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Factor VIII complex in uraemia and effects of
haemodialysis

J H TURNEY, H F WOODS, M R FEWELL, M J WESTON

Abstract

Levels of the factor VII complex were found to be raised
in patients with chronic renal failure and further raised
by regular dialysis. Increased fibrinogen concentrations
were also found. These results suggest the existence of a
prothrombotic state in uraemia that is exacerbated by
haemodialysis. Ristocetin-induced platelet agglutination,
however, was depressed in uraemia and worsened by
dialysis. This defect may be transferred to normal plate-
lets from dialysed uraemic plasma, suggesting the
existence ofan inhibitor ofthe interaction between factor
VIII and platelet glycoprotein.
These results may help to explain the anomaly of a

prolonged bleeding time together with accelerated
atherogenesis that is found in patients with uraemia
receiving dialysis.

Introduction

Despite the central role of factor VIII in haemostasis its biology
is not yet fully elucidated.' It appears to be a complex consisting
of factor VIII coagulant activity, factor VIII-related antigen,
and factor VIII-von Willebrand factor (VIII vWf), which may
be the same as the ristocetin cofactor. VIII vWf is antigenically
related to factor VIII-related antigen, and may be a subunit of it
that plays a part in ristocetin-induced platelet agglutination and
the retention of platelets within glass-bead columns.2 Physio-
logically, VIII vWf appears to mediate the interaction between
platelet-membrane glycoproteins and exposed collagen, and
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defects of VIII vWf may be shown by the prolongation of the
capillary bleeding time and by decreased adhesion of platelets to
exposed vascular endotheliUm.3
An apparent anomaly of the uraemic state is the association of

a prolonged bleeding time with an increased risk of cardio-
vascular disease. The raised prostacyclin concentrations in
uraemia4 may contribute to the prolonged bleeding time but
appear not to prevent the development of atherosclerosis. Studies
of factor VIII in uraemia have yielded conflicting results,5-11 but
most suggest raised concentrations with perhaps abnormal
function of VIII vWf.5
We investigated the factor VIII complex in patients with

chronic uraemia receiving and not receiving dialysis and present a
hypothesis that may reconcile the haemorrhagic diathesis with
the increased risk of cardiovascular disease in uraemia.

Patients and methods
We studied 81 patients on 221 occasions. Twenty-four patients had

chronic renal failure due to various causes (serum creatinine concen-
tration > 300 pmol/l (> 3-4 mg/100 ml)). Forty-one patients had stable
end-stage renal failure and had been established on regular dialysis. A
further 16 patients, with declining renal function, were studied before
and after they were established' on regular dialysis, and their results
were included as appropriate in the chronic renal failure and regular
dialysis groups. In addition, six patients were studied during routine
haemodialysis with heparin anticoagulation and again during a
subsequent dialysis with prostacyclin infusion. Heparin was ad-
ministered as a 50 IU/kg intravenous bolus before dialysis plus a
constant infusion of 30 IU/kg/h for the first four hours ofthe five-hour
dialysis. The same dose of the same batch of heparin was used for the
subsequent study, but in addition prostacyclin (Weilcome Research
Laboratories) 5 ng/kg/min was infused via the dialyser inlet line
throughout the dialysis. Arterial (dialyser inlet) blood samples were
collected before and at 60-minute intervals during dialysis.

Blood was collected into 3-13% HEPES-citrate and centrifuged at
1200 g for 20 minutes at 4°C and the plasma stored at -20°C. Factor
VIII-related antigen was measured by immunoelectrophoresis.12
Factor VIII coagulant activity was assayed by the two-stage method of
Denson.13 Fibrinogen was measured by the polymerisation method of
Clauss.14 Platelet-rich plasma for ristocetin-induced platelet agglutina-
tion was obtained from nine volumes ofvenous blood collected into one
volume of3-8% citrate and centrifuged at 150g for 10 minutes at room
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temperature, to give a platelet count of 200-400 x 109/1. The change in
optical density per minute was determined using a Born aggregometer
(Albert Browne Ltd) with ristocetin (Lundbeck) at a final concentra-
tion of 15 mg/ml. In further studies ristocetin-induced aggregation
was performed on unwashed normal platelets suspended at a final
concentration of 200 x 109/l in platelet-poor plasma from patients with
chronic uraemia or receiving regular dialysis. Aggregations were
performed in duplicate with platelets from normal controls resuspend-
ed in their own plasma, the change in optical density so obtained being
regarded as 100%. Results were analysed using paired and unpaired
t tests and, when appropriate, the x2 test with Yates's correction.

