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ABSTRACT

Aims:

End stage renal disease (ESRD) patients have an excess cardiovascular
risk, above that predicted by traditional risk factor models. Despite the
advances in both Cardiovascular disease (CVD) management and renal
replacement therapy (RRT), there still is a major burden of
cardiovascular mortality and morbidity in the chronic kidney disease
(CKD) population. Declining renal function itself represents a
continuum of cardiovascular risk and in those individuals who survive
to reach ESRD, the risk of suffering a cardiac event is uncomfortably
and unacceptably high. Pro-thrombotic status may contribute to this
increased risk. Global thrombotic status assessment, including
measurement of occlusion time (OT) the time taken to form an
occlusive platelet rich thrombus and thrombolytic status (time taken to
lyse such thrombus) as assessed by measuring Lysis Time (LT), may
identify vulnerable patients. The aim of this study was to assess
overall thrombotic status in ESRD and relate this to cardiovascular and
peripheral thrombotic risk. Small sub studies were also planned to

establish the effect of RRT modality on the thrombotic status.




Methods and results

Thrombotic and thrombolytic status of ESRD patients (n = 216) on
haemodialysis and 100 healthy volunteers was assessed using the
Global Thrombosis Test (GTT). This novel, near-patient test measures
the time required (OT) to form and time required to lyse (lysis time,
LT) an occlusive platelet thrombus. Patients were followed-up for a
minimum 1 year for major adverse cardiovascular events (MACE;
composite of cardiovascular death, non-fatal MI, or stroke). Peripheral
arterial or arterio-venous fistula thrombosis was a secondary endpoint.
The 100 healthy volunteers did not have any renal impairment, and
were not taking any medications. There were 55 males and 45 females,
and mean age was 38*11 years (range 22-76, IQR 11). OT was
normally distributed with mean OT 378 sec (200-550 sec). LT
demonstrated a skewed distribution ranging from 457 to 2934 sec. A
median of 1053 sec (600-2000s) was established for LT. OT was
prolonged (491+177 vs. 378+96 s, P<0.001) and endogenous
thrombolysis was impaired (LT median 1820 vs.1053 s, P< 0.001) in
ESRD compared with normal subjects. LT=3000 s occurred in 42% of
ESRD patients, and none of the controls. Impaired endogenous
thrombolysis (LT=3000 s) was strongly associated MACE (HR-4.25,
95% CI 1.58- 11.46, p=0.004), non-fatal MI and stroke (HR-14.28,

95% CI 1.86-109.90, p=0.01), and peripheral thrombosis (HR -9.08,




959% CI 2.08-39.75, p=0.003). No association was found between OT
and MACE.

Small sub studies were performed on patients receiving peritoneal
dialysis (PD) and also post renal transplant recipients to compare the
thrombotic status assessed by GTT in patients with different modalities
of RRT. These patients did not have any clinical follow-up. The global
thrombotic status of renal transplant recipients or PD patients was not
different to that of the HD patients suggesting that the modality of

RRT does not alter the thrombotic status in ESRD.

Conclusion:

Impaired endogenous thrombolysis, as measured by using the near
patient, bed-side novel test, is a novel risk factor in ESRD. It is
strongly associated with cardiovascular events. Further studies are
required to confirm the role of impaired endogenous thrombolysis as

an independent risk factor for CVD in CKD patients.




Thesis Outline

This thesis has been divided into 8 chapters. In the first chapter I have
discussed the burden of CKD and the magnitude of CVD in ESRD
patients and reviewed the possible risk factors implicated in this. I
have then discussed the mechanism of thrombotic events in general
and the possible explanation of the differences found in ESRD
compared to patients with normal renal function. I have then
reviewed the available platelet function tests, drawbacks in currently
available tests and thus the need for a new test.

In chapter 2 and 3 I have outlined the hypothesis, aims and
methodology used to perform this study. In this chapter I have also
detailed the main test used to perform the study -GTT. It also lists the
reasons for choosing peripheral venous sample as compared to fistula
sample in HD patients for GTT analysis which is then further discussed
in detail as a sub-study in chapter 4

Chapter 5 outlines the demographics of the main study group (HD
patients) and the OT and LT values observed in the HD group. This
showed significantly prolonged LT in HD population compared to the
healthy volunteers. The effects of demographic profile, medical co-
morbidities and medications on the OT and LT of HD patients are then

studied in this chapter. Following this the relationship between OT and




LT and the study endpoints is established. This showed that
significantly prolonged LT (>3000s) was an independent risk factors in
this study group for MACE and secondary end-points.

Chapter 6 and 7 are establishes the OT and LT in small groups of
patients receiving PD or post renal transplant and then a comparison is
made with the main study population.

Chapter 8 is a general discussion about the methodology, rationale of
the study, possible explanations of the results and limitations of the
study. It also briefly highlights possible future work.

In the end are the references and the appendices which include the
ethical approval letters, data collection sheets, patient and GP

information sheets.
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Chapter 1:
Background




1.1 Introduction

This chapter has two parts. In the first part of this chapter I will
discuss the burden of chronic kidney disease (CKD) and the magnitude
of (CVD) in end stage renal disease (ESRD) patients and review the
possible risk factors implicated in this. I will then go on to explain the
mechanism of thrombotic events in general and the possible
explanation of the differences found in ESRD compared to patients
with normal renal function. In the second part of this chapter I will
review the available literature on the platelet function testing,

drawbacks in currently available tests and thus the need for a new test.

1.1.1 CKD prevalence

The prevalence of CKD is high and rising, affecting 13% of the
population in the United States in 1999-2004 as compared with 11%
in 1988-1994, according to data from the National Health and
Nutrition Examination Survey (1). More or less similar prevalence
estimates have been reported in Australia (2), Norway (3) and the
United Kingdom (4). In a UK-based cross-sectional study, the overall
prevalence of CKD estimated Glomerular Filtration Rate (eGFR) <60
ml/min/1.73 m?) in a population of older people aged 75 years or
more was 56.1% (95% CI: 55.3-57.0). The prevalence of eGFR less

than 45 and 30 ml/min/1.73 m? was 17.7% (95% CI: 17.1-18.4) and




2.7% (95% CI: 2.4-2.9), respectively (5). The prevalence may be
even higher among institutionalized older people, with 82% of a
residential home population in the UK having a GFR equivalent to
stage 3 CKD or worse, and 40% with stage 3B CKD or worse (6).

CKD typically evolves over many years, with a long latent period when
the disease is clinically silent and therefore diagnosis, evaluation and
treatment is based mainly on biomarkers that assess kidney function.
In 2002, the National Kidney Foundation Kidney Disease Outcomes
Quality Initiative (NKF KDOQI) instituted new guidelines that
established a novel CKD staging paradigm. In this model, CKD was
categorized into five stages based on eGFR range: I, II IIT IV and V (7)
eGFR more than 90 mL/min per 1:73 m2 (stage 1), 60-89 mL/min per
1-73 m?2 (stage 2), 30-59 mL/min per 1:73 m?2 (stage 3), 15-29
mL/min per 1-73 m2 (stage 4), and less than 15 mL/min per 1:73 m?2
(stage 5)

Some CKD patients are able to maintain stable, albeit diminished
glomerular filtration rates over several years, the so-called “non-
progressors” or “asymptomatic” CKD patients, whereas, other CKD
patients, for often unclear reasons, have an apparent enhanced
propensity to progressively lose GFR over time, the so-called
“progressors” or “symptomatic” CKD (8). The natural history of

progression in certain conditions such as polycystic kidney disease and




diabetic nephropathy is well documented with these diseases, often
following a predictable linear decline. However, much less is known
about the rate and nature of progression in general population-based
cohorts of CKD patients, particularly in the elderly. Studies have
consistently shown that in patients with CKD, death is far more
common than progression of kidney disease (9).

Keith et al. (10) identified 27,998 patients who had eGFR <90
ml/min/1.73 m? measured on at least 2 occasions separated by 90
days. Subjects were followed-up for 66 months or until death or
initiation of renal replacement therapy (RRT). Death was found to be
significantly more common at each stage of CKD compared with the
frequency of RRT: 19.5% in stage 2, 24.3% in stage 3 and 45.7% in
stage 4 died compared with rates of RRT of 1.1, 1.3 and 19.9% in
each stage, respectively. Two other population-based studies have also
demonstrated that the risk of death far exceed the risk of progression
to RRT. Drey et al. (11) found that only 4% of those with creatinine
>150 umol/l progressed to RRT compared with 69% who died during
the 5.5-year follow-up. Foley et al. (12) examined 5% of the Medicare
population and found that the rate of death per 100 patient-years were
significantly higher than the risk of progression to RRT in CKD patients

with and without diabetes. The risk of mortality, principally from CVD,




in older people with CKD outweighs the risk of progression to ESRD
(13).

Patients with ESRD consume a disproportionate amount of health care
resources. However, despite the magnitude of the resources
committed to the treatment of ESRD and the substantial
improvements in the quality of dialysis therapy, these patients
continue to experience significant mortality and morbidity, and a
reduced quality of life.

The modalities of RRT available for the treatment of (ESRD) include
renal transplantation, haemodialysis (HD), and peritoneal dialysis (PD).
HD is subdivided into centre HD, the most commonly used modality,
and home HD. PD comprises both continuous ambulatory PD (CAPD),
and continuous cycling PD (CCPD), in addition to a small subgroup of
other forms of PD. Renal transplantation may be from a living donor
(either a blood relative or other unrelated donor) or a cadaveric donor.
During the course of their treatment for ESRD, patients may switch a
number of times between different modalities of renal replacement
therapy. For example, a given patient might move from CAPD to
transplantation and, after transplant failure, to haemodialysis and
perhaps to a second transplant.

According to the United States renal data system 2014 annual report

(14) the use of PD and pre-emptive kidney transplant were relatively




more common in younger patients. The use of home dialysis in the
USA has increased significantly since 2002 and was 35% higher in
2012 (c.f 2002). The majority of patients receiving home dialysis
(95%) were receiving PD.

The numbers of incident case using various modalities of RRT in US in
the year 2012 based on age, race, ethnicity, sex and aetiology of
ESRD is shown in the table 1.1 adapted from the USRDS annual

report.

Table 1.1

Table 1.1 : Number and percentage of incident cases of HD, PD and transplantation (Tx) by age, sex,
race, ethnicity, and primary ESRD diagnosis, in the U.S. population, 2012

HD PD Tx ‘
N % N % N %
Age ‘
506 0.5 349 3.8 245 8.7
0-19
10,375 10.5 1,650 18.0 661 23.6
20-44
38,268 38.7 3,952 43.1 1,355 48.3
45-64
24,528 24.8 1,900 20.7 485 17.3
65-74
25,277 25.5 1,324 14.4 57 2.0
75+
Sex
Male 56,847 57.4 5,197 56.6 1,612 57.5




Female 42,107 42.6 3,978 43.4 1,191 42.5
Race

White 65,430 66.1 6,415 69.9 2,288 81.6
Black/ 28,659 29.0 2,137 23.3 292 10.4
African Am

Native 1,139 1.2 87 0.9 29 1.0
American

Asian 3,726 3.8 536 5.8 194 6.9
Ethnicity

Hispanic 13,702 13.8 1,251 13.6 420 15.0
Non- 85,252 86.2 7,924 86.4 2,383 85.0
Hispanic

Primary cause of ESRD

Diabetes 43,922 44.4 3,783 41.2 441 15.7
Hyperten- 29,111 294 2,373 25.9 257 9.2
sion

Glomerulo- 6,889 7.0 1,387 15.1 553 19.7
nephritis

Cystic 1,551 1.6 476 5.2 429 15.3
kidney

Other 410 0.4 61 0.7 54 1.9
urologic

Other Cause 10,762 10.9 682 7.4 501 17.9
Unknown/ 6,309 6.4 413 4.5 568 20.3
missing

All 98,954 100.0 9,175 100.0 2,803 100.0
ADAPTED FROM USRDDS DATABASE (www.usrds.org/2014)

Data Source: Special analyses, USRDS ESRD Database. Abbreviation: African Am, African American; ESRD, end-stage
renal disease.



http://www.usrds.org/2014

In comparison, the UK renal registry 17" annual report stated that
there were 56,940 adult patients receiving RRT in the UK on 31
December 2013, an absolute increase of 4.0% from 2012. The actual
number of patients increased 1.2% for HD, 7.1% for those with a
functioning transplant but decreased 3.3% for PD. The UK adult
prevalence of RRT was 888 per million population (pmp) compared to
523 pmp. in the year 2000. The number of patients receiving home HD
increased by 3% from 1,080 patients in 2012 to 1,113 patients in
2013. The median age of these patients was 58.4 years (HD 66.9
years, PD 63.7 years, transplant 52.8 years). In 2000 the median age
was 55 years (HD 63 years, PD 58 years, transplant 48 years). The
percentage of RRT patients aged greater than 70 years old increased
from 19.2% in 2000 to 25% in 2013. For all ages, the prevalence rate
in men exceeded that in women, peaking in age group 75-79 years at

3,010 p.m.p. in men and for women at 1,560 p.m.p.

Unlike the US, the most common identifiable renal diagnosis was
glomerulonephritis (19.0%), followed by uncertain aetiology (16.0%)
and diabetes (15.9%). Transplantation continued to be the most
common treatment modality (52%), HD was used in 41.6% and PD in

6.4% of RRT patients. Prevalence rates in patients aged > 85 years




continued to increase between 2012 and 2013 (983 age related pmp
to 1,020 age related pmp).

In 2013, 21.1% of the prevalent UK RRT populations (with ethnicity
assigned) were from ethnic minorities compared to 14.9% in 2007.
The UK numbers are much smaller than those from the US but are
comparable to northern European countries according to the UKRDS

report.

1.1.2 Cardiovascular risk in CKD

CKD affects around 10-13% of the general population, with only a
small proportion of these patients exhibiting ESRD, either on dialysis
or awaiting renal transplantation (1). It is well documented that CKD
patients have an extremely high risk of developing CVD compared with
the general population, so much so that in the early stages of CKD
patients are more likely to develop CVD than they are to progress to
ESRD.

A number of studies in the past have demonstrated that as eGFR falls,
the incidence of CVD increases, independent of associated risk factors
(15) Go et al. investigated the association between GFR, CVD and
death in 1,120,295 adults. On multivariate analysis, the adjusted
hazard ratio for CVD was 1.4 with an estimated GFR of 45-59

ml/min/1.73 m? (95% CI, 1.1-1.2) compared with 3.4 (95% CI, 3.1-




3.8) with an estimated GFR of < 15 ml/min/1.73 m?. Similar findings

have been reproduced in other large studies and few of these are

summarized in the table 1.2.

Tablel.2™: Studies investigating the association between eGFR and CVD
* Table modified and adapted from (16).

Study Outcome N””!b.er OfComparison Result (CI; p-value)
participants
An eGFR 45-59 vs. > 60 ml/min/1.73 m*> |HR 1.4 (Cl 1.4-1.5)
o et al Cargiovascular | 150290 EGFR30-44vs.>60 mi/min/L.73m*  |HR 2.0 (C119-2.1)
" bvents e eGFR 15-29 vs. > 60 m/min/L.73m* |HR 2.8 (Cl 2.6-2.9)
eGFR < 15 vs. > 60 mi/min/L.73m?  |HR 3.4 (C13.1-3.8)
Qf”fmer et;gg‘;gzry heartl 4 56 eGFR 15-59 vs. > 90 m/min/L.73m’ |RR 4.27 (CI 2.09-8.71 p < 0.001)

Manjunath et

IAtherosclerotic

ol * cardiovascular 15,350 eGFR 15-59 vs. 90-150 ml/min/1.73 m3HR 1.38 (Cl 1.02-1.87 p = 0.038)
' disease

Maniunath etAtherosclerotic

I *i cardiovascular (15,350 Every 10 unit reduction in eGFR HR 1.05 (CI 1.02-1.09 p = 0.006)
) disease

Zfafi”"ath e‘((j:izre‘;'s‘z"ascu'ar 5135 eGFR 15-59 vs. 90-150 ml/min/1.73 m4HR 1.31 (CI 1.06-1.62 p = 0.013)

Manjunath etCardiovascular g, 5 Every 10 unit reduction in eGFR HR 1.05 (CI 1.02-1.09 p = 0.005)

al. **

disease

CHD, coronary heart disease; eGFR, estimated glomerular filtration rate; NIDDM, none insulin dependent diabetes

mellitus.
*(17)

** (18)




As early as 1970s it was recognized that there is high burden of
cardiovascular disease in HD patients (19) Presence of
angiographically significant coronary artery disease ranges from 25%
in young non-diabetic HD patients to 85% in older, diabetics with
ESRD (20) When compared to patients without CKD who undergo
evaluation for coronary artery disease (CAD), those with ESRD have
substantially more numerous and severe coronary artery lesions, as

well as more severe left ventricular dysfunction (21,22)

The 5-year survival of men > 64 year old starting dialysis is worse
than that of men with colon cancer and prostate cancer (*). The 5-
year survival of women >64 year old starting dialysis is worse than

that of women with breast cancer and colon cancer (*). (x = u.s. Renal Data

System: USRDS 1998 Annual Data Report, National Institutes of Health, National Institute of Diabetes and

Digestive and Kidney Diseases, Bethesda, MD, April 1998).

CVD accounts for 40%-50% of deaths in dialysis populations (8).
Overall, the risk of cardiac mortality is 10 to 20-fold greater in dialysis

patients than in age and sex-matched controls without CKD.

Despite this, dialysis patients often undergo fewer investigations and
invasive procedures for CVD, and are prescribed fewer medications for
these conditions compared with age-matched non-ESRD patients.

These discrepancies can be explained by the paucity of large trials for




evidence-based treatment strategies in this population, but there is
concern that this attitude may be impacting on the medical care of

these patients.

Recently, Roberts et al used registry data to compare age- and era-
specific CVD mortality rates in Australian dialysis patients with rates in
the Australian general population. The encouraging finding of this
study is that CVD mortality rates have decreased, in this population,
over time in both dialysis patients and the general population. The
concerning finding was that the relative risk of CVD mortality in
dialysis patients compared with the general population increased. In
addition, statistical analyses confirmed an interaction between era and
dialysis status with CVD mortality, indicating significantly higher
relative risk for dialysis patients in more recent eras (23). On the
basis of these observations the authors concluded that despite
decreasing cardiovascular mortality rates in some dialysis patients, the
excess cardiovascular risk compared with the general population is

increasing (24).

The interpretation of this comparison may or may not be extrapolated
to other populations and certainly has limitations. However it does
highlight that despite the advances in both CVD management and RRT,

there still is a major burden of cardiovascular mortality and morbidity




in the CKD population. Declining renal function itself represents a
continuum of cardiovascular risk and in those individuals who survive
to reach ESRD, the risk of suffering a cardiac event is uncomfortably
and unacceptably high. It also raises the question of why the rates of
CVD in dialysis patients are not decreasing at the same rate as in the

general population.

1.1.3 Risk factors of CVD in CKD

Although atherosclerosis on its own is predominantly a clinically silent
process, its consequences and presentations can be catastrophic, and
in the vast majority of patients may even be the first presentation of
the disease process. Clinical presentations of atherosclerosis include
ischemic heart disease, namely, angina, myocardial infarction, and
sudden cardiac death, which is common in CKD, and cerebrovascular
disease, peripheral vascular disease, or heart failure. The
cardiovascular burden in dialysis patients now is recognized to include
not only accelerated atherosclerosis, but also arteriosclerosis with stiff
and noncompliant arteries, as well as a high prevalence of
cardiomyopathy. Thus in practice, it is seen that, although the risk of
myocardial infarction is increased in patients on dialysis, other
cardiovascular events, such as sudden cardiac death and heart failure

are also common in this cohort (25).




1.1.4 Traditional Risk Factors

Most of the traditional CVD risk factors (as defined in the Framingham
population), such as older age, diabetes mellitus, systolic hypertension
and high low-density lipoprotein (LDL) cholesterol, are highly prevalent
in CKD. However, the relationship between these risk factors and
cardiovascular events in people with kidney disease often differs from
that in the general population and does not explain the increased risk.
It is also true that intervening on these traditional risk factors, such as
lipid lowering with statin therapy have not shown any major benefit of

cardiovascular event reduction in this population.

Traditional risk factors for CVD and mortality in the general population
such as body mass, serum cholesterol, and blood pressure are also
found to relate to outcome in patients receiving maintenance dialysis,
but often in an opposite direction. Obesity, hypercholesterolemia, and
hypertension appear to have protective features that may be
associated with a greater survival among dialysis patients. These
findings are in contrast to the well-known association between over-
nutrition and poor outcome in the general population. The association
between wunder-nutrition and adverse cardiovascular outcome in
dialysis patients, which appears to contrast to that seen in non-ESRD

individuals, has been referred to as "reverse epidemiology." The




etiology of this inverse association is not clear. Several possible causes
are hypothesized including survival bias (only a small number of
patients with CKD survive long enough to reach ESRD, and the
presence of the "malnutrition-inflammation complex syndrome" (MICS)
in dialysis patients (26). Both protein-energy malnutrition (PEM) and
inflammation or a combination of these two, are much more common
in dialysis patients than in the general population. The degree to which
PEM in dialysis patients is caused by inflammation is not clear. Some
studies suggest that PEM and inflammation each independently
contribute to hypoalbuminemia and subsequently increase morbidity
and mortality. Since both PEM and inflammation are strongly
associated with each other and can change many nutritional measures
in the same direction, and because the relative contributions of
measures of these two conditions to each other and to outcomes in
dialysis patients are not yet well defined, MICS has been suggested to
denote the important contribution of both of these conditions to ESRD

outcome (27).

The possible causes of MICS include comorbid illnesses, oxidative and
carbonyl stress, nutrient loss through dialysis, anorexia and a low
nutrient intake, uremic toxins, a decreased clearance of the

inflammatory cytokines, a volume overload, and dialysis-related




factors. Many elements of MICS, such as a low weight-for-height,
hypocholesterolaemia, or hypocreatininaemia, are the known risk
factors of a poor outcome in dialysis patients (28). Because MICS leads
to a low body mass index, hypocholesterolaemia, hypocreatininaemia
and hypohomocysteinaemia, a “reverse epidemiology” of the

cardiovascular risks has been seen in the dialysis patients.

The AURORA trial, was a large international, multicenter, randomized,
double-blind, prospective trial involving 2776 patients, 50 to 80 years
of age, who had been undergoing maintenance HD for at least 3
months. Patients were randomly assigned to receive rosuvastatin, 10
mg daily, or placebo. The primary end point was the time to a major
cardiovascular event, defined as a nonfatal myocardial infarction,
nonfatal stroke, or death from cardiovascular causes (29). In this trial,
the statin therapy failed to achieve any benefit on the primary
outcome or its subsets individually, despite achieving a mean 43%

reduction in the LDL cholesterol level at 3 months.

Similar findings were seen in the 4D study, where 1225 patients with
type 2 diabetes undergoing maintenance HD received either
atorvastatin at a dose of 20 mg or placebo. Although the median LDL

cholesterol level was reduced by 42% with atorvastatin, there was no




significant reduction in the composite primary cardiovascular end point
(30). The lack of benefit of statin therapy in the 4D and AURORA
studies suggests that CVD risk in patients undergoing HD differs from
that in other patients.

The much larger, more recent SHARP study, which included nearly
10,000 patients with CKD (of whom 3,023 were on maintenance
dialysis therapy), reported that allocation to simvastatin plus ezetimibe
achieved a 17% reduction in major atherosclerotic events compared to
placebo. However, the majority of patients in SHARP were not on
dialysis and analysis of the subgroup of patients on HD did not show a
benefit of lipid-lowering therapy (31). Thus for prevention of CVD,
there is strong clinical evidence supporting the benefit of using statins
in the early stages of CKD, but there is no clear advantage to their use

in dialysis patients, a particularly high risk population.

Similarly, blood pressure lowering in CKD patients has not shown any
major impact on CVD in these patients. The “U shaped” relationship
between hypertension and mortality is more difficult to explain, not
least because of the difficulty in defining hypertension in this
population as there is tremendous variation in BP throughout the
dialysis cycle making it difficult to establish which BP is most important.

Also the high prevalence of cardiac dysfunction may account for the




increased mortality at low-normal levels of BPThere have been a
number studies which have indicated that, similar to the risk seen in
the general population, high systolic or diastolic blood pressure (BP) is
associated with an increased risk of death in dialysis patients (32). A
number of large epidemiological studies have paradoxically indicated
inverse (33) or U-shaped (34) associations between BP and mortality
in dialysis patients. It has been argued that discrepancies in these
studies including the so-called “reverse epidemiology” of BP (or
hypertension paradox) are related to differences in various clinical
characteristics including comorbid conditions of the studied patient
populations (35).

Agents acting via the renin angiotensin system (RAS), including
angiotensin-converting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs), are often recommended as first-line
treatment on the basis of RCTs demonstrating a reduction in renal
events (for e.g. kidney failure or doubling serum creatinine) in patients
who have proteinuria, either with (36, 37) or without diabetes
(Angiotensin-Converting Enzyme Inhibition in Progressive Renal
Insufficiency (AIPRD) study (38), Ramipril Efficacy in Nephropathy

study(REIN); (39, 40), or advanced CKD(SCr >3 mg/dl) (41).

Most of the blood pressure lowering trials are driven by renal outcomes

and the evidence for cardiovascular outcomes is based mainly on sub




group analysis of large trials studying ACE-inhibitors, such as the
ADVANCE (42), PROGRESS (43), HOPE (44), EUROPA (45) studies and

PEACE STUDY (46).

A post hoc analysis of the ALLHAT study demonstrated that lisinopril
was not superior to chlorthalidone or amlodipine in preventing
coronary heart disease, stroke, or combined CVD in patients with
estimated GFR<60 ml/min/1.73 m? and chlorthalidone was superior to
both for preventing heart failure, independent of renal function (47).

Thus far, despite the increased risk of death and cardiovascular events
in individuals undergoing dialysis there is no consensus about the
treatments proven to reduce cardiovascular outcomes, as one would

expect, by modifying the so-called traditional risk factors.

1.1.5 Novel or non-traditional risk factors

Due to the discrepancy in the outcomes and burden of traditional risk
factors in end stage renal disease, the search for novel or non-
traditional risk factors that may be involved in the pathogenesis of
CVD in ESRD has been an area of intense ongoing research.
Interventions such as dialysis prescription modification (48),
homocysteine lowering, (49) mineral metabolism modification (50, 51,

52) and haemoglobin normalization (53) have been assessed in




randomized trials and systematic reviews, but there is no clear
evidence to show that any of these approaches except possibly more
frequent dialysis (54) reduces the risk of death or major cardiovascular

events.

1.1.6 Atherosclerosis in ESRD

The metabolic environment that results from renal dysfunction appears
to accelerate the atherosclerotic process by decades in patients with
ESRD. Atherosclerotic disease may not follow identical pathways in
people with ESRD compared with those with normal renal function,
and indeed may be accelerated (55). It has been shown in studies with
CT calcium scoring that coronary artery calcification occurs more
frequently in young adults with end-stage renal disease than in either
normal subjects of the same age and sex or older adults with normal

renal function (56, 57).

