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Introduction 

Coagulation abnormalities are well described in patients with elevated levels of urea 

and/or creatinine secondary to renal failure. These range from hypercoagulable to 

hypocoagulable states due to a range of mechanisms well described in the literature. 

Conventional tests of coagulation such as INR and PTT do not adequately assess these 

disorders of coagulation. Thromboelastography (TEG®) has proven to be a suitable 

alternative test of coagulation that serves as a dynamic test of global coagulation 

including assessment of thrombus formation as well as its breakdown. TEG® and 

ROTEM® assesses the visco-elastic properties of blood in vitro to define in vivo 

coagulability. The standard of care in our institution to assess the bleeding risk in 

patients with renal failure (defined by a raised urea and/or creatinine level) presenting 

for a renal biopsy is to use the conventional tests of coagulation, including a bleeding 

time if their creatinine is above 300 µmol/L. The aim of this study is to evaluate the 

conventional standard laboratory tests of coagulation (including a bleeding time where 

available), TEG® and ROTEM® in assessing coagulation disorders in patients with 

elevated levels of urea and/or creatinine presenting for renal biopsy. 

 

Methodology 

Patients with elevated levels of urea and/or creatinine presenting for a renal biopsy will 

be identified by the nephrology team responsible for their medical management. Prior to 

the renal biopsy, these patients will be approached by the study team and reviewed for 

inclusion into the study. Informed consent will be obtained on agreement to participate 

in the study. We will collect a blood sample for the TEG® and ROTEM® and this test will 

be performed by a laboratory technician in the Department of Anaesthesia. The 

clinician/nephrologist performing the biopsy will not be influenced by the outcome of 

these viscoelastic tests. A convenience sample of a minimum of 25 patients with renal 

impairment presenting for a renal biopsy will be included in this study. 
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Results 

A total of 44 adult participants was entered into this observational study. Results for 1 

participant were excluded from this study as their biopsy was delayed, allowing their 

renal function to improve and return to normal with medical management on the day 

that they presented for a renal biopsy. 43 patients were worked up for a renal biopsy but 

only 38 patients proceeded to a renal biopsy. Of these, only 31 patients had a bleeding 

time performed on the day of their renal biopsy. The participants ages ranged from 24 to 

69 years and included 24 male and 19 female participants. Renal biopsies were 

cancelled by the consultant nephrologist in 5 patients on the day of their biopsy. Control 

samples, from 10 members in the Department of Anaesthesia, fell within the specified 

range of the various manufacturers. An interesting TEG® result was an average MA 

result of 74.22 mm (normal range 64 – 72 mm), which lies above the upper limit of 

normal. Two patients developed a small renal haematoma on ultrasound after the 

biopsy, with 1 of these patients also developing haematuria. 

 

Conclusion 

TEG® and ROTEM® provides a global assessment of coagulation and might be helpful 

in assessing coagulation defects in patients with elevated levels of urea and/or 

creatinine presenting for a renal biopsy, with possible extension to the surgical patient 

with abnormal renal function presenting for a surgical procedure to assess their risk of 

bleeding, especially in those who are being considered for a regional or neuraxial 

technique - as this could be an unacceptable risk in this population sub-group . 
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Part B: Study proposal 

As approved by the Departmental Research Committee (Addendum A) and the Human 

Research Ethics Committee of the University of Cape Town (Addendum B). 
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Background: 

It is well known that patients with renal impairment, either with acute kidney injury (AKI) 

or chronic kidney disease (CKD) have high levels of urea and other nitrogenous waste 

products circulating in their blood (Berns & Coutre, 2015; Soyoral et al., 2012; 

Stammers, Bruda, Gonano, & Hartmann, 1998). The range of coagulation 

abnormalities, from hypercoagulable to hypocoagulable states, due to several 

mechanisms (Boccardo, Remuzzi, & Galbusera, 2004) are well described in the 

literature (Berns & Coutre, 2015; Boccardo et al., 2004; Kaw & Malhotra, 2006; Soyoral 

et al., 2012; Stammers et al., 1998). Patients with renal impairment “may experience 

two opposite haemostatic complications: bleeding diathesis and thrombotic tendencies” 

(Boccardo et al., 2004). Bleeding may range from an insignificant bleed (such as 

purpura) to a serious gastro-intestinal haemorrhage complicating either AKI or CKD. 

With the introduction of dialysis and erythropoietin, bleeding complications have 

decreased (Berns & Coutre, 2015; Boccardo et al., 2004); however, it still impacts on 

clinical decision making. These patients can present for surgery and can be a challenge 

to the anaesthesiologist when considering possible interventions. 

Conventional tests of coagulation (e.g. bleeding time (BT), INR, PTT) assesses 

components of the coagulation cascade (Slaughter, 2010); however, they do not 

adequately assess coagulation abnormalities. Furthermore, they are purely plasma-

based tests and thus provide no information on the cell-based aspects of coagulation. 

These tests thus provide only isolated information on individual components of the 

coagulation cascade. Thromboelastography (TEG®) and rotational thromboelastometry 

(ROTEM®) have been shown to be suitable ex-vivo tests, serving as dynamic measures 

of in vivo coagulation. TEG® is a visco-elastic measure of coagulation and provides a 

global assessment of whole blood thrombus formation, stabilisation and fibrinolysis that 

reflects in vivo haemostasis. ROTEM® is a modification of the thromboelastogram. 

These tests provide the clinician with information on the “coagulation cascade, 

fibrinogen and the platelets” and their interaction “as an entire unit” (Timmermans, 

Dolmans, & Kahn, 2009) and can guide the replacement of blood and blood 

components in the surgical patient (Johansson, Bochsen, Stensballe, & Secher, 2008). 
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TEG® is generally performed on a single channel that is activated with a contact agent 

such as celite or diatomaceous earth. ROTEM® routine provides 4 channels: 

coagulation is stimulated with recombinant tissue factor (similar to the INR, but with 

cellular elements) called the EXTEM, ellagic acid (similar to the aPTT) called the 

INTEM, tissue factor plus cytochalasin to remove platelet components and assess the 

fibrinogen component only (FIBTEM), whilst the 4th channel can be used with 

heparinase or aprotonin to remove the effects of heparin or fibrinolysis (see below). 

Thus, ROTEM® may provide more information than TEG® alone, specifically with regard 

to the contribution of fibrinogen. 

TEG® was first described by Hartert in 1948 (Stammers et al., 1998; Whiting & DiNardo, 

2014) as a device that provided information about the nature of whole-blood 

haemostasis, thrombus strength and its breakdown. It provides information on both 

cellular and non-cellular factors involved in thrombus formation. This point of care 

system assesses the visco-elastic properties of blood being tested and provided a 

global assessment of coagulation (Curry & Pierce, 2007). 

In this study, we will evaluate the ability of coagulation parameters of 

thromboelastography and rotational thromboelastometry to identify coagulation 

abnormalities in patients with elevated levels of urea and/or creatinine secondary to 

renal failure, presenting for a renal biopsy. We will also collect data concerning standard 

laboratory coagulation tests (e.g. INR, PTT, BT) but a statistical comparison between 

methods will not be performed. A convenience sample of a minimum of 25 patients 

presenting for a renal biopsy, will be tested in this observational case series. 

 

Methodology: 

Patients with elevated levels of urea and/or creatinine (renal impairment) presenting for 

work-up for a renal biopsy at Groote Schuur Hospital will be identified by the renal unit. 

Work-up for the renal biopsy includes a referral to the Renal Unit, the booking of a 

biopsy with the renal senior registrar, with a BT to be requested if the creatinine is > 300 

µmol/L. 
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On the day of biopsy, the current protocol regarding haematological criteria for eligibility 

for renal biopsy is (Addendum C): 

a platelet count ≥ 100 x 109/mL, 

PTT ˂ 40 seconds, 

INR ≤ 1.4, 

a bleeding time ≤ 10 min, or ≤ 12 min if an emergency biopsy. 

The TEG® and ROTEM® devices will be used as an alternative method of assessing the 

coagulation profile. This overcomes the technical difficulties of performing a bleeding 

time, as well as providing a more comprehensive in vitro assessment of coagulation. 

The primary outcome is thus to assess whole blood coagulation, using standard 

parameters generated by the TEG® and ROTEM® traces. In addition, fibrinogen 

concentrations (Wolberg & Campbell, 2008) will also be measured. 

A representative from the renal unit will inform the study group of patients on the day of 

the planned renal biopsy. Research participants will include both male and female adult 

subjects (age > 18) of any ethnicity with elevated levels of urea and/or creatinine 

presenting for a renal biopsy. These patients will be approached by a representative 

from the study group and included into the study only once informed consent 

(Addendum D) has been granted and prior to the provision of any sedation. Exclusion 

criteria included patient refusal, LMWH/heparin therapy, antiplatelet medication and 

renal replacement therapy. 

Blood sampling will be standardised between the phlebotomists, the blood specimen is 

to be taken using a Vacutainer (BD Vacutainer Systems, Plymouth, England). Blood 

sampling will be in accordance with accepted aseptic principles and technique. After the 

initial 3 mL of blood is discarded, the whole-blood sample is to be collected in a 2 mL 

syringe and dispatched to the Anaesthesia laboratory immediately, a further 2 samples 

will be collected in two 4 mL Greiner 9 NC Coagulation Sodium Citrate 3.2% tubes (BD 

Vacutainer) – 1 sample for the laboratory (NHLS) for fibrinogen testing and the other 

sample to the Anaesthesia laboratory as a control sample. The TEG® is to be measured 

on the TEG® 5000 Thromboelastograph Haemostasis Analyser System (Haemoscope) 

made available to us in the laboratory of the Department of Anaesthesia. ROTEM® will 
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be performed and analysed on the Viking ROTEM® Delta haemostasis analyser. The 

software for TEG® analysis will be performed on TEG®V4.2.3. For TEG®, measurement 

of R-time (reaction time), K-time (kinetics), maximum amplitude (MA) and coagulation 

index (CI) is to be performed for each patient. 

Additional tests with ROTEM® will be performed for each patient, and will include 

clotting time, clot formation time, alpha angle and maximum clot firmness. These 

additional tests include INTEM (which essentially analyses the intrinsic pathway), 

EXTEM (analysing the extrinsic pathway), FIBTEM (the addition of a platelet inhibitor 

prevents platelets from contributing to thrombus formation thus allowing analyses of the 

functional fibrinogen component) and APTEM (addition of aprotinin to inhibit 

fibrinolysis). 

