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NPEUMYIIECTBA COBPEMEHHBIX METOJ0B MPO®UJIAKTUKH
TPOMBOTHYECKHUX OCJIOXKHEHUM Y BOJBHBIX
C KPUTUYECKOW MINEMHWEN HU)KHUX KOHEYHOCTEMN
MOCJIE BBIIMOJHEHUS PEKOHCTPYKTHUBHBIX OIIEPALIMI
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ILlens. OueHUTD U YIYULIUTH PE3YJbTaThl PEKOHCTPYKTUBHBIX ONepaluil y O0IbHBIX 00JIHU-
TEPUPYIOLIUM aTEPOCKIEPO30M C KPUTHUYECKOW MIIEMHEN HUKHUX KOHEYHOCTEH NYTEM CHUXKE-
HUS YaCTOThl TPOMOOTHYECKUX OCIIOKHEHUH 3a CYET YCOBEPIICHCTBOBAHUS JIUArHOCTUKU (aKToO-
POB pricKa TpOMOO30B Ha OCHOBAHUU JIaHHBIX KOAryJIorpaMMel u Tecta Tpomboanaamuka T-2.

Mamepuanvt u memoowt. 1 rpynma (N=48) — BBINOIHEHB PEKOHCTPYKTUBHBIC ONEPAIMH Ha
apTepusiX HUKHUX KOHEYHOCTEW, aHTUKOAryJsIHTHasl Tepanus HedpaKIMOHUPOBAHHBIM Ienapu-
HoM (HOI') mox KOHTpoOJEM reMoCTa3suorpaMMbl 0 OMEPAaTUBHOTO JICYCHHs, yepe3 6 4 u 6 cyT
1I0CJIe ONEPAaTUBHOTIO JIEUEHUS U JIONOJHUTENbHBIM KOHTposieM ypoBH AUTB 3a 30 muH 1o BBe-
neunst HOT'. 11 rpynmna (N=34) — BBIMOIHSIMCH PEKOHCTPYKTUBHBIC OIEpAIii C MO00pOM aHTH-
KOAryJIsIHTHOM Tepalnuu C [OMOLIbI0 IIOKa3aTesled TIeMOocTa3uorpaMmbl U J1aDopaTOpHO-
JTUArHOCTHYECKON cuctembl Peructparop tpomboannamuku T-2 10 omepaTUBHOTO JICUCHHUS, Ye-
pe3 6 4 u 6 CyT mocine onepaTUBHOIO JICUEHUS U JOTOJHUTEIBHBIM KOHTpoJieM ypoBHsi AUTB 3a
30 muH 1o BBenenuss HOI'.

Pezynomamet. lpu ananuse JaHHBIX KOAryjlorpamMmbl u Tecta TpomOonunamuka T-2 cra-
TUCTUYECKYIO 3HAUUMOCTh Tokazanun AUTB, ¢ubpunoresn, 3agep:kka u HadallbHas CKOPOCTh pOC-
Ta Cr'yCTKa, COYETaHUE KOTOPBIX JAaeT 0OOCHOBAHHYIO BO3MOKHOCTH ONPEAEIUTh HE0OOX0IUMOCTh
KOPPEKILMH IeapuHOTepanuu AJs NpeoTBPAIlEeHUs] pa3BUTHS TPOMOO03a.

Bo16ooni. Jlunamuka nokazarenei tecta TpomOoaunamuka T-2 B mporecce noadopa 103bl
H®T nonreepxaer 0omblryto 3pPeKTUBHOCTh 3TOH METOUKU B BHIOOpE a/IeKBATHBIX 103 aHTU-
KOAryJISIHTHBIX IIPENapaToB AJis NpOoQUIAKTHKU MOCIEONEPAMOHHBIX TPOMOO30B y MAIUEHTOB C
KPUTHYECKOW UIIEMUEN HUKHUX KOHEYHOCTEN.

Knrouesvie cnoea: obrumepupyowuti amepockiepos;, Kpumuieckas uiemust; onepamusHoe
JleyeHue;, pesackyiapu3ayus; apmepuaibHulil mpomoo3; mpomooOuHamuKa.

