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HALU J,0CBIA KOPEKLIT BEHO3HOI TPOMBOEMBOJIT B BAPIATPUYHIN
XIPYPTIi MiJ KOHTPOJIEM TPOMBOEJIACTOTPAGDI|

TapabpiH O. 0., Kipniunikosa K. ., byraexko €. I.

Beryn. Y cBiTi Bif oxupiHHA 1 Horo yckJjaJHeHb LIOPiYHO NMOMHpA€E GJIU3BKO
2,8 minbiioHa Jtofieil. O>kUpPiHHA € He3a/IeXKHUM GaKTOPOM PU3UKY BEHO3HOI TPOM-
6oem60s1ii (BTE), OCKiJIbKM BOHO BTPY4Ya€ETbCsA Yy BHYTPIlLHI Ta 30BHIllIHI MIJISXH
KOaryJidlil, a TAaKOXX B aHTUKOATY/IAHTHI MeXaHi3MH, 110 IPU3BOLUTD 10 CTAHY Ti-
nepKoaryJsiii. 3MeHIIeHHs HAAJUIIKOBOI Macy Tijla B MALli€EHTIB i3 MOp6iJHUM
OXXUPIHHAM 3a JloroMorow 6apiaTpudHoi xipypril cTae Bce GiJbIl MOMYJSPHUM,
OCKiJIbKU GapieBa Tepamnisi € epeKTHBHUM 3aCO60M JIiKyBaHHSI OXKHUPiHHS Ta Cy-
NyTHIiX 3axBoploBaHb. [lepeBaru 6apiaTpu4Hoi xipyprii HesanepeyHi, K i pU3UKH.
HesBakarouu Ha YMCJI€HH] 1OCTi/IXKEHHS 3TOPTaHHS KPOBi, BUIaZIKK TPOM60eM60-
Jii y TakuX NalieHTiB movyacrimany, 0co6J1BO B pasi olepaTUBHUX BTPy4YaHb i B
nicjasonepauiiiHuM nepios, BpaxoByIOUH Te, 1110 onepalis € TPUrepHUM GpakTopoM
PO3BHUTKY TPOMO0eM6OUTil.

Marepiaiu Ta MmeToau. JlociigkeHo cucteMy reMocra3y B 63 nauieHTiB 3 IMT
> 35 kr/m?. Yci nanieHTu 6ysnu po3zineni Ha 3 rpynu: 1-ma rpyna (n = 20) - xBo-
pi, siki oTpuMyBa/sM KOMOiHOBaHy Teparmit, a caMe eHokcanapuH Hatpito 0,1%
0,2 Mms1/Kr 2 pasu Ha 106y KoxkHi 12 roauH i neHTokcuiynin 100 Mr 2 pa3u Ha 106y
koxHi 12 roguy; 2-ra rpyna (n = 17) - XBopi, fKi oTpuMyBa/ii eHOKCANapyuH Ha-
Tpito 0,1% no 0,2 mu/kr 2 pa3u Ha Jo6y KoxHi 12 rogus; o 3-1 rpynu (KOHTp-
0J1bHOT) YBiHLLIM 26 0ci6 3 oxxupinHaM, IMT > 35, ki He niguiaranu 6apiaTpuyHin
xipypril. JlocaigpkeHHs CUCTeMU reMocTa3y NpOBOAUJINA MeTOLOM HHU3bKOYACTOT-
HOI m'e3oesieKTpu4HOI TpoM6boesnacrorpadii (TEL) Bigpa3y micas rocmitasnizanii Ta
Ha 1-my, 3-Tio, 5-Ty #o6y micas 6apiatpii. [lepeBipsisn Taki KOHCTAHTH 3rOpPTaH-
HSl KpOBi: IHTEHCUBHICTb KOHTAaKTHOI Koary/suii; iHTeHCUBHICTb Koary/siiiiiHOro
MPUBO/Y; MaKCHMaJIbHY IIJIbHICTh IpoHa; Gi6pUHOJITUYHY aKTUBHICTb, 1[0 € I10-
Ka3HUKOM peTpakiii Ta jsi3ucy TpomMmoy.