TEG® and ROTEM® will be performed by the same laboratory technologist, to ensure 

standardisation of the test procedure. 

Statistical analysis will be performed using a standard statistical package (Statistica 

Version 13, Dell Inc, Tulsa, OK) and data will be evaluated in terms of means, medians, 

standard deviations and ranges. These measures will be compared with the standard 

ranges for conventional tests of coagulation, quoted by the instrument manufacturer, to 

identify possible coagulation abnormalities in this patient group. 

 

Referencing and Guidelines: 

The SAMJ author and referencing guidelines have been used as a guideline for this 

document, however, the references for Part B, C and D are in the APA 6th style. Once 

the manuscript is presented for publication, the references will be updated to the 

Vancouver style as specified by the SAMJ. Where a reference has a digital object 

identifier (DOI) available, these have been included. 
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Ethical Considerations: 

The study is approved by the Ethics Committee of the Faculty of Health Sciences of the 

University of Cape Town (Addendum B). 

Participation in the study will be voluntary, and participants will complete an informed 

consent form (Addendum D). 

Confidentiality and anonymity will be ensured. 

Participants will receive a participant number and be further identified throughout the 

study with the participant number (Addendum E and Addendum F). 

All data will be stored under the participant number (Addendum E and Addendum F). 

Participants are free to withdraw at any time and without providing a reason. 

All patients will receive the normal standard of care, irrespective of participation or non-

participation in the study (Addendum C). 

Participants will be ensured that they will be taking no extra risk if they agree to be part 

of the study. 

Participants will have no direct benefit from participation in the study, but participation 

will not hinder nor change the standard of care they will receive. 

There is to be no cost, nor compensation for participation in the study. 

Funding will be provided by the Department of Anaesthesia. 

No conflicts of interest have been identified or declared. 

The protocol complies with the Helsinki Declaration of 2008. 
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Objectives of the literature review 

The objectives of this literature review were to review the current published information 

about coagulation abnormalities in patients with elevated levels of urea and/or 

creatinine secondary to renal failure, and to include a short review of coagulation and 

the various tests of coagulation, pertinent to our study, which are currently available. 

The available literature frequently describes renal dysfunction and bleeding (or “uraemic 

bleeding”) and this predisposition to bleeding is often cited as being caused by an 

interference in platelet function (Boccardo et al., 2004; Soyoral et al., 2012). The 

association between renal dysfunction and bleeding has been known for more than 200 

years. “Patients with renal impairment are screened for bleeding risk by measuring the 

bleeding time” (Berns & Coutre, 2015), which is still the practice in our institution, prior 

to a renal biopsy or some other invasive procedure. 

 

Literature search strategy 

A literature search was performed using PubMed and the MeSH database. A search 

with the terms ‘uremia’ and ‘renal failure’ and ‘blood coagulation tests’ yielded 41 results 

(Addendum G) and a search with the terms ‘uremia’ and ‘renal failure’ and ‘blood 

coagulation’ yielded 52 results (Addendum H). Substituting ‘uraemia’ for ‘uremia’ yielded 

no further results. Filters included literature which was published between January 1970 

and December 2016, performed in humans and in English. Literature was excluded if it 

was not originally published in English. 

 

Review and critical appraisal of the literature 

Blood Coagulation 

No universally accepted definition of coagulation was found in the literature. A proposed 

definition for normal coagulation of blood (also known as clotting or haemostasis) 

denotes the biochemical sequence whereby blood changes from a liquid form into a gel-

like state, eventually resulting in the formation of a stable blood clot (a thrombus) and 



21 
 

the cessation of blood loss. Physiologically, this usually occurs due to the disruption of 

the integrity of the vascular endothelium and is initiated within seconds in an attempt to 

limit the loss of blood. 

Previously, haemostasis was separated into primary haemostasis, which was the 

formation of the platelet plug at the injury site, and secondary haemostasis, also 

known as the coagulation cascade. Secondary haemostasis was classically divided into 

three pathways: an extrinsic pathway (the tissue factor pathway), an intrinsic pathway 

(the contact activation pathway) and a final common pathway. This classic model of 

coagulation was grossly artificial and could explain haemostasis in vitro, however, it did 

not consider the interaction between primary and secondary haemostasis. The classic 

model aided the understanding of the pharmacology of anticoagulants and the 

interpretation of results of laboratory tests which assessed clotting times (e.g. 

prothrombin time, activated partial thromboplastin time and the INR), however this has 

been replaced with an updated model which was developed as our knowledge of 

coagulation improved. 

The classic model was an artificial interpretation of coagulation in vitro but did not 

accurately explain coagulation in vivo. In 2001, a cell-based model of coagulation 

was introduced by Maureane Hoffman and Dougald M. Monroe III (Hoffman & Monroe, 

2001). In this model, they proposed “that coagulation occurs not as a "cascade", but in 

three overlapping stages: 

1) Initiation, which occurs on a tissue factor (TF) bearing cell” (when TF binds to 

circulating factor VIIa, and in the presence of other factors leads to the generation of a 

small amount of thrombin); 

2) “Amplification, in which platelets and co-factors are activated to set the stage 

for large scale thrombin generation” (occurring on the surface of activated platelets); 

and 

3) “Propagation, in which large amounts of thrombin are generated on the 

platelet surface” (the thrombin burst). This currently accepted model of coagulation 

emphasises the pivotal role of TF-FVIIa complex, the importance of platelet activation 

and function, and the generation of thrombin in the promotion and inhibition of 
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coagulation (Curry & Pierce, 2007). Two further steps were identified to complete the 

model: 

4) “Stabilisation” (in which soluble monomers were crosslinked by FXIIIa to 

stabilise the thrombus) and  

5) “Inhibition of further coagulation” (to prevent the pathological extension of 

the thrombus and thus localising it to the area of injury. (Curry & Pierce, 2007) 

 

The Standard Tests of Coagulation 

For these tests to be adequately performed and accurately interpreted, standard 

guidelines on sampling techniques and blood collection must be adhered to. Poor 

sampling techniques may adversely affect the laboratory’s ability to accurately process 

the sample and provide accurate results. Whole blood specimens are collected in tubes 

to which a calcium-chelating agent (EDTA or citrate), in a 9:1 ratio of blood to 

anticoagulant, has been added to prevent the specimen from clotting. If the specimen 

tube is underfilled, the plasma volume of the specimen relative to the anticoagulant will 

be reduced and lead to impaired accuracy of the results obtained from these blood 

tests, resulting in falsely prolonged results. Routine tests of coagulation are typically 

performed on platelet poor plasma, which is prepared from whole citrated blood which 

has been centrifuged (Sultan, 2010). This action negates analysing the contribution of 

primary haemostasis to overall coagulation. 

 

Fibrinogen level 

The reference range is usually 2.0 – 4.0 g/L (but this is dependent on the laboratory and 

assay performed). Fibrinogen levels were performed on citrated blood by the local 

National Health Laboratory Service (NHLS). 

Several assays are currently available for the estimation of fibrinogen level. The NHLS 

utilises the Clauss assay (which is used by most laboratories) at present. According to 

Perry and Todd (2013), in this assay, plasma is diluted (usually 1:10) and then allowed 

to clot after exposure to a high concentration of thrombin. This test requires a reference 
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plasma where the level of fibrinogen is known, and which is calibrated against an 

international standard. A calibration curve is generated using the reference plasma in a 

series of dilutions and the results are plotted on graph paper. There should be a linear 

correlation between clotting times of the test and reference samples. The time taken for 

the test specimen to clot is compared to the calibration curve and the fibrinogen level 

can be deduced. 

 

Prothrombin Time (PT) 

This test was first described by Quick in 1935. It is the time required for fibrin strands to 

form in the sample after tissue factor, phospholipid and calcium has been added to the 

decalcified, platelet poor plasma. 

It measures the so-called extrinsic and common pathways in the classical model of 

coagulation and may be prolonged in deficiencies of fibrinogen, prothrombin; Factor (F) 

V, VII and X; DIC, vitamin K deficiency, liver disease and in patients receiving high 

doses of heparin. 

 

International Normalised Ratio (INR) 

This is the most sensitive test for a decrease in FVII, but it may also be affected by the 

factors which impair the PT. Initially, the term ‘thromboplastin’ was used for the 

substance that converted prothrombin to thrombin. Tissue thromboplastin was extracted 

from the brain and other organs and contained a significant amount of tissue factor and 

phospholipid. The different thromboplastins utilised in PT testing provide several ranges 

for PT; however, the INR uses a standardised thromboplastin reagent and “it is the ratio 

of the patient’s PT to a control PT” (Curry & Pierce, 2007), corrected for the sensitivity of 

the thromboplastin. 
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Activated Partial Thromboplastin Time (aPTT) 

This test measures the functioning of the intrinsic and common pathways of the classic 

model of coagulation. It is also performed on platelet poor plasma. The aPTT was 

described in 1953 and initially only the phospholipid concentration was controlled (as 

opposed to the phospholipid and surface activator concentrations), hence ‘partial 

thromboplastin’ (phospholipid is present, but there is no Tissue Factor). These 

phospholipid concentrations could accelerate clotting in normal plasma, but it did not 

correct clotting times for haemophilic plasma. Current automated aPTT testing utilises 

micronised silica and ellagic acid as a surface activator (these bind directly to FXII, 

causing its activation). Kaolin (which was historically used as the activator for this test) 

is no longer used as its opacity interferes with the optical detection of the endpoint. 

 

The Bleeding Time (BT) 

Perry and Todd (2013) described the BT as a tool to predict “the risk of bleeding in 

relation to surgery”. The BT is dependent on an adequate number of functional platelets 

and was thus developed to assess platelet function. The reference range is between 2 – 

7 minutes; however, this differs depending on the method used. Several methods have 

been developed, with the DUKE, the IVY and TEMPLATE methods being well 

described. 

The DUKE method (Duke, 1910) was described by the US pathologist William Waddell 

Duke (1883 – 1945), who was the first to conclusively demonstrate the role of platelets 

in haemostasis (Soyoral et al., 2012; Tocantins, 1946). This method was described by 

using a special needle to nick the earlobe. However, due to the high vascularity in this 

tissue, it is no longer used. 