The accelerated atherosclerotic process of ESRD may involve several
inter-related processes, such as oxidative stress, endothelial
dysfunction and vascular calcification, in a milieu of constant low-grade
inflammation (58). Indeed, recent evidence suggests that the uremic
milieu may affect both the quality and quantity of the atherosclerotic
plaques. Schwarz et al (59) have shown that coronary plaques in

uremic patients are characterized by increased media thickness,




infiltration and activation of macrophages and marked calcification.
Importantly, the striking difference compared with non-renal controls
did not concern the size but rather the composition of the plaque. Thus,
it could be postulated that heavily calcified and inflamed plaques
contribute to the excessive cardiovascular risk in ESRD patients.

The inflammation in ESRD is multifactorial and, while it may reflect
underlying CVD, an acute-phase reaction may also be a direct cause of
vascular injury via several pathogenic mechanisms. Available data
suggest that pro-inflammatory cytokines play a central role in the
genesis of both malnutrition and CVD in ESRD (60). Thus, it could be
speculated that suppression of the vicious cycle of malnutrition,
inflammation and atherosclerosis (MIA syndrome) would improve

survival in dialysis patients.

1.1.7 Platelets in athero-thrombosis

Platelets are cells which circulate in blood. They are of pivotal
importance in blood clot formation, affecting thrombosis and
haemostasis. By rapidly altering the activation and expression of
surface receptors, platelets are able to quickly undergo structural and
phenotypic changes in response to stimulation, such as collagen
exposure from beneath injured vascular endothelium. The main trigger

for the formation of a haemostatic thrombus is the loss of the




endothelial cell barrier between extracellular matrix components and
flowing blood. This exposes platelets to the thrombogenic components
of the sub-endothelium. Among the main components exposed are
proteoglycans, collagen type IV, entactin, laminin, fibulin and von

Willebrand factor (VWF) (61).

In response to stimulation platelets become adhesive, aggregate to
form a thrombus, and release a variety of mediators affecting
coagulation, inflammation, and chemotaxis at the site of injury.
Platelet adhesion under conditions of high shear stress, as occurs in
stenotic atherosclerotic arteries, is central to the development of
arterial thrombosis; therefore, platelet activation and adhesion must
be prevented in order to maintain blood fluidity and to prevent
thrombotic or haemorrhagic complications. The main inducers of
platelet activation are collagen, VvWF, alpha-thrombin, adenosine
diphosphate (ADP) and thromboxane A2. ADP is essential to the
platelet response because after its secretion from the platelet dense
granules where it is stored, it amplifies the responses induced by other
agonists.

Formation of the platelet plug in response to vascular injury can be
thought of as occurring in three stages: initiation, extension, and

perpetuation (Figl.1) (62).
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Figure 1.1 Stages in platelet plug formation. A: Prior to vascular injury, platelet
activation is prevented by inhibitory factors that include PGI, and NO released from
endothelial cells, the presence of CD39 on the surface of endothelial cells, and the
inability of normal plasma VWF to bind spontaneously to the platelet surface. B: The
development of the platelet plug can be initiated by the exposure of collagen and
VWF in the vessel wall, and by the local generation of thrombin, a process that
occurs more rapidly on the surface of activated platelets. C: Rolling platelets adhere
and spread on the collagen matrix, forming a monolayer of activated platelets that
can act as a surface for subsequent recruitment of platelets by thrombin, ADP, and
TxA,. D: During the perpetuation stage, close contact between platelets promote the
growth and stabilization of the hemostatic plug, in part through contact-dependent

signaling mechanisms.




Initiation begins with the tethering, rolling, and arrest of moving
platelets on collagen and their subsequent activation to form a platelet
monolayer. Large VWF multimers are essential to this process,
particularly under high shear conditions in the arterial circulation, but
thrombin can also help to initiate platelet activation. Extension refers
to the recruitment of additional platelets through the local
accumulation of thrombin, ADP and TxA,. Perpetuation refers to the
events that stabilize the platelet plug, some of which involves
molecules on the platelet surface that are capable of generating
intracellular signals only after platelets have come into sustained
contact with each other. The net result is the formation of a fibrin-
anchored platelet plug, a structure in which platelet/platelet
interactions are supported by the binding of fibrinogen and fibrin to the
integrin alIbp3 (also known as glycoprotein [GP] IIb-IIIa) and by VWF

bound to GP Ib and amnpB3 (Figl.2 ).
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Figure 1.2

Anatomy of a platelet plug: an enlarged view of the assembled platelet plug,

highlighting platelet/platelet interactions mediated by the binding of fibrinogen, fibrin,

and VWF to activated GP IIb-IIla (aypfB3) and the binding of VWF to GP Iba.

The contribution of platelets to haemostasis is different in arteries and
veins. Blood circulates at much higher velocity at the center of a vessel
compared to near the wall, and this creates are shearing effect
between adjacent layers of fluid that is greatest at the wall. In the
venous system, low-flow rates and stasis permit the accumulation of
activated coagulation factors and the local generation of thrombin,

with a less prominent contribution from platelets. Venous thrombi




contain platelets, but the dominant cellular component consists of
trapped erythrocytes. In the arterial circulation, higher flow rates limit
fibrin formation by washing out soluble clotting factors. Platelets,
which contribute most to thrombosis at higher shear rates, help to
form a physical barrier against further blood loss and, at the same
time, provide a surface on which thrombin is generated and fibrin can
accumulate.

Shear stress is particularly increased over atherosclerotic lesions
because significant lumen reduction by obstructive plaques causes a
local increase in blood flow velocity. Animal studies have shown that
platelets are not only involved in occlusive thrombus formation leading
to clinical conditions like myocardial infarction or stroke but may also

play a prominent role in the promotion of atherosclerotic lesions (63).

1.2. Platelet Function testing

With platelets being key players in athero-thrombotic events, platelet
inhibition has been of immense therapeutic interest. The ideal
antiplatelet drug would be able to overcome the deleterious effects of
platelets in athero-thrombosis without affecting haemostatic
functionality. Despite multiple antiplatelet drugs being available for
therapeutic use, the clinical response to these drugs is variable and

thus there is a demand for tests to assess platelet function. Platelet




function can be assessed in a wide range of clinical scenarios, for e.g.
in patients with bleeding disorders, in patients with previous thrombo-
embolic events to assess the response to anti-platelet medication, in
transfusion recipients, in the preoperative setting to assess bleeding
risk. Cardiologists, particularly, are interested in the prediction of
thrombotic events, especially in patients undergoing percutaneous
coronary intervention and using the most appropriate antiplatelet drug
to minimize future coronary thrombotic events, such as acute stent
thrombosis. On the other hand, surgeons are mostly interested in
knowing about the bleeding tendency, post-operative bleeding risk and
similar haemostatic issue. Multiple tests are available but identification
of a single test to answer a question related to platelet function and
clinical outcome has still not been possible.

The first stage of assessing platelet function involves measuring the
full blood count including platelet count and mean platelet volume
(MPV). If abnormalities are identified in the platelet count, size, or
distribution, then a blood smear can be examined to confirm these
findings, and to further assess platelet granule content and
morphology. This morphological assessment may identify other
distinguishing features and sometimes is sufficient to make a diagnosis.
Manual platelet counting still remains the gold standard in assessing

platelet numbers but requires high levels of technical skill. It is time




consuming and most laboratories these days use automated analysers,
optical counting methods or flow cytometry (64). This has improved
their ability to distinguish large platelets from red cells and can

sometimes provide more accurate counts.

1.2.1 Bleeding Time

The most simple of the platelet function test is the use of bleeding
time. The Bleeding Time (BT) was originally described by Duke in 1910
(65) and further standardized by Ivy et al. in 1941(66). This test can
be regarded as the oldest test of primary haemostasis investigating
platelet function. The BT is an in-vivo test in which a small cut is made
in the forearm of the patient, and the time taken for bleeding to stop is
measured.

In the traditional Ivy method, a blood pressure cuff is placed on the
upper arm and inflated. A stab wound is made on the underside of the
forearm. The time from the stab wound until all bleeding has stopped
is measured and is called the bleeding time. Every 30 seconds, filter
paper or a paper towel is used to draw off the blood. The test is
finished when bleeding has stopped completely.

In the Duke method, the wound is made in an ear lobe or a fingertip to

cause bleeding. In the template technique, a disposable spring loaded




device is placed over the area to be stabbed and two incisions are
made in the forearm using the template as a location guide.

The BT is subjective and is influenced by patient variables unrelated to
haemostasis, such as age, gender, haematocrit, vascular pattern, skin
thickness and skin temperature (67, 68). Although modern BT
methods show improved standardization and are somewhat sensitive
to both von Willebrand disease and platelet dysfunction, the BT is now
rarely used in practice as it is non-specific, has low sensitivity, is
invasive, and has poor reproducibility due to high rate of inter-

operator variability.

1.2.2 Platelet function analyser (PFA-100)

The platelet function analyser PFA-100® System (Siemens
Diagnostics) is a test to determine the thrombosis time automatically
ex vivo based on the method first described by Kratzer and Born
(69,70). This test is a microprocessor-controlled instrument (Figure
1.3) which emulates in vitro the platelet dependent phase of primary

haemostasis, while delimiting the role of the rheological factors.




Figure 1.3: PFA-100 system. (Adapted from the web:

http://usa.healthcare.siemens.com/hemostasis/systems/pfa-100)

Basically, the system monitors platelet interaction on collagen-ADP or
collagen-epinephrine coated membranes. Samples of citrated whole
blood are drawn under controlled flow conditions (through a capillary
producing high shear forces: 4,000-5,000/s) through a 150
micrometre aperture cut within a membrane coated with either
collagen and epinephrine or collagen and ADP. These agonists induce
platelet adhesion, activation and aggregation leading to rapid occlusion
of the aperture and cessation of blood flow termed the closure time.

Thus, the haemostatic capacity of the platelets in the blood sample is



http://usa.healthcare.siemens.com/hemostasis/systems/pfa-100

indicated by this closure time. The PFA-100 was designed as a screen
to detect problems with primary haemostasis and in part to replace the
bleeding time and in this respect, it is better standardized. It only
requires small volumes of citrated venous blood [800uL] and so the
test is useful for investigating platelet function in children. It can be
used by non-skilled personnel and is both rapid and automated. On the
other hand, it is dependent on platelet numbers, haematocrit, vVWF,
drugs, food and other acquired platelet disorders (for e.g. uremia, liver

disease).

The PFA-100 has a high negative predictive value, in other words, if it
gives a normal result then with some exceptions (e.g. Primary
Secretion Defects, mild Type 1 VWD) primary haemostasis is intact
and thus may obviate further screening of platelet function, while if
the PFA-100 is abnormal then formal platelet aggregation testing will
be required to establish the underlying cause. Thus at present, its use

is mainly limited to research studies and clinical trials.

1.2.3 Light transmission aggregometry (LTA)
The concept of light aggregometry was invented in the 1960’s (70) and
is widely considered as the gold standard in platelet function testing.

Despite this, there is still lack of international standardisation of this




technique. In this method, platelet aggregation in response to an
agonist is detected in platelet-rich plasma (PRP) by turbidometry. In
the Born aggregometer, citrated blood samples are centrifuged to
prepare platelet rich plasma (PRP) and platelet poor plasma (PPP). To
prepare PRP, a whole blood tube is centrifuged at 170-200 g for 10
minutes in a swing-out rotor at room temperature without application
of the brake. Some laboratories dilute the PRP to a final platelet count
of 200-300 x 109/l with autologous PPP (71). PRP is stirred in a
cuvette at 37°C and the cuvette sits between a light source and a
photocell. The turbidity of the suspension is constantly measured by
recording transmission of a light beam directed through it, and it is
recorded as a change in voltage on a chart recorder. When an agonist
is added the platelets aggregate and absorb less light and so the light
transmission increases progressively and this is detected by the
photocell, producing an "aggregation trace" on the recorder
(Figurel.4). The machine is calibrated for each sample so that the
platelet suspension to be studied reads 5%-that is, minimum
transmission-and the corresponding platelet poor plasma reads 95%

(maximum transmission) (71).
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Figure 1.4 Legend: Depiction of Born principle of LTA: PRP is stirred in a

cuvette at 37°C and the cuvette sits between a light source and a photocell. The
turbidity of the suspension is constantly measured by recording transmission of a
light beam directed through it, and it is recorded as a change in voltage on a chart
recorder. When an agonist is added the platelets aggregate and absorb less light and
so the light transmission increases progressively and this is detected by the photocell,
producing an "aggregation trace" on the recorder.

(Adapted from: http://practical-haemostasis.com)

The fundamental advantage of LTA is that it measures, albeit in an in
vitro system, a very important function of platelets: the kinetics of

their aggregation in a glycoprotein IIb/IIla dependent manner.



http://practical-haemostasis.com/

There are many variables, which can affect the LTA results, ranging
from pre-analytical factors (for e.g. drugs, food, temperature, pH etc),
sample collection and PRP preparation techniques, to the type and
concentration of agonists used. Commonly used agonists in routine
practice are ADP, collagen, ristocetin, arachidonic acid, adrenaline, and
PAR-1-activating peptide (TRAP-6, SFLLRN). The panel of agonists can
be extended. Other agonists are, for example, gamma thrombin or
alpha thrombin, TRAP-4 (AYPGKF), thromboxane mimetic U46619
(stable analogue of the endoperoxide prostaglandin H2) calcium
ionophore A23187, polymerized immunoglobulins, collagen-related
peptide (CRP) misfolded proteins like AGE-proteins and oxLDL, alpha
defensins, proteins from microorganisms like EAP and snake venoms
like convulxin (72).

LTA overall is an expensive, time consuming, not readily reproducible
test, lacking a standard protocol, which makes it unsuitable for

widespread routine use in clinical practice.

1.2.4 Whole blood aggregometry

To overcome the technical and physiological issues associated with
traditional aggregometry the impedance aggregometer was invented in
1980’s (73) In this technique whole blood is stirred at 37°C and

aggregation is detected by the accretion of platelets to the surface of




two fine, precious metal, wire electrodes, The impedance technique
measures the progressive increase of electrical impedance between
two electrodes as platelets adhere and aggregate to these electrodes
in stirred whole blood. Some of the technical problems of whole blood
impedance aggregation have been overcome by the development of
disposable electrodes, standardised reagents and the availability of a 5
channel multiple electrode platelet aggregometer (Dynabyte, Munich,
Germany) (74)

There is still lack of comparative data between whole blood and
traditional aggregometry and thus its use is limited in practice. It also
requires specialist skills, equipment and is a lab based test.

Currently, there are several commercially available instruments for
measuring platelet aggregation based on the principles of light

transmittance, impedance, luminescence and some in combination.

1.2.5 Flow cytometry

A flow cytometer operates as a cell counter, that uses argon ion laser
as an excitation light source to additional detectors for fluorescence
signal measurement. This allows gathering information on the size and
internal complexity (forward scatter and side scatter, respectively) as
well as markers, identified by staining with fluorescent probes. Before

analysis, platelets are labelled with a fluorescently conjugated




monoclonal antibody. The cell suspension then passes through the flow
chamber, through a focused laser beam that activates the fluorophore.
The emitted fluorescence and scattered light characteristics can then

be used to identify the cells of interest.

Flow cytometry can be used to yield definitive information regarding
the phenotypic status of platelets. It allows the analysis of individual
platelet functional capability and quantitative assessment of the
physical and antigenic properties of platelets e.g. the expression of
surface receptors, components of granules, bound ligands, and
interaction of platelets with other platelets, neutrophils and monocytes
thereby facilitating the diagnosis of inherited or acquired platelet
disorders (e.g., Bernard-Soulier syndrome, Glanzmann thrombasthenia,
storage pool disease), the pathological activation of platelets (e.g., in
the setting of acute coronary syndromes, cerebrovascular ischemia,
peripheral vascular disease, cardiopulmonary bypass), and changes in
the ability of platelets to activate via specific stimuli (e.g., efficacy of

antiplatelet therapies) (75).

Flow cytometry allows identification of platelet function defects even in
patients with very low platelet count and therefore is the methodology

of choice to determine whether a thrombopenic patient has in addition




a thrombocytopenia. It remains an expensive and technically

demanding method and requires careful sample preparation. (76)

Measuring the phosphorylation state of vasodilator stimulated
phosphoprotein (VASP) using flow cytometry is a completely P2Y12-
receptor specific method for the evaluation of ADP-receptor inhibition.
VASP is a second messenger in the signalling pathway of the P2Y12
receptor that is regulated by protein kinases and phosphatases

according to the activity of the receptor.

Inactive/resting platelets possess high cAMP levels that induce
phosphorylation of VASP by cAMP-dependent protein kinases (VASP-P:
resting state). In case of P2Y12-receptor stimulation, the activity of
the adenylate-cyclase enzyme decreases leading to dephosphorylation
of VASP (VASP: active state). Therefore, the ratio of dephosphorylated
and phosphorylated VASP is a selective measure of P2Y12-inhibition

unaffected by use of glycoprotein IIb/IIIa inhibitors.

1.2.6 Platelet nucleotide assays
Platelets have two separate nucleotide pools within them. Sixty
percent is stored within the dense granules and is not metabolically

active and the remaining 40% constitutes the metabolic pool and




provides the platelet with energy for various activities. The ratio of
ATP: ADP is therefore of fundamental importance as there are
pronounced differences between the relative concentrations in the two
pools. Any storage defects are associated with a decrease in the
amount of stored and released ADP with an increased ratio of ATP:
ADP. Thus the measurement of total or released nucleotides along with
aggregometry provides additional information of platelet disorders
regarding any storage pool disorders or degranulation defects.

The simplest assay of released platelet nucleotides can be performed
in real time with a Lumi-Aggregometer (77). This is a modification of
light transmission aggregometry, which measures ATP release from
the dense granules. It is based on quantitative bioluminescent
determination of ATP in which the ATP reacts with luciferin and
luciferase [firefly extracts] resulting in light emission. Light is emitted
when oxidation of adenyl-luciferin occurs.

For measurement of aggregation, the lumi-aggregometer uses an LED
which emits light in the infrared range and changes in the transmission
of light are detected by a phototransistor. For the measurement of
luminescence resulting from ATP secretion, it uses a photomultiplier
tube located at right angles to the light path of the LED.

Dense granules are normally easily visible on electron microscopy and

thus can be directly measured. It is possible to measure the uptake




and release of radiolabelled serotonin into and from the platelets with
standardised assays as serotonin is actively taken up and stored within
the platelet dense granules. Flow cytometry can also be used to
measure the mepacrine uptake and release from dense granules.

(78).

1.2.7 VerifyNow

VerifyNow Rapid Platelet Function Analyser (Accumetrics, San Diego,
CA) is a point of care instrument (Figure 1.5). This assay is based on
light aggregometry. The principle of this assay is that fibrinogen-
coated polystyrene micro-particles will agglutinate in whole blood in
direct proportion to the degree of platelet activation and subsequently
activated glycoprotein (GP) IIb/IIla receptors (79).

The tube containing the whole blood sample is inserted into a
disposable plastic cartridge containing a lyophilized preparation of
human fibrinogen-coated beads, a platelet-activating agent, buffer and
preservative. The whole blood is first heated to 37°C before being
automatically drawn into a sample channel containing the platelet
agonist and fibrinogen-coated beads and is then mixed by the
movement of a microprocessor-driven steel ball. The light absorbance
of the sample is measured 16 times per second by an automated

detector. As the platelets interact with the fibrinogen-coated beads,




resulting in agglutination, there is a progressive increase in light
transmission. A patient’s blood sample that exhibits inhibited platelet
function produces low light transmittance; whereas a sample with
normal platelet function produces high light transmittance. The rate of
agglutination is quantified as the slope of the change of absorbance
over a fixed time interval and measured in millivolts per 10 s. The
device then automatically displays this result in agonist-specific units.
This system measures the rate of platelet response but not the extent
of aggregation response; thus, data obtained from this system are

more similar to slope determinations in classic LTA (80).

Figure 1.5: VerifyNow Instrument (Accumetrics, San Diego, CA)

{Adapted from: http://www.accumetrics.com/)

Three types of cartridges are available for use with VerifyNow: one for
measuring the effects of aspirin, another for P2Y12 inhibitors and a

third for GP IIb/IIIa inhibitors.



http://www.accumetrics.com/)

So far, clinically, there has been poor correlation between the results

of LTA and VerifyNow in assessing antiplatelet drug response (81).

1.2.8 Viscoelastic point-of-care haemostatic assays (VHA)

The VHA gives a graphic presentation of clot formation and subsequent
lysis. Thrombelastography (TEG) (figure 1.6) was first described in
1948 by H. Hartert (82) as a method to assess the viscoelastic
properties of coagulation in whole blood under low shear conditions.
Rotation Thromboelastometry (ROTEM®) is another technique
(Figurel.7). These measure the physical properties of a forming clot
by the use of an oscillating cup. Whole blood is incubated at 37°C in a
heated cup. Within the cup is suspended a pin connected to a
mechanical-electrical transducer that monitors the motion of the pin
(a torsion wire in TEG and an optical detector in ROTEM). The cup and
pin are oscillated relative to each other through an angle. The
movement is initiated from either the cup (TEG) or the pin (ROTEM).
As fibrin forms between the cup and pin, the transmitted rotation from
the cup to pin (TEG) or the impedance of the rotation of the pin
(ROTEM) are detected at the pin and a trace generated. The trace is

divided into parts that each reflects different stages of the haemostatic




process (clotting time, Kkinetics, strength and lysis, with slightly

different nomenclature for TEG and ROTEM) (83).

Figure 1.6: TEG® 5000 Thrombelastograph® Hemostasis Analyzer System.

(Adapted from: http://www.haemonetics.com/Products/Devices/surgical)



http://www.haemonetics.com/Products/Devices/surgical

ROTEM delta

Figure 1.7 ROTEM Instrument.

(Adapted from: https://www.rotem-usa.com/products)

Maximal haemostatic activity is measured by a kaolin-activated whole-
blood sample treated with citrate. Heparin is used as an anticoagulant
to eliminate thrombin activity in the sample. Reptilase and factor XIIIa
(activator F) are used to generate a cross-linked fibrin clot to isolate
the fibrin contribution to clot strength. The contribution of the ADP or
TxA2 receptors to the clot formation is provided by the addition of ADP
or AA. The effect of aspirin or thienopyridine therapy also can be

estimated by comparing the unmodified TEG curve (i.e., kaolin-




activated whole-blood sample) with the AA or ADP-stimulated TEG

curve (84).

1.2.9 Platelet works

It is also possible to monitor platelet aggregometry in whole blood by
a simple platelet counting technique. The Plateletworks (Plateletworks
aggregation kits and Ichor full blood counter, Helena Laboratories,
Beaumont, TX) methodology involves using a cell counter to measure
total platelet count in a whole blood sample and then to repeat the
platelet count on a second sample that has been exposed to a known
platelet agonist. After this the platelets aggregate and the platelet
count decrease compared to the first sample. Aggregated or
agglutinated platelets will not be counted as platelets in the second
sample (85).

The difference in platelet counts between the two samples provides a
measure of aggregation, whereas the ratio of the two counts provides

a measure of percentage inhibition.

1.2.10 Global Thrombosis Test
The Global Thrombosis Test (GTT, Montrose diagnostics, UK. Figure
1.8) is the first clinically available, comprehensive, point-of care test to

simultaneously measure thrombotic occlusion time (OT), coagulation,




and spontaneous endogenous thrombolytic activity. The apparatus is
pre-warmed to 37 degrees before use for testing. In this test the
platelets are activated by high shear stress, without any other
agonists. The collected blood is passed through a specially designed
plastic conical tube containing narrow gaps (created by the gaps
between the inside of the tube and two ceramic ball bearings inside).
As blood passes through these narrow gaps, platelets are exposed to
high stress conditions, similar those shear stresses that exist in a
stenosed coronary artery. This causes platelets to be activated. The
flow of the blood is monitored downstream with a light source and
used to measure the arrest of flow suggesting total occlusion of the
lumen and the time to restart flow due to spontaneous thrombolysis of
the platelet plug (86). This test uses native, non-anti-coagulated whole
blood and thus overcomes the shortcomings of many other tests.
Although the initial activating stimulus is high shear stress, in the
development of occlusive thrombi all physiologically-important platelet
agonists (TXA2, ADP, thrombin) are closely involved. GTT only requires
One 4.0 ml blood sample can be done by bed side. There is no

calibration or internal standard required.




Global Thrombosis Test (GTT)

Figure 1.8: GTT instrument and tube.

(Adapted from http://www.nutr.kobegakuin.ac.jp/~seiri/english/images/GTT)

1.3. Limitations of platelet function tests

Despite the availability of a multitude of tests, there has been no
single test that can adequately address all the issues with respect to
platelet related disorders. Although, light transmission platelet
aggregometry is regarded as the gold standard of platelet function
test, it is relatively non-physiological because separated platelets are
usually stirred under low shear conditions during the test and only

form aggregates after the addition of agonists, conditions that do not
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accurately mimic platelet adhesion, activation and aggregation upon
endothelial injury. Conditions which impair light transmittance, for e.g.
lipaemia and haemolysis will significantly affect LTA results.
Conventional LTA using a full panel of agonists requires both high
blood volumes and expertise to carry out and interpret results and
thus makes it an impractical test for routine clinical use 24 hours a
day, 7 days a week.

Furthermore, currently, all platelet function tests are performed on
citrated PRP or whole blood. Citrate anticoagulation interferes with
ionised calcium. The presence of calcium is essential for platelet
aggregation and release of dense granular nucleotides and in a citrated
sample all extracellular calcium gets bound with ethylenediamine-
tetraacetic acid, thus irreversibly hampering platelet aggregation (87).
Plasma Ca2+ is not constant, but varies with haematocrit between
individuals, with exercise, and in various disease states such as
hypertension, asthma, and diabetes. Despite the use of a fixed
citrate:blood ratio, therefore, the actual Ca2+ concentration in citrated
blood will vary considerably. Citrate reduces the plasma Ca2+
concentration from 0.94-1.33 mM to 40-50 uM. Platelet aggregation is
optimum at levels of 100 uM Ca2+, and at levels below 10 uM, platelet
aggregation does not occur. Accordingly, a slight alteration in the

circulating plasma Ca2+ level will manifest in markedly enhanced or




reduced agonist-induced platelet aggregation and response to
antiplatelet agents in blood. In citrated blood, thrombin is not
generated, and Ca2+ levels are significantly reduced to 40-50 pM
(below the threshold level of 250 uM required to generate thrombin),
resulting in suboptimum platelet aggregation (88)

The citrated sample is tested between 30 min and 4hour of collection
assuming constant platelet behaviour but the responsiveness of
platelets to aggregating stimuli changes with time (88). If the platelet
function test is performed within minutes of blood draw, aggregation in
response to almost all stimuli is minimal. Maximum aggregation is
demonstrated only about 1 hour after collection of blood. The time
taken for platelets to become responsive can be reduced by increasing
the concentration of some agonists but this may require large
concentrations of the agonists due to inter-individual variations and
reduce the sensitivity of the test. This makes it impossible to
determine the optimal storage time of the sample (88). Other factors
like the procedure of collection of blood and agonists used may also
interfere in the accurate assessment of platelet aggregation. Most of
the platelet function tests described above are single agonist specific,
in other words, they only measure response of platelets to one
particular agonist for e.g. ADP, epinephrine, arachidonic acid or

collagen. The effect of shear stress is not measured in these tests.




Also, overall thrombolytic status is difficult to measure using these
platelet function tests as most of these tests do not measure the
response to all fibrinolytic markers. Thus none of the test provides an
assessment of global thrombotic status of an individual patient.