Pe3ysbraTu. Y nauieHTiB 1-i rpynu (aHTUKOAryJIsiHTH + aHTHArperaHTH) PU3UK
TPOMOGOTHYHHUX YCKJIaIHEHb HUXKYHH, OCKIJIBKHY Lisl Teparis 3HU3W/Ia 3Ha4YeHHs Ha
BCiX eTanax reMokoaryJsuii o0 pepepeHTHUX 3HaY€eHb. Y XBOPUX 2-1 rpynu (aHTH-
KOaryJisiHTH), He3BaXKaloyu Ha HopMaJlizalio Koary/saniiHol ofuHHULi, cnocTepi-
rajiocsl MiIBUIIEeHHs MOKa3HUKIB arperanii Ta ¢pi6pruHOJIi3y BiAHOCHO HOPMH, 1110
03HA4Ya€ BUCOKUH PUSHK TPOMOOTUYHHUX YCKIASHEHD.

BucHoBKuU. [HcTpyMeHTanbHUN MeTog TED 1aB 3Mory a/leKBaTHO OLIIHUTH CUCTEMY
reMOKOaryssiiii B JUHaMIilll y XBOPUX Ha MaToJIOTi4He OXKUpiHHsA 3 IMT = 35 kr/m2
lla xaTeropis nauieHTiB npogeMoHcTpyBana Bucokuit pusuk BTE; JloseseHo, mo
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a1 ajekBaTHol npodisaktuku BTE y manieHTiB 3 oxupiHHAM, ki mepeHecau
6apiaTpuyHy xipyprito, kOM6iHallisl aHTUKOATY/SAHTIB i aHTUArperaHTiB € 6i/blI
edeKTHBHOIO, HIXK MOHOTepanisl aHTUKOAry/JIsiHTaMU.

Knrwo4oBi c/1oBa: 0XXupiHHSA, TPOM603, TeMOCTa3, EHOKCUIIAPHUH, TEHTOKCUIJTIH.
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Introduction. In the world of obesity and its complications annually dies about
2.8 million people. Obesity is an independent factor of the risk of venous thrombo-
embolism (VTE), as it interferes with the internal and external pathways of coagu-
lation, as well as in anticoagulant mechanisms, which leads to a hypercoagulation
state. Reducing excess body weight in patients with morbid obesity by bariatric
surgery is becoming increasingly popular, as barium therapy is an effective means
of treating obesity and related concomitant diseases. Advantages of bariatric sur-
gery are undeniable, as well as risks. Despite many blood coagulation studies, cases
of thromboembolism in such patients are becoming more frequent, especially dur-
ing surgical interventions and in the postoperative period, given that the operation
is a trigger factor in the development of thromboembolism.

Materials and methods. A hemostasis system was studied in 63 patients with
BMI> 35 kg/m? All patients were divided into 3 groups. 1 group (n=20) - patients
who received combined therapy: Enoxaparin sodium 0.1% 0.2 ml/kg 2 times a day
every 12 hours and Pentoxifylline 100 mg 2 times a day every 12 hours. The 2nd
group (n = 17) - patients treated with: Enoxaparin sodium 0.1% 0.2 ml/kg 2 times
daily for every 12 hours. Group 3 (control): 26 people with obesity, BMI > 35, not
subject to bariatric surgery. The study of the hemostasis system was carried out us-
ing low-frequency piezoelectric thromboelastography (LPTEG) immediately after
hospitalization and on 1,3,5 days after bariatry. The following blood coagulation
constants were checked: Contact Coagulation Intensity; intensity of coagulation
drive; maximum bunch density; Fibrinolytic activity is the index of retraction and
lysis of the clot.

Results. In patients of group 1 (anticoagulants + antiplatelet agents) the risk of
thrombotic complications is lower, since this therapy has reduced the value at all
stages of hemocoagulation to the reference values; Patients in group 2 (anticoagu-
lants), despite the normalization of the coagulation unit, had an increase in the val-
ues of aggregation and fibrinolysis, relative to the norm, which means the risk of
thrombotic complications remains high.

