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Abstract

Thromboelastography (TEG) provides information on clotting kinetics by measuring the
viscoelastic properties of whole blood. Despite its widespread use in operating theatres, TEG has
not been standardized or validated in the manner that conventional coagulation tests (CCTs) have.

The aim of this study was to evaluate TEG as an analysis method; particularly the effect of
sample site and citrate storage on TEG analyses. Further studies investigated the role of TEG in
diagnosing the hypercoagulable state in obesity and cytoreductive surgery (CRS) with
hyperthermic intraperitoneal chemotherapy (HIPEC). The following TEG parameters can
demonstrate hypercoagulation: short reaction time (R), broad angle (α), elevated clot strength (G)
and maximum amplitude (MA).

Study I was a methodological validation study. Simultaneously drawn venous and arterial
samples were compared to each other. The effect of citrate storage was assessed at 30 min, 60 min
and 120 min after collection. The mean bias between arterial and venous samples was low; -0.4
min for R and 0.3 mm for MA. Sample storage up to 120 min had no impact on TEG analyses.

In study II, the TEG parameters R, α, G and MA and high-sensitivity C-reactive protein
(hsCRP) were determined before and six months after obesity surgery. The median MA (71.3
mm), G (12 403.3 d/sc) and hsCRP (3.5 mg/l) exceeded their upper normal limits preoperatively.
The hsCRP declined to within its normal range six months after surgery, while MA and G
remained elevated, indicating hypercoagulation. The mean weight loss during the study period
was 19.6 kg.

Studies III and IV assessed blood coagulation during (study III) and after CRS and HIPEC
(study IV). The median MA (69.3 mm) was elevated preoperatively, while other TEG parameters
were within normal limits. Towards the end of the operation, the median R was reduced (p <
0.005) and α increased (p = 0.005). These changes had reverted by the first postoperative morning.
At hospital discharge, the median MA (p < 0.001) and α (p = 0.002) and CCTs platelet count (p <
0.001), fibrinogen (p < 0.001), and D-dimer (p < 0.001) were elevated compared to preoperative
values. Both TEG and CCTs normalized within three months in most cases. One patient developed
a pulmonary embolism during the study period.

As a conclusion of these four substudies, blood sample site or sample storage up to 120 min do
not affect the TEG analyses. Patients scheduled for obesity surgery have hemostatic abnormalities
indicating hypercoagulation, which do not recover within six months of the operation, despite
substantial weight loss, while inflammation parameter is alleviated. And, finally, CRS with
HIPEC induces a hypercoagulable state observable in both TEG and CCTs, which normalizes
within three months in the majority of patients.

Keywords: blood coagulation, hyperthermic intraperitoneal chemotherapy, obesity
surgery, thromboelastography, thromboembolism
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Tiivistelmä

Tromboelastografia (TEG) kuvaa kokonaisvaltaisesti veren hyytymisen kinetiikkaa mittaamalla
veren viskoelastisia ominaisuuksia. Huolimatta laajasta käytöstä leikkaussaleissa, TEG:a ei ole
standardoitu eikä validoitu kuten perinteisiä hyytymiskokeita.

Tutkimuksen tarkoituksena oli selvittää verinäytteen ottotavan ja säilytyksen vaikutusta
TEG-tuloksiin ja TEG:n mahdollisuuksia tunnistaa lihavuuteen ja sytoreduktiiviseen kirurgiaan
liittyvä hyperkoagulaatiotila. TEG-arvoista lyhyt R-aika, laaja α-kulma, korkea hyytymän vah-
vuus (G) ja maksimiamplitudi (MA) viittaavat hyperkoagulaatioon.

Ensimmäinen osatyö oli menetelmän validointityö. Samanaikaisesti laskimosta ja valtimosta
otettuja näytteitä vertailtiin toisiinsa. Sitraattisäilytyksen vaikutusta selvitettiin analysoimalla
näytteet 30 min, 60 min ja 120 min kuluttua näytteenotosta. Laskimo- ja valtimonäytteiden väli-
nen ero oli vähäinen; R-ajan suhteen -0.4 min ja MA:n suhteen 0.3 mm. Säilytyksellä 120 min
saakka ei ollut vaikutusta TEG-tuloksiin.

Toisessa osatyössä R, α, G ja MA sekä inflammaatiota kuvaava hsCRP määritettiin lihavuus-
leikkausta edeltävästi ja 6 kk leikkauksen jälkeen. Preoperatiivisesti MA, G ja hsCRP olivat yli
viitevälin. Leikkauksen jälkeen hsCRP normaalistui mutta MA ja G jäivät koholle viitaten
hyperkoagulaatioon. Keskimääräinen painon lasku tutkimusjakson aikana oli 19.6 kg.

Kolmannessa ja neljännessä osatyössä veren hyytymistä tutkittiin sytoreduktiivisen leikkauk-
sen ja hypertermisen intaperitoneaalisen kemoterapian (HIPEK) aikana (osatyö III) ja jälkeen
(osatyö IV). Ennen leikkausta MA oli koholla, muut TEG-arvot viiteväleissä. Leikkauksen lop-
pua kohden R-aika lyheni (p < 0.005) ja α-kulma nousi (p = 0.005). Nämä muutokset korjaantui-
vat seuraavaan aamuun mennessä. Kotiutusvaiheessa MA (p < 0.001), α-kulma (p = 0002) ja
perinteisistä hyytymiskokeista verihiutaleiden määrä (p < 0.001), fibrinogeeni (p < 0.001) ja fib-
rinogeenin D-dimeeri (p < 0.001) olivat koholla verrattuna leikkausta edeltäviin arvoihin. Sekä
TEG-arvot että perinteiset hyytymistutkimukset normalisoituivat 3 kk sisään suurimmalla osalla
potilaista. Yhdelle potilaalle kehittyi keuhkoveritulppa.

Yhteenvetona todettakoon, näytteenottotapa tai säilytysaika, mikäli tämä on alle 120 min, ei
vaikuta TEG-tuloksiin. Lihavuuteen liittyvä hyperkoagulaatiotila voidaan todeta TEG:lla, tämä
on havaittavissa vielä 6 kk lihavuusleikkauksen jälkeen huolimatta reilusta painonlaskusta.
TEG:lla voidaan todeta myös sytoreduktioon ja HIPEK-hoitoon liittyvä hyperkoagulaatiotila,
joka normalisoituu pääosin 3 kk sisään leikkauksesta.

Asiasanat: hyperterminen intraperitoneaalinen kemoterapia, lihavuusleikkaus,
tromboelastografia, veren hyytyminen, veritulppa
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1 Introduction 

Thromboelastography (TEG) provides information on overall clotting kinetics by 

measuring the viscoelastic properties of whole blood - from initiation to the end of 

fibrinolysis, whereas conventional coagulation tests are designed to identify a 

specific factor deficiency in plasma (McCrath, Cerboni, Frumento, Hirsh, & 

Bennett-Guerrero, 2005). TEG is widely used in operating theaters as a rapid bed-

side assay of coagulation. In addition to impaired blood coagulation 

(hypocoagulation), TEG as a global hemostasis assay is also capable of detecting 

hypercoagulation (Gary et al., 2016; Park et al., 2009). However, the method has 

never been properly validated nor standardized. Studies have used varying sites and 

techniques for blood sampling, variable initiators as well as citrated or non-citrated 

whole blood (Camenzind et al., 2000; Chitlur et al., 2011; Vig, Chitolie, Bevan, 

Halliday, & Dormandy, 2001; Wasowicz et al., 2008; White, Zollinger, Jones, & 

Bird, 2010). 

Venous thromboembolism (VTE) is a consequence of blood stasis, plasma 

hypercoagulability and endothelial dysfunction (Wirchow`s triad) (Hunt, 2017). 

Currently, the incidence of postoperative deep venous thrombosis (DVT) or 

pulmonary embolism (PE), ranges from 1.9% to 5% in general abdominal surgery 

(Alsubaie et al., 2015; Brady et al., 2017; Muleledhu et al., 2013; Samama, C. -M 

et al., 2013) and from 5% to 13% in cytoreductive surgery (CRS) (Lanuke, Mack, 

& Temple, 2009; Rottenstreich et al., 2017). Thromboembolic complications 

increase morbidity and mortality related to surgery, prolong hospital stay and 

occasionally result in unscheduled intensive care admissions. The symptoms of 

venous thrombosis contain calf swelling or pain (DVT), chest pain, dyspnea at rest, 

palpitations and dizziness (pulmonary embolism, PE). Massive PE results in 

circulation collapse, cardiac arrest and in the most severe cases, to death. 

Frequently, VTE (especially DVT) is asymptomatic (Vukadinovic, Chiou, & 

Morris, 2015). 

Several special coagulation assays are used for exploring the genetic and 

acquired risk of thrombosis. In the case of acute thrombosis, fibrinogen D-dimer is 

used as a diagnostic test. However, D-dimer has poor specificity and is mainly 

suitable for excluding thrombosis (Di Nisio et al., 2007; Di Nisio et al., 2010; 

Samuelson Bannow & Konkle, 2018; van Hylckama Vlieg et al., 2015). Therefore, 

in addition to clinical suspicion and the measurement of D-dimer, diagnosis of VTE 

is based on compression/Duplex ultrasound (Needleman et al., 2018). 
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Several guidelines have been established to decrease the incidence of VTE in 

medical and surgical patients. While low-risk patients with minor surgery need no 

prophylaxis at all, high risk patients with major cancer surgery should receive 

extended prophylaxis with low-molecular weight heparin, as well as mechanical 

prophylaxis until the patients are mobilized (Guyatt et al., 2012). Despite the 

current practice of thromboprophylaxis, morbidity related to VTE has not 

decreased in the past two decades (Gordon & Lombard, 2017). As VTE may occur 

several weeks after surgery due to a persistent hypercoagulable state, 

thromboprophylaxis restricted to the perioperative period may be insufficient 

(Bergqvist et al., 2002). After major cancer surgery, hypercoagulation has been 

demonstrated to be sustained at least for four weeks, and in some patients, for 

several months (Bergqvist et al., 2002; Dindo et al., 2009; Thorson et al., 2013; Van 

Haren et al., 2014). Individual risk assessment with patient-specific antithrombotic 

therapy might decrease the incidence of postoperative VTE. As CCTs cannot assess 

hypercoagulable states, there is a growing interest towards viscoelastic hemostatic 

assays, such as TEG and rotational thromboelastometry (ROTEM). In contrast with 

conventional coagulation assays, there is some evidence that TEG has a predictive 

value in recognizing patients at special risk for thrombosis, both venous and arterial 

(Dai, Lee, Critchley, & White, 2009; Kashuk et al., 2009; McCrath et al., 2005). 

Both obesity and extensive cancer surgery, such as CRS, causes a 

hypercoagulable state and predisposes patients to thromboembolic complications 

(Lyman et al., 2007; Martinelli, Bucciarelli, & Mannucci, 2010; Samama, C. M. et 

al., 2014). Obesity is considered as one of the acquired risk factors of VTE 

comprising all three components of Wirchow`s triad: decelerated venous blood 

flow, hypercoagulation and endothelial dysfunction (Engelberger et al., 2014; Kaye 

et al., 2012; Martinelli et al., 2010). There is conflicting data as to the impact of 

obesity surgery on blood coagulation. While it is well-established that obesity 

causes a hypercoagulable state and predisposes to VTEs, (Hunt, 2017; Klovaite, 

Benn, & Nordestgaard, 2015) less is known about how obesity surgery and the 

following weight loss modulate the clotting system and over which time period. 

Former studies have used conventional coagulate tests to evaluate 

hypercoagulation and the risk of thrombosis (Kaye et al., 2012; Lupoli et al., 2015; 

Sonnevi et al., 2013). However, these methods are performed in plasma and do not 

take into account the interactions between plasma coagulation factors and other 

blood components (Campello et al., 2015). 

Due to accumulation of risk factors such as active cancer, prolonged 

immobilization, blood transfusions, chemotherapy related inflammation and 
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elevated core temperature (Fox & Kahn, 2005; Pivalizza, Koch, Mehlhorn, Berry, 

& Bull, 1999), patients undergoing hyperthermic intraperitoneal chemotherapy 

(HIPEC) are at particular risk for VTE, with the incidence varying between 5 and 

13%. There is limited data on for how long CRS and HIPEC disrupt the coagulation 

system; this data would help to define the duration of postoperative low-molecular 

weight heparin treatment. Furthermore, the dosage of low-molecular weight 

heparin is under discussion as the dose is always a compromise between the risk of 

bleeding and the risk of thrombosis. 

In the present study, the role of TEG was investigated in diagnosing the 

hypercoagulable state and the risk of thromboembolism related to obesity and CRS. 

To accomplish the study it was also necessary to clarify whether arterial and venous 

samples are comparable and whether the storage of blood samples affects the TEG 

analysis. 
  



 

20 

 



 

21 

2 Review of the literature 

2.1 Pathophysiology of blood coagulation 

2.1.1 Blood coagulation 

The purpose of the hemostatic system is to respond to vessel injury by developing 

a clot and to inhibit bleeding or hemorrhage while keeping the blood flowing under 

normal conditions. Normal hemostasis is therefore a balance between 

thrombogenic and antithrombogenic components that maintain the blood fluidity 

under versatile circumstances; the imbalance between these components results in 

either bleeding or thrombosis (Palta, Saroa, & Palta, 2014). 

The primary hemostasis consists of platelets binding to the damaged 

subendothelium. Secondary hemostasis has traditionally been considered to 

constitute intrinsic and extrinsic components, or contact and tissue factor (TF) 

pathways which merge comprising the common pathway and terminate as fibrin 

polymerization and the stabilization of the clot (Chaudhry & Babiker, 2018; 

Mackman, Tilley, & Key, 2007; Tanaka, Key, & Levy, 2009; Vojacek, 2017). 

Recently, however, a cell-based model of secondary hemostasis has been proposed 

(Smith, 2009). Finally, to prevent over-coagulation, the fibrin mesh is fragmented 

(fibrinolysis). The progress of the clotting process is presented in Figure 1. 

Primary hemostasis 

As a consequence of endothelium damage, vascular smooth muscle cells constrict 

and blood flow to the damaged site diminishes. The exposed collagen in the vessel 

wall promotes platelets to attach to the damaged area of the endothelium. Under 

the influence of Von Willebrand factor (VWF), platelets undergo a shape change 

and aggregate together forming a temporary platelet plug. However, this platelet 

plug is not stable until it is strengthened by the secondary hemostatic phases 

constructing a cross-linked fibrin mesh (Broos, Feys, De Meyer, Vanhoorelbeke, & 

Deckmyn, 2011; Chaudhry & Babiker, 2018). 
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Fig. 1. The stages of blood coagulation. The primary hemostasis consists of platelets 

binding to the damaged subendothelium. Secondary hemostasis terminates in fibrin 

polymerization and stabilization of the clot and finally, the fibrin mesh is fragmented 

(fibrinolysis). GPIII; glycoprotein III, FDP; fibrinogen degradation product. Published by 

permission of Lassila (Lassila, 2015). 

Traditional coagulation cascade 

The coagulation cascade is a series of enzymatic reactions in which zymogens 

(inert coagulation factors) are activated into serine proteases (active coagulation 

factor). Once this cascade of enzyme activation events is initiated by either an 

intrinsic or an extrinsic pathway, each circulating zymogen is activated into a serine 

protease which activates the next zymogen and the activity of that factor in plasma 

rises (Smith, Travers, & Morrissey, 2015). The coagulation cascade is tightly 

controlled by positive and negative feedback to achieve the ideal outcome: i.e. 

adequate hemostasis without extended thrombosis (Chapin & Hajjar, 2015; 

Chaudhry & Babiker, 2018; Smith et al., 2015). The traditional coagulation cascade 

model is presented in Figure2. 
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Fig. 2. The classical model of the coagulation cascade. The cascade model consists of 

an intrinsic pathway, which is localized within the blood and is initiated through the 

contact activation of FXII, and an extrinsic pathway, which is localized outside the blood 

and consists of TF and FVIIa. Both pathways can activate FX to FXa, which further 

activates prothrombin to thrombin (FII to FIIa), resulting in the cleavage of fibrinogen to 

fibrin. This last step is called the common pathway. Published by permission of 

Grover&Mackman (Grover & Mackman, 2019) 

Intrinsic pathway 

The intrinsic pathway, or the contact pathway, consists of coagulation factors (F) I, 

II, IX, X, XI and XII. The intrinsic pathway is activated in vivo by contact of blood 

with subendothelial collagen. Inert FXII is converted to active FXIIa, which 

catalyzes the conformation of FXI to FXIa. This acts as a catalyst to activate FIX 

to FIXa and further, FX to FXa. However, in clinical studies, humans without FXIIa 

have no bleeding tendency (Chaudhry & Babiker, 2018; Smith et al., 2015). In fact, 

the role of FXIIa as an initiator of the coagulation cascade has been discussed; it 

may rather play a more important role in the amplification and propagation phases 

of coagulation, as well as in the stabilization of the clot (Vojacek, 2017). The 

intrinsic pathway is also activated by contact with artificial surfaces, for example 

with a cardiopulmonary bypass circuit or a continuous renal replacement therapy 

circuit (Achneck, Sileshi, & Lawson, 2008). Furthermore, the intrinsic pathway has 
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been demonstrated to contribute to arterial and venous thrombosis, especially if 

FXI and FXII levels are elevated (Smith et al., 2015; Vojacek, 2017). 

Extrinsic pathway 

The extrinsic pathway, or the TF pathway, consists of coagulation factors I, II, VII 

and X and is triggered by the release of tissue factor from the endothelial cells of 

injured blood vessels. TF activates FVII to FVIIa, which forms a complex with TF 

that further activates FX into FXA. From there on, the intrinsic and extrinsic 

pathways converge and comprise the common pathway (Chaudhry & Babiker, 

2018; Mackman et al., 2007; Smith et al., 2015). 

Common pathway 

The common pathway consists of factors I, II, V, VIII and X. FXa converts 

prothrombin (FII) to thrombin (FIIa) in the presence of FV, active thrombin 

catalyzes the polymerization of fibrinogen to fibrin. Furthermore, thrombin 

activates factors XI, XIII and cofactors V and VIII. In the presence of FXIII, 

compounding fibrin fibers construct a fibrin mesh that stabilizes the platelet clot. 

2.1.2 Cell-based model of coagulation 

The cell based model of coagulation suggests that hemostasis occurs in three 

distinct phases which are initiation, amplification and propagation. In this model 

there are multiple interconnections between the intrinsic and extrinsic pathways; 

contact factors are not essential for coagulation (McMichael, 2012; Smith, 2009). 

The cell-based model of coagulation is presented in Figure 3. 

