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Abstract

Introduction Bleeding remains a significant cause of morbidity following
transurethral prostatectomy (TURP). Fibrinolysis has been implicated.
However good evidence for this is lacking, and surgery is associated with

a hypercoagulable state.

Obijective To evaluate the coagulation status and the role of fibrinolysis in

patients undergoing TURP.

Method Systemic fibrinolysis and global coagulation status was assessed
by thrombelastography in a prospective study of 40 patients undergoing
TURP. Urinary fibrinolytic activity was measured using the fibrin plate
technique. Thrombin-antithrombin Il (TAT) and D-dimer levels were
measured as markers of systemic activation of the coagulation cascade,
and the role of postoperative fibrinolytic “shutdown’ established by
monitoring tissue plasminogen activator (tPA) and inhibitor (PAI-1) levels.
The role of Factor XllI levels on clot fragility, and the effects of endotoxin

on the clotting cascade were studied.

Results No evidence of systemic or local fibrinolysis was found in any
patient over the perioperative period. Thrombelastographic evidence of a
hypercoagulable state was observed perioperatively. Systemic activation
of the coagulation cascade was evident from the significant rise in TAT
complexes 6 hours postoperatively (ANOVA p = 0.01). The significant

increase in mean D-dimer levels 24 hours postoperatively (ANOVA



p= 0.015) in the absence of any significant increase in mean tPA levels
(ANOVA p= 0.737) indicates a physiological fibrinolytic response to the
procoagulant state. The absence of any significant increase in PAI-1
antigen perioperatively (ANOVA p= 0.348) suggests that the observed
hypercoagulability is not due to fibrinolytic “shutdown’ reported in other
forms of surgery. Elevated mean thrombelastographic maximum
amplitude values and normal Factor Xlll levels postoperatively discount
bleeding due to clot fragility. Endotoxin does not appear to be a trigger for

the observed activation of the coagulation cascade.

Conclusion TURP is associated with a hypercoagulable state
comparable with other surgical procedures. Ng evidence of pathological

fibrinolysis was observed.
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Synopsis

Transurethral prostatectomy (TURP) is one of the most frequently
performed routine surgical procedures. Bleeding remains a significant
causes of morbidity, re-operation and prolonged hospitalisation following
TURP. This is largely seen in the form of clot retention. In the past this has
been attributed to both systemic fibrinolysis and local fibrinolytic activity at
the prostate bed.

The work described in this thesis considers the null hypothesis that
bleeding following transurethral prostatectomy (TURP) cannot be
attributed to fibrinolysis.

The objectives of the study were to demonstrate the changes in overall
coagulation status, the in vitro dynamics of clot formation, and the degree
of clinically significant systemic or local fibrinolysis occurring in patients
undergoing TURP.

The first chapter describes the factors believed to predispose the patient
to haemorrhage following TURP. The evidence in the published literature
for the presence of both systemic and local fibrinolysis in patients
undergoing TURP is examined. The coagulation changes believed to
occur in patients following TURP are critically reviewed and compared with
other forms of surgery.

The second chapter describes in detail the overall aim and methodology
of the study. Statistical data analysis, inclusion and exclusion criteria,
anaesthetic, operative and serial sampling techniques are detailed. The
results indicate evidence of irrigant fluid absorption and a procoagulant

state.



In the third chapter the overall coagulation status of the patients and the in
vitro dynamics of clot formation retraction and lysis was assessed by
thrombelastography. A critical review of the literature and the validity of
the technique is examined. No evidence of any systemic fibrinolysis, but
clear thrombelastographic evidence of hypercoagulability was seen over
the perioperative period.

The fourth chapter examines the theory of urinary fibrinolysis causing clot
lysis and bleeding from the prostate bed. No evidence of any increase in
urinary fibrinolytic activity over the perioperative period when compared to
controls was demonstrated.

The concept of inhibition of systemic fibrinolysis or ‘fibrinolytic shutdown’
seen in other forms of surgery as a cause of the observed procoagulant
state following TURP is examined and discounted in chapter 5.

Further evidence for the presence of an hypercoagulable state is sought in
chapter 6. A significant increase in thrombin-antithrombin 11l complexes - a
marker for activation of the coagulation cascade - is seen postoperatively.
A secondary physiological fibrinolytic response to the activation of the
coagulation cascade is demonstrated.

The role of Factor XllII in clot stability and wound healing following TURP
is examined in chapter 7. No significant depletion in factor XlII was evident
perioperatively.

The role of sepsis and endotoxaemia in haemostasis has only recently
been clarified with activation of the clotting cascade by the release of
tumour necrosis factor alpha from damaged endothelial cells, a
subsequent inhibition of the fibrinolytic system and the consequent

development of a consumptive coagulopathy. Systemic absorption of



irrigant fluid during resection is well recognised and provides a theoretical
route for the release of tissue thromboplastins and endotoxin into the
systemic circulation, with the subsequent activation of the coagulation
system. Evidence for the presence of endotoxaemia during TURP is
examined in chapter 8.

The findings of the study are discussed in depth in the conclusion.
Confirmation of the null hypothesis, the evidence for an hypercoagulable
state and the possible procoagulant triggers are examined. The shortfalls

of the study and areas of future research are highlighted in chapter 10.
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Introduction

Approximately 31,000 prostatectomies for bladder outlet obstruction are
carried out annually in the United Kingdom (Office of Population and
Census Survey 1985), and over 90% of these are performed
transurethrally. Whilst the average perioperative mortality from previous
published series is less for TURP (1.25 %) than for open prostatectomy
(2.28%), extensive studies by Roos and Ramsey (1987), Roos et al
(1989), Malenka et al (1990) and Andersen et al (1990) all showed
elevated risk of death for up to eight years after a TURP. These studies
however were all retrospective, relying on administrative databases and
advanced statistical methods, and their findings have not been
substantiated by Concato et al (1992) who showed no difference in long
term mortality rate between TURP and open prostatectomy in their
retrospective analysis when age and severity of co-morbid illness was
adjusted for, or by Fuglsig et al (1994) who prospectively showed no
surplus mortality over a ten year period when patients undergoing TURP
were compared with age-matched controls from the general population.
Thus the transurethral technique of prostatectomy for the treatment of
bladder outlet obstruction remains the method of choice for prostatectomy
(Chilton et al 1978) against which all other innovative methods of relieving
bladder outlet obstruction due to benign prostatic hyperplasia (BPH) such

as prostatic stenting, thermotherapy, laser prostatectomy o4 adrenoceptor

blockade and androgen antagonism must be compared. Thus far, no
alternative method of prostatic ablation has produced results comparable

with TURP. For the forseable future TURP will be the most effective
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method of relieving significant bladder outlet obstruction due to BPH.

1.1 The History of Transurethral Prostatectomy

The origins of transurethral surgery are derived from early attempts to
negotiate difficult strictures of the prostatic urethra. Creation of a false
passage by means of specially developed catheters with sharp stylettes or
other form of tunneling device at their tips were widely used at the
beginning of the nineteenth century. In 1834 Guthrie modified this
technique by developing a sound with a concealed blade used to divide
the posterior prostate or bladder neck. A factor common to all these
techniques was the difficulty in controlling haemorrhage after the
procedure, relying on the positioning of a urethral catheter with the
subsequent high risk of urethritis, epididymitis and pyelonephritis. This
difficulty was not addressed until 1877, when Bottini and Pavia introduced
the technique of galvanocautery, using a platinum element designed to
burn prostatic tissue. With several modifications the Bottini incisor
remained in popular use as a blind technique, until the development of the
cystoscope in the late nineteenth century, and its incorporation into the
Bottini incisor by Freudenberg in 1900.

Young (1913) developed the punch operation for prostatic obstruction - a
p'artially blind technique with no method for securing haemostasis - which
often resulted in severe haemorrhage. This technique was modified by
Braasch (1918) who incorporated direct vision cystoscopy, and by Caulk
and Bumpus (1927) who added electrocautery in an attempt to achieve

haemostasis.
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With the development by Stern (1926) of a cutting loop of tungsten that
could be moved along the axis of a sheath excising strips of prostatic
tissue under direct vision, and the subsequent modification by McCarthy
(1931) to improve the optics and the effectiveness of the cutting current,
the forerunner of the modern resectoscope was created. Nesbit (1939)
refined the Stern-McCarthy instrument to allow three dimensional
visualisation of the prostate. Additional improvements by Iglesias (1975)
who designed the continuous flow resectoscope, and the development of
improved coagulation and cutting currents and isotonic irrigating fluids

have further improved the safety of transurethral prostatectomy.

1.2  Factors Affecting TURP Blood Loss

Despite the advances in instrumentation bleeding remains the most
significant cause of early morbidity and prolonged hospitalisation following
TURP (Doll et al 1992; Mebust et al 1989). Perioperative haemorrhage is
traditionally classified into primary, reactionary and secondary - primary
haemorrhage occurring at the time of surgery, reactionary haemorrhage
occurring within 24 hours of the surgical procedure (but usually within the
first four to six hours) on restoration of the patients preoperative blood
pressure and refilling of the venous system, and secondary haemorrhage
occuring at a time subsequent to this but classically at 7 to 14 days
postoperatively (Rains & Ritchie 1984).

Peroperative blood loss and a degree of primary haemorrhage are
inevitable consequences of transurethral resection of the prostate, and as

such cannot be regarded as a complication of the procedure. At what
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point does perioperative blood loss become a complication? There are no
internationally accepted criteria for this. To a large extent this is because
what constitutes a significant perioperative blood loss varies greatly
between individuals, and is dependent on a number of factors including
the patients preoperative haemoglobin, circulating blood volume and
cardiovascular status. The lack of a uniform standard as to what degree of
blood loss constitutes a complication of the procedure in TURP, together
with the difficulties in accurately assessing the blood loss may explain the
wide variation in the reported incidence of early haemorrhagic
complications of between 2.8 and 11% (Melchior et al 1974a; Doll et al
1992), and secondary haemorrhagic complications of between 2.1 and
25% (Chilton et al 1978; Harvey et al 1986) following TURP.

It is an accepted surgical principal that a transfusion of red cells is
required after 20% of the blood volume has been lost (Shearer 1988). It
can be argued that any blood transfusion is a potential hazard to the
recipient (NIH Consensus Panel on Infectious Disease Testing for Blood
Transfusions 1995), and therefore a blood loss requiring transfusion of red
cells is a complication of the procedure. However there is a well
documented and strong correlation between the weight of prostate tissue
resected per unit time and peroperative blood loss (Abrams et al 1982;
Robertson et al 1993; Kolmert & Norlén 1989). Robertson et al 1993
demonstrated a 58% transfusion rate in patients in whom greater than 60
grams were resected, but a rate of only 5.6% in patients having less than
60 grams resected. Thus criteria for unacceptable perioperative blood loss
must take into account the weight of prostate tissue resected. Reasonable

criteria for a haemorrhagic complication might therefore be bleeding
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requiring re-operation, continued bleeding prolonging hospital stay, blood
loss requiring transfusion with less than 60 grams resected and secondary
haemorrhage.

The TURP series reported in the literature make no such distinction, but
document a blood transfusion rate of between 6.4 - 22%, and a further
interventional procedure rate of between 1 - 6.3% (Doll et al 1992; Habib
& Luck 1983; Kolmert & Norlen 1989; Mebust et al 1989; Melchior et al
1974a; Singh, Tresidder & Blandy 1973). With the associated risks of a
blood transfusion and the added cost to both the patient and the Health
Service of prolonged hospital stay, any attempts to limit perioperative
haemorrhage are of fundamental importance.

The factors contributing to perioperative blood loss in TURP are not fully
understood. A number of premorbid factors are known to increase
peroperative blood loss. Experience suggests that increasing age and the
presence of poorly controlled hypertension both increase blood loss over
the perioperative period. Indeed poorly controlled hypertension is a contra-
indication to TURP. However Perkins & Miller (1969) found no correlation
between age and blood loss, and more interestingly Abrams et al (1982)
did not demonstrate a correlation between systolic blood pressure and
peroperative blood loss.

Melchior et al (1974b) found an increased peroperative and postoperative
transfusion rate in uraemic patients. Robertson et al (1993) found the
need for perioperative transfusion in TURP was significantly associated
with presentation in chronic or acute-on-chronic retention. The presence
of an indwelling urethral catheter preoperatively appears to increase

peroperative blood loss (Faber, Hansen & Genster 1987). The mechanism
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for this is unclear, but may be due to the fact that a number of patients
with indwelling catheters preoperatively will be uraemic. Uraemia is known
to inhibit platelet function by a variety of mechanisms (Remuzzi & Rossi
1996), and this may account for the observed increased blood loss.

The majority of patients undergoing a transurethral prostatectomy are
elderly, and a significant proportion of these have co-existent
cardiovascular disease and are at risk of sustaining a vascular event
(unstable angina, myocardial infarction, transient ischaemic attack or
cerebrovascular accident) over the perioperative period. Thirty-nine per
cent of reported perioperative urological deaths between 1994 and 1995
occurred in patients undergoing TURP - largely as a result of coronary
artery disease (Gallimore et al 1997). Following reports by the Antiplatelet
Trialists’ Collaboration (1994) that low dose aspirin therapy (75-150 mg
daily) can reduce vascular events by up to 25% in these high risk patients,
increasing numbers of patients undergoing TURP will be on low dose
aspirin therapy. In a retrospective study of patients undergoing TURP,
Watson et al (1990) described a significantly increased incidence of
haemorrhagic complications in patients on low dose aspirin therapy.
These findings were confirmed by Thurston & Bryant (1993) in a further
retrospective series. Watson et al (1990) recommended withdrawal of
aspirin from 10 days preoperatively until the risk of postoperative bleeding
has ceased. These findings however have yet to be confirmed by a
prospective study, and in a large retrospective series of patients
undergoing TURP Donat, McNeill & Brame (1996) failed to show any
relationship between aspirin ingestion and perioperative blood transfusion

rate. Bricker, Savage & Hanning (1987) also failed to show any increase in
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blood loss in a prospective study of patients given diclofenac, another
non-steroidal anti-inflammatory drug, over the perioperative period.

The reported incidence of deep venous thrombosis in patients undergoing
TURP is between 6.8 and 10 per cent (van Arsdalen et al 1983; Hedlund
1975). There is a smaller but significant reported incidence of pulmonary
embolus of between 0.2 and 2.2 per cent (Melchior et al 1974a; Kass et al
1978). The use of low dose standard heparin prophylactically is widely
used in surgery in high risk patients to reduce the incidence of
thromboembolic complications (Sharnoff & DeBlasio 1970). Despite this
significant incidence of thromboembolic complications, prophylactic
subcutaneous standard heparin is not routinely used in patients
undergoing TURP. This practice is based on the findings of Halverstadt et
al (1977) who found a greater degree of haemorrhagic complications in
patients undergoing TURP receiving minidose heparin over the
perioperative period. These findings were confirmed by both Allen,
Jenkins & Smart (1978) and Sleight (1982). Of these, only that of Allen,
Jenkins & Smart (1978) was a randomised prospective study, but their
findings are complicated by the use of the antifibrinolytic agent epsilon
aminocaproic acid.

In contrast to their findings, prospective randomised studies by Bejjani et
al (1983) and Wilson et al (1988) found no significant difference in
perioperative blood loss in patients undergoing TURP receiving
prophylactic subcutaneous heparin compared to controls. Kakkar et al
(1993) showed a 23 per cent reduction in the incidence of bleeding

complications in general surgical patients when low molecular weight
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heparin was compared with standard heparin. No such comparisons have
been made in patients undergoing TURP.

The usual practice for patients on long-term warfarin anticoagulant
treatment undergoing TURP is to discontinue treatment over the
perioperative period (Mulcahy et al 1975). However this is not without risk,
and Tscoll, Straub & Zingg (1980) and more recently Chakravarti &
MacDermott (1998) advocate conversion to full intravenous heparin
anticoagulation over the perioperative period in these high risk cases. In a
retrospective review of twelve TURP’s on long-term warfarin therapy, Parr,
Loh and Desmond (1989) found no significant haemorrhagic
complications despite being maintained on full dose oral anticoagulant
therapy if fresh frozen plasma was utilised perioperatively.

The role of anaesthesia in perioperative blood loss during TURP is
contentious. TURP is commonly performed under regional anaesthesia
(spinal or epidural), general anaesthesia or a combination of the two.
Regional anaesthesia acts by producing a pharmacological
sympathectomy resulting in reduced venous tone and potentially reducing
blood loss in pelvic surgery. A reduction in peroperative blood loss with
regional anaesthesia when compared to general anaesthesia has been
described in patients undergoing TURP (Slade et al 1964; Abrams et al
1982). However neither of the studies by McGowan & Smith (1982) and
Freedman, Van Der Molen & Makings (1985) found any significant
difference in blood loss between regional and general anaesthesia. The
use of controlled hypotensive anaesthesia (Bruce, Zorab & Still 1960;
Madsen & Madsen 1967) to reduce peroperative blood loss has not

gained acceptance because of the potential risk of cerebral and
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myocardial infarction in the elderly, and a subsequent reactionary
haemorrhage postoperatively.

Irrigant temperature has been reported as affecting perioperative blood
loss. By cooling the irrigant temperature to 36 degrees Fahrenheit (2.2
degrees Celsius) Robson & Sales (1966) demonstrated an almost two-fold
reduction in blood loss per gram resected. They found a 3 to 6 degree
Fahrenheit reduction in core temperature with patients under spinal
anaesthesia shivering towards the end of the procedure, but encountered
no cardiac irregularity or rewarming shock. These findings were confirmed
by Serrao, Mallik et ai (1976) who found a significant reduction in
peroperative and postoperative blood loss using irrigant fluid cooled to 2
degrees Celsius. Kulatilake et al (1981) demonstrated a reduction in
volume of irrigant fluid used when cooled to 8 degrees Celsius, thus
reducing the risk of absorption of irrigant fluid and consequent
hypervolaemia and hyponatraemia. The likely mechanism of action of the
cooled irrigant in reducing both blood loss and fluid absoption is local
vasoconstriction. However, Madsen, Kaveggia & Atassi (1964) failed to
show any reduction in peroperative blood loss using irrigant cooled to
between 2 to 4 degrees Celsius, and found a potentially dangerous drop
in core temperature in 2 patients. Walton & Rawstron (1981) in a
prospective study of 93 patients undergoing TURP also failed to
demonstrate a significant reduction in peroperative blood loss using
irrigant cooled to 2 degrees celsius.

There appears to be a correlation between the amount of irrigant fluid
absorbed into the circulation and blood loss. Hahn & Ekengren (1993)

showed a 40% incidence of significant irrigant fluid absorption (greater
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than 1,000 millilitres) in transurethral prostatectomies with a blood loss of
greater than 500 millilitres.

There is little doubt that careful operative technique with specific attention
to haemostasis by electrocoagulation reduces perioperative blood loss
(Robertson et al 1993). The most important interoperative factors affecting
peroperative blood loss appears to be the weight of prostatic tissue
resected with values of 20 to 37 ml per gram reported, and duration of
resection (Abrams et al 1982; Freedman, Van Der Molen & Makings 1985;
Fujita 1988; Gatenberg & Johansson 1984; Jenkins & Mintz 1981; Levin,
Nyrén & Pompeius 1981; Lewi et al 1983; Perkins & Miller 1969).
Operative blood loss also appears to correlate with postoperative blood
loss (Lewi et al 1983). Common sense suggests the experience of the
resectionist would be a significant factor in the amount of blood lost
peroperatively. However this has not been confirmed in the literature
(Freedman et al 1985; Perkins & Miller 1969).

Although over one half of patients report a degree of secondary
haemorrhage following TURP it is usually minor and transient, with only 4
per cent require re-admission for bleeding (Doll et al 1992). The
aetiological role of infection in the predisposition to secondary wound
haemorrhage is fundamental to the principles of surgical practice (Rains &
Ritchie 1984). Blandy (1972) concurred with this view, citing urinary tract
infection as the major cause of secondary haemorrhage following TURP.
The reported incidence of postoperative urinary infection in TURP varies
between 6 and 63 per cent (Lacey, Drach & Cox 1971; Symes et al 1972).
Harvey et al (1986) documented a 25 per cent incidence of secondary

haemorrhage, and demonstrated a significant correlation between post-
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operative urinary infection and secondary haemorrhage. However the use
of a prophylactic antibiotic postoperatively failed to reduce the incidence of
bleeding. Robertson et al (1993) found a significant correlation between
the presence of postoperative - but not preoperative - urinary infection and
blood transfusion requirement over the perioperative period. Faber,
Hansen & Genster (1987) found a significant correlation between
preoperative urethral catheterisation and the need for a perioperative
blood transfusion. This however may be due to the increased incidence of
urinary tract infection in catheterised patients.

There has been conflicting reports concerning the effect of histological
diagnosis of the resected prostatic tissue on blood loss. Abrams et al
(1982) and Bejjani et al (1983) found a reduced peroperative blood loss in
patients with prostatic carcinoma undergoing TURP when compared to
those with benign histology. However de Campos Freire et al (1986) found
an increased blood loss in patients with prostatic carcinoma and Fujita
(1988) found no difference in blood loss between benign and

carcinomatous glands.
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1.3 Techniques to Reduce TURP Blood Loss

Careful preoperative assessment of each individual patients risk factors
for increased blood loss in advance of their surgery is accepted as good
practice. Patients with poorly controlled hypertension should be postponed
until their blood pressure is adequately controlled on antihypertensives.
Current opinion suggests that patients with very enlarged prostate glands
of over 100 grams should undergo an open prostatectomy in preference to
TURP in order to reduce operative blood loss and minimise irrigant fluid
absorption. In patients with obstructive uropathy due to an obstructive
prostate a period of urethral catheterisation and correction of any fluid and
electrolyte imbalance and optimalisation of their renal function prior to
surgery should be undertaken to reduce the degree of uraemia (Melchior
et al 1974b). Withdrawal of aspirin 10 days preoperatively (Watson et al
1990) is not universally practiced, and no consensus on the use of low
dose subcutaneous heparin or the management of patients on warfarin
anticoagulation has been established. Recently Bolton & Costello (1994)
recommended the use of endoscopic laser ablation of the prostate (ELAP)
in preference to TURP in patients on warfarin therapy. However even
ELAP is not without haemorrhagic complications in these high risk patients
(Bellringer, Anson & Schweitzer 1996).