Conclusions. The instrumental method of NPTEG allowed to adequately estimate
the system of hemocoagulation in dynamics in patients with morbid obesity, with
BMI = 35 kg/m?; This category of patients has shown a high risk of VTE; It has been
proved that for an adequate prevention of VTE in obese patients undergoing bar-
iatric surgery, the combination of anticoagulants and antiplatelet agents is more
effective than monotherapy with anticoagulants.

Key words: obesity, thrombosis, hemostasis, enoxiparin, pentoxifylline.

Introduction. Annually from obesity and complications of it die about 2.8 millions
of the patients. In some countries, the percentage of people who are overweight or
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obese exceeds 50%. In European countries from obesity suffers from 15 to 25% of the
adult population [3]. In Ukraine, the problem of obesity is no less relevant than in the
whole world. According to the Ministry of Health of Ukraine, 50.5% of men, 56% of
women and 10% of children are overweight, and 16% of men and 26% of women are
obese [3, 4].

Obesity can be considered as a prothrombotic condition. The proposed mecha-
nism thrombi formation in obesity by L. Freeman, 2010, shows the disorders in the
hemostatic system, and confirms it. These include: increased platelet activity (leptin
and adiponectin, insulin resistance, blood stasis, inflammation), procoagulation state
(increased production of thrombin, increased levels of tissue factor, fibrinogen, factor
VII and factor VIII), and impaired fibrinolysis (excess production of an inhibitor-1 plas-
minogen activator and thrombin activated fibrinolysis inhibitor), as well as activation
of endothelial cells due to tissue hypoxia [5; 6; 7]. Thus, the obesity interfering with the
internal and external pathways of coagulation, as well as in anticoagulant mechanisms,
which leads to an hypercoagulable state.

Bariatric surgery aimed at reducing excess body weight in patients with morbid
obesity is becoming more popular, because it has been proved that this is an effective
method of treating obesity and related diseases [15].

Indications for bariatric surgery: Patients from 18 to 60 years old: with BMI = 40 kg/m?
with BMI = 35-40 kg/m? and with concomitant illness (metabolic disorders, cardio-
vascular diseases, respiratory diseases, severe joint diseases, obesity-induced severe
psychological problems); patients over 60 years, where the main goal is to improve the
quality of life. The benefit should be higher than the potential risks, so the indications
for surgery should be individualized.

Contraindications to bariatric surgery: Lack of effort to lose weight after appropriate
non-surgical medical treatment; psychic disorder, severe depression, disorders of per-
sonality; alcohol and/or drug addiction; life-threatening diseases (in the short term);
patients that cannot take care of themselves; patients with very high or unacceptable
risk for anesthesia.