Initiation 

According to this model, TF is the initiator of coagulation. Normally, TF bearing 

cells are localized outside of blood vessels. After vessel injury, TF comes in contact 

with circulating FVIIa forming a complex that activates FIX to FIXa and FX to 

FXa, which further generates a small amount of thrombin. However, FXa is 

inhibited by TFPI and AT and thrombin is rapidly neutralized. The coagulation 

process will only proceed if TF is exposed enough to overcome this inhibition 

(McMichael, 2012; Smith, 2009). 
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Amplification 

Once this small amount of thrombin has been generated, it diffuses away from TF-

bearing cells and binds to platelet cells that have migrated to the injury area 

resulting in platelet activation, creating a procoagulant membrane surface and 

releasing granule contents. Apart from activating platelets, thrombin activates FXI 

to FXIa and FV to FVa on the platelet surface and releases FVIII from von 

Willebrand factor to mediate platelet adhesion and aggregation (McMichael, 2012; 

Smith, 2009). 

Propagation 

Additional platelets are recruited to the injury site due to a release of granule 

contents during the amplification phase. On the surface of these platelets, FIXa 

forms a tenase complex with FVIIIa activating FX. This results in rapid generation 

of FXa, which further binds to FVa creating prothombinase complex cleaving 

prothrombin to thrombin and finally, to leading to fibrin clot formation 

(McMichael, 2012; Smith, 2009). 

2.1.3 Regulation of coagulation 

Normally, endothelium has antiplatelet, anticoagulant and fibrinolytic properties 

which maintain the antithrombotic environment. Platelet aggregation and adhesion 

are inhibited by prostacyclin and nitrous oxide. The endothelial surface also 

contains ectonuclease enzymes that degrade adenosine trisphosphate, which is an 

important mediator of platelet activation (Achneck et al., 2008). 

Heparin-like glycoproteins on the surface of the endothelium stimulates 

antithrombin III (ATIII), which further inactivates thrombin and inhibits factors 

VIIa, IXa, Xa and XIa. In addition, thrombin is also inhibited by thrombomodulin, 

another anticoagulant of the endothelial surface. Furthermore, thrombomodulin 

activates protein C and S, which inhibit factors Va and VIIIa. The newly-found 

protein Z and its inhibitor form a complex that inactivates FIX, FX and FXI. Tissue 

factor pathway inhibitor (TFPI) inhibits both FXa and TF-FVIIa complex (Achneck 

et al., 2008). 



 

27 

2.1.4 Fibrinolysis 

When adequate strength of the clot has been achieved and the vessel injury has 

healed, the clot finally breaks down. The degradation, or fibrinolysis, is activated 

by thrombin, a coagulation factor which is activated in the final stage of the 

coagulation cascade. While thrombin acts as a procoagulant, it also catalyzes the 

change of plasminogen to plasmin on the surface of the fibrin clot. Plasmin is the 

main fibrinolytic factor which directly fragments the fibrin mesh (Chapin & Hajjar, 

2015; Chaudhry & Babiker, 2018). 

Fibrinolysis in controlled by tissue plasminogen activator (tPA), which is 

synthesized and released from the endothelium, and urinary plasminogen activator 

(uPA), which is produced by monocytes, macrophages and the urinary epithelium. 

Further, tPA and, uPA are inhibited by plasminogen activator inhibitor (PAI-1, PAI-

2) and α2-antiplasmin. Fibrinolysis is also inhibited by thrombin activated 

fibrinolysis inhibitor (TAFI) (Achneck et al., 2008; Chapin & Hajjar, 2015). 

2.1.5 Hemostasis during surgery 

Surgery causes a vascular injury of varying degrees. The coagulation cascade is 

initiated by TF release from endothelial cells and the extrinsic pathway is activated. 

Surgical hemostasis and adequate replacement of blood loss with blood products 

usually keeps the hemorrhage under control. Occasionally, fulminant bleeding may 

complicate surgical procedures. Massive blood loss results in hemodilution and loss 

of coagulation factors. The initiation and the efficiency of thrombin generation are 

reduced by decreases in FVII and platelet count. Also fibrinogen and FXIII, the two 

thrombin substrates, are decreased during hemodilution. The propagation phase of 

blood coagulation is reduced due to decreases in different zymogens and activators. 

Furthermore, the developing clot is more vulnerable to tPA induced fibrinolysis. 

Not only coagulation factors, but also the coagulation inhibitors are decreased in 

severe hemodilution (Tanaka et al., 2009). 

In addition to tissue damage and hemodilution, there are some other 

predisposing factors for hemorrhage during surgery. Hemostasis is impaired by 

hypothermia, which decelerates the enzymatic reactions of coagulation, reduces the 

amount and activity of platelets and stimulates fibrinolysis; acidosis, which impairs 

the fibrin polymerization; and anemia which may have a role in platelet adhesion 

to the endothelial surface. In addition, massive blood transfusion decreases the 
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plasma calcium level which further inhibits the enzymatic reactions of the 

coagulation cascade (Achneck et al., 2008). 

Disseminated intravascular coagulopathy (DIC) is a coagulation disorder that 

can be caused, for example, by sepsis, malignancy, trauma, pregnancy and major 

surgery. During surgery, DIC is related to extensive tissue destruction and 

endothelial injury, and results in massive bleeding, generation of fibrin clots, 

consumption of coagulation factors and platelets, and hemolysis caused by 

fragmentation of erythrocytes. Treating the underlying condition, which in the case 

of surgery is the vascular damage, is the cornerstone of the remedy for DIC (Levi, 

Toh, Thachil, & Watson, 2009; Tanaka et al., 2009). 

2.1.6 Pathologic thrombosis 

Both the intrinsic and extrinsic pathways may be involved in thrombosis. In 

thrombosis, the coagulation cascade is activated inside the vessel lumen, 

constructing an obstruction to blood flow. Severe obstruction may lead to ischemia 

of the target organ. The exact mechanism of thrombosis is unclear, yet thrombosis 

may occur as a consequence of increased activity of procoagulant factors or a 

decreased ability of anticoagulant factors to inhibit the coagulation response 

(Tanaka et al., 2009). 

As recent evidence shows, the intrinsic pathway is not required for hemostasis 

but seems to contribute to thrombosis. Increased plasma concentrations of FXII, 

FXI or kallikrein are associated with atherosclerosis. FXII deficiency protects 

against arterial thrombosis and stroke (Smith et al., 2015). 

The extrinsic pathway and TF play an important role in thrombosis. TF is a cell 

surface glycoprotein which is expressed in highly vascularized organs such as the 

brain, heart, kidneys and placenta, protecting these organs from hemorrhage 

(Manly, Boles, & Mackman, 2011). Normally, endothelial TF is not exposed to 

flowing blood to prevent inappropriate activation of coagulation. However, a small 

amount of soluble TF bound to microparticles (MPs), which are generated by 

monocytes, endothelial cells, vascular smooth muscle cells and tumor cells, are 

present in the blood circulation. 

Under pathologic conditions, TF expression of vascular cells is induced with 

or without an exposure of blood to the subendothelium. TF containing circulating 

MPs contributes to venous thrombosis whereas vessel wall TF is associated with 

arterial thrombosis (Mackman, 2006; Manly et al., 2011). TF-positive MPs are 

elevated in patients with cardiovascular diseases, diabetes and cancer, i.e. the 
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patients at elevated risk of venous thrombosis (Mackman, 2006). In cancer patients, 

the level of circulating TF is related to tumor size and associated to the incidence 

of VTEs (Manly et al., 2011), Instead, arterial thromboses are associated with 

platelet activation and rupture of the atherosclerotic plaque, which triggers 

coagulation constituting an occlusive thrombosis and causing a myocardial 

infarction or ischemic stroke (Tanaka et al., 2009). In addition, FVII is related to 

arterial thrombosis, as elevated levels have been described in angina pectoris, 

transient ischemic attacks and peripheral vascular diseases (Smith et al., 2015). 

After surgery, it takes several days for decreased coagulation factors and 

inhibitors to recover. Inflammatory responses to vessel injury and wound healing 

result in an increase in cytokines, platelet count, fibrinogen, FVIII and PAI-1 

concentrations and a decrease in thrombomodulin expression. TFPI and AT are 

increased, but not sufficiently, thus generating an imbalance between procoagulant 

and anticoagulant components and predisposing surgical patients to postoperative 

thrombosis (Tanaka et al., 2009). 

2.2 Thromboelastography 

Hartert first described TEG more than 50 years ago in a German language article 

(HARTERT, 1948). The superiority of TEG over routine laboratory tests is its rapid 

assessment of coagulation and fibrinolysis using whole blood while considering the 

role of all blood components. TEG provides information for the entire clotting 

process from the initiation of the process to fibrinolysis. 30 years ago TEG became 

computerized which improved its usefulness in clinical settings. 

2.2.1 Analysis method 

In the TEG system, a cylindrical cup containing whole blood oscillates every 5 

seconds at an angle of 4º45' and a pin on a torsion wire is freely suspended in the 

cup. When the clot is formed, the pin and the cup are linked together, and the torque 

of the pin is detected by an electromagnetic transducer. The clot´s physical 

properties produce a typical TEG trace (TEG 5000 system - user manual2010; Vig 

et al., 2001). 

Depending on the method used, fresh or citrated blood is used for analyses. In 

the operating rooms (OR), it is practical to use a native arterial samples, i.e. fresh 

blood, collected via an arterial cannule, allowing rapid bed-side evaluation of the 

coagulation status. Outside the OR, blood is usually collected in citrate containing 



 

30 

tubes. This enables storage for up to several hours before analyzing the blood 

sample e.g. in a central laboratory. Citrated samples have to be recalcified before 

analysis to eliminate the citrate influence on TEG tracing. To speed up the analysis, 

a coagulation activator (kaolin, tissue factor) is often used, although it is possible 

to perform the test without an activator (Thiruvenkatarajan, Pruett, & Adhikary, 

2014; Whiting, D. & DiNardo, 2014). 

2.2.2 TEG assays 

The standard kaolin test is initiated by contact activation. RapidTEG uses both 

tissue factor and kaolin as an activator and - as it is initiated by both intrinsic and 

extrinsic pathways - the results are obtained faster than with those of the kaolin test. 

The effect of heparin can be assessed by using a heparinase containing cup parallel 

to a normal cup. A functional fibrinogen assay is initiated by tissue factor and uses 

the GPIIb/IIIa platelet receptor inhibitor (abciximab) to block the platelet 

contribution to clot formation reflecting the fibrinogen effect to clot strength in the 

absence of platelets. In the native TEG, no activators are used, and therefore the 

test is slow and without clinical applicability in the operating rooms (Benes, 

Zatloukal, & Kletecka, 2015) 

Platelet mapping uses heparinized blood to inhibit thrombin activation and, 

further, ActivatorF (reptilase and FXIIIa) to cleave fibrinogen to fibrin and provide 

fibrin cross-linking in the absence of thrombin. Platelet activation is achieved by 

adding a reagent containing either arachidonic acid or adenosine triphosphate to the 

test. The effect of antiplatelet agents on platelet function is analyzed by using the 

patient’s maximum platelet function, assessed by the standard kaolin test as a 

reference point and calculating the percentage of inhibition relative to this reference 

point (Thiruvenkatarajan et al., 2014; Whiting, D. & DiNardo, 2014). 

2.2.3 Interpretation 

The main TEG parameters used are reaction time (R, normal range 2–8 min), 

kinetic time (K, normal range 1–3 min), angle (α, normal range 55–78º), maximum 

amplitude (MA, normal range 51–69 mm) and lysis percent at 30 or 60 min 

(LY30/60, normal ranges 0–8% and 0–15%). R is the time it takes from starting the 

test to the point when the amplitude of the TEG trace reaches 2 mm. K is the time 

for the amplitude to increase from 2 mm to 20 mm. α reflects the kinetics of clot 

formation and is measured by creating a tangent line from R to the slope of the 
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curve. MA, or the peak amplitude of the tracing in millimeters, reflects the 

maximum strength of the clot. LY 30 and LY 60 reflect the percentage reduction in 

the area under the TEG curve that occurs in 30 or 60 minutes after MA is reached. 

A graphical TEG trace is presented in Figure 4. 

The R represents the initiation phase of secondary hemostasis, i.e. the latency 

to the initial fibrin formation. R is lengthened by a deficiency of coagulation factors 

and by warfarin and heparin while a deficiency of coagulation inhibitors accelerates 

the initiation phase and shortens R. K describes the amplification phase and is a 

measure of the time to reach a certain level of clot strength. α describes the 

propagation phase and measures the rate of fibrin build-up and cross-linking, that 

is, the speed of clot strengthening. α increases in hypercoagulable states and 

decreases in the presence of anticoagulants. MA represents the ultimate strength or 

the overall stability of the fibrin clot and is affected by the activity of fibrin, 

platelets and FXIII. A decrease in platelet count or in fibrinogen activity both 

decrease MA. Conversely, MA increases in the hypercoagulable states. LY30 and 

LY60 indicate fibrinolysis and measure the percentage decrease in amplitude at 30 

or 60 min after MA (TEG 5000 system - user manual2010). 

2.2.4 Indications and use 

Coagulopathy and fulminant hemorrhage related to surgery are associated with 

increased morbidity and mortality (Wikkelso, Wetterslev, Moller, & Afshari, 2017). 

Traditionally, TEG has been used to guide blood transfusions in major surgery, 

especially in cardiac surgery, trauma and in postpartum hemorrhage (Karlsson, 

Jeppsson, & Hellgren, 2014; Kaufmann, Dwyer, Crews, Dols, & Trask, 1997; 

Shore-Lesserson et al., 1999). TEG assists the clinician in making a differential 

diagnosis of coagulopathy and to select the most adequate blood component or 

pharmacological agent to achieve an optimal hemostasis. In several studies, the use 

of viscoelastic tests (TEG and ROTEM) decreased the transfusions of packed red 

blood cells, fresh frozen plasma and platelets compared to CCTs (Kozek-

Langenecker et al., 2017; Shen, Tabaie, & Ivascu, 2017; Whiting, P. et al., 2015; 

Wikkelso et al., 2017). There is some evidence that viscoelastic testing could reduce 

mortality in cardiac and trauma surgery (Afshari, Wikkelso, Brok, Moller, & 

Wetterslev, 2011; Da Luz, Nascimento, Shankarakutty, Rizoli, & Adhikari, 2014; 

Shen et al., 2017). However, many of these studies are rather small, observational 

studies with significant bias and heterogeneity, only few randomized controlled 

trials exist (Afshari et al., 2011; Shen et al., 2017). 



  

32

 

F
ig

. 
4
. 
T

E
G

 t
ra

c
in

g
. 
R

e
a
c
ti

o
n

 t
im

e
 (

R
) 

re
fl

e
c
ts

 t
h

e
 i
n

it
ia

ti
o

n
 p

h
a
s
e
 o

n
 c

o
a
g

u
la

ti
o

n
, 
k
in

e
ti

c
s
 t

im
e
 (

K
) 

a
n

d
 a

n
g

le
 (
α)

 r
e

fl
e

c
t 

th
e
 k

in
e
ti

c
s
 

o
f 

c
lo

t 
fo

rm
a
ti

o
n

, 
m

a
x
im

u
m

 a
m

p
li
tu

d
e
 (

M
A

) 
th

e
 m

a
x
im

u
m

 s
tr

e
n

g
th

 o
f 

th
e
 c

lo
t 

a
n

d
 L

Y
3
0
/6

0
 r

e
fl

e
c
t 

fi
b

ri
n

o
ly

s
is

 3
0
 o

r 
6
0
 m

in
 a

ft
e

r 
M

A
 

h
a
s
 b

e
e
n

 r
e
a
c
h

e
d

. 
M

o
d

if
ie

d
 a

n
d

 p
u

b
li

s
h

e
d

 b
y
 p

e
rm

is
s
io

n
 o

f 
R

e
ik

v
a

m
 (

R
e
ik

v
a
m

 e
t 

a
l.
, 

2
0
0
9
).

 

 



 

33 

According to these RCTs, transfusion strategies guided by viscoelastic tests 

decreased RBC, plasma, and platelet transfusions, but there was no change in 

surgical reintervention rates or massive transfusion rates. Instead, the cost-

effectiveness of viscoelastic assays is well-demonstrated in cardiac and trauma 

surgery (Kozek-Langenecker et al., 2017; Shen et al., 2017; Whiting, P. et al., 2015; 

Wikkelso et al., 2017). 

As viscoelastic tests assess the entire clotting system, from initiation to 

fibrinolysis, there is increasing interest in the ability of these tests to detect 

hypercoagulation. Several studies have demonstrated that TEG is able to detect 

hypercoagulable states and predict thromboembolic complications after surgery 

and trauma (Ben-Ari et al., 1997; Branco et al., 2014; Caprini et al., 1995; Gary et 

al., 2016). Of the measured TEG parameters, a short R and K, a broad angle and an 

elevated MA are considered as signs of hypercoagulation (Liu et al., 2016; McCrath 

et al., 2005; Park et al., 2009). Of all the TEG parameters, MA is best associated 

with hypercoagulation (Dai et al., 2009). 

In conclusion, there is no clear evidence that blood transfusions guided by 

viscoelastic tests reduce mortality. However, the cost-saving impact by decreasing 

the usage of blood products is well-documented. Utilizing TEG in hypercoagulable 

states is under investigation. 

2.2.5 Advantages compared to conventional coagulation tests 

Conventional coagulation tests (CCT) measure only a specific part of the 

coagulation cascade. Platelets are essential for clot formation. However, the platelet 

count only reflects the quantity of platelets, not their functionality 

(Thiruvenkatarajan et al., 2014; Whiting, P. et al., 2015). Prothrombin time (PT) 

and the International normalized ratio (INR) reflect the extrinsic and the common 

pathways of coagulation cascade, activated partial thromboplastin time (aPTT) the 

intrinsic pathway (Whiting, D. & DiNardo, 2014). These tests have been developed 

to diagnose and manage factor deficiencies and to monitor anticoagulation therapy, 

not for treating the acutely bleeding patient during surgery or trauma. Furthermore, 

these tests provide information on any deficiencies of clotting factors, but not on 

hemostatic capacity or thrombin generation (Lance, 2015). Thrombin time (TT) 

and fibrinogen reflect the final stages of clot formation; TT measures the thrombin-

induced conversion of fibrinogen to fibrin; in addition, the quality and quantity of 

the fibrinogen may be quantified (Thiruvenkatarajan et al., 2014; Whiting, P. et al., 

2015). 
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TEG provides an on-line assessment of the entire coagulation process; from 

initiation (R) through amplification and propagation (K, angle, MA) to clot lysis 

(LY30 and LY60) under low shear stress comparable to vessels in the human body 

(Thiruvenkatarajan et al., 2014; Whiting, D. & DiNardo, 2014). Contrary to 

conventional coagulation tests, TEG considers the interactions between 

coagulation factors, red blood cells, platelets, fibrinogen and anticoagulants during 

the clotting process (Whiting, D. & DiNardo, 2014). 

