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SUMMARY

By 1981 it had become apparent that a new technique, plasmapheresis,
offered considerable potential in the treatment of.én ever increasing
number of diseases by itslability té remove an affecting component
from the patient's blood. Plasmapheresis involved the selective
removal of a small volume of plasma which was not replaced, whereas
plasma exchange involved the removal of a large volume of plasma which

was replaced by an almost equal volume of appropriate fluid.

A blood cell separator (IBM Type 2997) was acquired by'the Department

of Haematology, Glasgow Royal Infirmary, and during the period 1981—1985,
2685 plasma exchange procedures were carried out‘on‘201 female and 125
male patients being treated for a range of clinical disorders. During
this period I carried out a number of individual studies thch form the

basis of this thesis.

The thesis first reviews the literature'relating to the application of
therapeutic: plasma exchange in the treatment of selected disordefs. It
outlines the types of exchange procedures and tﬂe methods of component
removal based on physical and chemical means. Some continuous flow and
discontinuous flow centrifugation equipments and mémbrane filtration
eqﬁipments afe described and a comparison made of centrifugation and
filtration procedures. The potential offered by chemical separation
procedures is indicated. The practical considerations, particularly
those of vascular access, anticoagulation and the choice of replacement
fluids, are discussed. The rationale for treatment by plasma exchange,
evidehce of its efficacy and the implicatigns of such treatment are

considered. Some applications of plasma exchange in the treatment of

15



s

selected disorders are described. Whilst exchange procedures are
relatively safe they aré not without risk and some of the adverse

reactions and hazards are indicated.

The thesis has three basic objectives.

1. To assess the effectiveness of three sélected replacement fluids
usedlin the plasma exchange procedures‘Carried out on three
groups, each with patients being‘treated for myasthenia gravis,
GuillainJBarréSyndrome,chronic polynegropathy and polymyositis.

2. To assess the effectiveness of plasma exchange procedures in the
treatment of patiénts with cold haemagglutinin disease,
Waldenstrom's macrpglobulinaemia and‘hyperviscosity due to
multiple myeloma, immune haemolytic anaemia, Factor VIII
inhibitors, polyneuropathy, myasthenia éravis and Eatoh-Lambeft
syndfome, Guillain—Barré syndrome, glomerulonephritis and
Goodpasture's disease, aplastic anaemia together with pure red
cell aplasia and polymyositis.

3. To undertake a preliminary éssessment of the potential offered
by leukapheresis as an adjunct to conventional chemotherapy in
the treatment of patients with acute myeloid and lymphatic

leukaemias and with chronic myeloid and lymphatic leukaemias.

In the first study, three groups of patients with selected disorders
were treated by plasma exchange procedures in which their plasma waé
replaced by Plasma Protein solution (2 litres 5% albumin plus 0.5 litre
normal physiological saline), Polygeiine 1 Q1 iitre 5% albumin plus 1

litre Haemaccel plus 0.5 litre normal physiological saline), and

Polygeline II (2 litres Haemaccel plus 0.5 litre normal physiological

saline) respébtively. The haematological response, as assessed by

16



changes in standard full blood count, white blood éouﬁt, blateiet;count, _
'coaguiation screening and quantitative assays of coagulation factors; |
the biochemical response, as assessed by changes in urea and electrolyte
values, livef funétion evaluation, plasma protein evaluation and serum

" immunoglobulin assays; and the clinical response of each patient was
continuously monitored throﬁghout the sequencesvbf exchange procedures,
The mean value of each measured haemaﬁ§logi¢al and biochemicalparémeter
was calculated for ali the patients in each of the three groups. The
number of batients was sufficiently large to pgrmit a statistical

- comparison to be made of the changes in mean values of each parameter,
throughout the exchange procedure. Significant differences in values
were thus a direct consequence of the choice of replacemeﬁt fluid used

by each group in the plasma exchange procedure;

In the remaining studies spegific haematological and biochemical
parameters only were measured as’required. Chanées in parameter values
and in the clinical response fo treatment were monitored continuously
throughout the procedure. Patients treated for the different disorders
and those involved in the leukapheresis procedures varied greatly in
numbers, but were not sufficiently’numerous at any one time to permit

the setting up of controlled trials.

