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ABSTRACT 

BACKGROUND 

 Thromboelastography (TEG) gaining increasing recognition in liver 

transplantation (LT) with routine coagulation test (RCoT) such as prothrombin 

time (PT), activated partial thromboplastin time (aPTT),Platelet count (PLT) and 

fibrinogen. The purpose of our study is to correlate the TEG and RCoT and to 

assess the blood component utilization in the LT. 

 

AIM & OBJECTIVE 

 To assess  the transfusion requirement and utilization of blood components 

by means of using thromboelastograph along with routine coagulation test  and to 

analyse the correlation between TEG and RCoT in the intraoperative period of  

liver transplantation. 

 

MATERIALS &METHODS: 

 Liver transplant patients had blood drawn before surgical incision till 

reperfusion phase in the following points: baseline, 120 mins into Preanhepatic 

phase,30 mins into Anhepatic phase,30 mins and 2 hrs after the initiation of 

Reperfusion phase assayed with TEG &RCoT seen for correlation. TEG variables 

and RCoT in the intraoperative period are correlated to fresh frozen plasma, 

cryoprecipitate, and platelets utilized during the surgery and correlated with 

spearman correlation coefficient. 

  



 

 

RESULTS 

 13 cases of liver transplant are included in our study over a period of 1 

year, out of which 11 cases underwent transfusion. In 10 of the 11 cases, 55 units 

of FFP and 50 units of Cryoprecipitate components and 15 units of SDP were 

used in the intraoperative period to correct the altered values in TEG. In 17 

occasions in different phases PT and INR values did not match with R values in 

TEG. In 7 cases with reduced MA value 1 case showed normal platelet count with   

hyperfibrinolysis represented by increased LY30.2 cases with hyperfibrinolysis 

showing increased LY30,prolonged aPTT with normal fibrinogen explains 

dysfibrinogenemia. 

 

CONCLUSION 

 In our study, appropriate use of  blood components were determined by 

TEG values. In several occasions at various phases of liver transplantation, during 

anhepatic and reperfusion phases, RcoT values did not correlate with TEG values. 

Since these deviant TEG values were also corrected soon after transfusion of 

appropriate components, the liver transplantation specialists had to depend on 

TEG rather than RCoT values. Further, TEG is preferred for the want of short 

Turn Around Time. Moreover, the overall deranged coagulation process found in 

the end stage liver disease is well represented by TEG rather than RCoT.  

Keywords: Liver transplantation,TEG,RCoT,FFP,Cryoprecipitate. 

 



 

ABBREVIATIONS 

aPTT - Activated partial thromboplastin time 

AT III  - Anti Thrombin III 

CLI -  Clot lysis index  

CTP score - child turcotte pugh score 

CLD -  Chronic Liver Disease 

DCLD - Decompensated Liver Disease 

DDLT -  Deceased donor Liver Transplantation 

FFP - Fresh Frozen Plasma 

LT                        -       Liver Transplantation 

LY30 -  Lysis at 30mins 

FDP - Fibrin Degradation Product 

HLA -  Human Leucocyte antigen 

INR - International normalized ratio 

ISI - International sensitivity index 

K Time - Clot formation time 

MELD score  -  Model for end liver disease 

MNPT  - Mean Normal Prothrombin Time  

MA - Maximum amplitude 

MT - Massive transfusion 

  



 

 

NOTTO - National Organ and Tissue transplant organization 

OLT  -  Orthotopic liver transplantation 

PAI -  plasminogen activator inhibitor 

PT - Prothrombin Time  

R Time -  Reaction Time 

ROTTO - Regional Organ and Tissue transplant organization 

RCoT - Routine coagulation test 

RDP - Random Donor platelet 

SDP - Single donor platelet 

TEG               -    Thromboelastography 

TAT Complex - Thrombin-antithrombin-III complex 

TxA2 - Thromboxane A2 

t-PA - Tissue Plasminogen activator 

TRANSTAN - The transplant authority of Tamilnadu 
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INTRODUCTION 

 Liver transplantation (LT) is a major surgical procedure associated with 

severe bleeding even after evolution of newer techniques in assessing coagulation 

deficiencies.
1
The liver produces most of the coagulation factors, so the prothrombin 

time (PT) and activated partial thromboplastin time (aPTT) remains elevated in 

most of the patients undergoing transplant surgeries.
2 

 

 Besides conventional coagulation tests, thromboelastograph is rapid on site 

assessment of functional clotting status.
3
  The transfusion of blood components 

unnecessarily can increase the transfusion related complications like acute lung 

injury, infection etc.
4
 Other studies regarding outcome  have shown that  

intraoperative transfusions of plasma products significantly  reduce 1-year survival 

of patients undergoing surgery.
5 

 

 A transfusion free operative period improve the patient early outcome, 

reduce the incidence of infection, reduction of lung related injury,graft rejection 

,hospital stay and overall morbidity or mortality of the patients.
6 

 

 As the conventional INR will unable to predict the cause of bleeding(as the 

liver secretes both procoagulant and anticoagulants),the viscoelastic tests comes 

into role to determine the clot strength and transfusion of right products.
7
  

 

 Approximately 20000 people require liver transplant in India annually. 

Around 800 to 1000 LTs currently performed every year in more than 200 centres. 

Currently less than 2% of liver transplant take place in public institutions.
8 
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 The purpose of our study is to monitor the patient with the 

thromboelastography and routine coagulation test to correlate their association with 

one another and to evaluate the blood component usage in the intraoperative period 

.Hence this study undertaken to evaluate the  transfusion requirements for 

appropriate blood component usage in the intraoperative period with the help of 

TEG along with routine coagulation test which  in turn reducing the transfusion 

related complications  in liver transplant  recipients. 

 

  



Aim and Objective 
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AIM AND OBJECTIVE 

 

AIM 

 To assess  the transfusion requirement and utilization of blood components 

by means of using thromboelastograph along with routine coagulation test in liver 

transplantation. 

 

OBJECTIVE 

 To analyse the correlation between the different coagulation parameters of 

thromboelastograph (TEG) and routine coagulation test  in the intraoperative period 

of liver transplantation 

  



Review of Literature 
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REVIEW OF LITERATURE 

 
 The liver is the largest organ in the body weighs about 1.8-2.0 kg. The liver 

is made up of two lobes (right and left)-each subdivided into hepatic lobules. The 

larger portion of right lobe adjoins at left lobe on its posterior and inferior surfaces 

by which divided into caudate and quadrate lobes respectively.
9  

 

 The liver plays a major role in haemostasis, as most of the anticoagulant 

proteins, coagulation factors  and components of the fibrinolytic system are 

synthesized by hepatic parenchymal cells. Additionally, the reticuloendothelial 

system of the liver helps to regulate coagulation and fibrinolysis by clearing these 

coagulation factors from the circulation.
10

The liver being  a highly vascularized 

organ with vital venous systems draining through the parenchyma, liver diseases 

can predispose patients to significant bleeding problems. 

 

 As in a  healthy blood vessel, and under normal blood flow, platelets do not 

adhere to surfaces or aggregate with each other. However, in the event of injury, 

platelets are exposed to subendothelial matrix, adhesion and activation of platelets 

begins.
11 

 

 The hemostasis process can be divided into 3 main components: primary 

hemostasis, secondary hemostasis, and fibrinolysis. 

 

PRIMARY HEMOSTASIS 

 Platelets are small anuclear cell fragments that bud off from  

megakaryocytes, specialized large polyploid blood cells that originate in the bone 

marrow.
12 

Platelets are present about 150 to 400 million per milliliter of blood and 
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circulate for about 10 days .
13 

They have a pivotal role in haemostasis by forming 

the initial haemostatic plug. Platelets have two types of granules: 

 

 α granules‑contain P‑selectin, fibrinogen, fibronectin, factor V, factor VIII, 

platelet factor IV, platelet-derived growth factor and tumor growth factor‑α 

(TGF‑α).
14

 

 δ granules or Dense granules‑contain adenosine triphosphate (ATP), 

adenosine diphosphate(ADP), calcium (Ca), serotonin, histamine and 

epinephrine.
14

 

 

 Primary hemostasis refers to the formation of a platelet plug at the site of 

injury. It is dependent on platelet adhesion, activation and aggregation. Platelet 

plug formation is crucial in initial containment of blood loss and provides the active 

surface that accelerates the fibrin formation that ultimately produces a stable clot. 

During the high sheer stress, the platelet adhesion is initiated by GPI bα binding to 

immobilized VWF and GPVI binding to collagen, which is exposed due to injury of 

endothelium.
11 

 

 

Figure No.1 : Diagrammatic Representation of primary Hemostasis 
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Platelet secretion  

 After adhesion, degranulation from both types of granules takes place with 

the release of various factors. Release of calcium occurs here. Calcium binds to the 

phospholipids that appear secondary to the platelet activation and provides a 

surface for assembly of various coagulation factors. 

 

Platelet aggregation 

 Thromboxane A2(TxA2)  produced by activated platelets provide stimulus 

for further platelet aggregation. TxA2 along with ADP enlarge this platelet 

aggregate leading to the formation of the platelet plug, which seals off vascular 

injury temporarily. ADP binding also causes a conformational change in GpIIb/IIIa 

receptors presents on the platelet surface causing deposition of fibrinogen. 

Thrombin generation also catalyses the conversion of this fibrinogen to fibrin 

which adds to the stability of the platelet plug and is now known as secondary 

haemostasis.
14 

 

 Prostacyclin inhibits platelet aggregation (platelet anti aggregating effect) 

and the balance between TxA2 and prostacyclin leads to localized platelet 

aggregation thus preventing extension of the clot thereby maintaining the vessel 

lumen patency.
15

     

 

SECONDARY HEMOSTASIS 

 Secondary hemostasis, or coagulation, involves the proteolytic coagulation 

cascade system that ultimately results in conversion of fibrinogen to mesh-like 

matrix of fibrin,to strengthen and stabilize the clot.
16

    

 In the 1960s, Macfarlane and Davie & Ratnoff proposed the cascade model 

that defined a series of steps where enzymes and their cofactors cleaved subsequent 
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proteins.
17

Most of the procoagulants and anticoagulants are produced by liver 

except factor III, IV and VIII. These proteins undergo a post translational 

modification (vitamin K dependent γ carboxylation of glutamic acid residues)which 

enables them to bind calcium and other divalent cations and participate in clotting 

cascade.
18

The cascade model consists of a sequence of steps, occur on phospholipid 

membrane surfaces and require calcium where proenzymes( zymogen) cleave to 

generate the active enzyme in the cascade with amplification. The extrinsic 

pathway is initiated by exposure to (tissue factors) at the site of injury, so that it is 

called as tissue factor pathway. In contrast, the known stimuli for intrinsic pathway 

are non-physiological, contact activation of FXII on negatively charged surface 

phospholipids. Either pathway could activate a common pathway FX to FXa, which 

in turn (with its cofactor FVa) could activate prothrombin to thrombin, which then 

cleaved fibrinogen to form fibrin. 

 

Figure No.2 : Diagramatic Representation-Cascade model of  

Extrinsic & Intrinsic pathway 
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 In vitro the extrinsic pathway can be tested by prothrombin time (PT), while 

the intrinsic pathway can be stimulated by activated partial thromboplastin time 

(aPTT).
16

As it is not an exact model of hemostasis in vivo,the PT and aPTT 

proposed to be less evident in supporting the accuracy for predicting bleeding risk 

in the setting of invasive interventions.
19 

        

 

 As noted above, the series of cascading proteolytic reactions traditionally 

known as the extrinsic and intrinsic coagulation pathways do not fully describe how 

coagulation occurs in vivo. For example, a deficiency of factor VII in the extrinsic 

pathway can cause significant bleeding, even when the intrinsic pathway is intact. 

Similarly, deficiencies of factors VIII and IX may cause severe bleeding, regardless 

of the presence of a normal extrinsic pathway.
21 

 

 An intricate combination of cellular and biochemical events function in 

harmony to keep blood liquid within the veins and arteries, to prevent blood loss 

from injuries by the formation of thrombi, and to reestablish blood flow during the 

healing process.
20

 In addition to procoagulant and anticoagulant plasma proteins, 

normal physiologic coagulation requires the presence of two cell types for 

formation of coagulation complexes: cells that express tissue factor (usually 

extravascular) and platelets (intravascular) .
22 

 

 Operationally, coagulation can be described as occurring in two phases: 

initiation, which occurs on tissue factor–expressing cells and produces 3% to 5% of 

the total thrombin generated propagation, occurring on platelets, which produces 

95% or more of the total thrombin.
23 
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INITIATION 

 In vivo, the principle mechanism for generating thrombin begins by 

formation of the extrinsic tenase complex, rather than the intrinsic pathway. 

Damage to the endothelium spills blood and platelets into the extravascular tissue 

and triggers a localized response. About 1% to 2% of factor VIIa is present 

normally in blood in the activated form, but it is inert until bound to tissue factor 
24 

and is unaffected by TFPI and other inhibitors.  The initiation phase refers to 

extrinsic tenase complex TF:VIIa formation and generation of small amounts of 

factor Xa,  factor IXa, and thrombin. Minute amounts of thrombin are generated by 

membrane-bound Xa and Xa : Va prothrombinase complexes. Factor Va comes 

from the activation of plasma factor V by thrombin, by platelets if there has been an 

injury, or by noncoagulation proteases.
25 

 Coagulation  complexes bound to cell 

membranes are relatively protected from inactivation by most inhibitors. However, 

if Xa: Va dissociates from the cell, it is rapidly inactivated by the protease 

inhibitors TFPI, antithrombin, and protein Z–dependent protease inhibitor (ZPI) 

until a threshold of Xa:Va activity is reached. Even though the amount of thrombin 

generated in this phase is minute, platelets, cofactors, and procoagulants become 

activated; fibrin formation begins; and the initial platelet plug is formed.  

 

The low level of thrombin generated in the initiation phase  

1) activates platelets through cleavage of protease activated receptors PAR-1 

and PAR-4;  

2) activates factor V released from platelet α-granules;  

3) activates factor VIII and dissociates it from VWF;  

4) activates factor XI, the intrinsic accessory procoagulant that activates more 

factor IX; 
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5)  splits fibrinogen peptides A and B from fibrinogen and forms a preliminary 

fibrin network. 