In addition to providing the ability to assess the entire clotting process in one 

test, another important advantage of TEG is its rapidity. In severely bleeding 

patients, the 45–60 min delay with CCTs is considered too long. Instead, as a bed-

side test, TEG results are available in 10 to 15 minutes. TEG traces are easy to 

interpret. The manufacturer provides an algorithm to treat different types of clotting 

abnormalities (Table 1). Moreover, many clinics have created their own algorithms 

to guide transfusions (Johansson, Ostrowski, & Secher, 2010; Kashuk et al., 2009; 

Shore-Lesserson et al., 1999). 

Table 1. Normal ranges and the treatment algorithm according to manufacturer. 

TEG value Hemostasis state Treatment 

R1 11–14 min Clotting factors 2 X FFP4 or 8 ml/kg 

R > 14 min Clotting factors 4 X FFP or 16 ml/kg 

MA2 46–50 mm Platelet function 0.3 µg/kg DDAVP5 

MA 41–45 mm Platelet function 1 X platelet concentrate 

MA < 40 mm Platelet function 2 X platelet concentrate 

angle < 52% Fibrinogen level 2 X FFP or fibrinogen 

LY303 > 8%, normal MA Primary fibrinolysis Antifibrinolytic of choice 

LY30 > 8%, R < 3 min and MA > 69 mm Secondary fibrinolysis Anticoagulant of choice 

1 reaction time, 2 maximum amplitude, 3 lysis percent at 30 minutes, 4 fresh frozen plasma, 
5 desmopressin 

2.2.6 Weaknesses 

Lack of standardization and validation 

Although TEG provides unique information on the coagulation process, it has not 

been established as a universal coagulation assay for several reasons. Although 

TEG has proved it´s utility in OR, the technique has never been standardized and 

there have been difficulties in validating the process. Different studies have used 

varying sample sites (arterial or venous), and techniques (aspiration, puncture), 
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citrated or non-citrated whole blood, and variable initiators (none, kaolin, tissue 

factor, Reopro) (Chitlur et al., 2011; Quarterman, Shaw, Johnson, & Agarwal, 2014; 

Vig et al., 2001; Wasowicz et al., 2008). An initiator accelerates the initiation phase 

of the coagulation process, and therefore, hastens the coagulation process and the 

availability of TEG results. Non-activated analyses, or native analyses, are not 

suitable for fast settings in operating rooms. Of the initiators studied, kaolin has 

been demonstrated to result in the most stable TEG values (Johansson, Bochsen, 

Andersen, & Viuff, 2008; Wasowicz et al., 2008). 

There is some evidence that the sample site (arterial or venous) might have an 

impact on blood coagulation and TEG analyses (Doering et al., 2014; Durila et al., 

2010; Frumento, Hirsh, Parides, & Bennett-Guerrero, 2002; Manspeizer et al., 

2001), It has been suggested that any arterial and venous coagulation differences 

detected could be explained by shear stress in respect to the sample collection 

devices (Frumento et al., 2002; Manspeizer et al., 2001). 

The storage of the samples may affect TEG values, as has been demonstrated 

in many studies (Camenzind et al., 2000; Vig et al., 2001; Wasowicz et al., 2008). 

In the OR, non-citrated (i.e. fresh) whole blood is used for TEG analyses, which 

provides the quickest way to assess the coagulation status in cases of acute 

bleeding. Native blood samples have to be processed within 4 minutes of sample 

collection (TEG 5000 system - user manual2010). Instead, citrated blood samples 

allow plenty of time to take the sample to the analyzer and handle the sample at 

one´s convenience. Moreover, citrated samples improve the stability and 

reproducibility of TEG analyses (Quarterman et al., 2014). However, it has been 

recommended that there be at least a 30 min stabilization time for citrated samples 

to stabilize before the analysis (Camenzind et al., 2000; Vig et al., 2001). This delay 

contradicts the initial application of TEG as a rapid, bed-side test for coagulation 

in operating rooms. 

Nowadays, both TEG and ROTEM are CE marked, ISO certified and FDA 

approved. The standardization is complicated due to whole blood used for these 

assays instead of plasma. Viscoelastic tests have no definition in terms of 

validation. There are some correlations between CCTs and viscoelastic tests, for 

example MA is compared to platelet count and ROTEM MCF (maximum clot 

firmness) to fibrinogen level, however, CCTs cannot be used as references to 

viscoelastic tests parameters (Solomon, Asmis, & Spahn, 2016). 
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Preanalytical aspects 

Independent of the sample site or technique, the initiator used, or storage time, the 

initiation of the coagulation process seems to be most vulnerable to any kind of 

disturbances; R has more variability among analyses than angle and MA (Chitlur 

et al., 2011; Quarterman et al., 2014). 

Sample collection is a crucial part of sample analytics, especially with respect 

to clotting tests. For reliable test results, coagulation factors must be kept 

inactivated (i.e. zymogens). A prolonged or challenging venipuncture or 

insufficient mixing of blood in the collection tube may initiate inappropriate 

coagulation in the tube before analysis. Under- or overfilling of the tube affects the 

citrate concentration leading to inadequate re-calcification and will have an 

influence on the initiation of coagulation (i.e. R) (Garcia-Pereira, Scott, 

Koenigshof, & Brown, 2012; Giavarina & Lippi, 2017). 

In TEG analyses, coagulation is initiated by mixing the blood sample with 

kaolin; an inappropriate mixing of the kaolin tube may result in variability in R 

(Quarterman et al., 2014). α and MA are more consistent as these parameters are 

affected by both platelet and coagulation factor activation; once the coagulation 

process is initiated, kaolin has no influence on the ultimate clot. However, α is 

affected to some extent by air bubbles in the sample, as the tangent line is 

inaccurately identified by the TEG device. Thus it is essential to avoid air bubbles 

while pipetting the sample (Quarterman et al., 2014). 

The TEG analyzer is also very sensitive to vibration and must be maintained 

on a stable bench (Quarterman et al., 2014). 

TEG analysis is highly dependent on manual processes, which affects the 

reliability of a single sample. It is essential that the personnel collecting blood 

samples and performing and interpreting TEG analyses are experienced and aware 

of the weaknesses of the method. In addition, it has to be kept in mind that TEG 

measures the coagulation under static conditions without blood flow. As the test is 

performed in a cuvette without an endothelial surface, it does not reflect primary 

hemostasis (Ganter & Hofer, 2008; Thiruvenkatarajan et al., 2014). 

The strengths and pitfalls of TEG are presented in Table 2 (Benes et al., 2015). 
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Table 2. Strengths and pitfalls of TEG. 

Strengths Pitfalls 

 Assesses entire coagulation process 

 Studies interactions between coagulation factors, 

RBCs, fibrinogen and anticoagulants 

 Rapid 

 Easy to interpret 

 Treatment algorithms 

 Diagnostics and management of hemophilia 

 Not standardized or validated 

 Dependent on manual processes 

 Effect of sample storage 

 Sensitive to vibration 

 Absence of endothelial surface 

 Cannot measure primary hemostasis 

 Static conditions, no blood flow 

 Basic TEG cannot detect antiplatelet medication 

 Unable to detect direct thrombin inhibitors, 

warfarin or low-molecular heparins 

2.2.7 Differences to other methods using point-of-care analysis 

techniques 

In addition to TEG, ROTEM and Sonoclot are also bedside assays which measure 

the viscoelastic properties of whole blood, providing a visual assessment of clot 

formation and lysis. Whereas ROTEM is a modified version of the TEG 

technology, Sonoclot differs from the previous assays both by technology and 

visual trace (Ganter & Hofer, 2008). The differences between TEG, ROTEM and 

Sonoclot are presented in Table 3. 

Table 3. The differences between POC devices. 

Characteristics TEG ROTEM Sonoclot 

Pipetting Manual Automatic Automatic 

Cup Moving Fixed Fixed 

Pin Fixed Moving Moving 

Angle of rotation 4º45/5 sec 4º75/6 sec - 

Detection Pin transduction Impedance of rotation Impedance of movement 

The main difference between TEG and ROTEM is that in TEG the movement is 

initiated by the cup and in ROTEM, by the pin. In TEG the signal is transmitted via 

a torsion wire, in ROTEM via an optical detector system. The nomenclature, as 

well as the reference ranges for TEG and ROTEM parameters differ, although the 

tracings resemble each other. The differences are explained by the divergent types 

of pins and cups used and the different compositions and concentrations of test 

activators (Ganter & Hofer, 2008; Thiruvenkatarajan et al., 2014; Whiting, P. et al., 
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2015). Due to these mechanistic differences and different reagents, the results of 

these two viscoelastic devices are not interchangeable (Sakai, 2019). There is a 

close correlation between TEG MA and α and ROTEM MCF and angle, but more 

variability between TEG R and K, and ROTEM CT and CFT measurements 

(Venema et al., 2010). 

The technique for Sonoclot analyzer is described in detail elsewhere (Ganter 

& Hofer, 2008). Briefly, a vertically vibrating probe is inserted into the sample 

containing different coagulation activators/inhibitors. Impedance to probe 

movement by the developing clot creates an electrical signal, the Sonoclot 

“Signature” (Ganter & Hofer, 2008; Thiruvenkatarajan et al., 2014). 

The main parameters measured by TEG, ROTEM and Sonoclot are presented 

in Table 4. 

Table 4. The parameters of TEG, ROTEM and Sonoclot. 

Parameter TEG ROTEM Sonoclot 

Initiation/fibrin formation R CT ACT 

Development of clot/rate of clot formation k, angle CFT, angle CR 

Maximum strength of the clot MA MCF PEAK  

Lysis at a fixed time Ly30/60 Ly30/45/60  

Platelet function Platelet inhibition - PF 

As with TEG, both ROTEM and Sonoclot have several commercially available 

assays. As for ROTEM the EXTEM test, which is activated by tissue factor, reflects 

the extrinsic pathway, whereas the INTEM test is activated by phospholipid and 

ellagic acid and reflects the intrinsic pathway. The HEPTEM test contains 

heparinase to neutralize heparin, and the APTEM test aprotinin to inhibit 

fibrinolysis. FIBTEM contains cytochalasin D, which is an inhibitor of platelet 

signaling to block the platelet contribution to the clot formation and is used to 

assess fibrinogen levels. NATEM is a nonactivated assay. The Sonoclot tests 

SonACT, kACT and aiACT are used for heparin management. gbACT, which is 

activated by glass beads, assesses the overall coagulation and platelet function. The 

native test is a nonactivated assay (Ganter & Hofer, 2008). 
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2.3 Thromboembolism related to obesity and HIPEC 

The common risk factors for VTE are presented in Table 5. Strong risk factors 

contribute to odds ratio > 10, moderate risk factors to odds ratio 2–9 and weak risk 

factors to odds ratio < 2 (Previtali, Bucciarelli, Passamonti, & Martinelli, 2011). 

Table 5. Risk factors for VTE. 

Strong risk factors Moderate risk factors Weak risk factors 

Trauma, fractures 

Major orthopedic surgery 

Oncological surgery 

Surgery 

Hormonal therapy 

Pregnancy, puerperium 

Hypercoagulability 

Previous VTE 

Advancing age 

Immobility 

Metabolic syndrome 

Obesity 

2.3.1 Obesity 

It has been well-established that obesity predisposes to thromboembolic events 

(Forfori et al., 2012; Hunt, 2017; Klovaite et al., 2015). Increasing body mass 

increases the risk of DVT and PE up to five-fold in obese individuals (Klovaite et 

al., 2015). Traditionally, the development of venous thrombosis consists of three 

elements; hypercoagulation, endothelial dysfunction and venous stasis - this so-

called Virchow`s triad was first described in the 1950`s. Obesity is associated to all 

of these. 

First, hemostatic abnormalities such as increased levels of plasma coagulation 

factors, enhanced platelet activation and impaired fibrinolysis are related to obesity. 

Elevated plasma levels of FVIII, FVII, FXIII, VWF, fibrinogen, TF, endothelial cell 

microparticles (MP), PAI-1 and TAFI are accompanied in the metabolic syndrome 

(Kaye et al., 2012; Martinelli et al., 2010). Furthermore, the activities of FIX, FXI, 

FXII, fibrinogen and PAI-1 are increased in obesity itself, independent of the 

metabolic syndrome (Kaye et al., 2012). These obesity-related changes convert the 

coagulation balance to a procoagulant state as there is an association between 

elevated plasma levels of FVIII, FIX, FXI and fibrinogen to an increased risk of 

venous thromboembolism (Franco & Reitsma, 2001). 

Second, endothelial dysfunction and metabolic syndrome with insulin 

resistance contribute to the hypercoagulable state as well (Freeman & Pennings, 

2018; Graupera & Claret, 2018; Kaye et al., 2012; Martinelli et al., 2010). 

Endothelial dysfunction, characterized by deterioration in vascular relaxation 
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mediated by nitric oxide (NO), results in persistent vasoconstriction. Current 

evidence indicates that insulin resistance reduces the production of nitric oxide and 

prostacyclin, increases endothelin-1, enhances oxidative stress and increases 

proinflammatory markers (such as leptin, tumor necrosis factor-α, and interleukin-

6 released by adipose cells). These alterations result in decreased endothelial 

thromboresistance. Furthermore, NO inhibits platelet aggregation and adhesion 

(Franchini, Targher, Montagnana, & Lippi, 2008; Previtali et al., 2011). 

And finally, all types of lower limb venous diseases are related to obesity 

resulting in impaired venous flow (Davies, Popplewell, Singhal, Smith, & 

Bradbury, 2017; Engelberger et al., 2014). The majority of venous 

thromboembolisms, VTEs, develop in the valve pocket of the deep venous valves, 

which are susceptible to periods of blood stasis and low oxygen levels. These 

venous valves assist the blood flow back to the right atrium and the blood flow is 

further facilitated by muscular contractions. Valve pockets express higher 

concentrations of thrombomodulin and endothelial cell protein C receptor, which 

inhibit the coagulation locally. Prolonged immobilization leads, however, to stasis, 

and diminishes this anticoagulant activity which results in an accumulation of 

prothrombotic agents. A hypoxic response due to low oxygen pressure stimulates 

TF expression and increases the release of TF-containing microparticles, finally 

facilitating thrombosis formation (Manly et al., 2011). 

There is also an association between hypercoagulation and hyperlipidemia 

related to the metabolic syndrome, especially hypertriglyceridemia. Increased 

VLDL and lipoproteins may facilitate platelet activation and VLDL also increases 

PAI-1 concentration and activity (Franchini et al., 2008; Previtali et al., 2011). The 

relationship between obesity-related systemic inflammation and venous thrombosis 

is controversial. Increasing evidence indicates that high-sensitivity C-reactive 

protein (hsCRP), synthetized by the liver and induced by inflammatory mediators 

such as interleukin-6, is strongly associated with cardiovascular diseases but there 

no clear association between hsCRP and VTE (Horvei et al., 2016). Thus, it has 

been suggested that other mechanisms are more important factors in the formation 

of VTE than inflammation alone (Horvei et al., 2016). 

In addition, nonalcoholic fatty liver disease (NALFD) is frequently related to 

obesity. The severity of NALFD varies from simple steatosis to steatohepatitis, 

which may lead to cirrhosis and end-stage liver disease if untreated. NALFD has 

been demonstrated to effect all stages of coagulation; primary, secondary and 

tertiary hemostasis, and to increase the incidence of thrombotic events (Hafeez & 

Ahmed, 2013). 
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2.3.2 CRS and HIPEC 

Cytoreductive surgery with hyperthermic intraperitoneal chemotherapy has been 

established as a viable treatment for peritoneal carcinomatoses such as peritoneal 

pseudomyxoma, mesothelioma and colonic peritoneal carcinomatosis (Kapoor et 

al., 2017; Mohamed & Moran, 2009; Raspe, Piso, Wiesenack, & Bucher, 2012). It 

has also been used in selected patients with gastric and ovarian cancers (Kapoor et 

al., 2017). The aim of the cytoreduction is the macroscopic eradication of the tumor, 

whereas the aim of the HIPEC is to exterminate the residual, invisible part. The 

chemotherapeutic strategy depends on the tumor entity, while hyperthermia has a 

direct cytotoxic effect on the tumor cells. Hyperthermia also improves the 

penetration of the chemotherapeutic drug into the peritoneal surface (Kapoor et al., 

2017). 

CRS is a highly extended and complex surgery with multi-visceral resections, 

including gastrointestinal, hepatobiliary, urological and gynecological procedures. 

Morbidity related to CRS and HIPEC is high and associated with the extent of 

tumor burden, length of the surgery, patient age and intaoperative factors such as 

bleeding (Mohamed & Moran, 2009; Raspe et al., 2012). Intra- and postoperative 

hemorrhage and the development of any coagulopathy are major issues in CRS. 

Significant blood loss up to 9 liters is not unusual, almost one half of the patients 

receive packed red blood cells (pRBC) perioperatively (Schmidt, Creutzenberg, 

Piso, Hobbhahn, & Bucher, 2008). Coagulation disorder with bleeding tendency 

develops in up to one third of the patients resulting in the administration of 

cryoprecipitate, fibrinogen or fresh frozen plasma (FFP) (Raspe et al., 2012; 

Schmidt et al., 2008). Apart from the surgery itself, large volume resuscitation, 

hypothermia, acidosis and chemotherapeutic drugs may also impair coagulation 

(Raspe et al., 2012). Traditionally, the coagulation status is assessed using standard 

laboratory tests, hematocrit, platelet count, APTT, PT or INR (Raspe et al., 2012; 

Sargant et al., 2016). The liberal transfusion practice may be harmful for the patient. 

Allogeneic blood transfusion has a negative prognostic effect on the long-term 

survival of cancer patients, while FFP, in turn, is associated with multiorgan failure 

(MOF) and acute respiratory distress syndrome (ARDS) (Watson et al., 2009). The 

use of point-of-care testing, TEG, ROTEM or Sonoclot is recommended to 

diagnose any possible developing coagulopathy during major surgery (Kozek-

Langenecker et al., 2017). 

Postoperative coagulopathy is commonly observed over the first postoperative 

day. This may be dilutional, due to the large volume of fluid replacement, or 
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cytotoxic in origin. Chemotherapeutic agents have diverse toxic profiles, but all 

cytostatic drugs used for HIPEC are myelosuppressive and the hematological 

toxicity reported varies between 4–39% (Mehta, Bhatt, & Glehen, 2016). The 

coagulation status usually normalizes within 72 h, although with the use of 

oxaliplatin, postoperative bleeding may be extended for several days after the 

operation (Raspe et al., 2012). 

Once the normal coagulation state has been restored after the operation, the 

risk of venous thromboembolism increases; the mechanisms for this were described 

earlier. Underlying hypercoagulation related to malignancy, high peritoneal 

carcinosis index (PCI), extended duration of surgery, extensive tissue injury, blood 

transfusions and postoperative bed rest are associated with thrombotic events 

(Rottenstreich et al., 2017; Vukadinovic et al., 2015). The incidence of VTE in CRS 

and HIPEC ranges between 4–13% despite adequate thrombosis prophylaxis 

(Lanuke et al., 2009; Rottenstreich et al., 2017; Vukadinovic et al., 2015). Without 

pharmacological thromboprophylaxis, this risk increases up to 29% in abdominal 

cancer surgery (Bergqvist et al., 2002). The PE-related mortality ranges from 30% 

in massive PE to 1% in small ones (one or two segments), and mortality increases 

to 30% if left untreated (Vukadinovic et al., 2015). 

