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Summary

Introduction. Pulmonary embolism (PE), being the most severe embolic complication, is characterised by low predic-
tability, high mortality and incapacitation rates as well as a correspondingly high economic cost of therapy and aftercare.
In this connection, the main purpose of our work is to find a warning for PE development in non-cardiosurgical patients
that have undergone intensive therapy under conditions of general surgical ICU, among the indicators of the haemosta-
sis system.

Materials and methods. Based at the anaesthesiology and emergency surgical department Ne 1 of the Kuvatov Republic
Clinical Hospital (Russia), the researchers carried out an analysis of the haemostasis system in 430 patients hospitalised
between 2010 and 2014. The functional activity of platelets was studied using a Biola 230LA laser platelet aggregation
analyser (Russia). The determination of circulating aggregates was conducted using the Wu — Hoak method. Thrombo-
elastography was carried out using a TEG 5000 Thromboelastograph (USA). A Stago STA Compact automated selective
haemostasis analyser (France) was used to register indicators that characterise the state of endothelium, the haemostatic
coagulation element and thrombosis and fibrinolysis markers.

Results. Univariate analysis demonstrated a connection between nosocomial episodes of thrombosis and the follow-
ing factors: emergency surgery (OR 9.1, p<0.01), peripheral vessel disease (OR 13.5, p=0.01), collapse development in
pre-operation period (OR 30, p<0.01), high content of D-dimers (OR 30, p<0.01) and low content of AT III (OR 13.5,
p=0.01). The results of multifactor analysis show that the significant diagnostic criteria are high D-dimer content and
low AT III venous blood activity.

Conclusion. A determination of high risks will enable the incidence of pulmonary embolism to be to minimised as well
as provide a timely assessment of the efficiency of preventive measures carried out.

Keywords: thromboembolism, pulmonary artery, platelet aggregation, fibrinolysis, surgical haemostasis
For citation: Zolotukhin K.N., Kriiger Ph., Samorodov A.V. Low Level of Antithrombin III as a Warning Sign for Deve-

loping Thrombotic Complications in Surgical Patients. Creative Surgery and Oncology. 2018;8(1):52-56. https://doi.
0rg/10.24060/2076-3093-2018-8-1-52-56

Creative Surgery and Oncology, Volume 8, No. 1,2018


mailto:philipp.krueger@klinikumdo.de
mailto:philipp.krueger@klinikumdo.de

Opl/l r’MHaNnbHbIE NccegqoBaHnA

Husknin ypoBeHb aHTuTpom6umHa lll Kak npeaukTop
pa3BUTUA TPOMOOTUUYECKNX OCIIOXKHEHUI Y NaLMeHTOB
Xupypruyeckoro npodunsa

K.H. 3onomyxun’, ®. Kptozep?, A.B. Camopodos’

! Peciiybnmkanckas kanHndeckas 6onpHuna um. LI KyBarosa, Poccns, 450005, Yoa, yr. octoeBckoro, 132
2KnmHuka Hoprmynpa, Tepmanns, 44137, Joptmynp, bepxaymrpacce, 40
KoHtakTbl: Camopoznos Anekcanzp Bragumuposud, e-mail: AVSamorodov@gmail.com

Pesiome

BeepeHue. Tpom6oam6oms nerounoit aprepuu (TIJIA), ABISACH CaMBIM IPO3HBIM 3MOOIIYECKIM OCTIOKHEHVIEM, XapaK-
TepnsyeTc;l HMSKOfI BepOHTHOCTbIO HpOI‘HOSa, BBICOKM l'[pO].IeHTOM JI€TAIbHOCTN, CMepTHOCTI/I VI MHBA/IMIN3aIUN 1, KaK
caeacreume, BbICOKOﬁI BKOHOMM‘leCKOﬁI CTOMMOCTDBIO ICYECHUA U pea6I/I]II/ITaI.U/II/I. B 3T0]7[ CBA3N 0CHOBHO]7[ IEIbIO Hame]?[ pa—
6OTBI TOCTYXII TIOVICK MPeAUKTOPOB pasButisa TIJIA y HalueHTOB He KapAMOXMPYPIUYeCcKoro mpoduis, HomydaBIInx
I/IHTEHCI/IBHYIO Tepar[mo B YC]IOBI/I}IX 06IlleXI/IpypI‘I/I‘leCKOI‘0 OPI/IT, cpe)m l'IOKaSaTeIIef/I CUCTEMBbI reMmocTra3a.