Many different techniques to reduce perioperative blood loss in patients
undergoing TURP have been investigated. Electrocautery of visible blood
vessels and bleeding points remains the principal and single most
effective method of achieving haemostasis during transurethral
prostatectomy. The use of compression of the blood vessels of the

bladder neck and prostatic bed to reduce venous bleeding immediately
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after the procedure is a common technique. Compression is achieved
usually by means of a catheter balloon. This technique was first described
by Foley (1937) who recommended placement of a haemostatic bag
within the prostatic urethra to tamponade prostatic venous sinuses.
However there has been some debate as to the correct positioning of the
balloon, the volume it is inflated to, and the theoretical risk of urinary
incontinence due to sphincter damage. Greene (1971) concluded that
provided adequate haemostasis was achieved by electrocoagulation the
balloon position was unimportant; however if haemostasis was deemed
inadequate at the end of the procedure, a haemostatic bag positioned
within the prostatic cavity remained in situ and was more effective in
reducing postoperative blood loss than one positioned at the bladder neck
or free within the bladder. He detected no increased incidence of urinary
incontinence with any particular balloon position.

Traction placed on the urethral catheter immediately postoperatively
following a TURP is a common method of reducing venous blood loss.
Pengelly (1985) advocates filling of the balloon to at least twice the weight
in grams of the resected tissue and positioning it at the bladder neck.
Traction using a one kilogram weight should then be applied for no longer
than twice the bleeding time (15 minutes) to prevent ischaemic damage. A
variety of methods of applying traction to the catheter to minimise
postoperative venous blood loss have been described, including securing
the catheter to the thigh with adhesive tape (Mitchell 1981) and wrapping
gauze tightly around the catheter at the urethral meatus thereby using the
glans penis as a means of traction (Blandy 1978). These techniques all

have their disadvantages. Oesterling (1992) described the use of an
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abdominal catheter holder in 76 patients undergoing TURP. No patients
required a blood transfusion, 91 per cent required no postoperative
bladder irrigation and in 74 per cent of patients the catheter was removed
on the second postoperative day. The proposed advantage of this device
is that it produces controlled constant tension, unlike attachment at the
thigh where movement at the hip causes variable tension, trauma to the
bladder neck and possible dislodgement of the eschar forming at the
prostatic bed with the consequent increase in blood loss. Whether this
technique reduces blood loss when compared with other techniques
remains to be seen.

A variety of different drugs have been investigated as potential
haemostatic agents in transurethral prostatectomy. The effectiveness of
Premarin (an intravenously administered conjugated oestrogen which acts
to reduce capillary bleeding by an unknown mechanism) in reducing
perioperative blood loss in TURP were studied by Madsen et al (1964),
who detected no reduction in blood loss or duration of operation with the
drug.

Yang & Cheng (1989), in a prospective study, investigated the use of
preoperative 5-flourouracil (5-FU) in patients with benign prostatic
hyperplasia (BPH) undergoing TURP and found a significant reduction in
operative blood loss when compared to controls. They found a strong
correlation between operative blood loss and the number and calibre of
blood vessels in the resected prostatic tissue. They observed a reduction
in vasculature in the 5-FU treated prostates and ascribed its haemostatic

properties to this effect.
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The use of locally administered haemostatic agents to reduce
peroperative blood loss during transurethral prostatectomy has also been
investigated. Smart (1984) described a technique of peroperative
endoscopic injection of the synthetic vasoconstrictor ornithine-8-
vasopressin into the prostate pfior to resection. In two prospective trials of
patients with BPH undergoing TURP either under general or spinal
anaesthesia, he demonstrated a significant reduction in blood loss over
the first 24 hours in patients receiving the vasoconstrictor. Apart from a
mild transient increase in blood pressure no complications were reported.
Luke et al (1986) developed a method of locally instilling fibrin glue
(fibrinogen concentrate, thrombin and aprotinin) into the prostatic cavity
immediately following resection; in a prospective randomised study of 30
patients with presumed BPH undergoing TURP, they demonstrated a
significant reduction in postoperative blood loss in patients receiving the
fibrin glue. No complications were recorded.

Several studies of the systemically administered haemostatic agent
ethamsylate (Dicynene) have been performed with conflicting findings.
The mode of action of ethamsylate is not fully understood but it is known
to increase platelet adhesiveness and the rate of release of intrinsic
thromboplastin thereby reducing capillary bleeding. Symes et al (1975)
reported a reduction in both peroperative and postoperative blood loss
with Dicynene in patients undergoing TURP. However the mean resected
weight of prostate tissue was only 7 grams. Towler & Valerio (1978) in a
large randomised double-blind study of 100 patients undergoing TURP
failed to show any significant reduction in either peroperative or

postoperative blood loss using Dicynene. However anaesthetic and
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operative conditions were not standardised. They found no increase in the
incidence of lower limb deep venous thrombosis. Their findings were
confirmed by Lyth & Booth (1990) who, in a further randomised double-
blind trial, failed to show any benefit in patients receiving Dicynene.

In the past a variety of other drugs including Kutapressin a liver extract
with vasoconstrictor properties (Weisenthal et al 1961), carbazochrome
salicylate an oxidative derivative of adrenalin which retains the
vasoconstrictor properties without the other sympathomimetic effects
(Frank & Lloyd, 1959), bioflavinoids and Hemostase (a thrombin-like
derivative of snake venom) and polyoestradiol phosphate (Madsen et al
1968) have been investigated as possible haemostatic agents in TURP
without success.

The use of regional and hypotensive anaesthesia, and local hypothermia
to control blood loss have already been discussed. None of these
techniques, with the possible exception of spinal anaesthesia and catheter

balloon traction, have been accepted into Urological practice.
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The coagulation and fibrinolytic cascade, initiated by tissue factor (TF) released following
endothelial cell injury. The two systems are activated concurrently and are intricatly
interlinked.The clotting factors (serine proteases) and co-factors are depicted in Roman
numerals. The antecedent ‘a’ denotes activated factor. Tissue factor pathway inhibitor (TFPI)

and antithrombin Il are key inhibitors of the coagulation cascade. Plasminogen activator inhibitor
1 (PAI-1) and alpha-2 antiplasmin (a2AP) inhibit fibrinolysis.
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1.4 Prostatic Disease and Coagulopathy

John Hunter (1794) noted that the blood of dying patients often lost the
ability to clot. Later Dastre (1893) observed this phenomenom in dogs
after severe bleeding and used the title “La Fibrinolyse” to describe his
findings, from which the term fibrinolysis is derived. Fibrinolytic activity in
animal tissue was first described by Fleisher & Loeb (1915) who
demonstrated the Iytic effect of rat and guinea-pig tissue on clotted blood.
A further study by Dale & Walpole (1916) showed that the in vitro
treatment of blood with chloroform prevented it from clotting. Later Tagnon
(1942) showed that the proteolytic enzyme responsible for the inability of
blood to clot was fibrinolysin (plasmin), and that chloroform probably acted
by eliminating an inhibitor. In 1933 Tillet and Garner demonstrated the
fibrinolytic properties of culture fluid from certain strains of haemolytic
streptococci.

Milstone (1941) demonstrated that the streptococcal filtrate and
chloroform acted on a factor in the blood (now known as plasminogen)
converting it to an active enzyme (plasmin). The streptococcal substance
is now called streptokinase. Chloroform was later shown to act by
inactivating a major inhibitor of plasmin (a2-antiplasmin) in the blood
(Christensen & MacLeod 1945). An initiator of the conversion of
plasminogen to plasmin found in normal blood was described by Astrup &
Permin (1947). They called this initiator fibrinokinase, which is now known
as tissue plasminogen activator (tPA). Later the same year, Macfarlane &

Pilling (1947) demonstrated fibrinolytic activity in the urine, now known to
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be due to a different plasminogen activator called urokinase plasminogen
activator (UPA).

The fibrinolytic system is now recognised to be a complex system of pro-
enzymes, enzymes and inhibitors intricately linked to the coagulation
cascade to maintain vascular haemostasis. Inhibitors of the fibrinolytic
system prevent widespread systemic fibrinolysis. Collen (1976) identified a
fast-reacting plasmin inhibitor in human plasma (a2-antiplasmin) which
complexes with free circulating plasmin to inactivate it thus preventing
systemic fibrinolysis. The presence of specific inhibitors (PAI's) of the
plasminogen activators tPA and uPA was confirmed by Chmielewska,
Ranby & Wiman (1983).

Since the original report by Jurgens & Trautwein (1930) linking excessive
bleeding in patients with prostatic carcinoma with hypofibrinogenaemia,
many authors have reported alterations in coagulation in prostatic disease.
Because of the inability of the patients plasma to lyse a normal blood clot,
Jurgens & Trautwein (1930) discounted the possibility of proteolysis of
fibrinogen (factor 1) and falsely concluded that the hypofibrinogenaemia
was secondary to metastatic involvement of the reticuloendothelial
system. later Marder et al (1949) and Zeh & Ott (1954) and others also
linked the presence of afibrinogenaemia in metastatic prostate cancer with
haemorrhagic complications. Tagnon, Whitmore & Schulman (1952) were
the first to describe 2 cases of hypofibrinogenaemia associated with
primary fibrinolysis in patients with prostate cancer. Later Tagnon et al
(1953) documented a 12 per cent incidence of fibrinolysis associated with
hypofibrinogenaemia in 48 patients with metastatic cancer of the prostate.

Five of the 6 cases of fibrinolysis were associated with haemorrhagic
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complications. They found fibrinolytic activity in both the primary and
metastatic carcinomatous tissue. Concurring with previous reports by
Huggins & Neal (1942) and Huggins & Vail (1943) describing the presence
of a fibrinolytic enzyme in human and dog prostatic tissue with similar
properties to plasmin, they concluded that their findings were due to
leakage of a fibrinolytic enzyme fibrinolysin (plasmin) into the circulation,
in quantities sufficient to exceed the capacity of the plasma inhibitors to
mask its presence, resulting in primary systemic fibrinolysis
(fibrinogenolysis).

Cosgriff & Leifer (1952) reported a prolongation of the prothrombin time
associated with factor V (proaccelerin) deficiency in a patient with prostatic
carcinoma and haemorrhagic complications. Reports by Seale, Jampolis &
Bargen (1951), Rapaport & Chapman (1959) and Gormsen (1961)
described bleeding complications in prostatic carcinoma associated with
thrombocytopenia, widespread microthrombi and coexistent
hypercoagulability without evidence of fibrinolysis. These findings failed to
support the concept of primary fibrinolysis as a cause of the observed
haemorrhagic manifestations, and in conjunction with the documented
hypofibrinogenaemia are strongly suggestive of disseminated
intravascular coagulopathy (Colman, Robboy & Minna 1972; Merskey et al
1967; Rodriguez-Erdmann 1974). Straub (1971) described a 25 per cent
incidence of prostatic cancer in his series of patients with disseminated
intravascular coagulation (DIC).

Further support for this theory came from Straub, Riedler & Frick (1967)
who described coexistent hypofibrinogenaemia and systemic fibrinolysis in

patients with metastatic carcinoma of the prostate. Suppression of the
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systemic fibrinolysis was repeatedly achieved by heparin. From this they
concluded that the fibrinolysis was a normal protective physiological
response secondary to intravascular coagulation (secondary fibrinolysis).
This theory concurred with the findings of other authors (Samaha, Bruns &
Ross 1973; Gans 1973) and Oliver et al (1991) found evidence of
concommitant activation of coagulation and fibrinolysis in 40 patients with
prostate cancer.

However Heinert et al (1988) later demonstrated an increase in urokinase-
type plasminogen activator (uPA) levels in the serum of patients with
metastatic carcinoma of the prostate, suggesting a possible mechanism
for primary fibrinolysis in these cases.

Adamson et al (1994), by measuring D-dimer and fibrinopeptide-A levels,
detected activation of the coagulation cascade and reactive fibrinolysis
indicating compensated DIC in 40% of patients with untreated prostatic
carcinoma and 16% of patients with BPH.

The exact mechanism of activation of coagulation in patients with prostatic
carcinoma remains unclear. The overall picture may be further
complicated by hormonal manipulation. Oestrogen therapy lowers
antithrombin lll activity (Biller et al 1982; Varenhorst, Wallentin & Risberg
1981), plasminogen and PAI activity (Aro et al 1990) and increases blood
viscosity (Nandi & Knox 1986) producing a tendency towards
hypercoagulability. The reduction in plasminogen and PAI activity found by
Aro et al (1990) in the presence of activation of the clotting cascade
suggests secondary fibrinolysis and low grade DIC. As this was not
present in the orchidectomy group,the implication is that the cause is the

exogenous oestrogen and not the prostate cancer.
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Activation of the extrinsic pathway of the clotting cascade by increased
expression of tissue factor on monocytes and malignant cells has been
described in malignancy (Niemetz et al 1977; Szczepaniski et al 1988).
Van Deijk, van Dam-Mieras & Muller (1983) described elevated levels of
activated factor VIl in both patients with prostatic carcinoma and BPH,
consistent with activation of the extrinsic pathway by tissue factor.

Factor Vll-independent activation of the coagulation system in malignancy
has also been described (Gordon, Franks & Lewis 1975). Whether this
occurs in prostatic disease is unknown, although the finding of reduced
factor X activating procoagulant activity in malignant prostatic tissue

(Adamson et al 1994) makes this unlikely.

1.5 Coaqulation Changes during TURP

Lombardo (1958) described 5 cases of primary fibrinolysis and
hypofibrinogenaemia out of 302 transurethral procedures (1.7%). Four of
these cases were in patients with BPH. Using in vitro standard and heat-
inactivated fibrin plates he demonstrated both fibrinolytic and proteolytic
activity of benign and malignant prostatic tissue, and that the agents
toluidine blue (3 amino-7-dimethyl-amino-2-methylphenazatheonium) and
Klot (aqueous solution of 7 per cent n-butyl alcohol and 0.002 per cent
toluidine blue in saline) inhibited this lysis. In a study of three groups of 30
patients undergoing TURP, he demonstrated a 20.3 per cent reduction in
fibrinogen levels in the control group over the perioperative period. The

reduction in fibrinogen levels was decreased in the toluidine blue and Kilot
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groups to 11.0 and 6.3 per cent respectively, supporting the authors
theory of fibrinogenolysis as the cause of the hypofibrinogenaemia.

Elliot, McDonald & Fowell (1963) assessed plasma fibrinolytic activity in 48
patients undergoing TURP by means 6f the euglobulin lysis time. They
found a higher fibrinolytic activity immediately after surgery in a significant
number of cases, but plasma fibrinolytic activity 24 hours after surgery
was significantly reduced. They found no correlation between fibrinolytic
activity and peroperative blood loss.

Following these early reports of fibrinolysis several authors investigated
the role of antifibrinolytic agents as haemostatic agents in patients
undergoing TURP. Epsilon aminocaproic acid (EACA), a synthetic amino
acid with a similar structure to lysine, is a potent inhibitor of plasminogen
activation and urinary urokinase activity (Alkjaersig, Fletcher & Sherry
1959). McNicol et al (1961b), Andersson (1964), Sack et al (1962) and
Vinnicombe & Shuttleworth (1966a) all described a significant réduction in
postoperative blood loss after open prostatectomy, with no increase in
thrombotic complications (Vinnicombe & Shuttleworth 1966b). However
Pearson (1969) found no such benefit with either EACA or the protease
inhibitor aprotonin (Trasylol). McNicol et al (1961b) and Madsen & Strauch
(1966) showed a similar significant reduction in postoperative blood loss in
patients undergoing TURP, but no significant reduction in peroperative
blood loss could be demonstrated. Késters & Wand (1973) could only
demonstrate a significant reduction in postoperative bleeding after TURP
when the EACA was given in combination with aprotinin.

In a prospective randomised study of 80 patients undergoing TURP,

Sharifi et al (1986) compared 0.5% EACA solution with 0.9% saline as a
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postoperative bladder irrigant in an attempt to inhibit urinary urokinase
locally, thus avoiding any potential systemic side effects. However they
found no significant difference in postoperative blood loss between the
two groups and concluded that early postoperative bleeding was largely
due to technical error and not fibrinolysis.

Tranexamic acid (trans p-aminomethyl cyclohexane carboxylic acid,
AMCA) acts in a similar way to EACA, by inhibiting plasminogen
activation, but is 8 times more potent than EACA (Andersson et al 1968).
Hedlund (1969) described a reduction in postoperative blood loss with
AMCA after prostatectomy. However, following the withdrawal of EACA
because of instability in solution, Ward & Richards (1979) cautioned
against the use of AMCA in the early perioperative period in TURP,
following 3 cases out of 6 patients receiving AMCA who developed
indissoluble bladder clots requiring surgical evacuation.

Miller et al (1980) investigated the use of oral AMCA in preventing
secondary haemorrhage following TURP. They found a significant
reduction in patient reported bleeding in the first 4 weeks following
discharge from hospital, but no significant increase in the number of re-
admissions for bleeding complications.

Several authors have studied coagulation parameters over the
perioperative period in patients undergoing TURP in an attempt to predict
those patients likely to bleed excessively. Mertens et al (1974)
investigated the preoperative fibrinolytic and coagulation activity in 42
patients undergoing TURP by measuring fibrinolytic split products (FSP)
and the presence of soluble fibrin intermediates (ethanol gelation test)

respectively. Eighty-six per cent of patients with BPH and 85% of those
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with carcinoma had elevated FSP values, indicating fibrinolytic activity
preoperatively in a significant number of poeple.The ethanol gelation test
was strongly positive in 42% (5) of carcinoma patients assessed but only
8% (1) with BPH. However the test was weakly positive in 38% (5) with
benign histology. They concluded that a degree of intravascular
coagulation and fibrinolysis was occurring preoperatively in these patients,
and that bleeding was greater in patients with positive test results. Both
tests are usually abnormal in patients with DIC, although the specificity of
the ethanol gelation test has been questioned (Kisker & Rush 1971).
Rader (1978) performed a coagulation screen (prothrombin time, partial
thromboplastin time, serum fibrinogen and platelet count) preoperatively in
165 patients with operative prostatic disease. He found
hyperfibrinogenaemia in 29% of patients and concluded this was a non-
specific stress response. He described a local fibrinolytic reaction in one
out of 77 patients undergoing TURP on the basis of the patients normal
clotting screen and rapid response to EACA. Apart from 2 cases of
thrombocytopenia in patients with prostatic carcinoma, no other
abnormalities in the coagulation screening tests were recorded, and he
concluded that preoperative haematological screening was useful in only a
small (3.7 per cent) number of cases.

Betkurer et al (1979) compared thg effects of TURP on coagulation in
benign and malignant prostates. They performed a full clotting screen
(haematocrit, prothrombin time, partial thromboplastin time, fibrinogen,
FSP, factors Il, V, VII, VIII, 1X, X, Xl and XIl) preoperatively and within 24
hours postoperatively on 11 carcinoma and 10 BPH patients undergoing

TURP. They found no statistically significant difference between
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preoperative and postoperative values in any of the coagulation
parameters in either prostatic carcinoma or BPH groups. There was a
decrease in fibrinogen and an elevation in FSP in both groups after TURP
suggestive of potential incipient DIC which they felt may be biologically
rather than statistically significant. However this remains conjecture.

In a larger prospective study de Campos Freire et al (1986) similarly found
no statistically significant difference outside the normal range of the
clotting parameters (haematocrit, prothrombin time, thrombin time, partial
thromboplastin time, fibrinogen, fibrin split products, recalcification time
and platelet count) measured 24 hours postoperatively compared to
preoperative values in either carcinoma or BPH groups. However they too
found a trend within the normal range towards hypofibrinogenaemia and
increased FSP, but only in patients with prostatic carcinoma. They
concluded that this showed a tendency to increased fibrinolysis in
prostatic carcinoma patients, explaining the increased blood loss per gram
of prostate tissue resected in carcinoma patients that they detected. In the
BPH group, they detected a prolongation in mean prothrombin time and
an increased mean fibrinogen levels (although within normal limits)
postoperatively, when compared to preoperative values.

Iwan-Zi:etek et al (1992) prospectively studied the coagulation changes in
40 patients undergoing TURP. They found evidence of activation of the
fibrinolytic system preoperatively (increased tPA, reduced PAI-1 and
raised fibrin degredation products). Surgery had the effect of increasing
the fibrinolytic activity (increase in tPA, reduced PAI-1, increase in fibrin
degradation products, a decrease in plasminogen and a2-antiplasmin and

a prolonged euglobin clot lysis time), with a gradual return to normalisation
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postoperatively. A finding of positive ethanol gelation tests and a
significant decrease in mean platelet count over the perioperative period
led them to the conclusion that activation of the coagulation system was
occuring, with secondary fibrinolysis (subclinical DIC) due to tissue
thromboplastins released during surgery. Von Hundelshausen et al (1992)
concurred with these findings in a similar study of 11 TURP and 12
retropubic prostatectomies. They found no significant difference between
the two groups, and concluded that the routine use of antifibrinolytic
agents could not be justified.

Ahsen, Cartner & English (1993) investigated the value of routine
coagulation tests (prothrombin time, activated partial thromboplastin time)
taken immediately after surgery in predicting excessive blood loss after
prostatic resection. They found that 35% (39) of their patients had an
abnormal prothrombin time (PT) immediately after surgery, and this had
returned to normal in all cases within 24 hours. They found a significant
correlation between abnormal PT and excessive blood loss
postoperatively independent of the weight of tissue resected. In those
patients where both tests were abnormal, all had excessive bleeding.

