intra-group changes
were noted in the INR values on the 1st and 2nd
days of surgery and at the time of discharge; in ad-
dition, additional inter-group changes were noted
in this indicator at the time of discharge. Indicators
such as APTT were prominent as statistically sig-
nificant differences were noted within the groups on
the 2nd day of surgery and at the time of discharge,
as well as inter-group differences were noted at the

time of discharge. On assessing the PT, significant
changes were registered only in the intra-group
comparison: in Group 1, on the 1* and 2nd day of
surgery and at the time of discharge, and, in Group
2, only on the 2nd day after the surgery and at the
time of discharge. Analyses of the Fg revealed that,
in Group 1, significant changes occurred on the 2™
day of surgery and at the time of discharge; while,
in Group 2, such differences were registered only at
the time of discharge. However, it should be noted
that statistically significant inter-group differences
were observed on the 1st and 2nd days after the sur-
gery and at the time of discharge.

As per the results shown in Tables 3 and 4, male
and female patients in both the groups showed sta-
tistically significant intra-group differences with re-
spect to the numbers of Tc after surgery. In Group
1, significant differences were noted in indica-
tors such as INR, APTT, and PT on the 2nd day
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Table 4. Dynamics of coagulogram indicators of the male patients of Group 2.

Index Tc INR APTT PT Index
N 28 (93.33) 24 (80) 28 (93.33) 23 (76.67) 15 (50)
N 2(6.67) 0 0 0 0
Before surgery | 0 6 (20) 2(6.67) 23.33) 15 (15)
M+ m 2382343325 1.0840.13 28.68+4.89 1449231 436£1.02
241 101 26 134 4.45
Me Qi Q) | (223262 0.97-1.1) (4-31) (12.15-154) | (3.63-5.01)
N 16 15 (50) 24 (80) 24 (80) 11 (36.67)
N 14 0 2(6.67) 0 0
Day I after | >N 0 15 (50) 4(1333) 6(20) 19 (63.33)
surgery M+m 180.98+44.91 1.49+1.01 28.9+5.71 26.13+15.72 4.75+1.25
178 115 275 13.8 42
Me Qi Q) | (154-207) (1.08-1.35) (24-31) (12.5-15) (3.99-6.2)
N 15 (50) 4(13.33) 23 (76.67) 4(13.33) 4(13.33)
N 15 (50) 0 0 0 0
>N 0 26 (36.67) 7(2333) 26 (36.67) 26 (36.67)
Day 2 after
171551644 | 6.42+1.50%%
* *
surgery M+m 18‘("8:70?388 1('3:13%313) 33.4548.94 (*p=0.007. (*p=0.001.
p= p=- #p=0.048) #p=0.049)
184 133 32.05 17.1 6.8
Me Qe Qi) | (152-212) (122-138) | (27.05-36.5) (15.9-19) (531-7.25)
N 21 (70) 21 (70) 21 (70) 15 (50) 0
N 5 (16.67) 0 0 4(1333) 0
>N 4(1333) 9 (30) 9.(30) 11 (36.67) 30 (100)
At the time
; 8.0551.72%#
%
of discharge | s 1 256.08+105.05 127£0.6 33(' ! fot‘gg)“ 15.2542.57 (*p=0.001.
p=0. #p=0.044)
2375 1.02 34 14.15 7.89
Me Qi Q) | (187-301) (0.99-1.24) (302374) | (12.85-16.9) (6.6-9.5)

Note: *statistically significant differences within a group according to the accepted indicators in comparison with those be-
fore surgery (U-Mann—Whitney); #statistically significant differences in Group 1 in comparison with Group 2 on accepted in-
dicators (U-Mann—Whitney test); Tc — number of platelets; INR — international normalized ratio; APTT — activated partial
thromboplastin time; PT — prothrombin time; Fg — fibrinogen concentration.

of surgery and at the time of discharge, while, in
Group 2, statistically significant differences in the
INR and PT were noted on the 2nd day of surgery
and in the APTT indicator at the time of discharge.
Moreover, significant inter-group differences
were noted in PT on the 2nd day of surgery. The
Fg index showed significant intra-and inter-group
differences on the 2nd day of surgery and at the
time of discharge.

Such differences indicated the influence of TI
between the hemostatic and anticoagulation the-
rapies based on the dynamics of hemostatic pa-
rameters in the perioperative period, with more
expression for female patients.