There is growing data supporting extended pharmacological prophylaxis after 

discharge. The risk of thromboembolism remains high several weeks after surgery; 

significant number occurs after discharge and VTE is one of the most common 

cause of hospital readmission (Kelly, Cajas, Baumgartner, & Lowy, 2018; 

Rottenstreich et al., 2017). However, there are no guidelines considering dose and 

duration of thromboprophylaxis in CRS and HIPEC. The usual dose of enoxaparin 

(40 mg sc daily) is not sufficient to totally prevent thrombotic events, while there 

is a concern of bleeding with higher doses (Rottenstreich et al., 2017). As for 

duration, restricting the administration of low-molecular weight heparin to the 

perioperative period does not prevent thromboses occurring after discharge 

(Rottenstreich et al., 2017). In cancer surgery, extended prophylaxis for up to 4 

weeks is recommended (Bergqvist et al., 2002; Kelly et al., 2018; Rottenstreich et 

al., 2017). 

2.4 Predicting thromboembolic complications 

Traditionally, the risk of thromboembolic events in surgical patients has been 

estimated using risk calculators such as the Department of Health’s VTE risk 

assessment tool (NICE guidelines, NG89), the Caprini RAM prediction score, or 
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national parameters (Zhou et al., 2018). These tools consider both patient- and 

admission-related risks of thrombosis with respect to bleeding. The usual practice 

of mechanical and pharmaceutical prophylaxis diminishes the risk of VTE 

significantly, but not completely (Rottenstreich et al., 2017). To assess the risk, 

more precise, more delicate methods are required. 

Fibrinogen and fibrinogen D-dimer are the most investigated CCTs used for 

estimating the risk of VTE (Samuelson Bannow & Konkle, 2018; van Hylckama 

Vlieg et al., 2015). There is an association between high levels of D-dimer and 

thrombosis in hematological cancer patients and a patient-specific elevation of D-

dimer level may suggest an increased risk of thrombosis, yet there is no consensus 

on the cut-off point (Samuelson Bannow & Konkle, 2018). However, elevated D-

dimer has more value in predicting the recurrence of thrombosis than the 

occurrence of the initial one (van Hylckama Vlieg et al., 2015). While other assays, 

such as thrombin generation, mean platelet volume, soluble vascular endothelial 

growth factor, soluble P-selectin and extracellular vesicles, have shown some 

promise in research settings, these assays are not suitable for clinical use at present 

(Samuelson Bannow & Konkle, 2018). In addition, elevated levels of FVIII 

independently predict VTE in cancer patients (Hafeez & Ahmed, 2013). 

As CCTs have a poor prognostic value in terms of venous thrombosis, 

especially in surgical patients, there is growing interest towards global hemostasis 

assays such as TEG, ROTEM and Sonoclot. All these viscoelastic tests are capable 

of detecting hypercoagulable states. Short R and K, broad angle and elevated MA 

reflect hypercoagulation in TEG (Wang et al., 2018). However, the predictive value 

of these parameters for thrombosis is controversial (Gary et al., 2016; Mahla et al., 

2001; McCrath et al., 2005; Park et al., 2009). Furthermore, there is no clear 

definition of hypercoagulability in TEG (Nates et al., 2007). To improve 

predictability, global coagulation indexes such as the Coagulation Index (CI), 

Thrombodynamic Potential Index (TPI) and Thrombodynamic Ratio (TDR) have 

been generated (Nates et al., 2007; Tartamella, Vassallo, Berlot, Grassi, & Testa, 

2016). CI and TPI are automatically calculated by the TEG analyzer; CI is derived 

from R, K, MA and angle and TPI from K and MA, thus CI more closely describes 

the enzymatic portion of the coagulation cascade than does TPI (Nates et al., 2007). 

TDR is calculated as MA x α/R. There is a clear association between TDR and VTE 

in critically ill patients, TDR also has a strong correlation with anti-fXa levels. TDR 

has a high level of sensitivity for excluding thrombosis, but it is still not 

recommended as a positive predictor of VTE (Tartamella et al., 2016). As TEG 

analyses used for TDR are performed native, the normal ranges differ from 
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conventional kaolin-activated analyses. Thus, the cut-off values created for TDR 

are not suitable for kaolin-based analyses. 

2.5 Summary of the literature 

– Normal hemostasis is a balance between procoagulant factors and inhibiting 

mechanisms 

– Disorders of coagulation system lead to bleeding or thrombosis 

– Viscoelastic hemostatic assays may detect both hypo- and hypercoagulation 

– There is contradictory data regarding the influence of sample site and storage 

on TEG analyses 

– Obesity causes a hypercoagulable state and predisposes to venous thrombosis 

– Obesity surgery and the following weight loss reduces obesity-related 

inflammation but there is limited data concerning blood coagulation 

– Clinical studies have demonstrated that patients undergoing CRS and HIPEC 

are at particular risk for venous thrombosis postoperatively 

– Viscoelastic tests are commonly used in guiding blood transfusions during 

surgery but there is no data on monitoring blood coagulation after HIPEC 

– There is conflicting data on the ability of viscoelastic tests to predict 

thromboembolic complications after surgery 

  



 

45 

3 Aims and hypotheses of the study 

The aim of this study was to evaluate TEG as an analysis method, particularly the 

effect of sample site and storage on TEG analyses in elective, surgical patients. 

Further studies investigate the role of TEG in diagnosing the hypercoagulable state 

and the risk of thromboembolism related to obesity and cytoreductive surgery. 

This study consists of four substudies (I–IV) and addresses the following 

research questions and hypotheses: 

1. Do arterial and venous blood samples result in similar TEG values? And 

further, does citrate storage up to 120 minutes remarkably affect TEG 

parameters? According to the hypothesis, arterial and venous blood samples 

are comparable and the storage does not affect TEG values. (Study I) 

2. Does obesity surgery and the following weight loss have an impact on blood 

coagulation? We hypothesized that obese patients are in a hypercoagulable 

state which will be relieved after obesity surgery. (Study II) 

3. How do cytoreductive surgery and hyperthermic intraperitoneal chemotherapy 

with mitomycin C affect the coagulation status? It was hypothesized that 

HIPEC induces hypercoagulation which can be detected by TEG. (Study III) 

4. What is the duration of hypercoagulation induced by HIPEC? The hypothesis 

was that the hypercoagulable state persists for weeks but will be relieved within 

three months after surgery. (Study IV) 

 

  



 

46 

 



 

47 

4 Materials and methods 

4.1 Settings and design 

All studies (I–IV) were clinical prospective observational studies. Study I was a 

methodological validation study and studies II–IV formed an observational 

longitudinal cohort. The setting and design for the four substudies are presented in 

Table 6. All patients included in the studies were 18–85 years of age. Patients with 

a recent (< 6 months) thromboembolic event (DVT or PE), impaired coagulation 

or who were taking aspirin, warfarin, or any antiplatelet drug were excluded. 

Table 6. The settings and design of the four substudies. 

Property Study I Study II Study III Study IV 

Patients, n 

ASA 

Surgery 

51 

ASA II–IV 

Elective non-

specified surgery 

18 

ASA II–III 

Laparoscopic gastric 

bypass 

15 

ASA I–II 

CRS and HIPEC  

15 

ASA I–II 

CRS and HIPEC  

Design Arterial and venous 

blood samples 

compared to each 

other 30 min, 60 min 

and 120 min after 

collection.  

TEG analyses, CCTs 

and hsCRP before 

and after obesity 

surgery. 

TEG analyses 

preoperatively, after 

CRS, during HIPEC 

and at the end of the 

operation. 

TEG analyses and 

CCTs preoperatively, 

on the POD1, at 

discharge and three 

months after 

surgery. 

   CCTs preoperatively 

and after CRS. 

DVT screening 

preoperatively and at 

hospital discharge. 

Main variables TEG: R, MA TEG: R, K, angle, 

MA, G, Ly60 

TEG: R, K, angle, 

MA, Ly60 

TEG: R, K, angle, 

MA, Ly60 

  Other: Hb, Plt, P-PT, 

INR, fibrinogen, D-

dimer, hsCRP 

Other: Hb, Plt, P-PT, 

APTT 

Other: Hb, Plt, P-PT, 

fibrinogen, D-dimer 

Study questions Do arterial and 

venous samples 

result in similar TEG 

values? Does citrate 

storage up to 

120 min affect TEG 

parameters? 

Do obesity surgery 

and the subsequent 

weight loss have an 

impact on blood 

coagulation? 

How do CRS and 

HIPEC with 

mitomycin C affect 

the coagulation 

status? 

What is the duration 

of hypercoagulation 

after HIPEC? 
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The first study was performed to obtain more precise information about blood 

sample collection and sample storage, which was necessary to accomplish the 

following studies. Altogether, 306 blood samples were collected from 51 patients 

undergoing elective surgery in the Oulu University hospital during the period 2013-

2014. Arterial and venous blood samples compared to each other 30 min, 60 min 

and 120 min after collection. 

In study II, blood samples were collected from patients undergoing 

laparoscopic gastric bypass in Oulu University Hospital 2015–2016 to examine the 

impact of obesity and obesity surgery on blood coagulation. In all, 54 samples were 

collected and analyzed. Both TEG analyses and CCTs were performed before and 

after the operation. HsCRP was also determined at each time point to reflect the 

inflammation related to obesity. The timing of the blood samples is presented in 

Figure 5. 

 

Fig. 5. Timing of blood samples for Study II. POD1 = Postoperative day 1. 

Studies III-IV considered the coagulation status of patients undergoing CRS and 

HIPEC during the 2015–2017 period. Study III examined changes in blood 

coagulation during surgery and HIPEC, and study IV was a continuation study for 

the third one; the same patients were followed three months after the procedure. 

Altogether, 75 blood samples for study III and 53 samples for study IV were 

collected and analyzed. The timing for these blood samples is represented in 

Figures 6 and 7. 

 

Fig. 6. Timing of the blood samples for Study III. 
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Fig. 7. Timing of the blood samples for Study IV. 

4.2 Study permissions and Ethical considerations 

All studies (I–IV) were prospective. The study protocols were approved by the 

Ethical Committee of the Northern Osthrobothnia Hospital District before the onset 

of the data collection (reference numbers 113/2012 study I, 100/2015 study II and 

75/2014 studies III and IV). Written informed consent was obtained from all 

subjects. 

Patients participating in the studies were treated according to standard clinical 

practice. The blood samples collected for the studies (I–IV) were discarded 

immediately after being analyzed. The data collected for studies I–IV was recorded 

for treatment purposes, but no accessory data was compiled. The patient data were 

handled anonymously and stored according to local/national data registration 

requirements (I–IV). 

4.3 Patients 

Only patients aged 18–85 were included in all studies. The upper limit was set at 

85 years as there is some evidence regarding the effect of old age on the risk of 

thrombosis (Ng, 2004). The lower limit was set for convenience as obesity surgery 

and CRS is limited to adult patients in the Oulu University Hospital. 

Study I consisted of 51 patients who underwent an elective unspecified surgical 

procedure. Patients with a known pre-existing bleeding tendency or who were 

taking aspirin, an antiplatelet agent, warfarin, or any other drug which influences 

coagulation were excluded. Patients who had surgery for malignant diseases were 

also excluded, except for local prostate cancer. 

In study II, 18 obese (BMI > 30 kg/m2) patients scheduled for laparoscopic 

gastric bypass were included. There were also originally two patients who 

underwent laparoscopic sleeve gastrectomy, but because of a reviewer´s request, 

these two patients were afterwards excluded. Patients who had a recent 
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(< 6 months) thromboembolic event (DVT or PE) or who were taking aspirin, 

warfarin, or any antiplatelet drug were excluded. 

The patients in the final two studies (III–IV) differ from the ones in the 

previous studies in that they were undergoing surgery for active cancer. 15 ASA I–

II patients with a diagnosis of appendiceal mucinous carcinoma, mesothelioma or 

colon carcinoma who were receiving CRS and HIPEC, were recruited. These 

patients had a special risk for thrombosis. However, patients with pre-existing 

thrombosis, a bleeding tendency or any medication influencing blood coagulation 

were excluded as these conditions are contraindications for surgery. 

4.4 Methods 

4.4.1 Blood sample collection 

In study I, eight blood samples were drawn from each patient in the operating room 

into Vacutainer tubes containing 3.2% citrate before an intravenous line was 

inserted to avoid any influence on the results by the intravenous infusion or drugs. 

Four samples were taken from an arterial cannula inserted in the radial artery and 

four samples were simultaneously drawn via direct venipuncture from the 

antebrachial vein. The first sample from each site was discarded leaving three 

arterial and three venous samples for analysis. 20 Gauge Terumo Venoject needles 

were used for venipuncture and BD 20 Gauge Arterial cannulas for arterial sample 

collection. Identical citrated Vacutainer tubes and needles with one waste tube were 

used in subsequent studies. 

In the clinical studies (II–IV), only venous samples were used. In study II, all 

the blood samples were taken via direct venipuncture from the antebrachial vein by 

a laboratory technician. In the HIPEC studies (III–IV), preoperative samples as 

well as perioperative samples and the samples taken on the first postoperative day 

were taken by a trained study nurse or by myself via a central venous catheter 

(CVC) inserted for the operation (Hydrocath Assure 2 lumen Catheter). The 

samples at patient discharge and the control visit samples were taken via direct 

venipuncture from the antebrachial vein by a laboratory technician. When using a 

CVC as a sampling route, 10 ml blood was withdrawn and discarded prior to 

sample collection. 
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4.4.2 TEG analyses 

All TEG analyses were performed according to the manufacturer’s guidelines by a 

single trained study nurse or by the author. Blood samples were stored at room 

temperature. The citrated samples were recalcified before analyses. Kaolin was 

used as an initiator in each test. Two computerized TEG® analyzers (TEG 5000 

Thromboelastograph® Hemostasis System, Haemonetics Corporation, Niles, 

USA) with four separate channels were used. The TEG analyzers were calibrated 

and tested regularly. The patients acted as their own controls in all studies (I–IV), 

i.e. blood samples were only compared with each individual´s own samples. For 

quality control, double samples were analyzed in every study (I–IV). 

The TEG values measured are presented in Table 6. In study I, arterial and 

venous samples were analyzed at three different time points: 30 min, 60 min, and 

120 min after collection. The 60 min and 120 min samples were compared to the 

30 min samples, arterial samples to arterial samples and venous samples to venous 

samples. Furthermore, an arterial-venous comparison was also made. 

In studies II–IV, all TEG analyses were performed after 30 min of storage. In 

study II, POD1 samples and the control visit samples were compared to the 

preoperative samples and the control visit samples were also compared to the 

postoperative samples. 

In both of the HIPEC studies (III–IV), peri- and postoperative TEG values were 

compared to preoperative ones. In study III, a comparison was also made between 

HIPEC and pre-HIPEC values and in study IV, between the control visit and the 

discharge values. 

4.4.3 Conventional coagulation tests 

The CCTs used are presented in Table 6. Only TEG analyses were performed in 

study I. In study II, the same comparisons were performed for CCTs as for TEG 

values. In study III, CCTs were only determined preoperatively and before HIPEC, 

while in study IV these tests were determined at the same time points as the TEG 

analyses. 

4.4.4 Clinical data 

Clinical data including age, gender, height, weight, ASA risk classification, 

comorbidities, main diagnosis, type of surgery, duration of surgery, and use of low 
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molecular weight heparin were recorded. For study II, BMI was calculated 

according to the formula BMI = weight (kg) ÷ (height [m])2 before and six months 

after the operation. For studies III–IV PCI, the duration of the CRS and the duration 

of the entire operation were registered. The amount of bleeding and intravenous 

fluids - including blood products - and acidosis were obtained. All the clinical data 

were collected and retrieved from the hospital`s electronic patient data record 

system (ESKO, Oulu University Hospital), anesthesia information management 

system (Antti, Oulu University Hospital) and the surgical information system 

(LESU, Oulu University Hospital) 

4.4.5 DVT screening 

In studies II–IV, the occurrence of DVTs and PEs were recorded. In study IV, the 

patients were also screened by Doppler ultrasound for DVTs preoperatively and at 

hospital discharge. A CT-scan was performed if PE was suspected. 

4.5 Statistical methods 

The statistical methods for the four substudies are presented in Table 7. 

Table 7. The statistical methods for the four substudies. 

Property Study I Study II–IV 

Statistical 

program 

SPSS version 21.0 SPSS version 24.0 and SAS version 9.4 

Methods Bland-Altman method Spearman`s correlation coefficient (rho) 

LMM 

Statistical 

parameter 

Mean bias and 95% LoA 

Percentage error 

Means with SD or Median and 25th–75th PCT 

Mean differences with 95% CI and two-tailed 

p-values 

Comparisons 

made 

R and MA in arterial and venous 

samples were compared to each 

other 30, 60 and 120 min after 

collection. 

A pairwise comparison of different variables 

between time points were performed if P-time 

according to LMM was significant. 

The data for the validation study (I) was analyzed using SPSS for Windows (IBM 

Corp., released 2012: IBM SPSS Statistics for Windows, Version 21.0. Armonk, 

NY: IBM Corp.). The measurements were compared using the Bland-Altman 

method (Bland & Altman, 1999). The mean bias between measurements was 
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determined and 95% limits of agreement calculated (mean bias ± 1.96 SD). The 

percentage error between arterial 30 min (theoretical value) and arterial and venous 

30 min, 60 min and 120 min values (experimental values) were calculated using 

the formula (experimental value – theoretical value) / theoretical value x 100%. 

For studies II-IV the data were analyzed using SPSS for Windows (IBM Corp., 

released 2016: IBM SPSS Statistics for Windows, Version 24 .0. Armonk, NY: IBM 

Corp.) and SAS (version 9.4, SAS Institute Inc., Cary, NC, USA). Summary 

statistics were expressed as mean with standard deviation (SD) or as median with 

25th–75th percentiles. To assess correlation between continuous variables, the 

Spearman’s correlation coefficient (p) was calculated. Repeatedly measured 

continuous data was analyzed using Linear Mixed Model (LMM) using patients as 

random effects. A covariance pattern was chosen according to Akaike’s information 

criteria (H. Akaike, 1974). If P-time (Ptime) was significant according to LMM, then 

pairwise comparison between time points was performed and mean differences 

with 95% confidence intervals (95% CI) were presented. Two-tailed p-values were 

reported. A p < 0.05 was considered statistically significant. 