GTT has an advantage as it is performed on native blood within 15
seconds after collection; involves shear stress, and is able to assess
the effect of thrombin on thrombosis. It also assesses endogenous
thrombolytic activity and hence seems to be a more physiological test

than any other tests available currently albeit with limited clinical data.

1.4 Correlation of PFT with clinical outcome

Clinical correlation between measured platelet function and
cardiovascular outcome has been poor despite use of different tests
(89).

Recently, in a multi-centre randomised French study, 2440 patients
with stable angina or non-ST-elevation acute coronary syndrome
undergoing PCI were randomised to either conventional antiplatelet
strategy or to a monitoring-guided strategy for drug-eluting stent
implantation with drug adjustment in patients with poor antiplatelet
response. For patients in the monitoring group, the VerifyNow P2Y12
and aspirin point-of-care assays were used in the catheterization

laboratory before stent implantation and in the outpatient clinic 2 to 4




weeks later. The primary end point was the composite of death,
myocardial infarction, stent thrombosis, stroke, or urgent
revascularization 1 year after stent implantation. In the monitoring
group, high platelet reactivity in patients taking clopidogrel (34.5% of
patients) or aspirin (7.6%) led to the administration of an additional
bolus of clopidogrel, prasugrel, or aspirin along with glycoprotein
IIb/IIIa inhibitors during the procedure. The primary end point
occurred in 34.6% of the patients in the monitoring group, as
compared with 31.1% of those in the conventional-treatment group
(hazard ratio (HR), 1.13; 95% confidence interval [CI], 0.98 to 1.29;
P=0.10). Interestingly, the main secondary end point, stent
thrombosis or any urgent revascularization, occurred in 4.9% of the
patients in the monitoring group and 4.6% of those in the
conventional-treatment group (HR 1.06;95%CI, 0.74 to 1.52; p=0.77).
The rate of major bleeding events did not differ significantly between
groups. Thus the authors concluded that there were no significant
improvements in clinical outcomes with platelet-function monitoring
and treatment adjustment for coronary stenting, as compared with
standard antiplatelet therapy without monitoring (90).

Updated American and European practice guidelines have issued a

Class IIb recommendation for platelet function testing to facilitate the




choice of antiplatelet agent in selected high-risk patients treated with

PCI, although routine testing is not recommended (Class III) (91).

The strategy of monitoring platelet function to yield better ischemic
and safety outcomes might be still limited by at least one factor: what
is the optimal platelet function test? Thus, the quest for an ideal
platelet function test, which will not only provide quantitative data
regarding platelet functionality but will also reflect on clinical outcomes

and aid decision making in individual patients is still on going.
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Hypothesis and
Aims




2.1 Hypothesis:

Chronic renal failure patients despite being on RRT (dialysis or having
undergone a renal transplant) remain at increased risk of acute
thrombotic events. The reason for this is unclear, but may be related
to either increased platelet reactivity (tendency to activate and
aggregate), impaired endogenous thrombolytic activity or both. For
the purpose of this study, we hypothesised that there are differences
in either the aggregatibility of the platelets or the tendency of
spontaneous thrombolysis of a formed platelet rich thrombus in ESRD
patients, which may account for their increased thrombotic events,

over and above traditional risk factors.

2.2 Aims:

The aims of this project were as follows:

1) To characterize thrombotic status, using the Global Thrombosis Test
(Montrose diagnostics, London, U.K) in ESRD patients

2) To compare the thrombotic status of the ESRD patients with that of
normal healthy volunteers and patients with known coronary artery
disease but no renal disease.

3) To investigate whether a platelet function test of overall thrombotic
status could identify those patients who despite RRT, remain pro-

thrombotic and/or have impaired endogenous thrombolysis.




4) To observe whether any variation of platelet reactivity in renal
disease patients is related to an increase in acute thrombotic events.
5) To identify whether there are any variations in platelet function
within patients on different modes of RRT (HD vs. peritoneal dialysis
(PD) vs. renal transplant recipients)

6) To identify whether certain clinical subgroups are more likely to be

prone to acute thrombotic events (for e.g. women, Asians, diabetics).




Chapter 3:
Methods




3.1 Study population

The main study group was of the patients with ESRD undergoing HD
for at least 3 months under supervision of the East and North
Hertfordshire NHS Trust renal department. These patients were
receiving treatment by regular HD at the Lister Hospital, Stevenage, or
its satellite units at St Albans City Hospital, St. Albans, and Luton and
Dunstable Hospital, Luton. Further subgroups included patients with
renal transplant under the care of Lister Hospital and patients on PD
supervised by the Lister Hospital. The subgroups will be discussed later

in separate chapters.

3.2 Inclusion criteria:

All patients aged 18-90 years and who met the criteria for ESRD on
RRT as described above, who were able to consent and did not have
any exclusion criteria as described below were approached for

participation in the study.

3.3 Exclusion Criteria:

The following exclusion criteria were applied to this study:
e Inability to consent

e Current participation in another interventional study

e >90 years and <18 years




e ST-segment elevation myocardial infarction within 2 weeks

e Cardiogenic shock

e Inter-current illness, such as pneumonia, sepsis, ACS or heart
failure in last 3 months

e Malignancy (active)

e Bleeding diathesis

e When complete follow up over 1 year period was unlikely (e.g
patients planned for live-donor transplant or planned to move out of
the area.

e Other disease (non -cardiac conditions) shortening life-expectancy
to less than 12 months

e Blood dyscrasia (platelets <70, Hb <8g/dl, INR>1.4, APTT>x2 ULN,
leukocyte count <3.5x 109/I, neutrophils count <1 x 109/1)

e Warfarin or other anticoagulant treatment

e Thrombolysis or glycoprotein IIb/IIla inhibitor prior to sampling

(within last 7 days).

3.4 Funding and Ethics:

The funding for the project was provided by the cardiovascular
research department of the East and North Hertfordshire NHS Trust.
The study protocol was then submitted to the local ethics committee

(Essex and Hertfordshire research network). The ethics committee




approved the study protocol and documents after an application form
submission process followed by an interview of the researchers by a
specialist panel. The letter of approval is available to view in the
appendix section.

The protocol was approved by the research and development

department of the trust after an application and review process.

3.5. Patient selection and consenting

3.5.1 Haemodialysis patients

A list of all the patients undergoing HD was obtained on weekly basis
from the schedule available in each individual unit and patient notes
were reviewed to screen eligible patients.

The patients were approached by me during their attendance to
discuss the study on a face-to face basis individually. Explanation was
provided that this is purely a research study and will not affect their
clinical outcome or management in any way. All patients approached
were informed that participation is entirely voluntary and would not
benefit them directly and that they would be free to withdraw from the
study at any time and it would not impact on their current or future
clinical care. They were also made aware of the follow up procedure
and need for repeat contact as part of the study. A patient information

sheet (appendix), which was approved by the local ethics committee,




was provided to each patient on individual basis and at least 48 hours
were given before re-approaching patients regarding their decision
about participation. If the patients decided to participate in the study
then a full informed, written consent was obtained in all cases. A
consent form which was approved by the local ethics committee was

used (appendix).

3.5.2 Peritoneal dialysis and Renal transplant recipients

Patients on PD under supervision of the Lister hospital and all renal
transplant recipients were approached for participation in the study on
the day of their out-patient appointment at the Lister hospital. They
were provided information in same manner as described above for the
HD patients. They were re-approached for consent and sampling only

on the day of their next clinic appointment.

3.6 Sample collection

Most patients in all the units have a fixed time table which is
generated beforehand and they attend the dialysis units at a pre-fixed
times and days of the week with flexible arrangements in place, by all
the units, to accommodate any patient requests for time or day
alteration due to personal or clinical reasons. As all the patients were

approached to discuss the study and provided with leaflets beforehand,




the consent for participation was obtained in advance to the sampling
date. The sampling time and date was then agreed with the patient
according to their time slot for dialysis. In all units there were four
slots available to patients - early morning (commencing at 07:00
a.m.), mid-day (12:00 p.m.), early (15:00 p.m.) and late evening
(18:30 p.m.).

I use to arrive at the renal unit approximately 30 minutes before the
scheduled patient dialysis time to get the GTT machine ready (pre-
heat according to the GTT protocol as discussed in chapter 1 section
2.7.4) and also to set up the machine and identify a suitable place to
sample the patient without causing interference with their own or any
other patient’s treatment attending the dialysis unit at the time. The
majority of time, the machine was placed at the bedside of the patient
but if this was not possible (usually when two patients’ beds were very
close making it difficult to move freely or if an electric plug was not
available near the bed for the GTT machine) then an appropriate area
within the dialysis unit was used to place the machine and patient
sample was obtained there. This usually was the area where patients
are weighed prior to the start of HD on the day. Depending upon the
number of GTT machines being available on the day of the sampling,
either 2 or 4 patients were sampled just before any one dialysis time

slot. As each machine has four ports, it was only possible to sample 2




patients using one machine in order to have two samples from each
patient (one as a control sample to avoid any spurious results and
minimise operator related errors). As the GTT sampling process is very
operator dependant, it was a learning curve for me in the first few
patients and I used up-to four samples in the initial 20 patients to
minimise any error and develop a consistent technique although only
valid readings were used from these patients and the non-valid
readings discarded and not used in subsequent analysis.

Whole blood was used as part of the protocol to assess the global
thrombotic status in the study population using GTT. Nine mL venous
blood was obtained from a peripheral (non-fistula) vein from each
patient and tested immediately after withdrawal. In all the patients the
samples were collected by applying the tourniquet for very short
duration and not very tight to avoid any spurious results caused by
venous stasis. In HD patients, blood was obtained immediately prior to
dialysis, before the routine low-molecular weight heparin was
administered according to local protocol. Low-molecular weight heparin
is used in the renal unit at the East and North Herts NHS Trust, as a
single intravenous bolus immediately pre-dialysis. This allowed
between forty eight to seventy two hours duration between low
molecular weight heparin administration and GTT sample collection.

The timing of the sample collection was according to the individual




patient’s dialysis schedule start time and to standardise sample
collection approximately 48 -72 hours post dialysis in all patients. This
meant although all the patients on HD were sampled approximately
after a similar gap post the previous dialysis session but sample
collection was at different hours of the day according to individual
dialysis time schedule.

Blood was taken using an 18-gauge butterfly cannula using a three -
syringe technique. Three 5 ml syringes were used for blood collection.

The first 3ml was either used as a control sample or discarded if there
was any suspicion of haemolysis or air bubble in the butterfly cannula
during venepuncture, the next 3-5 mL was used for routine tests
(blood count, biochemistry, bicarbonate, and bone-profile) and the
next 3 mL for global thrombotic status assessment. Where the
quantity of blood obtained was not sufficient the procedure was
abandoned and patient were re-sampled on a different day, if they
agreed to it. Where the patients had had some routine tests within
the last 1 week of sampling then the tests were not repeated and the
available results were used. Blood was aspirated into a standard
polypropylene syringe, which was directly and immediately inserted
into the fitting in the GTT instrument (within 15 s of withdrawal). To
avoid any sampling delay and to minimise any sample transit time the

GTT instrument was positioned next to the patient’'s bed where




possible or in very close proximity. As the GTT instrument can test
more than 1 patient sample simultaneously, the machine was placed in
between the patient bays to minimise transit time. When this was not
possible or the patients were ambulant, then the test was conducted in
a dedicated room within the dialysis unit before the patients were put
on dialysis, and the patient brought to that room for blood taking. The
syringes were pre-labelled to avoid mixing up of samples.

Coefficient of variation was assessed by testing 10 healthy volunteers
twice, at 48 hours interval and also by testing 10 HD patients twice at
48 hours interval. The coefficient of variation for OT was 8 % in
normal volunteers and 6 % in HD patients.

To assess the effect of antiplatelet therapy on thrombotic status of
normal healthy volunteers a small subgroup (20 healthy volunteers)
was tested with GTT pre and post antiplatelet drugs. Volunteers were
tested for GTT and then given a 300mg dose of aspirin and then GTT
repeated few hours later. This same group, after a month of washout
phase, was assessed again before and 12 hour after a 300mg loading
dose of clopidogrel. This was done taking into account the half-lives of
Aspirin and clopidogrel. Half-life of Aspirin varies according to the dose
and at lower dose it is short, approximately 2 hours, but at higher
doses it varies between 15- 30 hours. Clopidogrel has a half-life of

about 6 hours.




3.7 Assessment of thrombotic and thrombolytic status

3.7.1 Global thrombosis test

Thrombotic status and endogenous thrombolytic activity were
assessed using the GTT (Montrose Diagnostics Ltd, UK). This is a novel,
point-of-care assay that employs non-anticoagulated blood. The GTT
instrument is portable and easy to carry around (Figure 3.1). It is
powered using an AC adaptor which can be plugged in any standard

UK electrical socket.

Figure 3.1: GTT instrument.

The instrument has 4 channels to take up to four test tubes and thus
four patient samples simultaneously. Once the machine is plugged into
the electric mains it starts warming up and the LED indicator lights

starts flashing. After the instrument is warmed up to 37 degrees




centigrade the LED indicator lights go off and the display panel shows
“GTT ready” message. Any of the four channels can be used for
sample analysis by choosing the channel number from the key pad on
the instrument under the display screen. Once the sample is inserted
in to the test tube inside a channel, the start button can be pressed on
the key pad and the LED indicator light turns green. The LED indicator
light of the channel in use remains green during sample analysis and
turns amber once occlusion time reading is available (described below)

and finally red once analysis is complete.

The instrument measures the time taken to create shear-induced
thrombi under pathophysiological conditions (discussed previously in
chapter 1) and in the second phase of the test, measures the time to
achieve spontaneous lysis of thrombi created during the first phase.
The principle of the GTT described below and is shown in Figures 3.2

and 3.3.
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FIGURE 3.2: Mechanism of GTT

(Adapted from www.globalthrombosis.com)

Blood is introduced into a plastic tube in which two metal balls are
situated in the conical part of the tube. The blood flows through this
conical tube, which has got an outer cylindrical glass test tube for
collection of downstream flow. There are four narrow gaps between
the inner plastic surface and the balls (Figure 3.2). When blood flows
through these gaps adjacent to the upper ball, the resulting high initial
shear stress (180 dynes/cm?) causes activation of platelets. In the
space between the balls, due to the turbulent flow and low shear, the
activated platelets aggregate. Thrombin is generated, which

accelerates the formation of these aggregates and stabilizes them




through fibrin. When these stable thrombi reach the gaps around the
lower ball, they gradually occlude these gaps, reducing the flow rate
and finally arresting flow. The instrument measures the time (d)
between consecutive blood drops. At the start of the test, flow is rapid
and hence (d) is small. Subsequently, the flow rate decreases and
hence (d) increases. When, the actual d 215 sec, the time (first
reading marked T1 on the instrument display panel) is displayed
as Occlusion Time (OT sec). Subsequently the flow completely ceases.
There is also a preset “thrombus stabilization time” following OT (200
sec), during which the sensors are inactive. This time is to allow
stabilization of the formed thrombi, lasting occlusion and ignores small
re-bleeds. Eventually, due to endogenous thrombolysis, flow is
(partially) restored as indicated by detection of the first blood drop
after OT (marked T2 on the instrument display panel). Lysis Time (LT
sec) is calculated automatically by the instrument using the formula,
LT= T2 - (T1+200).

The restart of blood flow following occlusion is due to spontaneous
thrombolysis (lysis time, LT; seconds). If lysis does not occur until

6000 s following OT (LT cut-off time), 'no lysis’ is recorded.
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Figure 3.3: Principle of GTT (Explanation in text)

(Adapted from www.globalthrombosis.com)

The GTT assesses thrombus formation under pathophysiological
conditions, since (i) whole blood is used which is non-anticoagulated,
with physiological calcium-ion concentration, (ii) similar to pathological
conditions, platelet-rich thrombus formation is initiated by high shear
forces, with release of soluble agonists (TXA2, ADP, thrombin) playing
only a secondary role, and (iii) thrombin generation from shear-
activated platelets (procoagulant activity of platelets) plays a major

role in the formation and stabilization of thrombi (92). As soluble




agonists are involved in the process of thrombus generation there is

no need for several tests with different platelet agonists.

There was a small sub-study conducted prior to starting recruitment
for the main study population (HD patients). This study which is
discussed in detail in Chapter Five assessed consecutive GTT results
from 2 locations in 20 patients. In each patient there were two
samples obtained, one from a peripheral vein and the second from the
fistula site at the time of HD. Both samples were used to assess
thrombotic status by using GTT machine as described previously. The
comparison showed variation in the OT and LT results obtained from
the two sites and thus to maintain uniformity and prevent any error it
was decided to use the peripheral venous sample to obtain GTT results

for the planned main study (HD) population.

3.8 Data collection and follow-up

3.8.1 Data Collection

Baseline demographics, including dialysis vintage, were collected from
the central electronic data base of all the RRT patients under the renal
unit of the E&N Hertfordshire Trust. I received training in the use and
interrogation of the database by the dedicated staff responsible for the

running and maintenance of the software. The urea kinetic adequacy




parameters relating to the previous month’s routine testing were also
collected. Past medical history and any relevant clinical information

were also identified from the data base or previous clinic letters.

This included the aetiology of renal disease where available, all past
and present medical conditions, full drug history and history about
previous and current renal replacement modality. The study patients
were given a unique study reference number and all the data was kept
anonymous to prevent exposure of any personal and demographic
details. All further analysis and data interpretation was done using the
patient’s study number and no patient-identifiable information was
used. All the data was collected on a pre-designed data collection form,

which had been approved by the ethics committee (appendix).

Post collection, data was transferred onto Microsoft Excel software for
keeping record and also for analysis purposes. All paper data was
anonymised and the original data collection forms are all kept locked
in the cardiology research office at the Queen Elizabeth 2 Hospital,
Welwyn Garden City. The patient consent forms are also kept in a

similar fashion in a dedicated folder in the cardiology research office.




A letter was sent to the general practitioner of the participating
patients after prior approval from the patients. This letter format was
also approved by the local ethics committee. This is available in the

appendix section.

3.8.2 Follow-up

Follow-up was performed at 30 days and then at 3-monthly intervals
for up-to a year in all patients. Some patients were followed up even
after 1 year depending on time of recruitment into the study and
patient willingness. The data beyond 1 year was not used in analysis
as it was only available in small proportion of patients. Where possible
the follow-up was done in the dialysis unit by a face to face interview
with the participating patients. The proforma used is available in the
appendix section. Where it was not possible to visit the patient during
dialysis session, then a telephone contact was made with prior
permission from the patients, which was obtained at the time of

consenting.

3.9 Study endpoints
The primary endpoint of the study was the occurrence of major
adverse cardiovascular events (MACCE) defined as the composite of

cardiovascular death, non-fatal myocardial infarction (MI), or




cerebrovascular event. The secondary endpoint was the occurrence of
peripheral vascular thrombosis including acute ischaemic limb and

arterio-venous (AV) fistula thrombosis.

3.9.1 Cardiovascular events

New cardiovascular events were diagnosed in the presence of following
two clinical events:

(I) Cardiovascular death, defined as death from MI based on the
Universal Definition of Myocardial Infarction (93) This has been defined
as sudden, unexpected cardiac death, involving cardiac arrest, often
with symptoms suggestive of myocardial ischaemia, and accompanied
by presumably new ST elevation, or new left bundle branch block,
and/or evidence of fresh thrombus by coronary angiography and/or at
autopsy, but death occurring before blood samples could be obtained,
or at a time before the appearance of cardiac biomarkers in the blood),
significant arrhythmia, or refractory congestive heart failure, or death
attributed to cardiovascular cause at post-mortem; confirmed from
death certificates as well as medical records and observers’ accounts;
sudden death was included as a cardiovascular event.

(II) Non-fatal MI, defined according to the Universal Definition of
Myocardial Infarction as a rise and/ or fall of cardiac troponin with at

least one value above the 99th percentile of the upper reference limit




together with evidence of myocardial ischemia with at least one of the
following: symptoms of ischemia; ECG changes indicative of new
ischemia (new ST-T changes or new left bundle branch block);
development of pathological Q waves in the ECG; or imaging evidence
of new loss of viable myocardium or new regional wall motion

abnormality.

3.9.2 Cerebrovascular events

New-onset cerebrovascular event was suspected with recent onset of
neurological symptoms or signs, e.g. aphasia, focal deficits, or
unilateral paresis, thought to be vascular in origin and confirmed by
computerized tomography (CT) or MRI brain. This included events with
and without spontaneous clinical resolution, and thus included both

stroke and transient ischaemic events.

3.9.3 Cause of death

Deaths were classified based on data obtained from post-mortem,
from hospital medical records, or from the general practitioner,
regarding the patient’s last illness, according to WHO criteria based on

ICD 10 (2010).




3.9.4 Secondary Endpoints

Peripheral thrombotic events were defined as occurrence of acute
ischaemic limb(s) or AV fistula thrombosis on clinical examination and
confirmed by contrast angiography and/or duplex ultrasound.

AV fistula thrombosis was included since this bears many similarities to
arterial thrombosis. It occurs in the presence of arterial blood, under
systolic pressure and pulsatile flow. In 80% of cases, it is associated
with a significant stenosis, at or close to the AV anastomosis,
predominantly due to intimal hyperplasia and associated with
inflammation (94, 95). Abnormal haemodynamic shear stress is the
most important upstream factor responsible for AV fistula failure. High
shear rates upstream of a stenosed AV fistula predispose to platelet
thrombus formation (rather than erythrocyte- and fibrin-rich thrombi
formed in low shear, venous settings) and this is supported by

histological findings.

3.10 Study end point data collection.

Once a clinical event was identified in a participating patient, further
details were sought to confirm achievement of study end point. This
was done where possible without checking the results of the GTT test

in the patient to minimise any bias.




Clinical event was confirmed by details of individual event obtained
from the medical records and analysis of laboratory results. If the
clinical event was cardiovascular the information was also confirmed
from any cardiological intervention or investigation records. In
cerebrovascular events the results of any form of brain imaging or
specialist neurological input were sought to confirm an event. In rare
cases of events happening out of the catchment area of the East and
North Hertfordshire NHS Trust, the details were obtained from
patient’s GP, discharge summaries from other hospital and relevant
documents (imaging or cardiac catheterisation reports) were obtained
via fax or post from the involved hospital.

In case of death as an event, the details were obtained from the
medical records, death certificate, post mortem report, coroner’s office
or GP surgery.

All events were adjudicated by the principal investigator and me before
being called as a study end point. All the data obtained was uploaded

on to an excel document for analysis and recording purposes.

3.11 Statistical analysis
The normal range for OT and LT was established from healthy
volunteers. The required sample size for the study was calculated

based on the Cox Proportional hazards (PH) prognostic model. On the




basis of earlier work (96) in patients acute coronary syndrome and
normal renal function the unadjusted Hazard ratio (HR) for LT
dichotomized by 3000 seconds was 2.25 (95% CI= 1.34-4.7).

Based on the assumption that around 14% MACCE events per year will
be observed in the ESRD cohort (15,17,35) a sample size of 200 was
predicted to yield 30 events per year and the final Cox PH model with
four covariates would provide 5% significance and 80% power (97,98).
Given 200 patients in the study group and arbitrary selected sample
size of 100 healthy volunteers, the difference in LT (OT) between these
groups is classified on the moderate (semi-large) effect size level. The
Cox PH model was used to assess sample size and Mann-Whitney U
test used to compare patients and healthy volunteers, with 5 %
significance and greater than 90 % power.

Unpaired t-test was used for the normally distributed variables and
Mann-Whitney U test was used for non-normally distributed variables.
Two-sided tests were used. Dichotomous variables were compared by
x? test or Fisher’s exact test, as appropriate. The uni-variate linear
regression model was used to assess the relationship between a
continuous variable (dependent) given a dichotomized variable
(independent). Where necessary, log transformations were applied.

Correlations were analysed using Spearman’s rank test.




Ability of OT or LT to discriminate between patients with and without
MACCE was evaluated by receiver operating characteristic (ROC) curve
analysis. The optimal cut-off was determined by the value providing
the greatest sum of sensitivity and specificity. The LT level significantly
discriminated between patients with and without major adverse
cardiovascular events (MACE) with an area under the curve of 0.67
(95% confidence interval: 0.55 to 0.69; p < 0.05). An LT >3,000 s
was identified as the optimal cut point to predict MACE outcome, with
sensitivity of 60% and specificity of 80%. Suggesting the inclusion of
LT > 3000s as a risk factor can correctly identify the patients with
MACCE in 60% of patients (True positive- Sensitivity) and can
correctly identify 80% of patients with no MACCE (True negative-
Specificity)

Kaplan—-Meier estimates with log rank tests were used to compare
survival curves. Uni-variate Cox proportional hazard regression was
performed on LT divided up into groups of 1000 seconds to investigate
the relationship between LT and MACCE, and to identify risk factors
from which a multivariate Cox proportional hazard prognostic model
was proposed. The hazard proportionality assumption was evaluated in
the Cox model with scaled Schoenfeld residuals. The test was carried
out for the uni-variate model including each of the patient variables,

and its multivariate versions: baseline (age, sex, haematocrit) and




extended (age, sex, haematocrit, LT>3000). In both setups, the hazard

proportionality assumption was not rejected at p value = 0.05

significance.

To assess the added predictive ability of LT>3000 seconds for MACCE,

net reclassification improvement analysis (99) was performed. For
chosen risk cut-offs, models do not recognize patients within the low-

risk group (5 %), among patients with and without events.

The effect of interventions (heparin, aspirin, clopidogrel, and dialysis)
on thrombotic status was evaluated with Wilcoxon signed rank test. All
tests were two sided and significance was defined as p value < 0.05.
Analyses were performed with R project for statistical computing

software (R Foundation for Statistical Computing, Vienna, Austria).




Chapter 4:

Pilot study: Fistula
Vs. Venous sample




4.1 Background

In ESRD patients, vascular access is important. It is traditional in
many renal units to check the patients' biochemical parameters pre
and post HD. The samples are normally taken from the fistula needles
for convenience and to protect peripheral veins for potential fistula
formation in the future. There is no consensus in the literature about
the reliability of platelet function studies in samples obtained from

sites other than peripheral veins.

4.2 Aim

Blood sampling and analysis of thrombotic status was a key feature of
my research study. With this background in mind, a small pilot study
was done to compare the thrombotic status results in 25 patients with
samples obtained either from a peripheral vein with minimal

tourniquet time or from the arterio-venous fistula.

4.3 Methods

The fistula samples were obtained before the start of dialysis at the
time of needling of fistula. Simultaneous peripheral venepuncture was
performed on the ante-cubital vein of the opposite limb. Samples from

both sites were used for thrombotic status analysis using global




thrombosis test as explained previously. The peripheral venous sample
was obtained from the non-fistula limb using the ante-cubital vein,
where possible, and the same technique as described in the methods
chapter for the main study. Where possible the tourniquet was avoided
for the peripheral vein sampling and when used the duration was kept
to minimum. The 18- gauge butterfly needle was used for the
peripheral venous sample. All the fistula samples were collected
without the use of any tourniquet and using the standard single needle
procedure as per the dialysis unit protocol. For most fistula samples
this was also 18 gauge needle but with no butterfly extension tubing.
The fistula sample was taken by the dialysis specialist nurse while
handling the fistula prior to the commencement of the dialysis and
prior to any heparin administration. No extra punctures were done to

the fistula for the purpose of this study.