The IVY method (a modification of the Duke Method by Ivy, Nelson and Bucher) (1941) 

is the traditional format of the test and utilises a blood pressure cuff inflated to 40 mmHg 

on the upper arm. A lancet or scalpel blade is used to make a stab wound on the palmar 

aspect of the forearm. The timer is then commenced, and every 30 seconds blood is 

drawn off with filter paper or paper towel, until the bleeding has stopped. The filter paper 
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can disturb the development of the platelet plug if it encounters the edge of the 

thrombus, so care should be exercised when blotting blood away. 

The TEMPLATE method was developed to standardise the IVY method and involves 

the same preparation, however, an automatic blade which can make a standard-sized 

incision (±6mm in length x 1mm in depth) on the palmar aspect of the forearm is 

utilised. 

The BT is not widely used due to difficulties in standardisation of the procedure, the 

wide variability of results and inter-operator differences; however, it is still routinely 

performed prior to an invasive procedure (e.g. renal biopsy) in patients with renal 

dysfunction. 

 

Viscoelastic Tests (TEG® and ROTEM®) 

The conventional laboratory tests of coagulation described above (e.g. PT, INR, aPTT, 

BT) assess components of the “classic coagulation cascade”; however, they do not 

adequately assess coagulation in its entirety. Although these tests provide valuable 

information, they can only provide isolated details on individual components, they have 

a longer turnaround time and require several millilitres of whole blood samples. The 

standard tests of coagulation need special preparation and highly trained staff and often 

have to be transported to a laboratory which may not be on-site. 

Near-patient or point-of-care testing has been documented since the English physician, 

Thomas Willis (27 January 1621 – 11 November 1675) described the tasting of the 

urine from a patient suspected of diabetes as a test for glycosuria (Hobbs, 1996). A 

point of care test (POCT) is defined by the International Organisation of Standardisation 

(ISO) as “testing that is performed near or at the site of the patient with the result 

leading to a possible change in the care of the patient”. “Near-patient test” is the 

preferred terminology used in the United Kingdom. These medical diagnostic tests 

provide reliable results faster than those processed through a laboratory, decreasing the 

turnaround time, ensuring that care is continued with the desired information readily 

available and capable of influencing rapid decision making (Delaney et al., 1999). 
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Thromboelastography (TEG®) has been shown to be a suitable near-patient ex vivo 

test, serving as a dynamic measure of coagulation. The TEG® was developed in 

Germany during World War II and was first described in the scientific literature by 

Professor Helmut Hartert, from the University of Heidelberg, in 1948. It is a visco-elastic 

measure of coagulation that provides a global assessment of whole blood thrombus 

formation, stabilisation and fibrinolysis which reflects in vivo haemostasis as well as 

providing information on both cellular and non-cellular components involved in thrombus 

formation. 

Rotational thromboelastometry (ROTEM®) was developed in 1997 by Andreas 

Calatzis (MD) and Pablo Fritzche (a physicist) as a modification and enhanced form of 

thromboelastography and is a worldwide TEG® competitor (Fritsma, 2015). These tests 

can provide the clinician with information about the “interaction of the coagulation 

cascade, fibrinogen and the platelets as an entire unit” (Timmermans et al., 2009) and 

be used to guide the replacement of blood and blood components in the surgical patient 

(Johansson et al., 2008). TEG® is utilised by both anaesthesiologists and surgeons to 

monitor coagulation factor deficiency, heparin therapy, platelet function and fibrinolysis 

in cardiac surgery, and over the last 20 years it has proven “vital to the management of 

coagulopathy secondary to shock and massive haemorrhage in trauma and surgery” 

(Fritsma, 2015). Limitations with TEG® include its susceptibility to vibrations and 

interferences with the surface the machine is placed on, whereas with ROTEM® these 

limitations are negated. 

TEG® and ROTEM® may be performed on fresh whole blood or on whole blood which 

has been collected in 3.2% sodium citrate specimen tubes. The TEG® sample volume is 

360µL and for ROTEM® it is 340µL. The TEG® can perform two assays at the same 

time, while ROTEM® can perform up to 6 additional tests (e.g. INTEM, EXTEM, 

FIBTEM, APTEM, HEPTAM and ECATEM). 

 

Renal Failure 

Renal failure can be divided into an ACUTE, CHRONIC or an ACUTE-ON-CHRONIC 

pathological process based on the patient’s history, presentation and the time frame of 
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the disease process. Much debate was previously encountered as to the precise 

definitions of these different entities. A lack of standardised definitions made it difficult to 

compare and interpret information obtained from different centres, and often spawned 

the generation of several guidelines targeting the same pathology. This practice was 

invariably driven by funding of professional societies worldwide by the pharmaceutical 

industry as a matter of self-interest. 

In an effort to standardise the definition of each pathological process, KDIGO (Kidney 

Disease: Improving Global Outcomes) was founded in 2003 “as an independently 

incorporated non-profit foundation governed by an international executive committee”. It 

was initially under management of the United States’ National Kidney Foundation 

(NKF). However, to facilitate its image as the developer of international guidelines 

targeting the global community, and not only the American populace, KDIGO obtained 

its status as an independent organisation under self-management on 01 October 2012. 

KDIGO is the sole international guideline organisation in nephrology and has published 

9 clinical practice guidelines to date, with two new guidelines under development. 

Their mission statement is to improve the management and outcomes of patients with 

renal disease by the development and implementation of evidence based clinical 

practice guidelines. 

In March 2012, KDIGO released its clinical practice guideline for ACUTE KIDNEY 

INJURY (AKI), defined as an abrupt decrease in kidney function. It is a clinical 

syndrome which encompasses several aetiologies. The definition and staging of AKI are 

based on RIFLE (Risk, Injury, Failure, Loss, End-stage Renal Disease) and AKIN 

(Acute Kidney Injury Network) criteria ("Kidney Disease: Improving Global Outcomes 

(KDIGO) Acute Kidney Injury Work Group. KDIGO Clinical Practice Guideline for Acute 

Kidney Injury," 2012). AKI is defined by the KDIGO criteria when any of the following are 

present: 

• Increase in SCr (serum creatinine) by ≥ 26.5µmol/l within 48 hours 

• Increase in SCr to ≥ 1.5 times baseline, which is known or 

presumed to have occurred within the prior 7 days; or 

• Urine volume ≤ 0.5 ml/kg/h for 6 hours 
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and staged for severity (into stages 1, 2 or 3) based on the rise in SCr and 

reduction in urine output. Protocols have been developed for the 

identification of the cause of AKI and the management of this disease 

process. 

 

Chronic Kidney Disease (CKD), as defined by KDIGO, is the presence of abnormalities 

in kidney structure and function which are present for more than 3 months and has 

implications for health. It is classified according to the aetiology (based on the presence 

or absence of systemic disease and the location within the kidney), GFR category and 

albuminuria category. ("Kidney Disease: Improving Global Outcomes (KDIGO) CKD 

Work Group. KDIGO 2012 Clinical Practice Guideline for the Evaluation and 

Management of Chronic Kidney Disease.," 2013). 

 

The Effects of Uraemia on Coagulation 

Uraemia does not represent one single uraemic toxin but refers to several toxins (urea, 

creatinine, parathyroid hormone, β2 microglobulin, polyamines, advanced glycosylation 

end products, cyanate, phenols and other “middle molecules”) which become elevated 

in individuals with deteriorating renal function. This leads to a clinical syndrome 

associated with fluid and electrolyte abnormalities, hormonal imbalances and metabolic 

dysfunction. It is usually associated with the later stages of CKD, but it can occur if loss 

of renal function is rapid in AKI. A bleeding tendency has been described as 

characteristic in patients with end-stage renal disease, which is thought to be due to 

platelet dysfunction resulting in a disturbance in platelet adhesion and aggregation 

(Soyoral et al., 2012). However, anaemia, dialysis (due to the use of heparin during 

dialysis) and drug accumulation have also been identified as other plausible causes for 

the disturbance in haemostasis. Dialysis has been shown to only partly reverse the 

haemostatic disturbance caused by uraemic toxins. 
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The need for further research 

The exact mechanism by which the coagulation pathway, in a patient with elevated 

levels of urea and/or creatinine, is impaired remains to be identified and further research 

in this field is necessary. In our literature search we encountered numerous citations to 

the bleeding tendency which develops; however, less information regarding the 

hypercoagulable state is available. Even though patients with renal failure have 

potential for a range of coagulation abnormalities, these patients are often denied 

access to interventions due to the risk which the associated pathology introduces. 

These patients would benefit from having their coagulation monitored with 

thromboelastography, and where there is doubt regarding platelet function a platelet 

function analyser may be utilised. TEG® provides a global assessment of coagulation 

and may prove helpful in assessing coagulation defects in patients with elevated levels 

of urea and/or creatinine presenting for renal biopsy. The final decision rests with the 

attending physician who should practice discretion when ordering special investigations, 

to always question whether an invasive procedure is necessary and to search for the 

possibility of a non-invasive option. 
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Abstract: 

Introduction 

Coagulation abnormalities are well described in patients with elevated levels of urea 

and/or creatinine secondary to renal failure. These range from hypercoagulable to 

hypocoagulable states due to a range of mechanisms well described in the literature. 

Conventional tests of coagulation such as INR and PTT do not adequately assess these 

disorders of coagulation. Thromboelastography (TEG®) has proven to be a suitable 

alternative test of coagulation that serves as a dynamic test of global coagulation 

including assessment of thrombus formation as well as its breakdown. TEG® and 

ROTEM® assesses the visco-elastic properties of blood in vitro to define in vivo 

coagulability. The standard of care in our institution to assess the bleeding risk in 

patients with renal failure (defined by a raised urea and/or creatinine level) presenting 

for a renal biopsy is to use the conventional tests of coagulation, including a bleeding 

time if their creatinine is above 300 µmol/L. The aim of this study is to evaluate the 

conventional standard laboratory tests of coagulation (including a bleeding time where 

available), TEG® and ROTEM® in assessing coagulation disorders in patients with 

elevated levels of urea and/or creatinine presenting for renal biopsy. 

mailto:rdrjac001@myuct.ac.za
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Methodology 

Patients with elevated levels of urea and/or creatinine presenting for a renal biopsy will 

be identified by the nephrology team responsible for their medical management. Prior to 

the renal biopsy, these patients will be approached by the study team and reviewed for 

inclusion into the study. Informed consent will be obtained on agreement to participate 

in the study. We will collect a blood sample for the TEG® and ROTEM® and this test 

will be performed by a laboratory technician in the Department of Anaesthesia. The 

clinician/nephrologist performing the biopsy will not be influenced by the outcome of 

these viscoelastic tests. A convenience sample of a minimum of 25 patients with renal 

impairment presenting for a renal biopsy will be included in this study. 