 

 Cleavage of fibrinopeptides occurs at the end of the initiation phase and 

beginning of the propagation phase. In most clot-based coagulation assays, this is 

the visual endpoint of the assay.
26 

 

PROPAGATION 

 More than 95% of thrombin generation occurs during propagation. In this 

phase the reactions occur on the surface of the activated platelet. Large numbers of 

platelets adhere to the site of injury, localizing the coagulation response. Platelets 

are activated at the site of injury by both the low-level thrombin generated in the 

initiation phase and by adhering to exposed collagen called COAT-platelets which 

is partially activated by collagen and thrombin.
27

with a higher level of procoagulant 

activity than platelets exposed to collagen alone. They also provide a surface for 

formation and amplification of intrinsic tenase and prothrombinase complexes. The 

cofactors Va and VIIIa activated by thrombin in the initiation phase bind to platelet 

membranes and become receptors for Xa and IXa. IXa generated in the initiation 

phase binds to VIIIa on the platelet membrane to form the intrinsic tenase complex 

IXa:VIIIa. More factor IXa is also generated by platelet-bound factor XIa. This 

intrinsic tenase complex activates factor X at a 50- to 100-fold higher rate than the 

extrinsic tenase complex.
22

 Factor Xa binds to Va to form the prothrombinase 

complex, which activates prothrombin and generates a burst of thrombin. Thrombin 

cleaves fibrinogen into a fibrin clot, activates factor XIII to stabilize the clot, binds 

to  thrombomodulin  to activate the protein C control pathway, and activates TAFI 

to inhibit fibrinolysis.  Since coagulation depends on the presence of both tissue 

factor–bearing cells and activated platelets, clotting is localized to the site of injury. 



11 

 

Protease inhibitors and intact endothelium prevent clotting from spreading to other 

parts of the body. It may be helpful operationally to think of the extrinsic or tissue 

factor pathway as occurring on the tissue factor–bearing cell and the intrinsic 

pathway (minus factors XII, HMWK, and pre-K) as occurring on the platelet 

surface. However, these are not separate and redundant pathways; they are 

interdependent and occur in parallel until blood flow has ceased and termination by 

control mechanisms takes place. Both platelets and tissue factor–bearing cells are 

essential for physiologic coagulation. Deficiencies of any of the key proteins of 

coagulation complex formation and activity (VII, IX, VIII, X, V, or prothrombin) 

compromise thrombin generation and manifest as significant bleeding disorders. 

 

 

Figure No.3 : Pictorial Representation of process of Cell based coagulation 
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FIBRINOLYSIS  

 Fibrinolysis pathway, the terminal stage of coagulation pathway, plays a 

significant role by clot dissolution and preventing overpropagation. The role of the 

fibrinolytic system is to dissolve blood clots during the process of wound healing 

and to prevent blood clots. The fibrinolytic system is composed primarily of three 

serine proteases that are present as zymogens (i.e., proenzymes) in the blood. It is 

initiated endogenously, as plasminogen is converted to plasmin by tissue 

plasminogen activator (t-PA).Plasmin cleaves and breaks down fibrin. UPA 

activates plasminogen in the presence of the uPA receptor, which is found on 

various cell types.
28 

 

 All three of these serine proteases are down-regulated by serpins that are 

present in blood. Clearance of activated clotting or fibrinolytic factors, activation 

complexes, and end products of the fibrinogen to fibrin conversion is facilitated by 

the reticulo endothelial system (RES) of the liver.
29

  

 

 

Figure No:4 Diagrammatic Representation of Fibrinolytic pathway 

 

 Since plasmin has the potential to degrade fibrinogen leading to deleterious 

consequences, the fibrinolytic activity is regulated by following factors: 
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 Plasminogen activator inhibitor ‑ It is the main physiological inhibitor of 

fibrinolysis and acts by inhibiting t‑PA and u‑PA irreversibly 

 TAFI ‑ It is a plasma proenzyme synthesized by liver and activated by 

thrombin. It decreases the affinity of plasminogen to fibrin and augments the 

action of anti‑trypsin in inhibiting plasmin 

 Plasmin inhibitors ‑ α2 antiplasmin and α2Macroglobulin are the 

glycoproteins that exert action by virtue of plasmin inhibition. 

 

 Acquired hyperfibrinolysis may be encountered in trauma, liver cirrhosis, 

amniotic fluid embolism, multiple myeloma, snake bite and conditions associated 

with massive activation of t‑PA, which can lead to DIC and haemorrhage.
30 

 

 Every aspect of hemostasis are affected by liver disease.  

 

COAGULATION AND LIVER DISEASE 

 Hemostasis is a complex balance of clot formation and dissolution that is 

largely modulated by protein synthesis and degradation in the liver. In the state of 

end-stage liver disease, there is a disruption of the hemostatic system due to hepatic 

protein synthetic dysfunction. Because laboratory testing often only analyzes a 

portion of the hemostasis system, the clinician may often misled into believing that  

patients with cirrhosis are imbalanced with a tendency toward bleeding. Stable 

patients with liver disease exhibit “re-balancing”of their haemostatic profile and 

this is reflected in an increasing number of patients with chronic liver disease 

(CLD) who undergo major abdominal surgery, such as liver transplantation, 

without the need for blood or component transfusion.
31 

However, the haemostatic 

balance is precarious and both endogenous and exogenous factors can readily tip 
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the balance towards either a bleeding tendency or a prothrombotic state, as these 

patients lack the buffering capacity of a large functional reserve with its associated 

regulatory mechanisms that seen in health.
32 

 
 

Figure No 5 : Normal balance of hemostasis and rebalanced hemostasis  

in Liver Disease 

 

 There are now ample studies in cirrhosis patients to demonstrate that despite 

abnormalities in conventional coagulation tests, patients with liver disease are able 

to generate sufficient thrombin for clot formation, indicating a preserved clotting 

state.
33

Due to increased thrombin generation in patients with acute decompensated 

cirrhosis
34

,they might inclined towards a hypercoagulable state in many patients. 

Decreased levels of protein C and elevated factor VIII levels in cirrhosis may shift 

toward a prothrombotic imbalance. 
35 

 

 Chronic liver disease, particularly in the  decompensated stages, has been 

regarded as an example of an acquired bleeding diathesis primarily based on 

abnormalities in conventional coagulation tests such as the prothrombin time(PT), 
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activated partial thromboplastin time (aPTT), and international normalized ratio 

(INR)
36

. The concept of a causal relationship between abnormal tests of coagulation 

such as PT and INR and increased bleeding risk is widely accepted amongst 

clinicians, as demonstrated by the common practice of using these tests to screen 

patients prior to invasive procedures and treating abnormal values with unnecessary 

transfusion of fresh frozen plasma.
37 

However, evidence over the past 20 years has 

developed to support the concept that the hemostatic system is “rebalanced” in 

patients with cirrhosis.
28 

 

Figure No:6 The rebalance of hemostasis in cirrhosis. 

 

 The absorption of the fat-soluble vitamins A, E, D, and K is dependent on 

bile production. For this reason, patients who have impaired bile production from 

end-stage liver disease, especially cholestatic liver disease, may be at increased risk 

for vitamin K deficiency. 

 

Haemostasis and Liver  

 The liver is the primary site of synthesis of most of the clotting factors and 

the proteins involved in the fibrinolytic system. These include all the vitamin K-
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dependent coagulation proteins(factors II, VII, IX, X, protein C, protein S and 

protein Z), as well as factor V, XIII, fibrinogen, antithrombin, α2-PI and 

plasminogen.The notable exceptions are von Willebrand factor (VWF),tPA, 

thrombomodulin, TPFI and uPA. The VWF, tPA, thrombomodulin and TFPI are 

synthesized in endothelial cells, while uPA is expressed by endothelial cells, 

macrophages, renal epithelial cells and some tumour cells.
38 

 

 Vitamin K, a fat-soluble vitamin, is required to achieve proper levels of 

procoagulant factors (II, VII, IX and X) and anticoagulant factors (proteins C, S 

and Z). These factors require Gamma carboxylation of vitamin k dependent factors 

is crucial to allow these proteins to bind calcium ions to form bridges to 

phospholipid surfaces, which are essential for the formation of activation 

complexes. 
39

 Finally, the liver plays a vital role in the regulation of 

anticoagulation. Removal of activated clotting and fibrinolytic factors, especially 

tPA, is mediated through the hepatic reticuloendothelial system.
40 

 

GLOBAL BURDEN OF LIVER DISEASE 

 Liver disease accounts for approximately 2 million deaths per year 

worldwide, 1 million due to complications of cirrhosis and 1 million due to viral 

hepatitis and hepatocellular carcinoma (HCC).
41

 The causes of cirrhosis vary: in 

Western and industrialised countries -alcohol and non-alcoholic fatty liver disease 

have overtaken viral hepatitis as the primary causes, whereas in China and other 

Asian countries hepatitis B continues to be a major cause.
42

 NASH is now the third 

most common & frequent indication for LT .In addition,a significant number of 

patients transplanted with cryptogenic cirrhosis have clinical features similar to 

those seen in patients with NASH with similar recurrence suggesting that the 

frequency of LT for NASH may be underestimated.
97 
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 The liver disease burden in India is quite large with 22.2 deaths per 100,000 

population attributed to cirrhosis by the Global Health Observatory data from the 

World Health Organization (WHO).
98

 The etiology of chronic liver disease among 

adults are alcoholic liver disease and viral hepatitis in addition ,nonalcoholic 

steatohepatitis is now emerging as an important etiology for liver disease in India. 

The fact that India has a large diabetic population secondary to insulin resistance is 

an important contributing factor.
99 

 

CONSEQUENCE OF LIVER DISEASE 

 The liver disease due to various etiologies can progress to liver failure Jing 

xing Liver failure (LF) is a clinical syndrome characterized by jaundice, 

coagulopathy, ascites, and hepatic encephalopathy with extremely high morbidity 

and mortality rates.  The pathological changes leading to Liver Failure consist of 

two types: 1) severe acute necrosis of liver tissues and 2) chronic progressive 

damage to liver cells. 
43

 Traditionally,  Liver Failure is classified clinically as acute 

liver failure (ALF) or chronic liver failure (CLF).  

 

 More recently, the entity of acute-on-chronic liver failure (ACLF) has been 

delineated. Guidelines and consensus for types of LF come mainly from Europe 

and the United States: they include the criteria for ALF recommended by the 

American association for Study of Liver Diseases (AASLD), in 2005 
44

;  the 

consensus on ACLF by AASLD and the European association for the Study of 

Liver (EASL), in 2011 
45

and ACLF consensus released by the Asia-Pacific 

Association for the study of Liver (APASL), in 2009 
46

; 

 



18 

 

 The CLF guidelines are non-uniform, only appropriate guidelines or 

consensus for the complications of cirrhosis, such as ascites, hepatic 

encephalopathy, and hepatorenal syndrome, have been published .
47 

 

 Zhang et al. 
48

 found that pathological changes associated with ACLF are 

closely related to duration of disease. In decompensated cirrhosis, 70% of the liver 

cell function has been lost and is considered CLF 
49

. From a prognostic view, the 

importance of the distinction between ACLF and CLF lies mainly with patients 

who have a component of acute LF that could likely be reversed through liver 

regeneration but CLF  is usually  irreversible.
46 

 

 Pharmacological methods of intervening in the mechanisms of fibrogenesis 

and fibrolysis at the molecular level, independently of the etiology of disease, 

would be a highly desirable way of treating and perhaps reversing cirrhosis. Inspite 

of advent of many successful pharmacological and surgical treatments for various 

etiologies of liver disease ,  Liver transplantation remains the treatment of choice in 

end-stage cirrhosis with irreversible liver failure . More than 60% of all liver 

transplantations are performed because of cirrhosis, and cirrhosis is present in over 

90% of cases where liver transplantation is performed because of hepatocellular 

carcinoma.
50 

 

ALLOCATION OF ORGANS 

 As patients on LT waiting lists outnumber the number of LTs performed, 

listing patients at the early stage of disease and due to the high waiting list 

mortality rate,  prioritization of individuals who are most likely to die without 

procedure is needed. Access based on who is most likely to benefit from organ 

donation requires a legal, fair and ethical basis for the allocation.
51 

Internationally, 
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organizations like the United Network for Organ Sharing (UNOS) in the United 

States of America (USA) also started out earlier by allocating livers based on 

waiting list time. However, this led to patients with compensated liver disease 

getting livers before those with decompensated liver disease. Also, there was a 

tendency to list patients very early in the disease.
52

 UNOS introduced the MELD 

score from the year 2006 and in the UK, the National Health Services Blood and 

Transplant Authority (UKNHSBT) uses the UK End stage Liver Disease (UKELD) 

score for prioritization of liver allocation.
8
 Once approved, the patients is 

prioritized accordingly. 
51

 MELD Score is a mathematical model with score ranges 

from 6 to 40 that incorporates serum creatinine and bilirubin levels with the 

international normalized ratio (INR) of prothrombin time. 

 

 Evaluation for LT should be considered once a patient with cirrhosis has 

experienced an index complication such as ascites, hepatic encephalopathy, or 

variceal hemorrhage or    hepatocellular dysfunction results in a MELD Score ≥15 

(1-A) .
55

Once hepatic decompensation develops, the course of a patient with 

cirrhosis can be rapidly downhill, as additional complications including 

Hepatorenal Syndrome Type 1 or sepsis supervene.
56 

If a determination has been 

made that LT is indicated, evaluation should be prompt, as most potential recipients 

face at least several months on the waiting list before receiving a donor organ.
55 

 

 The Government of India has recently constituted the National Organ and 

Tissue Transplant Organization (NOTTO) which is in the process of setting up a 

nation- wide network for organ sharing through the establishment of regional 

(ROTTO) and state (SOTTO) centers.
60

 TRANSTAN   functions as ROTTO and 

SOTTO made a society in May 2015 at Tamilnadu  . Chennai ROTTO which  

includes Tamilnadu that ensures the uniform national protocol for organ allotment 
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as well as sharing of organs across states through deceased donor program. This 

organization can facilitate interstate sharing of organs including livers as per 

urgency. 
96 

 

 A few years after the Government of India passed the Human Organs 

Transplant Act (HOTA) in 1994 recognizing brain death, the first attempt at a 

deceased donor liver transplant (DDLT) was made in Chennai in 1996 at the 

Apollo Hospital.
61 

The deceased donation rate in India has increased from 0.05 

million in 2006 to 0.34 in 2014.
62 

 Living donor and non-heart-beating donor 

transplantations were initiated as a solution to increase the donor organ pool and it 

is expected that there will be an increase in the number of these donors.The first  

serious attempt at a program of LDLT was at the Sir Gangaram Hospital in Delhi. 