4.4 Results

The median OT in the sample obtained from the fistula site was 487 =
108 seconds. In the same patients the median OT from the peripheral
venepuncture site was 408 * 131 seconds (p=ns, OT values with
standard deviation).

The OT values were not correlated as confirmed by Pearson correlation

coefficient of 0.28.




The median LT value obtained from the fistula sample was 1049
seconds compared to 1167 seconds from the peripheral venepuncture.
Again the Pearson r value did not show any correlation with a
coefficient of -0.18. This suggested a wide variation in results in the
samples obtained from fistula compared to the peripheral venous
sample.

The data is shown in table 5.1.

Patient OT- Fistula OT-Venous LT- Venous | LT-Fistula
Number
1

364.7 408.3 1708 937
2

373.1 536.5 1119 826
3

471.8 577.7 1335 1320
4

477 607.7 1149 1746
5

603 468 1099 865
6

323.6 362.7 1473 1639
7

547.7 341.9 806 655
8

601.6 322 822 759
9

562 421.7 2243 2992
10

694.8 518.8 1265 1464
11

374.1 325.5 1313 916
12

487.8 348 6000 1028
13

618 566.6 1036 919
14

670 569.2 1660 1581
15

487.6 439.3 1124 2874




16

469.8 432.3 977 1865
17

356.1 283.2 1049 1422
18

439.8 103.6 529 1049
19

632 401 925 489
20

445.3 375.6 1805 1453
21

358 376.5 1705 742
22

451.4 637.2 6000 660
23

506.9 148.3 1129 2259
24

523.1 400.2 1167 1627
25

647 488.9 6000 800

Table 4.1- Table

showing comparison of OT and LT values obtained from peripheral vein and fistula

4.5 Discussion

There are few studies comparing blood results obtained from a
peripheral venepuncture and samples obtained from central catheters
in dialysis patients. One study compared three different methods of
blood sampling for INR values in HD patient (100). The INR samples
were obtained from a peripheral venepuncture site, the central venous
line, and the arterial bloodline sample port. The peripheral INR sample
was used as the gold standard. The sample included 33 HD patients
with patent dialysis central venous lines. Blood samples were drawn
with a standardized protocol during one HD session from each of the

three sites. The Pearson correlation coefficient for the peripheral




sample versus the central venous catheter line sample was 0.97 (p <
0.001) and was 0.99 (p < 0.001) between the peripheral sample and
the arterial bloodline sample. These results suggested that both
alternative methods are suitable for taking INR samples in HD patients.
The purpose of this study was to ensure that samples for INR can
reliably be taken from the central venous catheter since it is
heparinized between dialysis sessions. The authors here again were
faced by the same question as I was for my study regarding choosing
the appropriate site for blood sampling in HD patients. In my study the
turbulent flow in the fistula can alter platelet function, in theory, thus
choosing the site for sampling blood was a vital part of my study. This
has been suggested in other studies of similar design but there are not
many studies comparing samples obtained from peripheral
venepuncture to fistula samples.

In 1983, David et al (101) compared the samples taken from
peripheral vein to the ones obtained via the arterio-venous fistula.
When a single-needle system is used, the blood is obtained through
the arterial limb of the Y cannula, thus avoiding an extra venepuncture.
The pre dialysis sample is taken immediately after the cannula is
inserted and the post dialysis sample is taken after the blood lines
have been disconnected and the venous limb clamped. In this study

they compared samples taken from the arterio-venous fistula and




those taken simultaneously from a peripheral vein in the opposite arm.
The authors, in this study, concluded that post-dialysis concentrations
should be determined from peripheral vein samples only based on the
differences found in the results. This study addressed the question of
whether sampling blood for urea measurement would give similar
results when blood is drawn from the fistula or from a peripheral vein.
Any differences will relate to the timing of the samples since urea is
distributed in 2 pools which take some time to equilibrate. Hence
sampling from the fistula (blood form central circulation) immediately
post dialysis will show a lower urea concentration than that taken
peripherally, which is equilibrated. The reasons for the differences
seen in my study may be not related to the observations here, but
nevertheless raise the question about using the appropriate site for
obtaining samples in HD patients.

In a very small but interesting study Twardowski et al (102) measured
platelet counts of 20 patients under regular dialysis with an arterio-
venous fistula in one forearm, from blood samples taken
simultaneously from the ante-cubital vein, the arterialized vein near
the site of anastomosis, the femoral vein, and the femoral artery.
Samples of blood from the fistula and from the cubital vein of the
opposite limb were taken with and without tourniquet application

(causing stasis). The highest platelet counts were found in blood taken




from the cubital vein without stasis. Platelet counts were identical in
femoral artery and vein, but were 4.8 and 4.9%, respectively, lower
than the cubital vein values. Platelet counts from fistula blood taken
without stasis were 13.7% lower than in the cubital vein. Platelet
counts were lower when samples of blood were taken with stasis:
11.2% in the cubital vein, 7.4% in fistula blood. These are important
findings, especially when studying platelet functions in dialysis patients.
It has been shown in other studies that shear forces at physiological
level (1,000-10,000 s*) can form small transient platelet aggregates by
development of membrane tethers (103) whereas at higher shear
rates (>10,000 s-1), which are considered pathological (similar to
shear rates found in a stenosed vessel) large rolling aggregates can
develop independently of integrin IIb 3 and platelet activation (85).
There have been some recent rheological studies showing that platelet
and vWF modulation by hydrodynamic force is a mechanism for
activation-independent aggregation that may contribute towards
thrombotic arterial occlusion (104). This is unlike the findings from
older studies which showed that shear stress in excess of 60 dyn/cm2
can induce VvWF binding to GP Iba, (105) resulting in platelet
aggregation, but only if activation can occur and allbp3 is fully
functional (106). Thus as both the fistula flow and tourniquet

application causes increased shear rates, it can cause the altered




absolute platelet count measurement from samples taken from the
fistula or after tourniquet application, due to platelet clumping. The
varying shear forces acting on the blood flowing through a fistula and
after a tourniquet application can result in platelet activation
independent aggregation as described above and thus potentially
altering global thrombotic status assessment in such situations. It
cannot be predicted what exact effects will be observed based on the
current knowledge as the effects vary with differing shear stress rates.
As blood sampling was a key feature of my research study it was very
important to avoid any discrepancy in the results obtained due to

sample site choice.

4.6 Conclusion

Although this was a very small sample size, there was clear lack of
correlation in the results obtained from two different sites in this sub-
study. This could merely be due to lack of adequate numbers or could
be due to the fact that two operators were involved in obtaining
individual samples and thus there can be operator variability in
handling the sample. Also as the peripheral venous sample were
obtained after tourniquet application it can contribute towards shear
induced transient platelet aggregation as described in the literature

and thus affecting the results of the GTT. It is also possible that the




different needles used to obtain sample from the two sites contributed
in the observed results, as the shear forces acting transiently will alter
platelet functionality differently at variable shear levels.

This study was done before commencing recruitment for the main
study and my technique was on a learning curve phase and thus there
is a possibility that the variation in results could have been partly
contributed by the lack of consistency in sample handling. The findings
of this small sub-study cannot be generalised to all patients with
fistula but due to the differences observed in the GTT values obtained
via the fistula compared to a peripheral vein, it was concluded that
fistula blood sample cannot be reliably used to analyse thrombotic
state of HD patients for the purposes of main study. Thus the
peripheral venepuncture would be used as the default method as

described earlier (Chapter2).




Chapter 5:
Results




5.1 Introduction

In this section I will discuss the demographics and the results of the
main group (HD patients) of the study population. The main population
of this study were the patients undergoing HD under supervision of the
Nephrology department of the East and North Hertfordshire NHS Trust
at their three dialysis units. The main unit is based at the Lister
hospital in Stevenage and the other two satellite units are based at the
St. Albans City Hospital and the Luton and Dunstable Hospital. The
patients were approached and given information and consented
according to the protocol previously described in chapter 3. The ethics
approval was obtained as previously described.

A control group comprising of 100 healthy volunteers was also tested
using the GTT. This group was not taking any regular medications and
was matched proportionally for sex and race. The average age in this
group was 38 + 11 years. There were 55 males and 45 females in this
group. Subjects were recruited, through advertisement and direct
approach, from among hospital staff and from relatives and carers of
patients attending the outpatient department.

In total two hundred and sixteen (n=216) HD patients were recruited
into the study from across the three dialysis units. The majority were
receiving treatment at the Lister hospital renal unit. All the inclusion

and exclusion criteria were met as described in the methodology




chapter previously (chapter 3). All patients had been on established
HD for at least three months.

Blood samples for GTT were obtained from all the participants on the
day of their dialysis appointment, prior to commencing the dialysis

treatment for the day.

5.2 Study population demographics

The average age of the study participants was 64 years, with age
range between eighteen and ninety years. Out of the two hundred and
sixteen participants one hundred and thirty eight were males (64 %).
The majority of the participants were Caucasian (84 %) with 16 %
non-Caucasians of which 64 % were of south-east Asian origin and
remainder Afro-Caribbean. Majority of the participants (70 %) had
hypertension. Approximately, just under a third of patients had
diabetes (28.7 %) and history of known coronary artery disease
(28.7 %). A total of 11 % had a documented history of myocardial
infarction previously.

About 62 % of the participants were on an antiplatelet agent with
majority (51 %) taking aspirin and around 11 % taking clopidogrel.
The other major drug groups in use in the study population included
proton pump inhibitors (55 %), statins (44 %) and diuretics (41 %).

Almost the entire group was on erythropoietin (94 %).




Apart from the patient details, medical history, list of medications,
blood test results (biochemistry, dialysis parameters) pre and post
dialysis weight and blood pressure readings were also recorded from
the day of the test. The proforma used to collect the data is shown in
the appendix. All the data was transferred from paper format to
electronic, anonymised format using the Microsoft excel software.

The detailed characteristics of the study population are shown in Table
5.1.

Table 5.1: Study Population demographics:




Baseline Characteristics

Age, mean (range)
Male Gender
Hypertension
Hyperlipidemia
Diabetes

Prior CAD

Prior CVA

Prior MI

LY Dysfunction

BMI

Drug History
Aspirin

Clopidogrel

Ace-1

Statins

Calcium Channel Blockers
Proton pump Inhibitors
Diuretics
Erythropoietin
Laboratory Results
Haemoglobin (g/dl)
Haematocrit

Platelet Counts(x10%)
Urea (mmol/I)
Creatinine (pmol/I)
Sodium (mmol/I)
Potassium (mmol/I)

Calcium(mmol/I)

64.4+14.8

138 (63.9%)
151(69.9%)

43 (19.9%)

62 (28.7%)

62 (28.7%)
37(17.1%)

25 (11%)
32/152 (21.1%)

266

111 (51.4%)
24 (11.1%)
73 (33.8%)
105 (48.6%)
65(30.1%)
118 (54.6%)
89 (41.2%)

203 (94%)

11.0+1.2
32.8+3.5
227+75.4
20.5+6.8
732.1+250
136.5+3.4
5.0+0.8

2.4%£0.2




Phosphate (mmol/I) 1.6+0.5
C-Reactive Protein (mg/I) 23.7.0+18
Albumin (g/I) 36.0+4.4
Bicarbonate (mmol/I) 23.6+3.1
Total Cholesterol (mmol/I) 4.1+1.2
LDL/HDL Ratio 3.5+1.1
Fibrinogen (g/I) 5.7+2.2
Parathormone(pg/ml) 52.3+51
Dialysis Parameters

Duration Of HD(minutes) 187.9+34.9
Kt/V 1.3+0.3
Dialysis Vintage (months) 6.3+1
KRU(mI/min/m?) 1.4%1.7

Table5.1: Baseline demographics of the main study population. n=Number, CAD=
Coronary artery disease, PVD=Peripheral vascular disease, CVA=Cerebrovascular
accident, MI=Myocardial Infarction, LV=Left ventricle, ACE-Inhibitor= Angiotensin

converting enzyme inhibitor, PPI= Proton pump inhibitor

5.3 Study Methods

The main study protocol was designed to assess the thrombotic status
by using GTT in the HD population and then comparing this to the
thrombotic status of normal healthy volunteers. The methods used to
obtain samples are described in detail in Chapter 3. This was followed
by analysing for any influence of patient demographic profile, medical

history, medications and dialysis parameters on the results obtained.




The patients were then followed up for study end points, as described
in Chapter 3 and the events statistically analysed for any possible
correlation with the results of the thrombosis test GTT. Statistical
methods used in the study have been defined previously in the

methodology chapter (Chapter 3, section 3.11).

5.4 Assessment of thrombotic status in HD patients and
controls.

As described in Chapter 3 the sample obtained for GTT analysis
provides two results, the occlusion time (OT) and the lysis time (LT).
216 HD patients were sampled to assess the GTT along with the pool
of 100 normal volunteers. All OT values in this thesis are quoted with
the standard deviation.

The median OT observed in the HD patients was 491+ 177 seconds.
This is the time taken for forming the occlusive thrombus. In the
volunteer group the OT was 378 £ 96 seconds. The OT in the study
group (HD patients) was significantly prolonged (p= 0.001). Thus HD
patients make thrombus less quickly than normal volunteers. The
coefficient of variation for OT was 8 % in normal volunteers and 6 %

in HD patients, similar to earlier studies using GTT (96).

The LT in the study population was prolonged compared to the healthy

volunteer group. The median LT was 1820 seconds in the study




population compared to 1053 seconds in the volunteers group (p <
0.001.) Thus HD patients are less efficient at dissolving a thrombus,
once formed, than normal volunteers. The coefficient of variation for
LT was 10 % in normal healthy volunteers and 5 % in HD patients.

The relation between OT and LT in study population compared to the

control group is shown in figure 5.1.




Figure 5.1: Relationship between OT and LT in the HD group and in

healthy volunteers
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Figure 5.1 Legend: Distribution of (A) occlusion time and (B) lysis time of healthy volunteers and (C)

occlusion time and (D) lysis time in HD patients. Y-axis shows number of subjects.




There was no correlation between OT and LT (Spearman's rank
correlation coefficient = 0.15).

The OT both in the study population and the healthy volunteer group
followed a Gaussian (normal) distribution. The LT on the other hand
did not follow the Gaussian distribution in either group and in the HD
patients had a very late second peak, which was not present in the
control population.

In the control group none of the subjects had LT=3000 seconds
compared with 41.7 % of the study patients. Remarkably, over a third
(34 %) of the study population group demonstrated markedly impaired
thrombolytic status with LT > 6000 seconds (second peak).

To assess the effect of HD on thrombotic status, a subgroup of 20
patients was tested immediately before starting dialysis and then
retested 2 hours after finishing dialysis.

OT was similar in this group both pre and post dialysis with OT value
of 570 £ 138 seconds pre dialysis and 545 = 126 seconds post
dialysis (p = 0.368). LT in this sub group was also similar with median
pre dialysis reading of 1725 seconds compared to post dialysis LT of
1665 seconds (p value= 0.753). This suggests that the thrombotic

status was not affected by HD.




5.5 Covariate analysis: influence of demographic profile,
medical co-morbidities and medications on thrombotic status of
HD patients.

All patient characteristics and variables including demographics, past
medical history and baseline blood results were interrogated for effects
on OT and LT.

Patients who were taking clopidogrel exhibited longer (less thrombotic)
OT than those not taking clopidogrel. In patients on clopidogrel the OT
was 564+179 seconds compared to 482+175 seconds in the non-
clopidogrel takers, giving a p value of < 0.021. This would be as
expected with an anti-platelet drug. Thus, provided that patients are
responsive to clopidogrel they should have prolonged OT or a less
thrombotic tendency. Occlusion time was also directly correlated with
serum sodium and urea level. OT was also correlated with male gender
with prolonged OT in male patients compared to the females. This is a
surprise finding as the thrombotic events are generally more common
in males; one would have expected to see a prolonged OT in females
thus offering them some protection from pro-thrombotic events.
Although the OT was prolonged in males it did not have any effect on
the study end points and the thrombotic events were not common in
either gender. This may be due to selection bias as the majority of the

patients in this study were males (68%- Table 5.1).




In the control group of healthy volunteers aspirin significantly
prolonged OT. The OT pre Aspirin dose was 356 * 54 seconds
compared to 530 £ 99 seconds post dose of Aspirin ( p = 0.0001).The
use of aspirin did not affect LT, with LT of 1043 seconds in the pre
aspirin phase and vs. 1049 seconds post the dose( p value =0.741).
Use of clopidogrel also increased OT in the control group with OT 365
+ 54 seconds pre clopidogrel dose and 569 + 84 seconds post dose (p
value = 0.001. Again similar to aspirin, clopidogrel usage did not affect
LT (with LT 1043 seconds pre-dose and 1067 seconds post-dose, p =
0.731). The prolongation of OT in response to clopidogrel was
marginally more than compared to the similar response seen

secondary to aspirin (as given above, p = 0.02).

In the study group lysis time was not affected by age, gender, race,
co-morbidities like hypertension, diabetes, peripheral vascular disease,
and history of MI or dyslipidaemia. LT = 3000 seconds was
significantly associated with history of prior coronary artery disease,
with patients with CAD demonstrating prolonged lysis time (p=0.042)

Both of the antiplatelet drugs (aspirin and clopidogrel) did not have
any effect on the lysis time but LT was significantly prolonged in
patients using proton pump inhibitors (p<0.001). Although the number

of patients this affects is very small, we can postulate that this may




reflect a possible effect of proton pump inhibitors inhibiting the
CYP2C19 iso-enzyme, thereby reducing the ability of clopidogrel in
inhibiting platelet aggregation.

The global thrombotic status of the HD patients was not affected by
the low-molecular weight heparin which was administered during the
previous session of dialysis. GTT samples were taken before
administration of the low- molecular weight heparin as described in the
methods chapter. This allowed a gap of at least 48 hours between
heparin administration and GTT sampling. Furthermore, to make sure
that the administration of LMWH (48 hours earlier) did not interfere
with the results anti-FXa level were checked and were undetectable

(0.0 iu/mL) in all samples checked.

5.6 Study End points

All the study participants were followed up from the day of blood
sample collection as described previously. The follow up was done to
look for occurrence of any primary and secondary end points (end
points described in detail previously in chapter 3). Briefly, the primary
endpoint of the study was the occurrence of major adverse
cardiovascular and cerebrovascular events (MACCE) defined as the
composite of cardiovascular death, non-fatal MI, or cerebrovascular

event. The secondary endpoint was the occurrence of peripheral




vascular thrombosis including acute ischaemic limb and AV fistula
thrombosis.

Follow-up was available in all patients. The minimum duration of
available follow-up data was for 365 days. The healthy volunteers
were not followed up.

There were 12 non-cardiovascular deaths in the study group. Four of
these were attributable to dialysis withdrawal. These patients died
either in a hospice or at home after general health decline and
cessation of RRT on clinical and personal grounds. Three patients in
the group died due to bleeding, one patient had hematemesis
secondary to chronic liver disease and history of hepatitis and two died
of unspecified gastrointestinal haemorrhage. Two patients died due to
sepsis (one of these developed it post knee surgery and the second
one developed sepsis secondary to abscess in scrotum related to
epididymoorchitis) and one due to pneumonia. One patient developed
entero-colitis due to Clostridium difficile and subsequently died. One
patient was diagnosed with a malignant neoplasm of the colon and

died during the follow up period.

In the remaining study population a total of 40 study end point events
were observed, out of which 23 were MACCE events and 17 peripheral

thrombotic events. (The detailed description individual components of




MACCE and classification of peripheral thrombotic is given previously in
the chapter 3 titled: Methods.) Out of the 17 peripheral thrombotic
events 15 were AV-fistula thrombosis (14 in natural fistulae, 1 in an

AV graft) and two patients had acute ischaemic limbs.

5.7 Survival analysis: Determination of effect of thrombotic
status.

Survival analysis was performed to look for any relationship between
thrombotic status and primary end points of the study (MACCE). This
demonstrated no relationship between OT and MACCE, with hazard
ratio of 1 (95 %% CI 0.9976 to 1.002, p= 0.969). On the other hand
this analysis revealed a strong relationship between LT and MACCE.
The optimal cut off point correlating with MACCE was LT = 2940
seconds. This was rounded to 3000 seconds for clinical ease and
calculation purposes. LT =3000 seconds was associated with a
significantly higher risk of MACCE overall, giving a Hazard Ratio of
4.25 (95 %% CI 1.57 to 11.46, p = 0.004). This is depicted in figure

5.2.




Figure 5.2: Incidence of events based on dichotomised Lysis Time.
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Figure 5.2 Legend: LT= Lysis time, MI= Myocardial Infarction, CVA=Cerebro-

vascular event, CVD=Cardiovascular death, PTE=Peripheral thromboembolic events.

The individual events were also analysed for any correlation between
LT and events. Nonfatal myocardial infarction or cerebrovascular
events were strongly related to LT with a hazard ratio of 14.28, 95 %
CI of 1.86- 109.9 and p= 0.01. Peripheral thrombotic events, when
assessed separately, also were strongly related to LT. The hazard ratio
of having a peripheral vascular event with LT = 3000 seconds was

9.08, with 95 % CI between 2.08-39.75 and p = 0.003.




The break-down of MACE events and hazard ratios based on LT are

summarised in table 5.2.

Table 5.2: Breakdown of MACE events and hazard ratio (HR) based on

LT.
Overall LT<3000 LT=3000
HR(CI) p-value
n=216 n=126 n=90

4.25

CV death, MI, stroke | 23 (10.6) 5 (4.0) 18 (20) 0.004
(1.58-11.46)
14.28

MI and stroke 13 (6.0) 1(0.8) 12 (13.3) 0.011
(1.86-109.9)
1.75

CV death 10 (4.6) 4 (3.2) 6 (6.7) 0.22
(0.49-6.22)

MI 9 (4.2) 0 (0.0) 9 (10.0) - -
3.57

Stroke 4(1.9) 1(0.8) 3(3.3) 0.18
(0.37-34.42)
9.08

PTE 17 (7.9) 2(1.6) 15 (16.7) 0.003
(2.08-39.75)

Table 5.2 Legend: CV death = cardiovascular death, MI = Myocardial infarction,

PTE= peripheral thromboembolic events. HR=Hazard ratio, CI= confidence interval

All non-fatal myocardial infarctions and 15 out of the 17 peripheral

thrombotic events occurred in those with LT = 3000 seconds. Non-




cardiac death was not related to LT. As LT increased, hazard ratio for
having an event increased up to LT = 3000 seconds (Figure 5.3 and
accompanying table 5.3). But there was no additional risk of having an
event beyond the LT of 4000 seconds, possibly because a large
number of study participants had severely impaired LT (LT=6000 s,

Figure 5.3 D).

Figure 5.3: Hazard ratio for Events based on LT divided into

1000 second intervals
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5.3: Hazard ratio based on LT

HR CI 95% | CI 95% p value
Lower limit Upper limit
LT > 1000 1.59 0.47 5.36 0.075
LT = 2000 3.07 1.14 8.29 0.001
LT > 3000 4.25 1.58 11.46 0.000
LT > 4000 2.45 1.04 5.79 0.003
LT > 5000 2.78 1.18 6.56 0.005

Legend: LT =Lysis time, HR=Hazard Ratio, CI=Confidence interval

LT is therefore associated with an increased risk of having thrombotic
events (events defined as described in the study methods previously)
and prolonged LT is representative of impaired endogenous
thrombolytic status. Thus it is logical to conclude that impaired
endogenous thrombolytic status (represented by prolonged LT) was a
very strong predictor of MACCE. This is shown by the Kaplan-Meir
survival analysis estimates to look at the probability of event free

survival in the study population based on the observed lysis time.

Figure 5.4 shows the Kaplan-Meir curves.




Figure 5.4:
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Legend: Kaplan-Meier curves showing probability of event-free survival in end-stage
renal disease based on lysis time. Thrombolytic status was strongly predictive of

major adverse cardiovascular events.

A uni-variate analysis was performed using all the patient
characteristics and medication history as summarised in table 5.1 to
look for any relation between these variables and the occurrence of
MACCE. This model showed that only the following variables were
related to MACCE: serum calcium (p value = 0.038), (log) CRP (p

value = 0.04), and haematocrit (p value = 0.013). There was a




negative relation between use of diuretic treatment and MACCE (p
value = 0.044).

Regression analysis was performed using a back-step model selection
procedure, the following three variables were then entered into the
baseline multivariate Cox proportional hazard model: haematocrit (HR
= 0.87, 95% CI = 0.78-0.97, P = 0.015), and two traditional risk
factors, namely age (HR = 0.999, 95% CI = 0.97-1.03, P = 0.944)
and male sex (HR = 1.24, 95% CI = 0.5-3.03, P =0.645).

None of these basic covariates were correlated either with LT or its
dichotomized version, which would have increased the standard error
of the hazard ratio in the Cox proportional hazard model.

Multivariate Cox proportional hazard analysis including the baseline
covariates showed that LT = 3000 seconds remained strongly
associated with MACCE after adjustment for the baseline risk factors
(HR = 4.37, 95% CI = 1.58-12.12, P = 0.005). Table 5.4 shows the
Hazard ratio obtained after adjustment for haematocrit, age and sex to

LT = 3000 seconds.




Table 5.4: Table showing adjusted hazard ratio based on LT.

Adjusted for haematocrit, age and sex.

Overall n=216 HR(CI) p-
HR(CI) p-value
n (%) Adjusted value
4.25
4.37
CVD, nonfatal MI, | 23(10.6) (1.58- 0.004 0.005
(1.58-12.12)
CVA 11.46)
14.28
Nonfatal MI and 15.76
13(6.0) (1.86- 0.011 0.009
CVA (2.00-124.06)
109.90)
1.75
1.64
CVvD 10(4.6) (0.49- NS NS
(0.44-6.15)
6.22)
9(4.2) - -
Nonfatal MI
3.57
4.89 NS
CVA 4(1.9) (0.37- NS
(0.46-51.4)
34.42)
9.08
10.81 0.002
PTE 17(7.9) (2.08- 0.003
(2,45-47.68)
39.75)

Legend: CV death = cardiovascular death, MI = Myocardial infarction, CVA =
cerebro-vascular accident, PTE= peripheral thromboembolic events. HR=Hazard

ratio, CI= confidence interval




This baseline model (age, sex, haematocrit) was then extended by
including LT=3000 seconds to give the final predictive model. After
this, of all the baseline model covariates, only haematocrit remained
significant in the extended model adjusted for age, sex, and LT (HR =

0.89, 95% CI= 0.79-0.99).

Receiver operating characteristic (ROC) curve analysis indicates an
improvement in the area under the curve with the extended model
with borderline significance (DelLong test Likelihood ratio test p value
= 0.058) indicating the usefulness of net reclassification improvement
analysis, as ROC may not be sensitive enough to detect the new

marker improvement (107).




Figure 5.5: Receiver operating curves for (A) occlusion time and (B) lysis time

and (C) receiver operating curve analysis showing improvement of the prognostic
model by adding LT = 3000 s. Lysis time significantly discriminated between patients

with and without major adverse cardiovascular events.
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5.8 Reclassification

Reclassification analysis was performed on the previously mentioned
baseline model with respect to the extended model (which included LT).
This showed that adding LT to the baseline risk factor model improves
risk stratification of patients with ESRD in terms of cardiovascular risk.
Inclusion of LT=3000 seconds in the model containing three baseline
predictors (haematocrit, age, sex) significantly added to the model
effectiveness (net reclassification improvement = 0.61, p value < ,
0.001) leading to improvement in reclassification mainly of non-event

patients.