Results 

A total of 44 adult participants was entered into this observational study. Results for 1 

participant were excluded from this study as their biopsy was delayed, allowing their 

renal function to improve and return to normal with medical management on the day 

that they presented for a renal biopsy. 43 patients were worked up for a renal biopsy but 

only 38 patients proceeded to a renal biopsy. Of these, only 31 patients had a bleeding 

time performed on the day of their renal biopsy. The participants ages ranged from 24 to 

69 years and included 24 male and 19 female participants. Renal biopsies were 

cancelled by the consultant nephrologist in 5 patients on the day of their biopsy. Control 

samples, from 10 members in the Department of Anaesthesia, fell within the specified 

range of the various manufacturers. An interesting TEG® result was an average MA 

result of 74.22 mm (normal range 64 – 72 mm), which lies above the upper limit of 

normal. Two patients developed a small renal haematoma on ultrasound after the 

biopsy, with 1 of these patients also developing haematuria. 

Conclusion 

TEG® and ROTEM® provides a global assessment of coagulation and might be helpful 

in assessing coagulation defects in patients with elevated levels of urea and/or 

creatinine presenting for a renal biopsy, with possible extension to the surgical patient 

with abnormal renal function presenting for a surgical procedure to assess their risk of 
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bleeding, especially in those who are being considered for a regional or neuraxial 

technique - as this could be an unacceptable risk in this population sub-group. 

 

Background: 

It is well known that patients with renal dysfunction (either Acute Kidney Injury (AKI), 

Chronic Kidney Disease (CKD) or acute-on-chronic kidney disease) have elevated 

levels of urea and other nitrogenous waste products circulating in their blood (Berns & 

Coutre, 2015; Soyoral et al., 2012; Stammers et al., 1998). The range of coagulation 

abnormalities from hypercoagulable to hypocoagulable states, due to several postulated 

mechanisms (possibly due to an imbalance in procoagulant and anticoagulant factors, 

platelet interaction in patients with elevated levels of urea, platelet-vessel wall 

interactions, platelet abnormalities, anaemia, thrombocytopaenia, drug interactions, or 

renal replacement therapy) (Boccardo et al., 2004), are well described in the literature 

(Berns & Coutre, 2015; Kaw & Malhotra, 2006; Soyoral et al., 2012; Stammers et al., 

1998). Patients with renal dysfunction may therefore “experience two opposite 

haemostatic complications: bleeding diatheses and thrombotic tendencies” (Boccardo et 

al., 2004). Bleeding may range from an insignificant bleed (such as purpura) to a 

serious gastro-intestinal haemorrhage complicating either AKI or CKD. With the 

introduction of dialysis and erythropoietin, bleeding complications have decreased 

(Berns & Coutre, 2015; Boccardo et al., 2004; Soyoral et al., 2012); however, it still 

impacts on clinical decision making and limits invasive procedures in renal failure 

patients. These patients can present to surgery and can be a challenge to the 

anaesthesiologist when considering possible interventions. 

Conventional tests of coagulation (e.g. INR, PTT, BT) assesses components of the 

coagulation cascade (Slaughter, 2010); however, they do not adequately assess 

coagulation abnormalities. These tests only provide isolated information on individual 

components of the coagulation cascade. 

Thromboelastography (TEG®) and rotational thromboelastometry (ROTEM®) have been 

shown to be suitable ex vivo tests, serving as dynamic measures of coagulation. TEG® 

and ROTEM® are visco-elastic measures of coagulation and provide a global 
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assessment of whole blood thrombus formation, stabilisation of the thrombus, as well as 

fibrinolysis - which reflects in vivo haemostasis. ROTEM® is a modification of 

thromboelastography. These tests provide the clinician with information on “the 

coagulation cascade, fibrinogen and the platelets” and their interaction “as an entire 

unit” (Timmermans et al., 2009) and can guide the replacement of blood and blood 

components in the surgical patient (Johansson et al., 2008). 

 

TEG® was first described by Hartert in 1948 (Stammers et al., 1998; Whiting & DiNardo, 

2014) as a device that provided information about the nature of whole-blood 

coagulation, the strength of the thrombus and its breakdown. It provided information on 

both cellular and non-cellular components involved in coagulation. This point of care 

system assesses the visco-elastic properties of blood being tested and provides a 

global assessment of coagulation (Curry & Pierce, 2007). The machine consists of a pin 

and oscillating cup (cuvette) (Stammers et al., 1998). 360 uL of whole blood is placed in 

a heated cup (at 37°C) and a pin is suspended from a torsion wire into the sample. The 

torsion wire is connected to a transducer and its movement is transduced and 

interpreted by a computer. The cup is subjected to oscillations through an angle of 4°45ʹ 

with the duration of each rotation cycle lasting 10 seconds. As the blood coagulates, 

fibrin strands form between the blood in the cup and the pin. The rotation of the cup is 

passed to the suspended pin, which in turn begins to rotate with the oscillating cup. A 

transducer, capable of sensing and amplifying these changes in the force, passes this 

information through a microprocessor to be interpreted and displayed by a computer as 

a TEG® profile. Specific patterns (Curry & Pierce, 2007; Whiting & DiNardo, 2014) are 

represented in Addendum I. 

 

ROTEM® (or TEM®) is an enhancement of TEG® and it provides a similar trace to that of 

TEG®, however different coagulation activators are utilised. Instead of the signal being 

transmitted via a torsion wire, with ROTEM® the signal from the pin is transmitted via an 

optical detector system. The cup (cuvette) remains immobile, while the pin slowly 

oscillates within the whole blood sample of 340µL, and as the thrombus forms the 

speed of oscillation of the pin decreases. The speed of oscillation of the pin is detected 



38 
 

by an optical detector system which utilises a light source and a mirror mounted on the 

pin. Additional tests with ROTEM® include: 

INTEM: Phospholipid and ellagic acid are added to the blood sample as 

activators. It is similar to the aPTT and thus essentially analyses the INTRINSIC 

pathway. It provides information on factor deficiencies and can detect the 

presence of anticoagulants. 

EXTEM: Tissue factor is added as the activator. The information provided by this 

test is similar to that obtained by Prothrombin Time. It essentially analyses the 

EXTRINSIC pathway. 

FIBTEM: Cytochalasin D (a platelet inhibitor) is used in this test together with 

tissue factor. The contribution of platelets to coagulation is thus removed. It is 

possible to analyse the functional FIBRINOGEN component only. 

APTEM: Aprotinin is added to the blood sample. It effectively inhibits fibrinolysis. 

HEPTEM: Heparinase is added which deactivates heparin. 

ECATEM: Ecarin is added to the sample. This test is a sensitive test to the 

presence of direct thrombin inhibitors. 

A typical ROTEM® trace for a normal individual is included in Addendum J. 

 

In this study, we attempted to evaluate the ability of coagulation parameters of the 

thromboelastograph (TEG®) and rotational thromboelastometry (ROTEM®) to identify 

coagulation abnormalities in patients with elevated levels of urea and/or creatinine 

secondary to renal failure, presenting for a renal biopsy. We also collected conventional 

coagulation tests (e.g. BT, INR, PTT) but statistical comparisons between these 

methods were not to be performed. A convenience sample of a minimum of 25 patients 

presenting for a renal biopsy, was to be tested in this observational case series. The 

primary endpoint was an observational study of the coagulation disorders present in this 

sample of patients. 
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Methodology: 

Patients elevated levels of urea and/or creatinine (renal impairment) presenting for 

work-up for a renal biopsy at Groote Schuur Hospital were identified by the nephrologist 

in the Renal Unit who informed the study investigators (from the Department of 

Anaesthesia) about potential candidates. Work-up for a renal biopsy included a referral 

to the Renal Unit, the biopsy could only be booked with the renal senior registrar and 

(as per the “criteria”) a BT was only performed if the creatinine was > 300 µmol/L. 

On the day of biopsy, the current protocol regarding haematological criteria for eligibility 

for a renal biopsy included (Addendum C): 

• A platelet count ≥ 100 x 109/L 

• PTT ˂ 40 seconds 

• INR ≤ 1.4 

• bleeding time ≤ 10 min, or ≤ 12 min if an emergency biopsy. 

These “criteria” are observed as a guideline only, with the final decision for or against 

proceeding with the biopsy made by the consultant nephrologist on the day of the 

biopsy. 

 

The TEG® and ROTEM® devices will be used as an alternative method of assessing the 

coagulation profile. This overcomes the technical difficulties of performing a bleeding 

time, as well as providing a more comprehensive in vitro assessment of coagulation. 

The primary outcome is thus to assess whole blood coagulation, using standard 

parameters generated by the TEG® and ROTEM® traces. In addition, fibrinogen 

concentrations (Wolberg & Campbell, 2008) will also be measured. 

 

A representative from the renal unit will inform the study group of patients on the day of 

the planned renal biopsy. Research participants will include both male and female adult 

subjects (age > 18) of any ethnicity with elevated levels of urea and/or creatinine 

presenting for a renal biopsy. These patients will be approached by a representative 

from the study group and included into the study only once informed consent 

(Addendum D) has been granted and prior to the provision of any sedation. Exclusion 
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criteria included patient refusal, LMWH/heparin therapy, antiplatelet medication and 

renal replacement therapy. 

 

Informed consent (Addendum D) was obtained on the day of the scheduled biopsy, prior 

to the provision of premedication. Blood sampling was standardised, blood being drawn 

using a Vacutainer (BD Vacutainer Systems, Plymouth, England). The initial blood draw 

of 3 mL was discarded, where after a whole-blood sample was collected in a 2 mL 

syringe and dispatched to the Department of Anaesthesia’s laboratory. A further 2 

samples were collected in two 4 mL Greiner 9 NC Coagulation Sodium Citrate 3.2% 

tubes (BD Vacutainer) – 1 sample being sent to the local laboratory (NHLS) for 

fibrinogen testing and the other sample to the study laboratory as a secondary sample. 

The TEG® was measured on the TEG® 5000 Thromboelastography Haemostasis 

Analyser System (Haemoscope) made available to us in the laboratory of the 

Department of Anaesthesia. ROTEM® was performed and analysed on the Viking 

ROTEM® Delta haemostasis analyser. The software for TEG® analysis was performed 

on TEG®V4.2.3. TEG® parameters included measurement of R-time (reaction time), K-

time (kinetics), maximum amplitude (MA) and coagulation index (CI) and was performed 

for each patient. 

