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disease. (3) Specific enrichment of plasma factors
Terminology
for control of the disease.
necessary
Plasmapheresis and plasma exchange are terms that
The majority of current usage falls into category
are often used synonomously in today's literature. (1); however
recent reports suggest that disorders
However plasma exchange has become possible only falling into category (2)
are under investigation,2 but
since the introduction of efficient cell separation as yet there is little information
on category (3) usage.
techniques. A cell separator machine can remove
large volumes of plasma, necessitating replacement Clinical uses
with whole or fractionated plasma or a plasma
substitute, to maintain intravascular colloid osmotic The Table gives a list of diseases together with
pressure. Plasmapheresis is the removal of plasma references to cases in which plasma exchange has
only, with the return of the cellular blood com- been used and for which there may be a paediatric
ponents, as first described in 1914.1 The original application. Most of these studies were undertaken in
term being derived from the Greek apheresis adults, and reports of therapeutic plasma exchange
undertaken in childhood are few.
meaning a withdrawal.
It is not the purpose of this review to deal in depth
Technique
with each disease but rather to select examples of the
principles concerned from each group, together with
Plasma exchange is the continuous or discontinuous any
reports of usage in children.
flow of anticoagulated blood into some form of
centrifugal device which enables plasma separation Table List ofdiseases with references to cases in
to occur. Plasma is removed and an equivalent wvhich plasma exchange has been used
volume of replacement material is recombined with Immunological disorders
the patient's cells and returned to the patient. An Antibody mediated
Goodpasture's syndrome3
example of the continuous flow system is the IBM
Acquired myasthenia gravis4-6
2997, and of the discontinuous flow system is the
Derniatitis herpetiformis7
Idiopathic thrombocytopenic purpura8 13
Haemonetics Model 30 or V50. Each has its own
Autoimmune haemolytic anaemia9 10
particular advantage, but in a discontinuous flow
Haemophilia with inhibitorsll-13
Rh haemolytic disease of the newborn (maternal treatment)4- 16
system fluid balance requires more careful manageBone marrow transplantation across an ABO
ment and it takes longer for a set volume because of
incompatible barrier17 18
the intermittent nature of the procedure. The volume
Insulin-resistant diabetes with insulin receptor antibodies'9
of an exchange and the frequency and duration of Immune complex mediated
Systemic lupus erythematosus20 21
treatment depends entirely on the individual disorder.
Immune complex type of rapidly progressive glomerulonephritis22
At present treatment programmes vary enormously
Cutaneous vasculitis23 24
Presumed
immunological
between different centres and there is a need for
Transplantation rejection25
controlled studies to establish rational protocols and
Disseminated cancer with 'blocking factors'26 27
therapeutic efficacy in the variety of different
Rheumatoid arthritis28 29
Dermatomyositis30
disorders for which therapeutic plasma exchange has
Guillain-Barr6 syndrome and the Miller-Fisher variant31-33
been used.
Miscellaneous disorders
Familial hypercholesteraemia34
Rationale of plasma exchange
Poisoning33 36
Refsum's disease37
The aims of plasma exchange are (1) Removal of Asthma38
Uncontrollable hypertension39
plasma factors responsible for the causation or Haemolytic
syndrome2 40 41
progression of disease. (2) Replacement of deficient Thrombotic uraemic
thrombocytopenic purpura42 43
plasma factors if the deficiency is causing the Hypogammaglobulinaemia44
301
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Immunological disorders
Antibody mediated. The rationale for plasma
exchange in these disorders is removal of the
antibody implicated in the aetiology of the disease.