Matepuanbi 1 metofpl. Ha 6ase aHecTe3Mom0ro-peaHNManiOHHOTO otaenenus Ne 1 xupyprudeckoro npoduis I'BY3
Pecniy6nukanckas knnHndeckas 6onpuuia umenu LT KyBatosa (1. Yda) 6611 mpoBefieH aHaINn3 MoKa3arereil CUCTeMBI
reMocTasa 430 manyMeHTOB, TOCHNTANTN3MPOBAHHBIX B Hepuox ¢ 2010 mo 2014 r. ViccnemoBanme arperanuy Tpom6o-
LUITOB OCYIECTB/I/IN C IIOMOIIBIO Ta3ePHOTO aHaAM3aTopa arperauuu TpombonuTos «buoma 230LA». Onpenenenue
UPKYIMPYIOIMX arperatoB nposoauin mo meroxy Wu — Hoak. ITokasarenu, xapakTepusyroliye COCTOSIHIE SHAO-
TeNNsA, aKTMBHOCTD KOATY/IALMOHHOTO 3BeHa FeMOCTa3a M MapKepbl PolieccoB TpoMboo6pasoBanus u GpubpuHonmnsa
NIPpY IeViCTBAM M3y4YaeMbIX BellleCTB, PErCTPUPOBA/y Ha aBTOMATU3MIPOBAaHHOM Ce/TeKTUBHOM aHa/IM3aToOpe reMoCcTasa
STA Compact («®. Xodppmann — JIsa Pow JIta», @pannmst).

Pesynbratbl. OgHOGAaKTOPHBIT aHAIN3 BBIABWUI HATWYNMe CBA3M MEX/Y TOCIHUTATbHBIMI SIMU30{aMy TpoM6o3a 1 Cite-
ayrommmy GakTopaMu: SKCTpeHHOe Xupyprudeckoe BMemrarenbcTBo (OR 9,1, p<0,01), 3aboneBanne nepudepudye-
CKIX COCY[0B (OR 13,5, p=0,01), pasButne mwoka B goonepamyonHom nepuoge (OR 30, p<0,01), BBICOKOE COfieprKa-
Hue D-gumepos (OR 30, p<0,01) n Huskoe copepkanne AT III (OR 13,5, p=0,01). ITo pesynbraraMm MHOTO(aKTOPHOTO
AaHaNMM3a 3HAYMMBIMM AVMATHOCTMYECKUMM KPUTEPUAMI ABIAIOTCA BBICOKOE cofiepKaHme D-1umepoB 1 HU3Kast akTUB-
HocTh AT III BeHO3HOIT KpOBU.

3aKsoyeHNe: yCTaHOB/IEHHAsA 3aKOHOMEPHOCTD IO3BOJLAET BepUQUIIMPOBATh BHICOKNE PUCKM B OTHOLIEHVN BEPOSAT-
HOCTM TPOMO03MOOINII TETOYHOIT apTEPUI M CBOEBPEMEHHO OLleHNBaTh 3 (PEeKTUBHOCTD IMPOBOJUMBIX MPOQUIAKTI-
YeCKNX Mep.

KnioueBble cioBa: TpoM603MO0/Ns, TeTOYHASA apTepHs, arperaiys TpoMOOoIMTOB, GMOPMHOMNS, XMPYPIUIECKIII TeMOCTa3
Inauummposanua: 3onotyxus K.H., Kprorep ®@., Camoponos A.B. Huskuit ypoBenb antutpom6uHa III kak npeguxkrop

PasBUTIA TPOMOOTHYECKIIX OCTOXKHEHNIT Y MAIVIEHTOB XUpyprudeckoro npoduinsa. KpearnsHas Xupyprus u OHKOJO-
rud. 2018;8(1):52-56. https://doi.org/10.24060/2076-3093-2018-8-1-52-56
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Introduction