 

ROTEM® was also performed for each patient as well, which included clotting time (CT), 

clot formation time (CFT), alpha (α) angle and maximum clot firmness (MCF). These 

additional tests included INTEM (essentially analysing the intrinsic pathway), EXTEM 

(analysing the extrinsic pathway), FIBTEM (the addition of a platelet inhibitor, which 

prevents platelets from contributing to thrombus formation thus allowing analyses of the 

functional fibrinogen component) and APTEM (addition of aprotinin to inhibit 

fibrinolysis). 

 

Both TEG® and ROTEM® were performed by the same laboratory technologist, to 

ensure standardisation of the tests. Ten staff members from the Department of 

Anaesthesia provided blood as a means of standardising quality control during the 
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study. All the results from the control samples fell within the specified ranges of the 

manufacturers. 

 

Statistical analysis was performed using a standard statistical package (Statistica 

Version 13, Dell Inc, Tulsa, OK) and data were evaluated in terms of means, medians, 

standard deviations and ranges. These measures were compared with the standard 

ranges for conventional tests, quoted by the instrument manufacturer, to identify 

possible coagulation abnormalities in this patient population (Pearson correlation). 

 

Results: 

A total of 44 adult participants was entered into this observational study. Results for 1 

participant (098/2013/26) were excluded from this study, as their biopsy was delayed 

which allowed their renal function to improve and return to normal, with medical 

management, on the day that they presented for a renal biopsy. 43 patients were 

worked up for a renal biopsy but only 38 patients proceeded to a renal biopsy. Of these, 

only 31 patients had a bleeding time performed (which should only be performed if 

creatinine ˃ 300 µmol/L as per the protocol) on the day of their renal biopsy. The age 

range of the participants in this study ranged from 24 to 69 years (with an average age 

of 41.3 years) and included 24 male and 19 female participants. Renal biopsies were 

cancelled by the consultant nephrologist in 5 patients for several reasons (Table 1: 

Cancellation of BiopsyTable 1) on the day of their biopsy. An interesting TEG® result 

was an average MA result of 74.22 mm (normal range 64 – 72 mm), which lies above 

the upper limit of normal. Two participants in the study developed a small renal 

haematoma on ultrasound after their biopsy (098/2013/26 was excluded from the 

study), with 1 of these patients also developing haematuria.  

All the results from the control samples, which comprised of 10 members from the 

Department of Anaesthesia, fell within the specified ranges of the various 

manufacturers. 
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Table 1: Cancellation of Biopsy 

Patient Reason for cancellation 

098/2013/19 The patient had a left mononephric, horseshoe kidney on U/S 
and biopsy was declined. 

098/2013/23 The biopsy was postponed on 2 occasions (first due to a low 
haemoglobin and then due to a prolonged bleeding time). The 
patient was then lost to follow-up. 

098/2013/36 The biopsy was postponed due to thrombocytopaenia. The 
patient deceased prior to the follow-up date. 

098/2013/40 The patient had bilateral echogenic kidneys and the biopsy was 
deemed unnecessary. 

098/2013/109 The patient was found to have a dilated cardiomyopathy with a 
poor ejection fraction (31%) and was rejected from further work-
up for the renal replacement programme. 

 

The normal range for the platelet count in the laboratory (NHLS) was 178 – 400 x 109/L. 

Of the 43 patients, the range for the platelet count was 95 – 863 x 109/l, with the 

average platelet count being 346.53 x 109/L. 

 

One fibrinogen level was not performed by the NHLS due to incorrect information being 

captured by the NHLS (laboratory error). This result was therefore discarded. Thus, only 

42 fibrinogen results were available for evaluation. The normal range for fibrinogen is 

2.0 – 4.0 g/dL. The range in the study was 1.4 – 6.0 g/dL, with the average being 3.61 

g/dL. There is no correlation between FIBTEM MCF and fibrinogen concentrations 

(Pearson’s correlation r = 0.12). 

 

The normal range for bleeding time is 2.30 – 9.50 min. Only 31 patients had bleeding 

times performed, as their creatinine levels exceeded the upper acceptable limit 

(creatinine ˃ 300 µmol/L). The average bleeding time for these 31 patients was 8.05 

min, with the range being 3.5 – 15.0 min. 
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The normal range for creatinine in the NHLS laboratory is 64 – 104 µmol/L. The average 

creatinine value was 607.84 µmol/L, with the range being 98 – 1486 µmol/L in our study 

population. 

 

The normal range for the R time is 4 - 8 min. The average R time was 7.13 min, with the 

range for the results being 1.8 – 11.9 min. 

 

The normal range for the K time is 0 - 4 min. The average K time was 1.62 min, with the 

range for the results being 0.8 – 4.4 min. 

 

The normal range for the Maximum Amplitude (MA) is 64 – 72 mm. The average MA 

was 74.22 mm (which lies above the upper limit of normal), with the range for the results 

being 36.5 – 87.9 mm. 

 

These results presented above are summarised in Table 2, with the full results sheet 

available as Addendum K in Part E: Supporting documents section. 

 

10 patients included in the study were diagnosed with End Stage Renal Disease 

(ESRD) after their biopsy, by the Department of Nephrology at Groote Schuur Hospital. 
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Table 2: Comparison of results with TEG® 

 Number of 
patients 

Normal range Average Range in study 
results 

Platelet count 

(units: x 109/L) 

43 178 – 400 346.53 95 – 863 

Fibrinogen 

(units: g/dL) 

42 2.0 – 4.0 3.61 1.4 – 6.0 

Bleeding time 

(units: min) 

31 2.30 – 9.50 8.05 3.5 – 15 

Urea 

(units: mmol/L) 

43 2.6 – 7.0 24.07 4.9 – 61.4 

Creatinine 

(units: µmol/L) 

43 64 – 104 607.84 98 – 1486 

R time  

(units: min) 

43 4 - 8  7.13 1.8 – 11.9 

K time 

(units: min) 

43 0 – 4 1.62 0.8 – 4.4 

MA 

(units: mm) 

43 54 – 72 74.22 36.5 – 87.9 

Alpha angle 

(units: degrees) 

43 47 – 74 69.2 36.5 – 81.0 

 

Table 3 summarises the results of the ROTEM® analysis. Of note, are the remarkable 

increases in the INTEM MCF, EXTEM MCF and FIBTEM MCF results, particularly in 

view of the absence of correlation between these results and the fibrinogen 

concentrations. 
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Table 3: Comparison of results with ROTEM® 

 Normal range Mean (SD) Above Range (n) Below Range (n) 

INTEM CT 

(units: s) 
100-240 158.8 (33.1) 0 1 

INTEM CFT 

(units: s) 
30 – 110 45.4 (29.5) 2 9 

INTEM MCF 

(units: mm) 
50 – 72 81.8 (2.9) 43 0 

EXTEM CT 

(units: s) 
38 – 79 74.2 (32.9) 12 0 

EXTEM CFT 

(units: s) 
34 – 159 47.3 (19.8) 0 5 

EXTEM MCF 

(units: mm) 
50 – 72 80.8 (3.5) 43 0 

FIBTEM MCF 

(units: mm) 
9 – 25 79.2 (5.3) 43 0 

 

Discussion: 

The performance of a renal biopsy remains a high-risk procedure and bleeding can 

have devastating consequences. It is essential to assess bleeding risk appropriately in 

these patients presenting for a renal biopsy. The exact coagulation disturbance in 

patients with renal impairment remains elusive. It has been proposed that the 

coagulopathy may be due to the consequences of elevated levels of urea on platelet 

function (Boccardo et al., 2004). Even though excessive post-surgical bleeding in 

patients with renal impairment is well documented (Berns & Coutre, 2015; Boccardo et 

al., 2004; Pivalizza, Abramson, & Harvey, 1997; Timmermans et al., 2009), there is also 

an associated increase in the incidence of thrombotic phenomena. In a study on 
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coagulation in uraemic patients using TEG® (Pivalizza et al., 1997), the group could 

demonstrate a hypercoagulable state in the TEG® indices. A study performed by 

Edwards, Morgan and Donnelly (1993) could also demonstrate hypercoagulability in 

uraemic patients using TEG® (Timmermans et al., 2009). The main finding of our study 

suggested a tendency towards a hypercoagulable state in many of the patients with 

elevated levels of urea and/or creatinine. The TEG® data showed that most patients had 

a normal onset of coagulation but that the MA and alpha angle both suggest a tendency 

towards hypercoagulation. The ROTEM® data showed a similar trend with both INTEM 

and EXTEM showing enhanced maximum clot firmness (MCF). The most interesting 

ROTEM® observation is the increase in the FIBTEM MCF (results for all participants 

were above the upper limit of normal). This is difficult to explain but possibly indicates 

that factor-based coagulation (as opposed to cell-based) is markedly enhanced in these 

patients. We could speculate that platelet function is normal or perhaps slightly 

diminished, but that factor-based coagulation is accelerated (possibly explained by the 

raised FIBTEM MCF). The mechanism for this may either be due to the fact that 

fibrinogen is an acute-phase protein whose activity is stimulated by the disease or that 

there is a relative lack of one of the inhibitory components, possibly antithrombin III. It is 

also possible that endothelium-derived thrombomodulin-driven regulation is impaired, 

but this is not examined in ex-vivo studies such as this study. Whatever the mechanism, 

the finding is very interesting given the problems that the renal dialysis teams 

experience with thrombosis of arterio-venous shunts. Analyses of the standard 

coagulation data, on average, fall within normal limits. Average fibrinogen levels were 

noted to be normal to only slightly elevated (Addendum L). However, several patients in 

our study (16 out of 42 participants with fibrinogen results) had elevated fibrinogen 

levels. A further interesting observation from the standard coagulation tests is that there 

is a weak, non-significant, correlation between rising creatinine and platelet count 

(Addendum M) and a somewhat stronger, significant correlation between creatinine and 

bleeding time (Addendum N). This helps to explain the rather confusing paradox that is 

so widely reported in patients with renal failure, that although they may demonstrate a 

bleeding tendency, they may also be at increased risk of venous thrombosis. Several 

limitations of this study are identified. The lack of a comparison group with 
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randomisation to compare visco-elastic testing to conventional tests of coagulation. This 

study was purely observational, and the biopsy only proceeded if the consultant 

nephrologist on duty on the day of biopsy deemed that the biopsy was necessary. The 

functioning of platelets in patients with renal failure needs to be further assessed with 

some form of platelet function analyser – a subject for future research. 