4.6 Summary of methods 

As a summary of methods, TEG analyses were used to examine the coagulation 

status of patients undergoing surgical procedures (I–IV). Except for study I, 

conventional coagulation assays were used for comparison and to support the 

observations. HIPEC patients were specifically followed for DVTs by Doppler 

ultrasound preoperatively and at hospital discharge. The incidence of DVTs was 

also recorded using the electronic patient data register. 
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5 Results 

5.1 Patients characteristics 

Altogether 84 patients were included in four substudies. All the patients were 

scheduled for elective surgery in the Oulu University Hospital. Studies III and IV 

consisted of the same patients. Most of the patients were rather healthy, ASA 1–2 

patients. In substudies I and II there were some few patients with an ASA 3 or 4 

risk classification, while in studies III–IV there were only ASA 1–2 patients. 

Patients undergoing obesity surgery were younger (mean age 48 years) than 

HIPEC patients (mean age 56 years) or patients undergoing other elective surgery 

(mean age 65 years). 

In all substudies, more than 40% of patients had some comorbidities. The most 

common disease was hypertension; in study I 22%, in study II 56% and in studies 

III–IV 47% of participants had hypertension. Among obese patients, diabetes 

(39%), asthma (22%) and sleep apnea (22%) were also common. 

The demographic data of the patients in the four substudies is presented in 

Table 8. 

5.2 Arterial and venous samples and the effect of storage 

The parameters used for this study were R and MA. The mean R in all samples was 

8.2 min (range 3.2–15.6 min, SD 1.8) and the mean MA was 65.2 mm (range 49.3–

77.0 mm, SD 6.1). For arterial-venous comparison, 30 min samples were used. 

Figures 9a and b (published in Am J Hemat) represent the mean bias between 

arterial and venous samples, which was low; -0.4 min for R and 0.3 mm for MA. 

The mean percentage error between sample pairs was 17.1% (median 9.1%) for R 

and 5.5% (median 3.5%) for MA. 

After storage, the mean bias for R varied between -0.3 to -0.5 min in arterial 

(Figure 9a and b) and between -0.1 to -0.4 min in venous samples (Figure 9c and 

d). The mean bias for MA was 0.9 mm in arterial (Figure 10a and b) and between 

0.4–1.2 mm in venous samples (Figure 10c and d), respectively. In arterial samples 

the mean percentage error between sample pairs varied from 11 to 12% for R 

(median 7.9–8.7%) and from 3.9 to 4.0% for MA (median 2.9–3.0%). In venous 

samples the mean percentage error between sample pairs varied from 14.1 to 
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14.7 % (median 10.1–11.4%) for R and from 4.9 to 5.3 % (median 3.3–4.0%) for 

MA. 

Table 8. Patient characteristics. 

Character Study I Study II Study III–IV 

N 51  18  15  

Age mean (range) 65 (30–81) 48 (30–61) 56 (32–68) 

Gender    

Male 

Female 

25 (49%) 

26 (51%) 

3 (17%) 

15 (83%) 

4 (27%) 

11 (73%) 

ASA    

1 

2 

3 

4 

0  

35 (68%) 

15 (29%) 

1 (2%) 

1 (6%) 

10 (56%) 

7 (39%) 

0  

2 (13%) 

13 (87%) 

0  

0  

Comorbidities    

Hypertension 

CAD 

Asthma 

Diabetes 

Renal insufficiency 

Hypothyreosis 

Sleep apnea 

Fatty liver 

MS 

Pseudotumor cerebri 

None 

22 (44%) 

4 (8%) 

12 (24%) 

10 (20%) 

0  

0  

0  

0  

0  

0  

0  

10 (56%) 

0  

4 (22%) 

7 (39%) 

0  

2 (11%) 

4 (22%) 

2 (11%) 

1 (6%) 

1 (6%) 

3 (17%) 

7 (47%) 

0  

1 (7%) 

0  

1 (7%) 

1 (7%) 

0  

0  

0  

0  

5 (33%) 

Smoking    

Yes 

No 

11 (22%) 

40 (78%) 

2 (11%) 

16 (89%) 

Unknown 

As a conclusion, there was more variation in R than in MA in all sample pairs and 

more alteration in venous samples than in arterial samples. However, the alteration 

in venous samples was acceptable. Storage up to 120 minutes had no effect on TEG 

analyses. 
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Fig. 8. Arterial-venous comparison of R (a) and MA (b) represented by Bland-Altman 

figures. 

 

Fig. 9. Effect of storage on R represented by Bland-Altman figures; a) and b) arterial 

samples, c) and d) venous samples. 
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Fig. 10. Effect of storage on MA represented by Bland-Altman figures; a) and b) arterial 

samples, c) and d) venous samples. 
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parameters on the first postoperative day (POD1). Six months after the operation, 
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70.4 mm and G 11 847.6 d/sc, respectively). 

Before obesity surgery, CCTs were within the normal range. HsCRP - which 

was slightly elevated preoperatively - increased significantly on the first 

postoperative day but had returned to within the normal range 6 months after the 
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fibrinogen concentration remained elevated six months after the operation. The 

main results are presented in Figure 11 (published in Obesity Surgery 2018). 

Altogether, patients undergoing obesity surgery were hypercoagulable 

preoperatively using MA and G as an indicator. Despite significant weight loss 

during the study period (mean weight loss -19.6 kg), these parameters remained 

elevated 6 months after the operation. However, the inflammation abated as hsCRP 

decreased significantly. 

 

Fig. 11. Median values with 25th and 75th percentiles for fibrinogen, hsCRP, MA, and G in 

the study period. Ptime indicates statistical significance for the change over whole study 

period. 
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limits. As a consequence of bleeding and dilution, the median MA was normalized 

during CRS. As the operation proceeded to HIPEC with Mitomycin C, the median 

R and K reduced and angle increased. These changes reflect acceleration in the 

initiation of coagulation and in the kinetics of clot formation. 

All the changes towards accelerated coagulation were reverted on the first 

postoperative morning. Instead, there were signs of deteriorated coagulation in 

some patients (R increased above its normal limits), yet - in most patients - R stayed 

within its normal range. 

During the hospital stay, the median α and MA increased significantly while 

other TEG parameters remained constant. At the 3-month control visit the median 

α and MA had normalized. However, 3/13 patients (23%) were still 

hypercoagulable according to elevated MA (MA > 69 mm). 

 

Fig. 12. Changes in median R and MA with 27th and 75th percentiles at different time 

points with horizontal lines representing normal ranges. T1 = preoperatively, T2 = after 

CRS, T3 = after 40 min of HIPEC, T4 = after 80 min of HIPEC, T5 = at the end of the 

operation, T6 = POD1, T7 = hospital discharge, T8 = control at 3 months. 
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5.4.2 Conventional coagulation tests 

CCTs were determined preoperatively (T1), on POD1 (T6), at hospital discharge 

(T7) and three months after surgery (T8). Hemoglobin, platelet count and 

prothrombin time were also recorded after CRS. Prior to the operation, CCTs were 

within their normal ranges. Due to perioperative bleeding and dilution, median 

hemoglobin, platelet count and prothrombin time decreased during CRS and 

remained under their preoperative values on POD1. At hospital discharge, there 

was a significant increase in median platelet count, fibrinogen and D-dimer as 

shown for fibrinogen and D-dimer in Figure 13. At the 3-month control visit all the 

CCTs returned to their baseline. Only median hemoglobin stayed below its normal 

range. However, despite normalized median values, 4/13 patients had elevated D-

dimer and 1/13 patient had elevated fibrinogen level three months after the 

operation. These were not the same patients who had elevated MA in TEG. 

 

Fig. 13. Changes in median fibrinogen and D-dimer with 25th and 75th percentiles at 

different time points with horizontal lines representing normal ranges. 

T1 = preoperatively, T6 = POD1, T7 = hospital discharge, T8 = control. 
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In all, CRS with HIPEC induced a hypercoagulable state measured by TEG as 

indicated by decreases in R (acceleration of initiation of blood coagulation), a 

decrease in K and an increase in the angle (accelerated clot formation). This type 

of hypercoagulation had normalized on the first postoperative day. However, during 

the hospital stay, both TEG values α and MA as well as CCTs fibrinogen and D-

dimer demonstrated increased clot formation, clot strength and fibrinolysis, which 

can be considered as a sign of an increased risk for thrombosis. The coagulation 

disturbances observed during the peri- and postoperative period were mainly 

normalized on the 3-month control period. However, some individuals were still 

hypercoagulable at the end of the study period. 

5.5 The main results of all substudies 

The main results of all four substudies are assembled in Table 9. 

Table 9. The main results and interpretation of the study. 

Study TEG CCTs 

Study I   

  More variation in R than in MA in all 

sample pairs 

 Arterial samples yielded more stable TEG 

values 

 The variation in venous samples was 

acceptable 

 Storage up to 2 hours did not affect TEG 

values 

 

 

 

 

 Both arterial and venous samples can 

be used in TEG analyses 

 

Study II   

  Preoperatively MA and G were elevated 

while other TEG values were within normal 

limits 

 Six months after the operation, MA and G 

were still elevated 

 Preoperatively all CCTs except hsCRP 

were within normal limits 

 On POD1, hsCRP, fibrinogen and D-dimer 

were increased 

 After 6 months, hsCRP and D-dimer were 

normalized but fibrinogen remained 

elevated 

  Patients were hypercoagulable 

preoperatively and 6 months after 

obesity surgery. 

 Minor changes in coagulation, 

inflammation reduced six months after 

obesity surgery 
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Study TEG CCTs 

Study III   

  Preoperatively MA was elevated 

 During CRS MA was normalized 

 During HIPEC R and K decreased, 

whereas α increased → in 53% of patients 

R decreased by more than 1 min 

 No changes in TEG values were observed 

during the recovery phase 

 Preoperatively all values were within 

normal range 

 During CRS P-PT and platelet count were 

reduced 

 

 

 

 Patients were hypercoagulable at the 

end of the operation 

 Patients were slightly hypocoagulable at 

the end of CRS 

Study IV   

  Preoperatively MA was elevated 

 At discharge α and MA were elevated 

 No changes in other TEG parameters 

 At the control visit median α and MA had 

normalized 

 In 23% of patients MA was still elevated at 

control visit 

 Preoperatively all values were within 

normal range 

 At POD1 Hb, platelet count and P-PT were 

reduced 

 At discharge platelet count, fibrinogen and 

D-dimer were elevated 

 At control visit all median values had 

normalized 

 D-dimer was still elevated in 31% and 

fibrinogen in 13% of patients at 3-month 

control visit 

  Patients were hypercoagulable at 

discharge, some individuals were still 

hypercoagulable three months after the 

operation. 

 Patients were hypercoagulable at 

discharge, some individuals were still 

hypercoagualable three months after the 

operation 
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6 Discussion 

6.1 Main findings 

The aim of the first study was to evaluate TEG as an analysis method, especially 

the effect of sample site and sample storage on TEG analyses. Our results confirm 

that both arterial and venous blood samples can be used for TEG analyses, although 

venous samples are more vulnerable to technical failures with regards sample 

collection. Sample storage for up to 120 min has no impact on TEG analyses. 

The aim of the subsequent studies was to investigate the role of TEG in 

diagnosing the hypercoagulable state, as well as the risk of thromboembolism 

related to obesity and cytoreductive surgery. 

Patients scheduled for obesity surgery are hypercoagulable prior to the 

operation as assessed by TEG. Contrary to our hypothesis, obesity-related 

hypercoagulability do not recover 6 months after obesity surgery, despite 

substantial weight loss. The inflammation as assessed by hsCRP, however, is 

alleviated. 

Finally, we were able to demonstrate that CRS with HIPEC induces a 

hypercoagulable state as shown with both TEG and CCTs, which normalizes in 

three months in the majority of patients. However, some patients are still 

hypercoagulable several months after the operation. 

6.2 Strengths of the study and generalizability of the results 

All four substudies were designed by a multidisciplinary team consisting of 

anesthesiologists, intensivists, hematologists, surgeons and a biostatistician. Study 

I demonstrated a wide range of factors disrupting sample analytics including 

challenges in sample collection, handling, storage, and pipetting as well as errors 

related to the TEG devices. Nevertheless, this study demonstrated that there are no 

significant differences between arterial and venous samples and that storage has no 

impact on TEG analyses when the samples are handled with care. However, the 

arterial samples are less vulnerable to errors related to sample collection. TEG is 

dependent on manual processes and the experience and meticulousness of the 

operator has an outstanding influence on the results, which is one of the major 

concerns in TEG analytics. In addition, caution is needed when interpreting the 

results and the clinical situation needs to be taken under consideration. 
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Other studies (II–IV) concerned hypercoagulability in high-risk patients; i.e. 

obese and cancer patients. These patients have a distinct etiology of 

hypercoagulation as described earlier. Hypercoagulation was detected in both 

patient groups by both TEG and CCTs. As the first study had demonstrated the 

importance of sample handling in TEG analyses, sample collection was performed 

by trained, laboratory personnel and the TEG analyses were performed by a single, 

trained nurse. Only citrated, venous samples were used. The storage time was 

standardized. 

The aim of study II was to assess the impact of weight loss on blood 

coagulation. However, the patient population was restricted to laparoscopic gastric 

bypasses, this type of obesity surgery being the most common. Previous studies 

have shown that other types of surgery (sleeve, for example) may have varying 

influence on blood coagulation (Lupoli et al., 2015). According to the present 

results, patients undergoing laparoscopic gastric bypass are still hypercoagulable 

after 6 months and 20 kg of weight loss. However, these results should not be 

extrapolated to patients undergoing other types of obesity surgery or to patients 

losing weight using conservative methods. 

Studies III and IV assessed hypercoagulation in patients undergoing CRS and 

HIPEC. Both TEG and CCTs were determined preoperatively, on POD1, at hospital 

discharge and at a 3-month control visit. TEG was also used during surgery. Again, 

special caution was taken in sample handling and analytics. As previous studies 

have demonstrated, cancer patients are hypercoagulable per se, which predisposes 

these patients to venous thrombosis (Timp, Braekkan, Versteeg, & Cannegieter, 

2013). Surgery further increases this risk (Ay, Pabinger, & Cohen, 2017). The 

results from the present studies, assessed by TEG and standard coagulation assays, 

support the previous data. However, as no studies exist regarding CRS alone, there 

is no clear conception as to what the role of chemotherapy on blood coagulation is. 

Does HIPEC further increase the risk or is hypercoagulation only related to 

surgery? 

6.3 Sample site and storage 

It has been suggested that there is variation in TEG analyses between arterial and 

venous blood samples. Previous studies have demonstrated more variation in the 

initiation of coagulation (R) than in the final clot strength (MA, G) between arterial 

and venous samples (Doering et al., 2014; Frumento et al., 2002; Manspeizer et al., 

2001). The mechanisms suggested are shear stress with respect to collection 
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devices or arterial oxygen content; arterial blood is more viscous and flows more 

slowly (Frumento et al., 2002; Manspeizer et al., 2001). Other explanations could 

be varying activators (celite, kaolin) and handling procedures (native vs. citrated 

blood) used in different studies (Doering et al., 2014). In the present study, there 

was no significant variation between arterial and venous samples. Yet more 

variation was detected in R than in MA, especially in patients with shorter R times. 

These results are in line with a study on critically ill patients (Durila et al., 2010). 

This suggests that the differences in TEG results between arterial and venous 

samples may rather be due to sample handling than shear stress, the activator used 

or the oxygen content of the sample. 

When the delay between sample collection and TEG analyses is more than 

4 min, fresh blood samples are not feasible as the coagulation cascade has been 

initiated in the collection tube. Citrate storage is mandatory outside the operating 

rooms, as the TEG device is commonly located close to the OR. Several studies 

have reported that TEG analyses using recalcified, citrated blood differ from fresh 

blood samples (Camenzind et al., 2000; Wasowicz et al., 2008; Zambruni, 

Thalheimer, Leandro, Perry, & Burroughs, 2004). However, when kaolin is used as 

an activator, citrated samples are comparable to fresh blood samples while other 

activators result in hypercoagulable changes over time (Quarterman et al., 2014; 

Wasowicz et al., 2008). As in studies comparing arterial and venous samples, major 

variability concerns R, i.e. the initiation phase of coagulation cascade. It has been 

suggested that this variability may arise from incomplete mixing of kaolin to blood 

resulting in an uneven activation of coagulation (Quarterman et al., 2014). In this 

study, citrate storage had no impact on TEG parameters. As the variability is to 

some extent operator-dependent, it was minor as the analyses were performed by 

the same, highly experienced operator. In addition, kaolin was used as an activator. 

6.4 The impact of obesity surgery on blood coagulation 

Only a few studies have assessed the impact of obesity surgery on blood 

coagulation. In studies assessing blood coagulation with TEG, obese patients have 

been demonstrated to be hypercoagulable prior to the operation, as indicated by an 

elevated MA and G (Forfori et al., 2012). Whereas both gastric bypass and sleeve 

gastrectomy improves the hematological profile, gastric bypass has been reported 

to have a greater impact on the clotting system (Ferrer et al., 2015; Lupoli et al., 

2015; Pardina et al., 2012; Thereaux et al., 2017; Tschoner et al., 2012). Some of 

the changes may be detected early after surgery, but some of them normalize 
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concomitantly with weight loss; e.g. fibrinogen level (Lupoli et al., 2015; Pardina 

et al., 2012). The results of the present study support these previous findings; G and 

MA values were elevated preoperatively, and remained so after the 6-month study 

period. The fibrinogen level was near its upper range before the operation and 

slightly above its upper range after the follow-up. These results indicate that 

patients undergoing obesity surgery are still hypercoagulable at 6 months after the 

operation despite remarkable weight loss. As shown with fibrinogen in a former 

study (Pardina et al., 2012), a plausible explanation for this is that 6 months is not 

a sufficient period for the coagulation profile to normalize after obesity surgery. In 

this study, however, obesity-related inflammation was alleviated as demonstrated 

by the normalization of hsCRP. This finding is in line with previous studies 

(Aleksandrova, Mozaffarian, & Pischon, 2018; Ferrer et al., 2015). 

One explanation could be the persistence of NAFLD. As discussed earlier, 

NAFLD has an effect on all stages of blood coagulation, from primary hemostasis 

to fibrinolysis. Yet weight loss is the corner stone in the remedy of obesity related 

NAFLD, and the exact mechanism by which obesity surgery affects NAFLD is 

under investigation. Of the different types of obesity surgery, gastric bypass is best 

associated with an improvement of NAFLD by reducing steatosis, inflammation 

and fibrosis. As these improvements are mainly documented 1 year after the 

operation, our follow-up period of 6 months may have been too short with respect 

of NAFLD-related hypercoagulation (Hafeez & Ahmed, 2013). 

6.5 Blood coagulation changes related to CRS and HIPEC 

Previous reports assessing coagulation status have indicated hypocoagulation with 

a potential development of DIC during CRS (Bell et al., 2012; Sargant et al., 2016). 