ADVANTAGES OF MODERN METHODS OF PREVENTION OF THROMBOTIC
COMPLICATIONS IN PATIENTS WITH CRITICAL ISCHEMIA OF LOWER LIMBS
AFTER RECONSTRUCTIVE OPERATIONS

I.1. Katelnitskiy, I1g.1. Katelnitskiy, E.S. Livadnyaya
Rostov-on-Don State Medial University, Rostov-on-Don, Russia
Aim. To evaluate and improve the results of reconstructive operations in patients with oblit-

erating atherosclerosis with critical ischemia of the lower limbs through reduction of the rate of
thrombotic complications by improvement of diagnosis of risk factors for thrombosis on the basis

of coagulogram and Thrombodynamics T-2 test data.
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Materials and Methods. In the | group of patients (n=48) reconstructive operations were
performed on the arteries of lower limbs and anticoagulant therapy with unfractionated heparin
(UFH) with control of hemostasiogram before the operation, in 6 hours and 6 days after the opera-
tion and with additional control of APTT 30 minutes before introduction of UNH. In the 11 group
(n=34) reconstructive operations were performed with selection of anticoagulant therapy using
parameters of hemostasiogram and laboratory-diagnostic system Thrombodynamics Recorder T-2
with control before the operation, in 6 hours, 6 days after the operation and with additional control
of APTT in 30 minutes before introduction of UFH.

Results. Analysis of the data of coagulogram and Thrombodynamics T-2 test showed statis-
tical significance of APTT, fibrinogen, delay and initial speed of clot growth, a combination of
which permits a possibility for correction of heparin therapy for prevention of thrombosis.

Conclusions. The dynamics of the parameters of Thrombodynamics T-2 test in selection of
UFH dose proves high effectiveness of this method for selection of adequate doses of anticoagu-
lant drugs for prevention of postoperative thromboses in patients with critical ischemia of the
lower limbs.

Keywords: obliterating atherosclerosis; critical ischemia; surgical treatment; revasculari-
zation; arterial thrombosis; thrombodynamics.

The amount of performed reconstruc- segment [6,7]. The rate of late reocclusions of
tive operations annually grows, and new, the femoropopliteal segment, according to
more sophisticated surgical interventions are different data, varies from 22 to 60%. If the
under development. However, an important factor for development of late reocclusion is
problem is that of causes of postoperative progressing atherosclerosis, the causes of ear-
thrombosis in the early postoperative period ly thrombotic complications in reconstructive
and of methods of their prevention. To a cer- vascular surgery are considered to be errors of
tain extent this can be associated with the ab- surgical technique (10% of cases), thrombotic
sence of a simple and reliable method of as- condition of the system of hemostasis (11%),
sessment of the characteristics of vascular reduction of the inflow (16%) and impairment
bed, although, in the opinion of many authors of the outflow (40%) of blood in the zone of
it is these factors that predetermine the out- reconstruction [8].
come of the reconstructive operation [1-3]. Pathogenesis of thrombotic complica-

Up to the moment the actual and non- tions largely depends on the initial condition
solved problem of the modern vascular sur- of hemostasis and hemorheology, and also on
gery is development of thrombotic the alterations in these systems after the oper-
reocclusions in the reconstructed arteries, ation. R. Bedenis, A. Lethaby characterize the
shunts and prostheses, that impairs the effec- initial condition in patients with obliterating
tiveness of the radical intervention [4,5]. By atherosclerosis as thrombophilic with frustra-
time of occurrence, reocclusions can be clas- tion in the fluidity and suspension stability of
sified to early (occurring within 3 months af- blood. After reconstructive operations on ar-
ter the surgical intervention), delayed (from 3 teries of the lower limbs (LL) these altera-
months to 1.5 years) and late (after >1.5 years tions worsen, therefore, an important task of
after the operation) [6]. According to modern the modern angiology is adequate correction
literature, the rate of early postoperative of hemocoagulation and hemorheologic shifts
thromboses ranges from 4 to 25%. Here, re- in the early postoperative period [9].
constructions of femoropopliteal segment are Aim — to assess and improve the results of
10 times more often complicated with early reconstructive operations in patients with oblite-
thrombosis than operations on the aortoiliac rating atherosclerosis with critical ischemia of
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the lower limbs through reduction of the rate of
thrombotic complications due to improvement
of diagnosis of risk factors for thrombosis on
the basis of the data of coagulogram and of
“Thrombodynamics T-2” test.