Pulmonary embolism (PE), the most severe embolic compli-
cation, is characterised by low predictability, high mortality
and incapacitation rates as well as a correspondingly high
economic cost of therapy and aftercare [1]. A statistical se-
ries of population-based studies was used to determine the
main reasons and risk factors for pulmonary embolism [2-6],
and to develop clinical practice guidelines to prevent throm-
boembolic complications. However, despite the efficiency of

Indicator Value
AgexSD, years 58.9+19.6
Male, abs (%) 245 (56.9)
APACHE-II, M+SD 17.9+2.4
SOFA, M+SD 8.7+1.9
Time in ICU£SD, days 54+1.6
Nosology (ICD-10), abs (%)
Traumas that cover body zones (T00-T07) 123 (28.7)
Malignant neoplasms of the digestive system (C15-C26) 62 (14.5)
Benign neoplasms (D10-D36) 13 (3.0)
Echinococcosis (B67) 7(1.6)
Postcholecystectomy syndrome (K91.5) 36 (8.4)
Achalasia of the cardial part of the oesophagus 18 (4.4)
Septic and necrotic state of lower respiratory tracts (J85-J86) 12(2.9)
Crohn's disease (K50) 10 (2.4)
Skin and skin structure infections (L00-L08) 12(2.9)
Paralytic ileus and intestinal obstruction without hernia (K56) 8(1.9)
Peritonitis (K65) 73(17.0)
Kidney abscess and paranephric body (N15.1) 4(0.9)
Pancreatonecrosis (K86.8.1) 42(10.0)
Other 6(1.4)
Total 430 (100.0)
Co-morbidity, abs. (%)
Ischemic heart disease (120-125) 24(13.9)
Hypertension disease (I111-115) 37(21.5)
Atherosclerosis (170) 31(18.2)
Chronic disease of lower respiratory tracts (J40-J47) 12(6.9)
Adiposis (E66) 10 (5.8)
Cachexia (R64) 6(3.4)
Diseases of gall bladder, bile passages and pancreas gland (K80-K87) 52(30.2)
Urinary stone disease (N20-N23) 11(6.4)
Prostatic Hyperplasia (N40) 8(4.7)
Iron deficiency anaemia (D50) 13(7.6)
Pancreatic diabetes (E10-E14) 16 (9.3)
Other 5(2.9)
Total 225 (100.0)
Table 1. Clinical and demographic characteristics of patients
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the approach for preventing thromboembolic complications
being demonstrated, a third of patients show a high probabi-
lity of thromboembolic disorders [7]. In this regard, the main
purpose of our work is to find a warning for PE development
in non-cardiosurgical patients that have undergone intensive
therapy under conditions of general surgical ICU, among the
indicators of haemostasis system.

Materials and Methods

Based on anaesthesiology and emergency surgical depart-
ment Ne 1 of the Kuvatov Republic Clinical Hospital (city of
Ufa) the researchers carried out an analysis of the haemo-
stasis system in 430 patients hospitalised over a four-year
period between 2010 and 2014. The withdrawal criteria
were verified hematologic pathology and the demonstrated
fact of PE at the moment of admission to ICU. Advice in
the organisation and planning of this study was provided by
specialists at the Klinikum Dortmund gGmbH (Dortmund,
Germany). The study was approved by the Ethics Commit-
tee of the State-Financed Educational Institution of Higher
Professional Education Bashkir State Medical University of
the Russian Health Ministry (No. 2 dated from 17/10/2010).
Indicator values for the haemostasis system of the domi-
ciled patients were derived from venous and arterial blood
samples received prior to therapy during venous and arterial
catheterisation in accordance with an intensive therapy plan
and haemodynamic monitoring. The functional activity of
platelets was studied using a Biola 230LA laser platelet ag-
gregation analyser (Russia). The aggregation was induced by
adenosine diphosphate (ADP) ina concentration of 20 pg/ml,
collagen at 5 mg/ml, adrenaline at 5 pg/ml and ristomycin
at 10 mg/ml (GOST, Russia). The definition of circulating
aggregates was carried out using the Wu — Hoak method as
modified by EH. Kohanna [8].