Figures 1-5 depict the dynamics of the average
values of accepted parameters of the coagulogram
of both the sexes in both the groups.
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Analyzing the indicators illustrated in Fig. 1-5
revealed that the dynamics of APTT (see Fig. 1) and
Tc (see Fig.5) for both men and women remained
within the normal range during the entire period
of hospital stay. However, for a hemostatic indica-
tor such as INR (see Fig.3) that exceeded the refe-
rence values on the 1st and 2nd days of surgery and
at the time of discharge, the change dynamics ten-
ded to the normal values. With regard to the dyna-
mics of PT (Fig.4), due to the significant “release”
of thromboplastin into the vascular bed that accom-
panies traumatic surgery on the bones, a “short”
blood clotting path is triggered, which is reflec-
ted in the shortening of the PT. The lengthening
of the PT observed in this study indicates a ten-
dency for hypocoagulation along the external path-
way of blood clotting. However, closer to the dis-



Kazan Medical Journal 2020, vol. 101, no.4

40

30
b
2 A; 27.09 A; 26.79
£ 20
a
<

10

0 T T T T
Before Day 1 after Day 2 after At a discharge
a surgery a surgery a surgery

Monitoring time

Fig. 1. Dynamics of activated partial thromboplastin time
(APTT). The continuous line A indicates the dynamics of
APTT for female patients (n = 190). The dotted line B indi-
cates the dynamics of APTT for male patients (n = 63)
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Fig. 3. Dynamics of international normalized ratio (INR).
The continuous line A indicates the dynamics of INR for fe-
male patients (n = 190). The dotted line B indicates the dy-
namics of INR for male patients (n = 63)

charge time, the patients tended to have a decrease
in PT, although its level did not reach the reference
values. For patients of both the sexes, there was
a steady increase in the concentration of Fg in the
blood throughout the postoperative period (Fig.2).
The data obtained from the analysis of hemo-
static indicators for Group 1 suggest that initial
violations occurred in 23 male patients (67.7%) and
in 85 female patients (75.89%). For the Group 2,
the initial deviations in the coagulogram were
observed for 17(56.67%) male patients and 63
(80.77%) female patients. No statistically signifi-
cant differences were noted in the initial deviations
in the coagulogram between the men and between
the women of Groups 1 and 2. We did not compare
the indicators between male and female patients
since it was not the aim of the research.
Accordingly. we characterized the internal
(APTT) and external (PT, INR) clotting pathways
as well as determined the final stage of blood clot-
ting (Fg). We noted no deviations. in general, along
the "long" clotting path. The increase in PT and
INR values suggested a tendency to hypocoagu-
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Fig. 2. Dynamics of fibrinogen (Fg). The continuous line A
indicates the dynamics of Fg for female patients (n = 190).
The dotted line B indicates the dynamics of FG for male pa-
tients (n = 63)
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Fig. 4. Dynamics of prothrombin time (PT). The continu-
ous line A indicates the dynamics of PT for female patients
(n = 190). The dotted line B indicates the dynamics of PT for
male patients (n = 63)
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Fig. 5. Dynamics of thrombocytes (Tc). The continuous line
A indicates the dynamics of Tc for female patients (n = 190).
Dotted line B indicates the dynamics of Tc for male patients
(n=63)

lation along the “short” clotting path. The signifi-
cant increase in the amount of Fg possibly indicate
a non-specific inflammatory process as a body’s re-
sponse to surgery considering that Fg is an acute
phase protein of inflammation [20].

At the second stage of the research, we estima-
ted the frequency of thrombosis and bleeding
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during the early postoperative period. We also exa-
mined the schemes of development of certain com-
plications. Finally, 22 (14.48%) complications were
recorded for Group 1, including 6 (27.27%) for male
patients and 16 (72.73%) for female patients. Simul-
taneously, 11 (50%) cases of thrombosis were re-
corded. including 2 (18.18%) for male patients and
9 (81.82%) for female patients. In addition, blee-
ding was noted for 11 (50%) patients, but the diffe-
rences between sexes were slightly less expressed:
4 (36.36%) for male patients and 7 (63.64%) for fe-
male patients.