From thié study I have obtained thé following results and conclusions.r
1. For each of thé three groups of patients, the mean values of the
full blood counts, plételet cbuﬁts, prothrombin time, Kaolin erhalinv’
clotting time, thrombin time, assays of coagulaéion factors I,II;VIII,
IX and X; of urea, sodium,potassium, chloride, preatinine,,calcium,
magnesium, phosphate, sefum bilirubin, asparaté transaminase, alanine

transaminase, alkaline phosphatase, total protein, albumin, globulin,

17



serum iron; tétal iron biﬁding capacity and serum immundglobulins IgG;
IgM and IgA pre and post-plasma exchange differed onlyAslightlj. The
| change in meén values at intervals post-plasma exéhange exhibited
similar‘trends although the absolute values of change were slightly
different in the three groupé. It was notéd that in the case of some‘
vindividual parameter méasurements the differences in the mean values
were statistibally significant, and these occurred randomly'within the

three groups.

In the treatment of myasthenia gravis, Guillain-Barre syndrdme,
polyneﬁropathy and poljmyoéitis the threé grouﬁs of patienfs ekhibited
similar clinical response to the exchange of plasma with’the tﬁree
replacemenf fluids, namely plasma protein solution, polygeline I and;
polygeline II. The incidence of side effects arising from the use of
polygeline II was marginally greater tharn. the incidence of side effects
observed in patients exchangéd with plasma protein solution and
polygeline If On the basis of the haematological, biochemical and
clinical assessments it is concluded that the three selected fi@ids are
equally effective in the réplacement of plasma in the plasma exchange

procedures.

The data obtained in this study and the conclusions drawn are in
general agreement with those noted in other studies of different
clinical disorders treated by plasma exchange using similar replacement

fluids but inVolving considerably fewer patients.
2. = Plasma ekéhange in the treatment of patients with cold

haemagglutinin disease'produced a significant increase in haemaglobin

and -a decrease in the cold antibody titre. Fourvpatients'required to

18



be transfused during the beriod of exchange, one patient relapsed and
died from a myocardial infarction. In genéral, only transient
responses to plasma exchange have been obtéined, the antibody_titres

returning to their pre—exchange levels in ohly seven days.

Plasma exchange in the treatment of patients with Waldenstrom's
mécroglobﬁlinaemia and hyperviscosity due tb IgA and IgG myeloma
produced significant reductions in the whole blood viscosity at all
three shear rates and in plasma viséosity ihmediately_after plasma
exchange. The value of serum immunoglobulin IgM also decreased in
patients with Waldenstrom's macroglobulinaemia and all but one patient
noticed.a marked improvement in clinical status. All but two patients
with hyperviscosity due to IgA and IgG myeloma showedvimprovemént in

clinical status.

In the treatment of patients with immune haemolytic anaemia, plasma
exchange resulted in a significant increase in haemoglobin associated
with a decrease in warm antibody titre. This permitted temporary
'contrdl of . haemolysis and a measure of patient stability, giving

other modalities time to act.

In the freatment of patients with Factor VIII inhibitors values of
prothrombin time, thrombin‘clotting tiﬁe and Factor VIII Rg were not
significantly altered by plasma exchange. The values of kaolin
cephalin clotting time and inhiﬁitor screen were reduced and the Factor
VIII C concentration was markedly increased. The patients being

treated for a range of disorders reacted favourably to the procedure.

~ Half of the patients with chronic inflammatory polyneuropathy improved

19



after treatment by plasma exchange. No change was discernable in the

others and one patient unfortunately died.

In patients with myasthenia gravis, plasmaAexéhange reéulted in a
significant reduction in Anti-AchR Valuesvand a corresponding increase
in vital capacity. The clinical status of three patiénts was unchanged
by the procedure but in three patients with high initiai vaues of Anti-

AchR a marked improvement was seen.

Patients with EatoneLambertbsyndrome reacted similarly to treatment by

plasma exchahge.