The benefits of bariatric surgery are undeniable, as are the risks [15]. Venous throm-
boembolism (VTE), which includes deep vein thrombosis (DVT) and its complication,
pulmonary embolism (PE), is a common cause of morbidity and mortality after bariatric
surgery. However, the postoperative VTE frequency varies widely: from 0.2% to 1.3%
within 30 days [9; 10; 11] to 0.42% within 90 days [12]. Fatal postoperative episodes of
pulmonary embolism were also not uncommon. The following postoperative risk fac-
tors for VTE in patients with morbid obesity who were subject to bariatric surgery are:
type of surgery (high risk with open surgery compared to laparoscopic surgery and
high risk of RYGP compared with adjustable gastric bandage) [9; 10; 11], age over 50
years, postoperative leakage of anastomosis, history of smoking, as well as previous
VTE [9]. Despite many studies of the blood coagulation system, cases of thromboembol-
ic complications in these patients are becoming more frequent, especially during surgi-
cal interventions and in the postoperative period, given that it is the intervention that is
the trigger factor in the development of thromboembolism. Perioperative factors for the
development of thromboembolic complications include the expansion of the volume of
surgical intervention, the duration of the operation, postoperative immobilization, and
the use of general anesthesia.
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Pharmacological prophylaxis of VTE. The preemptive use of low molecular weight
heparin (LMWH), Enoxyparin Sodium reduces the likelihood of VTE by 45-63% in all
patients, including surgical patients, compared with those patients who have not been
given prophylaxis [14]. While the pharmacological dosage of these agents has been well
characterized for patients with normal body weight, the dosage in obese patients pres-
ents a number of problems due to changes in both the redistribution of drugs and their
pharmacokinetics. Patients with morbid obesity have an increased percentage of fat
relative to total body weight, but at the same time, rather low vascularization of adipose
tissue, which on the one hand leads to an increase in the redistribution of lipophilic
drugs, and on the other hand, can lead to an overdose of them. Many recommenda-
tions for the prevention of VTE in patients with a moderate and high risk of thrombotic
complications in general surgery, including bariatric surgery, describe the use of UFH,
LMWH and fontaparinux for the prevention of thrombosis. So, in relation to therapy
with Enoxiparin Sodium 0.1%, dosing by body weight (Mt) is offered. In patients with
MT < 50 kg, Enoxaparin is prescribed at 20 mg 1 p/d; Mt = 50-100 kg - 40 mg 1 p/d;
Mt =100-150 kg - 40 mg 2 p/d; Mt > 150 kg - 60 mg 2 p/d [6; 14; 15].

However, the category of obese patients (BMI = 30), including patients with morbid
obesity (BMI = 40), poorly represented in the aspect of adequate and effective preven-
tive and/or corrective therapy VTE. Despite the proven high risk of thromboembolic
events for obese patients, including patients, are subject to bariatric interventions,
treatment method of choice are still questionable. For example: Is the dose of antico-
agulant adequately selected? Is monotherapy for LMWH sufficient? Is it possible to use
a combination of drugs for the prevention of VTE, if so, which ones? Is prophylaxis pos-
sible with a combination of LMWH with antiplatelet agents? How effective is this combi-
nation? But to answer these questions, we must understand the functional condition of
the platelet-vascular component, coagulation link of the system of hemostasis and fibri-
nolysis in these patients. For objectification, the thromboelastography method has been
increasingly used recently. Low frequency piezoelectric thromboelastography (LPTEG)
is the most effective method for studying hemostatic potential (GP), it is able to objec-
tively display the vascular-platelet component, the coagulation link of the hemostasis
system and fibrinolysis. The device provides the calculation of the relevant parameters
displayed in the form of a graph (Fig. 1; Fig. 2) and a table with digital values: A0 - initial
indicator of the state of aggregation of blood ; R (t1) is the time of the contact phase of
coagulation; ICC - the intensity of contact coagulation; CTA - constant thrombin second
activity; CT - coagulation time; ICD - coagulation drive intensity; IPC - the intensity of
the polymerization of the clot; MA — maximum clot density ; T is the time of formation
of the fibrin-platelet structure of the clot (time of total blood coagulation) ; And IRLC -
the intensity of retraction and lysis of the clot [16; 17].

Study objectives. The aim of this study is to improve the effectiveness and deter-
mine the extent trombotic danger using LPTEG, and minimization of the risk of the de-
velopment of thromboembolic complications in patients, which is subject to whether
the surgical treatment by bariatric surgery; optimization of the methods of the diag-
nostic of the system of hemostasis; targeted selection of the prophylaxis and correction
methods of VTE by rational anticoagulant and antiplatelet therapy.

Materials and research methods. The hemostatic system was studied in 63 pa-
tients with a BMI > 35 kg/ m?, who received treatment at the clinics of Odesa. All pa-
tients were divided into 3 groups. Patients who underwent surgical treatment by bari-
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Fig. 1. Integral thromboelastogram according to the results of studies of the hemostatic
system in a group of healthy volunteers and obese patients

atric surgery were divided into 2 groups, depending on the type of therapy. Group 1 con-
sisted of 20 patients who underwent combination therapy: Enoxaparin sodium 0.1%
0.2 ml sc 2 times a day every 12 hours and Pentoxifylline 100 mg 2 times a day every 12
hours; Group 2 consisted of 17 patients who underwent treatment: Enoxaparin sodium
0.1% 0.2 ml sc 2 times a day every 12 hours. Control group: 26 people with obesity, with
a BMI > 35, which are not subject to bariatric intervention, without regard to gender
and associated pathologies.