For Group 2, 5 (4.63%) complications were re-
corded, which is 4.5-times lesser (p = 0.0098) than
that of Group 1. Notably, only thrombosis (n = 5;
100%) was noted in 3 (60%) women and 2 (40%)
men. With regard to the frequency of complications
between sexes in the individual groups separately,
it was 6 (18.18%) for men and 16 (14.29%) for wom-
en in Group 1 and 2 (6.6%) for men and 3 (3.8%)
for women in Group 2. Overall, the incidence of
venous thromboembolic event (VTE) in Group 1
was 2.2-times more frequent than that in Group 2
(p=10.023).

With regards to the schemes of hemostatic and
anticoagulant therapy that contributed to the de-
velopment of complications. thrombosis occurred
against the background of the following combi-
nations: “tranexamic acid + enoxaparin sodium
+ heparin” (n = 1; 0.69%), “tranexamic acid + eno-
xaparin sodium + dabigatran etexilate” (n = 2;
1.38%), “tranexamic acid + calcium nadropa-
rin + heparin” (n = 2; 1.38%), “tranexamic acid
+ aprotinin + enoxaparin sodium + rivaroxaban”
(n = 2; 1.38%), “tranexamic acid + enoxaparin so-
dium + rivaroxaban” (n = 2; 1.38%), “tranexamic
acid + enoxaparin sodium” (n = 2; 1.38%), totaling
145 cases in Group 1.

In Group 2 (n = 108). thrombosis developed
against the background of the following therapy
schemes: “tranexamic acid + enoxaparin sodium +
dabigatran etexilate” (n = 1; 0.93%), “tranexa-
mic acid + calcium nadroparin + heparin” (n = 1;
0.93%), “aminomethyl benzoic acid + enoxaparin
sodium” (n = 1; 0.93%), and “aprotinin + enoxapa-
rin sodium + heparin” (n = 2; 1.85%).

In Group 1 (n = 145), bleeding was recor-
ded with the use of the following combinations
of hemostatic and anticoagulant MR, such as
“tranexamic acid + enoxaparin sodium + hepa-
rin” (n = 2; 1.38%), “tranexamic acid + enoxapa-
rin sodium + dabigatran etexilate” (n = 2; 1.38%)),
“tranexamic acid + calcium nadroparin + hepa-
rin” (n = 1; 0.69%), and “aminomethyl benzoic acid
+ enoxaparin sodium” (n = 2; 1.38%). This issue
is described in further detail in the article titled
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“Thrombohemorrhagic complications of patients
after knee and hip endoprosthesis replacement on
the background of a combined therapy with hemo-
stasis and anticoagulants” [21].

Thus, out of the total number of cases recorded
(n=27) for postoperative complications in both the
groups, 18 (66.67%) of them developed with the
administration of tranexamic acid. Moreover, all
cases of VTE registered in Group 1 (n = 11), where
the TI between the use of a hemostatic and an anti-
coagulant was <18 h, were associated with the use
of tranexamic acid (p = 0.038). Thus, it is essential
to refocus on attempts for the preservation of anti-
fibrinolytic activity of the MR used in the body tis-
sues for up to 17 h [13]. Accordingly, if tranexamic
acid is used for patients with subsequent anticoa-
gulant therapy, it is advisable to observe the TI be-
tween these MR agents for at least 18 h.

Subsequently, the frequency of initial viola-
tions of the hemostatic parameters of patients
with postoperative complications was analyzed.
Thus, in Group 1, all 6 (100%) male patients and
13 (81.25%) female patients had blood indicators
different from the normal. In Group 2, the coagu-
logram disbalance was recorded for only 1 (50%)
male and 2 (66.67%) female patients.

At the final stage of the study. the ratio and dif-
ferences in the risk of thrombohemorrhagic com-
plications were assessed depending on the initial
(preoperative) level of hemostatic parameters, gen-
der, and the group of patients with TI between the
hemostatic and anticoagulant therapies.

No statistically significant differences were
noted between the initial hemostatic parame-
ters and VTE of male patients with thrombosis in
Group 1. For the female patients in Group 1, whose
postoperative period was complicated by thrombo-
sis, statistically significant differences were recor-
ded in the following initial hemostatic indicators:

— according to INR — between patients with
values below normal and normal (p = 0.00032) and
between patients with values below and above nor-
mal (p = 0.00001);

— according to APTT — between patients with
values below the reference values and without de-
viations from the norm (p = 0.0037);

—according to Fg — between patients with va-
lues below normal and normal (p = 0.0062).