The concept of absorption of prostatic substances into the systemic
circulation during TURP was favoured by O’'Donnell (1984), who showed a
correlation between symptoms of early transurethral resection (TUR)
syndrome and elevated serum acid phosphatase levels. In an elegant
study in dogs, O’Donnell (1990) produced a significant reduction in platelet
count, fibrinogen level, white cell count and activated clotting time for up to
60 ‘minutes after intravenous infusion of human prostatic tissue extract

when compared to dogs infused with normal saline. Serum acid
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phosphatase values in the infused prostate tissue extract group were
elevated to a level comparable to those seen in theTUR syndrome
(O’Donnell 1983). He concluded that tissue thromboplastins released into
the circulation during TURP by the absorption of irrigant fluid (Madsen et

al 1970) produced a transient disseminated intravascular coagulation.

1.6 The Haemostatic Response To Surgery

The effects of a surgical procedure on the coagulation and fibrinolytic
system has been quite extensively studied mainly in the context of
postoperative venous thrombosis, in an attempt to predict those patients
at highest risk.

Significant but variable alterations in coagulation and fibrinolytic
parameters over the perioperative period have been reported. The
presence of an hypercoagulable state postoperatively is now accepted
(Baker 1995). The cause of this hypercoagulability is less clear.

The stress response initiated by surgery has for many years been known
to modulate the coagulation and fibrinolytic systems (Cannon & Gray
1914; Macfarlane 1937). Infusion of physiological levels of adrenaline
increases factor VIII and fibrinopeptide A levels indicating activation of the
clotting cascade (Ingram & Jones 1966; Swedenborg & Olsson 1978).
High physiological levels of endogenous vasopressin (aVP) are known to
occur intra- and postoperatively, and are thought to be responsible for the
reduction in urine output and fluid retention commonly seen
postoperatively (Le Quesne & Lewis 1953). Exogenous aVP administered

to healthy volunteers at the physiological levels found perioperatively,
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increases factor VIII (FVIII) and plasminogen activator activity with
shortening of the fibrinopeptide A (FPA) generation time suggesting the
induction of a procoagulant state with thrombin generation (Grant et al
1985).

Grant et al (1986) described in 7 patients undergoing major abdominal
surgery a sharp elevation in endogenous aVP during bowel manipulation
perioperatively, with levels remaining elevated for the first postoperative
day. Immediately after and in parallel with this rise in aVP, they found a
coexistent rise in FVIII activity, von Willibrand antigen, the ristocetin co-
factor, plasminogen activator activity and fibrinopeptide A concentrations
with shortening of the APTT indicating the presence of a procoagulant
state. They concluded that aVP was likely to be responsible for this
hypercoagulability. Wilson et al (1988) found a similar increase in
endogenous aVP followed closely by a rise in FVIII and fibrinolytic activity
in patients undergoing hip surgery. Vasopressin is also known to have
proaggregatory effects on platelets in vitro (Haslam & Rosson 1972).
The concept of a ‘postoperative fibrinolytic shutdown’ following surgery
was first proposed by Chakrabarti, Hocking & Fearnley (1969). Mansfield
(1972) confirmed this finding and described an earlier and greater
inhibition of fibrinolysis in those patients who developed deep vein
thrombosis. Several authors have subsequently reported a similar
reduction in fibrinolytic activity both preoperatively and postoperatively,
although the correlation with the development of deep venous thrombosis
remains contentious (Knight, Dawson & Melrose 1977; Rakdczi et al

1980). Reilly, Burden & Fossard (1980) actually found an increase in
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fibrinolytic activity postoperatively in those patients developing venous
thrombosis.

The mechanism of ffibrinolytic shutdown’ has not been completely
clarified. Griffiths, Woodford & Irving (1977) suggested that this was due
to either exhaustion or defective synthesis of plasminogen activators by
the vascular endothelium postoperatively. However D’Angelo et al (1985)
showed that the vascular endothelial response to desamino-D-arginine
vasopressin - which stimulates the release of t-PA from endothelium
(Mannucci & Rota 1980) - was preserved postoperatively, refuting this
theory.

An imbalance between the rapid postoperative increase in plasminogen
activator inhibitor (PAl-1) and a corresponding decrease in tissue
plasminogen activator (tPA) levels has been postulated (Kluft et al 1985;
Aranda, Paramo & Rocha 1988). D'Angelo et al (1985) confirmed the
postoperative reduction in eugloblin fibrinolytic activity and specifically t-
PA activity associated with an increase in PAI-1 without a corresponding
reduction in tPA antigen. Eriksson, Eriksson & Risberg (1991) found a
significant correlation between increased preoperative PAI-1 activity and
the development of deep vein thrombosis postoperatively. Mellbring et al
(1984) found elevated levels of tPA antigen in patients with postoperative
venous thrombosis.

A fall in platelet count can be anticipated in the early postoperative period
(Hawkey et al 1983). Impairment in haemostasis can occur when
circulating platelet count levels fall below 100 x 10° litre™ (Murphy, Davies
& Eduardo 1993). Following the initial fall in platelet count in the first few

days postoperatively, an increase in platelet count above normal levels
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can be expected during the second week (Potts & Pearl 1941; Warren
1953; Pepper & Lindsay 1960; Ygge 1970; Feruglio, Sandberg & Bellet
1960). Increased turnover of platelets as well as fibrinogen perioperatively
has also been documented and may explain the initial fall in platelet count
(Slichter et al 1974).

O’Brien, Etherington & Jamieson (1971) demonstrated a marked reduction
in platelet aggregation response to adenosine diphosphate and collagen
immediately postoperatively. Platelet aggregation may be inhibited by
proteolytic degradation of the GP1b platelet receptor during
cardiopulmonary bypass surgery (van Oeveren et al 1990) or by
prostacyclin during aortic aneurysm surgery (Krausz et al 1983). O'Brien
et al (1974) and Bennett (1967) demonstrated an increase in platelet
reactivty and adhesiveness over the perioperative period, and Emmons &
Mitchell (1965) described an increase in platelet clumping at 10 days and

one month postoperatively compared to preoperatively.

45



1.7 Coaqulopathy in Sepsis

Instrumentation of the urinary tract alone is commonly associated with a
gram negative bacteraemia in elderly patients (Vasanthakumar 1990).
Previous studies have shown consistently a perioperative bacteraemia in
27 to 36% of patients undergoing TURP (Sullivan et al 1973; Robinson et
al 1980; Robinson et al 1982; Harvey et al 1986). Robinson et al (1982)
described an 8% incidence of septicaemia in those patients with
bacteraemia following TURP. Reported fatality rates for Gram-negative
septicaemia range from 13.7% to 30.8% (Bryan & Reynolds 1984a; Bryan
& Reynolds 1984Db).

Blandy (1972) first documented the link between urinary tract infection and
secondary haemorrhage following TURP. Harvey et al (1986) found a
significant correlation between secondary haemorrhage and urine
infection at catheter removal following TURP, but failed to show any
reduction in bleeding with the use of antibiotic prophylaxis (co-trimoxazole
for 10 days following catheter removal). Robinson et al (1982) cultured the
same organism from the prostate as was found in the blood in 77% of
symptomatic bacteraemic patients following TURP. Morris et al (1976)
found positive prostatic chip cultures in 64% of patients with sterile urine
preoperatively. The European collaborative study of antibiotic prophylaxis
for transurethral resection of the prostate (Hargreave et al 1993)
demonstrated a highly significant reduction in postoperative urinary tract
infection in patients with sterile urine preoperatively with the use of
prophylactic antibiotics perioperatively. Forty-seven per cent of the

. organisms cultured in those patients not receiving antibiotics were Gram-

negative organisms.
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The presence of a Gram-negative bacteraemia over the perioperative
period in patients undergoing TURP implies a coexistent endotoxaemia.
Extensive experimental evidence exists in both animals and man that
many of the clinical features of Gram-negative septicaemia are due to
endotoxaemia (Hinshaw 1983; Hale et al 1986). Endotoxins are the
lipopolysaccharide (LPS) constituents of the outer membrane of Gram-
negative bacteria. The LPS consists of a polysaccharide and a covalently
bound lipid known as Lipid A which has an uniform structure amongst sub-
species of Gram-negative organisms. Lipid A is thought to mediate most
of the biological effects of endotoxin (Morrison & Ulevitch 1978; Morrison
& Ryan 1987).

Amongst its many biological effects, endotoxin is known to activate the
extrinsic coagulation pathway (Levy et al 1985), lead to induction of
platelet-activating factor (Doebber, Wu & Robbins 1985) and a monocyte
and macrophage procoagulant (Osterud & Flaegstad 1983; Maier &
Hahnel 1984), producing a procoagulant state. A consumptive
coagulopathy is a common sequalae in septic patients (Voss et al 1990).
The effects of endotoxin appear to be mediated by endogenous
glycoproteins known as cytokines. Of these cytokines, tumour necrosis
factor-a (TNF-a, cachectin) appears to have a central role as mediator of
endotoxin-induced coagulation activation (van Deventer et al 1990; Bauer
et al 1989; Levi et al 1991a).

Activation of the coagulation cascade in sepsis appears to be via the
extrinsic route (Levi et al 1991a; van Deventer et al 1990), although high
doses of endotoxin can directly activate the intrinsic system via activation

of factor XlI (Kalter et al 1985); activation of the intrinsic contact system
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may play a role in triggering the fibrinolytic system (Levi et al 1991b). The
mechanism of activation of factor VIl (the extrinsic pathway) maybe by the
increased expression of tissue factor on the surface of vascular
endothelial cells and blood monocytes induced by endotoxin, TNF-a and
interleukin 1 (IL-1) (Rivers, Hathaway & Weston 1975; Colucci et al 1983;
Lyberg et al 1983; Nawroth et al 1986; Bevilacqua et al 1986).

Activation of the fibrinolytic system in septic patients has traditionally been
considered to be secondary to activation of the coagulation cascade
(Marder et al 1987). However activation of fibrinolysis may occur
independently of the coagulation cascade at least in the chimpanzee (Levi
et al 1992).The endotoxin-induced activation of fibrino.lysis also appears to
be mediated by TNF-a, acting to increase plasminogen activator activity
by the release of t-PA and u-PA from endothelial cells (Suffredini, Harpel
& Parillo 1989; Levi et al1991). Voss et al (1990) demonstrated activation
of the fibrinolytic system in septic patients, but the overall systemic
fibrinolytic capacity was markedly reduced due to an increase in the levels
of the inhibitors of fibrinolysis (PAI-1, az-antiplasmin). This imbalance
between activation of the coagulation system and inhibition of the
fibrinolytic system producing a procoagulant state has obvious analogies
to the postoperative state of ‘fibrinolytic shutdown’.

The procoagulant effects of endotoxin and TNF-a are increased by its
inhibitory effects on the anticoagulant protein C protein S system. Tumour
necrosis factor alpha acts by inhibiting expression of the endothelial
surface protein thrombomodulin, which complexes with thrombin to

activate protein C (Nawroth & Stern 1986; Conway & Rosenberg 1988).
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Chapter 2

Study Methodology
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2.1  Introduction

In order to assess the coagulation changes and the role of fibinolysis in
transurethral prostatectomy, a study of patients undergoing TURP was set
up with the aim of measuring systemic and local i.e urinary fibrinolytic
activity and the effects of uncomplicated transurethral prostatic surgery on
coagulation.

The proposed hypothesis for the study was that fibrinolysis has an
aetiological role in primary or secondary haemorrhage in patients
undergoing TURP for both benign and malignant prostatic disease. The
primary end point of the study was taken as the presence of detectable
increase in mean systemic fibrinolytic activity over the perioperative
period, as measured by thrombelastography. Thrombelastographic
systemic fibrinolysis was defined as a percentage clot lysis (Lyego) of
greater than 15 percent (Mallett & Cox 1992). In order to detect a
difference in mean Lygo over the perioperative period of only one percent,
assuming a standard deviation of up to one, an estimated sample size of
36 patients was required for a type 1 error (a) of 0.01 and giving a power

for the study of 95 percent (table 2.1).

Local Ethical Committee approval was therefore sought and obtained for a

prospective study into the coagulation changes occuring in a group of 40

men undergoing transurethral prostatectomy.
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o (two sided)

0.10 0.05 0.02 0.01

P

0.2 13 16 21 24
0.1 18 22 27 30
0.05 2 27 32 36

Power=1-

Table 2.1: Study sample sizes for varying type | and Il errors.

2.2 Methods

After informed consent the study group was selected from male patients
admitted routinely under the care of one Consultant Urological Surgeon .
for a TURP. Exclusion criteria included a known coagulopathy (including a
previous history of excessive bleeding following tooth extraction or other
surgery and previous venous thrombosis), aspirin ingestion 14 days prior
to admission (Watson et al 1990), poorly controlled hypertension,
uraemia, abnormal liver function tests, known hyperlipidaemia, heavy
smokers (greater than 5 cigarettes per day), significant cardiovascular or
respiratory disease and difficult phlebotomy.

Each patient acted as their own control by using their preoperative values
as the baseline against which any change over the perioperative period
could be compared. Although it can be argued that there may be variable
changes in the coagulation status preoperatively in some patients with
both benign and malignant prostatic disease (Adamson et al 1994), this in

itself was considered to be of significant interest, and it is the change in
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coagulation status over the perioperative period that is of importance
rather than the value of the indices taken in isolation.

The TURP was performed under a standardised anaesthetic protocol
(temazepam 20mg premedication; general anaesthetic with propofol
1-2mg/kg induction, laryngeal mask airway, 1-2% enflurane with nitrous
oxide and oxygen maintenance and a caudal block using 15-20 ml of
Marcaine 0.25%). All patients received antibiotic prophylaxis
perioperatively (gentamicin120 mg intravenously at induction). Body
temperature was measured sublingually preoperatively and
postoperatively in recovery. Euvolaemic maintainance intravenous fluid
replacement with normal saline was initiated peroperatively, and continued
until the moming after the operation.

The procedures were performed by one Consultant Urological Surgeon or
one of two Urological Higher Surgical Trainees under direct Consultant
supervision with a ratio of 1:3% respectively.

All resections were performed with a standard Stortz 24Fr or 27Fr
resectoscope, using interrupted irrigation with 1.5% glycine at 25°C
peroperatively and normal saline intracystic irrigation at room temperature |

postoperatively. Duration of the procedure was recorded.

Venous Sampling

Serial venous blood sampling was performed preoperatively,
intraoperatively (20 minutes from the start of the resection), 3, 6, 24, 48,
72 hours and 10 to 14 days postoperatively. The preoperative and
postoperative (days 1,2,3 and 10 to 14) sampling was performed mid-

morning in order to minimise the effect of the circadian variation in
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fibrinolyitc activity (Fearnley, Balmforth & Fearnley 1957). To minimise
venepuncture artefacts of coagulation, all blood sampling was performed
by one operator, using repeated venepuncture and a two syringe
technique - the initial sample being used for blood count analysis and
other non coagulation tests. Atraumatic cuffed antecubital venous blood
samples were taken using sterile 19 guage needles and 20ml syringes.
0.36 ml of venous whole blood was placed in the thrombelastograph
analyser cup and the thrombelastgram (TEG) tracing started 6 minutes
after venesection, in order to standardise the r time.

Serial clotting screen evaluations were performed on 30 patients
throughout the perioperative period. This included the one-stage
prothrombin time (PT) (Quick 1937) and International Normalised Ratio
(INRY), the activated partial thromboplastin time (APTT/PTTK) (Chanarin
1989), platelet count and plasma fibrinogen levels (24 patients).

Nine millilitres of venous whole blood was immediately added to 1.0ml
0.109M tri-sodium citrate, gently mixed and immediately placed in iced
water until centrifugation at 2000 G for 20 minutes at 4°C. The resulting
plasma was centrifuged as before and the supernatant subaliquoted into

0.4ml samples and stored at - 40°C until assayed.

Fibrinogen ELISA Materials and Methods.

The ELISA used a commercial antiserum preparation, sheep anti-human
fibrinogen (Serotec , Kidlington, Oxon, UK cat no AHP061). This was split
into 2 equal lots, one portion was dialysed into PBS 0.01% sodium azide,
and used as the coat antibody. The second portion was biotinylated. This

method has been modified from that of Hnatowich, Virzi & Rusckowski
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(1987). Purified 1gG was dialysed overnight at 4°C against 1L of 6.1 M
phosphate buffer pH 8.0. Protein concentration of the dialysate was
determined by a dye binding protein assay (Bradford 1976) (Biorad, Hemel
Hempstead, UK). Standards for the protein assay were made from rabbit
IgG (Sigma, Poole, UK). 1.0mg per 1.3 mg IgG of biotin reagent (NHS-LC-
Biotin, Pierce and Warriner, Chester, UK) was weighed out and dissolved
in 560ul of moisture free N,N-dimethylformamide (DMF, stored under
nitrogen, Aldrich, Poole, UK) to give a ratio of biotin to IgG of 20:1. An
appropriate volume of the biotin solution was added to the IgG and the
solution left to stand at 4°C overnight. It was then dialysed ovemnight at 4°C
against 1L of PBS-0.1% azide pH 7.4. The biotinylated 1IgG may be stored
at 4°C or in aliquots at -20°C. Biotinylated IgG is then used in conjunction
with horse-radish peroxidase/streptavidin (HRP-SA, ICN, Thame, UK) as
the tracer component in the ELISA assay. Standards were made from the
first international standard for fibrinogen, (89-644) (NIBSC, Potters Bar, UK),
and a standard curve established with points at 3, 2.4 ,1.8, 1.2, 0.6, 0.3,
0.15 and O (buffer only) mg/mL. Samples were diluted 1:200 and 1:400.
Quality assurance (QA) samples made from a 20 normal plasma pool,
treated as samples were used in every assay. Microtitre plates ("Maxisorb”,
Nunc, through Life Technologies, Paisley UK) were coated with 100ul/well
of coating antibody diluted in 0.05M carbonate-bicarbonate buffer pH 9.6,
and incubated at 4°C overnight. The plates were then washed five times
with 0.01M phosphate buffer pH 7.4, containing 0.5M sodium chloride, and
0.1% Tween 20 (wash buffer), using an automatic plate washer. Samples
and the detection antibody were diluted in wash buffer containing 3% PEG

8000, which has been shown to facilitate protein binding to immobilised
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antibody (Woodhams and Kernoff, 1983). Sample, QA and standards were
incubated (100pl/well) for one hour at room temperature on a plate shaker
at 400 RPM. After a further five washes, 100pl of working strength detection
antibody was added to each well, and incubated for a further hour on the
shaker at room temperature. After further washing, the reaction was
visualised by the addition of 100ul/well of 0.1M citrate/acetate buffer
containing one 10mg tablet of OPD (o-phenylenediamine dihydrochloride,
Sigma Chemical Co, Poole, UK) and 7ul 30% hydrogen peroxide per 15ml.
The reaction was stopped after approx. 10 minutes with 100pl/well 1.5M
sulphuric acid. Plates were read at 492nm on a Titretek MS-2 reader (ICN,
Thame, UK), with automatic linear spline curve fitting and data analysis.
Four millilitres of blood was added to heparinised endotoxin free bottles
(EndoTube ET® Chromogenix, Sweden) transported and centrifuged as
before, but stored in the endotoxin free bottles at - 70°C until assayed.
The initial blood sample was used to measure serial full blood counts
including haematocrit, preoperative and intraoperative serum prostate
specific antigen (Hybritech Tandem-R PSA radioimmunoassay) and
Prostatic acid phosphatase ( L-tartrate enzyme assay; normal

range 2-4 u/l). Urea, creatinine and electrolytes were measured
preoperatively and at 6 hours postoperatively.

Blood cultures were taken peroperatively for both aerobic and anaerobic
culture (BacTAlert, Organon Teknika Corporation; supplemented tryptic
soy broth with SPS) using standard techniques, from the antecubital veins
after the skin had been prepared with 70% isopropyl! alcohol and allowed
to dry. Prostatic tissue was washed initially in sterile saline and then

incubated in 20ml of Brewers medium for 24 hours and then subcultured
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onto blood agar and incubated at 37° C aerobically for 24 hours and

anaerobically in 90% hydrogen and 10% carbon dioxide for 48 hours.

Urine sampling

Urine sampling was performed preoperatively, at 48 hours (or on
discontinuation of the intracystic irrigation if later) and 10 to 14 days
postoperatively. A midstream urine (MSU) sample was obtained
preoperatively and at 10 to 14 days postoperatively. On POD 2 a catheter
specimen (CSU) sample was taken from the catheter valve. A 1ml aliquot
of the urine sample was then immediately stored at - 40°C until assayed.
The remainder of the samples were then sent for microbiological

microscopy, culture and antibiotic sensitivity using standard techniques.

Blood Loss

The Steri-Drape™ (3M) TUR Urological drape closed system was used
peroperatively in each case to minimise irrigant fluid and blood spillage.
Perioperative blood loss was measured until removal of the catheter by
photometric analysis of the haemoglobin content in the irrigant fluid
(Jansen, Berseus & Johansson 1978), complete haemolysis being
acheived in this case by the freeze-thaw technique. Photometric analysis
was performed at 550nm wavelength using the Titertekplus© analyser and
96 well plates and a 30 second agitation time.

A standard solution of blood was created by diluting 50 ml of bank whole
blood (haemoglobin 13.2g/dl) in 1000ml of normal saline, subaliquoted
and stored at - 40°C. A standard curve of haemoglobin concentration for

each of the 96 well plates was generated using serial dilutions of the
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standard bank blood solution plotted against optical density at 550nm to
give a linear relationship (mean correlation coefficient r* = 0.998, range
0.993 - 1.000).