The study of the hemostasis system was carried out using low-frequency piezoelec-
tric thromboelastography (LPTEG), immediately after hospitalization and on 1,3,5 days
after bariatrics. Blood was taken for examination under identical conditions according
to the standard technique from the cubital vein.

The following blood coagulation constants have been tested:

Intensity of Contact Coagulation (ICC).

Intensity of Coagulation Drive (ICD).

Maximum clot density (MCD).

Fibrinolytic activity is an index of retraction and clot lysis (IRLC).

Results. In both groups of patients with morbid obesity, with a BMI of = 35 kg/m?,
who were subject to bariatria, before therapy: ICD was increased by 23.57%, ICD by
more than 32.68%, MCD was increased by 74.52 %, IRLC - 91.18% above normal.

Patients of the 1st group on the 5th day after bariatria, according to the LPTEG
(Fig. 2): ICC reduced by 15.22%, compared with the norm; coagulation and fibrinolysis
parameters have a reliable tendency to normal values and a decrease in fibrinolysis
activity reaches normal values. Patients of the 2nd group, at the same time, the ICC has
increased by 12.62%, ICD close to normal values, MCD increased by 18.63% compared
with the norm, and the IRLC was increased by 31.17% higher norms.
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Results of LPTEG research

Icc ICD MCD IRLC
Pre-treatment T™2357% 1 32,68% 174,52% 191,18%
5t day 15t group 41522% N 12,31% T1,17%
2 group 112,62% N 118,63% 131,17%

Fig. 2. Results of the hemostatic system (LPTEG) in patients with morbid obesity before therapy and 5
days after the intervention.

Note: * T - increase/decrease relative to normal (N)

In patients of the 1st group (anticoagulants + antiplatelet agents), the risk of throm-
botic complications was lower, since this therapy reduced the values at all stages of
hemocoagulation to reference values (Fig. 3); patients of the 2nd group (anticoagu-
lants), despite the normalization of the coagulation link, had an increase in the values of
aggregation and fibrinolysis, relative to the norm, which means that the risk of throm-
botic complications remains high.

Conclusions. As a result of the studies, by using LPTEG a high degree of risk of VTE
in patients with morbid obesity, with a BMI = 35 kg/m?, was proved.

The instrumental method “low-frequency piezoelectric thromboelastography”
made it possible to adequately evaluate the dynamics of hemocoagulation in this cat-
egory of patients.

In patients with morbid obesity, monotherapy with Enoxaparin sodium 0.1% 0.2 ml
sc 2 times a day every 12 hours has low efficiency compared with the combined therapy
of Enoxaparin sodium 0.1% 0.2 ml s/c 2 times per day every 12 hours and Pentoxifyl-
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Fig. 3. Comparative thromboboelastogramm (LPTEG) of the patient 55 y.o. with BMI

48.05 kg /m? (height - 167 cm, weight - 134 kg), immediately after admission and on 5th day
after sleeve-gastroplasty. The patient was given combined therapy
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line 100 mg 2 times a day every 12 hours, since the indicators of the vascular-platelet
component of hemostasis and fibrinolysis remained elevated.

In this category of patients, combined therapy with Enoxaparin sodium 0.1% 0.2 ml

sc 2 times a day every 12 hours and Pentoxifylline 100 mg 2 times a day every 12 hours
is an effective method for the prevention and correction of thrombotic complications.

10.

11.

12.

13.

14.

15.

16.

REFERENCES

World health statistics. 2012. P. 34-37.

Flegal K.M., Carroll M.D., Ogden C.L., Curtin L.R. Prevalence and trends in obesity among US
adults. JAMA. 2010; 303: 235-241.