The early results were not satisfactory.
61

  By 2007, it was estimated that 346 

procedures had been performed in 22 centers out of which 250 were LDLTs.
61

 

 

INDICATIONS FOR LIVER TRANSPLANT 
55 

ACUTE LIVER FAILURE COMPLICATIONS OF CIRRHOSIS 

 Ascites 

 Encephalopathy 

 Liver  cancer 

 Refractory variceal hemorrhage 

 Synthetic dysfunction 

 

LIVER BASED METABOLIC CONDITIONS WITH SYSTEMIC 

MANIFESTATIONS 

 :α1-Antitrypsin deficiency 

 Familial amyloidosis 
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 Glycogen storage disease 

 Hemochromatosis 

 Primary oxaluria 

 Wilson disease 

 

SYSTEMIC COMPLICATIONS OF CHRONIC LIVER DISEASE  

 Hepatopulmonary syndrome 

 Portopulmonary hypertension 

 

LIVER TRANSPLANTATION 

 Thomas Starzl performed the first three human liver transplantation at the 

University of Colorado in 1963, but transplantation achieved doubling of the 1-year 

survival after  implementation of cyclosporine-based immunosuppression in early 

1980s.
57

 The overall 1-year survival for adult and pediatric deceased donor liver 

transplantation (DDLT) is now expected to be in excess of 85%, with 5- and 10-

year survival in excess of 70% and 60% respectively.
58  

 

 LT is a surgically challenging procedure with dissection and removal of a 

diseased liver from an abdominal cavity with extensive venous collaterals due to 

portal hypertension with subsequent implantation of the graft and creation of 

vascular and biliary anastomoses.
55

  

 

 Two general kinds of liver transplantation have been attempted clinically. 

With one approach, the host liver is removed and replaced with a homograft 

(orthotopic liver transplantation); alternatively, an extra liver is inserted at an 

ectopic site (auxiliary homo transplantation).
148 
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 Eventhough most LT recipients receive a whole organ from a deceased 

donor, the live donor transplanted organ can be a split graft ,using the left hepatic 

lobe initially introduced for pediatric recipients or has been extended into adult 

recipients using the donor‟s right lobe.
55 

Although it remains controversial, with 

continuing concern about  risks in the living donor, especially when right lobe 

resection is required for an adult recipient.
59 

Live donor transplant should only be 

contemplated when LT with a deceased donor is unlikely to occur within a 

reasonable time frame given the severity of the potential candidate‟s liver disease.
55 

 

 LT itself is frequently complicated by haemostatic defects associated with 

perioperative coagulopathies, surgical bleeding, and the poor or recovering function 

of the new graft. Therefore, coagulation and haemostasis in the patient with liver 

disease facing an LT is influenced by multiple events, which may lead to bleeding 

complications, but may also result in a hypercoagulable state.
62       

    

 

PRIMARY HAEMOSTASIS IN LIVER DISEASE  

 Platelets exert important function in platelet plug formation and generation 

of thrombin. In cirrhotic patients the thrombocytopenia and coagulation factor 

abnormalities are more common. The most common causes of thrombocytopenia in 

cirrhotics are hypersplenism, reduced production of thrombopoietin, immune-

mediated destruction of platelets associated with splenic sequestration and impaired 

synthesis of thrombopoietin by liver.Primary hemostasis, which is influenced by 

the thrombocytopenia in liver disease,
63

 these quantitative deficiencies in platelet 

count are balanced by an increase in von Willebrand factor (vWF) and lowering the  

levels of the ADAMTS-13 (a disintegrin and metalloproteinase with a 

thrombospondin type 1 motif, member 13).
63
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SECONDARY HAEMOSTASIS IN LIVER DISEASE   

 The liver plays a major role in the maintenance of normal hemostasis. It is 

the primary source of production of coagulation factors including prothrombin 

(factor II), fibrinogen, factors V, VII,VIII, X, XI, XII, and XIII, antithrombin III, 

and plasminogen.
11 

 With the exception of von Willebrand factor (vWF) and the 

two main activators of the fibrinolytic system, tissue plasminogen activator (t-PA) 

and urokinase-type plasminogen activator (u-PA), all are either solely or partially 

produced by liver parenchymal cells.
11 

 

 Secondary hemostasis, or coagulation, is impacted by the synthetic 

dysfunction of cirrhosis resulting in decreased levels of procoagulant factors II, V, 

VII, IX, X, XI, and fibrinogen except factor VIII.  Inadequate production of 

coagulation factors with decline in peripheral levels and consumption of 

coagulation factors may contribute further to the coagulopathy.
64

 Deficits in 

procoagulants are counter regulated  by decreasing levels of anticoagulant proteins 

including protein C and protein S, antithrombin, and heparin cofactor II, as well as 

increased levels of factor VIII proportionally, which  renders  a preserved 

hemostatic equilibrium in stable cirrhosis.
64 

 

FIBRINOLYSIS IN LIVER DISEASE   

 Fibrinolysis is an important component of haemostasis and is a complex 

physiological process involving the interaction and balance between a number of 

different activators and inhibitors. In cirrhotic liver disease there is enhancement of 

fibrinolysis due to a shift in balance between pro and anti fibrinolytic factors.
64 

 The 

increased fibrinolytic activity and clot instability are due to increased levels of 

tissue plasminogen activator (tPA), due to increased synthesis by the vascular 

endothelium and also decreased hepatic clearance and the low levels of fibrinolytic 
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inhibitors, alpha 2 antiplasmin and thrombin activatable fibrinolysis 

inhibitor(TAFI),together with low levels of factor XIII, that is required for effective 

polymerization and stabilization of the fibrin clot. However ,this is balanced by  

increased levels of the acute phase reactant plasminogen activator inhibitor(PAI-

1),which is the major inhibitor of tPA. Levels of PAI-1 are particularly high in 

acute liver failure and in cholestatic liver disease,and significant fibrinolysis is rare 

in these groups.
65 

In addition, plasminogen, that is converted to plasmin by tPA, is 

slow due to impaired hepatic synthesis. 

 

 Abnormal fibrinogen  in liver disease is characterized by an increased sialic 

acid content, which was responsible for the functional fibrinogen defects.
101 

More 

recently,  patients with liver disease interpreted to have significant disturbances in 

sialylation of serum glycoproteins, and elevated free sialic content are positively 

correlated with the severity.
102 

Another known modification of fibrinogen is 

oxidation of methionine residues. Fibrinogen is much more susceptible to oxidative 

modification than most other plasma proteins .
103 

Recent data have shown that 

oxidation of fibrinogen is associated with prothrombotic changes in the fibrinogen 

molecule.
104  

 

INTRAOPERATIVE  CHANGES IN COAGULATION DURING LT 

 The complex, dynamic nature of coagulation during liver transplantation 

was well described in the early experience of liver transplantation in the 1960s: 

„„There was an intraoperative bleeding diathesis, and at the same time fibrinolysis 

and hypofibrinogenemia developed.
66

 They concluded that liver transplantation„„ 

can cause hyperfibrinolysis, thrombocytopenia, and depression of various clotting 

factors; that the extent of these changes are prognostic in as much as they are 

proportional to the magnitude of liver injury; and that the depression of clotting is 
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not necessarily succeeded by  hypercoagulability if thrombogenic agents are not 

administered.‟‟.
67 

 Many intraoperative factors may contribute to the persistence or 

de novo development of hypercoagulation. These include vascular stasis, 

coagulation activation by endotoxins (within the portal vein), and endothelial cell 

injury and local inflammation of the graft organ caused by ischemia/reperfusion 

injury.
105  

 

By convention, OLT procedure is divided according to the following surgical 

phases: 

 pre anhepatic, 

 anhepatic,  

 post reperfusion phase 

 

 Haemostatic challenges for each phase are unique and thus are described 

separately for each specific phase of surgery. 

 

Pre-anhepatic phase 

 During the dissection stage, preexisting coagulopathy is compounded by 

dilutional coagulopathy as surgical bleeding depletes coagulation proteins and 

platelets. Bleeding complication is more common and severe in patients with 

hepatocellular disease, portal hypertension, previous upper abdominal surgery, and 

chronic steroid therapy. Vascular injury together with impaired clearance of 

activated coagulation factors caused by decreased hepatic blood flow may result in 

excessive activation of coagulation and consumptive coagulopathy. Consequently, 

generalized coagulopathy may be observed, even in the presence of continuous 

infusion of coagulation factors-rich blood components . Inadvertent hypothermia 

and ionized hypocalcemia may also impair coagulation.  
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 Hepatocellular carcinoma is often associated with hypercoagulability. 

Similarly cholestatic cirrhosis (primary biliary cirrhosis, primary sclerosing 

cholangitis) are more likely to have a hypercoagulable state and less fibrinolytic 

activity than other etiologies.
68 

 

Anhepatic phase 

 This phase by definition extends from occlusion of hepatic vasculature to 

reperfusion of the neo liver. As major vessels have been clamped, surgical blood 

loss during this phase is normally limited. This phase is characterised by a loss of 

coagulation factor synthesis and clearance.
69 

 

 Increased levels of t-PA secondary to release from endothelial cells and 

decreased clearance in absence of liver perfusion can lead to hyper fibrinolysis and 

severe bleeding.
70 

More significant changes occur during the anhepatic stage. 

Surgical bleeding and the absence of the hepatic synthetic and clearance function 

further deplete platelets and coagulation factors. The release of tissue 

thromboplastin and the absence of the hepatic clearance of activated coagulation 

factors may cause excessive activation of coagulation, and this is observed by 

gradual increases in thrombin-antithrombin-III complex (TAT) and fibrin 

degradation products (FDPs).
71

 However,  clinically significant intravascular 

coagulation or thrombosis is uncommon during this period. Fibrinolysis, caused by 

the release of tPA and the absence of its hepatic clearance, is seen in about 20% of 

patients. 
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Post reperfusion phase 

 This phase is characterised by profound coagulation abnormalities related 

primarily to thrombocytopaenia and the heparin-like effect of the donor liver. 

Entrapment of platelets in sinusoids of donor liver can be profound enough to 

create a 50% gradient in platelet counts between arterial and venous circulations.
72

 

The ischaemic donor liver endothelium releases heparinoids which on reperfusion 

add to the residual heparin remaining as a part of the heparinisation of donor liver 

performed prior to harvest.
73 

The heparin effect may be observed when heparin 

solution (2000 to 5000 units of heparin) is used in the venovenous bypass system, 

and dissipates within 30 to 60 minutes.
37

 These events can lead to uncontrollable 

diffuse bleeding within minutes of reperfusion in some transplanted patients.
73 

 

 Severe coagulopathy, a component of the post reperfusion syndrome, occurs 

on reperfusion of the grafted liver, and it is observed as prolonged prothrombin 

time (PT), activated partial thromboplastin time (aPTT), reptilase time (RT), and 

TT, thrombocytopenia, a decrease in coagulation factor levels including factors I, 

V, VII, and VIII, a sudden increase in tPA, a shortened euglobulin  lysis time, and a 

moderate increase in FDP and TAT.
71 

 The cause of the post reperfusion 

coagulopathy is multifactorial. The release of endogenous heparin from the grafted 

liver results in moderate to severe heparin effect and may last for 60 to 120 

minutes. Other coagulation inhibitors or heparin-like substance may also play a 

role.
67

 Fibrinolysis occurs in approximately 80% of patients, although clinically 

significant fibrinolysis
 
and bleeding are observed in about 40% of patients.

74
 It is 

caused by the massive release of tPA from the grafted liver, congested viscera and 

lower extremities together with the reduced plasminogen activator inhibitor 

activity,
75

 contact activation of fibrinolysis, and activation of
 

protein C or 
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urokinase-type plasminogen activator.
76

 Fibrinolysis is most likely primary in 

origin because of its association with high tPA level, a relatively steady level of 

AT-III,
77

 only moderate increases in FDP and D-dimers,a selective decrease in 

factors I, V, and VIII,
78

 the
 
effectiveness of EACA without complications,

74
 and no 

known micro embolization. Fibrinolysis is seen as shortened euglobulin  lysis 

time(as short as 0 to 15 min), a very high level of tPA, a prolonged reaction time, 

and short fibrinolysis time in thromboelastography (TEG). 

 

 Fibrinolysis dissipates gradually within the next 2 hours if the grafted liver 

begins to function.Excessive activation of coagulation with secondary fibrinolysis 

may also contribute to post reperfusion coagulopathy and is observed as high levels 

of TAT complex, FDP, and fibrin monomers, and low levels of AT-III and 

plasminogen activator inhibitor. This phenomenon seems to be caused by tPA-

induced platelet activation
79

 or the release of lysosomal proteinases from 

macrophages (cathepsin B) and granulocytes (elastase) ,
80

 and may induce 

consumption coagulopathy, venous thrombosis, or pulmonary thromboembolism.
81 

 

 Fortunately, fatal pulmonary embolism occurs rarely, possibly due to the 

simultaneous activation of fibrinolysis. Platelet defects may play a significant role 

in most patients. The transhepatic gradient of platelet count is as much as 55%, and 

may be caused by extravasation of platelets into Disse spaces in the perisinusoidal 

region or phagocytosis by Kupffer cells.
82

Platelet function can be impaired by the 

loss of granulation and impaired platelet aggregation. Reperfusion hypothermia (by 

1to 21C), dilutional coagulopathy, unknown coagulation inhibitors released from 

the grafted liver, and ionic hypocalcemia may also interfere with coagulation. 
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 Coagulopathy improves gradually as the grafted liver begins to function. 