While viscoelastic tests have been used in guiding transfusions perioperatively, to 

our knowledge, only one study with ROTEM has been published investigating 

coagulation changes during CRS and HIPEC. Whereas the ROTEM study showed 

hypocoagulation during CRS, suggesting decreased clot firmness and fibrinogen 

level, there was no change in ROTEM parameters during HIPEC (Falcon Arana et 

al., 2015). These results are in some degree contradictory to ours, as the main 

findings of the present study showed only a minor decrease in clot firmness (MA) 

during CRS with a significant decrease in R, reflecting an enhanced initiation of 

coagulation during the HIPEC phase. The differences of these results may be 

explained by varying diagnoses, tumor location, stage of the peritoneal 

carcinomatosis (PCI), the extent of the surgery and the chemotherapy used. 
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The change in R returned to the preoperative level on the first postoperative 

morning. In contrast, the TEG parameters α and MA as well as CCTs platelet count, 

fibrinogen and D-dimer increased during the hospital stay, reflecting a degree of 

hypercoagulation at the time of discharge (1–3 weeks after the operation). 

Furthermore, one patient suffered a pulmonary embolism on the day of planned 

discharge. The changes in TEG parameters and CCTs normalized before the 3-

month control visit in the majority of patients. In some patients, however, either D-

dimer or MA remained elevated even 3 months after the operation. 

These results correspond to earlier findings with TEG and ROTEM after major 

surgery. However, our study was the first to assess TEG parameters after CRS and 

HIPEC (Mahla et al., 2001; Thorson et al., 2013). The duration of the 

hypercoagulable state still remains unsolved. Previously, hypercoagulable changes 

in ROTEM after major abdominal cancer surgery have been demonstrated to persist 

3–4 weeks postoperatively in the majority of patients (Thorson et al., 2013). Our 

final study results established that coagulation is activated several months after 

CRS and HIPEC and based on this, the risk of thromboembolic events may be 

elevated longer than has previously been considered. 

6.6 Limitations of the studies 

The major limitation of the first study was that the study consisted of relatively 

healthy patients without coagulation disorders. As subsequent studies involved 

patients with an increased risk of thrombosis (obese and cancer patients), it would 

have been relevant to also include these patients in the first study. However, in this 

study, the patients acted as their own controls and the sample collection was 

nonrecurring; therefore, the clinical state of the patient would have only had minor 

effect on the outcome. 

The other studies (II–IV) were small pilot studies. Sample sizes were 

determined by the number of operations made yearly in the Oulu University 

Hospital as there were no previous studies with the same research question for 

power calculations. Although this can be criticized, statistically significant changes 

were observed within these small sample sizes. In response to a reviewer`s request, 

a power calculation was made for study II subsequent to the data collection. 

However, the results for study II were in agreement with earlier literature. 

In hindsight, the follow-up period was too short in study II. The literature was 

conflicting concerning the rapidity of changes in blood coagulation after obesity 
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surgery as assessed by CCTs. The 6 month follow-up was determined for practical 

reasons as the patients had their final control visit at that time point. 

Patients undergoing CRS and HIPEC were discharged 1–3 weeks after the 

operation and their control visit to the hospital was approximately 3 months after 

the operation. This study did not answer the question to how long the patients are 

hypercoagulable; this would have been important information when designing the 

duration of pharmalogical thromboprophylaxis for these patients. 

6.7 Clinical and practical implications 

We have shown that arterial and venous samples for TEG analyses are comparable 

and that the samples can be stored for at least 120 min. This encourages positioning 

the TEG device in a central laboratory, which would enable its more widespread 

use in the assessment of coagulation status. However, the original purpose of TEG 

in the operating rooms as a rapid, bedside global hemostasis assay should be 

sustained as the viscoelastic test -based algorithms for blood transfusions are cost 

effective and may reduce morbidity and mortality in major surgery and trauma (Da 

Luz et al., 2014; De Pietri et al., 2015; Kang et al., 1985). In any case, blood 

samples for TEG analyses should be handled with caution and the personnel should 

be properly trained. The results should be considered with regards to the overall 

clinical situation. 

Whereas it has been well demonstrated that obese patients have an increased 

risk for venous and arterial thrombosis and are hypercoagulable according to TEG, 

ROTEM and CCTs, (Martinelli et al., 2010; Previtali et al., 2011; Sonnevi et al., 

2013; Steffen et al., 2009) obesity surgery and the following weight loss do not 

normalize the coagulation profile during the first six months after the operation. 

These patients should be considered as high risk patients for thromboembolism if 

hospitalized within 6 months. 

Patients undergoing CRS and HIPEC are at particular risk for venous 

thrombosis for several reasons (Ay et al., 2017). Both mechanical and 

pharmacological prophylaxis is essential, although there is always a concern of 

hemorrhage in the early postoperative phase. Once the immediate risk of bleeding 

has passed, anticoagulant therapy with low molecular weight heparins should be 

initiated and continued for at least 4 weeks or even longer, as the risk of VTE is 

elevated several weeks after major cancer surgery (Mahla et al., 2001; Thorson et 

al., 2014). A dose of enoxaparin 40 mg twice daily has been suggested (Pannucci, 

Fleming, Holoyda et al., 2018; Pannucci, Fleming, Agarwal et al., 2018). The risk 
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of VTE could be estimated using the TEG parameter MA supplemented by the 

CCTs fibrinogen and D-dimer. Particularly high values may imply an especially 

high risk for VTE and extended prophylaxis should be considered. The predictive 

value of these tests, however, is still under investigation. 

6.8 Future studies 

A new generation of TEG devices has been introduced. Because these devices are 

highly automated, the significance of sample-handling decreases; future studies 

concerning TEG are likely to be designed differently as this a source of error is 

reduced. 

In order to properly evaluate the final effect of obesity surgery, a longer follow 

up, 12 or 24 months is necessary. A broader scale of standard coagulation assays 

would provide more precise information on changes in blood coagulation and assist 

in comparing results with those from previous studies. The relation between 

inflammation and blood coagulation needs to be further evaluated as well as the 

role of NAFLD in terms of coagulation. A larger study with a control group of 

patients conservatively losing weight would contribute more precise information 

as to the impact of obesity surgery on blood coagulation and NAFLD. 

To determine the duration of hypercoagulable state after CRS and HIPEC, 

more frequent control blood tests are necessary. The period between hospital 

discharge and the 3-month control is too long to answer this question. A longer 

follow-up period is also needed, as some of the patients are still hypercoagulable 

three months after the procedure. The exact mechanism of hypercoagulation also 

requires investigation. A study concerning CRS without HIPEC as a control group 

would assist in defining the role of surgery itself compared to the role of 

chemotherapy. 
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7 Conclusions 

This study demonstrated that TEG analyses are reliable independent of sample site 

when samples are collected and handled carefully and considering preanalytical 

aspects. The samples remain stable during the 120 min citrate storage. Further 

studies showed that TEG is capable of detecting the hypercoaguable state in obesity 

and cytoreductive surgery. The clinical significance of this needs further 

investigation. 

Based on these four substudies, the following conclusions can be stated: 

1. Arterial and venous blood samples result in similar TEG values. Both samples 

can be used for TEG analyses - although venous samples are more vulnerable 

to technical failures concerning sample collection. Sample storage up to 

120 min has no impact on TEG analyses. 

2. Patients scheduled for obesity surgery are in a hypercoagulable state before the 

operation. After six months from the operation, there is no significant 

improvement in the coagulation profile despite nearly 20 kg of weight loss. 

3. On the basis of TEG analyses, CRS with HIPEC induces a hypercoagulable 

state with a significant reduction in R reflecting enhanced initiation of the 

coagulation process. This hypercoagulation does not normalized during the 

recovery phase. 

4. The patients are hypercoagulable at hospital discharge 1–3 weeks after the 

operation as measured by the TEG parameters α and MA, as well as CCTs 

platelet count, fibrinogen and D-dimer. The changes in blood coagulation are 

mainly normalized within 3 months of the operation but remains elevated in 

some patients. The exact duration of hypercoagulation remains open. 

  



 

74 

 



 

75 

References 

Achneck, H. E., Sileshi, B., & Lawson, J. H. (2008). Review of the biology of bleeding and 
clotting in the surgical patient. Vascular, 16 Suppl 1, S6–13. 

Afshari, A., Wikkelso, A., Brok, J., Moller, A. M., & Wetterslev, J. (2011). 
Thrombelastography (TEG) or thromboelastometry (ROTEM) to monitor 
haemotherapy versus usual care in patients with massive transfusion. The Cochrane 
Database of Systematic Reviews, (3), CD007871. https://doi.org/10.1002/ 
14651858.CD007871.pub2 

Aleksandrova, K., Mozaffarian, D., & Pischon, T. (2018). Addressing the perfect storm: 
Biomarkers in obesity and pathophysiology of cardiometabolic risk. Clinical 
Chemistry, 64(1), 142–153. https://doi.org/10.1373/clinchem.2017.275172 

Alsubaie, H., Leggett, C., Lambert, P., Park, J., Hochman, D., Wirtzfeld, D., & McKay, A. 
(2015). Diagnosis of VTE postdischarge for major abdominal and pelvic oncologic 
surgery: Implications for a change in practice. Canadian Journal of Surgery. Journal 
Canadien De Chirurgie, 58(5), 305–311. https://doi.org/10.1503/cjs.012314 

Ay, C., Pabinger, I., & Cohen, A. T. (2017). Cancer-associated venous thromboembolism: 
Burden, mechanisms, and management. Thrombosis and Haemostasis, 117(2), 219–
230. https://doi.org/10.1160/TH16-08-0615 

Bell, J. C., Rylah, B. G., Chambers, R. W., Peet, H., Mohamed, F., & Moran, B. J. (2012). 
Perioperative management of patients undergoing cytoreductive surgery combined with 
heated intraperitoneal chemotherapy for peritoneal surface malignancy: A multi-
institutional experience. Annals of Surgical Oncology, 19(13), 4244–4251. 
https://doi.org/10.1245/s10434-012-2496-y 

Ben-Ari, Z., Panagou, M., Patch, D., Bates, S., Osman, E., Pasi, J., & Burroughs, A. (1997). 
Hypercoagulability in patients with primary biliary cirrhosis and primary sclerosing 
cholangitis evaluated by thrombelastography. Journal of Hepatology, 26(3), 554–559. 
https://doi.org/S0168-8278(97)80420-5 

Benes, J., Zatloukal, J., & Kletecka, J. (2015). Viscoelastic methods of blood clotting 
assessment - A multidisciplinary review. Frontiers in Medicine, 2, 62. https://doi.org/ 
10.3389/fmed.2015.00062 

Bergqvist, D., Agnelli, G., Cohen, A. T., Eldor, A., Nilsson, P. E., Le Moigne-Amrani, A., … 
ENOXACAN II Investigators. (2002). Duration of prophylaxis against venous 
thromboembolism with enoxaparin after surgery for cancer. The New England Journal 
of Medicine, 346(13), 975–980. https://doi.org/10.1056/NEJMoa012385 

Bland, J. M., & Altman, D. G. (1999). Measuring agreement in method comparison studies. 
Statistical Methods in Medical Research, 8(2), 135–160. https://doi.org/10.1177/ 
096228029900800204 

Brady, M. T., Patts, G. J., Rosen, A., Kasotakis, G., Siracuse, J. J., Sachs, T., … Kunitake, 
H. (2017). Postoperative venous thromboembolism in patients undergoing abdominal 
surgery for IBD: A common but rarely addressed problem. Diseases of the Colon and 
Rectum, 60(1), 61–67. https://doi.org/10.1097/DCR.0000000000000721 



 

76 

Branco, B. C., Inaba, K., Ives, C., Okoye, O., Shulman, I., David, J. S., .… Demetriades, D. 
(2014). Thromboelastogram evaluation of the impact of hypercoagulability in trauma 
patients. Shock (Augusta, Ga.), 41(3), 200–207. https://doi.org/10.1097/ 
SHK.0000000000000109 

Broos, K., Feys, H. B., De Meyer, S. F., Vanhoorelbeke, K., & Deckmyn, H. (2011). 
Platelets at work in primary hemostasis. Blood Reviews, 25(4), 155–167. https://doi.org/ 
10.1016/j.blre.2011.03.002 

Camenzind, V., Bombeli, T., Seifert, B., Jamnicki, M., Popovic, D., Pasch, T., & Spahn, D. 
R. (2000). Citrate storage affects thrombelastograph analysis. Anesthesiology, 92(5), 
1242–1249. https://doi.org/10.1097/00000542-200005000-00011 

Campello, E., Spiezia, L., Zabeo, E., Maggiolo, S., Vettor, R., & Simioni, P. (2015). 
Hypercoagulability detected by whole blood thromboelastometry (ROTEM(R)) and 
impedance aggregometry (MULTIPLATE(R)) in obese patients. Thrombosis Research, 
135(3), 548–553. https://doi.org/10.1016/j.thromres.2015.01.003 

Caprini, J. A., Arcelus, J. I., Laubach, M., Size, G., Hoffman, K. N., Coats II, R. W., & 
Blattner, S. (1995). Postoperative hypercoagulability and deep-vein thrombosis after 
laparoscopic cholecystectomy. Surgical Endoscopy, 9(3), 304–309. https://doi.org/ 
10.1007/BF00187774 

Chapin, J. C., & Hajjar, K. A. (2015). Fibrinolysis and the control of blood coagulation. 
Blood Reviews, 29(1), 17–24. https://doi.org/10.1016/j.blre.2014.09.003 

Chaudhry, R., & Babiker, H. M. (2018). Physiology, coagulation pathways. StatPearls (). 
Treasure Island (FL): StatPearls Publishing LLC. https://doi.org/NBK482253 
[bookaccession] 

Chitlur, M., Sorensen, B., Rivard, G. E., Young, G., Ingerslev, J., Othman, M., … Lusher, 
J. (2011). Standardization of thromboelastography: A report from the TEG-ROTEM 
working group. Haemophilia : The Official Journal of the World Federation of 
Hemophilia, 17(3), 532–537. https://doi.org/10.1111/j.1365-2516.2010.02451.x 

Da Luz, L. T., Nascimento, B., Shankarakutty, A. K., Rizoli, S., & Adhikari, N. K. (2014). 
Effect of thromboelastography (TEG(R)) and rotational thromboelastometry 
(ROTEM(R)) on diagnosis of coagulopathy, transfusion guidance and mortality in 
trauma: Descriptive systematic review. Critical Care (London, England), 18(5), 518-
014-0518-9. https://doi.org/10.1186/s13054-014-0518-9 

Dai, Y., Lee, A., Critchley, L. A., & White, P. F. (2009). Does thromboelastography predict 
postoperative thromboembolic events? A systematic review of the literature. Anesthesia 
and Analgesia, 108(3), 734–742. https://doi.org/10.1213/ane.0b013e31818f8907 

Davies, H. O., Popplewell, M., Singhal, R., Smith, N., & Bradbury, A. W. (2017). Obesity 
and lower limb venous disease - the epidemic of phlebesity. Phlebology, 32(4), 227-
233. https://doi.org/10.1177/0268355516649333 

De Pietri, L., Bianchini, M., Montalti, R., De Maria, N., Di Maira, T., Begliomini, B., … 
Villa, E. (2015). Thrombelastography-guided blood product use before invasive 
procedures in cirrhosis with severe coagulopathy. A randomized controlled trial. 
Hepatology (Baltimore, Md.), https://doi.org/10.1002/hep.28148 



 

77 

Di Nisio, M., Squizzato, A., Rutjes, A. W., Buller, H. R., Zwinderman, A. H., & Bossuyt, P. 
M. (2007). Diagnostic accuracy of D-dimer test for exclusion of venous 
thromboembolism: A systematic review. Journal of Thrombosis and Haemostasis : 
JTH, 5(2), 296–304. https://doi.org/JTH2328 

Di Nisio, M., Van Sluis, G. L., Bossuyt, P. M., Buller, H. R., Porreca, E., & Rutjes, A. W. 
(2010). Accuracy of diagnostic tests for clinically suspected upper extremity deep vein 
thrombosis: A systematic review. Journal of Thrombosis and Haemostasis : JTH, 8(4), 
684–692. https://doi.org/10.1111/j.1538-7836.2010.03771.x 

Dindo, D., Breitenstein, S., Hahnloser, D., Seifert, B., Yakarisik, S., Asmis, L. M., … 
Clavien, P. A. (2009). Kinetics of D-dimer after general surgery. Blood Coagulation & 
Fibrinolysis : An International Journal in Haemostasis and Thrombosis, 20(5), 347–
352. https://doi.org/10.1097/MBC.0b013e32832a5fe6 

Doering, C. J., Wagg, C. R., Caulkett, N. A., McAllister, R. K., Brookfield, C. E., Paterson, 
J. M., … Boysen, S. R. (2014). Comparison of arterial and venous whole blood clot 
initiation, formation, and strength by thromboelastography in anesthetized swine. Blood 
Coagulation & Fibrinolysis : An International Journal in Haemostasis and Thrombosis, 
25(1), 20–24. https://doi.org/10.1097/MBC.0b013e328364672a 

Durila, M., Kalincik, T., Jurcenko, S., Pelichovska, M., Hadacova, I., & Cvachovec, K. 
(2010). Arteriovenous differences of hematological and coagulation parameters in 
patients with sepsis. Blood Coagulation & Fibrinolysis : An International Journal in 
Haemostasis and Thrombosis, 21(8), 770–774. https://doi.org/10.1097/ 
MBC.0b013e32834013d7 

Engelberger, R. P., Indermuhle, A., Baumann, F., Fahrni, J., Diehm, N., Kucher, N., … 
Willenberg, T. (2014). Diurnal changes of lower leg volume in obese and non-obese 
subjects. International Journal of Obesity (2005), 38(6), 801–805. https://doi.org/ 
10.1038/ijo.2013.178 

Falcon Arana, L., Fuentes-Garcia, D., Roca Calvo, M. J., Hernandez-Palazon, J., Gil 
Martinez, J., Cascales Campos, P. A., … Parrilla Paricio, P. (2015). Alterations in 
hemostasis during cytoreductive surgery and hyperthermic intraperitoneal 
chemotherapy in patients with peritoneal carcinomatosis. Cirugia Espanola, 93(8), 
496–501. https://doi.org/10.1016/j.ciresp.2015.01.012 

Ferrer, R., Pardina, E., Rossell, J., Baena-Fustegueras, J. A., Lecube, A., Balibrea, J. M., … 
Peinado-Onsurbe, J. (2015). Haematological parameters and serum trace elements in 
"healthy" and "unhealthy" morbidly obese patients before and after gastric bypass. 
Clinical Nutrition (Edinburgh, Scotland), 34(2), 276–283. https://doi.org/10.1016/ 
j.clnu.2014.04.003 

Forfori, F., Ferro, B., Mancini, B., Letizia, R., Abramo, A., Anselmino, M., … Giunta, F. 
(2012). Role of thrombolestagrophy in monitoring perioperative coagulation status and 
effect of thromboprophylaxis in bariatric surgery. Obesity Surgery, 22(1), 113–118. 
https://doi.org/10.1007/s11695-011-0443-9 

Fox, E. A., & Kahn, S. R. (2005). The relationship between inflammation and venous 
thrombosis. A systematic review of clinical studies. Thrombosis and Haemostasis, 
94(2), 362–365. https://doi.org/05080362 