Materials and Methods

82 Patients involved into the research
were divided to two groups: the first group
included 48 patients with reconstructive oper-
ations on the LL arteries given antiocoagulant
therapy (ACT) with unfractionated heparin
(UFH) with control of hemostasiogram before
the operation, in 6 hours and 6 days after the
operation and with additional control of acti-
vated partial thromboplastin time (APTT) in
30 min. before introduction of UFH.

The second group involved 34 patients
‘in whom reconstructive operations were
conducted with selection of ACT on the basis
of parameters of hemostasiogram and of la-
boratory-diagnostic system “Thrombodyna-
mics Recorder T-2” before the operation, in 6
hours and 6 days after the operation and with
additional control of APTT 30 min. before
introduction of UFH. The age of patients var-
ied from 46 to 76 years. The mean age was
62.0+0.79 years. In 80 of 82 patients comor-
bid diseases were present, which did not in-
fluence development of thrombosis in the ear-
ly and late postoperative period. Withdrawal
criteria were congenital diseases of blood sys-
tem, damages to the liver, spleen, bone mar-
row. Both groups were comparable by age
(p=0.93), gender (p=0.034) and comorbid pa-
thology (for all p>0.05).

The number of patients with lesion of
the iliac segment in the 1% analyzed group
was 75.00%, in the 2" — 70.59% (p>0.05), of
femoropopliteal segment — 3.75% in the 1%
group and 85.29% in the 2" group (p>0.05).
Thus, the groups were also comparable by the
character of lesion of the vascular bed.

In both analyzed groups IV stage of
chronic ischemia of LL was predominating
with gangrenous-necrotic alterations of the
shin and foot: 75.0% in the 1% group and
76.5% — in the 2" (p>0.05). Revasculariza-
tion operations on the LL arteries were per-

formed in all patients included into the study.
The majority of the performed reconstructive
interventions were femoropopliteal bypass —
66.68% and 76.47% (p>0.05) in the 1% and
2" group, respectively. Thus, the groups were
also comparable by the kind and number of
conducted reconstructive operations.

Necrectomy or minor amputations were
conducted both simultaneously with revascu-
larization (22 patients) and in delayed postop-
erative period (in 7 days) (23 patients). In 17
patients necrectomy was not required, and
trophic ulcers in them regenerated after recon-
structive operation. All necrectomies were per-
formed within viable tissues. Amputation of
toes and of distal parts of foot were performed
with preservation of the motor capability.

Levels of lesion were determined by US
and X-ray contrast angiography data, lesion
of the microvasculature — by laser doppler
flowmetry (LDF). Along with clinical and
biochemical blood analyses, in both groups of
patients the system of hemostasis was inves-
tigated before the operation, in 6 hours and 6
days after the operation, by determination of
thrombin time (TT), soluble fibrin monomer
complexes (SFMC), APTT, antithrombin [11
(ATIHI), international normalization ratio
(INR) and fibrinogen. In patients of the 2"
group, besides the above mentioned examina-
tion methods, Trombodynamics-2 test was
carried out. APTT in both groups was deter-
mined 30 min. before introduction of UFH.

The methods of study were discussed
and approved at a meeting of Local ethical
committee of RostSMU (Protocol Nel346 of
19.05.2016). All patients of the group of addi-
tional intervention (the 2" group) signed in-
formed consent for the use of examination
methods.

Statistical processing was carried out
using Statistica 6.1 application software
package and Excel 2007 electronic spread-
sheets for statistical processing of the ob-
tained data on personal computer of IBM
PC/AT type. Linked groups were compared
using Student’s test where possible, in other
cases Wilcoxon’s test was used. Comparison
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of binary data was carried out using Fisher’s
exact test. Currently accepted significance
levels were used: p<0.05; p<0.01 and
p<0.001. The relationship between the ana-
lyzed characteristics was studied using Pear-
son (r) or Spearman correlation coefficient
with evaluation of the force of relationship.
Results and Discussion
During the surgical treatment all pa-

tients were infused UFH at a dose of 5000 1U
intravenously before vascular clamps were
applied. In the postoperative period continu-
ous intravenous infusion was used. The initial
dose in both groups was 1000 to 2000 Un/h.