The blood volume in each collect irrigant sample could thus be calculated

by the equation (Hahn 1987):

concentration x 0.132 x volume of irrigant sample

Blood volume (ml) =

Patients Hb value at the time of sampling x 100

Total blood loss for each patient therefore being the sum of the blood
volumes of all the collected irrigant samples. Duplicate wells for each
sample were analysed in all cases and the mean of the two values used.

Assay error was calculated by measuring the coefficient of variability:

Coefficient of variation =  Standard Deviation x 100 (%)

Mean

The inter-assay and intra-assay coefficients of variability were 3.6 and 4%
respectively.

All the irrigant effluent was collected in a 30 litre capacity plastic container
and the volume measured on completion of the TURP, at 6 hours
postoperatively, and then daily until removal of the catheter. After
measurement of the volume, the container was agitated to ensure
adequate mixing of blood, and a 5ml sample taken and stored at -20°C

until analysis. The remainder was decanted through a sieve into a one litre
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capacity graduated measuring cylinder to accurately measure total irrigant
volume, and then discarded. Clot volume collected in the sieve was
measured using a 20ml graduated measuring cylinder and recorded. To
prevent further clotting within the container during collection 15,000 iu of
standard heparin was placed into the container at the start of each
collection.

The blood transfusion rate, serial haemoglobin measurement and

haematocrit estimation were documented for each patient.

Irrigant Fluid Absorption

The fact that significant quantities of irrigant fluid can be absorbed into the
circulation during the course of a TURP is universally accepted (Hahn &
Ekengren 1993) and was first described by Creevy (1947). Using
radioisotopes Oester & Madsen (1969) showed greater than a litre of
irrigant fluid was absorbed in over 40 per cent of men undergoing TURP,
and Norlén et al(1986) by measuring serum glycine levels found evidence
of absorption in all patients undergoing TURP.

Several different techniques have been used to quantify the amount of
irrigant fluid absorption that occurs peroperatively including a significant
decrease in serum sodium concentration (Logie et al 1980; Allen et al
1981; Hjertberg, Jorfeldt & Schelin 1991), changes in serum acid
phosphatase levels (O’'Donnell 1984) and measurement of expired
ethanol in patients irrigated with glycine 1.5% and ethanol 1% (Hahn &
Ekengren 1993).

A pilot study of irrigant fluid absorption in 22 patients undergoing TURP

was carried out using the expired breath ethanol method as described by

58



Hahn (1988). The procedures were performed under spinal anaesthesia
using ethanol glycine irrigant (Baxter Healthcare Ltd, Newbury, UK) and
the Lion Alcometer S-D2. Despite repeated evidence in the literature of
significant absorption of irrigant fluid in over 40 per cent of cases using
this technique (Hahn & Ekengren 1993; Oester & Madsen 1969; Hjertberg,
Jorfeldt & Schelin 1991), absorption of irrigant fluid could not be detected
in any patient by this method. For this reason and the use of general
anaesthesia, this method was not utilised in the study.

Accurate measurement of the patient’s weight before and immediately
after the procedure as a marker of fiuid absorption (Hagstrom 1955) was
considered, but found to be impractical, unnecessarily disruptive and
unkind to this largely elderly group of patients in the recovery setting.

In this study therefore evaluation of irrigant fluid absorption was performed
by serial measurement of serum sodium concentration (n=37 patients). An
acute fall in serum sodium of 5 - 8 mmol/L represents the uptake of one
litre of irrigant fluid (Hahn 1996). Perioperative changes in haematocrit
values (n=38 patients) and acid phosphatase and prostate specific antigen
levels (n=25 patients) were chosen as additional confirmatory markers of

irrigant fluid absorption.

Statistical Methods

Data collection and statistical analysis was performed using the GraphPad
Instat ™ (Copywright © 1990-1993 GraphPad Software) statistical
software program. Non-parametric statistical methods were applied.
Fluctuations over the sampling period were evaluated by Analysis of

Variance (ANOVA) using Freidman'’s and Kruskal-Wallis analyses.
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Differences between median values were calculated using Dunn’s multiple
comparison test, and the Wilcoxon matched pairs test. A p value of < 0.05
was considered to indicate statistical significance. Correlation was
calculated using Spearman’s rank-order correlation test. Data is tabulated
and presented graphically as the mean + the standard error of the

mean (SEM).

2.3 Results

A total of 62 patients were assessed for suitability for the study. Eleven
patients were excluded from the study preoperatively on initial assessment
(4 patients refused consent, 2 had ingested aspirin within 14 days of
admission, 3 had raised creatinine levels preoperatively and 2 patients
smoked heavily). One patient withdrew consent immediately
postoperatively. Two patients underwent spinal anaesthesia. Four patients
were withdrawn postoperatively because of difficult venepuncture.
Equipment failure (defective thrombelastographic thermostat) prevented
serial TEG analysis in 2 patients. One patient developed unstable angina
postoperatively and was withdrawn. Thus 41 patients completed the study.
One patient underwent only a cystourethroscopy at the time of planned
TURP, but agreed to continue with serial sampling. The histology of the
prostatic chips in the 40 patients undergoing TURP showed benign
prostatic hyperplasia in 30 cases, benign prostatic hyperplasia with
‘prostatic intraepithelial neoplasia (PIN) in 2 cases (one high and one low
grade PIN) and prostatic adenocarcinoma in 8 cases. Six of these had

documented T3 prostatic adenocarcinoma preoperatively, and 2 patients
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were found to have co-existent prostatic carcinoma (one staged T1a and
one T1b) on histological analysis of the prostatic chippings.

The mean age of the patients was 71 years (range 57-93). Nine patients
had an indwelling urethral catheter preoperatively for at least 72 hours.
No significant change in mean body temperature was recorded over the
perioperative period (mean temperature preoperatively and
postoperatively in recovery was 36.7 and 36.5 degrees centigrade
respectively; Wilcoxon matched matched pairs test p = 0.2)

The mean duration of transurethral resection was 37 minutes (range 15 -
72). The mean weight of prostate tissue resected was 27 grams (range
5.5 - 89). Total blood loss and clot volume could not be assessed in two
patients, because complete overnight collection of all the irrigant fluid and
bladder washout fluid could not be guaranteed. The mean total blood loss
for the remaining 38 patients who underwent resection was 693 ml (range
60 - 2554). This gives an overall mean blood loss per gram of prostate
resected of 29.0 ml/g (range 5.8 - 126) and mean blood loss per gram per
minute of resection time of 0.813 ml/g/min (range 0.006 - 2.614).

A significant correlation between blood loss and weight of prostate tissue
resected was found (Spearman’s rank correlation, rs=0.5497 p=0.0004).
Clot volume was measured in 38 patients with a mean of 14 ml

(range 0 - 60). There was a significant correlation between blood loss per
gram of prostate tissue resected and clot volume (Spearman’s rank
correlation, rs = 0.5440, p = 0.004; figure 2.1).

Five out of the 40 patients (13 per cent) undergoing resection required a
blood transfusion of 3 units or less. All had a blood loss exceding 600 ml.

A significant decrease in mean venous whole blood haemoglobin
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concentration occured at all postoperative sampling times when compared
to mean preoperative concentration (ANOVA p<0.0001, Dunn’s multiple
comparison test p<0.01; figure 2.2).

There was a significant decrease in mean serum haematocrit levels at all
postoperative sampling times including 10-14 days, when compared to the
mean preoperative value (ANOVA p<0.0001, Dunn’s multiple comparison
post test p<0.01; figure 2.3a).

There was a significant fall in mean serum sodium concentration at 24
hours postoperatively compared to the mean preoperative concentration
(2.6 mmol/l; Wilcoxon matched pairs test two-tailed p value = 0.0004,
figure 2.3b). However in only one case did the plasma sodium fall below
130 mmol/l. No correlation between fall in plasma sodium level and blood
loss was seen (Spearman’s rank correlation rs = -0.002, p = 0.99;

figure 2.4).

A marked increase in both mean intraoperative serum prostate specific
antigen (PSA) (19 ng/ml; Wilcoxon matched pairs test p<0.0001;figure
2.3c) and serum acid phosphatase (27 1U/l; Wilcoxon matched pairs test
p<0.0001;figure 2.3d) levels when compared to the mean preoperative
values was found.

There was a significant fall in mean platelet count from intraoperatively
until 48 hours postoperatively, when compared to the preoperative base
line mean (ANOVA p<0.0001, Dunn’s multiple comparison test p<0.05).
The platelet count rose significantly at 10 - 14 days postoperatively
(figure 2.5).

There was no significant variation in prothrombin time (PT) and thus INR

throughout the perioperative period in the 30 patients assessed
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(figure 2.6). However there was a significant decrease in mean activated
partial thromboplastin time (APTT) at 72 hours and 10 - 14 days
postoperatively, compared to the preoperative mean APTT (ANOVA
p=0.0062, Dunn’s multiple comparison test p<0.02; figure 2.7).

The intra-assay coefficient of variability calculated for the fibrinogen ELISA
assay was 16%. There was a significant variation in mean plasma
fibrinogen levels over the perioperative period (ANOVA, p=0.011;

figure 2.8). There was a gradual trend towards increased mean fibrinogen
levels from 3 hours postoperatively, reaching statistical significance at
10-14 days postoperatively when compared to mean preoperative
fibrinogen (Dunn’s multiple comparison test, preop vs 10-14 days
p<0.05). A fall in mean fibrinogen level was seen at 3 hours
postoperatively but this was not statistically significant when compared to
mean the preoperative value.

Six patients had a urinary tract infection preoperatively (4 had indwelling
urethral catheters). Positive blood cultures peroperatively were found in 4
cases. In three of the positive blood cultures an identical organism was
cultured from the prostatic chips, two of whom had catheters
preoperatively. A total of six patients had a positive prostatic chips culture.

Four patients had persistent urinary infection at 10-14 days (table 2.2).
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Preoperative Removal of 10-14 days Blood Prostatic Catheter?
MSU /CSU Catheter CSU MSU Culture Culture
E coli E coli E coli E coli Yes
Propriono- Yes
bacterium
Proteus Coag. -ve Proteus yes
staph.
Streptococcus No
viridans
E coli No
Coag. -ve enterococcus | Coag. -ve Coag. -ve No
staph. E coli staph staph.
Coag. -ve E coli Yes
staph.
enterococcus enterococcus | enterococcus Yes
Heavy Yes
mixed
growth

Table 2.2: Infective organisms cultured from urine, blood and prostatic tissue.

Coag. -ve staph. = Coagulase negative staphylococcus

E coli = Escherichia coli. A gap represents no growth.
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Clot Volume (ml)

Correlation of Blood Loss with

Clot Volume
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Spearman's rank correlation r = 0.544 p = 0.004
Figure 2.1
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Serum Haematocrit Serum Sodium Concentration
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2.5 Discussion

The high proportion of procedures performed by supervised trainees
represents standard practice in our Department, and is likely to be
consistent with the majority of Urology Departments with trainees in this
Country.

Although a fall in body temperature following TURP has been described
unless irrigant temperature is kept at body temperature (Allen 1973), no
significant fall in mean body temperature was seen perioperatively in this
study - using irrigant fluid warmed to 25 degrees centigrade - suggesting
that hypothermia was not a contributing factor to the observed coaglation
changes in the study (Rohrer & Natale 1992).

The mean total blood loss per gram of prostate tissue resected of 29 ml/g
is within the range of 22 to 37 ml/g previously quoted (Perkins & Miller
1969; Lewi et al 1983 Freedman, Van Der Molen & Makings 1985; Wilson
et al 1988b). As has been universally described with peroperative blood
losses during TURP (Abrams et al 1982; Jansen et al 1978; Perkins &
Miller 1969; Levin, Nyrén & Pompeius 1981) we found a similar significant
correlation between total blood loss and weight of prostatic tissue
resected.

What has not been previously described is the significant correlation
between blood loss and clot volume formed intravesically. In theory any
significant urinary fibrinolytic activity should limit clot formation or lyse any
clots formed. The presence of significant clot formation intracystically and
indeed the occurrence of clot retention postoperatively must cast doubt on

the role of urinary fibrinolysis in bleeding after TURP.
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The significant reduction in APTT at 72 hours and 10-14 days
postoperatively - although within the lower limit of the normal range -
indicates a tendency towards systemic hypercoagulability postoperatively
(Miletich 1995). A postoperative reduction in APTT was similarly found by
Hedlund & Blombéck (1979) following transvesical prostatectomy. Our
findings of no significant alteration in prothrombin time over the
perioperative period concurr with those of Rader (1978), Betkurer et al
(1979) and de Campos Freire et al (1986). In contrast to Ahsen, Cartner &
English (1993) who found a significant correlation between a raised
prothrombin time one hour postoperatively and excessive postoperative
blood loss, we found no significant change in mean prothrombin time 3
hours postoperatively compared to mean preoperative values, both of
which were within the normal range.

Although homeostatic mechanisms may alter serum sodium concentration
making accurate assessment of irrigant fluid volume absorption difficult
(Hahn 1988), these mechanisms will attempt to limit the fall in sodium and
in so doing underestimate the degree of absorption. The significant fall in
mean sodium concentration 24 hours postoperatively together with the
significant fall in haematocrit postoperatively are indicative of
haemodilution.

Taken in conjunction with the significant increase in mean serum acid
phosphatase and mean serum PSA levels peroperatively when compared
to mean preoperative levels, there is firm evidence for the haemodilution
at least in part being due to absorption of irrigant fluid through open veins
in the prostatic fossa into the circulation, over the perioperative period

(O'Donnell 1984; O’'Donnell et al 1985; Vesey et al 1988).
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It is unlikely that the maintainance intravenous fluid replacement with
normal saline contributed significantly to the haemodilution (Grathwohl et
al 1996). However the lack of any correlation between fall in plasma
sodium levels and the degree of blood loss suggests that the absorption of
irrigant fluid does not per se cause bleeding.

The fall in platelet count seen in the early postoperative period may simply
be due to a haemodilutional effect. However in the presence of
accelerated coagulability this reduction may indicate an increase in
platelet consumption (O’Donnell 1990). Conversely the accelerated
coagulability may be secondary to an increase in platelet aggregability
during the postoperative period (Negus, Pinto & Slack 1971).

An acute fall in plasma fibrinogen levels is a marker for coagulation
activation and consumption of clotting factors. However fibrinogen levels
are reduced in less than half of all patients with disseminated intravascular
coagulopathy (Spero, Lewis & Hasiba 1980). Fibrinogen is also an acute
phase protein and plasma levels will therefore rise over the perioperative
period. The gradual rise in plasma fibrinogen levels over the perioperative
period seen in this study suggests that it is acting as an acute phase
protein, and may be statistically masking any biological significance of a
fall in mean fibrinogen levels seen immediately postoperatively. Such a fall
in conjunction with a similar fall in platelet count at 3 hours postoperatively
and evidence of a developing hypercoagulable state would be suggestive

of a consumptive coagulation process.
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CHAPTER 3

Thrombelastographic Assessment of Coagulation

during Transurethral Prostatectomy
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3.1 Introduction

The thrombelastograph Coagulation Analyser was developed by Hartert
(1948) in Heidelberg. It was initially developed as a mechanically operated
optical system to provide a continous photokymographic observation of
blood or plasma during all phases of coagulation. The resultant recording
is termed a thrombelastogram (TEG). Although initially designed as a
research tool, it has now become accepted in clinical practice as a reliable
method for the rapid empirical assessment of overall haemostatic function
(de Nicola 1957) with a valuable role to play in major surgery (Mallett &
Cox 1992).

Howland et al (1974) described the use of thrombelastography in
detecting and treating hypercoagulability during extensive hepatic
resection. Kang et al (1985) opined the use of thrombelastography in
monitoring intra-operative changes in blood coagulation during orthotopic
liver transplantation. Mallett et al (1991) successfully used
thrombelastography to assess and treat hyperfibrinolysis during the
anhepatic stage of orthotopic liver transplantation. Kang et al (1989) found
similar benefits in monitoring coagulation by thrombelastography during
cardiac surgery. Spiess et al (1987) and Essell et al (1993) found
thrombelastography to be significantly better predictor of postoperative
haemorrhage following cardiopulmonary bypass surgery than conventional
screening tests.

Davis & Chandler (1995) compared thrombelastography with routine
coagulation screening tests in renal transplant patients, and found it to be
a better predictor of haemorrhagic complications following transplant

biopsy.
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Thrombelastographic evidence of postoperative hypercoagulability was
demonstrated by Caprini et al (1995) following laparoscopic
cholecystectomy and by Butler (1978) and Gibbs, Crawford &
Michalopoulos (1994) following elective abdominal aortic surgery.
Hasegawa (1983) and Rodzynek et al (1983) described the use of the

TEG in monitoring procoagulant states and consumptive coagulopathies.

3.2 Basic Principles of Thrombelastography

According to Hartert (1948), the TEG measures the modulus of elasticity
(m«) of the coagulum which is independent of viscosity over a wide range
(Hartert & Schaeder 1962). Hartert described how the absolute elastic
shear modulus of the clot can be estimated from the TEG tracing by the
equation

G = (5000A)/(100-A)
Where G represents the elastic shear modulus (dynes per square
centimeter) and A is the width of the tracing in millimeters.

However Scott-Blair & Burnett (1968) described the dynamic physical
properties of clotting blood in more detail, and suggested that the fibrin
clot was analogous to the concept of a Maxwell body, in that it has viscous
as well as elastic properties. They concluded therefore that the TEG
actually measures the complex modulus of elasticity - or viscoelastic
properties - of whole blood or plasma as it clots, retracts and/or lyses.

A disposable plastic cylindrical cup is held firmly in a cuvette within a
chamber maintained at 37° C (figure 3.1). The cuvette is oscillated through

an angle of 4° 45’ around a vertical axis, each rotation lasting 10 seconds
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which includes a one second rest period at the end of each excursion to
prevent viscosity errors. A disposable plastic pin is suspended from a
torsion wire and immersed in the sample. The torque of the rotating cup is
transmitted to the pin by the fibrin strands linking the pin to the cup (figure
3.2). While the sample remains fluid the pin will remain motionless. As the
tensile strength of the clot increases, there is a proportional increase in
transmitted torque. The increasing rotational movements of the pin are
converted to an electrical signal by a transducer, which powers the heated
stylus motor. The stylus movements are recorded on heat-sensitive paper
moving at 2 millimeters per minute, to produce the TEG.

The disadvantage of having to develop the light-sensetive film in the
original mechanical-optical system before the TEG could be analysed, led
to the development of the direct-writing Computerized
Thrombelastograph® Coagulation Analyzer (CTEG ©1990 Haemoscope
Corporation, Skokie, lllinois), which provides a continous simultaneous

visual and computerised analysis of the TEG (figure 3.1).
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Figure 3.1  Photographs ofthe Computerised Thrombelastograph®
Coagulation Ananyzer (TEG™) Model 30000C (Haemoscope Corporation,
Skokie, lllinois) in operation, and the disposable cups and pin.
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The Thrombelastographic Technique & Assay System

Torsion wire

0.36 mL
whole blood

Fibrin
strand

Figure 3.2

79



3.3 Analysis of the Thrombelastograph

The TEG provides a dynamic qualitative (figure 3.3) and quantitative
(figure 3.4) assessment of the whole process of coagulation. The
parameters of the TEG (r, rk, ma, Lygo) provide information on various

aspects of the coagulation process.

r-value

Hartert (1948) referred to the r-value as the reaction time. This is the initial
straight line portion of the TEG and represents the time from the initial
venepuncture to the first sign of clot formation (the point where the
diameter of the curve reaches 2 millimeters). This is the end point of most
coagulation tests. The r-lag time is the time between venepuncture and
the starting of the TEG tracing and must be added to the r-value. It was
originally described by Marchal, Leroux & Samama (1961) as representing
the rate of thrombin generation, and increase linearly with increasing
thrombin concentration (Caprini et al 1974). Thus it is affected by the
biological determinates that affect the function of the first-stage factors of
the classical intrinsic pathway (factors XIl, XI, IX and VIIl). The r time is
analagous to the whole blood clotting time.

Prolongation of the reaction time may occur in inherited defects of
thromboplastin generation such as the haemophilioid syndromes -
haemophilia A (factor VIII), haemophilia B (factor XI) and Christmas
disease (factor IX) (Marchal, Leroux & Samama 1961) - or in acquired
defects such as heparin or oral coumarin anticoagulation (Raby 1976).
The prolongation of the r-value is proportional to increasing heparin levels

(Marchal, Leroux & Samama 1961), and thrombelastography appears to
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be a sensitive and reproducible method of monitoring heparin therapy
(Sagar & Beckett 1975).

A shortened reaction time is seen in situations of accelerated coagulability
(Caprini et al 1976). Examples include the postoperative hypercoagulable
state (Sagar & Beckett 1975; Butler 1978) and uraemia (Marchal, Leroux

& Samama 1961).

k-value

The k-value is referred to as the clot formation time. It is defined as the
time from initiation of the clot (end of the r-time, the point where the
diverging lines are 1mm apart) until the TEG reaches a fixed level of clot
firmness or viscoelasticity (a shear modulus of 25 represented by a
distance between diverging curved lines of 20 millimeters). Hartert (1952)
originally interpreted the k-time as representing the rapidity of fibrin
formation and cross-linking and therefore clot formation. Marchal, Leroux
& Samama (1961) referred to the k-time as the thrombin constant which
describes both thrombin activity and fibrin formation. It is dependent on
the intrinsic clotting factors, fibrinogen levels and platelet function and
numbers (Butler 1978; Mallett & Cox 1992).