Goodpasture's syndrome (nephritis and lung
haemorrhage)
The first major application of plasma exchange in
autoimmune disorders was the removal of antiglomerular basement membrane antibodies found
circulating in patients with Goodpasture's
syndrome.3 This is a rare form of rapidly progressive
glomerulonephritis in which the underlying pathogenetic mechanism is partly understood. Antiglomerular basement membrane antibodies have
been shown to fix on to glomerular basement
membrane and to crossreact with lung basement
membrane; this antibody when eluted from kidneys
of patients with the disease can produce a severe
nephritis in experimental animals.45
Since the introduction of a treatment regimen with
intensive daily plasma exchange combined with
immunosuppressive drug therapy (azathioprine or
cyclophosphamide, or both, plus prednisolone) the
mortality for this disease has been reduced from over
90 to 25 %.46 Immunosuppressive therapy must be
used to inhibit further antibody synthesis and to
suppress inflammation. Further suppression of
inflammation is thought to result from using plasma
protein fraction as the replacement fluid, as this is
devoid of non-specific inflammatory mediators such
as fibrinogen and complement.3 The clinical response
to this regimen appears to correlate well with changes
in anti-glomerular basement membrane antibody
concentration2' and it is recommended that any
patient with this disease showing rapid deterioration
of renal function accompanied by pulmonary
haemorrhage should have immediate plasma
exchange, for the prognosis worsens once anuria has
occurred. Although the disease is rare in childhood,
cases do occur and a combination of plasma exchange
and immunosuppression can be successful.47
Idiopathic thrombocytopenicpurpura
Several workers have claimed remission of disease
after plasma exchange in fulminant idiopathic
thrombocytopenic purpura with demonstrable antiplatelet antibodies. A prompt rise in platelets has
been achieved after a minimum of one and a
maximum of four plasma exchanges. Novak and
Williams48 described an 8-year-old girl whose
platelet count responded to one exchange but who
died 48 hours later. In contrast Weir et al.49 reported
a patient who failed to respond; they suggested that a
controlled trial should be carried out. However

fulminant idiopathic thrombocytopenic purpura is
fairly rare and if a child presents with catastrophic
complications, unresponsive to conventional treatment, and with demonstrable anti-platelet antibodies,
a trial of plasma exchange is not unreasonable.

Haemophilia with circulating inhibitors
The development of autoantibodies to factor VIII or
IX in haemophiliacs can present a major problem in
management, particularly if operative procedures
are necessary. Cobcroft et al.'2 showed that preoperative plasma exchange for the removal of
antibody and replacement with fresh frozen plasma
and factor VIII concentrate enabled restoration of
normal factor VIII levels, thus permitting an
operative procedure to be undertaken safely. This is
an example not only of the removal of the offending
material but also of specific enrichment of the
needed plasma factor. A new approach to this
problem has been developed by Nilsson et al.50 which
may have much broader applications. Factor IX
antibodies were removed by extracorporeal adsorption of plasma (separated intermittently in a
Haemonetics Model 30) on columns of sterile
protein-A-Sepharose, with retransfusion of the
treated plasma. A total of 6 litres of the patient's
plasma was depleted of antibodies in this manner
enabling adequate factor IX substitution therapy and
subsequent surgery to be undertaken safely. The
patient's total immunoglobulin content and specific
antibody level decreased to one-fifth of the original
values, and in principle this form of treatment could
be used in patients with other forms of antibodies.
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Rh haemolytic disease of the newborn
In this situation it is the maternal circulation which
must be cleared of the causative IgG red cell antibody
to protect the fetus from haemolysis. It was GrahamPole et al.1 who first demonstrated that an intensive
plasma exchange regimen could reduce the maternal
anti-D level and the degree of fetal haemolysis,
thereby saving affected infants without resort to
intrauterine transfusion even if the mother had had
previous stillbirths. This work has been extended in
other centres and has produced a success rate of
75 % in a series in which the expected stillbirth rate
was 62%.16 As a result plasma exchange started
early in pregnancy can be recommended as a
non-hazardous form of treatment in the management
of severe Rh haemolytic disease.
As no concomitant immunosuppressive therapy is
advisable to help control further antibody production, plasma exchange has to be done about twice
a week for a mean period of 131 weeks to maintain
low antibody levels.16 However, should restimulation
of the antibody occur by release of fetal Rh

D-positive cells into the maternal circulation, and
should the rise in anti-D become impossible to
control by plasma exchange alone, the only alternative is to use intrauterine transfusion. This
problem may soon be overcome by the development
of immunoadsorption columns in which specific
removal of anti-D51 may prove possible.
Immune complex mediated. The logic of using plasma
exchange for the treatment of immune complex
disease is based on the following concepts: removal
of the immune complex load, removal of antigen or
antibody or both of these, alteration of the size and
lattice formation of the immune complex and thereby
possibly its pathogenicity, unblocking of the
reticuloendothelial system, and the removal of
non-specific inflammatory mediators.
Although the potential role of plasma exchange in
immune complex disease appears greater than in
antibody-mediated disease, the results are difficult to
assess as many of these diseases are known to have
spontaneous fluctuations in activity and most
patients have been subjected to treatment with
multiple drugs before the use of plasma exchange.

logical step to take in the management of childhood
systemic lupus erythematosus.

Presumed immunological. The problem with this
group of disorders is that the underlying pathogenesis
is poorly understood and the use of plasma exchange
is often empirical. Plasma exchange should be
regarded as a research procedure until properly
controlled studies have shown a benefit.