Results

Factor VIII-Values of factor VIII-related antigen and coagulant
activity were significantly higher than control values in both the
patients receiving dialysis and those with uraemia (table I), but the
ratio of factor VIII-related antigen to coagulant activity was higher in
the patients receiving dialysis, as was the number of patients with a
ratio of over 1-5. In those patients with chronic uraemia in whom
serial samples were obtained until their establishment on regular
dialysis (table II) there was a significant widening of the ratio,
resulting mainly from lower values of factor VIII coagulant activity,
consistent with increased consumption of this activity. Consequently, a

TABLE I-Mean ( +SD) values offactor VIII complex in patients with chronic
renalfailure and receiving dialysis compared with normal adult controls

Chronic Regular
renal failure Controls dialysis

Factor VIII coagulant
activity (%) 2329 ±122-8 78-6 ±26-7 218-2 -107-3

p<0-0001 p < 0*0001
Factor VIII-related antigen (%) 247-2±154-4 93-5+31-1 264-8±158-8

p<0-0001 p <0-0001
Ratio of factor VIII-related

antigen to factor VIII
coagulant activity 1-2±0 5 1 0 +0±2 1-3±0-7

p<0-005 p<0-01
No of occasions when ratio
> 1-5 20/116 0/61 29/105

p<0-05* p<0-005*
Fibrinogen concentration (g/l) 4-17±1-54 2-17±0-55 3-79±1-15

p<00001 p<O00001
Ristocetin aggregation

(optical density/min) 50 5 ±21-7 799 ± 17-0 37-5 ± 17-2
p<O00001 p<00001

* Assessed by X2 test.

TABLE II-Paired studies offactor VIII complex (mean ± SEM) in 16 patients
with chronic renalfailure followed up sequentially until they were established on
regular haemodialysis

Chronic Regular
renal failure dialysis

Factor VIII coagulant activity (%) 279-0±35-6 218-1 ±28-2
p<005

Factor VIII-related antigen ('a) 258-8 ±44-8 278-1 ±34-1
NS

Ratio of factor VIII-related antigen to factor
VIII coagulant activity 1-0 ±0-1 1-4 ±0-1

p < 0 0005
No of patients in whom ratio > 1-5 1/16 7/16

p<0 05*
Fibrinogen concentration (g/l) 4-02 ± 0-37 3-86 ± 0-22

NS

* Assessed with x2 test.

significantly greater number of patients had a ratio of over 1-5 after
starting regular dialysis. The ratio in normal people is unity, and an
increase indicates consumption of coagulant activity, thereby acting as
a marker of intravascular coagulation.13

Factor VIII-related antigen during haemodialysis-During haemo-
dialysis with heparin alone (table III) values of factor VIII-related
antigen rose progressively to 131-3±SEM 7.7% of the predialysis
values. The additionalinfusion of prostacyclin, however, prevented this
rise.

Ristocetin-induced platelet agglutination-Uraemic patients, whether
or not treated by dialysis, had significantly depressed rates of platelet
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TABLE III-Change in factor VIII-related antigen during haemodialysis with
heparin and heparin plus prostacyclin expressed as mean ± SEM percentage of
predialysis values (time 0=100%)

Duration of dialysis (min)

60 120 180 240 360

Dialysis with heparin 106 3 -447 113 6±5-4 120 8±6-0 123-2±5-2 131 3±7-7
Significance of difference
from time 0 NS p - 0 01 p- 0 005 p<00025 p<O0001

Dialysis with heparin
and prostacyclin 98-2 11.5 101 0 1 4 101-44 1 8 102 3 E447 102 2 ±2-4
Significance of difference
from time 0 NS NS NS NS NS

Heparin v heparin plus
prostacyclin NS p<- 005 p 001 p<001 p<001

aggregation by ristocetin (table I). Platelets from patients receiving
dialysis, however, were significantly less reactive than those from
patients with chronic uraemia not receiving dialysis (p < 0-001). In the
ristocetin-aggregation cross-over study the addition of plasma from
patients with chronic uraemia enhanced the aggregation of normal
platelets (120.8 + SD 338% of control values, p< 005). Conversely,
plasma from patients receiving dialysis inhibited the aggregation of
normal platelets (676-±26-3%, p<0 0001) when compared with
aggregation in normal plasma. The difference in effect of plasmafrom
the two patient groups was highly significant (p<0 0001).

Fibrinogen concentrations-Patients both receiving and not receiving
dialysis had significantly raised fibrinogen concentrations, the values
in the dialysis population being rather lower than the values in patients
with chronic renal failure, perhaps resulting from repeated deposition
of fibrin within the dialyser. In the serially sampled patients fibrinogen
concentrations fell after establishment on regular dialysis but this
difference was not statistically significant.