The arithmetical sum of the r-time and k-time (r + k value) is a frequently
used parameter and reflects the coagulation time from its beginning to a

predifined clot strength.
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Alpha andle (a°)

This is the angle formed by the slope of the TEG from the r value (the
point at which the diameter of the diverging lines reaches 2mm) to the k
value, and represents the rate of clot formation. It reflects primarily
fibrinogen function (Tuman et al 1987). Reduced values can be seen in
thrombocytopenia and hypofibrinogenaemia (Mallett & Cox 1992). An
increased alpha angle is seen in a hypercoagulable state

(Tuman et al 1987).

Maximum amplitude (ma)

The ma represents the maximal viscoelasticity (shear modulus) or
strength of the formed clot, and is measured as the greatest amplitude
achieved by the TEG tracing. It is dependent on the haemostatic factors
responsible for the stabilisation of the fibrin mesh within the clot, and is
therefore highly sensitive to qualitative and quantitative changes in
platelets (De Gaetano & Vermylen 1973; Tuman et al 1991; Martin et al
1991) fibrinogen and Thrombin concentrations, fibrin, factors VIIl and XIl|
and haematocrit (Hartert & Schaeder 1962; Caprini et al 1974; Butler
1978; Tuman et al 1987; De Gaetano & Vermylen 1973; Howland et al
1974; Mallett & Cox 1992). Factors influencing platelet adhesiveness such
as heparin or dextran therapy or producing a thrombocytopenia
significantly reduce the ma.

An increase in ma is usually found in hypercoagulable states (De Nicola
1957; Poller et al 1971; Tuman et al 1987).

The thrombelastographic tracing in excessive systemic fibrinolysis is

characterised by a regular smooth decrease in ma (Marchal, Leroux &
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Samama 1961; Egeblad 1967). In contrast to this is the stepwise, irregular
decline associated with hyperretractility found in hypercoagulable state
which is caused by detachment of the clot from the cuvette (Marchal,

Leroux & Samama 1961).

The Hypocoaqulable State

Various thrombelastographic patterns can be observed in the
hypocoagulable state, depending on the clotting defect present. In classic
haemophilia (factor VIl deficiency) is characterised by a prolonged r-time
and k-time with a normal ma (Marchal, Leroux & Samama 1961). Factor V
deficiency produces a prolongation of the r time (De Nicola 1957).

Both quantitative and qualitative platelet disorders will produce a TEG
showing a normal r-time, a prolonged k-time and a reduced ma value
(Signori, Penner & Kahn 1969).

The effects of low-dose aspirin therapy on platelet function are not
detected by thrombelastography (De Gaetano & Vermylen 1973;
Orlikowski et al 1992). Mallett & Cox (1992) explain this by the fact that
platelet aggregation by thrombin is relatively unaffected by aspirin.
Warfarin therapy within the theraputic range produces a haemophilia-like
TEG tracing, with a moderate prolongation in r and k values, and a slight
decrease in ma (De Nicola 1957).

Low-dose heparin prophylaxis partly corrects the shortening of the r + k
values found after operation (Sagar & Beckett 1975). Full heparin
anticoagulation required in procedures such as cardiopulmonary bypass
surgery will produce a straight line TEG tracing. Spiess (1990) described

the use of celite-activated whole blood thrombelastography to overcome
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this problem allowing TEG to be used successfully to monitor

coagulopathies in cardiopulmonary bypass surgery.

The Hypercoaqulable State

Fisch, Freedman & Pellegrin (1973) defined thrombelastographic
hypercoagulability as an accelerated rate of clotting and increased
firmness of the formed clot. They emphasised however that an
hypercoagulable TEG implies an increased propensity for clotting and not
thrombogenesis.

The features of a TEG tracing depicting an hypercoagulable state are a
reduction in the r-time, a reduction in the k-time, an increase in ma and
increased retractility (de Nicola 1957; von Kualla & Weiner 1955; Fisch et
al 1973; Raby 1969; Tuman et al 1987; Ng & Lo 1996).

Raby (1966) described the use of the index of thrombodynamic potential
(ITP) as a marker of hypercoagulability, with increased values

representing an increased procoagulant state:

ITP = Emx/k

=100 x ma / 100-ma

k

A coagulation index (Cl) obtained from native and celite-activated whole
blood has subsequently been described (Caprini et al 1976;

Cohen et al 1977):

Cl (native) = - (0.1227)r + (0.0092)k + (0.1655)MA - (0.0241)a - 5.0220

Cl (celite) = -(0.3258)R - (0.1886)k. + (0.1224)Ma, + (0.0759)0L - 7.7922
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The normal range is -2 to +2. Values greater than +2 representing

hypercoagulability.

Thrombelastographic hypercoagulability has been described in pregnancy
and the use of oral contraceptives (Hathaway, Mahasandana & Makowski
1975; Poller et al 1971), cigarette smoking (Howland et al 1974), thermal
injury (Zuckerman, Caprini, Lipp & Vagher 1978) and the postoperative
state (Sagar & Beckett 1975; Butler1978; Gibbs, Crawford &
Michalopoulos 1994; Caprini et al 1995). Hickman (1971) found the
increase in thrombeiastographic hypercoagulability coincided with a

decline in plasma fibrinolytic activity.

The Fibrinolytic State

Fibrinolysis has a characteristic pattern depicted by a continuous regular
decrease in maximal amplitude (Egblad 1967). This must be differentiated
from the irregular step-like decrease found in the hyperretractility of the
hypercoagulable state (Marchal, Leroux & Samama 1961). TEG
fibrinolysis is defined as a >15-20 percent decrement in clot strength
measured 60 minutes (Ago) after maximum clot strength ma (Kang et al
1987; Tuman et al 1987; Mallet & Cox 1992). Thus the Whole Blood Clot
Lysis Index (WBCLI) may be calculated by the equation:

WBCLI = Ag /MAX100 (%)
Values of WBCLI < 85% indicating the presence of fibrinolysis.
A more precise method of measuring fibrinolysis is to measure the
divergence at four 10mm intervals (A - A;) after the MA. These intervals

can be used to compute the area under the curve and compare it to a
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theoretical area that did not converge to give the Fibrinolytic Index:

= (1-[MA +2A; +2A; + 2A3 + A4 1) x 100

8MA

This area under the curve is calculated automatically at 30 and 60 minutes
after the MA using the Thrombelastograph® Coagulation Analyzer Model
3000C (Haemoscope Corporation, Skokie IL USA) to give the Lysp and
Lyso respectively. Fibrinolysis is indicated when Lyzo > 7.5% or

Ly60 > 15%.
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The Quantitative Analysis of the Thrombelastograph.

1. r is the reaction time (normal range= 10.5-15 min) which represents the rate of initial
thromboplastin generation and is measured from the time of sampling until the trace amplitude
reaches 2 mm. It is related functionally to the clotting factor and circulating inhibitor activity.
Values of < 10.5 min (21 mm) indicate hypercoagulability.

2. a is the angle (normal range=30-41°) which indicates the rate of clot formation and is a
function of clotting factor activity. Values increase during hypercoagulation and decrease on
hypocoagulation.

3. MA is the maximum amplitude (normal range= 45-54 mm) which reflects the maximal
elasticity of the fibrin clot and is adirect function of the qualitative and quantitative properties
of fibrin, factor XIII and other plasma factors, and the platelet count and function. MA is usu-
ally increased in hypercoagulable states and decreased with thrombocytopenia, qualitative platelet
defects, decreased fibrinogen levels and the presence of fibrin degradation products.

4. A®is the amplitude of the tracing 60 min after the maximum amplitude has been reached
(normal range= MA - 5 mm) and is a measure of clot retraction or lysis.

5. Ly®) is the percentage clot lysis (normal range < 15%) which reflects the loss of clot
integrity as a result of fibrinolysis measured 60 min after the MA. It is derived as (MA - ABY
MA) x 100 (%) and gives a quantitative assessment of the degree of clinically sign)ficant sys-
temic fibrinolysis. A thrombelastographic tracing in fibrinolysis is characterized by a sustained
regular decrease in MA; avalue of < 15% denotes clot retraction only and is seen as a step-wise
irregular decline in MA.

(Trace speed=2mm/min)

Figure 3.3
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The Qualitative Interpretation of the Thrombelastograph
in Different Coagulative States

Normal TEG

Fibrinolysis

Hypercoagulation

Figure 3.4
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3.4 Thrombelastograph Techniques

A variety of different thrombelastographic techniques have been
developed to assess coagulation. Thrombelastography can be performed
on native venous whole blood, platelet-rich and platelet poor plasma
samples and recalcified citrated whole blood and plasma. The advent of
disposable plastic cups and pins has increased the safety and

acceptability of thrombelastography.

Native Whole Blood (NWB)

A venous whole blood sample is placed directly into a disposable plastic
cup and analysed within 4 - 6 minutes of sampling. The time between
sampling and starting the TEG represents the r lag time, and is measured
with a stop watch. The advantages of this method are that it avoids
anticoagulation, centrifugation and its reversal, thus allowing for greater
reproducibility. Obviously this method has geographical limitations, and
can only be utilised if the TEG analyser is nearby.

The normal range (mean + standard deviation derived from n = 97 normal
patients from two institutions; Evanston Hospital, Evanston, Illinois and the
Mayo Clinic in Rochester, Minnesota) for the CTEG Thrombelastograph®
Coagulation Analyzer Model 3000C (Haemoscope Corporation, Skokie,
lllinois) using disposable plastic cups and pins and NWB are shown in

table 3.1.
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Mean+SD 236+48 106+28 540+56 36.0+7.4

Table 3.1 mean + standard deviation (SD) TEG parameters in n = 97
healthy subjects (Copyright 1990, Haemoscope Corporation; reproduced

by permission).

Citrated Whole Blood (CWB)

The venous whole blood sample is immediately placed in a polypropylene
tube containing 0.3ml of 0.109 M sodium citrate (pH7.4). It can be stored
at 4°C for up to 4 hours whilst being transferred to the TEG analyzer.
Before analysis it must be rewarmed to room temperature and recalcified
with 100ul of 0.645% calcium chloride. The increased number of steps in
this technique allow for a greater degree of error, thus reducing its

reproducibility.

Modified Techniques

Differential centrifugation of CWB can be used to isolate platelet poor
plasma, which can be compared with the CWB tracing to assess the effect
of platelets on coagulation.

Celite acts as a contact surface (analogous to glass activation) which
activates factor Xll and platelets. Celite-activated blood (0.030ml of 1%
celite suspension) can be used to shorten the coagulation time (reduce
the r time) thus speeding up the test. Using celite the r time becomes

analogous to the Activated Clotting Time.
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Protamine (30ul of 0.48mg/ml solution) can be used to reverse the effects
of heparin on clotting. The addition of Epsilon aminocaproic acid (30ul of
12mg/ml Amicar solution) can be used to confirm the presence of
reversible hyperfibrinolysis by restoring the TEG tracing to normal in a

subsequent sample.

3.5 A Comparison of TEG with Conventional Coaqulation Tests

Thrombelastography provides a complete assessment of the interaction
between the cellular and humoral components of the coagulation and
fibrinolytic systems during the whole process of clot initiation, stabilisation
and clot retraction or lysis. It is a dynamic evaluation of the whole clotting
process, in direct contrast with conventional laboratory coagulation tests,
which examine an isolated part of the coagulation cascade in centrifuged
plasma samples thereby missing the importance of cell surfaces in
localisation, amplification and modulation of the clotting cascade, and
whose end point is the formation of the first fibrin strands (Mann 1984).
Zuckerman et al (1981) and Howland, Schweizer & Gould (1974)
described a strong correlation between thrombelastography and the
routine coagulation tests haematocrit, platelet count, fibrinogen and fibrin
split products levels, prothrombin time and activated partial thromboplastin
time. However Mallett & Cox (1992) emphasise that there is no direct
correlation between TEG and conventional tests as the TEG variables are
inter-dependent, measuring the interaction of platelets and clotting factors
in whole blood and not isolated end points. Zuckerman et al (1981)

stressed that TEG provided additional information to these routine tests.
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Several authors (Spies et al 1987; Essell et al 1993; Davis & Chandler
1995) have described the advantages of TEG over routine tests in
predicting postoperative haemorrhagic complications. However there
conclusions have not been universally accepted (Dorman et al 1993;
Wang et al 1992) and extreme caution employed in the use of TEG for
this purpose. The literature on the use of routine coagulation tests as a
screening procedure to predict perioperative blood loss is also conflicting.
Murphy, Davies & Eduardo (1993) showed an impairment in haemostasis
with a fall in platelet count below 100 x 10° litre™. Ahsen, Cartner &
English (1993) found a significant correlation between an abnormal
prothrombin time immediately postoperatively, and postoperative blood
loss following TURP, but no correlation preoperatively. Rader (1978)
found routine preoperative screening tests to be unhelpful in predicting
perioperative blood loss in TURP. Routine coagulation screening tests in
cardiopulmonary bypass surgery have not been shown to be of benefit in
predicting perioperative haemorrhagic complications (Spiess et al 1987,
and Wang et al 1992).

Tuman et al (1991) demonstrated a significant correlation between TEG
variables a angle, ma and Ag and both the platelet count and platelet
function as assessed by two different methods of platelet aggregometry.
Whitten et al (1991) and Summaria et al (1986) demonstrated that TEG
was more sensitive a test for the detection of post cardiopulmonary
bypass fibrinolysis than both D-dimer levels and euglobin clot lysis time.
Tuman et al (1987) found a significant correlation between euglobin clot
lysis time (ELT) and thrombelastographic assessment of fibrinolysis, as

well as a correlation between the r value and the APTT.
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3.6 Study Thrombelastographic Methodology

The primary end-point of the TEG study was taken as
thrombelastographic evidence of fibrinolysis. This was defined as a
Fibrinolytic Index (Lyeo) of greater than 15 percent or WBCLI < 15 %
(Kang et al 1987; Mallett & Cox 1992). Values of Lyg < 15% indicating clot
retraction only and not fibrinolysis. In order to detect a difference in mean
Lyso of one percent, assuming a standard deviation of up to one, a sample
size of 36 was calculated for a type | error (o) of 0.01 and giving a power
for the study of 0.95.

Thus all 41 patients entered into the study had serial thrombelastography
performed (40 patients undergoing TURP with a histological diagnosis of
benign prostatic hyperplasia BPH in n = 32 and prostatic adenocarcinoma
Ca. in n = 8) and included for analysis. Thrombelastography was
performed on serial native venous whole blood (NWB) samples. Serial
sampling was performed preoperatively, intraoperatively (20 minutes after
the start of resection), 3, 6, 24, 48, 72 hours and 10 - 14 days
postoperatively.

Cuffed antecubital venous blood samples were obtained using a two-
syringe technique and a fresh venepuncture with a 19 guage needle for
each sample. The tourniquet was applied immediately prior to
venesection. Samples were collected in sterile 20 ml plastic syringes, the
initial sample being utilised for additional investigations.

A separate TEG plastic disposable cup and pin was used for each
sample, the cup being filled with whole blood to the graduation

mark (0.36ml).
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The r lag time (the time from venepuncture to the start of the
thrombelastograph) was standardised to 6 minutes in order to reduce
inter-assay variability. After lowering the pin into the cup, a film of paraffin
oil was placed on the surface of each blood sample to prevent it from
drying. The thrombelastograph was marked at 6 minutes. All
thrombelastographs were run for at least 90 minutes.

Measurement of the TEG indices r, rk, a angle, ma and Lyego for each
sample was performed automatically using the Haemoscope
Computerized Thrombelastograph Coagulation Analyzer (CTEG)
Anaiytical Software. This allows simultaneous analysis, visual display and
data storage of up to'8 TEG channels, comparing results with published
normal ranges.

Inter-assay coefficient of variability was measured by running a single
sample in 4 simultaneous TEG channels (table 3.2). This was repeated

with 5 different venous whole blood samples, using the calculation :

coefficient of variation = Standard Deviation x 100%

mean
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Coefficient of Variation (%)

r rk a ma Lyeo

1 44 42 18 19 53
2 32 37 23 17 51
Sample 3 40 37 25 3.1 35
4 31 39 21 29 5.9

5 32 43 3.0 20 47

Table 3.2: The coefficients of variation for the TEG variables from 5

samples analysed simultaneously in 4 TEG channels.

Statistical analysis was performed using Analysis of Variance (ANOVA)
and the Dunn’s mulitple comparison post test where appropriate, on all 40
patients (BPH = 32, Ca. = 8). Using Bartlett's test for homogeneity of
variance, no significant difference in standard deviations was evident

(p > 0.38).

3.7 Thrombelastograph Results

No evidence of fibrinolysis (TEG Fibrinolytic Index Lygo > 15%) could be
demonstrated in any patient at any stage over the whole perioperative
period (Figure 3.5). The Lyso for all samples were within the normal range,
thus representing clot retraction only.

A slight increase in mean TEG parameters rk and ma above the normal
range was found preoperatively.

All patients showed thrombelastographic evidence of hypercoagulablility

(increased r, rk, o and ma), evidence of clot retraction (as shown by a
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Lyso < 15%) and platelet activation over the perioperative period. There
was a significant change in mean thrombelastographic parameters
towards hypercoagulation intraoperatively and continuing until 10 to 14
days postoperatively, compared to mean preoperative values (table 3.3;
figure 3.6 a - d). This was most marked at 3 to 6 hours, but continues up
until 10 to 14 days postoperatively. There was a significant increase in
mean a and ma values from intraoperatively until 10 to 14 days compared
to preoperative mean values, the increase being maximal at 10 to 14 days
(ANOVA, p =0.0112 and p < 0.0001 respectively; figures 3.6c and d).
Maximal increases in mean r and rk compared to preoperative values
were seen at 3 hours postoperatively, with both parameters reaching
statistical significance at 3 and 6 hours postoperatively (ANOVA

p = 0.0011 and p = 0.0083 respectively; table 3.3). A trend towards a
return to normal values can be seen for r and rk from 6 hours
postoperatively with mean r values reaching the normal range at 72 hours.
No such trend can be seen for either a. or ma.

There was a significant increase in mean TEG Coagulation Index

(Cl = -0.1227r + 0.0092k + 0.1655MA - 0.0241a - 5.0220) from
intraoperatively until 10-14 days postoperatively compared to mean
preoperative levels (ANOVA, p < 0.0001; Dunnett multiple comparison test
p < 0.01 for all sampling times; figure 3.7a). This was maximal at 3 hours
postoperatively.

There was a significant increase in the degree of mean clot retraction at
72 hours compared to mean preoperative values (Lyso, ANOVA

p = 0.0002). No correlation between the degree of haemodilution - as

measured by fall in haematocrit - and TEG parameters r, a and ma could
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be demonstrated (Spearman’s rank correlation rs = -0.027, 0.062 and
0.159; p = 0.877, 0.721 and 0.353 respectively).

Thrombelastographic evidence of hypercoagulability has been described
in patients with cancer (Zuckerman et al 1981). Raina et al (1985)
demonstrated the added procoagulant effect of surgery on tumour-
induced accelerated coagulation in a rat carcinoma model. To see
whether the TEG hypercoagulability seen perioperatively was due to the
inclusion of those patients with carcinoma of the prostate, the TEG
Coagulation Index of the 30 patients in the study with benign histology
were analysed separately. No difference in data variance (figure 3.7b) or
statistical analysis was found between the group with benign histology
(ANOVA p < 0.0001; Dunn’s multiple comparison test with preoperative
mean, p < 0.01 for all sampling times) and the group as a whole.

The patient who underwent cystoscopy alone showed no TEG evidence of

hypercoagulability (mean Cl -0.18 range -0.68 to 0.26).
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TEG Parameter Sample Mean + S.E.M p Value
Reaction time (r) preop 23.3+15 NA
{(mm) intraop 178+ 1.4 <0.05
3 hours 138+15 <0.01
6 hours 18.5+1.7 NS
24 hours 194 +1.7 NS
48 hours 19.0+1.3 NS
72 hours 21.2+1.8 NS
10-14 days 225+ 1.7 NS
rk (mm) preop 40.4 + 2.0 NA
intraop 324+19 <0.05
3 hours 275+22 <0.01
6 hours 31.6+23 <0.05
24 hours 34.0+25 NS
48 hours 329+1.7 NS
72 hours 33.8+24 NS
10-14 days 33.9+21 NS
Alpha angle (c°) preop 38.4+1.8 NA
intraop 49.8 + 2.7 < 0.01
3 hours 50.5 + 2.3 <0.01
6 hours 48.8 + 2.9 < 0.01
24 hours 48.0 + 2.7 <0.01
48 hours 493 +24 < 0.01
72 hours 48.4+2.4 <0.01
10-14 days 516 +2.6 <0.01
Maximum preop 56.2 +1.1 NA
Amplitude (ma) intraop 63.0+15 < 0.01
(mm) 3 hours 63.3+1.6 < 0.01
6 hours 628 +1.4 < 0.01
24 hours 62.4 +2.0 <0.01
48 hours 64.4+15 <0.01
72 hours 62.9 + 1.6 < 0.01
10-14 days 67.7+1.6 <0.01
Percentage Clot preop 29+ 0.2 NA
Lysis (Lyso) intraop 28+04 NS
(%) 3 hours 3.4+03 NS
6 hours 22+03 NS
24 hours 3.5+03 NS
48 hours 3.9+0.2 NS
72 hours 41+0.2 <0.05
10-14 days 284105 NS
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TEG Parameter Sample Mean + S.E.M p value

Coagulation preop -0.37 + 0.2 NA
Index intraop 115+ 0.2 <0.01
3 hours 1.83+0.3 <0.01
6 hours 1.47 £ 0.3 <0.01
24 hours 1.31+03 < 0.01
48 hours 1.35+0.3 < 0.01
72 hours 145+ 03 <0.01
10-14 days 1.61+03 <0.01
Coagulation preop -0.41+0.3 <0.01
Index (BPH) intraop 120+ 03 < 0.01
3 hours 1.80+ 0.3 < 0.01
6 hours 142+ 04 <0.01
24 hours 141+ 03 <0.01
48 hours 1.46 + 0.3 <0.01
72 hours 144+ 04 <0.01
10-14 days 1.59 + 0.3 <0.01

Table 3.3: Results for the thrombelastographic parameters r, rk, «, ma, Lyse and Cl (including BPH
subgroup). The p values are derived from the Dunn’s multiple comparison post test, using the
preoperative values as control.