Transplantation rejection
It is thought that acute vascular rejection may be
mediated by humoral antibodies and the removal of
such antibodies and other humoral factors by plasma
exchange may help to prevent graft failure. Uncontrolled studies have been reported recently suggesting
a favourable response to plasma exchange but none
shows a statistically significant improvement in the
overall graft survival.5>57 However, two recently
reported controlled studies58 59 suggest that plasma
exchange exerts no beneficial effect in transplantation rejection episodes and as a result of negative
findings, it is no longer used in one unit.

Juvenile rheumatoid arthritis
As a result of earlier successes in 2 children with
The removal of immune complexes by plasma severe connective tissue disease30 60 Brewer et al.6'
exchange in severe unresponsive systemic lupus used plasma exchange to treat 4 children with severe
erythematosus has been shown to be beneficial.2021 juvenile rheumatoid arthritis, based on the belief
Furthermore, studies on the levels of immune com- that circulatory immune complexes and reticuloplexes in such cases have shown significant reductions endothelial system blockade may be the pathogenetic
in concentrations after plasma exchange. These factors in this disorder. Plasma exchange was
levels continue to fall beyond the end of the plasma associated with partial remission in 2 patients, and a
exchange period, supporting the concept that corticosteroid sparing effect permitted normal
clearance of the reticuloendothelial system blockade pubertal growth in one patient who was steroid
is also achieved.5253 Most workers have used dependent and dwarfed.
There was no improvement in the characteristic
plasma protein fraction as the replacement fluid but
Moran et al.54 suggested that patients with systemic eye lesions and no evidence that progression of
lupus erythematosus respond better if fresh frozen erosive arthritis was prevented. One sudden death
plasma is used. They argue that in their 2 patients a occurred during plasma exchange with fresh frozen
plasma, the cause of death appeared related to
more prolonged relief of symptoms and a better
clearance of immune complexes was achieved by microemboli of unknown nature found in the lungs
specific enrichment of complement present in fresh at necropsy. In view of this episode these workers
frozen plasma and often deficient in systemic lupus conclude that plasma exchange in children should
erythematosus. Further data are necessary before be treated as a research procedure and should be
performed only under conditions of intensive care.
proper evaluation can be made, particularly as
fresh frozen plasma carries the risk of further
enhancing the inflammatory response by enrichment Miscellaneous disorders
with non-specific inflammatory mediators. Few This group of disorders includes those in which
cases in children have been reported as systemic
known noxious agents are present in excess-for
lupus erythematosus is rare in them. However, example cholesterol, poisons, phytanic acid; or
plasma exchange certainly has a place in rapidly those in which unknown noxious agents may be
progressive disease states that are not controlled by responsible for rapid disease progression-for
conventional drugs, and a course of plasma exchange example asthma and hypertension; or those in which
combined with immunosuppressive therapy is a certain specific factors are lacking-for example the
Systemic lupus erythematosus
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haemolytic uraemic syndrome, thrombotic thrombocytopenic purpura, or hypogammaglobulinaemia.
The aim of plasma exchange is therefore removal of
excess components or specific enrichment, or both.
Hypercholesteraemia
Repeated plasma exchange at weekly or monthy
intervals for periods of up to five years in 22 patients
with severe hypercholesteraemia has been shown
safely and effectively to control cholesterol levels
inducing regression of xanthomata and arrest or
retardation of atheroma.34
Although these results are striking the cost of the
plasma protein fraction used in commercial terms is
about £150 000 (1000 litres). Recently Borberg has
described the use of specific sepharose adsorption
columns for the removal of low density lipoproteins
in plasma.62 This new technology could considerably
reduce the cost and may well be more efficient than
the present method of management.

Poisoning
Plasma exchange can be of benefit in the management
of poisoning if the ingested material is protein
bound and hence non-dialysable-for example
methyl parathion (a pesticide)35 or mushroom
poisoning.36 It has also been used effectively in
sodium chlorate poisoning (weedkiller) for the
removal of methaemoglobin and the degenerate cell
debris produced by this powerful oxidant.63
Mild accidental poisoning in children is common;
however severe poisoning is rare and accounts for
only about 15 deaths a year in England and Wales.
Many of these fatal cases are due to the tricyclic
antidepressants (for example amitriptyline and
imipramine), iron, and digoxin, for which the
potential use of plasma exchange in management has
yet to be exploited.
Ninety-six per cent of circulating amitriptyline is
reversibly bound to plasma protein and its half-life is
between 44 and 75 hours; both these facts suggest
that provided plasma exchange is technically
feasible, it could prove invaluable in the management
of this type of poisoning. The half-life of imipramine
is much shorter (3 j hours), hence plasma exchange
would be of benefit only if used within 3 hours of
ingestion.
The problems of iron intoxication are created by
the direct toxic effect of iron on the gastrointestinal
tract leading to direct access to the portal circulation
without transport across the intestinal mucosa.
This results in toxic levels of unbound serum iron,
and although this is chelatable, continued release of
free iron from its protein bound state necessitates
repeated doses of desferrioxamine. If a combined
therapeutic approach of chelation therapy and