In Group 2 of patients of both the sexes with de-
veloped thrombosis, no statistically significant dif-
ference was noted between the initial parameters of
the coagulogram and VTE.

In Group 1 male patients with bleeding in the
early postoperative period, differences were noted
in the preoperative values of the following hemo-
static indicators:
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— APTT below normal and normal (p = 0.039).
above normal and normal (p = 0.012);

— PT was above normal and normal (p = 0.042).

In Group 1 female patients with hemorrhagic
complications, differences were recorded in the
preoperative APTT level above normal and normal
(p = 0.00022); baseline Fg level below normal and
normal (p = 0.00065), and below and above normal
(p = 0.00001); with significant differences in the
level of Tc before surgery between patients with in-
dicators below normal and normal (p = 0.038).

In both male and female patients of Group 2, no
cases of bleeding were recorded in the early post-
operative period; the analysis of the influence of
initial coagulogram indicators on the development
of complications was not conducted in this catego-
ry of patients.

The analyses of other preoperative hemosta-
siological indicators revealed no statistically sig-
nificant difference for patients with established
thrombosis and bleeding in both the sexes of both
the groups (p > 0.05).

For factors that indicated statistically significant
influence on the development of thrombosis/blee-
ding with the presence of a variation, the risk ratio,
and difference was analyzed.

The analyses of the level of influence of blood
parameters before surgery on the development of
thrombosis in female patients of Group 1 indicated
that a low level of INR increased the risk of VTE by
13.333 times (OR = 13.333, CI = 4.49-39.591) and
that the APTT indicator below the reference values
before surgery demonstrated an increase in the risk
of VTE by 5.8 times (OR=5.8, CI =1.357-24.796).
In the female patients of Group 1, the initial APTT
value above the norm increased the risk of bleeding
by 28 times (OR = 28, CI =3.426-228.831). and
a low level of Fg and Tc before surgery increased the
risk of hemorrhagic complications by 23.25-times
(OR = 23.25, CI = 3.117-173.423) and 10.2-times
(OR =10.2, CI = 1.805-57.619), respectively.

For male patients in Group 1 showing statisti-
cal confidence, the initial level of APTT above the
reference values increased the risk of bleeding by
18-times (HR = 18, CI = 2.679-120.922).

Thus, the data obtained from this retrospective
analysis allow us to conclude that. in case of an ini-
tially elevated APTT level in male patients, a TI
of at least 18 h should be observed to prevent the
occurrence of bleeding. For the corresponding fe-
male patients, it is advisable to observe a TI of at
least 18 h at an initial low level of INR and APTT
along with careful monitoring to prevent thrombo-
sis. Moreover, with an increased APTT level and
reduced levels of Fg and Tc before surgery, it is ad-
visable to monitor for the prevention of bleeding.

In the presence of the abovementioned risk factors
for VTE, prescription of tranexamic acid as a he-
mostatic MR should be avoided and a TI of at least
18 h should be maintained.

Conclusions

1. The most significant fluctuations in the he-
mostasiograms were indicated by the fibrinogen
level that demonstrated a steady growth dynamics
throughout the hospital stay for patients of both the
sexes and groups. In addition, the values of the in-
ternational normalized ratio and prothrombin time
exceeding the reference values were recorded, albe-
it with a tendency to decrease at the end of the pa-
tient’s stay in the hospital.

2. A total of 27 (10.67%) thrombohemorrhagic
complications developed, with 22 (81.48%) com-
plications (time interval <17 h) and 5 (18.52%)
(time interval 18-24 h) complications in the form
of thrombosis for Groups 1 and 2, respectively.
In Group 1, all thrombotic complications (n = 11;
50%) were statistically significantly associated with
the use of tranexamic acid, which was 2.2-times
more frequent than that in Group 2.

3. The development of thrombosis among wom-
en in Group1 was influenced by the initial low
level of international normalized ratio and the ac-
tivated partial thromboplastin time. The develop-
ment of bleeding in Group1 for men was affected
by an initially increased level of activated partial
thromboplastin time; for women, it led to an in-
creased level of activated partial thromboplastin
time and a reduced level of fibrinogen and platelet
count before surgery.

4. In the presence of the abovementioned fac-
tors indicating an increased risk of thrombohemor-
rhagic complications, if possible, avoiding the use
of tranexamic acid as a hemostatic medicine reme-
dy and observing a time interval of at least 18 h is
recommended.
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