An STA Compact automated selective haemostasis analyser
(Hoffmann — La Roche Ltd, France) registered indicators
that characterise the state of endothelium, coagulation hae-
mostasis element and marker medication of thrombosis and
fibrinolysis affected by the test substances, enabling the fol-
lowing parameters to be determined: number of D-dimers
and antithrombin ITI (ATTII) activity. The work used original
reagent kits produced by Roche Diagnostics (Hoffmann —
La Roche Ltd, France).

Thromboelastography was carried out using a TEG 5000 appa-
ratus (Haemoscope Corporation, United States). The analysis
of the thromboelastograms determined the general coagula-
tion tendency (R), the functional activity of platelets and fibri-
nogen (MA, Angle), fibrinolysis activity (CLT) and the physi-
cal-mechanical properties of the formed clots (G). For the TEG
activator, 0.2 M CaCl, was used (GOST; Russia).

Statistical analysis. The findings were processed using the
Statistica 10.0 statistical package (StatSoft Inc, USA). The
normality of the actual data distribution was checked using
the Shapiro — Wilk criterion. The groups were described us-
ing the median and interquartile interval. Variance analysis
was performed using the Kruskal — Wallis (for independ-
ent observations) and Friedman (for repeated observations)
test criteria. Dichotomous adverse peri- or postoperative

Creative Surgery and Oncology, Volume 8, No. 1,2018
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outcome events were analysed using a uni- and multivariate
logistic regression model with backwards stepwise elimina-
tion and are expressed as odds ratios (OR) and 95% confi-
dence intervals (CI). A p-value less than 0.05 was considered
statistically significant.

Results and Discussion

The demographic and clinical profiles of the patients given
in Table 1 show that general surgical and septic pathology
prevails, accounting for 70.0% of the entire population sam-
ple. Comorbidity consisted of chronic diseases of the cardio-
vascular system (50%), GIT (30%) and lungs (16%). During
first day, 72.7% of patients had a sequential organ failure as-
sessment (SOFA) score of 6 points or higher; in 13.1% of
patients, the SOFA score was 12 points or higher.
Regarding hyperactivity of the haemostasis system at the
moment of admission to ICU, patient screening showed that
in 378 (87.9%) patients the indicators of functional activity
of platelets, coagulative marker medication of thrombosis
and haemostasis were within the reference range and did not
exhibit statistical differences for aerated and venous bloods
(Tables 2-3). Among those patients having unimpaired hae-
mostasiological indicators, there were no episodes of throm-
botic complications recorded during hospitalisation.

52 (12.1%) patients showed homogeneous changes: this
was associated with a Wu — Hoak value 15 times higher
(p=0.01) compared to the test group both in aerated and
venous blood. Thromboelastography data show hyperactiv-
ity of the thrombocytic component of haemostasis, i.e. the
MA indicator increases on average by 46.9%; the TMA in-
dicator by 39% due to prolongation of clotting with harden-
ing of the clot; while the G indicator increases by around
2.3 times relative to the control irrespective of the arterial
and venous division of the blood stream. Indicators of plate-
let aggregation show hyper-aggregation in all inducers both
in arterial and venous blood (Table 3). Using the method of
interfacing tables with application of Pearson’s chi-squared
test, all patients with diagnosed episodes of thrombosis were
allocated into the haemostasis system hyperactivity group
(x?=3.875271, p=0.0027).

According to the results of the screening, all patients were di-
vided into 2 groups: I (n=378) — indicators of the haemosta-
sis system without signs of hypercoagulation or hyperaggre-
gation, and IT (n=52) — indicators of the haemostasis system
without signs of hypercoagulation or hyperaggregation.
Univariate analysis showed a connection between nosoco-
mial episodes of thrombosis and the following factors: emer-
gency surgery (OR 9.1, p<0.01), peripheral vessel disease
(OR 13.5, p=0.01), collapse development in pre-operation
period (OR 30, p<0.01), high content of D-dimers (OR 30,
p<0.01) and low content of AT III (OR 13.5, p=0.01). More-
over, it is well-known that emergency operations and pe-
ripheral vascular disease [9-11] are associated with an in-
creased operative risk [12-15] although the amount of risk
involved as reported in the literature varies.