In 6 hours after the surgery no statisti-
cally significant differences in the levels of
TT, APTT, ATHI and fibrinogen were seen in
both groups (Table 1).

Table 1
Comparison of Coagulogram Parameters of 1* and 2" Analyzed Groups
in 6 Hours after Operation
Comparison Group Main Group
(1st group), n=48 (2nd group), n=32
Parameters Mean Standard Mean Standard P
(M) Deviation (s) (M) Deviation (s)
TT, sec 15.50 2.74 16.14 2.01 0.40
SFMC, mg/100mL 2.00 1.70 0.65 0.92 <0.001
APTT, sec 44.46 11.26 44.29 12.20 0.86
ATIII, % 98.81 19.74 99.68 17.30 0.84
INR 1.05 0.17 1.44 0.40 <0.001
Fibrinogen, g/L 2.85 1.01 2.61 0.65 0.57

Within 6 days after surgical treatment,
statistically significant differences were found
only in APTT which was the reason for use of
more sensitive methods of identification of
risks for thrombus formation in the early
postoperative period (Table 2).

Selection of dose of heparin in Thrombo-
dynamics-2 test during surgical treatment re-
vealed the necessity to increase dose of heparin
in 13 of 43 patients (38%) by such parameters
as: blood clot growth rate (35.05 pm/min), clot
growth delay time (0.61 min.), initial clot

growth rate (57.56 pm/min.), clot density
(33377 Conv. Un) and size of fibrin clot (1263.7
um). Thus, all parameters of Thrombodyna-
mics-2 test were more sensitive in determina-
tion of hypercoagulation condition and permit-
ted to reasonably identify patients needing
higher doses of heparin in 6 hours after surgical
treatment. In 6 days after the reconstructive op-
eration these parameters also reliably evidenced
hypercoagulation. Thus, daily dose of heparin
in the 2" group reached 40000 Un and did not
exceed 30000 Un a day in the 1¥ group.

Table 2
Comparison of Coagulogram Parameters of 1st and 2nd Analyzed Groups
in 6 Days after Operation
Comparison Group Main Group
(1st group), n=48 (2nd group), n=32
Parameters Mean Standard Mean Standard P
(M) Deviation (s) (M) Deviation (s)
TT, sec 15.29 3.11 17.10 1.95 0.0029
SFMC, mg/100mL 1.65 2.07 0.62 1.35 0.020
APTT, sec 37.87 7.34 47.61 10.82 <0.001
ATII, % 97.50 14.40 106.12 14.22 0.0066
INR 1.42 0.42 1.67 0.46 0.0095
Fibrinogen (g/L) 2.82 1.04 2.20 0.48 0.0020
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Dynamics of Parameters of Thrombodynamics Recorder-2
Laboratory-Diagnostic System in Patients of 2" Group in 6 Hours after Operation
with and without Correction of Anticoagulant Therapy

Table 3

Patients not Requiring Correc- |Patients Requiring Correction
Initial Values, tion of Therapy (n=3) of Therapy (n=31)
Parameters —34 p
n= Mean Standard Mean Standard
(M) Deviation (s) (M) Deviation (s)
TT, sec 11.80 17.72 0.84 12.83 0.21 0.0047
SFMC, mg/100mL 3.97 0.26 0.73 3.33 0.58 0.0057
APTT, sec 26.33 51.19 4.52 21.67 2.52 <0.0047
ATIII, % 68.82 109.29 10.94 77.33 3.06 0.0047
INR 0.98 1.76 0.40 1.02 0.07 0.0098
Fibrinogen, g/L 4.34 2.09 0.36 3.10 0.10 0.0075

Note: p — significance of differences in parameters of patients of the 2" group with and

without correction of ACT

In 1 month after surgical treatment the
amount of impassable shunts in the 1% group
was 11 (22.92%), in the 2" group thrombosis
was noted in 1 patient (2.94%, p=0.005). In 6
months after reconstructive surgery no statis-
tically significant differences in patency of
shunts were found between the groups: 9
(19.15%) thromboses in the 1% group, 5 in the
2" group (14.71%, p>0.05).