NA = not applicable. NS = not statistically significant (p > 0.05). S.E.M = standard error of the
mean.
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TEG Coagulation Index
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3.8 Discussion

The finding of an increased mean preoperative ma above the
normal range indicates a degree of platelet activation
preoperatively. This finding is in keeping with an anxiety stress
response to the impending surgery, leading to activation of the
clotting cascade (Cannon & Gray 1914; Ingram & Jones 1966;
Swedenborg & Olsson 1978). However the mean TEG Coagulation
Index preoperatively was at the lower limit of the normal range
indicating that the group as a whole were not hypercoagulable
preoperatively.

The significant increase in TEG Coagulation Index throughout the
perioperative period and the change in mean thrombelastographic
parameters r, rk, o and ma towards hypercoagulabilty
intraoperatively and at 3 hours postoperatively compared to mean
preoperative values is strong evidence for the development of a
procoagulant state during TURP (Caprini et al 1991; Blair et al
1986). The persistent elevation in the mean TEG parameter ma
above the normal range from preoperatively until 10 to 14 days
postoperatively indicates a marked degree of platelet activation
throughout the perioperative period. The platelet activation
increases peroperatively becoming maximal up to two weeks
postoperatively, which is consistent with previous findings (Wright
1942; Bennett 1967). The point at which platelet function returns to

normal following TURP is not known.
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The significant decrease in both TEG parameters r and rk
intraoperatively and at 3 hours postoperatively and the persistent
significant increase in a perioperatively indicates an overall increase
in the rate of clot formation and is further evidence of accelerated
coagulability in the early perioperative period. This concurs with the
findings of Britton et al (1974) who described a reduction in
thrombelastographic clotting time perioperatively in patients
undergoing gastrointestinal surgery, Koh et al (1995) who described
a reduction in the reaction time r in the first postoperative day in
patients undergoing gynaecological surgery and Caprini et al (1991)
who described a significant increase in TEG Coagulation Index and
decrease in APPT on the first postoperative day in both open and
laparoscopic cholecystectomy.

The increase in mean clot retraction which becomes statistically
significant (p<0.05) at 72 hours postoperatively when compared to
mean preoperative levels gives further support to the
thrombelastographic evidence of systemic hypercoagulability over
the perioperative period in patients undergoing TURP.

The lack of any correlation between the TEG parameters and
haematocrit does not support the proposed theory that
haemodilution is the cause of the hypercoagulability postoperatively
in patients undergoing TURP.

The similarity in TEG Coagulation Index data between the whole

study group and the subgroup with benign histology, suggests that
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the procoagulant state is likely to be due to the TURP process itself,
and not the presence of carcinoma.

The possibility of the findings of hypercoagulability being due to
sampling error was minimised by the use of the two-syringe
technique (Gormsen 1961). All blood samples were taken by one
person. Traumatic venesection samples were discarded. Patients
on whom venesection was cosidered difficult were not included in
the study. The mean preoperative TEG Coagulation Index was at
the lower limit of the normal range. By using this preoperative ClI
value for each patient as a control, any change seen over the
perioperative period cannot be due sampling error. No evidence of
hypercoagulability was demonstrated in the patient undergoing
cystoscopy alone.

The complete absence of any thrombelastographic evidence of
systemic fibrinolytic activity in any patient over the whole
perioperative period studied was an unexpected but significant
finding. Thrombelastography appears to be a more sensitive
measure of systemic fibrinolytic activity than routine tests of
fibrinolysis including D dimer (Whitten et al 1991) and euglobin clot
lysis times (Summaria et al 1986). Thus the absence of any
demonstratable TEG evidence of a fibrinolytic state must cast
considerable doubt upon the hypothesis that systemic fibrinolysis
has an aetiological role in bleeding following TURP, and gives
further support to the findings of a procoagulant perioperative state

in patients undergoing TURP.
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CHAPTER 4

Urinary Fibrinolytic Activity in Patients

undergoing TURP
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4.1 Introduction

The ability of urine to lyse clots was first described by Sahli (1885).
Macfarlane & Pilling (1947) demonstrated fibrinolytic activity in
urine. This was later ascribed to its content of a potent plasminogen
activator known as urokinase (UPA) (Williams 1951; Astrup &
Sterndorff 1952). Kester (1969) described the presence of a
plasminogen activator in freshly excised human prostate tissue.
Approximately 45 per cent of plasminogen activator activity in
prostate tissue was found to be due to uPA in both benign and
malignant prostatic tissue, but overall plasminogen activator activity
was higher in malignant tissue (Camiolo et al 1981). Subsequently
Kirchheimer & Binder (1983) localised both uPA and tissue
plasminogen activator (tPA) within prostatic tissue. However
concentrations of uPA are similar in urine obtained from the renal
pelvis and the bladder (Bjerrhuus 1952), suggesting that under
normal conditions prostatic secretion does not contribute to urinary
uPA activity significantly.

McNicol et al (1961a) described the lysis of haemostatic fibrin clots
by physiological levels of urinary uPA causing postoperative
impairment of haemostasis within the urinary tract.

Using intravenous epsilon aminocaproic acid (EACA, a potent
inhibitor of fibrinolytic activity) peroperatively in a controlled trial of
28 patients undergoing TURP, McNicol et al (1961b) showed a
marked reduction in urinary urokinase activity postoperatively

together with a reduction in postoperative blood loss, but this was
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not statistically significant. Although theoretically there is the
potential for a massive release of the plasminogen activators tPA
and uPA from the prostate during transurethral resection, McNicol et
al (1961b) found no increase in urinary fibrinolytic activity in their
control group of patients.

Against a background of systemic hypercoagulability, excessive
urinary fibrinolytic activity causing clot lysis at the prostate bed and
consequent secondary haemorrhage seems unlikely. However
Hong, Pyo & Lee (1990) found an inverse correlation between urine

fibrinolytic activity and serum fibrinolytic activity.

4.2 Methods

To investigate further the theory of increased urinary fibrinolytic
activity following TURP, the urinary fibrinolytic activity was
measured in 20 of the patients with clinically benign prostatic
enlargement undergoing TURP in the study.

Urine sampling for fibrinolytic activity was performed preoperatively,
at 48 hours postoperatively (after discontinuation of the intracystic
irrigation) and at 10 to 14 days postoperatively. A midstream urine
specimen was taken preperatively and at 10 to 14 postoperatively.
A catheter urine sample was taken from the catheter valve at 48
hours. Peroperative and postoperative urinary sampling prior to this
was not performed because variable dilution of the urine with

irrigation fluid would have prevented useful comparison of resulits.
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The collected samples were placed in iced water until storage at
- 40 ° C in 1 ml aliquots. All samples were subsequently assayed
together thereby removing any inter-assay variability.

Urine cultures were performed preoperatively, on removal of the

catheter and at 10 to 14 days postoperatively.

4.22 Urinary urokinase activity

Urinary fibrinolytic activity was measured as urinary urokinase
activity using a standard fibrin plate assay (Astrup & Mullertz 1952).
Standard urokinase solution (International Standard for High
Molecular Weight Urokinase [HMW-UK 87/594, 4,300 International
Units per ampoule], National Institute for Biological Standards and
Control, Potters Bar, UK) was reconstituted in sterile water and six
serial dilutions created to give concentrations ranging from 0.0425
IU/ml to 8.51U/ml, giving a range of lytic zone diameter on the fibrin
plate from 3 to 28 mm. A 30 pl aliquot of each sample was pipetted
into the central 2mm well of a separate fibrin plate which were then
incubated at 37 °C for 24 hours. Duplicate samples of four of the
dilutions were incubated as controls. The maximum and minimum
lytic zone diameter on each fibrin plate was measured to the
nearest 0.5 mm at 24 hours, and the mean of the lytic zone
diameter plotted against logio urokinase activity giving a linear

relationship (* = 0.947)(figure 4.1).
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All samples were thawed simultaneously in a waterbath to 37°C
and 30 pl from each sample was pipetted into the 2mm diameter
central well of a separate fibrin plate. All plates were then incubated
at 37° C for 24 hours on a flat surface. The mean of the maximum
and minimum diameter of the fibrin plate lytic zone was then used to
calculate the urokinase activity for each sample from the standard
curve. Four age-matched control urine samples were assayed
simultaneously and in duplicate to assess intra-assay variability.
Five samples were simultaneously assayed on separate fibrin plates
preheated to 80° C for 60 minutes to inactivate the plasminogen
contained within the fibrin plate, and thus assess what degree of
fibrin plate lysis was due to proteolysis rather than fibrinolysis

(Marsh & Arocha-Pinango 1972).

4.3 Results

A urine sample from one patient had to be discarded leaving serial
samples in 19 patients available for analysis. The intra-assay
coefficient of variability was calculated as 2.3 per cent.

Three patients had a clinically significant urinary tract infection
(greater than 10° organisms per millilitre) preoperatively and at 10 to
14 days postoperatively. All the 48 hour catheter urine specimens
showed no significant growth. No patient required re-admission for

secondary haemorrhage postoperatively; however 7 patients (37%)
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described at least one episode of haematuria following discharge
from hospital.

No significant increase in mean urinary urokinase activity was seen
at 48 hours or 10 to 14 days postoperatively when compared with
mean preoperative activity (ANOVA, p = 0.854). No significant
difference between the mean normal urinary urokinase activity and
mean preoperative, 48 hour or 10 to 14 day values was found
(Mann-Whitey U test, p=0.84, 0.73 and 0.41 respectively) (see
table; figure 4.2). No significant increase in uﬁnaw urokinase activity
was seen in any of the infected urine samples.

The mean percentage of total fibrin plate lysis accountable to
proteolysis in the 5 samples assayed on preheated fibrin plates was

62 per cent (range 19 - 88%).

Urinary Urokinase Activity (U

Control Before 48 hours 10-14 days

Mean 4.77 5.14 4.44 4.87
S.E.M 0.06 0.54 0.45 0.38
p value NA 0.84 0.73 0.41

Table 4.1: Urinary urokinase activity measured in International Units
(IU) for BPH (n=19) and control (n=4) samples.
S.E.M = Standard Error of the Mean. Mann Whitney U test p values

indicated.
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uPA = urinary urokinase activity.
r = correlation coefficient.

Figure 4.1
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Figure 4.2
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4.4 Discussion

Secondary haemorrhage most commonly occurs at 10 to 14 days
postoperatively, but can occur any time from removal of the
catheter. By 10 to 14 days under normal wound healing conditions
the prostate bed will no longer be covered by a simple clot but an
eschar of granulation tissue consisting of ingrowing capillaries,
macrophages, fibroblasts and marginal re-epithelialisation (Silver
1980). The strength of the changing clot becomes less dependent
on fibrin for its structural integrity as more collagen is layed down.
For physiological levels of urinary fibrinolysis to play an important
role in the aetiology of secondary haemorrhage by causing clot lysis
at the prostate bed, bleeding would be expected to occur earlier
when clot integrity is more dependent on the initial fibrin mesh. In a
controlled study comparing EACA with normal saline as a
postoperative irrigant fluid in patients undergoing TURP, Sharifi et al
(1986) failed to show any significant reduction in early postoperative
haemorrhage by inhibiting urinary fibrinolytic activity. This suggests
that early blood loss following TURP is dependent upon surgical
technique and not on local fibrinolysis in the prostate bed.

The role of urinary fibrinolytic activity in secondary haemorrhage is
unclear. Miller et al (1980) studied the use of oral tranexamic acid (a
potent antifibrinolytic agent excreted in the urine) for 3 weeks
postoperatively in a controlled trial of 100 patients undergoing
tranurethral surgery in an attempt to reduce the incidence of

secondary haemorrhage by reducing urinary fibrinolytic activity.
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Although they found a significant reduction in the incidence of
patient-reported haematuria from the second postoperative week in
the tranexamic acid group, no significant difference in readmission
rate for haemorrhage or clot retention between the two groups was
found.

No increase in urinary fibrinolytic activity as measured by urinary
urokinase activity was seen over the perioperative period in this
study. Indeed there was a trend towards a reduced urinary
urokinase activity at 10 to 14 days postoperatively. All patients who
reported haematuria following discharge had urinary urokinase
levels within the normal range postoperatively. Urinary tract infection
has been implicated in secondary haemorrhage following TURP
(Blandy 1972; Harvey et al 1986). Certainly it is a well recognised
cause of delayed wound healing (Forrester 1988). None of the
patients with a urinary tract infection showed any increase in urinary
urokinase activity. Urinary fibrinolytic activity does not appear to be
increased postoperatively in either sterile or infected urine, and
questions the role of local fibrinolysis as a cause of secondary
haemorrhage following TURP.

Proteolysis accounted for up to 88 per cent of the Iytic activity of the
urine samples assayed. Whether proteolysis has a role in eschar
dislodgement and secondary haemorrhage following TURP, and the
effects of urinary sepsis on urinary proteolytic activity remains

unclear.
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CHAPTER 5

Fibrinolytic Shutdown
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5.1 Introduction

Although thrombelastography is a sensitive measure of the global
coagulation status, the presence of activation and coexistent
simultaneous inhibition of the fibrinolytic system may be masked
against a dominant background of hypercoagulability.

Elevation of the fibrin split products (FSP) both preoperatively and
postoperatively following TURP, as evidence of systemic activation
of the fibrinolytic system, has previously been described in both
benign and malignant prostate disease (Mertens et al 1974,
Betkurer et al 1979).

However the absence of any detectable thrombelastographic
evidence of systemic fibrinolysis following TURP raises the
possibility of ‘postoperative fibrinolytic shutdown’ previously
described following other forms of surgery (Chakrabarti et al1969;
Mansfield 1972) due to an imbalance in the activation

(tPA mediated) and inhibition (PAI-1 mediated) of fibrinolysis (Kluft
et al 1985; Aranda et al 1988; D’Angelo et al 1985).

Native human plasminogen is a pro-enzyme B-globulin with a
molecular weight of 88,000 daltons. It appears to be synthesised in
the liver and may be produced, stored and transported in
eosinophils. Normal plasma concentrations average 20.3 + 2.6
mg/dl, with a half-life of 2.2 + 0.29 days (Collen & Maeyer 1975). It
contains five kringles - looplike structures of amino acids containing
critical lysine-binding sites - which are competed for by fibrin and

a o -antiplasmin during physiological fibrinolysis (Gaffney 1987).
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Large amounts are adsorbed onto the fibrin-platelet plug during
haemostasis. It is converted into the proteolytic enzyme plasmin by
the action of plasminogen activators, the most important of which
being tissue plasminogen activator (tPA).

Native human tissue plasminogen activator (tPA) is a single chain
polypeptide serine protease with a molecular weight of 68,000
daltons. It appears to be ubiquitous in the body (Ogston 1978), but
is present in high concentrations in vascular endothelium (Todd
1964). Several different stimuli including endotoxin (Suffredini et al
1989) will cause the release of tPA from endothelial cells. On its
own tPA is a poor activator of plasminogen, but the presence of
fibrin markedly potentiates the process (Ranby 1982).

Hoylaerts et al (1982) provided kinetic data to support the
mechanism whereby fibrin provides a surface onto which
plasminogen and tPA are adsorbed sequentially to form a ternary
complex thereby preventing any significant activation of free
plasminogen in the plasma. Binding of tPA to plasminogen at the
lysine-binding sites of designated kringles results in an initial slow
production of plasmin. This generated plasmin then converts
single-chain tPA to two-chain tPA, which more rapidly proceeds to
generate plasmin from the bound plasminogen.

The presence of a specific plasminogen activator inhibitor in plasma
(PAI-1) was described by Chmielewska, Ranby & Wiman (1983),
and was subsequently found to be present in endothelial cells

(Loskutoff et al 1983) and platelets (Kruithof et al 1986).
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Plasminogen activator inhibitor-1, a 52 kilodalton single chain
glycoprotein is the primary inhibitor of both tPA and uPA in plasma.
Other plasminogen activator inhibitors have been described. PAI-2
was initially described in human placenta (Astedt et al 1985) and
later in the plasma of pregnant women but not normal plasma
(Lecander & Astedt 1986). PAI-3 was first isolated in human urine
(Stump, Thienpont & Collen 1986) complexed to uPA, and later in
plasma in low concentrations where it weakly inhibits tPA (Stump et

al 1986). Its physiological role is not yet fully understood.

5.2 Method

To investigate the hypothesis of fibrinolytic shutdown following
TURP, tPA antigen and PAI-1 antigen levels were measured by
enzyme-linked immunosorbant assay (ELISA). Antigen level rather
than tPA and PAI-1 activity was measured because the short half-
life of tPA (5 minutes) would inevitably lead to artifactual activity
results and significant intra-assay sampling errors.

A significant rise in PAI-1 antigen levels above the normal range
was used as the primary end-point to prove the hypothesis that
fibrinolytic shutdown is present in patients undergoing TURP. In
order to achieve a power for the study of 0.95, 21 patients were
required to be sampled in order to detect a difference of at least 20
ng/ml with a standard deviation between sampling times of no more

than 13.
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Commercial tPA and PAI-1 Antigen ELISA kits (Biopool
International Inc., Umed, Sweden) were employed using a standard
ELISA technique (see appendix). Twenty-four patients had both tPA
and PAI-1 antigen levels assayed on serial plasma samples
previously stored at - 40° C and thawed to room temperature in a
waterbath. All samples were assayed immediately after thawing.
Inter-assay and intra-assay variability were calculated by assaying
20 normal serum in each ELISA, and by repeated sample

measurement.

5.3 Results

The normal range for the t(PA) and PAI-1 antigen assays is 3 - 10
ng/ml and 4 - 43 ng/ml respectively. The inter-assay coefficient of
variation between the 4 kits using duplicate samples of 20 normal

plasma was calculated (table 5.1).

Sample Mean SD cv
1 2 3 4
t(PA) [729 690 7.00 7.61 7.28 0.62 8.5

826 635 6.95 7.94
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PAI-1 | 27.12 28.31 29.69 30.02 28.69 1.60 5.6

29.90 25.81 30.29 28.37

Table 5.1: Tissue plasminogen activator and plasminogen activator
inhibitor 1 inter-assay coefficients of variation.

SD = Standard Deviation. CV = Coefficient of Variation

The intra-assay variability was calculated using duplicate wells of at
least one sample for each patient. For the t(PA) antigen assay the
mean coefficient of variation was 5.6 (range 0.1 - 16.4), and for the
PAI-1 antigen assay 4.4 (range 0.8 - 10.1).

Plasma t(PA) antigen levels showed an upward trend above the
normal range in the early postoperative period, with mean antigen
levels reaching a peak 24 hours postoperatively, before declining
towards the normal range (table 5.2; figure 5.1a). However these
changes in t(PA) antigen levels were not statistically significant
(repeated measures ANOVA, p = 0.737).

Mean plasma PAI-1 antigen levels remained within the normal
range throughout the perioperative period studied (table 5.2;

figure 5.1b), with no significant variation in mean recorded values

(repeated measures ANOVA, p = 0.348)
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tPA

PAI-1

Mean
SD
SEM

Mean
SD

SEM

SAMPLE

—— Hours Postoperatively --—— Days
Before During 3 6 24 48 72 10-14
9.44 9.12 10.39 11.48 12.09 10.33 9.21 10.08
3.28 3.28 6.88 7.53 5.87 498 523 6.87
0.67 0.67 1.47 1.54 1.20 1.04 1.07 1.58
17.74 18.11 23.07 23.49 24.61 20.07 2195 21.39
7.26 6.09 11.67 12.28 10.10 7.15 10.75 10.29
1.48 1.24 2.43 2.51 2.06 1.49 224 236

Table 5.2: Variation in mean plasma tissue plasminogen activator

(tPA) and plasminogen activator inhibitor (PAI-1) levels measured

perioperatively, with the standard deviations (SD) and standard

errors of the mean (SEM) given.
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5.4 Discussion

The absence of any significant increase in mean PAI-1 levels above
or even within the normal range over the perioperative period
studied, when compared to preoperative values, does not support
the hypothesis that fibrinolytic shutdown due to an imbalance in tPA
and PAI-1 levels occurs following TURP. A relative excess of PAI-1
with or without a fall in tPA antigen levels therefore cannot account
for the absence of any TEG evidence of fibrinolysis, or the observed
hypercoagulable state.

The trend towards an increase in mean tPA antigen levels in the
early postoperative period gives the graph curves for mean tPA and
PAI-1 antigen levels a similar shape. The theory postulated by Kluft
et al (1985) and Aranda et al (1988) that a fall in tPA antigen levels
may be contributing to an imbalance between activation and
inhibition of the fibrinolytic system, therefore, is also discounted in
this group of patients studied.

The timing of the rise in mean tPA levels which peaks at 24 hours
may indicate a degree of secondary activation of the fibrinolytic
system subsequent upon activation of the clotting cascade, seen at
6 hours postoperatively . However this rise is not statistically

significant.
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CHAPTER 6

Markers of Systemic Activation of

The Coagulation Cascade
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6.1 Introduction

Using the ethanol gelation test as a marker for activation of the
coagulation cascade, Mertens et al (1974) described a preoperative
activation of coagulation in 42 per cent of patients with prostatic
carcinoma and 8 per cent of men with BPH. Together with their
findings of elevated levels of fibrin split products (FSP, FDP, XDP)
in 85 per cent of cases preoperatively, they concluded that
intravascular coagulation with secondary fibrinolysis was occuring in
a significant number of preoperative patients undergoing TURP.
Adamson et al (1994) detected raised levels of fibrinopeptide A and
D dimer in 16 per cent of patients with BPH and 40 per cent of
patients with prostate cancer not undergoing surgical intervention,
indicating a degree of independent activation of coagulation in
prostatic disease.