The results of multifactor analysis show that the significant
diagnostic criteria are high content of D-dimers and low ac-
tivity ATIII of venous blood (Tables 4 and 5).

KpeaTtusHasa xupyprua n oHkonorus, tom 8, N2 1, 2018

Indicator Vein Artery P
R, m 12.8 (10.3-15.6) 13.4(11.6-16.2) 0.3
TMA, min 35.7(32.8-41.4) 37.6 (34.1-39.7) 0.4

I AF, mm 57.3(54.2-61.2) 54.1 (50.6-59.8) 0.6
G, dyne/cm? 5.7 (4.5-7.9) 5.1(4.2-7.8) 0.4
CLT, min 38.7 (35.4-42.4) 36.4 (35.6-41.5) 0.7
R, m 14.7 (11.5-18.3) 15.2(13.7-17.6) 0.2
TMA, min 21.7 (19.4-23.1)* 22.9(18.4-23.4)** 0.6

I AF, mm 84.2 (79.6-87.1)** 79.5(77.1-82.3)** 0.3
G, dyne/cm? 13.1(10.5-15.2)** 11.8 (9.6-13.2)** 0.1
CLT, min 30.4(28.4-35.1)* 30.1(28.5-32.6)* 0.4

Note: The statistical significance of the indication differences in comparison with the observational group
were as follows: * — p<0.001, ** — p<0.01; p — level of statistical significance of indicators differences
between arterial and venous blood.

Table 2. Thromboelastography indicators, Me (25-75)

Group Blood ADP,mm Collagen, mm Adrenaline, mm Ristomicin, mm Wu — Hoak,%

Vein 46.5 43.2 415 489 1.1
(36.3-54.1)  (38.5-54.7) (37.2-51.3) (37.5-53.6) (0.0-1.7)
|
Arter . 48.1 37.2 44.6 0.8
4 (44.1-56.1)  (37.8-53.2) (31.5-43.9) (37.1-48.9) (0.0-1.3)
Vein 70.3 724 70.8 68.6 19.1
(66.3-76.2)* (68.4-74.4)* (66.4-72.3)* (61.5-71.9)* (15.8-20.7)*
1l
Arter 68.8 68.7 67.7 59.5 18.0
y (64.9-76.3)* (60.5-72.9)* (61.3-73.6)* (55.8-71.9)** (15.8-19.8)*

Note: The level of statistical significance of the differences of indications in comparison with the observational
group: * — p<0.001, ** — p<0.01.There is no difference between arterial and venous blood inside the group.

Table 3. Indicators of haemostasis system in the test group, Me (25-75)

Group D-dimers AT Il

| 0.05 (0.03-0.07) 84.9 (81.5-90.7)
Il 24 (1.1-2.7)** 69.8 (65.3-75.1)*
Chi-square 24.0 24.0
p-value 0.000025 0.000113

Note:The level of statistical significance of the differences of indications in comparison with the observational
group is as follows: * — p<0.001, ** — p<0.01.

Table 4. Assessment of prognostic significance of D-dimers and ATIII activity in the development
of embolia, Me (25-75)

Indicator Constantb 0 AT I, % D-dimers
Assessment 0.530220 0.540 -17.4085
Odds ratio (measure units) 1.699306 1.717 <0.00001
Odds ratio (range) — 9256.500 <0.00001

Note: X*=29.062, p=0.00106, R>=0.9123.

Table 5 .Table of regression results
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Conclusion

Thus, the findings show that changes in the haemostasis
system can function as a warning indicator for thrombotic
complications during a period of hospital stay. The level of
D-dimers and ATIIT activity upon the results of the multi-
factor analysis comprises a warning for development of deep
vein thrombosis and thromboembolia of the pulmonary
artery for surgical patients. The findings enable the assess-
ment of risks of patients with regard to the development of
pulmonary embolism. The determination of high risks will
in turn allow the occurrence of pulmonary embolism to be
minimised and permit a timely assessment of the efficiency
of preventive measures to be performed.
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