 

Conclusion: 

This prospective observational study of patients with elevated levels of urea and/or 

creatinine presenting for renal biopsy demonstrated that the coagulation status as 

depicted by visco-elastic tests revealed no evidence of bleeding risk and tends to 

suggest that large numbers of these patients are, in fact, hypercoagulable as almost 

70% of the participants in this study had a maximum amplitude above the upper limit of 

normal. This was further substantiated by the elevation in fibrinogen levels and the 

enhanced fibrinogen contribution to coagulation as illustrated by the ROTEM® results, 

although the absence of significant correlation between these results tends to argue 

against a cause-and-effect phenomenon. 

The strengths of this study are that conventional testing and visco-elastic testing were 

analysed side-by-side in an observational manner. The patients were followed up for 

bleeding complications post procedure. The incidence of bleeding post renal biopsy was 

considered low (2 out of 38 patients developed a haematoma); however, this 

complication would be unacceptable in patients receiving regional or neuraxial 

techniques. Conventional bleeding times showed no correlation with visco-elastic 

testing. The overall finding was that the coagulation profile of patients with renal failure 

showed a normal distribution using visco-elastic testing. The fibrinogen levels were 

surprisingly normal to slightly elevated in the entire cohort which underpins the 

enhanced coagulation seen in these patients (Addendum L). 

This pilot study is firmly hypothesis generating and paves the way for a comparative trial 

to evaluate conventional tests of coagulation and the visco-elastic tests to evaluate 

bleeding and/or the bleeding risk in patients with impaired renal function. There were no 

notable serious haemorrhagic complications post-biopsy in the patient group, who 
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participated in this study, when they presented for their renal biopsy. The normal to 

elevated fibrinogen levels noted in some of the participants - could possibly account for 

the enhanced coagulation profile seen in some participants in this study. Platelet 

function is of concern in these patients but unless fibrinogen levels are low, the findings 

from this pilot study suggest that coagulation may not be affected. 

 

Ethical considerations: 

The study was approved by the Ethics Committee of the Faculty of Health Sciences of 

the University of Cape Town (Addendum B). 

Participation in the study was voluntary, and participants completed an informed 

consent form (Addendum D). 

Participants received a participant number and could only be further identified 

throughout the study with the participant number ensuring confidentiality and anonymity. 

All data was stored under the participant number (Addendum E and Addendum F). 

Participants could withdraw at any time and without providing a reason. 

All patients continued to receive the normal standard of care, irrespective of 

participation or non-participation in the study (Addendum C). 

Participants were assured that they would be at no extra risk if they agreed to 

participate in the study. 

Participants received no direct benefit from participation in the study but participation 

neither hindered nor changed the standard of care they received. 

There was no cost, nor compensation for participation in the study. 

No conflicts of interest were identified or declared. 

The protocol complied with the Helsinki Declaration of 2008. 

  



49 
 

References:   

Berns, J. S., & Coutre, S. (2015). Platelet dysfunction in uremia. In T. A. Golper (Ed.), 

UpToDate. Waltham, MA: UpToDate. Retrieved from 

https://www.uptodate.com/contents/platelet-dysfunction-in-uremia. on 10/10/2018 

Boccardo, P., Remuzzi, G., & Galbusera, M. (2004). Platelet dysfunction in renal failure. 

Semin Thromb Hemost, 30(5), 579-589. doi:10.1055/s-2004-835678 

Curry, A. N. G., & Pierce, J. M. T. (2007). Conventional and near-patient tests of 

coagulation. Continuing Education in Anaesthesia, Critical Care & Pain, 7 (2), 45-

50.  

Delaney, B. C., Hyde, C. J., McManus, R. J., Wilson, S., Fitzmaurice, D. A., Jowett, S., . 

. . Hobbs, F. D. (1999). Systematic review of near patient test evaluations in 

primary care. British Medical Journal, 319(7213), 824-827.  

Duke, W. W. (1910). The relation of blood platelets to hemorrhagic disease. Journal of 

the American Medical Association, 55(14), 1185-1192. 

doi:10.1001/jama.1910.04330140029009 

Edwards, C. M., Morgan, J. D., & Donnelly, P. K. (1993). Hypercoagulable state as a 

risk factor in transplantation. Transplant Proc, 25(1 Pt 2), 1051.  

Fritsma, G. A. (2015). Thromboelastography and thromboelastometry: What's old is new 

again. The American Society for Clinical Laboratory Science - Indiana. Retrieved 

from https://ascls-in.org/article-for-ascls-in-coagulation-sa/ on  10/10/2018 

Hobbs, R. (1996). Near patient testing in primary care. British Medical Journal, 

312(7026), 263-264.  

Hoffman, M., & Monroe, D. M., 3rd. (2001). A cell-based model of hemostasis. Thromb 

Haemost, 85(6), 958-965.  

International Organization for Standardization (ISO Standard No. 22870). (2016). Point-

of-care testing (POCT) -- Requirements for quality and competence. Retrieved 

from https://www.iso.org/standard/71119.html on 10/10/2018 

Ivy, A. C., Nelson, D., & Bucher, G. (1941). The standardization of certain factors in the 

cutaneous "venostasis" bleeding time technique. J Lab Clin Med, 26(11), 1812-

1822. doi:10.5555/uri:pii:S0022214341901282 

https://www.uptodate.com/contents/platelet-dysfunction-in-uremia
https://ascls-in.org/article-for-ascls-in-coagulation-sa/
https://www.iso.org/standard/71119.html


50 
 

Johansson, P. I., Bochsen, L., Stensballe, J., & Secher, N. H. (2008). Transfusion 

packages for massively bleeding patients: the effect on clot formation and 

stability as evaluated by Thrombelastograph (TEG). Transfus Apher Sci, 39(1), 3-

8. doi:10.1016/j.transci.2008.05.012 

Kaw, D., & Malhotra, D. (2006). Platelet dysfunction and end-stage renal disease. 

Semin Dial, 19(4), 317-322. doi:10.1111/j.1525-139X.2006.00179.x 

Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work Group. 

KDIGO Clinical Practice Guideline for Acute Kidney Injury. (2012). Kidney inter., 

Suppl., 2(1), 1-138.  

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 

Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 

Disease. (2013). Kidney inter., Suppl., 3(1), 1-150.  

O'Carroll-Kuehn, B. U., & Meeran, H. (2007). Management of coagulation during 

cardiopulmonary bypass. Continuing Education in Anaesthesia Critical Care & 

Pain, 7(6), 195-198. doi:10.1093/bjaceaccp/mkm036 

Perry, D. J., & Todd, T. (2013). A practical guide to laboratory haemostasis. Retrieved 

from http://practical-haemostasis.com/ on 10/10/2018 

Pivalizza, E. G., Abramson, D. C., & Harvey, A. (1997). Perioperative hypercoagulability 

in uremic patients: a viscoelastic study. J Clin Anesth, 9(6), 442-445.  

Salooja, N., & Perry, D. J. (2001). Thrombelastography. Blood Coagul Fibrinolysis, 

12(5), 327-337.  

Slaughter, T. F. (2010). Coagulation. In R. D. Miller (Ed.), Miller's Anesthesia (7 ed., Vol. 

2, pp. 1767-1778). Philadelphia, PA: Churchill Livingstone. 

Soyoral, Y. U., Demir, C., Begenik, H., Esen, R., Kucukoglu, M. E., Aldemir, M. N., . . . 

Erkoc, R. (2012). Skin bleeding time for the evaluation of uremic platelet 

dysfunction and effect of dialysis. Clin Appl Thromb Hemost, 18(2), 185-188. 

doi:10.1177/1076029611427438 

Stammers, A. H., Bruda, N. L., Gonano, C., & Hartmann, T. (1998). Point-of-care 

coagulation monitoring: applications of the thromboelastography. Anaesthesia, 

53(Suppl.2), 58-59.  

http://practical-haemostasis.com/


51 
 

Sultan, A. (2010). Five-minute preparation of platelet-poor plasma for routine 

coagulation testing. East Mediterr Health J, 16(2), 233-236.  

Timmermans, J., Dolmans, G. H. C., & Kahn, D. (2009). Sequential changes in 

coagulation after renal transplantation: A thromboelastogram study. Dialysis & 

Transplantation, 38(4), 133-138. doi:10.1002/dat.20285 

Tocantins, L. A. (1946). William Waddell Duke: Notes on the man and his work. Blood, 

1(5), 455-457.  

Whiting, D., & DiNardo, J. A. (2014). TEG and ROTEM: technology and clinical 

applications. Am J Hematol, 89(2), 228-232. doi:10.1002/ajh.23599 

Wolberg, A. S., & Campbell, R. A. (2008). Thrombin Generation, Fibrin Clot Formation 

and Hemostasis. Transfus Apher Sci, 38(1), 15-23. 

doi:10.1016/j.transci.2007.12.005 

 
  



52 
 

Part E: Supporting documents 

  



53 
 

Addendum A: Departmental Research Committee Approval 

 

 



54 
 

 



55 
 

Addendum B: HREC Approval 

 

  



56 
 

Addendum C: Renal Biopsy Work-up Protocol 

 



57 
 

 

  



58 
 

Addendum D: Consent Form 

 



59 
 

 



60 
 

 

  



61 
 

 

  



62 
 

Addendum E: Data Collection Form 

 



63 
 

Addendum F: NHLS Fibrinogen request form 

 

 

  



64 
 

Addendum G: Literature review 1 

1. Predictive factors associated with adverse events in patients with toxic colitis: an 

analysis of the National Surgical Quality Improvement Project. Dayama A, Sugano D, 

Stone ME, McNelis J. Am J Surg. 2015 Nov;210(5):852-858.e1. 

 

2. Risk factors for postoperative bleeding in ABO-incompatible kidney 

transplantation. Kim MH, Jun KW, Hwang JK, Kim JI, Chung BH, Choi BS, Kim YS, 

Yang CW, Moon IS. Clin Transplant. 2015 Apr;29(4):365-372 

 

3. The safety of thoracentesis in patients with uncorrected bleeding risk. Puchalski 

JT, Argento AC, Murphy TE, Araujo KL, Pisani MA. Ann Am Thorac Soc. 2013 

Aug;10(4):336-341. 