Iwan-Zi:etek et al (1992) and von Hundelshausen et al (1992) both
found evidence of activation of the clotting cascade over the

perioperative period in patients undergoing TURP.

The conversion of prothrombin to thrombin represents a central
event within the coagulation cascade. Thrombin is a proteinase
acting on different physiological substrates (fibrinogen, factor Vill,
V, Xlll, protein C, platelets). Its major physiological inhibitor is
antithrombin [l (ATIIl) a plasma a2-glycoprotein. ATIIl forms inert
irreversible bimolecular complexes with thrombin which is rapidly
removed from the circulation by hepatocytes, with a half-life of 15

minutes. Heparin binds to an e-lysine residue in ATIIl accelerating
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the rate of formation of enzyme-inhibitor complexes thus acting as a
cofactor to ATIIl enhancing its anticoagulant properties. The inert
nature of the thrombin-antithrombin [l (TAT) complexes make it an
extremely sensitive marker of activation of coagulation (Bauer &
Rosenberg 1987); elevated plasma levels of TAT are considered to
be a reliable marker of hypercoagulability (Hutten 1992; Lattan &
Bradshaw 1995).

The proteolytic action of plasmin on fibrin or fibrinogen leads to the
formation of a family of soluble protein fragments known as fibrin
degradation or split products (FDP, FSP) (Kwaan & Barlow 1973).
Perioperative elevation of FDP’s in patients undergoing TURP has
already been described (Mertens et al 1974; Betkurer et al 1979).
However FDP’s (including XDP) are formed from the proteolytic
degradation of both fibrin monomers and fibrinogen and cannot
therefore distinguish between physiological fibrinolysis that occurs
in response to any activation of the coagulation cascade, and
pathological hyperfibrinolysis resulting in fibrinogenolysis as well as
the lysis of fibrin. Therefore as a marker of pathological fibrinolysis
they are unsatisfactory.

For fibrin to be fully cross-linked the presence of both thrombin and
factor XIIl are required. Thus activation of the coagulation cascade
is a prerequisite for this. Only the lysis of cross-linked fibrin by
plasmin yields the large degradation product called D-dimer which
consists of the C-terminals of two parent molecules with a molecular

weight of approximately 180,000 daltons (Marder & Budzynski
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1975). With the development of an enzyme-linked immunosorbent
assay (ELISA) using monoclonal antibodies against the

D-dimer fragment (Rylatt et al 1983), a sensitive specific method of
measuring the fibrinolytic response to the presence of cross-linked
fibrin was established. The concentration of D-dimer in plasma
reflects the degree of ongoing fibrinolytic activity as well as
providing an index of intravascular thrombin formation and thus a
marker for the systemic activation of the coagulation cascade

(Bauer & Rosenberg 1987).

6.2 Methods

D-dimer

Plasma D-dimer levels were measured using a standard
commercial plasma D-dimer ELISA assay (Biopool TintElize®
Biopool Interational Inc., Umea, Sweden) in serial perioperative
plasma samples were assayed from 13 patients with BPH in the
study. D-dimer levels from all sampling times were measured
collectively using 4 kits, thawed from -40°C in a waterbath and
assayed immediately. Inter and intra-assay variability was measured
using 20 normal serum (see appendix) and duplicate sampling

respectively.
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TAT

The ELISA used two commercial antibody preparations, a
monoclonal coat antibody to TAT (Biogenesis, Poole, Dorset, UK)
and a detection antibody (peroxidase conjugated rabbit
immunoglobulins to human antithrombin Ill, Dako Ltd, High
Wycombe, UK). Standards were prepared using the technique
described by Dawes, James, Micklem, Pepper & Prowse (1984).
This was calibrated by reference to a commercial TAT ELISA
(Enzygnost TAT micro, Behring, Milton Keynes, UK), and a
standard curve established with points at 34, 17, 8, 4, 2, 1. 0.5 and
0 (buffer only) pg/L. Samples were diluted 1:2 and 1:4. Microtitre
plates (‘Maxisorb’, Nunc, through Life Technologies, Paisley, UK)
were coated with 100 pl/well of coating antibody diluted in 0.05M
carbonate-bicarbonate buffer pH 9.6 and incubated at 4°C
overnight. The plates were then washed five times with 0.01M
phosphate buffer pH 7.4 containing 0.5M sodium chloride and 0.1%
Tween 20 (wash buffer), using an automatic plate washer. Samples
and the detection antibody were diluted in wash buffer containing
3% PEG 8000, which has been shown to facilitate protein binding to
immobilised antibody (Woodhams & Kernoff 1983). Samples and
standards (100ul/well) were incubated for one hour at room
temperature on a plate shaker at 400 RPM. After a further five
washes, 100ul of working strength detection antibody was added to
each well, and incubated for a further hour on the plate shaker at

room temperature. After further washing the reaction was visualised
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by the addition of 100ul/well of 0.1M citrate/acetate buffer
containing one 10mg tablet of OPD (o-phenylenediamine
dihydrochloride, Sigma Chemical Co, Poole, UK) and 7pl 30% of
hydrogen peroxide per 15ml. The reaction was stopped after 10
minutes with 100pul/well of 1.5M sulphuric acid. Plates were read at
492nm on a Titretek MS-2 reader (ICN, Thame, UK) with automatic
linear spline curve fitting and data analysis. The reference range for
TAT in normal plasma is quoted for the Behring TAT ELISA is

1.0 - 4.1 ug/ml. Inter and intra assay coefficients of variability were
calculated using 100ul/well of 20 normal plasma (see appendix) as
controls in each assay. Serial samples were assayed in 24 patients

in a total of 13 assays.
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6.3 Results

D-Dimer

The upper limit of normal for the D-dimer assay was 531 ng/ml,
calculated from the mean of n = 87 healthy blood donors (see
appendix) + 2 standard deviations. The inter-assay coefficient of

variability between 4 kits was calculated (table 6.1).

D-dimer 298 367 311 321 329 21.0 6.4

327 341 329 341

Table 6.1: Inter-assay coefficient of variation for the D-dimer assay.

The intra-assay coefficient of variability was calculated using
duplicate wells for samples for each patient. The mean intra-assay
coefficient of variability for D-dimer was 4.0 (range 0 - 10.9).

No evidence of preoperative activation of coagulation was seen with
the preoperative mean D-dimer level being well below the normal
mean.

A progressive rise in mean D-dimer levels to above the normal
range was seen over the perioperative period (figure 6.1a), reaching
statistical significance at 24 hours postoperatively when compared
to the preoperative mean value (ANOVA p = 0.0154, Dunn’s

multiple comparison test p < 0.05). The mean D-dimer values
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returned to within the normal range by 10 to 14 days.

TAT
The precision within and between the four ELISA assays was
measured by assaying samples of known TAT concentration in

quadruplicate (table 6.2).

Coeffiecient of Variation

assay 1 assay 2 assay 3 assay 4
inter-assay 12.2 11.7 11.3 11.7
intra-assay 7.6 2.0 8.1 6.7

Table 6.2: Inter- and intra-assay coefficients of variation for the
thrombin-antithrombin 11l assay. Linearity of dilution for the four

standard curves r* = 0.95, 0.96, 0.93 and 0.95.

Despite a wide variation in TAT levels within sampling times, there
was a significant increase in mean TAT levels 6 hours
postoperatively compared to preoperative mean TAT levels
(ANOVA p=0.0099, Dunn’s multiple comparison test p<0.01;

figure 6.1b). There was a trend towards increased levels throughout
the postoperative course including 10-14 days. However apart from

at 6 hours the increases did not reach statistical significance.
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6.4 Discussion

The low levels of D-dimer and TAT preoperatively infers an absence
of any significant activation of the coagulation cascade or
physiological secondary fibrinolysis preoperatively in this group.
This may be due to the small numbers and preponderance of
patients with BPH. The low levels preoperatively and the fact that all
blood sampling was performed by one person using a standardised
technique makes the changes seen over the perioperative period
unlikely to be due to artefact.

The significant increase in both TAT and D-dimer levels over the
perioperative period even with the small numbers and wide
standard deviation provides firm evidence for the perioperative
activation of coagulation in patients undergoing TURP, which is
appears to be initiated peroperatively becoming maximal over the
early postoperative period.

These findings concur with the theory of a postoperative
hypercoagulable state (Bithell 1993; Baker 1995). Whether the
stress response - with the release of endogenous adrenaline
(Ingram & Jones 1966; Swedenberg & Olsson 1978) or vasopressin
(Grant et al 1986) - has an aetiological role in the production of the
procoagulant state in patients undergoing TURP is uncertain.

The elevated levels of D-dimer postoperatively indicates the
presence of fibrinolytic activity. However this appears to be a

physiological response to the perioperative activation of the

134



coagulation cascade with the generation of thrombin and fibrin, a

recognised initiator of fibrinolysis (Davis 1987).
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CHAPTER 7

Clot Stability and Wound Healing - the Role
of Factor XII|
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7.1  Introduction

The finding of a significant correlation between blood loss and clot
volume following TURP raised the possibility of defective clot
formation as a cause of continued bleeding following TURP.

Factor Xlll is essential for normal haemostasis. Plasma factor XIll is
an o -globulin composed of two subunits A and B (FXIIIA, FXIIIB).
FXIIA appears to be the active enzyme, whilst FXIIIB acts purely as
a carrier protein (Ichinose et al 1986a; Ichinose et al 1986b).
FXIIA’s most clearly defined physiological role is in the formation of
covalent crosslinks between the alpha and gamma chains of
adjacent fibrin strands and the incorporation of antiplasmin into the
clot, rendering the clot physically stronger with increased fibrinolytic
resistance (McDonagh 1987; Beck, Duckert & Ernst 1961).

Factor XllI is also important in wound healing (McDonagh 1987).
Abnormal wound healing is seen in patients with factor XIII
deficiency (Duckert 1972). FXIIIA encourages wound healing by
promoting the binding of fibrin and fibronectin to exposed
subendothelial collagen (Mosher, Schad & Vann 1980). The rate of
synthesis of factor Xlll is slow (McDonagh 1987).

A reduction in factor Xlll levels postoperatively has been reported
after gynaecological (Kidess et al 1979), thoracic (Yaku et al 1988),
and abdominal surgery (Hosenfeld, Dinnweber & Kaiser 1969)
where levels can fall to 50 to 60 per cent of normal values between
the third and fifth postoperative days. Beck , Duckert & Ernst (1961)

described an impairment in wound healing when factor Xlil levels
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fell below 50 per cent of the normal. A later study by Gierhake et al
(1970) described a 10 per cent incidence of poor wound healing in
patients with postoperative factor Xlll levels of between 66 and 91
per cent of the normal value. No patients with greater than 91 per
cent of the normal value demonstrated poor wound healing.
Shainoff et al (1994) described unstable ‘soft clot’ formation with
increased postoperative blood loss following coronary artery bypass
surgery in patients with a marked acquired FXIIIA deficiency.

It is not known whether or not there is a significant reduction in
factor XlII levels postoperatively in patients undergoing TURP.
However it provides an attractive theory to explain the heavy blood
loss that occurs postoperatively in some patients. Low levels of
FXIIIA would lead to the formation of fragile clots being repeatedly
washed off the prostatic bed by the irrigant fluid leading to repeated
cycles of bleeding, coagulation (with the formation of a
pro-thrombotic state and further consumption of factor XIlll) with
fragile clot formation, further bleeding and eventually poor wound

healing.
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7.1  Method

Serial plasma samples prepared as previously described from 20 of
the study patients were thawed simultaneously to room temperature
and assayed collectively in one assay. FXIIIA and FXIIIB levels
were determined by ELISA (Murdock et al 1992). Intra-assay

variability was measured by duplicate sampling.

7.3 Results

The mean coefficient of variation for both assays combined was 7.0
(range 3.7 - 9.8). No significant decrease in either mean FXIIIA or
mean FXIIIB antigen levels was seen over the perioperative period
(ANOVA, p = 0.134 and p = 0.040 respectively). No fall in mean
levels below the normal range was seen for either subunit at any
stage throughout the perioperative period. However there was a
trend towards a reduction in FXIIIA and FXIIIB levels within the
normal range at 3 hours and 72 hours postoperatively (figure 7.1a

and 7.1b).
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7.4 Discussion

Although a small decrease in mean FXIIIA and FXIIIB antigen levels
was seen at 3 hours and 10 to 14 days postoperatively, this was
within the normal range and certainly not of sufficient magnitude to
affect clot stability in the early postoperative period. The normal
mean level of FXIIIA at 10 to 14 days postoperatively suggests that
dislodgement of the eschar and subsequent secondary
haemorrhage seen in some patients at this time is not as a result of
poor wound healing consequent upon low FXIIIA levels.

Factor Xlil appears to be the key factor in clot stability and wound
healing. Levels appear to be normal over the perioperative period
and thus it is unlikely that clot fragility and impaired wound healing
contribute to bleeding following TURP. A small reduction in FXIIIA
levels is indicative of thrombin activation and thus activation of the
coagulation cascade (Kolb et al 1991). The finding of a reduction in
mean FXIIA levels postoperatively in patients undergoing TURP
provides further evidence for activation of coagulation

perioperatively in these patients.
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CHAPTER 8

Endotoxaemia - a Procoagulant Trigger
during TURP?
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8.1 Introduction

The presence of gram negative and gram positive bacteraemia
during TURP despite prophylactic antibiotic therapy was seen in
10% of cases in our study (see chapter 2). Bacteraemia following
TURP has been previously documented in the literature (Robinson
et al 1980; Sullivan et al 1973). As described by Shiina, Himeno &
Ishibe (1992) we found positive prostatic cultures in patients with
sterile urines. Robinson et al (1982) found a 30% incidence of
peroperative bacteraemia in 98 patients undergoing TURP, and an
identical organism was cultured from the prostate in approximately
50% of cases. In 40% of cases of bacteraemia, the organism
cultured was gram negative. The portal of entry of the organisms is
likely to be via irrigant fluid absorption.

Endotoxins are lipopolysaccharides (polysaccharide with a
covalently bound lipid A) derived from the outer membrane of gram
negative bacterial cell walls. They have been implicated in many
pathological features of septicaemia as well as activation of
coagulation (Levy et al 1985; Doebber et al 1985; Osterud &
Flaegstad 1983; Maier & Hahnel 1984) and fibrinolysis (Levi et al
1992; Suffredini et al 1989; Levi et al 1991; van Deventer et al
1990). The presence of gram negative bacteraemia does not
necessarily indicate endotoxaemia per se. However antibiotics can
induce endotoxin release from Gram-negative bacteria.

Robinson et al (1975) detected an endotoxaemia in 5 out of 18

patients undergoing cystoscopy or TURP, and Sohn et al (1993)
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described an endotoxaemia in 11 out of 41 patients undergoing
TURP with antibiotic prophylaxis; 3 of the 4 patients developing
signs of TURP Syndrome demonstrated a co-existent increase in
tumour necrosis factor alpha (TNF-a). The effects of endotoxins on
both the coagulation cascade and fibrinolytic system are thought to
be mediated at least in part via the actions of TNF-a. The
procoagulant effect of endotoxin appears to be mediated via the
increased expression of tissue factor on the surface of vascular
endothelial cells and monocytes, triggered by TNF-a and IL-1
release (Rivers, Hathaway & Weston 1975; Colucci et al 1983;
Lyberg et al 1983; Nawroth et al 1986; Bevilacqua et al 1986).
Activation of the fibrinolytic system by endotoxin also appears to be
mediated by TNF-a acting to increase plasminogen activator activity
by the release of t-PA and u-PA from endothelial cells (Suffredini et

al 1989; levi et al 1991).

8.2 Method

To investigate the role of endotoxin in the coagulation changes in
patients undergoing TURP, serial measurements of plasma
endotoxin and TNFa levels were performed on samples stored in
endotoxin-free heparinised bottles (EndoTube ET®, Chromogenix,
MéIndal, Sweden) at -70°C.

Plasma endotoxin levels were measured in 20 patients using a
commercial quantitative chromogenic Limulus Amoebocyte Lysate
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(LAL) assay (COATEST® Plasma-Endotoxin, Quadratech, Epsom,
UK). This assay incorporates the standard techniques of heat
inactivation and dilution of plasma to control the interfering factors in
plasma (DuBose et al 1980). The chromogenic method utilised by
this LAL assay, as opposed to the turbidometric technique, gives a
more direct measure of LAL proenzyme activation (lwanaga et al
1978). The assays were performed simultaneously under aseptic
conditions using Costar ‘96 well cluster’ flat bottomed sterile
microtitre plates and Rainin ‘Finepoint’ 250l sterile micropipette tips
(BioWhittaker, Wokingham, UK) and endotoxin-free water (Elgastat
Option 4 water purification system, Elga, High Wycombe, UK).
Results were calculated by the end-point method (colour reaction
run for 10 minutes at 37°C and then stopped with 20% acetic acid).
Plasma TNF-a and IL-6 were measured by ELISA (Biosource
International, Camarillo, CA, USA) in serial samples from 19

patients.
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8.3 Results

Endotoxin
Precision within and between the two ELISA kits used was
measured by assaying samples of known TNF-a concentrations in

quadruplicate (table 8.1).

Coefficient of Variation

assay 1 assay 2
inter-assay 6.6 7.2
intra-assay 6.8 8.7

Table 8.1: Inter- and intra-assay coefficients of variation for the
endotoxin assays. Linearity of dilution for the standard curves
?= 0.79 and 0.77 respectively.

No significant increase in mean plasma endotoxin levels was found
at any stage over the perioperative period (ANOVA p = 0.183;
Power > 0.95 for an a = 0.01). In fact there was a trend towards
reduced mean levels postoperatively when compared to the

preoperative mean (figure 8.1).

TNF-
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Coefficient of Variation

assay 1 assay 2 assay 3 assay 4
inter-assay 71 8.6 5.5 5.4
intra-assay 3.8 0.3 3.3 11.7

Table 8.2: Inter- and intra-assay coefficients of variation for the
tumour necrosis factor a assays. Linearity of dilution for the
standard curves r* = 0.79, 0.79, 0.78 and 0.77.

IL-6

Precision within and between the four IL-6 ELISA kits used was
measured by assaying samples of known IL-6 concentrations in
replicates of 8 (table 8.3).

Coefficient of Variation

assay 1 assay 2 assay 3 assay 4
inter-assay 4.4 5.3 8.8 7.7
intra-assay 2.6 5.1 3.4 4.9

Table 8.3: Inter- and intra-assay coefficients of variation for the
interleukin-6 assays.Linearity of dilution for the standard curves

¥ = 0.93, 0.94, 0.89 and 0.92.

No significant change in mean plasma IL-6 was seen at any stage

over the perioperative period (ANOVA, p = 0.606; figure 8.2b).
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8.4 Discussion

No significant or sustained increase in serum endotoxin levels were
found in any patient perioperatively when compared to preoperative
controi levels.

Infusion of small amounts of endotoxin into healthy volunteers leads
to an increase in serum TNF-a and IL-6 levels followed by a marked
increase in circulating markers for the generation of thrombin,
suggesting that low circulating levels of endotoxin can induce
coagulation activation which is mediated by these cytokines (van
Deventer et al 1990). Interleukin 6 appears to be a potent activator
of the coagulation cascade (Stouthard et al 1996). The absence of
any significant increase in mean plasma TNF-a or IL-6 levels
perioperatively supports the absence of endotoxaemia in these
study patients, and is strong corroborating evidence discounting the
theory of endotoxaemia as the procoagulant trigger producing the
observed hypercoagulable state in patients undergoing TURP.
Endotoxins are ubiquitously present in the environment, and
therefore any attempts at measurement of serum concentrations of
endotoxin may be potentially complicated by spuriously elevated
levels. Despite the use of the chromogenic technique, heat
inactivation and plasma dilution, significant error in serum endotoxin
measurement can occur (Cohen & McConnell 1984). A further
significant source of error is the endotoxin contamination of
commercially available blood-collection tubes (Redl|, Bahrami,

Leichtfried & Schlag 1992).
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Every precaution to prevent false positive results including the use
of endotoxin free blood-collecting bottles was employed in our
study. This may explain the absence of any significant
endotoxaemia in our study in contrast to previously published

findings (Robinson et al 1975; Sohn et al 1993).
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CHAPTER 9

Conclusion
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The absence of any demonstrable thrombelastographic evidence
of systemic fibrinolytic activity in any patient at any stage over the
perioperative period was an unexpected finding.The TEG findings
are supported by the lack of any significant increase in mean serum
tPA antigen levels postoperatively when compared to mean
preoperative levels. Any presumed correlation therefore, between
blood loss either during or following TURP and serum fibrinolytic
activity, has not been substantiated in this study.

These findings are contrary to those of Elliot et al (1963) who found
an increase in serum fibrinolytic activity as measured by euglobin
lysis time (ELT) immediately postoperatively. However they too
found a reduction in systemic fibrinolysis 24 hours postoperatively,
and failed to show any correlation between blood loss and
fibrinolytic activity. Kang et al (1985) found a significant correlation
between euglobin clot lysis time and TEG whole blood clot lysis
time.

Our findings concur with those of Nielsen et al (1997a). In a study of
24 men undergoing TURP they found no correlation between
systemic markers of fibrinolysis and perioperative blood loss. The
mechanism by which EACA acted to reduce peroperative blood loss
during TURP (McNicol et al 1961; Madsen & Strauch 1966) is not |
clear from this study. However our findings agree with those of
Smith, Riach & Kaufman (1984) who, in a prospective randomised

double-blind study of 61 patients, failed to show any reduction in
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blood loss with the use of EACA in the first 72 hours
postoperatively.