plasma exchange were used, more rapid control
might be achieved and previously unsalvagable cases
be rescued.
The potential use of plasma exchange in digoxin
intoxication is more difficult to predict as it is
rapidly distributed to the tissues and is preferentially
bound to the myocardium at a ratio of 200:1
compared with the amount circulating. Although
only 25 % of circulating digoxin is protein bound, its
half-life is between 34 and 51 hours and plasma
exchange could therefore provide a useful means of
removing any remaining circulating digoxin before it
becomes irreversibly tissue bound and thereby serve
as a useful adjunct to more conventional therapy.
Refsum's disease (heredopathia atactica polyneuritiformis)
This is an autosomal recessive lipid storage disorder
characterised by chronic polyneuropathy, retinitis
pigmentosa, and icthyosis with raised blood levels of
phytanic acid due to failure of or-oxidation of this
fatty acid. Exacerbation of the disease correlates
with a rise in blood level of phytanic acid, and
improvement with a fall. Treatment in the past has
been mainly by diet, but Gibberd et al.37 recently
achieved a good response in one patient by using
large volume plasma exchange combined with a diet
low in phytanic acid but of a high calorific value,
thereby preventing mobilisation of phytanic acid
from fat stores.
Early diagnosis and treatment of this disease by
diet, and if necessary by plasma exchange, could lead
to good long-term survival provided retinitis
pigmentosa has not developed as this is irreversible.

Haemolytic utraemic syndrome
Recent hypotheses concerning the pathogenesis of
haemolytic uraemic syndrome and thrombotic
thrombocytopenic purpura suggest the absence of a
plasma factor needed for prostacyclin production by
vascular endothelium, or the presence of a circulating
inhibitor to its production, or both of these.2 64 The
belief being that defective prostacyclin activity
favours the formation of platelet thrombi in the
microcirculation, a finding typical of haemolytic
uraemic syndrome and allied disorders. Two
recently reported cases in which therapeutic plasma
exchange with fresh frozen plasma as the replacement
fluid was used in the management of childhood
haeTnolytic uraemic syndrome appear to support this
hypothesis.40 41 However the use of therapeutic
plasma exchange for haemolytic uraemic syndrome
should be reserved for children in whom the
prognosis is poor, as our experience in the Leeds
paediatric nephrology unit during the last 10 years
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has been a mortality rate of less than 5 % for children
aged under 5 years. In both cases reported, plasma
exchange was used during a recurrent phase of the
disease, a recognised poor prognostic factor, although
both children were under 5 at their initial presentation.4041 If conventional forms of treatment
fail to resolve the life threatening situation of severe
thrombocytopenia, haemolytic anaemia, and hypertension, rapid resort to therapeutic plasma exchange
may prove to be a rational and life-saving alternative
in the management of severe haemolytic uraemic
syndrome.
Problems

Plasma exchange is a fairly safe procedure with few
adverse effects provided it is undertaken in an
experienced unit. The most commonly encountered
problems are citrate toxicity, management of fluid
and electrolyte balance, hazards associated with the
replacement fluids, and vascular access.
Anticoagulant. Citrate is the most commonly used
anticoagulant in all cell separation techniques and
temporary hypocalcaemia can be a recurring
problem unless measures are taken to avoid it.65
Fluid and electrolyte balance. If there is impaired
renal function exact fluid and electrolyte balance are
of paramount importance. As most of these patients
are incapable of responding to any fluid or electrolyte
imbalance during plasma exchange, care must be
taken to ensure that the colloid osmotic pressure and
the electrolyte content of any replacement fluid are
within physiological limits. In childhood, volume
changes pose a particular problem as the extracorporeal circulatory volume must be kept within
the toleration limits of the child-that is less than
15 % of the total blood volume to avoid hypotensive
episodes. To minimise blood volume changes special
paediatric equipment or the addition of red cell and
fluid supplements to the extracorporeal circuit may
be necessary.
Replacement fluids. Plasma protein fraction and
fresh frozen plasma are the main replacement fluids
used. Fresh frozen plasma has the advantage of
being cheap; it is readily obtainable and helps to
maintain normal immunoglobulins, coagulation
factors, and complement components but it has the
disadvantage that it can cause allergic reactions,
citrate load, and can transmit hepatitis and
sensitisation to proteins. Allergic reactions to fresh
frozen plasma are not uncommon and other workers
as well as ourselves have found a higher incidence in
alloimmunised individuals and in patients with