 

4. Hemostatic defects in liver and renal dysfunction. Mannucci PM, Tripodi A. 

Hematology Am Soc Hematol Educ Program. 2012:168-173. 

 

5. Invasive pneumococcal pneumonia is the major cause of paediatric haemolytic-

uraemic syndrome in Taiwan. Lee CS, Chen MJ, Chiou YH, Shen CF, Wu CY, Chiou 

YY. Nephrology (Carlton). 2012 Jan;17(1):48-52. 

 

6. A case of atypical hemolytic uremic syndrome due to anti-factor H antibody in a 

patient presenting with a factor XII deficiency identified two novel mutations. Matsukuma 

E, Gotoh Y, Kuroyanagi Y, Yamada T, Iwasa M, Yamakawa S, Nagai T, Takagi N, Mae 

H, Iijima K, Bresin E. Clin Exp Nephrol. 2011 Apr;15(2):269-274. 

 

7. Management of regional citrate anticoagulation in pediatric high-flux dialysis: 

activated coagulation time versus post-filter ionized calcium. Kreuzer M, Ahlenstiel T, 

Kanzelmeyer N, Ehrich JH, Pape L. Pediatr Nephrol. 2010 Jul;25(7):1305-1310. 

 

8. Platelet function testing in uraemic patients. Ho SJ, Gemmell R, Brighton TA. 

Hematology. 2008 Feb;13(1):49-58. 



65 
 

9. Extensive bleeding during surgical treatment for gingival overgrowth in a patient 

on haemodialysis--a case report and review of the literature. Nishide N, Nishikawa T, 

Kanamura N. Aust Dent J. 2005 Dec;50(4):276-281. 

 

10. Prevention of clot formation during haemodialysis using the direct thrombin 

inhibitor melagatran in patients with chronic uraemia. Attman PO, Ottosson P, 

Samuelsson O, Eriksson UG, Eriksson-Lepkowska M, Fager G. Nephrol Dial 

Transplant. 2005 Sep;20(9):1889-1897. 

 

11. The role of coagulation and fibrinolysis in the pathogenesis of diarrhea-

associated hemolytic uremic syndrome. Proesmans W. Semin Thromb Hemost. 2001 

Jun;27(3):201-205. 

 

12. First clinical experience with an adjunctive hemoperfusion device designed 

specifically to remove beta(2)-microglobulin in hemodialysis. Ronco C, Brendolan A, 

Winchester JF, Golds E, Clemmer J, Polaschegg HD, Muller TE, La Greca G, Levin 

NW. Blood Purif. 2001;19(2):260-263. 

 

13. Presence of factor-VII and -XIII activity in ultrafiltrate during hemofiltration. Guth 

HJ, Klingbeil A, Wiedenhöft I, Rose HJ, Kraatz G. Int J Artif Organs. 1999 Jul;22(7):482-

487. 

 

14. Perioperative hypercoagulability in uremic patients: a viscoelastic study. Pivalizza 

EG, Abramson DC, Harvey A. J Clin Anesth. 1997 Sep;9(6):442-445. 

 

15. Early gestational hemolytic uremic syndrome: case report and review of 

literature. Ribeiro FM, Rocha E, Maccariello E, Caldas ML, Gomes MV, Lugon JR. Ren 

Fail. 1997 May;19(3):475-479. 

 



66 
 

16. Increased thrombin generation in patients with chronic renal failure. Sagripanti A, 

Cozza V, Baicchi U, Camici M, Cupisti A, Barsotti G. Int J Clin Lab Res. 1997;27(1):72-

75 

 

17. Comparison of haemostatic activity in haemodialysis and peritoneal dialysis 

patients with a novel technique, haemostatometry. Roger SD, Piper J, Tucker B, Raine 

AE, Baker LR, Kovacs IB. Nephron. 1992;62(4):422-428. 

 

18. Low levels of the anticoagulant activity of protein C in patients with chronic renal 

insufficiency: an inhibitor of protein C is present in uremic plasma. Faioni EM, Franchi F, 

Krachmalnicoff A, Valsecchi C, Viganò GL, Remuzzi G, Mannucci PM. Thromb 

Haemost. 1991 Oct 1;66(4):420-425. 

 

19. Recombinant human erythropoietin to correct uremic bleeding. Viganò G, Benigni 

A, Mendogni D, Mingardi G, Mecca G, Remuzzi G. Am J Kidney Dis. 1991 Jul;18(1):44-

49. 

 

20. Study on mechanisms of a haemostatic effect of 1 deamino-8-D-arginine 

vasopressin (desmopressin) in uraemic patients. Malyszko J, Pietraszek M, Buczko W, 

Mysliwiec M. Folia Haematol Int Mag Klin Morphol Blutforsch. 1990;117(2):319-324. 

 

21. Bleeding in renal failure. Moosa A, Greaves M, Brown CB. Lancet. 1988 Jul 

30;2(8605):288-289. 

 

22. Thrombelastography of blood from subjects with chronic renal failure. Holloway 

DS, Vagher JP, Caprini JA, Simon NM, Mockros LF. Thromb Res. 1987 Mar 

15;45(6):817-825. 

 

23. Effects of defibrotide in acute renal failure due to thrombotic microangiopathy. 

Vangelista A, Frascà GM, Raimondi C, Liviano-D'Arcangelo G, Bonomini V. 

Haemostasis. 1986;16 Suppl 1:51-54. 



67 
 

24. Regional sodium citrate anticoagulation in patients with active bleeding 

undergoing hemodialysis. Ashouri OS. Uremia Invest. 1985-1986;9(1):45-51. 

 

25. Hemodialysis without anticoagulants in patients with high bleeding risk. Casati S, 

Graziani G, Ponticelli C. Int J Artif Organs. 1982 Jul;5(4):233-236. 

 

26. Haemolytic uraemic syndrome and accumulation of haemoglobin-haptoglobin 

complexes in plasma in serum sickness caused by penicillin drugs. Brandslund I, 

Petersen PH, Strunge P, Hole P, Worth V. Haemostasis. 1980;9(4):193-203. 

 

27. Bleeding in renal failure: altered platelet function in chronic uraemia only partially 

corrected by haemodialysis. Remuzzi G, Livio M, Marchiaro G, Mecca G, de Gaetano 

G. Nephron. 1978;22(4-6):347-353. 

 

28. Penicillin-induced coagulation disorder. Andrassy K, Ritz E, Hasper B, Scherz M, 

Walter E, Storch H. Lancet. 1976 Nov 13;2(7994):1039-1041. 

 

29. Bleeding in uremic patients after carbenicillin. Andrassy K, Weischedel E, Ritz E, 

Andrassy T. Thromb Haemost. 1976 Aug 31;36(1):115-126. 

 

30. Disseminated intravascular coagulation in renal failure. Gupta KK, Kaira SP, 

Yashpal. J Assoc Physicians India. 1974 Dec;22(12):869-872. 

 

31. Acute renal failure: diagnostic and therapeutic criteria. Lewin AJ, Maxwell MH. 

Crit Care Med. 1974 Nov-Dec;2(6):305-310. 

  

32. Platelet function in renal failure. Surie N, Bhargava M, Kumar S. Indian J Med 

Res. 1974 Jul;62(7):979-986. No abstract available 

 

33. The so-called "onion-like shape thromboelastogram" in dialyzed uraemic 

patients. Suchecki T. Thromb Diath Haemorrh. 1974 Jun 30;31(3):513-516. 



68 
 

34. The renal microangiopathy of the hemolytic-uremic syndrome in childhood. Riella 

MC, Hickman RO, Striker GE, Slichter SJ, Harker L, Quadracci LJ. Proc Clin Dial 

Transplant Forum. 1974;(4):112-114 

 

35. Haemostatic profile in renal failure. Dube B, Gupta DC, Vaidya MP. J Assoc 

Physicians India. 1973 Oct;21(10):813-819. 

 

36. The role of coagulation in renal disease. MacDonald MK, Clarkson AR, Davison 

AM. Perspect Nephrol Hypertens. 1973;1 Pt 2(0):809-828 

 

37. The effect of dialysis on platelet function of patients with renal failure. Rabiner 

SF. Ann N Y Acad Sci. 1972 Oct 27; 201:234-242. 

38. Uremic bleeding. Rabiner SF. Prog Hemost Thromb. 1972; 1:233-250. 

 

39. Bleeding in uremia. Rabiner SF. Med Clin North Am. 1972 Jan;56(1):221-233. 

 

40. Abnormalities of haemostasis in renal failure. Losowsky MS, Walls WD. J R Coll 

Physicians Lond. 1971 Jan;5(2):148-156. 

 

41. Carbenicillin in renal failure. Lurie A, Gold CH, Meyers AM, Goldberg B. Lancet. 

1970 Aug 22;2(7669):422-423. 

  



69 
 

Addendum H: Literature review 2 

1. HUS and the case for complement. Conway EM. Blood. 2015 Oct 

29;126(18):2085-2090. 

 

2. Haemostasis in chronic kidney disease. Lutz J, Menke J, Sollinger D, Schinzel H, 

Thürmel K. Nephrol Dial Transplant. 2014 Jan;29(1):29-40 

 

3. Coagulation activation, depletion of platelet granules and endothelial integrity in 

case of uraemia and haemodialysis treatment. Schoorl M, Schoorl M, Nubé MJ, Bartels 

PC. BMC Nephrol. 2013 Mar 27; 14:72. 

 

4. Hemostatic defects in liver and renal dysfunction. Mannucci PM, Tripodi A. 

Hematology Am Soc Hematol Educ Program. 2012:168-173. 

 

5. Shiga toxin pathogenesis: kidney complications and renal failure. Obrig TG, 

Karpman D. Curr Top Microbiol Immunol. 2012; 357:105-136. doi: 

10.1007/82_2011_172. 

 

6. AN69: Evolution of the world's first high permeability membrane. Thomas M, 

Moriyama K, Ledebo I. Contrib Nephrol. 2011; 173:119-129. 

 

7. Biocompatible characteristics of high-performance membranes. Uda S, 

Mizobuchi M, Akizawa T. Contrib Nephrol. 2011; 173:23-29. 

 

8. Anti-heparin/PF4 complexes by ELISA in patients with disseminated 

intravascular coagulation. Matsuo T, Matsuo M, Sugimoto T, Wanaka K. Pathophysiol 

Haemost Thromb. 2007;36(6):305-310. 