In the treatment of patients with the Guillain—Bérré syndrome an
improvement in clinical status of oné grade was observed in seven
patients, of tﬁo grades in seventeen patients, and of three grades in
three patients in whom the duration of the symptoms ranged from nine
to twelve days and fqr whom the procédure was initiated one day after

diagnosis of the disorder.

The serum creatinine concentrations in patients being treated for
glomerglonephritis were markedly lowered as a resﬁlt of plasma exchange.
Regular plasma exchange appeared toiprevent progressionito renal
failure in nine out of tﬁel&e patients with mesangiocapillary Type 1

GN, for a mean.pepiod of eighteen months. In one patient the prodedur;
vwas stopped following a rise in serum creatihihe. Four patients with
mesangiocapillary Type II GN progressed to renal failure despite‘
continuing plasma exchange, whilst two paﬁients did not progressvto end

stage renal failure. Three patients with mesangial IgA disease had

virtually stable serum creatinine during nine months of procedures.
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Two patients with idiopathic membranous hephropathy progressed to end
stage renal failure despite plésma exchange. Pulmonary haémorrhége
occurred in ten patients and was rapidly controlled in four. Long term
follow up revealed tﬁat éight patients were still alive, five with

functioning allografts and three maintained on dialysis.

Both serum creatinine and anti IgM Ab (% binding) were significantly
lowered by.plésma exchénge~in the treatment of patients wit&xGoddpasture's
syndrome. Improvement in clinical status was noted in six patients,

four patienfs proceeded to dialysis and two ultimately died. In both
disorders feéovery of renal function wés clearly related to the severity
of glomerular damage. @ The prognosis for patieﬁts presenting with
creatinine .of 550 P mol/1l or less was significantly better than for.

~those with creatinine levels of 600 p mol/1 or greater.

Plasma exchange in the treatment of patients with red cell aplasia and‘k
aplastic anaemia produced a marked increase iﬁ_the numbers of CFU-C units.
Values of creatinine kinase, asparate transaminase, alanine transaminaée
and lactate dehydrogenase were all reduced by plésma exchange in the
treatmeﬁt of patients with polymyositis. The clinical status of threé
patients showed an improvement ofrone grade whilst thatﬁof seven

patients was improved by two grades.

Short term side effgcts were observed during the treatment of ‘the aboye
disorders, sdme of which could bé attributed to the choice of
replacement flﬁid and others to the exchange procedure itself. The
longer term effects embraced the hypercoagulable state, bacterial
infection and viral infection. No patient developed side effects‘which ’

_ have had deleterious consequences on health.
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In some disorderé;the cliniqai.effect of’plasﬁa exchange could be .
subjectively correlated with the level of specific disease marker. In 
other disbrdéfs correlation betweeh the serolégical findings and the
disease activity was poor and the assessmeﬁt of the therapeutic valué

of the procedure was based on blinical evaluation. Where improvements

in clinical sfatus were observed these were genérally.dué to reliéf of.
clir;ical manifestations rather than to any effect on the underlying’disvease,
itself. The favourable response of many disorders to plasma exchange

was short term and this limits its value to therapy for acute conditions.

3. Leukapheresis provided a relatively rapid means of‘safely
reducing the circulating white Cell count and resulted in clinical
improvement. It did not provide a supefior fofm of tréatment for
chronic myeloid leukaemia and did not appear to>delay blastic
transformatioﬁ.‘ In the treatment of chronic lymphathic leukaemia,
1eukapherésis did reduce the lymbhocyte count, spleen size, lymph_node‘
size, bone mafrow infiltration and liver size , but it‘should be used |

primarily for those patients failing other forms of treatment.

Thé application of Blobd’Cell separators and plaéma exchange,prooedures_
will be justifiéd by their contribution” to the improvement of the
clinical management of disorderskby cellular or plasma depletion or by
plasma‘replacément. Hopefully, they may add to the understanding of

the separation characteristics and the kinetiés of cell poéulation which
should leéd to an improvement in the rationale of treatments based ohv.
apheresis procedures.‘ There is however, a need for a procedure that
will provide the expeditous return of the patient's own plasma from
which the offendiné component(s) have been selectively removed in the

course of the exchange.
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INTRODUCTION

Blood cell separators were iