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Low Level of Antithrombin III as a Warning Sign for 
Developing Thrombotic Complications in Surgical Patients

Konstantin N. Zolotukhin1, Philipp Krüger2, Aleksandr V. Samorodov1

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 № 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.
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Низкий уровень антитромбина III как предиктор 
развития тромботических осложнений у пациентов 
хирургического профиля
К.Н. Золотухин1, Ф. Крюгер2, А.В. Самородов1

Резюме
Введение. Тромбоэмболия легочной артерии (ТЭЛА), являясь самым грозным эмболическим осложнением, харак-
теризуется низкой вероятностью прогноза, высоким процентом летальности, смертности и инвалидизации и, как 
следствие, высокой экономической стоимостью лечения и реабилитации. В этой связи основной целью нашей ра-
боты послужил поиск предикторов развития ТЭЛА у пациентов не кардиохирургического профиля, получавших 
интенсивную терапию в условиях общехирургического ОРИТ, среди показателей системы гемостаза. 

Материалы и методы. На базе анестезиолого-реанимационного отделения № 1 хирургического профиля ГБУЗ 
Республиканская клиническая больница имени Г.Г. Куватова (г. Уфа) был проведен анализ показателей системы 
гемостаза 430 пациентов, госпитализированных в период с 2010 по 2014 г. Исследование агрегации тромбо-
цитов осуществляли с помощью лазерного анализатора агрегации тромбоцитов «Биола 230LA». Определение 
циркулирующих агрегатов проводили по методу Wu — Hoak. Показатели, характеризующие состояние эндо-
телия, активность коагуляционного звена гемостаза и маркеры процессов тромбообразования и фибринолиза 
при действии изучаемых веществ, регистрировали на автоматизированном селективном анализаторе гемостаза 
STA Сompact («Ф. Хоффманн — Ля Рош Лтд», Франция). 

Результаты. Однофакторный анализ выявил наличие связи между госпитальными эпизодами тромбоза и сле-
дующими факторами: экстренное хирургическое вмешательство (OR 9,1, p<0,01), заболевание перифериче-
ских сосудов (OR 13,5, p=0,01), развитие шока в дооперационном периоде (OR 30, p<0,01), высокое содержа-
ние D-димеров (OR 30, p<0,01) и низкое содержание АТ III (OR 13,5, p=0,01). По результатам многофакторного 
анализа значимыми диагностическими критериями являются высокое содержание D-димеров и низкая актив-
ность AT III венозной крови. 

Заключение: установленная закономерность позволяет верифицировать высокие риски в отношении вероят-
ности тромбоэмболии легочной артерии и своевременно оценивать эффективность проводимых профилакти-
ческих мер.
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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 

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 № 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) in a concentration of 20 μg/ml,  
collagen at 5 mg/ml, adrenaline at 5 µg/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 F.H. 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 III (ATIII) 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 CaCl2 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 

Indicator Value 

Age±SD, years 58.9±19.6

Male, abs (%) 245 (56.9)

АРАСНЕ–II, M±SD 17.9±2.4

SOFA, M±SD 8.7±1.9

Time in ICU±SD, days 5.4±1.6

Nosology (ICD–10), abs (%)

Traumas that cover body zones (Т00–Т07) 123 (28.7)

Malignant neoplasms of the digestive system (С15–С26) 62 (14.5)

Benign neoplasms (D10–D36) 13 (3.0)

Echinococcosis (В67) 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 (I20–I25) 24 (13.9)

Hypertension disease (I11–I15) 37 (21.5)

Atherosclerosis (I70) 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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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 
(χ²=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 II (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).

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

I

Vein 46.5
(36.3–54.1)

43.2
(38.5–54.7)

41.5
(37.2–51.3)

48.9
(37.5–53.6)

1.1
(0.0–1.7)

Artery 47.5
(44.1–56.1)

48.1
(37.8–53.2)

37.2
(31.5–43.9)

44.6
(37.1–48.9)

0.8
(0.0–1.3)

II

Vein 70.3
(66.3–76.2)*

72.4
(68.4–74.4)*

70.8
(66.4–72.3)*

68.6
(61.5–71.9)*

19.1
(15.8–20.7)*

Artery 68.8
(64.9–76.3)*

68.7
(60.5–72.9)*

67.7
(61.3–73.6)*

59.5
(55.8–71.9)**

18.0
(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 III

I 0.05 (0.03–0.07) 84.9 (81.5–90.7)

II 2.4 (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 Constant b 0 AT III, % 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: χ²=29.062, p=0.00106, R2=0.9123.

Table 5 .Table of regression results

Indicator Vein Artery p

I

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

AF, mm 57.3 (54.2–61.2) 54.1 (50.6–59.8) 0.6

G, dyne/cm2 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

II

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

AF, mm 84.2 (79.6–87.1)** 79.5 (77.1–82.3)** 0.3

G, dyne/cm2 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; р — level of statistical significance of indicators differences 
between arterial and venous blood.

Table 2. Thromboelastography indicators, Me (25–75)
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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 ATIII 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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