Fibrinolysis and the heparin effect dissipate gradually within 2 hours, and the levels 

of coagulation factors and platelet count increase toward baseline levels at the end 

of surgery.
2
 However, bleeding or oozing may persist in some patients. Bleeding 

with persistent coagulopathy may be caused by either insufficient replacement 

therapy or poorly functioning graft liver.
81

 Bleeding with persistent low levels of 

factors I, V, and VIII is a complication of fibrinolysis as plasminogen and plasmin 

selectively destroys these factors.
78

 Delayed bleeding or oozing in the presence of 

an acceptable coagulation profile and TEG may occur approximately 1 to 2 hours 

after reperfusion. This is frequently caused by the loss of defective clots formed in 

the presence of dilutional coagulopathy or gradual digestion of clots containing 

fibrin-plasmin complex. 

 

 No specific treatment is effective, and bleeding complication dissipates 

within 60 to 90 minutes once new clots are formed at the injured vessels. Increased 

clearance of t-PA and increased production of PAI-1 lead to gradual resolution of 

the hyperfibrinolysis.
37 

 

 Prediction of hyperfibrinolysis is difficult since it may only occur in the post 

reperfusion stage, being dependent to a great extent on the quality of the donor   

liver, and not predictable from the preoperative condition of the recipient. The 

timing and degree of fibrinolysis is relevant since lesser degrees of fibrinolysis post 

reperfusion may resolve spontaneously.
119 

 

Post-operative period 

 This phase is characterised by thrombocytopenia and hypercoagulability. 

Platelet consumption and activation within the new liver result in destruction of 
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platelets although the numbers do return to normal by 14 days due to increased 

thrombopoietin being produced by the new liver. Hypercoagulability can also be a 

concern in few patients. Early recovery in the production of procoagulants and 

elevated FVIII levels can exaggerate coagulability  specially when clubbed with the 

delayed recovery in the production of the anticoagulants (antithrombin, proteins C 

and S).
83 

 

 Postoperatively, levels of coagulation factors and platelet count increase 

steadily toward normal values. In patients with a poor functioning graft, however, 

severe coagulopathy may persist.
37 

 

MONITORING HEMOSTASIS AND COAGULATION  

PROTHROMBIN TIME (PT) AND INR 

 The prothrombin time (PT), was developed by Armand Quick in 1935 for 

investigating patients with liver disease.
84

PT , an expression of the extrinsic 

pathway measures the time to form the initial clot after tissue thromboplastin is 

added to the recalcified, citrated blood specimen. Congenital or acquired 

deficiencies of factors VII, X, V, and II and fibrinogen can be estimated. Clinical 

use of PT is limited during liver transplantation, because it is prolonged in most 

patients during surgery.  

 

 Another way of expressing results of the PT is the international normalized 

ratio (INR), in which the ratio is raised to a power equal to the international 

sensitivity index (ISI) of the measuring system used for testing. In the setting of 

liver transplantation, the PT/INR test is one of the components needed to compose 

the MELD score, which represents the basis to prioritize  patients for liver 

transplantation in some countries.
85
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 Obviously, the use of the PT test in this regard has been questioned .Firstly, 

there is no standardization of results across different laboratories for PT. 

Secondly
86

, while the PT results expressed as international normalized ratio (INR) 

are less valid for patients with chronic liver disease.
87

However use of a “liver INR” 

is not very applicable. 

 

ACTIVATED PARTIAL THROMBOPLASTIN TIME 

 The aPTT was first developed in 1953 
88

 and then  modified in 1961.
89 

This 

time needed for the plasma to clot when mixed with a particulate or soluble 

activator of the contact coagulation factors and negatively charged phospholipids 

such as kaolin. Except for factors VII and XIII, the aPTT is responsive to 

congenital or acquired deficiencies of all coagulation factors. In contrast to INR, no 

standardization scheme has designed to harmonize results across laboratories. 

Although it is sensitive in monitoring heparin activity, its clinical application in 

liver transplantation is limited knowledge regarding hemostasis similar to those of 

PT.
62 

 

PLATELETS         

 Platelets required to maintain primary hemostasis. However, in patients with 

liver disease platelets are often compromised both in quantity and function, and 

during transplantation further alterations of platelets may occur, contributing to 

increased blood loss.
90 

Abnormal bleeding time is common in patients with 

cirrhosis, even in those with platelet counts  and PT considered safe for invasive 

procedures(BLAKE).
91

 A simple, reliable platelet function test is the Platelet 

Function Analyzer.
92 

It evaluates primary hemostasis by  measuring the time 

required for whole blood to occlude an aperture in the test cartridge membrane that 
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is coated with platelet agonist. However, platelet function cannot be measured 

routinely during surgery as its time consuming. Thus, there is no platform on how 

to monitor primary hemostasis in liver transplantation.
62 

 

LABORATORY TESTING FOR COAGULATION DEFECTS IN LIVER 

DISEASE. 

 Often, the clotting tests remain normal until clotting factor levels fall to less 

than 30–40% of normal. In mild liver disease, the PT is prolonged, but the aPTT is 

usually normal. As the liver disease progresses, both PT and aPTT levels are 

prolonged, although in compensated cirrhosis, the high factor VIII level may blunt 

the prolongation of the aPTT. It is important to note, however, that international 

normalized ratio (INR) values may not be accurately reflective of the coagulopathy 

in patients with ESLD.
93 

 

LIMITATION OF CCT 

        Fibrinogen levels are either normal or increased in patients with stable chronic 

liver disease. In decompensated cirrhosis or DIC, severe hypofibrinogenaemia  

(< 100 mg/dL) is present, resulting in marked prolongation of the PT, aPTT and 

TT. Functional abnormalities of fibrinogen or dysfibrinogenaemias are diagnosed 

by a prolongation of the TT and RT 

 

 The platelet count is quantitative, unable to detect platelet function, or 

dysfunction.  

 

 Yoon et al
150

 says there is no correlation between R time of TEG & CCTs in 

his study. As CCTs are unable to detect fibrinolysis or give an indication of clot 

stability, nor can they generally detect hypercoagulability. Conventional 
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coagulation tests (CCTs) such as activated partial thromboplastin time (aPTT), 

prothrombin time/international normalised ratio (PT/INR) poorly reflect the whole 

coagulation system of the blood, unable to assess the procoagulant-anticoagulant 

balance.
118

 In addition, these tests are based upon plasma alone; so do not reflect 

the complete interaction between platelets, vascular endothelium, and fibrinolytic 

factors producing haemostasis. CCTs are also limited by the length of time from 

sampling to providing a result to the clinician. The substances like thrombomodulin 

not included artificially like tissue thromboplastin as they are produced on 

endothelial cells. 

 

 Consequently, a gap exists between blood coagulation as it occurs in vivo 

and blood coagulation as it is evaluated ex vivo. A new generation of global 

coagulation tests, called thrombin generation assays (TGAs), has been developed to 

fill that gap. 
94 

 

 Thromboelastometry 
95

 has been used for many years as a whole-blood 

hemostasis test, but it does not measure thrombin generation specifically. Even 

though the endogenous thrombin potential measured by TGA,it is time consuming 

and labourious . 

 

THROMBOELASTOGRAPHY 

 Thrombelastography was developed first by Hartert in 1948.
106

 TEG enables 

a global assessment of  haemostatic  function from a single blood sample, 

documenting the complete coagulation pathway from the time of the initial clot 

formation, through platelet aggregation, clot strengthening and fibrin cross linkage 

to eventual clot lysis.  
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 The TEG consists of two mechanical parts: a heated (37 °C)  an oscillating 

cuvette or cup and a pin which is suspended freely from a torsion wire . The freshly 

drawn whole blood (0.36 µl) is placed in a sample cup and is alternately rotated 

clockwise and counterclockwise around a pin suspended by a torsion wire .when 

the sample remains in fluid state, the motion of the cuvette does not affect the pin. 

However, when clot starts to form,  As progressively strengthening fibrin strands 

bind the pin to the cup, its rotation imparts increasing torque to an 

electromechanical transducer , which can printed or transmitted to a remote 

computer screen. 

 

 

Figure No.7 : Thromboelastography 

 

 The elasticity of the clot is then transmitted through the pin, and amplified to 

give the TEG trace, which is recorded on heat-sensitive paper moving at a rate of 2 

mm /min.
107 

 

 R = Reaction time ,the time  taken from sample placed in the cuvette until 

TEG tracing amplitude reaches 2 mm i,e initiation of clot (normal range 6-8 

min).This represents the rate of initial fibrin formation and is related functionally to 
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coagulation factor and circulating inhibitor activity(intrinsic coagulation), with a 

longer time suggesting a  impaired rapidity of clot formation 

 

 Prolonged R times suggest clotting factor deficiency or heparin effect or 

severe hypofibrinogenemia. A small r value may be present in hypercoagulability 

syndromes. 

 

 Krzanicki et al
105

 evaluated intraoperative TEG results of liver transplant 

patients and discovered poor correlation with concurrent INR values and also found 

that shortened R times did not accurately predict hypercoagulability given that R 

time abnormalities were present in a large portion of liver transplant patients.  

 

 K = clot formation time , the  interval between R time and a curve 

divergence of 20 mm(normal range 3-6 min). The coagulation time represents the 

time taken for a fixed degree of viscoelasticity to be achieved by the clot, as a result 

of fibrin build up and cross linking. It is influenced by the intrinsic clotting factors, 

fibrinogen and platelets.  

 

 Alpha angle (αº) (normal range 50-60°) = angle formed by the slope of the 

TEG tracing from the r to the K value varies with the rate of clot development. The 

alpha angle is the angle of the line of clot formation, with higher values suggesting 

a rapid formation of clot and lower values suggesting delayed and impaired 

formation of maximum clot strength, such as hypofibrinogenemia   and 

thrombocytopenia. These variables depend primarily on fibrinogen concentration 

and may point to hyper or hypocoagulable states.  
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Figure No. 8: Normal thromboelstograph trace 

 

 Maximum amplitude (MA) (normal range 50-60 mm),the greatest amplitude 

on the TEG trace and is a reflection of the absolute strength of the fibrin clot. MA 

reflects fibrinogen concentration and especially PLT function. Platelet 

abnormalities, whether qualitative or quantitative, substantially disturb the MA. 

 

 Viscoelastic tests demonstrate that even in the presence of a low platelet 

count, adequate clot strength is still achieved if fibrinogen levels are at the upper 

end of normal, or raised. A low platelet count combined with a low fibrinogen 

always leads to a reduced MA and is strongly associated with an increased bleeding 

tendency.
120 

 

 Lawson et al
138

 evaluated preoperative TEG results of 28 patients who 

underwent liver transplant and found that an MA of less than 47mm had 90% 

sensitivity and 72% specificity to predict the need for massive transfusion during 

liver transplant. 

 

 The clot lysis index (CLI) (normal range >85%) is derived as A60/MA x 

100(%).
107

 It measures the amplitude as a function of time and reflects loss of clot 
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integrity as a result of lysis. The area under the curve between MA and a vertical 

line drawn at 30 minutes after MA (LY30) can be compared to a similar area 

between 30 and 60 minutes after MA (LY60). The decrease in area is proportional 

to the rate of fibrinolysis.
146 

 

 Conventional variables do not reliably predict coagulation abnormalities 

during extensive liver surgery or orthotopic liver transplantation.
108

 Krzanicki et al 

demonstrated that the TEG‟s R value and MA (maximum amplitude) were superior 

in predicting hypercoagulability in comparison to laboratory tests.
105 

 

 TEG  have advantages over traditional coagulation studies in that they 

utilize whole blood rather than plasma, deliver real-time results within minutes of 

sample collection, and provide information regarding the dynamics of clot 

formation and clot strength. 
94 

 

 

Figure No. 9 : Different haemostatic profiles on TEG wave forms 
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REAGENTS USED IN TEG 

 Different reagents and activators are available, for TEG including kaolin, the 

standard activator for TEG assays. Other reagents include platelet-mapping assays, 

and platelet inhibitors that allow the fibrinogen component of clot strength to be 

measured individually. Heparinase containing cups reverse heparin and 

heparinoids, allowing detection of the Heparin Like Effect and the action of 

administered heparin, including low molecular weight heparin. Aprotinin and 

calcium containing cuvettes allow the rapid detection of fibrinolysis to guide 

antifibrinolytic agent usage.
7 

 

 Mallet at al
13 

have reported that VET has established itself to be the basis for 

developing criteria for both assessment of coagulation and treatment of bleeding in 

patients with liver disease.
13 

 

INFLUENCE OF WHOLE BLOOD ON TEG  

 RBCs may expose negatively charged procoagulant phospholipids on their 

surfaces 
109 

that are able to support the assembly and activation of plasma 

coagulation factors needed to generate thrombin. White blood cells, especially 

monocytes, are able to express tissue factor, which is the main trigger of 

coagulation.
94  

 

 Addition of RBC or increasing haematocrit results in a slight reduction in 

overall clot strength as measured by the maximum amplitude 
112 

due to the 

increasing amount of RBCS bound to fibrinogen.
113

 For the viscoelastic assays, 

final clot strength is dependent on many factors, including the activator used, other 

factor concentrations such as fibrinogen, haematocrit, and the amount and speed of 

initial thrombin generation. 
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 Anaemia can worsen the hyper dynamic circulation, as found in portal 

hypertension, thus increasing the bleeding risk. It has been shown that RBCs have 

an active role in thrombin generation. RBCs release adenosine diphosphate, which 

promotes platelet aggregation and stimulates platelet synthesis of thromboxane-A2, 

a platelet activator, thus reducing platelet activation in anaemia.
117 

 

LIMITATIONS OF TEG 

 A major limitation of thromboelastograph  is the wide range of normality. 

This is  inevitable as a test becomes more „„global.‟‟ When used with whole blood, 

the shape of this trace is influenced by the effects of white and red cell content and 

composition, platelet number and function, fibrinogen concentration, as well as 

coagulation protein function and balance.
110 

 

 The normal thromboelastograph trace depends on preanalytical factors such 

as citrated blood  ,type and concentration of the activator used. In particular, 

clotting time dependant on the type of activator used, and the concentration of 

tissue factor will influence the thromboelastographic parameters
111 

 

 Reference range will assigned according to the population of study,as the 

gender, age, comorbid conditions also influence the teg tracings like more 

hypercoagulable from non pregnant to pregnant women.
114

  

 

 Threshold values for clinical outcomes or haemostatic interventions should 

be locally evaluated for each system and relevant patient population. 