 

78 

Franchini, M., Targher, G., Montagnana, M., & Lippi, G. (2008). The metabolic syndrome 
and the risk of arterial and venous thrombosis. Thrombosis Research, 122(6), 727–735. 
https://doi.org/S0049-3848(07)00367-2 

Franco, R. F., & Reitsma, P. H. (2001). Genetic risk factors of venous thrombosis. Human 
Genetics, 109(4), 369–384. https://doi.org/10.1007/s004390100593 

Freeman, A. M., & Pennings, N. (2018). Insulin resistance. StatPearls (). Treasure Island 
(FL): StatPearls Publishing LLC. https://doi.org/NBK507839 [bookaccession] 

Frumento, R. J., Hirsh, A. L., Parides, M. K., & Bennett-Guerrero, E. (2002). Differences in 
arterial and venous thromboelastography parameters: Potential roles of shear stress and 
oxygen content. Journal of Cardiothoracic and Vascular Anesthesia, 16(5), 551–554. 
https://doi.org/S1053077002000587 

Ganter, M. T., & Hofer, C. K. (2008). Coagulation monitoring: Current techniques and 
clinical use of viscoelastic point-of-care coagulation devices. Anesthesia and Analgesia, 
106(5), 1366–1375. https://doi.org/10.1213/ane.0b013e318168b367 

Garcia-Pereira, B. L., Scott, M. A., Koenigshof, A. M., & Brown, A. J. (2012). Effect of 
venipuncture quality on thromboelastography. Journal of Veterinary Emergency and 
Critical Care (San Antonio, Tex.: 2001), 22(2), 225–229. https://doi.org/10.1111/ 
j.1476-4431.2012.00724.x 

Gary, J. L., Schneider, P. S., Galpin, M., Radwan, Z., Munz, J. W., Achor, T. S., … Cotton, 
B. A. (2016). Can thrombelastography predict venous thromboembolic events in 
patients with severe extremity trauma? Journal of Orthopaedic Trauma, 30(6), 294–
298. https://doi.org/10.1097/BOT.0000000000000523 

Giavarina, D., & Lippi, G. (2017). Blood venous sample collection: Recommendations 
overview and a checklist to improve quality. Clinical Biochemistry, 50(10–11), 568–
573. https://doi.org/S0009-9120(17)30090-5 

Gordon, R. J., & Lombard, F. W. (2017). Perioperative venous thromboembolism: A review. 
Anesthesia and Analgesia, 125(2), 403–412. https://doi.org/10.1213/ 
ANE.0000000000002183 

Graupera, M., & Claret, M. (2018). Endothelial cells: New players in obesity and related 
metabolic disorders. Trends in Endocrinology and Metabolism: TEM, 29(11), 781–794. 
https://doi.org/S1043-2760(18)30164-4 

Grover, S., & Mackman, N. (2019). Arterioscler thromb vasc biol. [Intrinsic Pathway of 
Coagulation and Thrombosis Insights From Animal Models] 39, 331-331-338. 
https://doi.org/10.1161/ATVBAHA.118.312130 

Guyatt, G. H., Akl, E. A., Crowther, M., Gutterman, D. D., Schuunemann, H. J., & American 
College of Chest Physicians Antithrombotic Therapy and Prevention of Thrombosis 
Panel. (2012). Executive summary: Antithrombotic therapy and prevention of 
thrombosis, 9th ed: American college of chest physicians evidence-based clinical 
practice guidelines. Chest, 141(2 Suppl), 7S–47S. https://doi.org/S0012-
3692(12)60114-7 

H. Akaike. (1974). A new look at the statistical model identification. https://doi.org/10.1109/ 
TAC.1974.1100705 



 

79 

Hafeez, S., & Ahmed, M. H. (2013). Bariatric surgery as potentila treatment for nonalcoholic 
fatty liver disease: A future treatment by choice or change? Journal of Obesity, 
https://doi.org/10.1155/2013/839275 

Hartert, H. (1948). Not available. [Blutgerinnungsstudien mit der Thrombelastographie; 
einem neuen Untersuchungs verfahren] Klinische Wochenschrift, 26(37–38), 577–583. 
https://doi.org/10.1007/bf01697545 

Horvei, L. D., Grimnes, G., Hindberg, K., Mathiesen, E. B., Njolstad, I., Wilsgaard, T., … 
Hansen, J. B. (2016). C-reactive protein, obesity, and the risk of arterial and venous 
thrombosis. Journal of Thrombosis and Haemostasis : JTH, 14(8), 1561–1571. 
https://doi.org/10.1111/jth.13369 

Hunt, B. J. (2017). The effect of BMI on haemostasis: Implications for thrombosis in 
women's health. Thrombosis Research, 151 Suppl 1, S53–S55. https://doi.org/S0049-
3848(17)30068-3 

Johansson, P. I., Bochsen, L., Andersen, S., & Viuff, D. (2008). Investigation of the effect 
of kaolin and tissue-factor-activated citrated whole blood, on clot-forming variables, as 
evaluated by thromboelastography. Transfusion, 48(11), 2377–2383. https://doi.org/ 
10.1111/j.1537-2995.2008.01846.x 

Johansson, P. I., Ostrowski, S. R., & Secher, N. H. (2010). Management of major blood loss: 
An update. Acta Anaesthesiologica Scandinavica, 54(9), 1039–1049. https://doi.org/ 
10.1111/j.1399-6576.2010.02265.x 

Kang, Y. G., Martin, D. J., Marquez, J., Lewis, J. H., Bontempo, F. A., Shaw, B. W.,Jr, … 
Winter, P. M. (1985). Intraoperative changes in blood coagulation and 
thrombelastographic monitoring in liver transplantation. Anesthesia and Analgesia, 
64(9), 888–896. 

Kapoor, S., Bassily-Marcus, A., Alba Yunen, R., Tabrizian, P., Semoin, S., Blankush, J., … 
Kohli-Seth, R. (2017). Critical care management and intensive care unit outcomes 
following cytoreductive surgery with hyperthermic intraperitoneal chemotherapy. 
World Journal of Critical Care Medicine, 6(2), 116–123. https://doi.org/10.5492/ 
wjccm.v6.i2.116 

Karlsson, O., Jeppsson, A., & Hellgren, M. (2014). Major obstetric haemorrhage: 
Monitoring with thromboelastography, laboratory analyses or both? International 
Journal of Obstetric Anesthesia, 23(1), 10–17. https://doi.org/10.1016/ 
j.ijoa.2013.07.003 

Kashuk, J. L., Moore, E. E., Sabel, A., Barnett, C., Haenel, J., Le, T., … Johnson, J. L. 
(2009). Rapid thrombelastography (r-TEG) identifies hypercoagulability and predicts 
thromboembolic events in surgical patients. Surgery, 146(4), 764–774. https://doi.org/ 
10.1016/j.surg.2009.06.054 

Kaufmann, C. R., Dwyer, K. M., Crews, J. D., Dols, S. J., & Trask, A. L. (1997). Usefulness 
of thrombelastography in assessment of trauma patient coagulation. The Journal of 
Trauma, 42(4), 716–720; discussion 720-2. 



 

80 

Kaye, S. M., Pietilainen, K. H., Kotronen, A., Joutsi-Korhonen, L., Kaprio, J., Yki-Jarvinen, 
H., … Rissanen, A. (2012). Obesity-related derangements of coagulation and 
fibrinolysis: A study of obesity-discordant monozygotic twin pairs. Obesity (Silver 
Spring, Md.), 20(1), 88–94. https://doi.org/10.1038/oby.2011.287 

Kelly, K. J., Cajas, L., Baumgartner, J. M., & Lowy, A. M. (2018). Factors associated with 
60-day readmission following cytoreduction and hyperthermic intraperitoneal 
chemotherapy. Annals of Surgical Oncology, 25(1), 91–97. https://doi.org/10.1245/ 
s10434-017-6108-8 

Klovaite, J., Benn, M., & Nordestgaard, B. G. (2015). Obesity as a causal risk factor for deep 
venous thrombosis: A mendelian randomization study. Journal of Internal Medicine, 
277(5), 573–584. https://doi.org/10.1111/joim.12299 

Kozek-Langenecker, S. A., Ahmed, A. B., Afshari, A., Albaladejo, P., Aldecoa, C., 
Barauskas, G., … Zacharowski, K. (2017). Management of severe perioperative 
bleeding: Guidelines from the european society of anaesthesiology: First update 2016. 
European Journal of Anaesthesiology, 34(6), 332–395. https://doi.org/10.1097/ 
EJA.0000000000000630 

Lance, M. D. (2015). A general review of major global coagulation assays: 
Thrombelastography, thrombin generation test and clot waveform analysis. Thrombosis 
Journal, 13, 1-9560-13-1. eCollection 2015. https://doi.org/10.1186/1477-9560-13-1 

Lanuke, K., Mack, L. A., & Temple, W. J. (2009). A prospective evaluation of venous 
thromboembolism in patients undergoing cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy. Canadian Journal of Surgery. Journal Canadien De 
Chirurgie, 52(1), 18–22. 

Lassila, R. (2015). Veren hyytyminen ja fibrinolyysi. In K. Porkka, R. Lassila, K. Remes & 
E. Savolainen (Eds.), Veritaudit (4.th ed., pp. 33) Kustannus Oy Duodecim. 

Levi, M., Toh, C. H., Thachil, J., & Watson, H. G. (2009). Guidelines for the diagnosis and 
management of disseminated intravascular coagulation. british committee for standards 
in haematology. British Journal of Haematology, 145(1), 24–33. https://doi.org/ 
10.1111/j.1365-2141.2009.07600.x 

Liu, C., Guan, Z., Xu, Q., Zhao, L., Song, Y., & Wang, H. (2016). Relation of 
thromboelastography parameters to conventional coagulation tests used to evaluate the 
hypercoagulable state of aged fracture patients. Medicine, 95(24), e3934. 
https://doi.org/10.1097/MD.0000000000003934 

Lupoli, R., Milone, M., Di Minno, A., Maietta, P., Ambrosino, P., Musella, M., & Di Minno, 
M. N. (2015). Haemostatic and fibrinolytic changes in obese subjects undergoing 
bariatric surgery: The effect of different surgical procedures. Blood Transfusion = 
Trasfusione Del Sangue, 13(3), 442–447. https://doi.org/10.2450/2014.0183-14 

Lyman, G. H., Khorana, A. A., Falanga, A., Clarke-Pearson, D., Flowers, C., Jahanzeb, 
M., … Francis, C. W. (2007). American society of clinical oncology guideline: 
Recommendations for venous thromboembolism prophylaxis and treatment in patients 
with cancer. Journal of Clinical Oncology, 25(34), 5490–5505. 

Mackman, N. (2006). Role of tissue factor in hemostasis and thrombosis. Blood Cells, 
Molecules & Diseases, 36(2), 104–107. https://doi.org/S1079-9796(06)00006-4 



 

81 

Mackman, N., Tilley, R. E., & Key, N. S. (2007). Role of the extrinsic pathway of blood 
coagulation in hemostasis and thrombosis. Arteriosclerosis, Thrombosis, and Vascular 
Biology, 27(8), 1687–1693. https://doi.org/ATVBAHA.107.141911 

Mahla, E., Lang, T., Vicenzi, M. N., Werkgartner, G., Maier, R., Probst, C., & Metzler, H. 
(2001). Thromboelastography for monitoring prolonged hypercoagulability after major 
abdominal surgery. Anesthesia and Analgesia, 92(3), 572–577. 

Manly, D. A., Boles, J., & Mackman, N. (2011). Role of tissue factor in venous thrombosis. 
Annual Review of Physiology, 73, 515–525. https://doi.org/10.1146/annurev-physiol-
042210-121137 

Manspeizer, H. E., Imai, M., Frumento, R. J., Parides, M. K., Mets, B., & Bennett-Guerrero, 
E. (2001). Arterial and venous thrombelastograph variables differ during cardiac 
surgery. Anesthesia and Analgesia, 93(2), 277–281, 1st contents page. 

Martinelli, I., Bucciarelli, P., & Mannucci, P. M. (2010). Thrombotic risk factors: Basic 
pathophysiology. Critical Care Medicine, 38(2 Suppl), S3–9. https://doi.org/10.1097/ 
CCM.0b013e3181c9cbd9 

McCrath, D. J., Cerboni, E., Frumento, R. J., Hirsh, A. L., & Bennett-Guerrero, E. (2005). 
Thromboelastography maximum amplitude predicts postoperative thrombotic 
complications including myocardial infarction. Anesthesia and Analgesia, 100(6), 
1576–1583. https://doi.org/100/6/1576 

McMichael, M. (2012). New models of hemostasis. Topics in Companion Animal Medicine, 
27(2), 40–45. https://doi.org/10.1053/j.tcam.2012.07.005 

Mehta, S. S., Bhatt, A., & Glehen, O. (2016). Cytoreductive surgery and peritonectomy 
procedures. Indian Journal of Surgical Oncology, 7(2), 139–151. https://doi.org/ 
10.1007/s13193-016-0505-5 

Mohamed, F., & Moran, B. J. (2009). Morbidity and mortality with cytoreductive surgery 
and intraperitoneal chemotherapy: The importance of a learning curve. Cancer Journal 
(Sudbury, Mass.), 15(3), 196–199. https://doi.org/10.1097/PPO.0b013e3181a58d56 

Muleledhu, A., Galukande, M., Makobore, P., Mwambu, T., Ameda, F., & Kiguli-
Malwadde, E. (2013). Deep venous thrombosis after major abdominal surgery in a 
ugandan hospital: A prospective study. International Journal of Emergency Medicine, 
6(1), 43. 

Nates, J. L., Aravindan, N., Hirsch-Ginsberg, C., Sizer, K. C., Kee, S., Nguyen, A. T., … 
Price, K. J. (2007). Critically ill cancer patients are not consistently hypercoagulable 
after craniotomy. Neurocritical Care, 7(3), 211–216. https://doi.org/10.1007/s12028-
007-0064-2 

Needleman, L., Cronan, J. J., Lilly, M. P., Merli, G. J., Adhikari, S., Hertzberg, B. S., … 
Meissner, M. H. (2018). Ultrasound for lower extremity deep venous thrombosis: 
Multidisciplinary recommendations from the society of radiologists in ultrasound 
consensus conference. Circulation, 137(14), 1505–1515. https://doi.org/10.1161/ 
CIRCULATIONAHA.117.030687 

Ng, K. F. (2004). Changes in thrombelastograph variables associated with aging. Anesthesia 
and Analgesia, 99(2), 449–454, table of contents. https://doi.org/10.1213/ 
01.ANE.0000133140.75831.1E 



 

82 

Palta, S., Saroa, R., & Palta, A. (2014). Overview of the coagulation system. Indian Journal 
of Anaesthesia, 58(5), 515–523. https://doi.org/10.4103/0019-5049.144643 

Pannucci, C. J., Fleming, K. I., Agarwal, J., Rockwell, W. B., Prazak, A. M., & Momeni, A. 
(2018). The impact of once- versus twice-daily enoxaparin prophylaxis on risk for 
venous thromboembolism and clinically relevant bleeding. Plastic and Reconstructive 
Surgery, 142(1), 239–249. https://doi.org/10.1097/PRS.0000000000004517 

Pannucci, C. J., Fleming, K. I., Holoyda, K., Moulton, L., Prazak, A. M., & Varghese, T. 
K.,Jr. (2018). Enoxaparin 40 mg per day is inadequate for venous thromboembolism 
prophylaxis after thoracic surgical procedure. The Annals of Thoracic Surgery, 106(2), 
404–411. https://doi.org/S0003-4975(18)30429-6 

Pardina, E., Ferrer, R., Rivero, J., Baena-Fustegueras, J. A., Lecube, A., Fort, J. M., … 
Peinado-Onsurbe, J. (2012). Alterations in the common pathway of coagulation during 
weight loss induced by gastric bypass in severely obese patients. Obesity (Silver Spring, 
Md.), 20(5), 1048–1056. https://doi.org/10.1038/oby.2011.361 

Park, M. S., Martini, W. Z., Dubick, M. A., Salinas, J., Butenas, S., Kheirabadi, B. S., … 
Holcomb, J. B. (2009). Thromboelastography as a better indicator of hypercoagulable 
state after injury than prothrombin time or activated partial thromboplastin time. 
Journal of Trauma - Injury, Infection and Critical Care, 67(2), 266–275. https://doi.org/ 
10.1097/TA.0b013e3181ae6f1c 

Pivalizza, E. G., Koch, S. M., Mehlhorn, U., Berry, J. M., & Bull, J. M. C. (1999). The 
effects of intentional hyperthermia on the thrombelastograph and the sonoclot analyser. 
International Journal of Hyperthermia, 15(3), 217–223. https://doi.org/10.1080/ 
026567399285738 

Previtali, E., Bucciarelli, P., Passamonti, S. M., & Martinelli, I. (2011). Risk factors for 
venous and arterial thrombosis. Blood Transfusion = Trasfusione Del Sangue, 9(2), 
120–138. https://doi.org/10.2450/2010.0066-10 

Quarterman, C., Shaw, M., Johnson, I., & Agarwal, S. (2014). Intra- and inter-centre 
standardisation of thromboelastography (TEG(R)). Anaesthesia, 69(8), 883–890. 
https://doi.org/10.1111/anae.12748 

Raspe, C., Piso, P., Wiesenack, C., & Bucher, M. (2012). Anesthetic management in patients 
undergoing hyperthermic chemotherapy. Current Opinion in Anaesthesiology, 25(3), 
348–355. https://doi.org/10.1097/ACO.0b013e32835347b2 

Reikvam, H., Steien, E., Hauge, B., Liseth, K., Hagen, K., Storkson, R., & Hervig, T. (2009). 
Thromboelastography. Transfusion and Apheresis Science, 40(2), 119-119-123. 
https://doi.org/10.1016/j.tranci.2009.01.019 

Rottenstreich, A., Kalish, Y., Kleinstern, G., Yaacov, A. B., Dux, J., & Nissan, A. (2017). 
Factors associated with thromboembolic events following cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy. Journal of Surgical Oncology, 116(7), 
914–920. https://doi.org/10.1002/jso.24746 

Sakai, T. (2019). Comparison between thromboelastography and thromboelastometry. 
Minerva Anestesiologica, 85(12), 1346–1356. https://doi.org/10.23736/S0375-
9393.19.13687-5 



 

83 

Samama, C. -., Boubli, L., Coloby, P., Debourdeau, P., Gruel, Y., Mariette, C.,… Steib, A. 
(2013). Venous thromboembolism prophylaxis in patients undergoing abdominal or 
pelvic surgery for cancer - A real-world, prospective, observational french study: 
PRéOBS. Thrombosis Research, https://doi.org/10.1016/j.thromres.2013.10.038 

Samama, C. M., Boubli, L., Coloby, P., Debourdeau, P., Gruel, Y., Mariette, C., … Steib, 
A. (2014). Venous thromboembolism prophylaxis in patients undergoing abdominal or 
pelvic surgery for cancer--a real-world, prospective, observational french study: 
PReOBS. Thrombosis Research, 133(6), 985–992. https://doi.org/10.1016/ 
j.thromres.2013.10.038 

Samuelson Bannow, B. T., & Konkle, B. A. (2018). Laboratory biomarkers for venous 
thromboembolism risk in patients with hematologic malignancies: A review. 
Thrombosis Research, 163, 138–145. https://doi.org/S0049-3848(18)30045-8 

Sargant, N., Roy, A., Simpson, S., Chandrakumaran, K., Alves, S., Coakes, J., .… Moran, 
B. (2016). A protocol for management of blood loss in surgical treatment of peritoneal 
malignancy by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy. 
Transfusion Medicine (Oxford, England), 26(2), 118–122. https://doi.org/10.1111/ 
tme.12301 

Schmidt, C., Creutzenberg, M., Piso, P., Hobbhahn, J., & Bucher, M. (2008). Peri-operative 
anaesthetic management of cytoreductive surgery with hyperthermic intraperitoneal 
chemotherapy. Anaesthesia, 63(4), 389–395. https://doi.org/10.1111/j.1365-
2044.2007.05380.x 

Shen, L., Tabaie, S., & Ivascu, N. (2017). Viscoelastic testing inside and beyond the 
operating room. Journal of Thoracic Disease, 9(Suppl 4), S299–S308. 
https://doi.org/10.21037/jtd.2017.03.85 

Shore-Lesserson, L., Manspeizer, H. E., DePerio, M., Francis, S., Vela-Cantos, F., & Ergin, 
M. A. (1999). Thromboelastography-guided transfusion algorithm reduces transfusions 
in complex cardiac surgery. Anesthesia and Analgesia, 88(2), 312–319. 