The analysis is done with respect to the arbitrary 5 and 20 % cut off
points of chance of having an event (risk cut-off levels). This divides
the patients in to three risk categories, low (less than 5 %), medium
(between 5 and 20 %) and high risk (more than 20 %). For chosen
risk cut-offs, models do not recognise patients within the low-risk

group (<5%), among the patients with and without event.

The extension of the baseline model leads to the improvement in
reclassification of the group of patients with no events, explained in
figure 5.6 and accompanying table 5.5. The model extended by

LT>3000 reclassifies 62 (57.9 %) of the high-risk group (>20 %)




patients to the mid-risk group (> 5 % and <20 %), and 3 (4.4 %)
from the mid to the low-risk group.

Both models roughly agree about the patient group with events within
the high risk group (87.5%). The extended model reclassifies 5 of

them (62.5%) from the medium up to high risk group.

Optimal risk cut-offs

The results obtained, however, depend on arbitrarily chosen risk cut-
off levels. The net-reclassification analysis applied backwards allows
finding the cut-off which provides the optimal (smallest p-value)
reclassification. The new risk cut-offs are 13 and 43%, with NRI= 0.61
(p value < 0.001). Figure 5.6 shows the reclassification done with

respect to these optimal points.




Event probability : baseline model extended by LT > 3000

FIGURE 5.6: RECLASSIFICATION PLOT FOR BASELINE AND EXTENDED
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Figure A:

Al: region where the extended model correctly reclassifies the patients with event with respect to the
baseline model from the medium to high-risk group.

A2: region where the extended model correctly reclassifies the patients with no events with respect to the
baseline model from the high to medium risk group.

Figure B

Al: region where the extended model wrongly reclassifies the non-event patients with respect to the
baseline model from the medium to high-risk group.

A2: region where the extended model correctly reclassifies the non-event patients with respect to the
baseline model from the high- to medium risk group.

A3: region where the extended model correctly reclassifies the non-event patients with respect to the

baseline model from the high- to mid-risk group.




Table5.5. Accompanying table to Figure 5.6 showing that the
extended prognostic model including LT=3000s helps reclassify the
patients without MACE events from high to medium risk group, and

from medium to low risk group.

NO
EVENT
Extended model

Risk groups | Low Medium | High Total

Low 0 2(100%) | O 2
Baseline

Medium 29(22%) | 76(58%) | 27(20%) | 132
model

High 0 33(56%) | 26(44%) | 59

Total 29 111 53 193
EVENT

Low 0 0 0 0
Baseline

Medium 0 4(40%) 6(60%) 10
model

High 0 2(15%) 11(85%) | 13

Total 0 6 17 23




Chapter 6:

Sub-study:
Peritoneal Vs.
Haemodialysis




6.1 Background

ESRD has been associated with profound clinical effects ranging from
thrombosis to bleeding complications. RRT can be provided by different
modalities, including HD, PD and renal transplantation. There is no
consensus regarding the physiological or clinical outcome differences
seen in these people based on the modality of RRT received. There is
evidence suggesting that overall patient survival is similar for
peritoneal and HD patients but that important differences do exist
within select subgroups, particularly those subgroups defined by age
and the presence or absence of diabetes. (108). An earlier study (108)
compared 6 registry data based studies and 3 prospective cohort
studies conducted in USA, Canada, Denmark and Netherlands. The
authors also compared these studies to the US medi-care data.
Differences in results between these 9 studies can be attributed to the
degree of case-mix adjustment carried out and to the use of different
subgroups when comparing mortality between HD and PD. After
accounting for these differences, the authors found a remarkable
degree of synergism in results between the registry studies and, to a
lesser degree, the prospective cohort studies. PD was generally found
to be associated with equal or better survival among non-diabetic
patients and younger diabetic patients in all four countries. However,

among older diabetic patients, results varied by country.




The Canadian and Danish registries showed no difference in survival
between PD and HD among older diabetics while in the US, HD was
associated with better survival for diabetics aged 45 and older. In
another registry, the investigators compared mortality between
patients treated with PD and HD (including home HD) using data from
over 25000 patients in the Australia and New Zealand Dialysis and
Transplant Registry. Overall mortality rates were significantly lower
during the 90 to 365 day period among those on PD at day 90 (HR
0.89; 95% CI 0.81 to 0.99; P < 0.001). This effect, however, varied
with the presence of comorbidities: younger patients without
comorbidities had a mortality advantage with PD treatment, but other
groups did not. After 12 months, the use of PD at day 90 was
associated with significantly increased mortality (HR 1.33; 95% CI
1.24 to 1.42; P < 0.001). These data suggest that the effect of dialysis
modality on survival for an individual depends on time, age, and
presence of comorbidities. Treatment with PD may be advantageous
initially but may be associated with higher mortality after 12 months.

These findings from the registry could be attributable to confounding
factors which persist despite statistical corrections. For example, it has
been postulated that acutely ill patients who start dialysis urgently are
at high risk of death and they are treated predominantly with HD. This

could induce selection bias in the comparison of mortality between HD




and PD patients. Couchoud et al (109), found a significant difference in
mortality between “unplanned” and “planned” HD starts and suggested
that comparing PD and HD after removing unplanned HD starts would
likely provide a more balanced estimate of the effect of modality
choice on survival in elderly patients. Similarly it has been suggested
that other techniques involved in providing dialysis are frequently not
taken into account when doing such comparisons (110). In many
survival comparisons, the type of vascular access used for HD is not
included in the analyses. For instance Perl et al. (111) recently showed
that type of vascular access plays an important role in the relationship
between dialysis modality and mortality. They found in this registry
based, Canadian cohort, observational study that starting HD with a
central venous catheter was associated with higher early mortality risk
when compared to patients starting dialysis with a functional AV fistula
or AV graft. The 1 year mortality in the graft/fistula group was similar
to the PD patients. These relationships persisted over a 5-year follow-
up period. As this study was a non-randomized observational study, so
there are many confounding factors that can account for the results.

Nevertheless, despite the possible bias and lack of any randomized
trail data, the differences in mortality based on dialysis modality are
variable and three factors, namely DM, age, and co-morbidity, have

repeatedly been found to modify the effect of treatment modality on




patient outcomes. Historically, it has been felt that the slower loss of
residual renal function and urine output in PD patients may provide an
early survival advantage and that the loss of ultrafiltration capacity
may complicate volume control in PD patients, leading to an increased
risk of death with time on therapy (112). Whether these findings are
due to increased cardiovascular or thrombotic complications secondary
to change in global thrombotic status is unknown.

There have been small studies in the past comparing the platelet
function and thrombotic status in patients on PD to HD patients but
there is still lack of consensus on this issue. In a small study (113) 37
normal healthy subjects , 18 patients with mild chronic renal failure,
15 patients with advanced renal failure, 18 HD patients and 11 PD
patients were included and the expression of platelet surface receptors
GPIb (the receptor for vWF) and GPIIb/IIla (the receptor for
fibrinogen) was investigated with monoclonal antibodies CD42 and
CD41 flow cytometry. The authors found a negative correlation
between serum creatinine and the expression of glycoprotein GPIb.
The defect was not corrected by HD and/or PD. On the other hand HD
and PD had different impact on the expression of GPIIb/IIla
glycoprotein with PD seemingly favourably restoring normal values of
the expression of this membrane protein. Theoretically this data could

be correlated to the better biocompatibility of the PD and to more




favorable clinical outcomes in terms of accelerated atherosclerosis and

athero-thrombotic complications in patients with ESRD.

6.2 Aim
The aim of this sub-study was to establish any differences in global
thrombotic status of ESRD patients based on the dialysis modality

used for RRT.

6.3 Methods

Patients on PD under supervision of the Lister Hospital were
approached for participation in the study on the day of their out-
patient appointment at the hospital. They were provided information in
same manner as described in the chapter 2 for the HD patients. They
were re-approached for consent and sampling on the day of their next
clinic appointment. Blood samples were collected for thrombotic status
analysis from peripheral veins as described in chapter 2.

Twelve peritoneal patients were enrolled in this sub-study. The
majority of the patients in the unit at the time of the study were on HD
and only around 30 were on PD. All of them were approached for
participation but only 12 agreed. The blood samples for GTT were
collected using the same technique as described earlier for the main

study population. Patients were approached at the time of their clinic




appointment and study was discussed and relevant paper work,
including the patient information sheet (appendix) and consent form
provided. These patients were then re-approached at the time of their
next clinic follow up appointment and, if they agreed, were recruited
into the study. All patients had the sample taken in the morning at the
time of their outpatient clinic appointment.

The 12 PD patients were compared to 216 HD patients. Blood samples
were tested with the GTT to obtain the OT and LT values as described
in the methods Chapter 3 earlier. Unlike the HD patients the PD
patients were not followed up for any clinical events and the role of the
study was just to compare baseline thrombotic status of patients

receiving different dialysis modalities.

6.4 Results

All patients had been on PD for at least 3 months with average
duration being 22 months. The PD patients were younger compared to
the HD patients with the average age in PD patients being 52 + 15
years compared to 64 £ 14 years amongst HD patients. The OT in
patients receiving PD was 419 * 134 seconds and the median LT was
2561 seconds. The thrombotic status in the PD patients in this

subgroup study did not differ significantly from patients on HD (OT




419+134 seconds vs. 491+177 seconds, p value= 0.672 and LT 2561

vs. 1820 seconds, p value= 0.574).

6.5 Discussion

The pathogenesis of bleeding in uremic patents is considered
multifactorial. It has been attributed to platelet dysfunction particularly
platelet-platelet and platelet-vessel wall interactions. RRT has helped
reduce bleeding related complications, but the risk persists.
Abnormalities of blood coagulation and fibrinolysis predispose uremic
patients to a hypercoagulable state carrying the risk of cardiovascular
thrombotic events and thrombotic complications such as thrombosis of
the vascular access. There are differences in the measurement of
various haemostatic parameters in patients with ESRD concerning
treatment with either HD or continuous ambulatory PD. There have
been small studies in the past showing significant differences between
totally aggregated platelets, reversibly and irreversibly aggregated
platelets, the percentage of large platelets (p<0.0001) and the
average number of platelets per aggregate (p<0.001) in dialysis
patients compared with control persons. However, no differences have
been found between HD and PD groups, or the duration of dialysis

treatment (114).




On the other hand there have been some studies, albeit in small
groups and dating from periods when HD was more bio-incompatible,
showing that renal transplantation and PD improved platelet function,
while the HD procedure itself impaired platelet function (115).

Damage to blood vessel walls exposes tissue factor-containing cells
from underlying cell layers to the bloodstream. Tissue factor (TF) is
then able to bind in the presence of calcium to Factor VII, the calcium
forming a bridge between TF and FVII. This sets off an extracellular
cascade involving sequential serine protease activations leading to
conversion of prothrombin (II) to thrombin (IIa), which converts
fibrinogen (Fgn) to fibrin, leading to fibrin deposition and the activation

of platelets to form thrombus (Figure 6.1).

Tissue factor pathway inhibitor (TFPI) is a potent anticoagulant protein.
TFPI down-regulates the initiation of coagulation by inhibition of
FVIIa/TF/FXa and blockage of TFPI enhances FXa and thrombin
generation. Decreased TFPI activity contributes to the development of
both arterial and venous thrombosis and has been implicated in the
thrombotic events occurring in women using oral contraceptives and in

patients with paroxysmal nocturnal haemoglobinuria.




Figure 6.1*%: Arterial thrombosis involves the formation of platelet-rich clot that
forms after rupture of atherosclerotic plaques and exposure of procoagulant material
such as lipid-rich macrophages (foam cells), collagen, tissue factor, and/or
endothelial breach, in a high shear environment. TM = thrombomodulin; II =
prothrombin; Ila = thrombin; Fgn = fibrinogen; TF = tissue factor.

* Adapted from Wolberg AS, Aleman MM, Thrombosis Research 2010 Apr; 125 Suppl
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Recently in a single center cross sectional study, it was observed that
compared with healthy control subjects, patients on both forms of
dialysis showed pro-thrombotic coagulation protein profiles.

In this study the tissue-factor pathway was markedly elevated in both
groups, but PD was associated with significantly greater concentrations
of tissue factor (p= 0.0056) and tissue-factor pathway inhibitor (p=

0.0138). Similarly, compared with patients receiving HD, patients on




PD had greater concentrations of fibrinogen (p=0.0325), which
corresponded with platelet hyper-function as measured by platelet
contractile force and clot elastic modulus (p=0.003 and 0.017
respectively), compared with HD patients using thromboelastography.
The high level of TFPI might thus counterbalance the increased activity
of factor VII in uraemia, and may be seen as a defence mechanism
against a hypercoagulable state.The authors, thus, concluded that
compared with HD patients, patients on PD appear to have a more
pro-thrombotic profile (116). Given PD patients are exposed to
glucose-based dialysate; it is believed that they can experience
metabolic derangements. Theoretically, this exposure should create a
more prothrombotic environment than that occurs in HD patients.

Thus, currently there is lack of any consensus or large studies
evaluating the platelet function in patients receiving RRT with PD
compared to HD; in particular there are no studies which have
assessed global thrombotic status, of patients in ESRD treated with

different modalities of renal replacement.

6.6 Conclusion
The thrombotic status in the PD patients in this subgroup study did not
differ significantly from patients on HD. An important limitation was

the small sample size. This study nevertheless provides an insight into




the possible similarity of thrombotic status in ESRD patients
irrespective of dialysis modality. The timing of blood sampling was
different in the groups and also in the same group due to variable
dialysis schedule and clinic appointments. As it has been shown in
previous studies that spontaneous fibrinolytic activity in blood shows a
sinusoidal variation within a period of 24 hour (117), it is possible that
this might have affected the results. No co-morbidity data or drug
history was collected in the PD group which certainly could have
influenced on the results. The patients on PD were not followed up for
clinical events and thus no conclusion can be drawn regarding the
association between impaired endogenous thrombolytic ability in this
sub group and cardiovascular or peripheral thrombotic events.
Nevertheless based on this small pilot study it can be speculated that
the modality of renal replacement does not affect the thrombotic
status in ESRD. Further work though is necessary to confirm these

findings.




Chapter 7:

Sub-study: Comparison of
thrombotic status in patients
post renal transplant and
those on haemodialysis




7.1

Background

Renal transplant is one of the three modalities used for RRT in ESRD
patients. Most dialysis patients would choose to receive a kidney
transplant if possible with very few patients who are receiving
intensive HD opting against transplantation and choosing to remain on
dialysis. There are no randomized trials directly comparing
transplantation to intensive HD. Database and prospective
nonrandomized studies support a number of conclusions. Compared to
conventional HD, survival appears to be better with either
transplantation or intensive HD (118). Conventional maintenance HD
patients typically receive three sessions per week, each lasting 2.5-5.5
hours. Recently, the uptake of more intensive HD (>5.5 hours, three
to seven times per week) has increased. Survival appears to be similar
between intensive HD and deceased donor kidney transplantation, but
the best survival is reported with live donor transplantation. Secondly,
people with a kidney transplant or receiving intensive HD report a
higher quality of life than people on conventional HD (118). Finally,
renal transplantation is more costly in the first year, but after about 2
years should be less costly than any form of HD (98).

Despite RRT, the increased risk of thrombotic events persists in

patients with ESRD. A number of observational studies suggest that




CVD is more common in renal transplant patients than in the general
population.

Cardiovascular events develop at annual rate of 3.5% to 5%, putting
kidney recipients at a 50-fold excess (119) compared to the general
population. Pre-transplant CVD is a well-established risk factor for
post-transplant CVD and cardiovascular mortality. In addition, post-
transplant dyslipidaemias, (120) hypertension, (121) allograft
dysfunction, delayed or slow graft function and post-transplant
erythrocytosis (122) are some of the more specific factors that
increase cardiovascular risk in renal transplant recipients as compared
to the general population. Apart from the traditional risk factors in pre-
transplant state, the non- traditional risks factors like the renal
allograft dysfunction, proteinuria, anemia, moderate
hyperhomocysteinemia and elevated serum C-reactive protein
concentrations, each dependently confer greater risk of CVD morbidity
and mortality in the post-transplant period (123).

However, there is insufficient evidence to show whether undergoing
renal transplantation reduces the risk of future cardiovascular or
thrombotic events in these patients compared to dialysis patients.
Renal transplantation aims to normalise renal function and thus reduce
the risks associated with ESRD. It is well known that the renal function

normalisation is very variable post-transplant and pre-transplant




disease recurrence contributes to future cardiovascular risks in
transplant recipients (124). It may also be the case that by the time
transplantation is performed; risk factors have been so prevalent that
chronic inflammation and atherosclerosis is already widespread and

irreversible.

7.2 Aim

The aim of this sub-study was to investigate whether there are
differences in the global thrombotic status of ESRD patients receiving
HD compared to ESRD patients who have received renal

transplantation (with functioning transplanted organ).

7.3 Methods

Renal transplant patients under supervision of the Lister Hospital were
approached for participation in the study on the day of their out-
patient appointment at the hospital. They were provided information in
same manner as described in the chapter 3 for the HD patients. They
were re-approached for consent and sampling on the day of their next
clinic appointment.

Blood samples were collected for GTT analysis from a peripheral vein
as described in chapter 2. Forty renal transplant recipients were

enrolled in this sub-study. The samples were collected during the day




time while the patients attended their out-patient appointment. Due to
the clinic schedule all patients were sampled between 14:00 - 17:00
pm. OT and LT values were obtained to assess the global thrombotic
status of these patients using the global thrombosis test as described
previously in chapter 3. These patients were then compared with the
216 HD patients who formed the part of the main study group. A

comparison was also made to the patients receiving PD.

7.4 Results

The average age of the transplant recipients was younger compared to
the patients on HD. The mean age in this group was 50 £ 14 years
(compared to 64 +/- 25 years in the HD group). The OT of the renal
transplant patients was 422 = 130 seconds. This is very similar to the
results in the main study population where the OT was 491+ 177
seconds or the PD patients with OT of 419+134seconds. The median
LT in the transplant recipients was 2071 seconds compared to 1820
seconds in the main study group (p=ns) and 2561 in the PD group
(p=ns).

The global thrombotic status of the renal transplant recipients as

assessed by GTT was similar to that of patients receiving HD or PD.




7.5 Discussion

Despite functioning transplants, renal transplant recipients are at an
increased risk of thromboembolic events as a consequence of pro-
thrombotic clotting and fibrinolytic abnormalities. This hypercoagulable
state is, to an extent, associated with immunosuppressant drugs
required by these patients as they tend to induce endothelial damage
or augment platelet aggregation.

In a small study assessing the effect of immunosuppressive drugs on
platelet function post renal transplantation, soluble P selectin levels
were measured and platelet aggregation studies performed using a
whole blood platelet lumi-aggregometer in 40 renal transplant patients.
P-selectin is a constituent of the platelet granule membrane that is
transported to the platelet surface after stimulation, and acts as a
ligand to generate pro-inflammatory and pro-coagulatory platelet-
leukocyte aggregates. Patients were divided in two groups based on
the use of immunosuppressive agents, in group 1 (n=24) were
patients treated with cyclosporine, and group 2 (n=16) had patients
treated with tacrolimus. Effects were compared with those in control
groups of hypertensive subjects and healthy subjects. P-selectin levels
were appreciably higher in cyclosporine-treated patients, and
statistically significant differences were observed compared with those

of tacrolimus-treated patients (p <0.05), hypertensive subjects




(p<0.01), and healthy subjects (p <0.05). The authors concluded
that cyclosporine-treated renal transplant patients show enhanced
platelet activation (125). It has been shown in previous in-vitro
studies that cyclosporine enhances platelet aggregation and ADP-
induced platelet TxA, release (126). The immunosuppressive regimens
per se can cause or worsen hyperlipidemia, hypertension, anemia and
diabetes, each of which may in turn hasten the progression of CVD
(125).

In a small study examining the blood coagulation, fibrinolytic, and
inhibitory systems in post renal transplant patients, plasma antigen
concentrations and activities of various proteins in the above pathways
were measured. Significant elevations of factor IX activity, von
Willebrand factor (vWF), D-dimer, protein C and tissue type
plasminogen activator (t-PA) levels were found in these patients
compared with normal healthy controls. In addition, the patients
receiving cyclosporine showed a significant elevation of alpha 2-
macroglobulin activity and patients on azathioprine showed a
significant reduction in factor XII activity when compared with the
normal controls. It was concluded that transplant recipients treated
with long-term cyclosporine and prednisone exhibited significant
elevation of plasma vWF, D-dimer and protein C concentrations. In

addition, transplant recipients, irrespective of immunosuppressive




used showed increased plasma concentrations of D-dimer t-PA
suggesting in vivo thrombin generation, fibrin formation and

degradation (127).

Platelet function studies have shown that the numbers of activated
glycoprotein (GP) IIb/IIIa receptors increased in renal transplant

patients treated with cyclosporine (128).

There is a significant body of evidence suggesting that renal transplant
is associated with impaired fibrinolysis. There are several factors
affecting fibrinolysis in transplant patients. The predominant long-term
change is hypo fibrinolysis secondary to excessive plasminogen
activator inhibitor-I (PAI-I). Steroid and cyclosporine mediated
immunosuppression plays a role in increase plasma PAI-1 levels in
transplant patients most likely due to metabolic derangements like
insulin resistance and dyslipoproteinemia and also genetic factors

(129).

In a recent, single centre study it was seen that the use of an m TOR
inhibitor (mMTOR-i) everolimus was associated with significantly higher
levels of VvWF, prothrombin fragments, thrombin-activatable

fibrinolysis inhibitor and plasminogen activator inhibitor-1 compared to




a non-mTOR inhibitor based immunosuppressive regimen in renal
transplant recipients (130). The higher levels of VWF in the mTOR-i
group are compatible with either increased endothelial cell activation
or increased release from activated platelets. Increased levels of
prothrombin fragment in the mTOR-i group indicate enhanced in vivo
thrombin formation leading to fibrin generation and platelet activation.
In addition, increased thrombin generation leads to augmented
activation of TAFI, which impairs fibrinolysis. Both TAFI and PAI-1,
inhibitors of fibrinolysis, were increased in the everolimus treated
patients. This suggests that treatment with an mTOR-i leads to
increased endothelial activation, thrombin formation and impaired
fibrinolysis in renal transplant recipients suggesting an increased risk
of thrombotic events in renal transplant recipients treated with mTOR
inhibitors.

Reduction of fibrinolytic factors and activation of platelets may
therefore shift the balance of the haemostatic system in the post-
transplant patients toward a pro-thrombotic state. Acute graft
dysfunction can be caused by ischaemic damage or immunological
injury leading to serious consequences both in the short and long term.
Early allograft loss, due to acute thrombotic complications, remains a

constant and proportionally increasing complication of renal




transplantation. This is improving with advances in immuno-

suppression therapy.

Thrombotic microangiopathy (TMA) is very vrare but serious
complication of renal transplantation, usually with poor outcome. It
involves small vessels and is characterized by intravascular thrombi of
aggregated platelets leading to thrombocytopenia and variable degrees
of organ ischemia and anemia, which is due to erythrocyte
fragmentation in microcirculation. Histologically it includes severe
microvascular injury characterized by microvascular thrombi (in small
arteries and/or glomeruli), fibrinoid necrosis of the wall of small
arteries and, in later stages, severe mucoid to concentric thickening of
the small arteries. It has been observed that this condition in renal
allografts is associated with increase of pro-thrombotic factors and

hypofibrinolysis (131).

In a recently conducted, single centre, nested case control study, it
was shown that the risk of thrombo-embolic events is eight times
higher in transplant recipients compared with the general population.
This study showed that the risk is particularly high in the first year
after transplantation, but remains elevated even after many years of

follow-up, and is not fully explained by the greater probability of




transplant recipients to be hospitalized (132). This highlights the fact

that thrombo-embolic events remain a high burden in these patients.

By 3 years after transplantation, nearly 40 % of patients have
experienced an adverse cardiovascular event (133). Although there
are robust data on the frequency of risk factors and their contributions
to CVD in renal transplant recipients, few trials have demonstrated the
benefit of modifying these risk factors to reduce cardiovascular events
(134). This suggests there are still unknown mechanisms which could
be responsible for the increased cardiovascular and thrombotic risks in
this population despite correction of renal function and modifying the
traditional risk factors. Although the present study does not have
sufficient power to draw definitive conclusions, it suggests that
perhaps the impaired thrombolytic profile in renal transplant recipients,
similar to the HD population of the main study, might account in part
for the increased thrombotic events observed in renal transplant

patients.

7.6 Conclusions
The global thrombotic status of renal transplant recipients was not
different to that of the HD or PD patients, suggesting that the modality

of RRT does not alter the thrombotic status in ESRD. It has been




shown that renal transplantation is associated with hypofibrinolysis,
and the findings of my study would support this. These suggest
impaired endogenous thrombolysis in this group. This study did not
investigate the role of immunosuppression, which is likely a
contributory factor in the impaired thrombolysis observed and thus
would limit the generalisation of the results to all transplant recipients.
The number of patients, in this sub-study, was small and so definitive
conclusions cannot be made. Further larger studies could be performed
assessing thrombotic status, using GTT, comparing renal transplant
patients to those receiving patients receiving other form of renal
replacement. It would have been interesting to assess the thrombotic
status in patients with end stage disease before and after renal
transplantation. Unfortunately, it is difficult to know which patients will
be transplanted, and thus, it was not possible for me to do this during

my period of research.

It is important and clinically relevant to firstly establish whether
transplantation alters thrombotic status, and secondly, to possibly
monitor or initiate therapeutic measures in patients who remain pro-
thrombotic after transplantation and have an increased risk of

cardiovascular and/or vascular thrombotic events.




Chapter 8:
Discussion




In this thesis, I have shown that, firstly, ESRD patients have markedly
impaired endogenous thrombolysis, compared with healthy volunteers
and secondly, that such impaired thrombolysis is associated with a
high risk of cardiovascular and peripheral thrombotic events.
Furthermore, in the subgroup studies it was shown that the thrombotic
status in ESRD is not influenced by the modality of RRT. Findings were
similar in HD, PD and transplant patients.

Some aspects of my findings are not surprising. The fact that there is
a high risk of thrombotic complications in ESRD patients is to be
expected. However, what is remarkable is that with a novel,
physiological, near patient test, we can identify patients at increased

risk of such complications.

What mechanisms may explain these findings with thrombotic
status in ESRD?

It has been observed in the past that CKD is often associated with
both bleeding tendency and thrombotic events. It is suggested that
early stages of CKD are typically associated with a pro-thrombotic
tendency, whereas in its more advanced stage patients have higher
risk of thrombotic complications but also suffer from a bleeding
diathesis (135). Although most commonly manifested clinically as

minor bleeding from skin and mucus membranes, it can frequently




occur as gastrointestinal, retro-peritoneal or cerebral haemorrhage,

and bleeding at other systemic sites too.