 

 A major drawback of the device was the fact that they were not well 

standardised, especially in relation to pre‐analytical and analytical factors.
115 

The 
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thromboelastograph does not undergone the validation procedures as per 

conventional coagulation tests, the repeatability, calibration and quality assurance 

remains a unsolved question.
116 

 

 The issue of external quality assurance and monitoring became questionable 

because the EQAS sample provided by the international TEG working group were 

lyophilized plasma,as the whole blood was routinely analysed in daily routine. To 

improve the competency of these devices,the complete automation, using multiple 

activators to point out the underlying coagulopathy, updated softwares should be 

implemented.
7 

 

 Coakley et al
149

 says using the viscoelastic tests used in this study would be 

beneficial in determining the optimal therapy 

 

 TEG based coagulation management algorithms reduce transfusion 

requirements and costs by optimising the management of bleeding, differentiating 

between micro-vascular and surgical bleeding, enabling haemostatic therapy to be 

finely targeted.
119

  

 

PREDICTORS OF TRANSFUSION IN LIVER TRANSPLANTATION 

 Transfusion of blood and blood components are strong predictors of overall 

survival after LT .
123

As the several factors affect transfusion  requirements. such as 

recipient, donor, and procedural factors   as  follows.         

 

 Recipient factors include age, severity of disease and baseline coagulation 

status.
123
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 De pietri et al says gender and age were not significantly associated with 

greater clot firmness or with enhanced whole blood clot formation in his study.
141

  

 

 Kamath PS
147

 in their study shown the comparison of Three-month mortality 

in Hospitalized patients with Model for End-Stage Liver Disease Score . 

 

MELD score Three-month mortality 

(Hospitalized patients) 

≤9 

10-19 

20-29 

30-39 

≥40 

4% 

27% 

76% 

83% 

100% 

 

 

 Makroo et al 
53

 says The value of preoperative MELD score positively 

influenced consumption of various blood components, both intraoperatively and 

postoperatively. 

 

 Cywinski  et al
54

 says higher MELD score was found to be highly 

statistically significant predictor of massive blood transfusion in a recent 

retrospective study . 

 

 Donor-related factors include length of ICU stay, cerebrovascular accident 

duration of cold ischemia time, and organ procurement outside of the local donor 

service area. Additional bleeding risks are related to graft quality, including 

donation after circulatory death (DCD) status, and the use of partial or split 

grafts.
124

  

 

 Important variables affecting transfusion requirements include the severity 

of disease, preoperative PT  and factor V levels.
122 
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 Low starting hemoglobin (Hb) value represents the most important indicator 

for the need for transfusion as shown by Massicotte et al
 127 

 

 Cywinski et al
54   

says Pre transplant higher INR and lower platelet counts 

were found to be highly statistically significant predictors of higher intraoperative 

blood product usage in retrospective study .  

 

 Surgical factors that can increase transfusion requirements include previous 

abdominal surgery, center experience, severity of portal hypertension, and presence 

of portal vein thrombosis.
125 

Other factors identified as independent predictors of 

transfusion include the preoperative hematocrit value, use of the piggyback 

transplantation method, and operative time.Use of leuco-reduced irradiated blood 

components has shown decreasing trends of alloimmunization and graft rejection in 

cases of multiple surgeries related to organ transplants.
122 

 

COMPONENTS IN LIVER TRANSPLANTATION BY TEG & RCoT
 

 Transfusion free surgery done in 27 consecutive Liver Transplants in 

Jehovah‟s Witnesses at USC-University Hospital with preoperative blood 

augmentation and acute normovolemic hemodilution in Jabbour et al study.
153 

 

 Transfusion medicine holds a place of prime importance in organ transplant 

surgeries. In pre-transplant selection, transfusion protocols eliminate sensitized 

patients from the transplant pool who are more likely to have graft failures. These 

results led to the consideration of blood transfusion as a strategy to improve graft 

survival in transplant recipients. With the rapid improvement in 

immunosuppression therapy, the additional effect of transfusion became 

marginal.
122 
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 All components of the hemostatic system are analyzed including platelet 

function, coagulation proteins, and fibrinolysis, and each is reported separately, 

allowing for more specific interventions. TEG can be used to guide transfusion of 

platelets, FFP, cryoprecipitate, and fibrinogen concentrate, as well as 

administration of antifibrinolytics. TEG–based transfusion and coagulation 

management algorithms have been shown to reduce transfusion requirements and 

cost during LT.
121  

 

 Several algorithms and protocols have been used to guide blood components 

administration in the management of coagulopathy during LT. The number and 

choice of blood components transfused during an organ transplant surgery is highly 

variable and it depends on the center and the organ to be transplanted. There is a 

huge deficit of the published data with regard to transfusion and blood product use 

during the entire perioperative period of solid organ transplantation.
126 

Amongst the 

perioperative team of doctors; surgeons and anesthesiologists, plays the 

determining role in the utilization of blood components.
127

  

 

The components in transfusion practice in liver transplantation are 

 Fresh Frozen Plasma (FFP)  

 Cryoprecipitate 

 Platelets (SDP or RDP) 

 

FRESH FROZEN PLASMA (FFP)  

 FFP contains procoagulant factors I, II, V, VIII, IX, X, XI, XIII 

anticoagulant proteins C and S, antithrombin III (ATIII), immunoglobulins and 

albumin. 
128

When there is evidence of coagulopathy as indicated by an increased 
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INR, prolonged aPTT, or increased R times in thromboelastograph in the face of 

clinically significant bleeding, FFP should be administered. FFP is frequently used 

for fibrinogen replacement despite a relatively low fibrinogen content (100-150 

mg/dl). The volume of FFP required to replace fibrinogen can be excessive ,
129

 the 

thromboelastograph tracings will play a major role. Doses as high as 10 to 15 

mL/kg may be required, with up to 30 ml/kg or higher in the setting of massive 

transfusion.
131 

 

 Wang et al
134

reported that the FFP requirement during OLT in patients being 

monitored with TEG was lower than patients corrected for deranged PT/INR values 

using accepted transfusion thresholds. 

 

 In order to correct a deranged INR, FFP is often transfused. The exponential 

relationship of coagulation factors on PT/INR is not always appreciated. It has been 

shown that FFP is unable to contribute sufficient coagulation factors to correct 

PT/INR by 50% in most cases, even for mildly prolonged PT/INRs .
135 

Making a 

defined cut-off will be challenging, as the INR varies between laboratories in 

patients with liver disease. The R Time on TEG may therefore be a better reflection 

of true bleeding potential than INR. Prolongation of the R time in the absence of 

excess anticoagulants is only usually seen once the procoagulant levels are less than 

the haemostatic level of 30% .
136 

 

CRYOPRECIPITATE  

 Cryoprecipitate is a rich source of FI, FVIII, vWF and FXIII. One unit of 

cryoprecipitate per 10 kg body weight raises the plasma fibrinogen concentration 

by approximately 50 mg/dl particularly in the absence of continued consumption or 
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massive bleeding.
132

 When there is unavailability of cryoprecipitate , the fibrinogen 

concentrate is used for the management of hypofibrinogenemia. 
133 

 

PLATELETS 

 Platelets should be administered in the setting of clinically significant 

bleeding. One SDP produce an average equivalent of 6-10 units(3-5X10
11

)platelets 

of RDP at one time.Target platelets level of 50,000/mm3 can be carefully 

recommended.
130 

 

 A systematic quantification of TEG parameter changes after blood 

component transfusion suggested that 1 unit of platelets decreased the r-time by 

0.43 minutes, raised the α-angle by 1.5°, and raised the maximum amplitude of clot 

formation by 1.4 mm. Although not standardized across transplantation centers, 

recommendations for correction of TEG parameters are 2 units of plasma for an r-

time greater than 15 minutes,10 units of platelets for a maximum amplitude less 

than 40 mm, and 6 units of cryoprecipitate for an α-angle less than 40–45°.
2  

 

TRANSFUSION ALGORITHM 

Transfusion algorithm was obtained from the kang algorithm.
2
 

 

 

Figure No:10 Kang‟s Transfusion Algorithm. 
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 Transfusion algorithm made for perioperative bleeding management for 

coagulation in liver transplant recipients. Grading of  Recommendations 

Assessment and Evaluation (GRAD) approach. Quality of Evidence was 

determined to be: High (Level I), Moderate (Level II), Low (Level III), and Very 

Low (Level IV). Recommendations for management (A, B, C and D) were made 

based on quality of evidence presented in available studies and assessment of the 

balance between desirable and undesirable effects.
130 

 

Coagulation 

Monitoring 

Criteria for FFP 

Replacement 

Criteria for 

Fibrinogen 

Replacement 

Criteria for 

Platelet 

Replacement 

Teg 
Heparinase TEG R 

Time>14 mins 
α Angle < 45 deg.

 5
 MA < 40 mm.

 5
 

Evidence II C II C II C 

Routine 

coagulation test 

INR > 1.4 or 

PT/PTT > 1.5 x 

normal (if no VET 

available.
 5,134

 

Laboratory 

fibrinogen < 1 

g/L.
134

 

Platelet count < 

50,000/mm3(if no 

VET available)
145

 

Evidence III C III B/ C II C 

Recommendations for blood component administration. All algorithms proposed 

are for clinical situations where there is clinically significant bleeding and absence 

of fibrinolysis. 

 

MASSIVE TRANSFUSION IN LIVER TRANSPLANTATION 

 Starzl‟s first hundred transplants averaged 26 units of red blood cells (RBC) 

during the operation.
78

 A more contemporary analysis of liver transplantation has 

demonstrated a marked reduction in blood product usage, averaging 14-17 units of 

RBC during the perioperative period.
137  

 

 Lawson et al
138 

hypothesize that preoperative TEG can be used to risk 

stratify patients for MT.The definition of MT in liver transplantation varies 
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throughout the literature and includes transfusion of  ≥6 units of packed red blood 

cells (pRBCs) within 24 hours of surgery
139

 or intraoperative transfusion of more 

than one body blood volume, >8 units of pRBCs
140

or >20 or >30 units of a 

combination of pRBCs and salvaged red blood cells (in equivalents of pRBCs.
54 

 

 Administration of red cell units to maintain Hemoglobin (Hb) levels at 8 

gm%; FFP (1 unit/20 kg) in case of hemorrhage associated with International 

normalized ratio (INR) >1.7; apheresis platelets to maintain platelet count >50 × 

10
3
/mm

3
 (>80 × 10

3
/mm

3
 in massive transfusion) and cryoprecipitate (1 unit/10 kg) 

for fibrinogen levels <100 mg/dl in case of ongoing bleed (<120 mg/dl in massive 

transfusion).
152 

                 

IMMUNOHEMATOLOGICAL BASIS OF TRANSPLANTATION 

 ABO grouping is still the primary test for organ donation and 

transplantation. The first and foremost step in graft rejection is the binding of anti-

A and anti-B antibodies to the endothelial cells. This leads to initiation of cycle of 

complement fixation, vascular damage, and thrombosis that leads to ischemia and 

rejection. Avoidance of splenectomy and its accompanying life-long risk of blood 

born infections has been possible in selected cases of patients with A2 donors.
142 

Livers do not require HLA matching or cross-matching. ABO incompatible liver 

transplants are less susceptible to hyperacute rejection than are other organs but the 

risk of eventual rejection is still high.
143 

 

 Following ABO minor mismatched solid organ transplant, plasma 

components should be of recipient‟s ABO group (1C). 
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 Following ABO major mismatched solid organ transplant, plasma should be 

of donor‟s ABO group until organ accommodation (usually 4 weeks after 

transplant)(1C).
 

 Following ABO bidirectional mismatched solid organ transplant, group AB 

plasma should be given until organ accommodation (usually 4 weeks after 

transplant) (1C).
144 

 

  



Materials and Methods 
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MATERIALS & METHODS 

 
 This is a Descriptive study done on the patients posted for liver 

transplantation surgery in the Tertiary care hospital, Stanley medical college and 

Hospital, Chennai, Tamilnadu. 

 

 As limited number of cases posted for transplant , purposive sampling 

carried out. 13 cases are included in our study.The study was done over a period of 

one year from August 2018- July 2019. 

 

STUDY POPULATION 

 All the patients with end stage liver disease posted for liver transplantation 

and monitored by thromboelastography along with RCoT for appropriate use of 

blood components during intraoperative  period 

 

AREA OF STUDY 

 Tertiary care hospital, Stanley Medical College and Hospital, Chennai, 

Tamilnadu. 

 

DATA COLLECTION 

 After getting the informed consent from the patients, the clinical history of 

the liver ailments, baseline routine coagulation parameters, series of 

thromboelastrographs  which performed during the three phases of surgery even till 

the 2 hrs of reperfusion of transplanted liver achieved with hemostasis balance 

along with the intraoperative routine coagulation parameters from the Tertiary Care 

Hospital, Stanley Medical College and Hospital and The Tamil Nadu Dr. M.G.R. 

Medical University, Chennai, Tamilnadu.  
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METHODOLODY 

 Information about the patients which includes name, age, sex, IP number, 

personal history, MELD score, CTP score , blood grouping and Rh typing,clinical 

diagnosis of the patient will be obtained from In-Patient case sheet.  

 

CTP score asessed with the following parameters 

 
POINTS 

1 2 3 

Bilirubin (mg/dL) < 2 2-3 > 3 

Albumin (g/dL) > 3.5 2.8-3.5 < 2.8 

PT (sec prolonged) 

or INR 

< 4 

< 1.7 

4-6 

1.7-2.3 

> 6 

> 2.3 

Encephalopathy None 
Grade 1-2 

(or precipitant-induced) 

Grade 3-4 

(or chronic) 

Ascites None 
Mild/Moderate 

(diuretic-responsive) 

Severe 

(diuretic-refractory) 

 

CTP score is obtained by adding the score for each parameter. 