Smith, S. A. (2009). The cell-based model of coagulation. Journal of Veterinary Emergency 
and Critical Care (San Antonio, Tex.: 2001), 19(1), 3–10. https://doi.org/10.1111/ 
j.1476-4431.2009.00389.x 

Smith, S. A., Travers, R. J., & Morrissey, J. H. (2015). How it all starts: Initiation of the 
clotting cascade. Critical Reviews in Biochemistry and Molecular Biology, 50(4), 326–
336. https://doi.org/10.3109/10409238.2015.1050550 

Sonnevi, K., Tchaikovski, S. N., Holmstrom, M., Antovic, J. P., Bremme, K., Rosing, J., & 
Larfars, G. (2013). Obesity and thrombin-generation profiles in women with venous 
thromboembolism. Blood Coagulation & Fibrinolysis : An International Journal in 
Haemostasis and Thrombosis, 24(5), 547–553. https://doi.org/10.1097/ 
MBC.0b013e32835f93d5 

Steffen, L. M., Cushman, M., Peacock, J. M., Heckbert, S. R., Jacobs, D. R.,Jr, Rosamond, 
W. D., & Folsom, A. R. (2009). Metabolic syndrome and risk of venous 
thromboembolism: Longitudinal investigation of thromboembolism etiology. Journal 
of Thrombosis and Haemostasis : JTH, 7(5), 746–751. https://doi.org/10.1111/j.1538-
7836.2009.03295.x 



 

84 

Tanaka, K. A., Key, N. S., & Levy, J. H. (2009). Blood coagulation: Hemostasis and 
thrombin regulation. Anesthesia and Analgesia, 108(5), 1433–1446. https://doi.org/ 
10.1213/ane.0b013e31819bcc9c 

Tartamella, F., Vassallo, M. C., Berlot, G., Grassi, P., & Testa, F. (2016). 
Thromboelastographic predictors of venous thromboembolic events in critically ill 
patients: Are we missing something? Blood Coagulation & Fibrinolysis : An 
International Journal in Haemostasis and Thrombosis, https://doi.org/10.1097/ 
MBC.0000000000000503 

TEG 5000 system - user manual (2010). . Niles: Haemonetics Corporation. 
Thereaux, J., Lesuffleur, T., Czernichow, S., Basdevant, A., Msika, S., Nocca, D., … Fagot-

Campagna, A. (2017). To what extent does posthospital discharge chemoprophylaxis 
prevent venous thromboembolism after bariatric surgery?: Results from a nationwide 
cohort of more than 110,000 patients. Annals of Surgery, https://doi.org/10.1097/ 
SLA.0000000000002285 

Thiruvenkatarajan, V., Pruett, A., & Adhikary, S. D. (2014). Coagulation testing in the 
perioperative period. Indian Journal of Anaesthesia, 58(5), 565–572. 
https://doi.org/10.4103/0019-5049.144657 

Thorson, C. M., Van Haren, R. M., Ryan, M. L., Curia, E., Sleeman, D., Levi, J. U., … 
Proctor, K. G. (2013). Persistence of hypercoagulable state after resection of intra-
abdominal malignancies. Journal of the American College of Surgeons, 216(4), 580–
589; discussion 589-90. https://doi.org/10.1016/j.jamcollsurg.2012.12.006 

Thorson, C. M., Van Haren, R. M., Ryan, M. L., Curia, E., Sleeman, D., Levi, J. U., … 
Proctor, K. G. (2014). Pre-existing hypercoagulability in patients undergoing 
potentially curative cancer resection. Surgery, 155(1), 134–144. https://doi.org/ 
10.1016/j.surg.2013.06.053 

Timp, J. F., Braekkan, S. K., Versteeg, H. H., & Cannegieter, S. C. (2013). Epidemiology of 
cancer-associated venous thrombosis. Blood, 122(10), 1712–1723. https://doi.org/ 
10.1182/blood-2013-04-460121 

Tschoner, A., Sturm, W., Engl, J., Kaser, S., Laimer, M., Laimer, E., … Ebenbichler, C. F. 
(2012). Plasminogen activator inhibitor 1 and visceral obesity during pronounced 
weight loss after bariatric surgery. Nutrition, Metabolism, and Cardiovascular 
Diseases : NMCD, 22(4), 340–346. https://doi.org/10.1016/j.numecd.2010.07.009 

Van Haren, R. M., Valle, E. J., Thorson, C. M., Guarch, G. A., Jouria, J. M., Andrews, D. 
M., … Proctor, K. G. (2014). Long-term coagulation changes after resection of 
thoracoabdominal malignancies. Journal of the American College of Surgeons, 218(4), 
846-854. https://doi.org/10.1016/j.jamcollsurg.2013.12.039 

van Hylckama Vlieg, A., Baglin, C. A., Luddington, R., MacDonald, S., Rosendaal, F. R., 
& Baglin, T. P. (2015). The risk of a first and a recurrent venous thrombosis associated 
with an elevated D-dimer level and an elevated thrombin potential: Results of the THE-
VTE study. Journal of Thrombosis and Haemostasis : JTH, 13(9), 1642–1652. 
https://doi.org/10.1111/jth.13043 



 

85 

Venema, L. F., Post, W. J., Hendriks, H. G., Huet, R. C., de Wolf, J. T., & de Vries, A. J. 
(2010). An assessment of clinical interchangeability of TEG and RoTEM 
thromboelastographic variables in cardiac surgical patients. Anesthesia and Analgesia, 
111(2), 339–344. https://doi.org/10.1213/ANE.0b013e3181e368bc 

Vig, S., Chitolie, A., Bevan, D. H., Halliday, A., & Dormandy, J. (2001). 
Thromboelastography: A reliable test? Blood Coagulation & Fibrinolysis : An 
International Journal in Haemostasis and Thrombosis, 12(7), 555–561. 

Vojacek, J. F. (2017). Should we replace the terms intrinsic and extrinsic coagulation 
pathways with tissue factor pathway? Clinical and Applied Thrombosis/Hemostasis : 
Official Journal of the International Academy of Clinical and Applied 
Thrombosis/Hemostasis, 23(8), 922–927. https://doi.org/10.1177/1076029616673733 

Vukadinovic, V., Chiou, J. D., & Morris, D. L. (2015). Clinical features of pulmonary emboli 
in patients following cytoreductive surgery (peritonectomy) and hyperthermic 
intraperitoneal chemotherapy (hipec), a single centre experience. European Journal of 
Surgical Oncology : The Journal of the European Society of Surgical Oncology and the 
British Association of Surgical Oncology, 41(5), 702–706. https://doi.org/10.1016/ 
j.ejso.2015.01.016 

Wang, Z., Li, J., Cao, Q., Wang, L., Shan, F., & Zhang, H. (2018). Comparison between 
thromboelastography and conventional coagulation tests in surgical patients with 
localized prostate cancer. Clinical and Applied Thrombosis/Hemostasis : Official 
Journal of the International Academy of Clinical and Applied Thrombosis/Hemostasis, 
24(5), 755–763. https://doi.org/10.1177/1076029617724229 

Wasowicz, M., Srinivas, C., Meineri, M., Banks, B., McCluskey, S. A., & Karkouti, K. 
(2008). Technical report: Analysis of citrated blood with thromboelastography: 
Comparison with fresh blood samples. Canadian Journal of Anaesthesia = Journal 
Canadien D'Anesthesie, 55(5), 284–289. https://doi.org/10.1007/BF03017205 

Watson, G. A., Sperry, J. L., Rosengart, M. R., Minei, J. P., Harbrecht, B. G., Moore, E. 
E., … Inflammation and Host Response to Injury Investigators. (2009). Fresh frozen 
plasma is independently associated with a higher risk of multiple organ failure and acute 
respiratory distress syndrome. The Journal of Trauma, 67(2), 221–227; discussion 228-
30. https://doi.org/10.1097/TA.0b013e3181ad5957 

White, H., Zollinger, C., Jones, M., & Bird, R. (2010). Can thromboelastography performed 
on kaolin-activated citrated samples from critically ill patients provide stable and 
consistent parameters? International Journal of Laboratory Hematology, 32(2), 167–
173. https://doi.org/10.1111/j.1751-553X.2009.01152.x 

Whiting, D., & DiNardo, J. A. (2014). TEG and ROTEM: Technology and clinical 
applications. American Journal of Hematology, 89(2), 228–232. https://doi.org/ 
10.1002/ajh.23599 

Whiting, P., Al, M., Westwood, M., Ramos, I. C., Ryder, S., Armstrong, N., … Kleijnen, J. 
(2015). Viscoelastic point-of-care testing to assist with the diagnosis, management and 
monitoring of haemostasis: A systematic review and cost-effectiveness analysis. Health 
Technology Assessment (Winchester, England), 19(58), 1–228, v–vi. https://doi.org/ 
10.3310/hta19580 



 

86 

Wikkelso, A., Wetterslev, J., Moller, A. M., & Afshari, A. (2017). Thromboelastography 
(TEG) or rotational thromboelastometry (ROTEM) to monitor haemostatic treatment in 
bleeding patients: A systematic review with meta-analysis and trial sequential analysis. 
Anaesthesia, 72(4), 519–531. https://doi.org/10.1111/anae.13765 

Zambruni, A., Thalheimer, U., Leandro, G., Perry, D., & Burroughs, A. K. (2004). 
Thromboelastography with citrated blood: Comparability with native blood, stability of 
citrate storage and effect of repeated sampling. Blood Coagulation & Fibrinolysis : An 
International Journal in Haemostasis and Thrombosis, 15(1), 103–107. 
https://doi.org/00001721-200401000-00017 

Zhou, H., Hu, Y., Li, X., Wang, L., Wang, M., Xiao, J., & Yi, Q. (2018). Assessment of the 
risk of venous thromboembolism in medical inpatients using the padua prediction score 
and caprini risk assessment model. Journal of Atherosclerosis and Thrombosis, 25(11), 
1091–1104. https://doi.org/10.5551/jat.43653 

 



 

87 

Original publications 

This thesis is based on the following publications: 

I  Tuovila, M., Erkinaro, T., Savolainen, E. R., Laurila, P., Ohtonen, P., & Ala-Kokko, T. 
(2017). The impact of sample site and storage on thromboelastography values. 
American Journal of Hematology, 92(8), E160–E162. https://doi.org/10.1002/ 
ajh.24766 

II  Tuovila, M., Erkinaro, T., Koivukangas, V., Savolainen, E. R., Laurila, P., Ohtonen, P., 
& Ala-Kokko, T. (2018). Thromboelastography Values Remain Hypercoagulative 
6 Months After Obesity Surgery: a Pilot Study. Obesity surgery, 28(12), 3943–3949. 
https://doi.org/10.1007/s11695-018-3437-z 

III  Tuovila, M., Erkinaro, T., Takala, H., Savolainen, E. R., Laurila, P., Ohtonen, P., & 
Ala-Kokko, T. (2020). Hyperthermic intraperitoneal chemotherapy enhances blood 
coagulation perioperatively evaluated by thromboelastography: a pilot study. 
International journal of hyperthermia : the official journal of European Society for 
Hyperthermic Oncology, North American Hyperthermia Group, 37(1), 293–300. 
https://doi.org/10.1080/02656736.2020.1742389 

IV  Tuovila, M., Erkinaro, T., Takala, H., Savolainen, E. R., Laurila, P., Ohtonen, P., & 
Ala-Kokko, T. (2020). Patients undergoing cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy are in a hypercoagulable state at hospital discharge. 
Submitted. 

Reprinted with permission from American Journal of Hematology (I), Obesity 

Surgery (II) and International Journal of Hyperthermia (III). 

Original publications are not included in the electronic version of the dissertation. 

  



 

88 

 



A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Book orders:
Virtual book store

http://verkkokauppa.juvenesprint.fi

S E R I E S  D  M E D I C A

1568. Kinnunen, Sini (2020) The interaction of transcription factors GATA4 and NKX2-
5 and the effect of interaction-targeted small molecules on the heart

1569. Yu, Jia (2020) Effects of loading, estrogen level, and aging on rat mandibular
condylar cartilage

1570. Korhonen, Linda (2020) Pediatric forearm fractures with special reference to
operatively treated shaft fractures and ulnar styloid process nonunion

1571. Similä, Toni (2020) Tooth loss among middle-aged adults in the Northern Finland
Birth Cohort 1966 : associations with tobacco smoking and diabetes

1572. Korpi, Riikka (2020) Nanoparticles as magnetic resonance imaging contrast
agents : feasibility studies on cell labelling, acute myocardial infarct imaging and
articular cartilage imaging

1573. Korpela, Nelli (2020) Determinants of cardiovascular autonomic regulation and
cardiac structure in a middle-aged population : influence of early growth related
factors and life course physical activity

1574. Haque, Md Sanaul (2020) Persuasive mHealth behavioural change interventions to
promote healthy lifestyle

1575. Elkhwanky, Mahmoud Sobhy (2020) Regulation of vitamin D metabolism by
metabolic state in mice and humans : discovery of molecular factors repressing
vitamin D bioactivation and inducing deficiency in diabetes

1576. Saarinen, Aino (2020) Is psychosis risk associated with structural and functional
abnormalities in the brain?

1577. Mutt, Shivaprakash Jagalur (2020) Vitamin D and metabolic health : effects on
molecular pathways of adipocyte inflammation and insulin resistance

1578. Holmström, Lauri (2020) Sudden death due to non-ischemic myocardial diseases :
genetics and electrocardiographic characteristics

1579. Khashana, Abdelmoneim (2020) Cortisol and other adrenal steroids in critical
neonatal disease associated with shock

1580. Kajabi, Abdul Wahed (2020) Quantitative magnetic resonance imaging of articular
cartilage and meniscus during osteoarthritis progression : experimental and
clinical feasibility of novel MRI methods

1581. Stenman, Päivi (2020) Iäkkäiden hoitotyössä toimivan henkilöstön kokemuksia
työtyytyväisyydestä ja toimintaympäristöstä kinestetiikan käyttöönoton aikana



UNIVERSITY OF OULU  P .O. Box 8000  F I -90014 UNIVERSITY OF OULU FINLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

University Lecturer Tuomo Glumoff

University Lecturer Santeri Palviainen

Postdoctoral researcher Jani Peräntie

University Lecturer Anne Tuomisto

University Lecturer Veli-Matti Ulvinen

Planning Director Pertti Tikkanen

Professor Jari Juga

University Lecturer Anu Soikkeli

University Lecturer Santeri Palviainen

Publications Editor Kirsti Nurkkala

ISBN 978-952-62-2714-6 (Paperback)
ISBN 978-952-62-2715-3 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

D
 1583

A
C

TA
M

ari P
ohjola

OULU 2020

D 1583

Mari Pohjola

THROMBOELASTOGRAPHY 
FOR COAGULATION 
MONITORING IN OBESITY 
AND CYTOREDUCTIVE 
SURGERY

UNIVERSITY OF OULU GRADUATE SCHOOL;
UNIVERSITY OF OULU,
FACULTY OF MEDICINE;
MEDICAL RESEARCH CENTER OULU


	Abstract
	Tiivistelmä
	Acknowledgements
	Abbreviations
	Original publications
	Table of contents
	1 Introduction
	2 Review of the literature
	2.1 Pathophysiology of blood coagulation
	2.1.1 Blood coagulation
	2.1.2 Cell-based model of coagulation
	2.1.3 Regulation of coagulation
	2.1.4 Fibrinolysis
	2.1.5 Hemostasis during surgery
	2.1.6 Pathologic thrombosis

	2.2 Thromboelastography
	2.2.1 Analysis method
	2.2.2 TEG assays
	2.2.3 Interpretation
	2.2.4 Indications and use
	2.2.5 Advantages compared to conventional coagulation tests
	2.2.6 Weaknesses
	2.2.7 Differences to other methods using point-of-care analysis techniques

	2.3 Thromboembolism related to obesity and HIPEC
	2.3.1 Obesity
	2.3.2 CRS and HIPEC

	2.4 Predicting thromboembolic complications
	2.5 Summary of the literature

	3 Aims and hypotheses of the study
	4 Materials and methods
	4.1 Settings and design
	4.2 Study permissions and Ethical considerations
	4.3 Patients
	4.4 Methods
	4.4.1 Blood sample collection
	4.4.2 TEG analyses
	4.4.3 Conventional coagulation tests
	4.4.4 Clinical data
	4.4.5 DVT screening

	4.5 Statistical methods
	4.6 Summary of methods

	5 Results
	5.1 Patients characteristics
	5.2 Arterial and venous samples and the effect of storage
	Untitled
	5.3 The impact of obesity surgery on blood coagulation
	5.4 Blood coagulation related to CRS and HIPEC (Studies III–IV)
	5.4.1 TEG
	5.4.2 Conventional coagulation tests

	5.5 The main results of all substudies

	6 Discussion
	6.1 Main findings
	6.2 Strengths of the study and generalizability of the results
	6.3 Sample site and storage
	6.4 The impact of obesity surgery on blood coagulation
	6.5 Blood coagulation changes related to CRS and HIPEC
	6.6 Limitations of the studies
	6.7 Clinical and practical implications
	6.8 Future studies

	7 Conclusions
	References
	Original publications