Discussion

Our results, obtained in the largest series so far reported,
confirm and extend those of previous studies,5- 1 which showed
raised values of the factor VIII complex in chronic renal failure.
Regular dialysis does not correct these abnormalities and worsens
the disproportion between factor VIII-related antigen and VIII
coagulant activity, indicating increased consumption of coagula-
tion factors in patients receiving dialysis.13 There was, however,
decreased platelet agglutination in response to the antibiotic
ristocetin, which is a measure of at least one aspect of VIII vWf
activity.2 Ristocetin-induced agglutination of dialysed uraemic
platelets was further depressed, and plasma from patients
receiving dialysis inhibited the response of normal platelets to
ristocetin. These studies of the VIII-ristocetin cofactor are in
broad agreement with those of Kazatchkine et al5 but disagree
with those of other authors,6-" who used different methods. The
finding of normal or raised values of VIII vWf in these latter
studies, however, does not necessarily imply normal function."
Thus there is a disparity between quantity and function of some
aspects of the VIII complex.

This is the first time a plasma inhibitor of ristocetin-induced
aggregation has been found in renal disease, although similar
inhibition has been described in other diseases such as
leukaemia."' The enhancement of the ristocetin effect on normal
platelets by plasma from patients with chronic renal failure
before the start of maintenance haemodialysis probably reflects
the greater availability of factor VIII. But the paradoxical
inhibition of ristocetin agglutination in the presence of raised
factor VIII values in plasma from patients receiving dialysis
suggests the presence of an inhibitor, the accumulation of which
might be greater in functionally anephric patients receiving
dialysis than in patients with chronic uraemia with residual renal
function. Various uraemic toxins accumulate in patients
receiving dialysis and are poorly cleared by routine dialysis.'7
The decreased response to ristocetin by uraemic platelets in
autologous plasma, which enhances agglutination of normal
platelets, probably represents an intrinsic platelet defect.'8 The
further depression of agglutination of platelets from patients
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receiving dialysis is probably due to a combination of the
intrinsic platelet defect with additional inhibition by the plasma.
Unlike other aspects of platelet function, adhesion, which is a
measure of VIII vWf activity, is not improved by dialysis.19

Raised factor VIII values indicate a prothrombotic state'3 in
which the normal balance between thrombosis and fibrinolysis is
shifted towards a thrombotic tendency. When associated with
increased concentrations of coagulation substrate (fibrinogen)
and decreased concentrations of antithrombin III in uraemia20
they provide a state in which endothelial damage-for example,

URAEMIA

Hyperlipidoemia

Hyperuricaemia

Hypertension

Middle molecules

*COAGULATION HAEMODIALYSIS
SUBSTRATES ATVTO

Leucocytes
Complement

4 VIII RA:CA Coagulation

4 VIII RELEASE INTRAVASCULAR PLATELET
COAGULATION ACTIVATION

ENDOTHE LIAL
DAMAGE

VIII vWf
inhibition v

PROSTACYCLIN
RELEASE

BLEEDING DIATHESIS ATHEROSCLEROSIS

Schematic representation of the coagulopathy induced by chronic uraemia
and its exacerbation by haemodialysis, which may result in the development
of both atherosclerosis and uraemic bleeding diathesis.
VIII RA= Factor VIII-related antigen. VIII CA= Factor VIII coagulant

activity. VIII vWf- Factor VIII-von Willebrand factor.

by hypertension or hyperlipidaemia-may progress to athero-
sclerosis.21 That the factor VIII complex plays a part in mediating
aterrial damage has been shown in animal experiments.22
Furthermore, the widened ratio of factor VIII-related antigen to
VIII coagulant activity is a marker of intravascular coagulation,"3
as has been shown, for example, in pre-eclampsia.23
We have previously shown that the potent antiplatelet agent

prostacyclin not only prevents platelet activation and con-
sumption during haemodialysis24 but also prevents the dialysis-
induced rise in concentrations of antithrombin III that may
result from release of antithrombin III from platelets and
endothelium damaged by the extracorporeal circulation (J H
Turney et al, paper in preparation). The results presented here
show that values of factor VIII-related antigen also rise pro-
gressively during dialysis with heparin alone and that this rise is
also prevented by administering prostacyclin. As VIII-related
antigen is synthesised by both vascular endothelium25 and
megakaryocytes26 the raised values in uraemia may result from
long-term, low-grade endothelial damage and platelet activation,

which are exacerbated by the extracorporeal circulation. This
contention is supported by the ratio of factor VIII-related
antigen to coagulant activity, which is widened in chronic renal
failure and to an even greater extent during regular dialysis.
Thus a vicious circle is created, with raised values of factor
VIII, a marker of endothelial damage, providing the mechanism
for both further vascular insult and intravascular coagulation,
the situation being exacerbated by the reinfusion during haemo-
dialysis of activated platelets, etc (figure). This study provides
further support for the use of platelet-suppressive treatment in
haemodialysis.2'
The increased concentrations of prostacyclin in uraemia may