Under normal conditions, after a vascular injury, the haemostatic
mechanism initiates a cascade of coordinated events aimed at sealing
the injury site (Figure 6.1) Once the endothelium is breached, the sub-
endothelial elements of the vasculature such as collagen (particularly
types I, III and VI), laminins, and microfibrils are exposed, which
leads to a change in platelet morphology and provides support for
platelet adhesion. Several glycoprotein (GP) receptors are present on
the Platelets, including GP-VI that binds collagen and mediates both
platelet adhesion and activation at the site of the injury and GPIb-V-IX
that interacts with collagen bound von Willebrand factor (vVWF) and is
also required for platelet adhesion, (136). In addition to collagen-
mediated platelet activation, tissue factor (TF) triggers another
independent and distinct pathway for platelet activation where it forms
a complex with the active factor VII and initiating a cascade by
activating factor X, interacting with several enzymes within the
haemostasis pathways, and ultimately generating thrombin. Thrombin
in its turn binds to its receptor, protease-activated receptor-1 (PAR-1),
on platelets and results in the release of adenosine diphosphate (ADP),

serotonin, and thromboxane A2. Thromboxane A2 is synthesized in the




platelets functions as a platelet agonist and as a vasoconstrictor.
These platelet agonists amplify the signal for thrombus formation by
activating other platelets and recruiting them to the site of clot
formation (137). Platelet activation also involves a conformational
change in GPIIb/IIla that increases its affinity for fibrinogen and vWF,
and as such it enhances platelet-platelet affinity. Other substances
released from platelets that play important roles are, fibronectin,
which stabilizes platelet aggregates and platelet-derived growth factor,
which mediates tissue repair physiologically. Termination of the
process of clot formation involves multiple factors including anti-
thrombin (AT), tissue factor pathway inhibitor (TFPI), and the protein
C/protein S system. Clot organization and removal is conducted by the

proteolytic enzyme plasmin.

In addition to the hemostatic mechanisms, there are several
homeostatic mechanisms that maintain the balance between clot
formation and bleeding. Tissue plasminogen activator, urokinase
plasminogen activator, prostacyclin (PGI;), nitric oxide (NO) and
ectoapyrases are released by normal, functioning endothelial cells to
maintain a local antithrombotic intravascular surface and degrade ADP

(138).




Another homeostatic mechanism influencing hemostasis is laminar
blood flow. This is partially influenced by hematocrit and local
endogenous vasodilators, which modulate blood viscosity and
vasomotor tone, respectively. A normal hematocrit facilitates the flow
of red blood cells midstream, which displaces platelets such that they
are closer to the endothelium; consequently, platelets can react
quickly to damage to the vasculature (139, 140). The second aspect of
laminar blood flow that influences hemostasis is vessel radius, which is
regulated by a number of neurological and chemical mediators
including, but not limited to, PGI> and NO. Each of the above areas
commonly altered in patients with uremia.

As CKD advances, the pro-coagulant abnormalities persist, but in
addition, patients start to exhibit platelet dysfunction that typically
manifests with an increased risk of cutaneous, mucosal, or serosal
bleeding. Several factors are thought to contribute to platelet
dysfunction in patients with advanced CKD. In patients with platelet
dysfunction secondary to uremia, there is thought to be a functional
defect associated with vWF; either decreased binding affinity for
GPIb/IX receptors or reduced expression of GPIb/IX receptors on
platelets (141). Weakened interaction between vWF and GPIb/IX
receptors alters cytosolic calcium concentrations, resulting in

decreased production of TxA, and ADP. One study showed impaired




function of platelet aggregation at least partially due to an intrinsic
GPIIb/IIla dysfunction and the presence of a putative uremic toxin
that inhibits fibrinogen binding to GPIIb/IIla (142). Altered release of
ADP and serotonin from platelet granules, (143) and faulty arachidonic
acid and prostaglandin metabolism, (144) have also been reported ,
which all lead to impaired platelet adhesion and aggregation.

P-selectin is found in the a-granules of platelets. A deficiency in a-
granules could lead to ineffective haemostasis. Two different
explanations are possible for the deficient platelet a-granules release
found in CKD. This could be due to depletion of a-granules itself, or

due to a deficiency in the release of a-granules.

In a study by Bladel et al (145) platelet reactivity was measured using
flow cytometric analysis. Platelets in whole blood were triggered with
different concentrations of agonists (TRAP, ADP, CRP) and the platelet
activation was quantified with staining for P-selectin, measuring the
mean fluorescence intensity. In this study the authors found that the
expression of P-selectin on the platelet surface measured as mean
fluorescence intensity was significantly less in CKD patients compared
to controls after maximal stimulation with the agonists suggesting

impaired platelet reactivity.




In a similar study, Aggarwal and colleagues found a higher P-selectin
expression in patients with ESRD receiving HD compared to healthy
controls after stimulation with a single concentration of ADP
suggesting an increased reactivity (146). Moal et. al performed a
similar study in which ADP (200 pM) and TRAP (50 pM) in a single
concentration were used to stimulate platelets in healthy controls and
ESRD patients receiving HD. They found a lower P-selectin expression
in patients compared to controls, indicating reduced platelet reactivity

in patients with CKD (147).

Thus, there is conflicting evidence in literature with regards to the
mechanism of haemostasis abnormalities in ESRD. This may be
attributed to the heterogeneity of the study population, differences in
methodology of handling platelets and other confounding factors such

as use of antiplatelet or anticoagulant drugs and other comorbidities.

In addition to haemostatic changes caused by uraemia in the HD
patient group, HD therapy itself leads to various haemostatic changes.
These include coagulation cascade activation as a result of contact
between the dialysis membrane and blood elements, the effect of
anticoagulants used to prevent coagulation developing due to this

cascade activation and a decrease in the negative effects on platelet




functions of uremic toxins, thought to be eliminated during HD. The
HD procedure itself may also directly activate tPA, but it is unknown
whether this activation contributes to an increased bleeding tendency
in patients receiving it (148).

Anaemia may also play a pathogenic role in the increased risk of
bleeding in patients with advanced CKD because correcting it results in

improved platelet function in this population.

In a large meta-analysis examining the efficacy of antiplatelet agents
in preserving dialysis access patency, antiplatelet agents appeared
effective in reducing thrombosis in central venous catheters and AV
shunts, but not in preventing AV graft thrombosis (149). The bleeding
risk for patients on dialysis treated with antiplatelet agents appears to
be related to the prescribed number and type of antiplatelet agents

used.

In the studies described in this thesis it was observed that the OT was
significantly prolonged in the ESRD patients on HD compared to the
healthy volunteers. The prolonged OT in ESRD patients suggests either
impaired primary haemostasis or reflects the fact that half the patients
were on at least one antiplatelet agent, or a combination of these

factors. It is difficult to ascertain the exact pathogenesis of this as the




study was not designed to establish the mechanism. The findings
suggest that the platelet reactivity is reduced in this group of patients,
as previously described by others. The effect of anaemia on the
platelet reactivity could not be established as almost all the patients in
this study were on erythropoietin and similarly the effect of HD cannot
be established as all the patient were already on established HD. The
small subgroups of PD patients and the post renal transplant patients
did not show any difference in the OT when compared to the main
group of HD patients. A shortcoming of the study was the lack of a
control group of patients with earlier stages of CKD which may have
allowed to distinction between the effects of impaired kidney function

and the effects of RRT modality on the global thrombotic status.

Prolonged OT signifies delayed thrombus formation in this group and
logically would imply an increased tendency towards bleeding. The
study was not specifically designed to look for any bleeding
complications and may have lacked adequate power to detect this.
There were only three deaths in the study population secondary to
bleeding complications. Two of these patients had gastrointestinal
haemorrhage due to unspecified reasons and the third patient had
bleeding secondary to chronic liver disease. All three of these patients

had prolonged OT (661, 687 and 692 seconds) compared to the study




population but interestingly the two patients with GI bleeding had LT
>3000 seconds. Prolonged OT would explain tendency towards
bleeding but delayed LT would, in theory offer protection from bleeding
by increasing thrombotic tendency. This may point towards separate
mechanisms controlling platelet activation and spontaneous lysis of the
formed platelet rich thrombus. However, the study was not designed
to come to conclusions about the bleeding tendency in these patients

and these may be just chance findings.

OT was prolonged in the group of patients taking clopidogrel,
compared to those without clopidogrel. Interestingly Aspirin use
(approximately just over half the patients were on aspirin {51%}
compared to only 11% taking clopidogrel) did not have any correlation
with the OT values in the study. This may suggest that platelet
aggregation in HD patients is predominantly mediated by ADP- P2Y12
pathway which is blocked by clopidogrel and thus prolonging OT. This
is similar to the effect of some uremic toxins. The uremic toxins
guanidosuccinic acid and phenolic acid lead to platelet aggregation
defect by inhibiting ADP-induced platelet aggregation (150).

Alternatively, patients with ESRD on HD may have “resistance” to the
effects of aspirin. Aspirin use is standard in patients with coronary

artery disease and has been shown to reduce the risk of myocardial




infarction, stroke, and vascular related deaths in patients with CVD.
But a significant number of patients prescribed aspirin as
antithrombotic therapy have major adverse vascular related events
each year. It is unclear whether these patients simply receive too low
an aspirin dose, are not compliant, have differing abilities to absorb
aspirin, or have an underlying genetic disposition that renders aspirin
ineffective. Such patients have been labelled aspirin “resistant”. In a
meta-analysis done in 2007 it has been shown that approximately
28% of patients taking aspirin can be classified as aspirin resistant.
Aspirin resistance was higher in patients with previous renal
impairment (P<0.03) (151).

OT in this study was found to be inversely related to sodium, urea and
diuretic use. It is known that the fluid status plays a role in the
residual renal function and thus the observation here in this study
could reflect a relationship between the fluid status and OT, although
the study did not have enough power to establish this.

OT in this study was not predictive of MACE. This was similar to the
findings of a similar study involving patients with acute coronary
syndrome on dual antiplatelet medication (76). As all the endpoints
described for the purpose of this study were thrombotic complications,
a tendency towards delayed thrombosis (prolonged OT) could not be

used as an explanation for the number of events found in the study




and thus suggests that their possibly is another patho-mechanism in

these patients causing the study endpoints.

Despite the relatively high prevalence of cardiovascular risk factors in
ESRD, (152) the Framingham risk score projected cardiovascular risk
in ESRD is similar or somewhat higher than reference populations from
the Framingham cohort or from the National Health and Nutrition
Examination Survey (NHANES) III (153). Even in studies which predict
higher risk the incidence of CVD observed in dialysis patients or even
transplant recipients may be underestimated (154). This emphasizes
the contributory role of non-traditional risk factors to cardiovascular

risk in ESRD, which traditional predictive models do not cover.

Although aggressive risk factor modification in CKD with statins, (155)
angiotensin-converting enzyme inhibitors, (154) and normalization of
haemoglobin with erythropoietin (156) reduce cardiovascular events,
(157) thrombotic events continue to occur. Thus, the optimal
management of cardiovascular risk in ESRD not only requires
traditional risk factor modification, but also should aim to identify
newer, previously unknown, risk factors in this complex group. These
non-traditional risk factors may explain the excess cardiovascular

events, which are higher than in any other disease state.




To define a non-traditional factor as a risk factor, all of the following
conditions should be met, ideally: (1) biological plausibility as to why
the factor may promote CVD risk; (2) demonstration that the risk
factor level increases with severity of kidney disease; (3)
demonstration of an association between the risk factor and CVD in
CKD in observational studies; and (4) demonstration in placebo-
controlled clinical trials that treatment of the risk factor decreases CVD
outcomes. (158). Although, the first two conditions are met for the
most part when one considers the non-traditional risk factors there
remain many gaps in the CKD literature regarding condition 3, and
particularly regarding condition 4. This is, therefore, an active area of

interest and research.

In this study, it has been shown that impaired LT is strongly correlated
with adverse thrombotic events in ESRD, independent of other risk
factors. This observation that the endogenous ability to lyse any
thrombus formed (prolonged LT) in these patients is impaired can
provide a logical explanation as to why cardiovascular and other
thrombotic events rate are higher in ESRD patients. But due to the
non-randomized population and presence of multiple traditional risk

factors in the patients it could also be a chance observation.




The observed cardiovascular events risk in the study is predominantly
attributable to an increased risk of MI in those with LT=3000 seconds,
although it is very unlikely that the LT< 3000 seconds group is
completely protected from MI. The MACE rate in those with LT< 3000
seconds was much lower than anticipated and may have contributed to
the lower than expected significance of the results. Although the
hazard ratio for MACE is high, the sample size is relatively small and

the confidence intervals large, thus the results could be due to chance.

Although studies cannot be directly compared, these findings are
supported by the prior study in ACS patients, where the same cut-off
value (LT=3000 s) was correlated with increased cardiovascular risk
but imparted a much greater risk in ESRD than in ACS patients (HR
4.25 vs. 2.5) and LT was more frequently impaired and longer in ESRD

than in ACS patients (96).

The distribution of events was not even in the subgroups based on LT
(Figure 5.2 and table5.2 chapter 5 - results), with a break in events
between 3000 and 5000 seconds, as there were no events in LT 4000-
5000 seconds group. The reduction in hazard when LT> 4000 seconds

is likely, at least in part to reflect the uneven distribution of events,




with small humbers of patients and even smaller numbers of events in

these groups.

Components of the fibrinolysis system include t-PA, urokinase, u-PA
receptor, plasminogen, and inhibitors of plasmin generation such as
PAI-1 and TAFI (159). During normal haemostasis pro-enzyme
plasminogen is converted to active plasmin by thrombin. Plasmin
degrades the cross-linked fibrin into soluble degradation products by
the tissue-type (TPA) and the urokinase type plasminogen activators.
It is TPA that is mainly responsible for the dissolution of fibrin formed
in the circulation. This fibrinolytic system can be inhibited either by
plasmin through alpha 2-antiplasmin or by specific plasminogen
activator inhibitors (PAI). The thrombin activatable fibrinolysis inhibitor
(TAFI) is another important inhibitor of the fibrinolytic system and
forms a link between blood coagulation and fibrinolysis. Thrombin
forms fibrin to stabilize the platelet-rich thrombus and also produces
TAFI to protect that fibrin network. The TAFI circulates as an inactive
pro-enzyme and becomes activated by thrombin during blood clotting.
The active form (TAFIa) inhibits fibrinolysis by cleaving off C-terminal
lysine residues from partially degraded fibrin that stimulate the TPA-

mediated conversion of plasminogen to plasmin. Consequently,




removal of these Ilysines leads to less plasmin formation and

subsequently to protection of the fibrin clot from breakdown (160).

There have been studies showing increased fibrinogen, plasminogen
activator inhibitor-1(PAI-1), and reduced tissue plasminogen activator
in ESRD, (157-158, 161-164). In recent data on fibrin clot properties
both ESRD (165,166) and thromboembolic coronary events (167, 168,
169) have been associated with the formation of dense fibrin clots,
resistant to fibrinolysis. In a study by Undas et al. (170) it was shown,
by using turbidometric plasma clot lysis, fibrin clot permeability and
perfusion clot lysis assays, that ACS and CKD patients have higher
PAI-1 and TPA levels and formed fibrin clots that were less porous and
more resistant to fibrinolysis, compared to a control group of ACS
patients with normal renal function. The fibrin clot in CKD patients
exhibited smaller pore size, larger number of protofibrils per fibrin
fibre, increased fibre size and clot mass. These studies support the
findings of reported in this thesis, showing that there is delayed or
impaired endogenous thrombolytic activity in ESRD as evident by the
prolonged LT in this group. In this study population, high fibrinogen
levels (5.7+2.2 g/l) were observed at baseline (tablel demographics-
chapter 4). The observation of raised fibrinogen level in the study

group and impaired endogenous thrombolysis is interesting. Based on




epidemiological data, fibrinogen has been associated with increased
cardiovascular and arterial thrombotic risk, but whether this
relationship is causal is not established. Recently high fibrinogen levels
have been linked with resistance to thrombolytic therapy and adverse
outcome in patients with acute ischaemic stroke (171). Patients with
high fibrinogen levels displayed worse clinical response and had 2.7-

fold risk to mortality when they received thrombolytic therapy.

In previous studies high fibrinogen levels are shown to lead to a less
porous and therefore less permeable fibrin clot with thin fibers in
particular genotypic individuals (172) A tendency to form of tight, rigid
and space-filling fibrin network structures with small pores has been
shown to be associated with premature coronary artery disease (173,

174).

Furthermore, in a murine model, artificial increase in fibrinogen level
directly promoted thrombosis and thrombolysis resistance, via
enhanced fibrin formation and stability (175). In this study the
investigators raised plasma fibrinogen levels in mice via intravenous
infusion and induced thrombosis by application of shear forces;
hyperfibrinogenemia significantly shortened the time to occlusion in

the both high and Ilow shear exposed mice. Using




immunohistochemistry, turbidity, confocal microscopy, and
elastometry it was shown that hyperfibrinogenemia increased
thrombus fibrin content, promoted faster fibrin formation, and
increased fibrin network density, strength, and stability.
Hyperfibrinogenemia also increased thrombus resistance to
tenecteplase-induced thrombolysis in vivo.

However, in a transgenic mouse model of hyperfibrinogenaemia, mice
with high fibrinogen level did not demonstrate accelerated platelet
thrombus formation in response to injury, compared with wild-type.
(176). Surprisingly, transgenic mice demonstrated suppression of
thrombin generation in plasma and activation of the fibrinolytic system.
Furthermore, alterations in gene expression and coding function, splice
variants such as the gamma’ splice variation in fibrinogen gene
transcription, and posttranslational modifications of protein products
all influence fibrin structure/function and result in more highly cross-
linked and stable fibrin clots, with reduced pore size, that are more
resistant to lysis (177).

A study of gamma A/gamma’ fibrinogen levels, in patients undergoing
coronary angiography, has previously shown that gamma A/gamma’
fibrinogen levels were higher on average in coronary artery disease
patients than in patients without coronary artery disease, and that this

association was independent of total fibrinogen levels (178).




In the present study to investigate further the relationship between
fibrinogen level and impaired endogenous thrombolysis (as measured
by LT), an in vitro experimental correction was performed to raise
fibrinogen level and assess the effect on LT. In ten healthy volunteers,
in parallel measurements, increase in plasma fibrinogen concentration
in vitro by 1 g/L did not significantly alter LT compared with control
samples [median LT 1081 (IQR 907-1300) secs and 1297 [1208-
1660] secs respectively, P = 0.06]. Thus increasing fibrinogen
concentration showed a trend towards enhanced rather than inhibited
spontaneous thrombolytic activity. These findings in healthy blood are
similar to previous studies claiming that hyperfibrinogenemia per se
does not inhibit fibrinolysis (176). Thus, it is more likely that it is not
just the elevated plasma fibrinogen concentration per se, but the

quality of the fibrin clot architecture that determines risk.

It has been shown in previous studies that in ESRD, fibrinogen
structure and function are altered, making clots more resistant to lysis
and that the fibrin structure characteristics in the patients are
associated primarily with the inflammatory plasma milieu rather than
with level of azotemia (179). This may be causally related to
increased thrombotic risk. In a small study it has been shown that in

patients on chronic HD fibrin clot properties are markedly altered.




Fibrin clots from plasma of the patients display significantly reduced
permeability, faster proto-fibril formation, increased fibre size and clot
mass, along with decreased susceptibility to fibrinolysis, compared
with healthy well-matched individuals. These findings indicated that
clots from HD patients are much tighter than those from controls.
None of the clot variables showed any association with the duration of
HD treatment or the cause of ESRD. Although this was a small study,
there was an association between mortality and reduced clot

permeability and prolonged LT (180).

This may explain the functional significance of the impaired
thrombolytic state observed in ESRD and can be possibly used as a
marker of excess thrombotic event risk in this population. In this study
I did not compare LT with plasma markers of fibrinolysis, since the
value of fibrinolysis activity markers is very limited in aiding diagnosis
and risk stratification in the individual patient. The overall outcome of
studies looking at prognostic and diagnostic value of fibrinolytic
markers is highly controversial. The number of negative studies unable
to demonstrate an association or predictive power is practically equal
to those reporting a positive association and prognostic value. Even

some of the positive studies report relative risks that, although




significant, are so weak (HR: 1.1 to 1.7) that they indicate only a

statistical trend but have little practical usefulness (139).

Prolonged LT in the current study was associated with prior CAD but it
is difficult to say whether it is a causative phenomenon. In a similar
study lysis time in ACS patients was not related to prior CAD (96).

Proton pump inhibitor use was related to prolonged LT. This study is
too small to analyze whether this reflects a possible effect of proton
pump inhibitors inhibiting the CYP2C19 iso-enzyme, thereby reducing

the ability of clopidogrel to inhibit platelet aggregation.

Higher serum calcium concentration was associated with prolonged LT.
This may be functionally important. Ionized calcium (Ca2+) holds
together the fibrinogen binding receptor glycoprotein IIb/IIIa complex,
it is essential for agonist-induced conversion of the glycoprotein
IIb/IIIa complex into the functional fibrinogen receptor, and is
required for the binding of fibrinogen to its receptor, as well as for the
coagulation cascade (68).

C-reactive protein was related to LT suggesting a relationship between
inflammation and thrombosis. Inflammation biomarkers are strong
predictors of MI or thrombotic stroke (181) and platelets are known to
initiate an inflammatory response at the endothelial level by secretion

of various pro-inflammatory factors and forming a platelet-leucocyte




aggregate (PLA) and thus initiating processes pivotal for thrombus
formation and atherogenesis (182). It is difficult to establish, based on
this study, whether the relationship between CRP and LT is a cause or

effect phenomenon in these patients.

Limitations of the study

The two major limitations of this study are its observational nature and
the sample size. The patients enrolled in the study were known to
have multiple risk factors for cardiovascular or thrombotic events. The
observational nature of the findings in a high risk group with multiple
risk factors for the primary end points makes one question the role of
these known risk factors in influencing the result despite the statistical
significant correlation between impaired endogenous thrombolysis and
observed events in this study.

Since the sample size in the study was relatively small, particularly in
the sub-studies, a further larger trial would be needed to confirm these
findings.

Although we have tried to use appropriate controls in the main study
and in the sub-studies, there were a few factors which proved difficult
to control for. For example, age, co-morbidities and aetiology of ESRD.
Moreover the control group did not have any renal impairment or risk

factors associated with it. The main study group patients (HD group)




were sampled only once, pre-dialysis, and only a very small group was
studied pre and post dialysis. The fact that mainly ESRD patients on
HD were studied means that the results cannot be generalized to
different modalities of renal replacement or to different stages of CKD.
More than 90% patients in the HD group received erythropoietin,
which is known to increase the number of circulating platelets,

improves platelet function transiently bringing the bleeding time
towards normal,(183) It has also been shown to have varying effects

on platelet reactivity and fibrinolysis(184). It has also been proposed
that in patients treated with erythropoietin, increased activity of C-
reactive protein, nitric-oxide, and thrombin-activatable fibrinolysis
inhibitor leads to a fibrinolytic deficit with resultant increase in

thrombosis (185).

The effect of antiplatelet medication on LT is not fully established, but
unlikely to be significant given the findings in a previous study of
patients with ACS (76) and here in ESRD. It is well known that
individual patients on antiplatelet therapy have varying response to
the medications in terms of platelet inhibition and such variation is
possible in this study but this study was not designed to study effects
of antiplatelet medications on thrombotic status. Moreover, the effect

could also vary depending on stage of CKD, modality of RRT and any




previous use of such medications in the study population at the time of
sampling.

The test used (GTT) is a near patient test and requires meticulous
sampling, and is subject to error due to effects of tourniquet
application time or sample transit time, and results can vary
depending on the site and state of the sample. The timing of blood
sampling was different in the different groups and also in the same
group due to variable dialysis schedules and clinic appointments. As it
has been shown in previous studies that spontaneous fibrinolytic
activity in blood shows a sinusoidal variation within a period of 24 hour
(97), it is possible that this might have affected the results.

The GTT machine has been used and validated by the manufacturer
previously and a small study on same patients assessed by more than
one machine could help to establish the precision of the GTT analysis.
The small sub-groups studied, including the PD and the renal
transplant recipients, were not followed up to investigate the
relationship between global thrombotic status and any future
thromboembolic or bleeding events. No data on co-morbidity or
medication details were collected in the sub-groups which certainly
could have influenced the findings as groups were not matched for
comorbidities or medications that could have affected thrombotic

status. Similarly smoking history, which is a well-known risk factor for




thrombotic events, was not collected in this study and it would have
been interesting and probably relevant to establish a relationship

between smoking and the GTT results in a high risk population.

Future work

A larger study assessing thrombotic status in patients undergoing
different RRT modalities could help establish the effect of RRT modality
on overall thrombotic status. Furthermore, it would be interesting to
assess global thrombotic status in patients at different stages of CKD
repeating the test as the condition progresses, to study the effect of

progression on thrombotic status.

The role of antiplatelet medications in patients with renal disease and
the effect of antiplatelet medication on LT are important clinical
questions. Ideally a prospective study randomizing patients with CKD
to antiplatelet regimens and assessing the effects of such intervention
on global thrombotic status would be desirable. Otherwise, larger
studies would be required where groups matched for CKD status, risk
factors and medications, but varying with respect to antiplatelet
medication, could be compared for overall thrombotic status

assessment.




Other medications should also be studied to investigate their effects on
global thrombotic status, in order to find a potential candidate drug
that can favourably modulate thrombotic status and may thus reduce
cardiovascular risk in high risk groups with impaired LT. Such
medications include oral anticoagulation using vitamin K antagonists or

novel anticoagulants.

Conclusion

In summary, this study has identified impaired thrombolysis as a novel
risk factor in ESRD albeit with limitations, which may have important
implications for screening and risk stratification. Thrombotic status
does not appear to be affected by HD. Future studies are required to
investigate medical therapies to which can improve endogenous
thrombolysis, and to establish whether such agents may reduce the

risk of cardiovascular events in these high-risk patients.
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Stevenage
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Howlands
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Herts AL7 4HQ

Tel: 01707 328111
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REC Ref 09/H0311/25

PATIENT INFORMATION SHEET

You are being invited to take part in a research study. Before deciding whether to take part, you
need to understand why the research is being done and what it will involve. Please take time to
read the following information carefully and discuss it with friends, relatives and your GP as you
wish. Ask us if there is anything that is not clear or if you would like more information. Take your
time deciding whether or not you wish to take part.

National Institute of health research has got an advisory group called INVOLVE (funded by Department of
health) which provides information on public involvement in NHS, social care, and public health research
and development (R&D).They Have produced Various publications including a Public Information Pack
(PIP) titled: How to get actively involved in

NHS, public health and social care research (2007).This and all of their other publications can be
downloaded free form there website http://www.invo.org.uk or a free copy can be ordered from —
INVOLVE, Wessex House, Upper Market Street Eastleigh Hampshire SO50 9FD.

Thank you for reading this.

Study Title

Risk of thrombotic events in chronic renal failure (CRF) patients on renal replacement
therapy (RRT)

(The meaning of the title is fully explained below)

What is the purpose of this study?

Kidney failure patients despite being on dialysis or having undergone a renal transplant remain at increased
risk of heart problems. The reason for this is unclear, but likely to be related to either increased platelet
reactivity, impaired thrombolysis or both. There is currently no way to identify which patients are likely to
clot off their arteries, and thus whom to target with medication.



http://www.invo.org.uk/

We propose to do blood tests to identify patients who remain prone to forming clots and/or have impaired
ability to dissolve clots despite being on dialysis or having received a kidney transplant for kidney failure.
We will do two blood tests, one before the start of dialysis or receiving a transplant and another after either
being established on dialysis or becoming stable after the transplant depending on the treatment (dialysis or
transplant in this case) patients receive. We will then follow patients up for a year and try and correlate
whether the blood test results can predict who is at increased risk of future heart attacks and stroke and also
to see if the blood test results were different before and after receiving renal replacement therapy (dialysis
or transplant)

If these blood tests can identify which patients at are risks of future events, this group can be targeted in the
future to individualize and optimize their medication, to reduce their risk of a future heart attack, stroke or
death.