Increased urinary fibrinolytic activity resulting clot lysis at the
prostate bed and subsequent bleeding is an attractive theory.
Nielsen et al (1997b) described a significant increase in both urinary
tissue plasminogen activator (t-PA) antigen levels at 48 hours and in
fibrin degradation products postoperatively in patients undergoing
TURP, and this correlated with postoperative blood loss. From
these findings they concluded that postoperative blood loss
following TURP is related to increased t-PA activity producing a
local fibrinolytic response and clot lysis at the prostate bed.
Although they did not assess the global fibrinolytic status of urine,
they showed clearly that there was no significant increase in
postoperative urinary urokinase or t-PA activity, two key markers of
fibrinolytic activity. An increase in cross-linked fibrin degradation
products is a marker of a fibrinolytic response to the activation of
coagulation; a raised level postoperatively in association with
increased t-PA antigen levels at 48 hours is likely to reflect the
physiological fibrinolytic response to activation of the coagulation
cascade seen at any wound surface, and not a primary increase in
fibrinolytic activity. The absence of any increased urinary fibrinolytic
activity perioperatively in patients with sterile and infected urine as
shown in this study supports this, and would explain the lack of
efficacy of intravesical EACA in reducing intraoperative and early

postoperative blood loss (Sharifi et al 1986). Whether increased
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proteolytic activity in infected urine plays a role in secondary
haemorrhage following TURP (Harvey et al 1986) is unknown.
Perioperative blood loss in our study is comparable with previous
reports, but no patient in this study was re-admitted with significant
secondary haemorrhage. Categorical evidence against the role of
fibrinolysis in secondary haemorrhage following TURP would
require investigation of urinary and systemic fibrinolytic activity in
patients re-admitted with bleeding.

The occurrence of systemic fibrinolytic activity postoperatively in
patients undergoing TURP is evident from the significant rise in
D-dimer 24 hours postoperatively. However the overall coagulation
status is one of hypercoagulability. The observed fibrinolytic
response therefore must be a physiological response to the
observed activation of the coagulation cascade, and not a primary
pathological entity.

The presence of a hypercoagulable state postoperatively following
TURP in both benign and malignant prostatic disease as
demonstrated thrombelastographically and by conventional
coagulation tests in this study, is less suprising when a comparison
with other forms of surgery is considered (Grant et al 1986;

Baker 1995).

That systemic activation of coagulation has been triggered in the
study patients undergoing TURP is clearly demonstrated by the
significant increase in mean TAT levels over the perioperative

period. The trigger mechanism for this activation is less clear. The
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procoagulant response demonstrated may be simply a primitive
physiological response to stress, with catecholamine-induced
activation of the coagulation cascade (Ingram & Jones 1966).
Haemodilution per se can lead to a hypercoagulable state
(Ruttmann, James & Viljoen 1996; Ng & Lo 1996). We have
demonstrated evidence of both irrigant fluid absorption and
subsequent haemodilution postoperatively in these patients. Seven
(18%) of our patients had a fall in serum sodium concentration of 5
mmol/l or more indicating an absorption of at least one litre of
irrigant fluid (Hahn 1996). However we found no correlation
between change in thrombelastographic coagulation index and fall
in serum sodium concentration (Spearman’s rank correlation,

r= -0.056 p= 0.737; figure 9.1), suggesting that haemodilution is
unlikely to be the major cause of the observed hypercoagulability.
Euvolaemic maintainance intravenous fluid replacement with normal
saline does not appear to contribute to the effects of haemodilution
on haematological parameters (Grathwohl et al 1996).

As with other studies we documented a significant perioperative
blood loss in patients undergoing TURP, with blood loss ranging
from 5.6 ml to 126 ml per gram of prostate tissue resected.
Seventeen patients (43%) in this study had a blood loss of greater
than 500ml (approximately 10% of blood volume).
Thrombelastographic evidence of hypercoagulability in patients
incurring progressive perioperative blood loss has previously been

described (Tuman et al 1987). We found no significant correlation
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between blood loss per gram of prostate tissue resected and
change in thrombelastographic coagulation index perioperatively
(Spearman'’s rank correlation, r= 0.042 p= 0.804; figure 9.2). Thus
blood loss per se does not appear to be the major procoagulant
trigger in these patients. With a maximum of 3 units of blood being
transfused in any one patient, it is unlikely that transfusion itself
influenced the coagulation parameters, and would act to prolong
rather than reduce the PTTK (Collins & Knudson 1991).

Neither did blood loss during TURP appear to be related to the
degree of irrigant fluid absorption in this study - no correlation
between blood loss and fall in serum sodium (Spearman’s rank
correlation, r=-0.002 p= 0.990; figure 2.4) was observed.

A postoperative hypercoagulable state due to an imbalance
between tPA and its main inhibitor PAI-1 has been well documented
in other forms of surgery (Mansfield 1972; D'Angelo et al 1985; Kluft
et al 1985). No significant change or imbalance in mean tPA or
PAI-1 antigen levels was seen over the whole perioperative period,
indicating that a ‘fibrinolytic shutdown’ is not the cause of the
observed precoagulant state following TURP. Although an increase
in tPA or PAI-1 antigen levels does not necessarily indicate
increased activity, an increase in activity would by necessity involve
an increase in antigen levels.

The combination of an increase in mean TEG ma postoperatively
(an in vitro marker of clot strength) and normal Factor XIlII antigen

levels postoperatively, discounts the theory of increased clot fragility
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postoperatively as a cause of blood loss.

The 10% incidence of peroperative bacteraemia and 16% incidence
of positive prostatic cultures in our study, combined with previous
reports of a 45% incidence of endotoxaemia in patients with a
sterile preoperative MSU undergoing TURP (Sohn et al 1993),
suggested a possible theoretical aetiological link between
endotoxaemia and the observed activation of the coagulation
cascade. Approximately 10-20% of patients with a gram negative
bacteraemia have evidence of disseminated intravascular
coagulation (Kreger, Craven & McCabe 1980).

By taking stringent precautions against contamination and false
positive results and comparing peroperative and postoperative
results with preoperative controls, we found no evidence of any
significant endotoxaemia throughout the perioperative period in any
of the study patients undergoing TURP.

Tumour necrosis factor-a can stimulate the production of tissue
factor by endothelial cells and monocytes whilst reducing the
expression of thrombomodulin and thus shifting the haemostatic
balance towards coagulation (Esmon 1994). Endotoxin appears to
exert its effects on the coagulation cascade through the actions of
TNF-a and IL-6 (van Deventer et al 1990). The absence of any
significant increase in either of these cytokines over the
perioperative period in our study provides strong corroborating
evidence against the role of endotoxin in inducing the observed

hypercoagulable state.
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Is there good evidence in this study for the presence of a low grade
disseminated intravascular coagulopathy (DIC) in patients
undergoing TURP? The essential laboratory features of DIC are
thrombocytopenia, hypofibrinogenaemia, prolonged prothrombin
time and activated partial thromboplastin time and elevated levels of
fibrin degradation products (Colman, Robboy & Minna 1972; Spero,
Lewis & Hasiba 1980). The diagnosis of DIC is basically a clinical
one, with many of the laboratory parameters showing variable
results. Thrombocytopenia however is the one almost universal
finding in acute DIC (Siegal et al 1978; Spero, Lewis & Hasiba
1980). Fibrinogen concentrations are low in less than 50% of cases,
and PT and APTT are low in only 70% and 50% of cases
respectively (Spero, Lewis & Hasiba 1980). The activated partial
thromboplastin time may in fact be reduced due to the procoagulant
effect of the activated coagulation factors (Bithell 1993). Other
coagulation factors, most commonly factor V and factor Xlll, may
also be reduced (Bithell 1993). Fibrin degradation products such as
D-dimer will be elevated in up to 85% of cases (Carr, McKinney &
McDonagh 1989). Fibrinolysis is present in almost all patients, but
plays a homeostatic rather than pathological role, in response to
endothelial injury or fibrin deposition on endothelial surfaces
(Bithell 1993).

O’Donnell (1990) showed a significant decrease in platelet count,
fibrinogen level and activated clotting time following infusion of

human prostate tissue extract intravenously in dogs, indicating the
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presence of a transient DIC.

In this study of patients undergoing TURP, there was certainly no
evidence of bleeding from venepuncture sites, spontaneous
bruising or petechiae to indicate the development of acute DIC.
There was however a significant fall in mean platelet count
postoperatively, a rise in mean D-dimer and TAT levels and a
decrease in mean APTT postoperatively when compared to mean
preoperative values. These findings would be consistent with the
diagnosis of an early consumptive and intravascular coagulative
process, which have been adequately contained by the natural
anticoagulants antithrombin and the thrombomodulin-protein C
system. As previously discussed a normal PT, fibrinogen level, tPA
and factor XllI antigen levels - as seen in this study - does not
exclude the diagnosis of DIC. The presence of prostatic tissue
carried into the circulation by absorbed irrigant fluid acting as a
tissue thromboplastin to initiate this process, could be inferred by
the peroperative rise in mean serum PSA and acid phosphatase
levels and postoperative fall in mean sodium levels found in this
study. However we found no correlation between rise in serum PSA
and acid phosphatase peroperatively and change in
thrombelastographic coagulation index (Spearman’s rank
correlation r=0.118, p= 0.601; r=-0.142, p= 0.552 respectively). If
indeed a perioperative rise in serum PSA and acid phosphatase
levels are a valid marker for the absorption of prostatic tissue

thromboplastin (O’Donnell 1990), its role as a procoagulant trigger
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in patients undergoing TURP is questionable.

However taken together our findings are consistent with the
presence of a compensated low-grade coagulative process.

A perioperative hypercoagulable state is as evident following TURP
as it is in other forms of surgery. Whether the alterations in
coagulation parameters are due to the systemic release of prostatic
tissue thromboplastins or simply a combined physiological
coagulative response to surgical stress, blood loss and
haemodilution remains unproven.

Thirty-nine per cent of reported perioperative urological deaths
between 1994 and 1995 occured in patients undergoing TURP -
largely as a result of coronary artery disease (Gallimore et al 1997).
It is evident that this elderly group of patients is at risk from
sustaining a thrombotic vascular event during this perioperative
hypercoagulable state. Aspirin withdrawal may further increase this
thrombotic tendency. In the absence of any convincing evidence
that low dose aspirin increases haemorrhagic complications
following TURP, its perioperative withdrawal cannot be
recommended. Alternative techniques of prostatic ablation not
associated with significant bleeding complications, such as
electrovaporization of the prostate (Hammadeh et al 1998) should
be considered in these patients.

The assumption that patients undergoing TURP are not at risk of
venous thrombosis (DVT) because of peroperative positioning of

the lower limbs is erroneous, with a reported incidence of DVT of up
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to 10% (Hedlund 1975; Van Arsdalen et al 1993). Although
standard heparin prophylaxis is not routinely used, convincing
evidence that it increases blood loss following TURP is lacking. Low
molecular weight heparin has been shown to reduce bleeding
complications in general surgical patients when compared with
standard heparin (Kakkar et al 1993). No such comparison has

been made in patients undergoing TURP.

In Summary

This study fails to support the hypothesis that fibrinolysis, either
systemically or locally at the prostate bed, has a key role in bleeding
following TURP. No evidence of pathological systemic or urinary
fibrinolysis was seen in any of the studied patients. Clear evidence
of a hypercoagulable procoagulant state was seen postoperatively.
This does not appear to be a result of fibrinolytic shutdown’. A
physiological fibrinolytic response to the observed activation of the
coagulation cascade is evident. The procoagulant trigger in patients
undergoing TURP is not immediately apparent. It is likely to be
multifactorial - the result of a combination of surgical stresses
including catecholamine release, blood loss, and possibly irrigant
fluid absorption. It does not appear to be due to circulating
endotoxins, and the role of circulating prostatic tissue
thromboplastin requires further clarification. Defective clot formation
and poor wound healing does not appear to play a role in primary or

secondary haemorrhage following TURP.

162



Correlation of Change in
Coagulation Index with Fall in
serum [Nat]

30+
+(U 20+ []
<,
ES
o8 10-
@ £ " .
w E - = u
e o L
% -0-‘ ': b
L n .

T T T T T 1

4 3 2 4 0 1 2 3 4
Change in Coagulation Index

n=27
Spearman'’s rank correlation r = -0.056 p = 0.737

Figure 9.1

163



Correlation of Blood Loss with
Change in Coagulation Index

5.0+
LI ]
g l. .
LCD 2.5— . n ... -. -
o— | ]
® .I. - [}
8’ 0.0=—"5 = T T T —1
g . 2% 50 75 100 125 150
(&
-2.51
n
-5.0-
Blood Loss/gram resected
n=32

Spearman's rank correlation r = 0.042, p = 0.804

Figure 9.2

164



CHAPTER 10

Future Research
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Although we have clearly shown the absence of any pathological
systemic or local fibrinolytic activity in patients undergoing TURP,
the patients studied were largely an uncomplicated group. A degree
of primary haemorrhage following TURP is seen in virtually every
patient undergoing TURP. The absence of any observed fibrinolytic
activity in the early postoperative period and the significant
correlation between blood loss and clot formation provides strong
corroborating support confirming the null hypothesis that fibrinolysis
plays no role in early bleeding following TURP.

Although postoperative bleeding was reported in a significant
percentage of patients following discharge, this was self-limiting,
and no patient was admitted with secondary haemorrhage and clot
retention during the study. To categorically exclude the role of
fibrinolysis in significant secondary haemorrhage with or without clot
retention, the parameters of urinary and plasma fibrinolytic activity in
this group must be studied. The relationship between urinary tract
infection and urinary fibrinolytic activity, and the role of proteolysis
causing eschar dislodgement with subsequent bleeding in this
group needs futher clarification. Self-limiting bleeding after TURP -
although a source of anxiety to the patient - does not cause the
significant morbidity associated with bleeding with clot retention.
Whether the occurence of clot retention is purely dependent on a
critical amount of blood loss, or whether there is a difference in the
overall coagulative state between patients with bleeding and

bleeding with clot retention remains unanswered. Because of the
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relative infrequency of clot retention after TURP this would require a
prolonged period of observation to include sufficient numbers of
patients in a study.

The procoagulant trigger for the observed hypercoagulable state
has not been identified. It may be that it is simply a primitive
physiological response to stress with a catecholamine-induced
activation of the coagulation cascade (Cannon & Gray 1914;
Macfarlane 1937; Ingram & Vaughan Jones 1966). The concept of
inhibition of fibrinolysis rather than a procoagulant trigger, and
particularly the role of PAI-1in this process has been discounted in
this study. However other important inhibitors of fibrinolysis are
present such as the plasmin - alpha-2-antiplasmin (o, -AP) system.
We preliminarily looked at the serial changes in az -AP in four
patients over the perioperative period using a commercial ELISA
(Biopool International Inc., Umea, Sweden). There was a trend
towards increased levels both intraoperatively and postoperatively
(figure 10.1a) and although not statitically significant in this small
sample (ANOVA p= 0.221) further investigation with larger numbers
is clearly warrented.

The concept of inhibition of, or a reduction in, the natural
anticoagulants antithrombin Ill, protein S and protein C and heparin
producing a procoagulant state and the effects of surgery and
particularly TURP on these systems has not been previously
investigated. We preliminarily looked at the serial changes in

antithrombin Il in 4 patients undergoing TURP using a commercially
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available ELISA (Biogenesis, Poole, Dorset, UK). There was a non-
significant trend towards reduced levels of antithrombin IlI
postoperatively (figure 10.1b), and this also needs further
investigation.

The release of tissue factor (thromboplastin) into the circulation
during TURP is inferred by the finding of increased peroperative
serum PSA levels. To confirm this, markers of the activation of the
coagulation cascade via the ‘extrinsic pathway’, such as tissue
factor pathway inhibitor (TFPI) require evaluation over the
perioperative period.

Whether TURP will be replaced by laser prostatectomy,
transurethral thermotherapy, transurethral needle ablation or high-
intensity focused ultrasound remains to be seen. These innovative
techniques all benefit from minimal blood loss. Their effects on
coagulation are unknown, and whether they induce an
hypercoagulable state justifying anticoagulant prophylaxis requires

evaluation.
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Appendix

20 Normal Serum

This is a pooled serum sample taken simultaneously from 20
normal individuals working within the Katherine Dormandy
Department of Haemophilia. Nine millilitres of lightly cuffed
antecubital venous blood samples are added to 1.0 ml 0.109M tri-
sodium citrate, gently mixed and immediately centrifuged at 2OCOG
for 20 minutes at 4°C . The resulting plasma is then centrifuged as
before and the supernatant mixed and subaliquoted into 0.4mi

samples and stored immediately in liquid nitrogen until used.

Enzyme-linked Immunosorbant Assays

Principles

A standard solid phase sandwich Enzyme Linked Immunosorbent
Assay (ELISA) technique was used for all the assays thus
described.

A polyclonal antibody specific for the coagulation factor being
assayed (x) is coated onto the wells of a microtitre plate. Samples,
including standards of known x content, control samples and
unknown samples are pipetted into the wells. During the first
incubation the x antigen binds to the immobilised coating (capture)
polyclonal antibody on one site. After washing, a biotinylated

monoclonal antibody (tag) specific for x is added. During the second
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incubation, this antibody binds to the immobilised x captured during
the first incubation.

After removal of excess biotinylated antibody, the enzyme
Streptavidin-Peroxidase is added. This binds to the biotinylated
antibody. After a third incubation and washing to remove the
unbound enzyme, a substrate solution is added which is acted upon
by the bound enzyme to produce a colour. The intensity of this
colored product is directly proportional to the concentration of x

present in the original specimen.

Standard operating procedure

Materials

Microtitre plate (Maxisorb Nunc, through Life Technologies, Paisley,
UK)

Coat polyclonal antibody

Biotinylated tag monoclonal antibody

Horse-radish peroxidase/streptavidin (HRP-SA, ICN, Thame, UK)
20 normal plasma

0.05M carbonate-bicarbonate coating buffer pH 9.6

Wash buffer - 0.01M phosphate buffer pH 7.4 containing 0.5M
sodium chloride and 0.1% Tween 20

Dilution buffer - wash buffer + 3% PEG 8000

Substrate buffer - 0.1M citrate/acetate buffer containing one 10mg
tablet of OPD (o-phenylenediamine dihydrochloride, Sigma

Chemical Co, Poole, UK).
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1.5M sulphuric acid (H2SO,)

Equipment
Amersham plate shaker / incubator
Flow Titertek MS-2 plate reader (ICN, Thame, UK)

Denley Wellwash 5 plate washer

Method

3.1 Plate coating - previous day
Coating antibody diluted 1: 1000. 12ul antibody +
12ml coating buffer

3.2  Add 100 pl / well; incubate at 4°C ovemight

3.3 Wash 5 times with wash buffer using plate washer

3.4  Prepare samples from standard curve as shown:
Dilute 50 pl of the 20 normal plasma to 4.0ml in

dilution buffer. Prepare a range of standards from this

stock.
A Stock solution 125%
B 0.8ml stock + 0.2mi dilution 100%
C 0.6ml stock + 0.4ml dilution 75%
D 0.4ml stock + 0.6ml dilution 50%
E 0.2ml stock + 0.8ml dilution 25%
F 0.1ml stock + 0.9ml dilution 12.5%

G 0.05ml stock + 0.95ml dilution 6.25%
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3.5

3.6

3.7

3.8

3.9

3.10

3.1

3.12

3.13

Dilute unknown samples to 1:100 and 1:200, in
dilutional buffer

Add 100pl of standards and tests in duplicate to the
wells of the coated plate. Use dilution buffer only as
blank.

Cover with plate sealer. Incubate for 1 hour on aplate
shaker at room temperature. Then wash with wash
buffer 5 times in the Wellwash 5. Tap out excess
buffer.

Dilute biotiylated tag antibody labelled with HRP-SA to
1:1000 as shown: 12l antidody + 12 ml dilutional
buffer

Add 100ul / well of diluted tag antibody to the plate,
cover and incubate for 1 hour at room temperature on
the plate shaker.

Wash the plate 5 times on Wellwash 5

During washing prepare the substrate solution as
shown:

15ml substrate solution + 7 ul 30% hydrogen peroxide
Ensure prepared solution reaches room temperature
before use. Keep in dark until required.

Add 100ul / well of substrate solution to plate.
Incubate for 10 minutes on a bench.

Stop reaction by adding 50pl / well of 1.5 M HxSOs.

Shake plate on plate shaker to mix.
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3.14 Read absorbance at 492nm (filter 4) on Flow Titertek

MS-2 plate reader.

Fibrin Plate Method

Reagents

Barbitone buffer - add 11.74g sodium barbitone (BDH AnalaR
Laboratory Supplies, Poole, UK) to 430ml 100mmol/l
hydrochloric acid.

Barbitone buffered saline (pH 7.4) - 5.67g sodium chloride
added to 1L barbitone buffer.

Before use , this is diluted with an equal volume of 154 mmol/L
sodium chloride solution (9 g/L NaCL).

Bovine fibrinogen (Chromogenix AB, MéIndal, Sweden)
Bovine thrombin 50NIH u/ml (Diagnostic Reagents Ltd, Thame,
Oxon, UK)

Calcium 0.025mol/L (CaCL,)

Method

1. Dilute the fibrinogen in diluted barbitone buffered saline to a
concentration of 1.5¢g/l

2. Pipette 10 ml of the buffered fibrinogen solution into a petri
dish and place on a level surface

3. Add 0.5ml of calcium chloride solution

4. Add 0.2ml of thrombin and mix contents immediately by

204



swirling for 5 seconds. Petri dish is then placed immediately
back on a level surface to set - plate sets within 15-20
seconds.

Leave undisturbed for 20 minutes. Central well can then be
cut using a 2mm diameter punch. Plates may be stored at

4°C for 72 hours.
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