be the result of increased vascular synthesis4 resulting from
sustained endothelial damage. The prostacyclin may provide
some endothelial protection but, as a "trade-off",28 results in a
prolonged bleeding time. Prolonged bleeding time may also
result from either a deficiency ofVIII vWf, asin vonWillebrand's
disease,29 or a defect of the platelet-membrane glycoproteins as
in Bernard-Soulier disease.'0 " Our results suggest that uraemic
platelets have a Bernard-Soulier-type defect of ristocetin-
induced agglutination in the presence of raised values of factor
VIII, which can enhance the aggregation of normal platelets. In
addition, there is a plasma inhibitor of the VIII vWf-platelet
interaction in patients receiving dialysis, which we suggest is one
or more of the uraemic "middle-molecule" toxins. The bleeding
time in uraemic patients may be shortened by infusing cryo-
precipitate," but, unlike in von Willebrand's disease, the im-
provement takes some hours to appear and is relatively short
lived. The time course of the effect of cryoprecipitate is com-
patible with competition for the platelet glycoprotein 1B-
receptor site between VIII vWf in cryoprecipitate and the
abnormal uraemic VIII vWf or with a plasmatic factor that may
alter the nature of or combine with, and therefore occlude, the
receptor. The result of this defect of VIII vWf-mediated platelet
adhesion is the characteristic uraemic bleeding diathesis-
namely, decreased ristocetin-induced agglutination and platelet
retention in glass-bead columns, and a prolonged bleeding time.
As with Bernard-Soulier platelets, however, this defect does not
necessarily affect the aggregation (as opposed to adhesion) of
platelets to various stimuli including collagen, adenosine di-
phosphate, and thrombin.
The hypothesis derived from our studies of factor VIII in

uraemia permits the reconciliation of uraemic bleeding with the
reported accelerated atherogenesis in patients receiving dialysis.33
The prothrombotic state induced by uraemia and aggravated by
dialysis results from and continues to exacerbate endothelial
damage, the consequence of which may be atherosclerosis.
Prostacyclin released in response to the endothelial damage may
prolong the capillary bleeding time, which is also increased by
an acquired defect in function of the factor VIII vWf.

Reprint requests should be addressed to Dr M J Weston, Renal
Unit, Dulwich Hospital, East Dulwich Grove, London SE22 8PT.
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Metabolic studies in unaffected co-twins of
non-insulin-dependent diabetics

A H BARNETT, A J SPILIOPOULOS, D A PYKE, W A STUBBS, J BURRIN, K G M M ALBERTI

Abstract

Forty-eight out of 53 non-insulin-dependent diabetic
identical twin pairs were concordant for diabetes. In the
five discordant pairs the diabetic twin had only recently
been diagnosed. Oral glucose tolerance tests were carried
out on the unaffected twins of the five pairs and on
matched controls. Fasting concentrations of blood
glucose (5 5+0 6 v 3-7±0 3 mmol/l; 99 1+10 8 v 66 6±5 4
mg/100 ml), haemoglobin A1 (mean 91%, range 8-8-9-2%
v mean 7 9%, range 74-8 4%), lactate, alanine, and
glycerol (0 090±0 017 v 01045±0 008 mmol/l); and the
lactate: pyruvate ratio were significantly higher in the
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twins than controls. After glucose challenge blood
glucose, lactate, alamnne, and glycerol concentrations and
lactate: pyruvate ratio were increased in the twins.
Insulin response was severely impaired, being almost
absent in four of the five twins.
The non-diabetic members of the discordant non-

insulin-dependent diabetic pairs showed noticeable meta-
bolic abnormalities which would later presumably
deteriorate to frank diabetes. These findings, taken with
the high concordance rate for non-insulin-dependent
diabetic twins, suggest that non-insulin-dependent
diabetes is predominantly, possibly entirely, inherited.

Introduction

Over the past 14 years we have studied identical twin pairs in
whom one or both were diabetic. Of the 200 pairs seen to date,
147 were insulin-dependent and 53 non-insulin-dependent
diabetics. Of the 53 non-insulin-dependent pairs, all but five
were concordant-that is, both twins were diabetic; in contrast,
among the insulin-dependent pairs only about half were
concordant. In the five discordant non-insulin-dependent pairs
the diabetic twin had been diagnosed only within the past three
years, whereas the interval between diagnosis of diabetes in the
first and second twins of the 48 concordant pairs in no case
exceeded seven years. Hence it seemed likely that the five so
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