autoimmune disorders than in the general hospital
population.26
Anaphylaxis is a serious hazard and unless fresh
frozen plasma has been shown to have a therapeutic
advantage over plasma protein fraction its use is not
recommended. Plasma protein fraction does not
appear to be allergenic and is free from the risk of
transmitting hepatitis and sensitisation to protein; it
is also devoid of inflammatory mediators. It has the
disadvantage of being expensive and in short supply
and when used in large volume exchanges it can give
rise to a transient coagulopathy. It is also deficient in
pseudocholinesterase which could give rise to a
prolonged episode of suxamethonium-induced
apnoea during anaesthesia unless fresh frozen
plasma replacement is used before any anaesthetic
procedure.66 Hypotension in response to the rapid
infusion of plasma protein fraction is seen
occasionally in the USA and Australia, but this has
not been reported in Europe and slight variations in
methods of production must be responsible for these
differences.
Occasionally combinations of commercial plasma
expanders and plasma protein fraction or fresh
frozen plasma have been used, but this generally
gives rise to protein depletion and transient coagulopathy; some allergic reactions have also been
reported.
Vascular access. A major problem encountered in
childhood is adequate vascular access. This is
essential to ensure a reasonable blood flow into the
cell separator machine, otherwise plasma exchange
cannot be undertaken. In the majority of cases intraarterial or central venous lines or arteriovenous
shunts have to be inserted with all their attendant
risks.
From the foregoing list of problems it can be seen
that plasma exchange in childhood is a more difficult
and hazardous procedure than in adults. This may
account for its fairly limited usage to date in
paediatric practice. However its potential is exciting
provided a rational approach is taken and its
limitations are realised.

Limitations
Transient effect. Unless plasma exchange is used to
remove short-lived non-recurring specific noxious
agents-for example poisons-it can be regarded
only as an emergency therapeutic measure used to
interrupt a disease process whether mediated by
antibodies, immune complexes, non-specific inflammatory mediators, or by other as yet unspecified
humoral agents-either a lack of them or an excess.
The rationale being the prevention of further
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irreversible tissue damage occurring before more
conventional treatment-such as drug im.munosuppression-has become effective or before the
damaged tissue or organ has had time to recover.
Occasionally long-term treatment is indicated-for
example in hypercholesteraemia-but this is a
practicable proposition only if the interval between
exchanges can be lengthened while still maintaining
therapeutic benefit. At present plasma exchange is a
fairly crude form of treatment, but with the advent of
adsorption columns future prospects are brighter
making the method more specific and obviating the
need for any substitution fluid. The whole procedure
then becomes cheaper, safer, and more satisfactory.

Cost
As therapeutic effectiveness is difficult to ascertain,
the cost of the procedure must be taken into consideration. The current cost of undertaking one
plasma exchange in childhood in terms of disposable
equipment and plasma protein fraction used, is in the
region of £150. This figure does not take into account
the capital and revenue expenditure incurred by
the running of an efficient cell separator unit;
without experienced staff the procedure is impossible
to carry out. It is foolhardy and potentially hazardous
to attempt therapeutic cell separation procedures
only occasionally with an inexperienced team, but
the costs of running such units are high.

Conclusion
Plasma exchange is an exciting field which has given
a new therapeutic approach to a variety of different
disorders. Furthermore it has opened up the
possibility of a combined approach using adsorption
columns for the removal of the specific unwanted
substance. By enabling the enrichment or depletion
of a particular substance in the circulation it can be
used as an investigative tool in the study of that
substance's role in the disease process.
It is important that such studies are undertaken in
units in which full laboratory assessment is possible
and that controlled trials are undertaken in diseases
where the therapeutic efficacy of plasma exchange is
in doubt. To quote from a recently written article on
plasma exchange, 'Its excessive use beyond its
natural limitations could overshadow its intrinsic
merits and hasten its decline.'"
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