Ogiyenko V.P. Statisticheskiye dannyye po rasprostraneniyu ozhireniya v Ukraine i mire v
tselom [Elektronnyy resurs]. URL: http://medstat.gov.ua/ukr.

World Health Statistics 2014 / World Health Organization. Geneva. 2014. P. 21-24.

Faber D.R,, de Groot P.G., Visseren F.L. Role of adipose tissue in haemostasis, coagulation and
fibrinolysis. Obes Rev. 2009; 10:554-563.

Vorotyntsev S.1., Tarabrin O.A. Vliyaniye epidural’'noy analgezii na gemostaticheskiy potentsial
posle abdominal’'nykh operatsiy u patsiyentov s ozhireniyem; Clinical anesthesia and inten-
sive therapy. 2011; Ne 1 (11). P. 5-13.

Napoleone E., Dis A, Amore C. Leptin induces tissue factor expression in human peripheral
blood mononuclear cells: a possible link between obesity and cardiovascular risk? ] Thromb
Haemost. 2007; 5: 1462-1468.

Buchwald H., Avidor Y., Braunwald E., Jensen M.D., Pories W.,, Fahrbach K., et al. Bariatric
surgery: a systematic review and meta-analysis. JAMA. 2004 Oct 13; 292 (14): 1724-37.
Erratum in: JAMA 2005 Apr 13, 293, 14, 1728 [PubMed: 15479938].

David A. Froehling, MD, Paul R. Daniels, MD, Karen F. Mauck, MD, Maria L. Collazo-Clavell, MD,
Aneel A. Ashrani, MD, Michael G. Sarr, MD, Tanya M. Petterson, Kent R. Bailey, PhD. Incidence
of Venous Thromboembolism After Bariatric Surgery: A Population-Based Cohort Study; NIH
Public Access. Obes Surg. Author manuscript; available in PMC. 2014, February 14. P. 1-5.
Flum D.R, Belle S.H. King W.C., Wahed A.S., Berk P, Chapman W, et al. Longitudinal Assess-
ment of Bariatric Surgery (LABS) Consortium. Perioperative safety in the longitudinal assess-
ment of bariatric surgery. N Engl ] Med. 2009 Jul 30; 361 (5): 445-54 [PubMed: 19641201].

Lancaster R.T., Hutter M.M. Bands and bypasses: 30-day morbidity and mortality of bariatric
surgical procedures as assessed by prospective, multi-center, risk-adjusted ACS-NSQIP data;
Surg Endosc. 2008 Dec; 22 (12): 2554-63. Epub 2008 Sep 20 [PubMed: 18806945].
Winegar D.A., Sherif B., Pate V,, DeMaria E.]. Venous thromboembolism after bariatric surgery
performed by Bariatric Surgery Center of Excellence Participants: analysis of the Bariatric
Outcomes Longitudinal Database. Surg Obes Relat Dis. 2011 Mar-Apr.; 7 (2): 181-8. Epub
2010 Dec 29 [PubMed: 21421182].

Melinek J., Livingston E., Cortina G., Fishbein M.C. Autopsy findings following gastric bypass
surgery for morbid obesity. Arch Pathol Lab Med. 2002 Sep.; 126 (9): 1091-5.

Spyropoulos A.C. Emerging strategies in the prevention of venous thromboembolism in hos-
pitalized medical patients. Chest. 2005; 128: 958-969.

Eleni Zachari, Eleni Sioka. Venous Thromboembolism in Bariatric Surgery. Dr. Ufuk Cobanoglu
(Ed.). 2012; ISBN: 978-953-51-0233-5.

Tarabrin 0., Shcherbakov S., Gavrychenko D., Saleh 0., Lyoshenko I., Kushnir O. Can we use
the low-frequency piezoelectric tromboelastography for diagnosis coagulation disorders?
European Journal of Anaesthesiology 2013; 30: 92.

Reviewer V.I. Chernii. date of review 28.11.2023

Clinical Anesthesiology, Intensive Care and Emergency Medicine, N2 1 (20), 2024 71 m