CTP class : 

 A  = 5-6 points 

 B  =  7-9 points 

 C  =  10-15 points 

   

MELD score are assessed with the following formula 

9.57×loge (Creatinine mg/dl)+3.78×loge (Bilirubin mg/dl)+11.20×loge (INR)+6.43  

 

 Blood samples from the transplant recipients are tested for  preoperative 

hemoglobin (Hb) concentration, hematocrit, followed by baseline  platelet count, 

prothrombin time (PT) with international normalized ratio (INR) activated partial 

thromboplastin time (aPTT) and fibrinogen after the induction and before the skin 

incision respectively. 
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GENERAL PROCEDURE 

 After getting the informed consent, the transplant recipients  posted for the 

deceased donor liver transplantation procedure. Arterial catheter inserted for 

arterial blood gas analysis and  well as lactate and blood glucose level 

measurements were performed every hour. After implementing the monitoring by 

5-lead electrocardiograph, pulse oximeter, noninvasive blood pressure monitor and  

radial artery catheter, the administration of general anesthesia as follows :-the 

induction of anesthesia was carried out  in all patients with a rapid sequence of 

propofol, 2 to 3 mg/kg,fentanyl, 3 to 5 mg/kg, and cisatracurium .General 

anesthesia was maintained with sevaflurane and repeated doses of cisatracurium. A 

pulmonary artery catheter  also placed to measure cardiac output. All surgical 

procedures were deceased  donor liver transplantation which can be performed by a 

group of expertise from anaesthesia and surgery. 

 

SAMPLE COLLECTION AND PREPARATION 

 After aseptic precautions, about 6 ml of fresh whole blood can be collected 

with thin arterial catheter. Samples should be taken from unheparinized arterial 

cathether after removing 10 ml if the patient is heparinized. Around  1 ml of non 

anticoagulated fresh blood taken for TEG measurements. Remaining 5 ml of the 

freshly drawn blood should be for CBC measurements and all routine coagulation 

studies. 

 

Coagulation samples were taken at the following points during the surgery 

1. Baseline TEG(after the induction and prior to the skin incision) 

2. preanhepatic phase after 120 minutes of skin incision 

3. 30 minutes into the anhepatic phase 
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4. 30 minutes into the reperfusion phase 

5. 120 minutes of Reperfusion phase 

 

 Along with the samples for routine coagulation test platelet count, PT&INR, 

aPTT, serum fibrinogen also assessed till the balanced  reperfusion of transplanted 

liver achieved. 

 

THROMBOELASTOGRAPH MONITORING 

 Around  1 ml of non anticoagulated fresh blood taken for TEG tracings with 

aseptic precautions. Thromboelastograph or TEG is a global viscoelastic test with 

point of care testing for evaluating the coagulation defects by assessing the 

functional and physical properties of the clot .  TEG  tracings done with 

Haemoscope TEG 5000 Haemostasis Analyser. 

 

 0.36 µl of kaolin activated fresh whole blood is kept in the oscillating pre 

warmed cup at 37ºc . Each sample was run for a total of 30 minutes to determine 

whether fibrinolysis was present.  

 

 Different reagents such as kaolin, heparinase are used for TEG monitoring. 

In my study all of the blood samples which underwent monitoring are kaolin 

activated non citrated fresh whole blood. 

 

OPERATIVE PROCEDURE 

 Switch on computer, monitor and printer and the TEG Analyser using the 

green power button  

 Check that the bubble on top of the TEG Analyser is in the centre of the 

circle  
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 Before proceeding  the blood sample for  every case of the transplantation 

surgery, Kindly ensure the Quality check for reproducibility and precision 

results. 

 Reagent kaolin tubes (Haemoscope Corp) should be brought to room 

temperature before use.  

 Select the appropriate channel and lever in the loading position when the 

cuvette with pin is placed. 

 Raise the carrier for suspension of the pin.  

 Press gently thrice after lifting the carrier to push the pin to the spindle. 

 Ensure the suspension of pin by checking the lever half way down the table . 

 Prewarming of the cuvette at 37ºc is mandatory before initiating the test. 

 About  1 ml of fresh non anticoagulated whole blood collected from the 

arterial catheter. 

 1 mL of blood was added to a vial with kaolin which containing 1% kaolin 

assay . 

 Gently invert the tube 3-4 times for uniform mixing of blood. 

 20µl of 0.2M calcium chloride added with 340 µl of kaolin activated fresh 

blood. 

 360 µl of kaolin activated fresh blood should be loaded in the oscillating 

prewarmed cuvette immediately  with a calibrated pipette.  

 Analysis  should be started within 4 mins of sample preparation if tested 

blood is non citrated..  

 Raise the carrier, move the lever to the test position and press start on the 

screen 
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 Data may be entered before a blood sample has been obtained or after it has 

been loaded into the TEG and monitoring has started.  

 The  graph recorded in the computer software TEG.5000 Haemostasis 

system version 4.2. 

 The graph records the following parameters at the coagulation points 

Parameters 

Normal 

reference 

values 

Baseline 

TEG 

Pre-

anhepatic 

120 

minutes 

30 mins 

into 

Anhepatic 

phase 

30 mins into 

Reperfusion 

phase 

120 mins 

into 

Reperfusion 

phase 

R time 4-8 mins 

To correlate the coagulation parameters of  

TEG with the RCoT in the intraoperative period. 

K time 0-4 mins 

Alpha angle 
47-74 

degrees 

Max 

amplitude(MA) 

(54-

72)mm 

Lysis at 

30mins(LY30) 
0-8% 

 

Coagulation samples were taken at the following points during the surgery 

1. Baseline TEG(after the induction and prior to the skin incision) 

2. preanhepatic phase after 120 minutes of skin incision 

3. 30 minutes into the anhepatic phase 

4. 30 minutes into the reperfusion phase 

5. 120 minutes of Reperfusion phase 

 Along with the samples for routine coagulation test platelet count, PT&INR, 

aPTT, serum fibrinogen also assessed till the balanced  reperfusion of transplanted 

liver achieved.  

 

ROUTINE COAGULATION TEST 

SAMPLE COLLECTION AND PREPERATION 

 Remaining 5 ml of fresh blood, separated into two parts. Around 2 ml of the 

blood sample is taken into a vacuum tube containing 2.0 mg/mL EDTA-2K and 
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preserved at 37˚C for baseline Haemoglobin and platelet with complete blood count 

analysis. For coagulation function studies 2.7ml blood sample is collected into a 

vacuum tube  containing sodium citrate (0.3ml of 3.2% sodium citrate) in a 9:1 

volume ratio. All tubes were mixed gently with inverting the tubes 4-5 times 

immediately after the blood drawn. 

 

 CBC will be done within 24h of sample collection. Coagulation studies 

should be performed ideally within 4 hours of sample collection, if there is any 

delay in performing the test at the appropriate time then the platelet poor plasma 

(PPP) is frozen at -20˚C for 2 weeks or at -70 ˚C for 6 months. PPP is prepared by 

double centrifugation at 1500 g for 15 minutes with supernatant separated. Care 

should be taken that the buffy coat should not be included.
67

 Once separated it is 

divided into 3 aliquots for different testing procedure. 

 

OPERATIVE PROCEDURE 

Complete blood count (CBC) 

 Haemoglobin (Hb) and platelet indices such as platelet count can be done by 

Sysmex XP-100 Haematology analyser.Clotting screen was done with Erba 

Transasia ECL 412. 

 

aPTT 

 Pre warm APTT reagent, CaCl2 at 37
0
c for at least 10 minutes 

 Pipette 100µl test plasma into test cuvette 

 Incubate exactly for 1 minute 

 Add 100µl of APTT reagent and incubate exactly for 3 minutes 

 Add 100µl of CaCl2  

 Record the clotting time in seconds 

 Normal range – 28-36secs 
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PT 

 Pre warm the PT reagent, CaCl2 at 37
0
c for at least 10 minutes 

 Pipette 100µl test plasma into test cuvette 

 Add 100µl of PT reagent to the test plasma 

 Incubate for 1-3 minutes 

 Add 100µl of CaCl2  

 Record the clotting time in seconds 

 Normal range –  14-16 secs 

 

INR-International normalized ratio. 

 The results are expressed as a mean of the duplicate reading in seconds, both 

mean of the patient time and mean of the normal control time; the results are 

always interpreted with INR (International Normalized Ratio).  

 INR=      Prothrombin Time (PT) of test plasma  

 Mean Normal Prothrombin Time (MNPT)  

 Normal range –  0.8-1.1. 

 

S.Fibrinogen assay 

 1/5, 1/10, 1/15 and 1/20 dilutions of Standard test plasma was prepared with 

imidazole buffer 

 Pipette 0.2 ml volumes of each dilution into glass clotting tubes. 

 Warm the test tubes at 37
o
C for 2 minutes. 

 Add 0.2 ml thrombin (30 u/ml) and time the clot formation with a stopwatch 

 Plot the mean clotting time versus fibrinogen concentration on log/lin graph 

paper.        

 Take the 1/10 dilution to represent the standard value. 
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 Warm test plasma diluted (1/10 dilution) in imidazole buffer at 37
0
c for 2 

minutes 

 Add 0.2 ml of Thrombin reagent to diluted test plasma 

 Clotting time matched S.fibrinogen concentration from the standard 

fibrinogen curve is noted.  

 Normal range –180-350 mg/dl 

 

 Intra-operative standard routine coagulation test laboratory values at the 

same following points as described above  in TEG measurements 

 

 

  

Parameters 

Normal 

reference 

values 

Baseline 

 

Pre-

anhepatic 

120 

minutes 

30 mins 

into 

Anhepatic 

phase 

30 mins into 

Reperfusion 

Phase 

120 mins 

into 

Reperfusion 

phase 

Platelet 

count 

1.5-

4lakhs/cu.mm 

 

 

PT 14-16 secs 

INR 0.8-1.1 

Aptt 28-36 secs 

Fibrinogen 180-350mg/dl 
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THROMBOELASTOGRAPHY                             ROUTINE COAGULATION 

          TEST 

 

 

 

 

                                                          

 

 

                                        BASELINE 

TEG &RCoT After induction before the skin incision 

PRE-ANHEPATIC PHASE 

TEG &RCoT 

120 minutes 

After skin incision 120 minutes into the 

dissection phase 

ANHEPATIC PHASE 

TEG &RCoT 

30 mins 

Occlusion of hepatic vasculature to 

reperfusion of new liver 

REPERFUSION PHASE 

TEG & RCoT 

30 mins Followed by 120 minutes of 

reperfusion 

Reperfusion of new grafted liver 

  

 

  

 

 

 

Platelet count, 

Prothrombin time 

(PT),INR 

Fibrinogen, aPTT 

R Time, K Time, α 

angle, Maximum 

amplitude,LY30. 
 

TRANSPLANT RECIPIENTS  POSTED FOR DECEASED 

DONOR LIVER TRANSPLANTATION SURGERY 

CORRELATE BETWEEN 

COAGULATION PARAMETERS 

AND EVALUATE THE BLOOD 

COMPONENT UTILIZATION IN 

LIVER TRANSPLANT SURGERY 

TEG and Routine coagulation test done 

during every phase of surgery in DDLT 
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INCLUSION CRITERIA 

 All the patients who are posted for liver transplantation surgeries with 

decompensated liver disease or end stage liver failure such as 

a. Liver cirrhosis 

 H/O Hepatitis,Ethanol related decompensated  liver disease. 

b. Metabolic conditions 

 Wilson disease,hemochromatosis,glycogen storage diseases 

c.Hepatic Malignancy 

d.cryptogenic cirrhosis 

  

EXCLUSION CRITERIA 

Age more than 70 yrs 

H/O pre existing coagulation defects not related to liver etiology  

Those patients who are not  willing to participate in the study. 

           

Transfusion  

Components Baseline 
Pre 

anhepatic 
Anhepatic Reperfusion Total 

FFP 

 

To correlate the coagulation parameters of TEG and RCoT with 

blood component usage in the intraoperative period 

Platelets(SDP) 

RDP 

Cryoprecipitate 
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Transfusion Criteria - Blood components followed  in our institution 

Coagulation 

Monitoring 

Criteria for FFP 

Replacement 

Criteria for 

Fibrinogen 

Replacement 

Criteria for 

Platelet 

Replacement 

Kaolin teg R Time>10 mins.
5
 

Alpha angle < 45 

degrees.
5
 

MA<30mm.
2
 

Routine 

coagulation test 

INR more than 

1.5.
5,134

 

Fibrinogen < 1 

g/L.
134

 

Platelet count < 50 

Χ10
9
/L.

145
 

Taken in account with clinical correlation such as surgical field bleeding is 

indicated for initiation of transfusion. 

 

 If the LY30 below 3%,Antifibrinolytics can be administered. If LY30 above 

3%, the blood component transfusion should be done in accordance with clinical 

correlation. 

 

STATISTICAL ANALYSIS 

 The collected data were analysed with IBM. SPSS statistics software 23.0 

Version. The data were described with the descriptive statistics frequency analysis, 

percentage analysis were used for categorical variables and the mean & S.D were 

used for continuous variables. To find the significant correlation between the TEG 

derived clotting variables and RCoT ,bivariate analysis spearman Rho correlation 

coefficient used. Sig (2 tailed) values with spearman Rho correlation coefficient 

used to determine the significance between coagulation parameters and blood 

component usage . In all the above statistical tools the probability value 0.05 is 

considered as significant level.  