Why have | been chosen?

You have been chosen to participate since you are suffering with a kidney problem and are at higher risk of
heart problems than the general population. We are studying why patients with renal failure develop heart
problems earlier, and whether we can detect who is at risk of future problems.

Do I have to take part?

It is entirely up to you to decide whether or not you wish to take part in this research study, and you should
not feel under any obligation to take part. Neither your decision to take part, nor your decision to not take
part, will in any way affect your current or future medical care.

What will happen to me if | take part?

We will take 10 ml of blood from a vein in your arm, on two separate occasions, while you are attending
hospital.

After you leave hospital, we would like to know how you are getting on. One of our research team will
therefore contact you every few months (up to 1 year from now) either by phone or letter, to ask you a few
simple questions about your health.

What do | have to do?

You do not need to do anything. If you decide to take part, we will take a 10 ml blood sample during your
current hospital attendance and on one more occasion and then contact you, as above, every 3 months, until
1 year from now. No additional trips to hospital and no additional medication will be required.

What are the side effects of taking part?

The only risk is that of having a blood test. Like with any blood test, you may experience some minor
discomfort, and there is a small risk of bruising or bleeding from the puncture site.

What are the possible disadvantages and risks of taking part?

The only risk is that of having a blood test. Like with any blood test, you may experience some minor
discomfort, and there is a small risk of bruising or bleeding from the puncture site.

Are there any benefits to me in taking part?
There is no direct benefit to you for taking part. However, we hope the results of our research will further

the medical profession’s understanding of why some patients have an increased tendency to form blood
clots and this may lead to a better way to treat these patients.




What happens when the study stops?

Once the research is completed and the results analysed, we will write you a letter explaining our findings
in layman’s terms. You will continue to have medical follow up with your GP or hospital doctor as is
necessary.

What if something goes wrong?

If you have any cause to complain about any aspect of the way you have been approached or treated during
the course of this study the normal National Health Service complaints mechanisms are available to you
and you are not compromised in any way because you have taken part in a research study. If you are
harmed due to someone's negligence, then indemnity and/or compensation for negligence on the part of
NHS staff will be provided by the East and North Hertfordshire NHS Trust.

Formal complaints may be addressed to the Chief Executive, Lister Hospital, and Corey’s Mill Lane,
Stevenage, SG1 4AB.Tel. No. 01438 781541

Should you require independent advice about making a complaint or seeking compensation, you may wish
to contact the Independent Complaints Advocacy service (ICAS) for Bedfordshire & Hertfordshire at
Pohwer ICAS. Suite 19, The Pixmore Centre, Pixmore Avenue, Letchworth, Herts, SG6 1JG (Tel 0845 456
1082).

Will my taking part in this study be kept confidential?

The results of this study will be kept strictly confidential, although we will inform your general practitioner
of your participation in this research.

What will happen to the results of the study?

We hope that the results of the research as a whole will be published in a peer-reviewed scientific journal.
This will not contain any patient-specific data

Who is organising and funding the research?

The research is organised by and funded by East and North Hertfordshire NHS Trust.

Who has reviewed the study?

The study has been reviewed and given a favourable ethical opinion by the Hertfordshire Research Ethics

Committee.

Contact for further information

If you or your relatives wish to discuss any part of this research further, please contact the
Cardiology Research Team on bleep 0235 or 0031 via Hospital Switch Board 01438-314333 or else
contact Dr Gorog’s or Prof. Farrington’s secretaries via hospital switch board.
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Patient Identification Number: Tel: 01438 314333

Queen Elizabeth Il Hospoital
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Welwyn garden City

Herts AL7 4HQ

Tel: 01707 328111
www.enherts-tr.nhs.uk

CONSENT FORM

Title of Project:

Risk of thrombotic events in Chronic renal failure (CRF) patients on Renal replacement
therapy (RRT)

Name of Researcher: Dr D A Gorog / Dr Ken Farrington

Please initial box

1. I confirm that | have read and understand the information sheet O
for the above study and have had the opportunity to ask questions.

2. I understand that my participation is voluntary and that | am free to 0
Withdraw my consent at any time, without giving any reason and without
my medical care or legal rights being affected.

3. I understand that sections of any of my medical notes may be looked 0O
at by responsible individuals from the, sponsor (East & North Herts NHS
Trust) or from regulatory authorities (East & North Herts NHS Trust)
where it is relevant to my taking part in research. | give permission for these
individuals to have access to my records.

4, | agree to take part in the above study. O
5. I agree for my GP to be informed of my participation in this study. 0
Name of Patient Date Signature




Name of person taking consent Date Signature
(If different from researcher)

Researcher Date Signature

1 for patient; 1 for researcher; 1 to be kept with hospital notes




STUDY NO. statin
Hosp. No BB

Initials Folic acid
DOB Diuretics
Gender Alfa-calcidol
Age Iron
Ethnicity B12
Contact No. Phosp. Binder
Cause of ESRF Tinzaparin
Medical History Other Meds
Co-Morbidity 1 Hb
Co-Morbidity 2 WCC
Co-Morbidity 3 Platelet
Co-Morbidity 4 Na

Diabetic K

HTN Bicarb.
Prior CAD Urea
CVA/TIA Creatinine
PVD Ca
Lupus/APADb Phosphate
Dialysis start CRP

Access History ALT

(incld. date/ site)

TransplantHistory KRU

(incld.date/type)

Previous CV
Intervention

Other bloods

ASA Dry Weight
Clopidogrel Pre HD Obs
EPO / Dose Post HD Obs.
Insulin GTT OT
OHA GTT LT

Page 232




East and North Hertfordshire m

NHS Trust

Lister Hospital
Coreys Mill Lane
Stevenage
Herts SG1 4AB

Tel: 01438 314333

Queen Elizabeth Il Hospital
Howlands

Welwyn garden City

Herts AL7 4HQ

Tel: 01707 328111
www.enherts-tr.nhs.uk

REC Ref 09/H0311/25
GP INFORMATION SHEET.

Your patient participated in the research below and gave _ ml venous/fistula blood to be
tested as part of the research study below, on ........... (date)

Study Title: Risk of thrombotic events in chronic renal failure (CRF) patients
Patients with Chronic renal failure (CRF) despite being on optimal renal replacement
therapy (RRT) remain at increased risk of acute thrombotic events. Patients with renal
impairment have a high mortality from cardiovascular disease — such that a dialysis
patient aged 30 has a relative risk of mortality over 100 times that of his peer without
renal disease. The reason for this is unclear, but likely to be related to the increased
platelet reactivity, impaired thrombolysis or both. There is currently no way to identify
which patients are likely to have thrombotic event, and thus whom to target with more
aggressive anti-platelet treatment. We propose to identify patients, through blood tests,
who remain pro-thrombotic and/or have impaired fibrinolysis despite optimal treatment
and observe whether this is related to an increase in acute thrombotic events. If these tests
can identify which patients are at risk of further events, this group can be targeted to
individualise and optimize the anti-platelet medication to achieve a more aggressive anti-
platelet effect, in order to reduce the risk of further thrombosis.

The research involves taking a one-off blood sample, and telephone follow-up of patients.
The research is been organised and funded by East and North Hertfordshire NHS Trust
and the study has been approved by the Hertfordshire Research Ethics Committee.

If you wish to discuss any part of this research further, please contact Cardiology
Research Team at the QE2 hospital on 01707 328 111 and ask for bleep 0031/0235, Dr
Diana Gorog, Consultant Cardiologist via her secretary on 01707 365 036 or Prof. Ken

Farrington, Consultant Nephrologist via hospital switchboard 01438 314333.
Versionl.0 dated 01/02/2009
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Stevenage
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23/0472009

Dr Sumeet Sharma

Cardiac Research Registrar
Cuaan Elizabeth 1| Hospital
Howdandsa

Welwyn Garden City

ALT 4HQ

Daar Dr Sumasi Sharma

Re: RD2008-21 Rizk of thrombotic events in chronic renal failure (CRF) patients
on renal replacement therapy (RRT) - Risk of thrombotic events
In chronic renal fallure {CRF) patients on renal replacement
therapy (RRT)

Following raview by the Resaarch and Developmeant Committes, | am pleased to confirm
that the above project now has Trust approval to recruit patients at East and MNorth
Hertfardshire Hospitals NHS Trust.

May we remind you that the Principal Investigator is rezponsible for ensuring thal research
is conducted in gecordance with the Depariment for Health Research Governance
Framework. It must also comply with the law, all internal Trust policies and processes and
any redevant good practice guidance. The research may be subject to internal or extermal
manitoring,

Should you have any queries or reguire further information, please contact the Research
& Development office on the above numbers.

Best wishes for a successiul project.

Yours sincarely,

D \a\earéma-m-:han
Agsoc Director of R&D
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NHS!

National Research Ethics Service

Hertfordshire REC

Easl of England REC Office Mo 3
Gth Floor, Termnus House

The High

Harlaw

Eagay

CRIAD 1XA

Telephore: 01279 413 436
Bacsimile: 01279 413 246

02 March 2009

Drear Dir Gorog

Full title of study: Risk of thrombotic events in chronic renal failure (CRF)
patients on renal replacement therapy {RRT)
REC reference number: 0WHO311/26

Tha Research Ethics Commiltee reviewed the above application at the meeting held on 25
February 2009. Thank you for aranging for Dr Sumeet Shamma to attend Io discuss the

study.
Ethical opinion

The Committee discussed with Dr Shama the possibility of a seriously ill or decaased
patient being phoned as part of the follow up The Committee have suggested that when
the current status of a patient Is not known, a fax should be sent o their GP to establish
their state of health.

The membars of the Committes presant gave a favourable athical opinion of the above
research on the basis described in the application form, protocol and supporting
documentation, subject to the conditions specified below.

Ethical review of research sites
The Commitiee agreed that all sites in this study should be exempt from site-specific
assessment (SSA), There is no need to submit the Site-Specific Information Form to any

Research Ethics Committee. The favourable opinicn for the study applies to all sites
invalved in the research.

Conditiona of the favourable opinlan

The favourable opinion is subject to the following conditiens being met prior to the start of
the study.

Management permission or approval must be oblained from each ho host organisation prior 19

This Research Ethics Committes ks an advisory committes to East of England Strataglc Health Authority
The National Research Ethics Sevwice (NEES) represents the NRES Directorate within
the Mational Patient Safety Agency and Research Ethics Commiitees in England

L [sumeet sharmal || Fap




the start of the study at the sife concermed,

Management permission at MHS sites ('RED approval’} should ba obtained from the
relevant care organisation(s) in accordance with NHS research governance arrangsments.
Guidance on applying for NHS permission is avaliable in the Integrated Research
Application System or at hitp:hwww.rdforum.nhs.uk.

Cither itions specified by the REC

1. In the Paricipant Information Sheet it refers to CERES, which is no longer in
existence, and it should be replaced by information about INVOLVE.

2. The Participant Information Sheet states that the study has been reviewed by the
Ethics Commities of the East & North Hertfordshire NHS Trust this should be
amended to the Herffordshire Research Ethics Commitize.

3. In the consent form point 3 it should state the name of the companies concemed,

Approved documents

The documents reviewad and approved at the meeting wera:

Document Version [ate

Student CV ' ) 85 05 February 2000
Protocal Co-Author CY "' KF ]

Parficipant Consent Form o 1.0 01 February 2008
Participant information Sheet 10 01 February 2008
GP/Gonsultant information Sheets 10 T February 2008
|Cavering Litter T 0% Februany 2008 |
Pralocol ] - o 1 February 2009
Investigator GV ' DAG 0 Fabruary 2008

| Application ] 09 February 2008

Membership of the Committes

The members of the Ethics Committes who were present at the mesting ane listed on the
attached sheet.

Statement of compliance

The Commitles iz constituted in accordance with the Govemance Arrangements for
Research Ethics Commitizes {July 2001) and complies fully with the Standard Oparaling
Proceduras for Ressarch Ethics Committees in the LK.

After ethical review

Mow that you have complated the application process pleasa vigit the National Research
Ethics Website > After Review

You are invited to give your view of the service that you have received from the Mational
Ressarch Efhics Service and the application procedure, If you wish 10 make your views
known please use the feedback farm available on the website,

The attached documeant “After ethical review — guidance for ressarchers” gives delailed

. [sumeet Sharma] | ot




guidance on reporting requirements for studies with a favourable opinion, including:

+  Motifying substantial amendments
« Progress and safety reporis
«  Motifying the end of the study

The NRES website also provides guidance on these topics, which is updated in the light of
changes in reporting requirements o procedures.

Wi would alsa jike to inform you that we consult regularly with stakehoiders to improve our
service, If you would like to join our Reference Group please email
refaren nres. npsa.nhs. uk.

[_osmoa11/25 Piease quote this number on all correspondence |

With the Committee's best wishes for the success of this project

Yours sincerely

Emall; jenny.austini@ece nhs.uk

Enclosuras: List of names and professions of members who were present at the
mesting and thoss who submitted written comments

“ffter ethical review — guidance for researchers” (SL-ARZ)

Copy fo: Fiona Smith, R&D Manager, HCC
The Clock Tower
Mownt Verron Hospital

Rickmansworth Road u/

Morthwood, Middx
HAG ZRM

o [sumeet Sharma] |




Hertfordshire REC

Attendance at Committes meeting on 25 February 2009

Committee Members:

Name [Profession " TPresent | Notes
Mrs Linda Bose | Tves
Revarend Elizabeth Bradley Hospital Chaplain Yes
Mr Michael Buck Refired Solicitor & | ves
Charterad Arbitrator _ i
Mrs Heidi Ebeahim Yes
DOr Steve Eckersall Consultant Anaesthetist | Yes
I Mrs Wivien Felgate Senior Fharmacis! Yes
| Mr Deavwicd Grayson - Yes ]
Prof Russell Jones GP Yes
Dr Wassim Malta General Practtioner | ves -
Dr Gordon Nachols | Business Managar | | Tes |
Dr Mark Slater Consultant Psychialist | Yes
Dr Mark Tanner Consuliant Psychiatist | Yes T
Dr Sunda Uthayakumar Consulian: GU Medicing | Yes ]
Ms Mullmié Whittick i Phammacist Yas ]
Dr Patricia Wilson - Senbor Murse Lecluner Yes )
Also in attendance:
Name T Position for reason for attending)
Mrs Jenny Aasstin o Commitiee Co-ordinatar
Elzanor Harrison ) Matwork Co-ordinatar T

. [sumeet Sharma] | ot
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Impaired thrombolysis: a novel cardiovascular
risk factor in end-stage renal disease

Sumeet Sharmal, Ken Farringtonn, Robert Kozarski?, Christos Christﬂpouhs',
Maria Niespialowska-Steuden', Daniel Moffat!, and Diana A. Gorog!?-5*

‘c.-anhg.dh.phuhg D, Exit sl Plorsh Hart oo B True, LK b of Feasgraisns Macdciva, Unkarity of Hardiondbine, LK *Haslth Fasmarch sl
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Endhstige reml dissse (B5A0) mtent fave an emes diowasoutr risk, above that predicted by tradtomi risk
factor models. Prothmmbotic status may contribute to this incresed s Glabal fhmombotic stitus Esesment, in-
dhuding measurement of oodusion time (0T ) and thrombobytic status, may identify vuinersble mptient. Our 2im was
to msess overall thrombotic states in ESRD and relbabe this to cardiowasou bar fsk

Thrombotic and thrombolytic state of BSRD patients (n = 216) on hasmodialyss was assesed wing the Gobal
Thromboss Test This novel pathent test the time required to form (OT) and time required to
Irse (ysis time, LT) an occhmive plabelst thrombae Patients were followedwp for 276 4 166 days for mgor
adverse crdiovascular events (MACE, campasite of cardiovasoubar death, non-fatal ML or stroke). Paripheral anterial
or arterpevenoas fstuly thrombosis was 2 secondary endpoint Oochsion time was reduced (49 £ 177w
78 4 9% P Q00) and endogenons thrombolysis was mpaired (LT median 1820 v 1053 s, P < Q00H) in
BRD compared with nonmal subjects. LT >3000 s ocourred in 2% of ESRD patients, and none of the controk.
Inmired endogenous thrombolyss (LT>3000s) was strongly ssocated MACE (HR =425 95% Cl=158-
1146 P = 0004). non-datal Ml and strokes (HR = 14,28, 95% 0= 186 —109.%0, F = 00H), and peripheral thromboss
{I-R:gm L L3 I:I=lm—3§.?5.?=ﬂ.ﬂfﬂj.ﬂnzmchﬁm was found between OT and MACE.

h]nl'ed mdq!rnu:ﬂrmbnlymu a novel risk factor in ESRD, smmllrasm-mtd with cardiovsoubar ewnts

results

Emmydi W0 PpEO Rra(]
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Introduction

The risk of candiac death n dalyss patents <45 years & 100-old
greater” and the risk of non-ftal cardiovasoubar dissase i 10-30
times higher in patients with end-stage renal disese (ESRD) com-
mred with general populbation * Presence of angographically sgrifi-
ant commry atery dissmse (CAD) anges fom 25% in young
non-dabatic foemodiayss paients to 5% in older, dabefics
with ESRD" Many rige factors are mone prevalent in ESAD and
oy =xplan some, but not all, the incressed curdioveouiar vk
pontng towards the contibutory role of non-traditonal rsk
fBciors n ESRD, which traditionad predictive models, such = the
Framingham rizk score, do not coser.

The identification of bBlood madeers of mfimmaton, plaelet
hyperreactvity, and Iypecoagubabiity s reeived moch

Atertion 1o identify wuinenble paiets’ Thromboss and
thrombolyss are dmamic proosses oocouming  smublneously.
The thrombotic —thrombotytsc equiliibnum may determine the cdin-
il manfestation of an aarte thrombotic event

Blending tendency amocated wit chronic kidney disease (CKD)
= attributed to a defidency in primary haamostass Paradossically,
BERD has besn termed a hypecoagubble stabe, amociated
with thrombosz”? Enhancsd platelet aggregation and slevation of
thrombotic markers nduding thrombin—antthrombn 11
cormplex, Dhdirmer, and tumour neomss Bcbor has been damon-
strated in diakysis pagents'™ " although dialyss may improwe the
thrombotic profile™  Chronic kidney  disesse mtets  dso
epres markers of immired fibrnolyss sudh as noesed fbrinos
gen. phsminogen activator mhibior-1, and reduced tesue pls-
minogen actvator =

* Corrmponding e, Ta: +44 17 B4 899, Fice +# 3T 034 895, Enal: dgerogBmparal scuk
Fublishud] on behalf of the Bircpesn Society of Candiclogy. & righti nserved, & The Suthor 3T For parmisions pasns amaik jourmds pamisiomi@oup com
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Depie sovera studies demonsrating a significant relatonship
between nonresponsireness to antiphtelet mediation and subse-
quent thrombofc events, geat dfforences exist betwesn the pre-
dictive powers of different platelet functian st Those cumently
n cinical use mmsure the respomnse of parkes to 2 spedfic
aponist,” despite the imvolvement of many other physiclogcally
mpartant foors such as figh shear stress and thrombin goenor-
ation. The first and predomirant strmubus for plbelet actvaton
n a sevenely stenosed arery is the pathological high shear stress
{=10000s "} creating rapid and strong bonds betarsen pleelets
without pricracivaton ™ Such shear-nduced platelet actvaton
brings ahoart the meae of soluble agonists (thrambaxane, ADF)
from onoulatng phieies and geneation of thrombin ™ Extracelu-
b matix proters medate adhesion of pletelets and primary
platelet apgrezates to the vemel wall™ A majar Emiatin of all
poimt-cf-ane pltelet functon =t & the wuse of amicoaguiited
blood (citrate, heparin, hirudin, or otheramtiomguiant), which pre-
wemts the Esesment of thrombin penaration by actvated platebets,
the uifmar and major determirant of oochewe plhektnch
firombus formation.” Further, there i no 25t n osrent we to
mexue endogencus thrombodytc actiity (ss of a phektndh
Frerd thrombus) as opposed to fbrnolyss of a2 wenous (med
ek ridh) thrambus. Since fe measuement of indvidual compao-
nens of the frnolyic patway Bils © gwe a reaistic assessment
of owerall thrombolytc status, s whue & questonable

The Glioba Thromboss Test{GTT) is the first dinialy aaible,
mmprehen shve, near-paten thest o Smultan ecusly measune throme
botic oodiueion tme {07 ), aagulstion, and spomtan sous endogen -
aus thrombodytic actwite As the test employs non-amicoaguiated
biood, it is difierent. and free from many of the shortoomings of mon-
wemtianal pant-ofscare platebet function assys that emphoy anticoas
gulmed Biood ™™ We showed $12 in aoue coromry syndrome
[ACS) patients, mpaned endogenous thrombolyss s highly prodict-
we of cardiovascular evens ™ The endopenaus thrombclytic st
of stable ppients has not been well darcenzed, and may be par-
ticularly important in those 2 highest mdc

It was our aim to damcerze thombotc sates in BBRD and
neestigats whethar $iiz nowe! test of overall thrombotic st ould
idemtify thase who, despite nenal replacemeant therapy, reman 2 risk
of future ardoasoular et We also incuded abenovenous
(A) fistula thromboss snoee fhis bears many smiartes to arberial
tfhromboss. It ooours in the presenoee of arterial biood, under sysinic
pressure and pubsitie flow. In B0 % of wxe, itazsocated with 2signifi-
@t senass, 2or cose tothe AV amstamnoss, predominarty due to
nEmal hyperplsa and asociaed with inflmmation” ** Abnormal
faemodymamic shear simess is the most mportant upstream factar
responsikie for AY fistula Bifure. High shear rabes upstream of 2 sten-
med AV fistula predispose to phiekt frombes formation (rather
fhan erpthrocyte: and flbmerich thrombi formed in low shear,

wonau's settngs) and this is upported by hisologal ﬁn:ing."'r

Methods

Study population
Patiers with ESRD aged 18-90 years established on haemadialyss for
& least 3 monifs (p=1I14) were tesied afier obtaining writien

nfomed mreent. Sibpcts were exduded for the following reasons
known heematolbgical disorder, bleeding diasthesis, blood dyscrasia
(plusbeis <70, Hb <8 gL INR> 14, APTT> w2 URL baaocpie
mut <35 w 10, mewrophil cout <1 x 10°), warfrin o
ather anticoagulant trestment, thrombolrss or ghooprotein IRl in-
hibiior prior to mmpling, inbercument ihess, such as preumani,
sepgis, ACS or heart flure in kst 3 monts; malgrany o ot
diseace shortening feexpedang © <11 months partidpaton in
anather study; inability i gve informed corsent or when followaap
over 1 year period was unlleely. A group of 10 ESRD patien & recerng
periinneal dalyss (not Gkdng antplatsbet medication] wene ako tesbed
mmedately before dalss. Healthy volurtesrs [p =100, age 38 + 11
years) nat sking medication, matded proparsonaly for sex and mace,
were aoo tested Subjects were recruted, $wough adertisemnent,
from among hospital staff and from relatves and crers of patients
aitending the outpatent department. The ol reseandh Eihies Coms

mithes approved e shudy.

Elood collection

From each subject, 9 ml venows blood was obtained from a penpherl
(ron-fistuld) wein and tesied immedately after withdrawal in ESRD
patiers, blood was obtmined immediately prior o dalss, before
e routne bywamobeoular weight heparn was adminisered acoording
1o locl haemodialysis protocal. Low-maoleailar weight bepann is used
n $e maprity of reral centres in the UK, as . gnghe intravenous bolls
provides predoable amompiaton, whilk wuse of unfmaioraed
heparn requires repmted boluses or continuoss infuson. Bood was
tken ugng an 18-guze buterdly arrul wing a twosrmge eche
rique. The first &ml wes used for routine tess (blood count, bio-
dwmisry, bcaborate and boneprofile] and the nea I ml for
gobal thrombotc statu ascecoment. Bood & aspirated into a standard
polpropylens opinge, which is drectly, and immedaely irserted into
e fiting in the GTT irstrument fasthin < 15 s of withdrawal), fat is
posthaned net to the subjes o mnimze ampling dday The meas.
urement s auomated and stars as soon as bload is introduced. Ta
ergure that the lowamolecubr weight heparin receved st prior to
the hot dabse sexion did not imerfere or afect our results, we
mmpled 10 patierts immedately bafore dalos, oacty 48H after
the st dose of bow-moliecular weight beparn.

Assessment of thrombotic and thrombolytic
status

Global thrombosis test

Thrombotic st and endogenows firombalytc  acivity were
assesoed wming the GTT Movtrose Diagnosties Led, L), The s a
nowel, pointofcare ascy thar employs nonantcoagubaed blood
The rstrument mesores S tme tken © oreme shear-nduoed
frombi under pathop Fpsiolbgea conditiors (dsoussed ker) and in
the second phase of the test, mesoures the tme to adeve sponfn:
wous bysis of thrombl crested during the first phase. The prindple of
GTT has previously been desmbed n detal™™ gnd £ shown n
Figee 1. Bood & imroduced inta, and flows $rough, a plastic wbe
n which tao metal balk are nsered in the onial part of the wbe.
There are four ramow gaps betssen the inner plhstic oorfce and
the balk Wwhen blood flows dwough these g@ps adacent to the
upper ball, the resdiing high irithl shear sress (180 dyesiom’)
@uses adivaton of plaeets In the spaoe between the balls, due to
the twrbulent flow and low shear, the acevated platebas aggregae.
Thrombin i geremed, whidh aceemes the forrmaton of Sese
aggregaes and stabilizes them through fimn When these sable
frombi readh the gaps around the bower ball, they gradually ocdude
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Longitudinal cross saction

How shear with
‘vortices

Transvarse cross section
(aerial view)

Fgure | Schemaic showng pincple of the Global Thrombams Test (see ).
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Figure 2 Distnbution of (A) occhusion time and (B) lysis sme of healthy volunasers and (€) ocdusion tme and (D) bz tme n endsnge remal

deexe Yaxis shows number of subjecs

these gaps, reducing the flow raze and finally arresting flow. The nszu.
ment meazures the 3me {d) between consacutive blood drops, which
rcrexes gadaly as flow dows down and at an arberary pomt
[d=>1535) the endpamt of $he mexuwement = deplayed (OT:
seconds). The prinaple of the chnique i shown In fgue 2. The
restart of bood flow fallowing ocdusion s due to pomaneows

thrombolysis (yas tme, LT; seconds) ¥ bymic does not ocour wmed
4000 3 fallowng OT (LT cun-off time), no lyas’ s recorded

The GTT assesses thrombus formation under pahophymologeal
condions, since ()} blood & nonamticoagdaed. with phymolbgcal
clcium-on concentration, () akn to pehobged condiions,
phtdet.rich fwombusz formason i ntited by high shear forces
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with refease of soluble aganists playing only a secndary rofe, and (i)
frambin genermion from shear-actvated pleeles (procoagulant ac-
ity of phiedets) plays 2 major nole i othe formation and sEhiliceon
of thromi.