Long-term results of treatment were
evaluated as good, satisfactory and unsatis-
factory, by A.V. Pokrovsky scale.

Thus, within 6 months after the surgical
treatment good results were predominating in
patents of the 2" group — 97.12% in compari-
son with 76.18% in the 1% group (p=0.001).
The amount of satisfactory results was insig-
nificant in the 2" group (up to 3.16%) and
made 19.24% in the 1* group. Unsatisfactory
results were absent in the 2" group and made
6% in the 1 one.

In 1 year after revascularization good
and satisfactory results predominated with
reliably lower amount of unsatisfactory re-
sults in the 2" group (2.95% versus 10.41%
in the 1% analyzed group, p=0.005).

Within the first month after the surgery
thrombosis of shunt was noted only in 1 pa-
tient (2.94%) of the 2" group and in 11 pa-
tients in the 1% group (22.90%, p=0.005).
Within the whole period of observation am-
putations were performed in 5 patients
(10.42%) of the 1* group and in 1 patient
(2.92%) of the 2" group.

The clinical picture of the results of
surgical treatment was confirmed by the data
of instrumental methods of examination.
Thus, after the surgical intervention a reliable
increase in linear blood velocity at the level
of the anterior tibial artery in the 2" group
was noted. This may be attributed to a lower
amount of thrombotic complications in the
postoperative period in patients with selection
of dose of ACT on the basis of Thrombo-
dynamics T-2 test. In patients of the 2" group
the average linear blood velocity (LBV) at the
level of the anterior tibial artery (ATA) was
reliably higher due to a lower amount of
thromboses of the reconstructed vascular bed
(14.71% against 16.79%).

The increase in the parameters of laser
doppler flowmetry was more common in the
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2nd group, however, no reliable differences in
these parameters between the groups was
identified: in the 1% group the average value
of LDF was 75.96+34.35, and in the 2" group
this parameter was 89.68+28.96 (p=0.0089).

Repeat surgical interventions within the
1% year were required in 19 patients (39.58%)
of the 1% analyzed group and in 6 patients
(17.65%) of the 2" group, with this, in one
patient of the 1% group restoration of the
blood flow was repeated twice.

Thus, for patients with past reconstruc-
tive operations on the LL arteries, more ade-
quate method of selection and control of the
dose of ACT is high-sensitive examination of
the blood coagulation system using Thrombo-
dynamics Recorder T-2. Reduction of the rate
of thrombotic complications was revealed in
the group of patients in whom, besides hemo-
stasiogram, control of blood coagulation sys-
tem was performed using Thrombodynamics
T-2 test (22.92% against 2.94% respectively,
p-0.001). In result, a complex of the data of
coagulogram and Thrombodynamics T-2 test
permits to more reasonably identify the ne-
cessity for correction of heparin therapy to
prevent thrombosis in the zone of reconstruc-
tion in patients with critical ischemia of LL.

Conclusions

1. Selection of the dose of heparin af-
ter reconstructive operations in patients with
critical ischemia only on the basis of
hemostasio-gram is ineffective in 39.58% of
patients (here, in 19 of 48 patients of the 1
analyzed group the initially determined dose
of heparin appeared insufficient which re-
quired correction of anticoagulant therapy,
however, in 11 patients this correction
proved ineffective and led to thromboses in
the early postoperative period).

2. In patients of the 1% group of obser-
vation 11 thromboses (22.9%) were noted in
the early postoperative period, here, statisti-
cally significant for thrombotic complications
were such parameters as thrombin time,
SFMC, APTT, antithrombin Il and fibrino-
gen. With use of Thrombodynamics-2 test for
selection of heparin dose, only one case of
thrombosis (2.9%) was noted in the early
postoperative period.

3. The dynamics of parameters of
Thrombodynamics T-2 test in selection of
heparin dose confirms a higher effectiveness
of this method for selection of adequate doses
of anticoagulant drugs to prevent postopera-
tive thromboses of shunts.
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