  



Results 
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RESULTS 

 

TABLE 1 

DISTRIBUTION OF GENDER AMONG TOTAL TRANSPLANT CASES 

 

 In our prospective study, all recipients posted for liver transplant are deceased 

donor liver transplant, of which 85% of our cases are males and 15% of them are females 

 

                         

GENDER TOTAL(n=13) PERCENTAGE 

FEMALE 2 15.4 

MALE 11 84.6 

 

                                                                                                                                             

 

 

 

Figure no:11 

                            

 

 

15.4 

84.6 

GENDER 

FEMALE

MALE
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TABLE 2 

 

DISTRIBUTION OF BLOOD GROUPING AND Rh TYPING AMONG TOTAL 

RECIPIENTS FOR TRANSPLANT 

          

 All recipients are 100%ABO group compatible with the donor. Majority  of the 

recipients are O Positive in our study 

 

BLOOD GROUPING &Rh TYPING NO OF CASES(n=13) PERCENTAGE 

O POSITIVE 6 46.2 

B POSITIVE 4 30.8 

A POSITIVE 2 15.4 

AB POSITIVE 1 7.7 

               

                

 

 
 

Figure no:12 

 

 

 

 

  

46% 

31% 

15% 
8% 

BLOOD GROUPING & Rh TYPING 

O POSITIVE

B POSITIVE

A POSITIVE

AB POSITIVE
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TABLE 3 

DIAGNOSTIC DISTRIBUTION AMONG TOTAL TRANSPLANT CASES 

 

 In our study, Wilson disease being the first cause followed by alcohol DCLD, 

Crytogenic DCLD, Viral and Buddchiari syndrome 

 

DIAGNOSIS NO OF CASES(n=13) PERCENTAGE 

WILSON DISEASE 4 30.5 

ALCOHOL DCLD 3 23.1 

CRYPTOGENIC DCLD 3 23.1 

HbsAg/ALCOHOL DCLD 1 7.7 

HCV DCLD 1 7.7 

Budd chiari syndrome 1 7.7 

                

 

 

 
 

Figure no:13 

 

 

31% 

23% 

23% 

7% 

8% 
8% 

DIAGNOSIS 

WILSON DISEASE ALCOHOL DCLD CRYPTOGENIC DCLD

HbsAg /ALCOHOL DCLD HCV DCLD Budd chiari syndrome
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TABLE 4 

GENDER WISE DIAGNOSTIC DISTRIBUTION AMONG TOTAL 

TRANSPLANT CASES 

 

 Wilson disease equally shared between males and females (out of 4 cases-2 are 

males, 2 are females) 

 

Diagnosis 
Wilson  

disease 

Alcohol  

DCLD 

Cryptogenic  

DCLD 

HBsAg /  

Alcohol  

DCLD 

HCV  

DCLD 

Budd 

Chiari 

syndrome 

MALE 2 3 3 1 1 
 

1 

FEMALE 2 0 0 0 0 
 

0 

 

 

 
 

Figure no:14 

 

 

  

0

0.5

1

1.5

2

2.5

3

N
O

 O
F 

C
A

SE
S 

DIAGNOSIS 

MALE

FEMALE



65 

 

 

 

TABLE 5 

DISTRIBUTION OF PORTAL HYPERTENSION AMONG TOTAL 

TRANSPLANT CASES PRIOR TO PROCEDURE 

 

 Out of 13 cases, 46.2%(n=6) cases of DCLD  with Portal hypertension underwent 

transplant in our study 

 

DCLD NO OF CASES(n=13) PERCENTAGE 

WITH PHT 6 46.2 

WITHOUT PHT 7 53.9 

 

 

 

 

                

 
 

 

Figure no:15 

 

              

  

46% 

54% 

DCLD 

WITH PHT

WITHOUT PHT
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TABLE 6 

 

Descriptive Statistics 

PARAMETERS Minimum Maximum Mean Std. Deviation 

AGE(Yrs) 16 68 37.9231 16.06996 

MELD score 12 30 20.3846 5.90958 

Preoperative Hb(12-16g/dl) 7 12 9.8354 1.83010 

Preoperative Hct(35-45)% 21 36 28.5077 5.43897 

Preoperative 

Platelet count(150-450x10
9
/L) 

 

34 

 

105 

 

67.8 

 

27.67 

Preoperative PT(14-16)secs 14 31 18.3 5.558 

Preoperative INR(0.8-1.1) 1.1 2.5 1.59 0.47 

Preoperative aPTT(28-36)secs 28 69 44.07 12.3 

Preoperative 

Fibrinogen(180-350mg/dl) 
123 388 234.6 75.07 

Duration of surgery (mins) 390 600 475 68 

 

 

TABLE 7 

 

Spearman correlation coefficients between the values of 

BASELINE TEG (R, K, α, MA and LY30) and those of RCoT (PLT, PT, aPTT and 

fibrinogen) 

                         CORRELATION COEFFICIENTS OF TEG &RCoT 

BASELINE 

correlation 

coefficient 
PLT PT aPTT FIBRINOGEN 

R time .254 .607
*
 .576

*
 -.562

*
 

K time -.117 .779
**

 .421 -.448 

α ANGLE .129 -.664
*
 -.437 .264 

MA .938
**

 -.269 .176 .132 

LY30 .282 .044 -.111 .437 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 



67 

 

 

 
 

Figure no:16(a)PT & aPTT showing positive 

correlation with R time. 

Figure no:16(b)Fibrinogen showing inverse 

correlation with R time. 

 

  

Figure no:16(c) PT showing positive 

correlation with K Time.   

Figure no:16(d)PT showing negative 

correlation with α angle 

 

 
 

Figure no:16(e)Maximum amplitude reflecting the positive association  

with platelet count. 

 

Figure no:16(a,b,c,d,e) shows the scatter diagram in correlation -baseline TEG & RCoT 
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TABLE 8 

Spearman correlation coefficients between the values of  TEG (R, K, α, MA and LY30) 

and those of RCoT (PLT, PT, aPTT and fibrinogen) in the pre-anhepatic phase 

                  CORRELATION COEFFICIENTS OF TEG &RCoT 

2 hrs into PRE-ANHEPATIC PHASE 

correlation coefficient PLT PT aPTT Fibrinogen 

R .246 .533 .366 -.008 

K .042 .463 .078 .289 

α ANGLE -.077 -.411 -.106 -.102 

MA .767
**

 .192 .286 .018 

LY30 -.233 -.305 -.419 -.448 

 

*. Correlation is significant at the 0.05 level (2-tailed). 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

TABLE 9 

Spearman correlation coefficients between the values of TEG (R, K, α, MA and LY30) 

and those of RCoT (PLT, PT, aPTT and fibrinogen) in the anhepatic phase 

                          CORRELATION COEFFICIENTS OF TEG &RCoT 

30 mins into Anhepatic phase 

correlation coefficient PLT PT aPTT Fibrinogen 

R .061 .508 .667
*
 -.528 

K -.011 -.081 .438 -.718
**

 

α ANGLE .311 -.034 -.625
*
 .867

**
 

MA .471 -.109 -.509 .419 

LY30 -.191 -.168 -.652
*
 .119 

  

*. Correlation is significant at the 0.01 level (2-tailed). 

**. Correlation is significant at the 0.05 level (2-tailed). 
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Figure no: 17(a) Maximum amplitude 

reflecting the positive association  

with platelet count. 

Figure no:18(a) R time shows positive 

correlation with aPTT . 

  

 

  

Figure no:18(b)K time shows negative 

correlation with Fibrinogen 

Figure no:18(c) α angle shows positive 

correlation with Fibrinogen . 

 

 

Figure no:17(a) and18(a,b,c) shows the scatter diagram of correlation of TEG & RCoT 

in preanhepatic phase and 30 minutes into anhepatic phase respectively. 
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TABLE 10 

 

 Spearman correlation coefficients between the values of TEG (R, K, α, MA and 

LY30) and those of RCoT (PLT, PT, aPTT and fibrinogen) in the Reperfusion phase(30 

mins). 

CORRELATION COEFFICIENTS OF TEG &RCoT 

         

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

 

 
 

Figure no:19(a)K Time inversely correlated 

with Fibrinogen 

Figure no:19(b)R Time inversely correlated with 

Fibrinogen 
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R TIME(4-8)mins 

30 mins into Reperfusion 

30 mins into Reperfusion phase 

correlation coefficient PLT PT aPTT Fibrinogen 

R -.333 .366 .396 -.588
*
 

K -.270 .274 .310 -.615
*
 

α ANGLE .352 -.091 -.313 .731
**

 

MA .770
**

 -.197 -.199 .560
*
 

LY30 .269 -.091 -.355 .268 
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Figure no:19(c)α angle shows positive 

correlation with Fibrinogen 

Figure no:19(d)Maximum amplitude reflecting 

the positive association with platelet count and 

Fibrinogen. 

 

 

 Figure no:19(a,b,c,d) shows the scatter diagram in correlation of TEG & RCoT -

30 minutes into Reperfusion phase. 

TABLE 11 

Spearman correlation coefficients between the values of TEG (R, K, α, MA and LY30) 

and those of RCoT (PLT, PT, aPTT and fibrinogen) in the Reperfusion phase(120 mins). 

 

CORRELATION COEFFICIENTS OF TEG &RCoT 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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30 mins into Reperfusion 

PLT

FIBRINOGEN

2 hrs into Reperfusion phase 

correlation coefficient PLT PT aSPTT Fibrinogen 

R 0.344 0.442 -0.294 -0.127 

K -0.113 0.237 -.843** -0.036 

α ANGLE 0.377 -.601* 0.297 .616* 

MA .561* -0.329 .657* .715** 

LY30 -0.268 -0.195 -0.244 -0.268 
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Figure no:20(a)α angle shows inverse 

correlation with PT 

Figure no:20(b)Maximum amplitude    

positively correlates with platelet count and 

fibrinogen. 

 

 
 

Figure no:20(c) K Time shows negative 

association with aPTT 

Figure no:20(d) α angle shows positive 

correlation with Fibrinogen 

 

 

 Figure no:20(a,b,c,d) shows the scatter diagram in correlation of  TEG & RCoT 

(120 minutes(2hrs) into Reperfusion phase) 
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TABLE 12 

CHANGES IN TEG & RCOT VALUES THROUGHOUT THE INTRAOPERATIVE 

PERIOD OF LT INTERVENTION WITH COMPONENT UTILIZATION 

ADMINISTRATION OF COMPONENTS AND CORRECTION OF TEG VALUES WITH RCoT  CORRELATION 

IN INTRAOPERATIVE PERIOD 
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1 5.2 3.2 
53

.7 

66.

5 

21

.3 

31.

3 
78.6 45 33 48 

36/

3 

14/ 

1.1 
180 200 

Hyperfibrinolysis in 

anhepatic & reperfusion 

phase, with reduced MA 

corrected with elevation 

of platelet count 

increased fibrinogen by 

administration of 

platelets, FFP & 

Cryoprecipitate 

2 27.8 1.8 
    

  45 77 
40/

3.3 

20/ 

1.7 
75 255 

Coagulopathy in 

preanhepatic phase with 

reduced platelets and 

fibrinogen in RCot 

corrected with 

FFP&platelets 

2 1.8 4.6 75 
61.

3 

51

.8 

53.

6 
9.9 0.4 77 83 

20/ 

1.7 

14/ 

1.1 
255 188 

Hyperfibrinolysis in 

anhepatic phase and 

reduction of INR 

observed with FFP 

administration 

4 7.3 2.3 
54

.6 

68.

8 

46

.9 

73.

7 
16.4 2.8 115 121 

22/ 

1.8 

16/ 

1.3 
223 255 

Hyperfibrinolysis with  

increased LY30 

&decreased 

MA(probably platelet 

dysfunction due to tPA ) 

in the anhepatic phase 

with normal platelet 

count 

5 13.6 3.8 34 
68.

8 
44 

52.

4 
12 3.1 47 85 

22/

1.8 

12/ 

1 
200 210 

Reduced α angle and 

increased R time 

increased Ly30 and 

normal s.fibrinogen with  

ffp, cryoprecipitate 

Decreased MA and plt 

count corrected with 

components 

platelet(RDP) 
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.3 
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4 
36 

48.

5 
0 0 34 65 

21/ 

1.7 

18/ 

1.5 
108 148 

Increased R Time and 

Decreased alpha angle in 

anhepatic phase 

corrected with FFP& 

Cryoprecipitate. 

Decreased MA corrected 

with SDP with increase 

in both MA and Plt count 

7 4.2 3 68 76 
43

.3 

65.

3 
7.8 2.5 51 78 

22/ 

1.8 

15/ 

1.1 
255 340 

Reduced MA  in end of 

preanhepatic phase with 

LY30   corrected with 

SDP &Cryoprecipitate  

administration. 

8 9.3 6.7 
22

.9 

44.

7 
53 

65.

8 
0 0 139 106 17 15 95 210 

Reduced α angle and 

increased R time as PT 

shows normal range 

before transfusion 

reduced fibrinogen 

corrected with  FFP & 

cryoprecipitate in 

reperfusion phase 

9 3.1 5.6 64 
68.

3 

31

.6 

41.

2 
0 0 36 49 

18/ 

1.5 

14/ 

1.1 
286 332 

Reduced MA and Plt 

count increased with 

SDP 

11 3.9 4.2 
64

.5 

47.

6 

47

.1 
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1 
17.8 3.1 70 70 

18/ 

1.5 

14/ 

1.1 
200 210 

Hyperfibrinolysis in the 

reperfusion phase with 

reduced MA corrected 

with FFP 

12 11.8 6.4 
22

.1 

53.

1 
32 

54.

8 
0 0 88 91 

34/ 

2.8 

22/ 

1.8 
90 195 

Increased R time , 

Reduced α angle,MA in 

the anhepatic phase 

corrected with FFP & 

cryoprecipitate 

13 5 7 
45

.2 

41.

2 
31 

36.

7 
0 0 34 44 

22/

1.8 

14/

1.1 
300 255 

Reduced MA and Plt 

count in the reperfusion 

phase increased with 

SDP 

 

 Although this individual TEG values shows correction of lower transfusion trigger 

values or over correction in some cases, its due to effect of continued component usage for 

associated additional TEG values abnormalities 
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 Changes In TEG values Throughout The Intraoperative Period Of Liver 

Transplantation  Intervention With Component Utilization Shown As A Chart Below. 

 

  

Figure no:21(a) Figure no:21(b) 

 

  

Figure no:21(c) Figure no:21(d) 

 

Figure no:21(a,b,c,d) shows the administration of components in each case and correction of 

TEG values(different phases) in intraoperative period. 
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CORRELATION OF RCoT WITH TEG IN INTRAOPERATIVE PERIOD 

 Platelet count was less than 50x10
9
/l in 11(20%) phases out of 55 phases in 

11 cases (each case was observed in 5 phases) in the intraoperative period. 

However, in only 5(9%) phases  MA in TEG were found to be significant,thereby 

avoided  unnecessary transfusion of platelets . 

 

 INR was more than 1.5 in 26(47.2%) phases out of 55 phases in 11 cases 

(each case was observed in 5 phases) in the intraoperative period. However, in only 

9(16%) phases R Time in TEG were found to be significant, thereby avoided  

unnecessary transfusion of FFP. 

 

 Fibrinogen was less than 180 mg/dl  in 17(30.9%) phases out of 55 phases in 

11 cases (each case was observed in 5 phases) in the intraoperative period. 

However, in only 7(12. 9%) phases alpha angle   in TEG were found to be 

significant, thereby avoided  unnecessary transfusion of FFP & cryoprecipitate.  

 

TABLE 13 

DISTRIBUTION OF TRANSFUSION AMONG TOTAL TRANSPLANT 

CASES 

 In our study,2 cases out of 13 cases in liver transplant underwent bloodless 

surgery. 