Coeflicient of sanmion was assessed by testng 10 healthy wolun-
fteers taice, at 486 intenals and also by testing 10 ESRD patierns
taice at 48 b intenals

Data collection and follow-up

Baseline demographics, induding dialysis Wnisge, were collecied dong
with wea Wnetic adequacry parameters reliting to the predous
mord’s rowtine festing, Folloseup was performed & 30 days and
ten & Imonthly imervak and doomens of adl adverse evens
abtained. To assecs the effect of haemodabsis on frombotic s,
a subgroup of ‘M) patents was ested immedatdy pre- and T h after
dialsis We axmesced e effect of artiplatelet fiempy on thrombatic
sans, i B hedthy woluntesrs. Volurbeers were tested before and
12h afer a koadng dose of 300 mg aspirin, and afer a mond
washout, asesed agin before and 12 b after 2 loadng dose of
300 mg dapidagrel

Study endpoints

The primary endpoint of $e sudy was the ooumence of maor
adverse mrdiovas aiar evers (MACE) defined as the composie of
@rdivas alar death, non<aal mypardia nfroton (M. or arebro-
wasabr event The secondary endpaint was the aoumence of perph-
erd wasadar thrombosis incidng ane  isdaemic Bmb and
arterioevenous (AY] fistula thrombosis Colecton and adpdication
of evens was performed binded to GTT resdls

Cardiovascular events

Mew cardiovascular even s were dagnosed i the presmoe of () ar-
diovascular desh, defined & death from M based on e Universal
Defirifion of Myocardinl Infrcton™ (defined = sudden, unespecied
ardiac deadh, irvalving cardiac amest, ofien with sympioms suggestve
of myocardal isdasmia, and acoompanied by presomably nes 5T de-
weon, or new beft bundie branch block, and/or evidence of fresh
trombius by conorany angogaphy andior atautopsy, but death ooours
g before blood mmples could be obtained, or at a time before $e
ppearance of candiac biomarkers in e blood), sprifiant amtypthmia,
or refractory aongestive heart Glbure, or desth attrb ued o cardiosas-
adar case @ past-mamem; onfimed from death certifices as well
& medcad reconds and cbserers’ acouns sudden deadh was
ncluded @ acardiovasoular event, ar i) nondital ML defined accord-
Ing o thee: Lininersall Diefinitinn of Mynardal nfrcton™ as a rise ard!
or Gl of ardiac troponin weh a beast one value abowe e ¥th per-
entile of e upper neference lmit iDgether with evidence of myoars
dial ischaemin with & beast one of the folowng smptoms of
echaemia BOG changes indcztive of new ischaemi [new ST.T
danges o new left bundle branch black]} development of path alogial
O waves in the ECG or imagng eddence of new loss of vable myo-
c@rdum or nes regonal wal moton abrommaliy.

Cerebrovascular events

Mewsorset cenebrovasoilar event was s uspecied with mecent orset of
neuralagcal syrmptoms or Sgns, & aphase, focal defiots, or unilaseral
paresiz, $ought to be vasoular in angin and confirmed by computer-
zed tomagraphy or MAL This indud ed everds with and withouwt span-
tareous dinial rescution, and thus incly ded body siroloe and farcent
Bchaemic evens

Peripheral vascular events

Periphwral  thrombofc avents were defined & ocosrmence of
arute Erfaemic bmb(s) or AV fewlh dwovbobs on diredl
eamination and confimed by ootrast angography and'ar duples
ubasound

Cause of death
Depie were dazofied baged on data obtaned from post-mortem,

from hospital notes, or from the generl praotitoner, regrding the
patient’s kst ilhess, acording to WHD aten based on ICD 10

[2010).

Statistical analysis

A narmna range for OT and LT wes esmblshed from healthy wolun-
ieers. The nequired smple o wes caboulated baoed on de Cox PH
progosic madd. On the bk of our eardier work,™ $e uradjused
HA for LT didwtomized by 30005 was 275 [95% O 134-47)
Baged on the asoumption the we would see around 14% MACE
ewenis per yerr in the BSAD cohort, ™™ 2 smple sze of 700 was
predced to peld 30 evertciear and the firal Cox PH model
with four covanass would prodde 5% ggrifiance and 80%
poaer,

Given 100 pasents in the interention group and arbitrary sdeced
=mple sre of 100 healty wolnieers, the difierence in LT (OT)
beteeen these groups s classfied on $ie modarme (semblarge)
effect gze bevel The Cox PH model was used to assess mmple see
avd Marn-'Whitrey U test used to compare patients and ety
woluntesrs, with 5% agnificance and >>9%0% power.

Urpaired #-test ard Marn=Ywhitrey U test were used for normally
avd monnamaly dsmibuted varnbles, repecevely. Twoesided tess
were used Dichotomouws variables were compared by x° test ar
Feher's oo test as gpproprte. The univanae lnear regresgon
model was ueed to #esees e relatiorship between 2 oontin o vans
able (dep endent) gven adichotmized anable (independent). Where
e ay, bg rasiymmatons were appled Comelstions were ara-
lyeed ugng Spearman’s rank test. Ablity of OT o LT to decrminae
between patents with and withost MAE was esabated by e
operating dramcerstic (ROC] curve argyse ™ The optimal autoff
was determined by the walue providing e greatest sum of seraeviy
and specifiaty. Faplan - eber estimates with lbg rank bess wene used
o compare survival cunes. Univanase Cox proportiona Fozard re-
Fession was perfomed on LT desded up imio bands of 1000 5 1o in-
westigate the rehsonship between LT and MACE, and to iderifly nsk
fartors from whidh a multhvanate Cox proportional hamrd progrostc
madel was proposed The hzard proportiorality assump gon was eval-
e i the Cow moded with saled Sdwoenfeld resdeals. The et was
cumed out for de univariabe model induding eadh of the candidabe
wariables, and s multvanabe versons: baseline (age, sev, Faemaioaie)
avd escended (age, sex, haematocnd, LT=3000). In both setups, the
hzard proporsordity ascumption was ot rejeced = Q05
sgrificance.

Ta assess the added predctve abilty of LT= 30005 for MACE, net
redassfiation improsement andypss’? was performed. For chosen risk
an-ofs, models do not reognize patiens within $ie bwrisk group
(< 5%). among patens wit and without evenits. The effent of inber:
werthars (heparin, aspinin, copidogrel, diayss) on firombotic s
was eaboed wih VWiloxon sgned ank test Al ects were tao-
sded and sgrificne was defined as P <005 Amalpes were per-
fomed with B (R Foundation for Satotial Compuing, Vienma,
Ayrciria).
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Results

The dharacterstics of shudy population are shown in Tabe 1.
Followsup was avaiabie in all ptents for 276 + 166 days. The m-
efficient of wvariztion for OT and LT was 8 and 10% in narmal
wolumteers, and & and 5% in ESRD, similar to earbor studies using
this mchnique ™™ Thers was no comelation betwesn OT and
LT {Spearman’s, P =015}

In ESRD, both OT (4914177 w2378 + M5 P2 Q0N Jand LT
were prolonged (median LT 1820 = 1053 5, P =2 0001) comparsd
with healthy volunteers (Fgure Z). Mone of the controls, but 41.7%
ESRD patients had LT=3000 5, with 39% demonstratng markosdy
mpaired thrombolyic st with LT>6000 = There were 12 non-
camdovasoular deafs, atrbutbe © sepss (2), preumona (1),
ESRD (4). haematemess (1), gstoimestna memorhage, e
specified (2}, emerocofiis due to Costridium difficle (1), and ma-
Egmamt neoplasm coon (1) In the remainder, 23 MACE and 17
perpheral thrombotc events commed [15 Av-fistul thromboses
(14 n natwral fismle, 1 n an AV graft) and two aoute sdhasmic
Emix] (Table 2 and Fgue 34).

Surwal analbyss demonstrated a strong rehtonship betessn LT
and MALCE fride infa), but not betwesn OT and MACE (HR =1,
5% O =0.9976—1 002, P = 0.969). The optmal cut-point conmel-
ating with MACE wax LT=2%40 s frounded to 3000 s for dinial
eage ) (Figwre 44 and B).

LT=>3000s was msocated with a sgnificantly higher rsk of
MACE owerall (HR = 425, 95% O = 1.57-11.44, P = Q00 4), non-
il Ml o corsbroasoular evemts (HE = 1428, 95% O=184—
1099, P=0.01), and perphera thrombotc evens (HR =908,
5% O =2.08-39.75, F =0.003) (Tabe ). AN non-ftal Mis and
15 of 17 peripheral thrambotic events coumed in those weth
LT=3000s. Mon-cardac deth we not mekbed to LT, As LT
noexed, HR nomsed up o LT>3000s {fgue 28). There was
no additioral rsk beyond 4000s. posbly beawse a large
number of mbjecs had seercly mpired LT (LT=46000s
Fgure ) Impaired endogencus $hrombolytic shhes was a wery
strongy amocated with MACE (Figure 5).

Al patent chamcteristics and wariahles were imomogaed for
effects on OT and LT, and shown in Tohle 2 Patients on clopido-
gred exchibibed longer (ke fhrombotic) OT #han those not aking
dopidogrel (564 4+ 179 ws 4424175 = P=001). Codusion
time was ko direcly cormelted with serum sodium and uea
bewel LT = 3000 5 was signifi@n fy ass odard with raised fiirnogen
levels, hisiory of CAD, and proton pump nhibrtor use.

A wnivarate model showed iz only the followng variahbes
fram Table ¥ were relaed to MACE: ssrum cicum (P = 0038),
(fog) ORF (P = 0L04). haematoont (P = 0013), and a negatiee reh-
thon with diunstic trestment (P = 0.044).

After 2 ladkstep model sslsction procedure, the following
three wariables wone then entered imo dhe Rseline muttvarate
Cox proportional farard modek lmematooit {HR =087, 95%
O=0.73-0597, P=0015) and two tadiiom! nsk Gotors
namely age (MR =0999 95% O=037-103 P=0%44) and
make s (HE =124, 95% O =05-3103, P = L&45).

Mone of these asic cowmriates were corelhied ether with LT
or its dichotomzed wersion, which would Fave incnmsed $ie
sandard emor of the larard mto n the Cox poportoml

hazzard model Muttrvarate Cox proportional hamrd analyss ine
duding the baseline comrates showed that LT =3000s remained
strangy amodated with MACE after adpusiment fior the baseline
rek fotors (MR =437, 95% O=158-1212 P=0005} The
baseline model (3ge. sex, lnemainoit) was fhen extended by in-
cuding LT 30005 to give the final predictve model OF the base-
ine madel coranaies, only haematoont remined signficant n the
extonded model adusted for age, se, and LT (HR =089, 95% O
079-039).

Recerver operating daracer st oorve amabyss (fgoe 35) ind
@tes an improvanat n the aema under the ourve weth the
axtended model with borderine sgnifiance (Delong test Like b
hood mtio test P = (LI58) indiating the weluines of net redasi
fication improvement anayss, & ROC may not be sonsitve
ancugh to demd the new marker improsement’” Recssficgion
ammlyss poformed an the aforementoned ascine model with
repiect to the extended mode] (which induded LT) showed $at
adding LT 1 the baeaine rek fucor model improves risk stratifica
thon of patents with ESRD in terms of cardsosasoular ris b indusion
of LT=3000s in the model containing three bassfne prediciors
(haermtoorit, age, sex) sgnificantly added to the mode] effsctive-
nes (net redasification mprovement = 0061, P« 0001) beding
to mprowement n necs sfiction mainly of non-ewent pEtets
(see Supplomentary matorial onfine, Fgue 57 and acompanyng
Table)

Thrombofc s was not afieced by haemodialyss (pre- and
postdiglyss OT: 570+ 138 w». 545 4+ 1265, P=0368 and LT
1725 we 1665 5 P = (L7553, rspaciresly) nor by the loar-molscular
weight heparin adminisbered 48 h earfor [ant-FXa bevel undetect
able {00 winl) n afl @mpls] in patent eosving partonmsl dia-
lysis, firombotc saius did not differ sgnifiantly from pisents on
HD (OT 419 + 134 v= 491 £ 177, P = 0672 and LT 2561 v
1820 =, P=0574). In wolurtesrs, asprin sgnfiantly prologed
OT (356 4+ 54 v=530 4+ 99, P = 00001), bart did not aflect LT
(13 v= 1049z P=0741) Copdogrel ako noexed OT
(345 4 54 vs. 549 4 84 5 P =< Q001) but did not affect LT (1043
vil0467 5, P=0.731). Codusion fme profongaton in repanse
to diopidogrel was margnally mone than in esponss to aspinn
(P =0.02).

Discussion

Owr main findng are (i) that BRD patents have mariosdly
mmined endogenous thramboyss, compared with heathy wodun-
teers and (5) $hat sudh mpared thrombolyss = =sodated with 2
high risk of ardioasoular and perpheral thrombotic events.

The prolonged OT in ESRD patents sugpests erther impaired
primary hasmostass, as reporied e, or reflects the Gt dhat
half the patients were on at kst one antiplatelet agent, or a oome
bimtion of these fuctors. In 2 brge mem-amiysz samining the of-
ficacy of antiplaeiet agonts in preserving dialyss amess paency
antiphtelet agents appeaned effective in reduding thrombosis in
central wenous catheters and AV shunis, but not in preventing
AV graft firomboss ™ OT was not prodictves of MACE This
wx simiar to cur findings in ACS mtients on dual anipleelet
mediztion. ™
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Table | Baseline characteristics of end-stage renal dissase patients and reationship to oc diesion tinme and tysis tme

oT Overal LT <3000 LT =3000 Paalue
.I;..tﬁ .............. gﬁ.‘iﬁ:‘a}‘.j {ﬂ = I“j {ﬂ = 1“} @ =."}
{Povalue )
Riskcfacnrs,m %)
A (yars) EEE4 (<0007 —1.0@18 A £ 148 ELE E15 o1E
e peredar 4598 (<0007 424 DUOEY 132 619 B0 (615) 52 ) 1.0
Hswey of periphead 4513 (=100 — 125 0ETY 17 {75 11 (&7 £ BT o7
wibdilor disee
Hppameraion 1R (<0001 —30.7 04y 151 (624 EREEE &3 (FOc) 1.0
Hyperlipadaennia 4366 (<0007 —E20 0Ty 41 {195 % (110 14 {155 o
Dakeetes 4725 {=10.007 41Oy £1(18T) 35 (178 1T o) IEE
Fricr CAL3 TR0 (<0007 4008 012 &1 (14T FERpED 33 (357) QL
Fricr sroke 4315 (<0007 —5& DB FT 20 {155) 17 185 |
Fricr M 4848 (=100 08 EITR 25 {118) 10 {75 15 (187} oo
Ly dhyaflareczion 48T (<0007 ECLE LU+ R LS TR AR Y 15080 (145) T3 (1s) &M
By nricss irsde EITT (<0007 —18 03 E A 15 1% 0T
Druge. v (%)
Aaziin 4% (<001 1.6 DU 111 514 58 (4400 53 (5a%) QL
Clopidogrel 42815 (<0007 15 DLOE) 4 {117 12 (55 11133 0sn
ACEirhbinr 4ER0 | =10.007) TS 0Ty FETEEE 34 [18E) a7 @) oo
Sraira ATek (<0007 FER T Rl 105 (485 £0 (475) 45 (EO0) 0&%
B blodeer 4335 (<0007 —20OLTER Te (38 45 (35T} 31 (344 L]
Calciunm chare blocker 4330 (<0007 -T7 0T £5 (301 ECTELR! IF 00 1.0
Froioe pumg inhibior 4845 (=100 107 ELESS 118 {548) £& [444) &1 jeas) s
Diureic 4251 (=000f RELY E ] &5 (417 58 (40 31 (344 ol
Fesudin 4241 (<0007 153 0T 38 (14T 17 {115 1% 2110 e
Eydrocaiedn 3T (<0007 ET.0 0125 03 {40 T30 (953 &3 LY [ L% o]
Lated Pty Pl
Hasmogiobin igidl) 4TEE (<0007 67 05T Mo+ 13 110 0% arn
Husmazocrs 50007 {=10007) —03 @ 318 & 38 110 114 o
Fhzeles cowe {= 103 E&4f (<0000 —03 D04 T+ ThA TEY TS 02
e {monoliL) AFTA (<0007 56 DL00g WE £ S M0 W04 0w
Crearine {pmali | 4370 {=10.007) O1Eg TIE £ B0 ToY 455 asm
oyl {roncliLj —E043 DUOE) SEOOOE 1385 + 34 1%3 1388 045
Fommium ool 4363 (<0007 =11 s 50+ 08 L0 51 0o
ol vl ) EH0E (<0007 —1385 005R 14 £ 03 14 15 oo
Prosphaze: {mondld) 4538 (<0007 1.5 @ssT 15 + 0% 18 17 i
C-reacdve proten {mgl] SR (<0007 —19.0 0435 180 £ 137 161 WE 0%
Abin (g 4526 (<0007 0% 0T 380 & 44 ETE ELTS a1x
Brborare {moolL 415 (<0000 -1 0T FECEE | 114 FETS T
Cholegeml jmmaliL] 5£15 (<0007 —16.4 012 4112 43 EL 0o
LEHIDL ral Ee3 (<0007 —137 030y ELEN B Er 13 016
Abrinecgen L] 5345 (<0007 —4.3 0LEIR L L% &1 oot
Furathormna ree {pgfml] 711 (<0007 —003 DR 513+ Ll | +3 0s%
Dialysis parareers
Durazicon of HIE i) 5210 (<0001 -0 1ETE £ 345 E 1915 s
Lo HE0 (<0007 03 DT 13+ 03 14 13 1]
Diadysis Wrmge (o) 0% (<0007 —0U5 L1s 831 +1 &3 £3 1L
ERL fmLimirdm?) 4343 (<0007 —13 0T 14+ 17 18 13 e
Fisda {ramal) 141 g5 L5 00w
Rz {rat) E] 1 1 orE

ME nen-apgrificang; CAD, cormnary srery dosas; M, mycordal nfrcaon; LY, BE venrcls HD, hasmesd shas; ERLU, e s cssrncs; Dl s vnsgps, Sma from soes of
dudynaic prment fnmorth) KN, mumber ved o quansf dadys Sy whars £ o the dalyner desrance of ure, ¢ the dadns Gme, and ¥ehe wohame of
duirbuion of unm, sy iy mquall i fn il by waiar.
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Tablel Brealdown of major adverse cardio vascular events and hazard mto based on lyss tme
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corfidenae imerval is shown in backes. %9 <2 0001 *=P = 00001,
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Depie the melively high prevalence of ardiovasoular sk
factors in ESAD.? #ie Framingham risk saore projected cardiovas-
aular rek in BRD = smilr or somewiat higher tan efeene
populzions fram the Framingam ahart or from the Matanal
Health and Mutrition Examimtion Sursey (MHAMES) I Been
studes predictng higher rsk may underestimte the nodence of
ardicasoular dismse olsoreed D dialss mtents or oven trans-
pamt recpioms ™ Thess poim towards the contrbumey role of
non-traditional risk factors In promoting ardiovasoular mke n
ESRD, whidh traditioml predictiee maodels do not cower. Although
poesse nsk Boor modificion n KD wih sots ™
MPoteTE Moo vErting eMEEme rhbiors' and normalmtion of
fasmoglclin with  eytropoistn'®  mduce  cardiowmsoulr
everits ¥ thrombosc events continue to coour. Thus, the ogtimal
mamagemett of cardicwasoulr msk in BRD not only requines fad-
vom! nsk factor modifimton, but dso dentficaton of newer,
prewous by unknown, nsk fcbors in ths comples growp, fat may
eplain the ewces ardiovasoular events, whidh ae higher dan
n any other dscxe stte

In this shudy,, we show that mpaned LT is strongly cormeled with
adwerse camdiovasalr event in ESRD, independent of other rsk
fartorz. The s predomimntly atributbls to an noemsed sk of
Ml in those weth LT=3000 5, alhough it s very unlkely that the
LT=23000 = gowup & completely protecesd from ML The MACE
e in those with LT<3000s was mudh lower than amticpabed
and may hawe omrbued to the pwer than expected sgnificnae
of aur resuts. Alfhough the lnmrd mto for MACE = high, the
mmple so= = rehtvely sl and the confidence imtervals large,
thus cur reults muld be due to dance. Although studies cannot
be directly compared, cwr findng are supported by the prar
study in ACS pabients, where the same outeoff value (LT>30005)
was corshted with incresed ardoveoubr ™ but impared a
much greaber rsk m EFRD than in ACS patients (HR =435 wx
15} and LT was mare fequently impaimed and longer in BSRD
than in ACS patiets™ The distrbution of ewens was notewen in
our subgoups (Figwe 38), with a break in evernts betwesn 3000
and 5000, as theme were no everts in LT 4000-5000s goup.
The neducton in fazand when LT 40005 = Gely. at best in part,
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Fgure§ plan-Mer anes showing probablity of eventfree sunvvad i end-sage reral demse based on lyes tme. Thrombolte sais
wa srongly predctve of major adverse cardiowsoilar evenis LT > 30005 was asocated with HR 435 compared wih those with

LT= M0

to meflect the uneven detribution of ewents, with smal numbers of
patierrts and even smalesr numbers of events in these groups.
Cuwr findings are supported not on by studies showsng
noexed fibrnogen, pasmnogen actator nhibitor-1. and
reduced timue plhsmincgen actvator in ESRD)™ b akso
reent data an fibrin clot properties. Bodh FSRD and thrombo-
embabc conomry avents T hase besn amodated with fie for
maton of derse fibrin dots, reszant © fibrnclss. Using turbido-
metric plasma ciat bysis, fibrin cot pemeabiity and perfusion cot
bysis amsays, Undas et a7 showed that ACS and CKD mterts have
higher psminogen actrator imhbitar-1 and fssue plsminggen ac-
trvator levels and formed fibrn diots that were ke porous and
maore resistant to fbrnolyss, tan a2 onrd group of ATS mtents
with narmal real fundion. The fibrin clot in KD patients exhibe
ited smaller pore soe, arper number of protafibrils per flbnn filbre,
noexed fibre sie and dot mas. Owr finding of an association
betwesn mised flirinogen kewel and mpared endogenous thromibe
olyss s moestng. Based on epdemiclogial data, fibinogen fas
bemn asocaed with inormsed crdiovasaular and artenal throm-
botc rek, but whe ther this relabionship s cusl is not esabished.
Recently, high fibrnogen lewels have bemn fnked with nesistance to
thrambalytic therapy and adwerse cutcome in pabients with edae-
mic stroke ™ Furfiemones, in 2 murine model, artifica inoremse in
fibrinogen level direcfy promated thraombaosis and thrambaiysis.
mostnoe, wia enhanoed fibrin  formation  and sid:|l'|:_|-'.5':I
Howeeer, in a ransgenic mowse mode! of Fyperfbrinogeaemia,
mice with high fbrnogen level did not demomnstae acosiened
plesiet thrombus formation in espomse I inury, compared
with wildtype ™ Surprisingy, tansgenic mice demonstred sup-
presion of finombin geneaton in phama and activation of the fi-
brinolytc system. Furthemmore, genetc varations such as tie

splice varaton in firinogen gone tansoiptan result N more
highly cross-inked and stable fibrin clots, weth redued pone sioe,
that ame more ressant © hss”" This varant is ssodated with
an incnmsed risk of thromboss and ML, an effect tat is independ-
amt o firnogn beeels 0

To imvestigate further the relationship betaresn fibrnogen bevel
and immaired endogenous thrambayss, we performed an i who
expermantadl commection to raize fbrnogen level and ames the
efiect on LT. In hathy vaumteers {n = 10). in paralel mezure-
ments, incease in plasma fibrnogen concartration in wiro by 1 gL
did nat signficnty alter LT compared with control mmples
[median LT 1081 (JR 907-1300) s and 1257 [1208-1660] s
repectvely, P =008 Thus inoeasing fibrinogen concentration
showed a trend towards enfanced rther than nhibted sporan-
eous thrambodytic acteity.

Cur in wiro findngs in healhy blood support others daiming
that hyperfbrnogenema per 5= does not inkibit ‘ﬁ:rn:h.]t:s.m
Thus, it is mare Bely tat itisnot pst the clevated plasma fibrnos
PN concemratian per se, but the quality of the fibrin diot ardhieo:
ture that debermines sk

It i Beely tat in BRD, fibrnogm stucture and function are
also aftered, making dots mare resstant to hss and this may
be cusly rekged o inoexed thrombotic sk

Unfvourahle dot properties were demorstrated in BSRD
patent on fnemaodialyss, and aithough a srmll stwdy, there was
an amocaton beteeon morabty and reduced diot permeability
and prolonged LT.™ This may epkin the functional significance
of fie immired thrombolytc sate ohserved n BRD. We did
not seek to compane LT with plasma markers of fibrinalyss,
since the vaue of fibnnolyss adeity markes is wery mied n
aiding dagnoss and risk stratiication in the ndvidual patem ™
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Profonged LT was associated with prior CAD but it & dfficult to
=y whether it & 2 camte phenomenan. Lyss tme in ADS
patients wa not rehted to prior CADL™ Froton pump infibior
wme was melmed to praongsd LT. Cur shdy is too small to
malyse whether ths neflects a possible efiect of proton pump inki-
bitors inhibitng the CYPRC19 soamyme, thersby reducing the
ahility of copidogre] to inhibit platelet aggregmion That higher
SeTum clCUm conceniraton was amocaed with profonged LT
may be funciomaly important. konzed calcum (G holds to-
gher the fbrnogen binding recepior ghooprotein Bl
@mplex, & emental for aponistanduced comeerzion of the gyco-
proten Ibila complex into e functiona fibrnogen eoptaor,
ad is required far the bndng of fibrncgen to s rexptor, as
well as for the coagulation csmde™ Corective protsin was
relaed to LT suggests a relgionshp between inflanmation and
firombosiz. Inflanmaton bicmariers are strong predicors o M
o thrambatic stoke™ and modfiation of phtelet function fas
besn repared to medulae infammatary med zors™

Limitations of owr study mcude tat normal volumbesrs wene
not agemathed paient weore =mpled only once and pre-
dialsi, the fict that ony (KD mtents on aemodalyss were
studied, and that most patients meosved anythropodeting which is
known to inceae the number of droulatng platelets, improves
patelet fndion™ and kas varying ofecs o patelet raciity
and ‘|'|I:rn-:r]r=:."'F it las aso besn proposed tat in patems
rexed with eryhiropoieting norexed adivity o Comeactie
proden, nifrioosdde, and thrombin-actsatabie fibrinoyss mhbior
mds o a2 fbanclytc defict with rexlant noexe n trom-
boss™ The effect of antpkielet medicatin on LT is nat fully
estabiished, but wnlibely to be sgifiant gven the findings n
patients with AC5™ and here in BSROL k wil be nteresting to
see if LT i shontened by the emerging nowel thrombin inhibitors
ance these are Gomesed for ALS, sinoz 2 sgnifiamt porfon of
mtents with ACS have prodmged LT and this is a risk Gucor for
recurrent cardicvasaulr evente ™

Ouridentificfon of mpared thrombolysi as anowl risk Booe
n ESRD may fave imporamt mphations for soemming and sk
stratfiatin. Snce thrombotic sus doss not appmar to be
affected by laemodialyss, future shudies are required to investiga e
medical thempies o improve endopenous thrombolyss, to see
whether this may reduce the rek of cardovasouar esents in
fese high-risk mtems.
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