 

9. Management of regional citrate anticoagulation in pediatric high-flux dialysis: 

activated coagulation time versus post-filter ionized calcium. Kreuzer M, Ahlenstiel T, 

Kanzelmeyer N, Ehrich JH, Pape L. Pediatr Nephrol. 2010 Jul;25(7):1305-1310. 



70 
 

10. Treatment of bleeding in dialysis patients. Galbusera M, Remuzzi G, Boccardo P. 

Semin Dial. 2009 May-Jun;22(3):279-286 

 

11. Hypercoagulability is independently associated with kynurenine pathway 

activation in dialysed uraemic patients. Pawlak K, Mysliwiec M, Pawlak D. Thromb 

Haemost. 2009 Jul;102(1):49-55 

 

12. Fibrin clot structure in patients with end-stage renal disease. Sjøland JA, 

Sidelmann JJ, Brabrand M, Pedersen RS, Pedersen JH, Esbensen K, Standeven KF, 

Ariëns RA, Gram J. Thromb Haemost. 2007 Aug;98(2):339-345. 

 

13. Long-term erythropoietin therapy does not affect endothelial markers, 

coagulation activation and oxidative stress in haemodialyzed patients. Pawlak K, 

Pawlak D, Mysliwiec M. Thromb Res. 2007;120(6):797-803. 

 

14. Oxidative stress effects fibrinolytic system in dialysis uraemic patients. Pawlak K, 

Pawlak D, Mysliwiec M. Thromb Res. 2006;117(5):517-522. 

 

15. Red blood cells may contribute to hypercoagulability in uraemia via enhanced 

surface exposure of phosphatidylserine. Bonomini M, Sirolli V, Merciaro G, Antidormi T, 

Di Liberato L, Brummer U, Papponetti M, Cappelli P, Di Gregorio P, Arduini A. Nephrol 

Dial Transplant. 2005 Feb;20(2):361-366. 

 

16. Fibrinolysis in the hemolytic uremic syndrome. Proesmans W, Geet CV. Pediatr 

Nephrol. 2002 Oct;17(10):871-872; author reply 873-874. 

 

17. The role of coagulation and fibrinolysis in the pathogenesis of diarrhea-

associated hemolytic uremic syndrome. Proesmans W. Semin Thromb Hemost. 2001 

Jun;27(3):201-205. 

 



71 
 

18. Uremic ultrafiltrate inhibits platelet-activating factor synthesis. Wratten ML, Tetta 

C, De Smet R, Neri R, Sereni L, Camussi G, Vanholder R. Blood Purif. 1999;17(2-

3):134-141. 

 

19. Coagulation changes associated with the hemolytic uremic syndrome. Gordjani 

N, Sutor AH. Semin Thromb Hemost. 1998;24(6):577-582. 

 

20. Activation of both coagulation and fibrinolysis in childhood hemolytic uremic 

syndrome. Van Geet C, Proesmans W, Arnout J, Vermylen J, Declerck PJ. Kidney Int. 

1998 Oct;54(4):1324-1330. 

 

21. Endothelial cell markers in chronic uremia: relationship with hemostatic defects 

and severity of renal failure. Mezzano D, Tagle R, Pais E, Panes O, Pérez M, Downey 

P, Muñoz B, Aranda E, Barja P, Thambo S, González F, Mezzano S, Pereira J. Thromb 

Res. 1997 Dec 15;88(6):465-472. 

 

22. Coagulation disorders in acute renal failure. Schetz MR. Kidney Int Suppl. 1998 

May;66: S96-101. 

 

23. Activation of coagulation and fibrinolysis in childhood diarrhoea-associated 

haemolytic uraemic syndrome. Nevard CH, Jurd KM, Lane DA, Philippou H, Haycock 

GB, Hunt BJ. Thromb Haemost. 1997 Dec;78(6):1450-1455. 

 

24. Coagulation activation in extracorporeal hemodialysis. Camici M, Evangelisti L, 

Balestri P, Cioni L, Rindi P, Sagripanti A, Meriggioli M, Giordani R. Int J Artif Organs. 

1997 Mar;20(3):163-165. 

 

25. The effects of gemfibrozil upon the hypercoagulable state in dyslipidaemic 

patients with chronic renal failure. Irish AB, Thompson CH. Nephrol Dial Transplant. 

1996 Nov;11(11):2223-2228. 

 



72 
 

26. Role of free protein S and C4b binding protein in regulating the coagulant 

response to Escherichia coli. Taylor FB Jr, Dahlback B, Chang AC, Lockhart MS, 

Hatanaka K, Peer G, Esmon CT. Blood. 1995 Oct 1;86(7):2642-2652. 

 

27. Beneficial effect of low-dose transdermal estrogen on bleeding time and clinical 

bleeding in uremia. Sloand JA, Schiff MJ. Am J Kidney Dis. 1995 Jul;26(1):22-26. 

 

28. Impaired fibrinolysis in the hemolytic-uremic syndrome of childhood. Menzel D, 

Levi M, Dooijewaard G, Peters M, ten Cate JW. Ann Hematol. 1994 Jan;68(1):43-48. 

 

29. Serotonergic mechanisms are involved in the hemostatic action of erythropoietin 

in uremic patients. Malyszko J, Mazerska M, Malyszko J, Pawlak K, Azzadin A, 

Mysliwiec M, Buczko W. Int J Clin Lab Res. 1993;23(1):42-44. 

 

30. Hemolytic-uremic syndrome following "crack" cocaine inhalation. Tumlin JA, 

Sands JM, Someren A. Am J Med Sci. 1990 Jun;299(6):366-371. 

 

31. Chronic glomerular microangiopathy complicating metastatic carcinoma. 

Hostetter AL, Tubbs RR, Ziegler T, Gephardt GN, McMahon JT, Schreiber MJ Jr. Hum 

Pathol. 1987 Apr;18(4):342-348. 

 

32. Coagulation and renal diseases. Kanfer A. Proc Eur Dial Transplant Assoc. 1983; 

19:703-713. 

 

33. Effects of prostacyclin infusion in uremic patients: hematologic and hemodynamic 

responses. Zusman RM, Crow JW, Cato AE, Tolkoff-Rubin N. Clin Pharmacol Ther. 

1981 Aug;30(2):251-257. 

 

34. Plasma levels and effects of sulfinpyrazone in patients requiring chronic 

hemodialysis. Bern MM, Cavaliere BM, Lukas G. J Clin Pharmacol. 1980 Feb-Mar;20(2-

3):107-116. 



73 
 

35. Antithrombin III in uremia. Jørgensen KA, Stoffersen E. Scand J Urol Nephrol. 

1979;13(3):299-303. 

 

36. Studies of fibrinolytic activity of uremic and longterm hemodialytic patients with 

special reference to fibrinolytic inhibitor. Homma T, Ichikawa T. Biochem Exp Biol. 

1979;15(3):229-236. 

 

37. The functional role of intravascular coagulation renal disease. Wardle EN. Scott 

Med J. 1976 Apr;21(2):83-91. 

 

38. Clinicopathological spectrum of late postpartum renal failure; two contrasting 

cases. Ford PM, Levison DA, Down PF, McConnell JB. J Clin Pathol. 1976 

Feb;29(2):101-110. 

 

39. Fibrin in renal disease: functional considerations. Wardle EN. Clin Nephrol. 

1974;2(3):85-92. 

 

40. The role of coagulation in renal disease. MacDonald MK, Clarkson AR, Davison 

AM. Perspect Nephrol Hypertens. 1973;1 Pt 2(0):809-828. 

 

41. Pattern of the activator inhibitor in carcinoma and renal diseases. Hedner U, 

Nilsson IM. Scand J Haematol. 1973;11(5):398-404. 

 

42. Blood coagulation and renal disease. McKay DG. Perspect Nephrol Hypertens. 

1973;1 Pt 2(0):771-807. 

 

43. Coagulation and renal disease. Kincaid-Smith P. Kidney Int. 1972 Oct;2(4):183-

190. 

 

44. A clinical and experimental study of platelet function in chronic renal failure. 

Evans EP, Branch RA, Bloom AL. J Clin Pathol. 1972 Sep;25(9):745-753. 



74 
 

45. Observations on the mechanism of the haematological changes in the haemolytic 

uraemic syndrome of infancy. Metz J. Br J Haematol. 1972 Sep;23: Suppl:53-59 

 

46. On coagulation and fibrinolysis in uremic patients on maintenance 

haemodialysis. Larsson SO. Acta Med Scand. 1971 Jun;189(6):453-462. 

 

47. On coagulation and fibrinolysis in acute renal insufficiency. Larsson SO, Hedner 

U, Nilsson IM. Acta Med Scand. 1971 Jun;189(6):443-451. 

 

48. On fibrinolytic split products in serum and urine in uraemia. Larsson SO, Hedner 

U, Nilsson IM. Scand J Urol Nephrol. 1971;5(3):234-242. 

 

49. On coagulation and fibrinolysis in renal failure. Larsson SO. Scand J Haematol 

Suppl. 1971; 15:1-59. 

 

50. Abnormalities of haemostasis in renal failure. Losowsky MS, Walls WD. J R Coll 

Physicians Lond. 1971 Jan;5(2):148-156. 

 

51. Carbenicillin in renal failure. Lurie A, Gold CH, Meyers AM, Goldberg B. Lancet. 

1970 Aug 22;2(7669):422-423 

 

52. Amphetamine intoxication with coagulopathy, hyperthermia, and reversible renal 

failure. A syndrome resembling heatstroke. Ginsberg MD, Hertzman M, Schmidt-

Nowara WW. Ann Intern Med. 1970 Jul;73(1):81-85. 

  



75 
 

Addendum I: TEG® Trace 

 

 

A depiction of a normal TEG® trace as compared to traces seen in various 

coagulopathic states 
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Addendum J: ROTEM® Trace 

 

 

ROTEM® trace for a normal patient 

(permission to use ROTEM® trace provided by Frederike Fritsch 

Product Manager, PBM for rotem.de, 

instrumentationlaboratory.com) 

  

https://www.rotem.de/wp-content/uploads/2014/02/ergebnisint-normaler-patient-500px.jpg


77 
 

 

Addendum K: Complete results sheet 
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Addendum L: Fibrinogen graph 
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Addendum M: Creatinine vs Platelets graph 
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Addendum N: Creatinine vs Bleeding Time graph 

 

 

 