TRANSFUSION NO OF CASES(n=13) PERCENTAGE 

PRESENT 11 77.7 

NIL 2 22.3 
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Figure no:22 

 

 

TABLE 14 

 The table shows the mean TEG values of our 2 cases within normal 

reference values  along with RCoT, underwent bloodless surgery. 

 

Mean of TEG &RCoT CASE 3 CASE 10 

R TIME(4-8)min 7.2 5.9 

PT(14-16) 17 23.2 

K TIME(0-4)min 3 2.78 

INR(.8-1.1) 1.4 1.8 

α ANGLE(47-74)degrees 55.36 52.4 

APTT(28-36)secs 40 53 

MA(54-72)mm 59.8 56.26 

PLT COUNT(1.5-4L/µl) 138200 71200 

LY30(0-8)% 0.7 0 

FIBRINOGEN(180-350)mg/dl 239.8 181.6 

 

  

  

78% 

22% 

TRANSFUSION 

PRESENT

NIL
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TABLE 15 

MEAN OF BLOOD COMPONENTS DURING INTRAOPERATIVE 

PERIOD OF LIVER TRANSPLANTATION 

 

PARAMETERS Minimum Maximum Mean Std. Deviation 

Prbc .00 21.00 6.7273 7.04402 

FFP .00 19.00 5.0000 5.49545 

CRYO .00 18.00 4.7273 4.88039 

SDP .00 4.00 1.3636 1.50151 

RDP .00 3.00 .3636 .92442 

 

BLOOD COMPONENT (IN UNITS)  DURING INTRAOPERATIVE 

PERIOD OF LT 

 

 
 

Figure no:23 
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TABLE 16 

 Spearman correlation coefficients between the values of  Blood components 

(FFP, CRYOPRECIPITATE, SDP, RDP)in units and those of TEG (R, K, α, MA 

and LY30)  

 

 In our study with transfusion of blood components in 11 cases,LY30 shows 

positive  association with the utilization of cryoprecipitate. SDP shows negative 

association with MA and Platelet,when there is reduced MA and platelet 

count,there will be a increased utilization of SDP. 

 

R TIME KTIME αANGLE MA LY30 

FFP 

CRYO 

SDP 

RDP 

0.317 

0.235 

-0.042 

-0.337 

-0.184 

0.189 

0.118 

-0.135 

0.179 

0.226 

-0.175 

0.040 

-0.428 

0.055 

-.717
*
 

-0.216 

0.285 

.653
*
 

-0.051 

-0.152 

 

 

TABLE 17 

 Spearman correlation coefficients between the values of  Blood  components 

(FFP, CRYOPRECIPITATE, SDP, RDP) in units and those of RCoT (PLT, 

PT,INR and fibrinogen) 

 

 PLT COUNT PT INR FIBRINOGEN 

FFP 

CRYO 

SDP 

RDP 

-0.184 

0.333 

-.717
*
 

-0.391 

0.323 

0.548 

-0.232 

-0.520 

0.331 

0.597 

-0.250 

-0.512 

-0.400 

-0.510 

0.241 

0.040 

 

*. Correlation is significant at the 0.05 level (2-tailed). 

**Correlation is significant at the 0.01 level (2-tailed). 
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Figure no:24 (a,b)shows abnormal TEG values and their correction with 

administration of appropriate components in the liver transplantation. 

 

 
 

 

 
 

 

 

  



Discussion 
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DISCUSSION 

 
 In our study on utilization of blood components based on TEG and RCoT values in 

13 cases of liver transplantation, we observed transfusion of blood components in 11(78%) 

cases, which is similar to a study done by Jabbour et al. 
153 

 

 The components used were mainly based on “R” Time, α angle, MA and LY30 

values. In 10 of the 11 cases, 55 units of FFP and 50 units of Cryoprecipitate components 

were used at different phases of liver transplantation to correct the altered values in TEG. 

12 units of FFP were used to correct R time, 2 units each of FFP and cryoprecipitate were 

transfused to correct decreased α angle, the remaining 12 units of FFP was used along with 

19 units of cryoprecipitate and 6 units of SDP to correct decreased α angle and MA values, 

29 FFP units along with 29 cryoprecipitate and 3 SDP units to correct imbalanced LY30 

values. 

 

 RCoT values represented in our study by  PT, aPTT, Fibrinogen level and platelet 

count matched with changes in TEG values except in 17 occasions in different phases PT 

and INR values did not match with R values in TEG, i.e., PT was prolonged and INR was 

increased while R time was normal. Similar to our study,  

 

 Krzanicki et al,in their study on 120 liver transplantation cases reported increased 

INR despite normal R Time in 27 occasions at different phases of transplantation.
105

 

Coakley et al, in their study on 20 cases of liver transplanted had reported poor agreement 

between the PT and TEG values in fulfilling FFP transfusion criteria.
149

 The reason for 

mismatch between R time and INR values in end stage liver disease cases  undergoing 

liver transplantation is explained by concomitant reduction in anticoagulant activity.
33 
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 In 7 cases with reduced MA value 1 case showed normal platelet count with 

hyperfibrinolysis represented by increased LY30. The probable reason for reduced MA 

and normal platelet count in this case could be due to the release of TPA from donor liver 

during reperfusion phase resulting in hyperfibrinolysis and proteolysis of GP Ib & IIb/IIIa 

resulting in platelet disaggregation.
154 

 

 In our study, 2 cases showed prolonged LY30 in anhepatic phase, correspondingly 

aPTT was also prolonged despite normal fibrinogen level. The values of LY30 and aPTT 

were corrected soon after FFP & Cryoprecipitate transfusion, which explains some amount 

deranged functional activity of fibrinogen (dysfibrinogenemia in end stage liver disease).
66 

 

TABLE 18 

MEAN UTILIZATION OF BLOOD COMPONENTS IN VARIOUS STUDIES OF 

LIVER TRANSPLANTATION 

STUDY 

CASES 

(n) 

Patients 

Prbcs 

MEAN 

(±SD) 

FFP MEAN 

(±SD) 

CRYO 

PRECIPITATE 

MEAN 

(±SD) 

PLATELETS 

MEAN 

(±SD) 

Our study 11 
6.72 

(±7.04) 
5.00  (±5.49) 

4.72 

(±4.88) 

1.36 

(±1.50) 

wang et 

al
134

2010 
14 14.2 (±7.1). 

12.8  

(±7.0) 

13.0  

(±10.3) 

27.3 

(±13.9) 

massicote et 

al
127

2004 
206 

2.8  

( ±3.5 ) 

4.1 

(±4.1) 
- 

0.41 

(±1.9) 

makroo et 

al
53

 2013
 152 

6.06 

(±3.70) 

8.38 

(±3.96) 
1.95(±2.49) 

0.49 

(±0.70) 

goldarecena 

et al 
6
2013 

88 
2 

(0-6)* 

9 

(0-16)* 
0(0-9)* 

0 

(0-15)* 

kang et al 
2
1985 

58 
17  

(± 12.9) 

18.3  

(± 12.5) 

17.2  

(± 8.5) 

20.8  

(± 12.8) 

*Represented by median (IQR) 

  



Summary 
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SUMMARY 

 

 This study done for correlation of TEG and RCoT and to assess the transfusion of 

blood components in the intraoperative period. 

 In our study ,in 13 cases of liver transplantation, we observed transfusion of blood 

components in 11(78%) cases. 

 In 10 of the 11 cases, 55 units of FFP and 50 units of Cryoprecipitate components were 

used at different phases of liver transplantation to correct the altered values in TEG. 

 12 units of FFP were used to correct R time, 2 units each of FFP and cryoprecipitate 

were transfused to correct decreased α angle 

 29 FFP units along with 29 cryoprecipitate and 3 SDP units to correct imbalanced 

LY30 values. 

 Remaining 12 units of FFP was used along with 19 units of cryoprecipitate and 6 units 

of SDP to correct decreased α angle and MA value 

 In 17 occasions in different phases PT and INR values did not match with R values in 

TEG, i.e., PT was prolonged and INR was increased while R time was normal.  

 The reason for mismatch between R time and INR values in end stage liver disease 

cases  undergoing liver transplantation is explained by concominant reduction in 

anticoagulant activity.
33

 

 In 7 cases with reduced MA value,, 1 case showed normal platelet count with 

hyperfibrinolysis represented by increased LY30,could be due to the release of tPA 

from donor liver during reperfusion phase resulting in hyperfibrinolysis and 

proteolysis of GP Ib & IIb/IIIa resulting in platelet disaggregation.
154 

 

 In our study, 2 cases showed increased LY30 in anhepatic phase, correspondingly 

aPTT was also prolonged despite normal fibrinogen level, maybe due to some amount 

deranged functional activity of fibrinogen (dysfibrinogenemia in end stage liver 

disease). 



Conclusion 

  



84 

 

 

CONCLUSION 

 

 In our study, appropriate use of blood components were determined by TEG 

values. In several occasions at various phases of liver transplantation, mainly during 

anhepatic and reperfusion phases,  RCoT values did not correlate with TEG values.   

 

 Since these deviant TEG values were also corrected soon after transfusion of 

appropriate components, the liver transplantation specialists had to depend on TEG rather 

than RCoT values.  

 

 Further, TEG is preferred for the want of short Turn Around Time. 

 

 Moreover, the overall deranged coagulation process found in the end stage liver 

disease is well represented by TEG rather than RCoT. 
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anhepatic 

phase
3 1 76 65.3 2.5 89000 22 1.8 38 340 ANHEPATIC 0 0 0 0 0

reperfusion 30 

mins
0.2 0.8 79.2 59.3 0.5 91000 12 1 27 402 REPERFUSION 0 2 0 1 0

reperfusion 

2hrs
14.1 7.6 33.6 40.2 0 93000 32 2.6 31 111 TOTAL 4 3 3 2 0

baseline 5.8 4 48 57.8 0 105000 16 1.3 42 252 INDUCTION 0 0 0 0 0

preanhepatic 3.8 2.2 55 65.3 0 136000 17 1.4 38 313 PREANHEPATIC 0 0 0 0 0

anhepatic 

phase
5.5 6.2 38.5 58.4 0 96000 14 1.1 34 135 ANHEPATIC 0 0 0 0 0

reperfusion 30 

mins
9.3 6.8 22.9 53 0 139000 17 1.4 35 95 REPERFUSION 0 2 2 0 0

reperfusion 

2hrs
6.7 1.1 44.7 65.8 0 106000 15 1.1 48 212 TOTAL 0 2 2 0 0
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4 0.9 61.4 54 0 49000 17 1.4 35 285 REPERFUSION 0 0 0 0 0

reperfusion 

2hrs
4.6 1.9 55.3 58.4 0 79000 15 1.1 43 222 TOTAL 3 0 0 1 3

baseline 9.6 2 51.2 54 0 92000 15 1.2 42 123 INDUCTION

preanhepatic 5.6 1.8 63.6 56.4 0 84000 32 2.6 57 221 PREANHEPATIC

anhepatic 

phase
0.2 4.7 48.7 60.9 0 78000 14 1.1 38 182 ANHEPATIC

reperfusion 30 

mins
9.4 3.8 45.1 46.6 0 62000 27 2.2 64 164 REPERFUSION

reperfusion 

2hrs
5.1 1.6 53.8 63.4 0 40000 28 2.3 68 218 TOTAL
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HB HCT
R TIME(4-

8)min

K TIME(0-

4)min

α ANGLE(47-

74)degrees

MA(54-

72)mm
LY30(0-8)%

PLT 

COUNT(1.5-

4.0 

L/cu.mm)

PT(14-

16)secs
INR(.8-1.1)

APTT(28-

36)secs

FIBRINOGE

N(180-

350)mg/dl

PRBC

(UNIT)

FFP 

(UNIT)

CRYO

(UNIT)

SDP

(UNIT)

RDP

(UNIT)

DURING SURGERY

RCoTDURATION 

OF 

SURGERY SURGERY

BLOOD & BLOOD COMPONENTS UTILISATION(units)TEG

STAGESS.NO HOSP NO AGE GENDER CTP MELD DIAGNOSIS
BLOOD 

GROUPING 
Rh TYPING

PRE 

OPERATIVE

baseline 6 3.1 59.8 60.4 0 1,06,000 19 1.6 49 202 INDUCTION 2 0 0 0 0

preanhepatic 3.7 1.4 69.3 56.1 0 98000 15 1.1 54 286 PREANHEPATIC 3 0 0 0 0

anhepatic 

phase
13.2 4.4 42.7 43.6 0 67000 32 2.6 65 190 ANHEPATIC 0 0 0 0 0

reperfusion 30 

mins
3.9 1.8 64.5 47.1 17.8 70000 18 1.5 66 200 REPERFUSION 0 2 6 0 0

reperfusion 

2hrs
4.2 2.1 47.6 50.1 3.1 70000 14 1.1 35 210 TOTAL 5 2 6 0 0

baseline 12.2 5.2 30 51 0 84000 31 2.5 69 130 INDUCTION 0 0 2 0 0

preanhepatic 3.2 1.2 73.1 58.5 0 94000 12 1 33 156 PREANHEPATIC 0 0 0 0 0

anhepatic 

phase
11.8 11 22.1 32.5 0 88000 34 2.8 53 90 ANHEPATIC 0 0 0 0 0

reperfusion 30 

mins
6.4 2.6 53.2 54.8 0 91000 22 1.8 38 195 REPERFUSION 0 4 4 0 0

reperfusion 

2hrs
6 1.3 56.2 57 0 95000 21 1.7 42 200 TOTAL 0 4 6 0 0

baseline 5 2.2 45.2 31 0 34000 22 1.8 41 300 INDUCTION 3 0 0 1 0

preanhepatic 7 5.2 41.4 36.7 0 44000 14 1.1 38 255 PREANHEPATIC 0 2 0 1 0

anhepatic 

phase
2.2 1.9 69.7 41.8 0 65000 14 1.1 22 300 ANHEPATIC 0 0 0 0 0

reperfusion 30 

mins
10.6 7.5 31 33 0 36000 21 1.7 26 184 REPERFUSION 0 1 2 2 0

reperfusion 

2hrs
6.6 6.6 33.9 34.1 6.4 55000 20 1.6 33 151 TOTAL 3 3 2 4 0
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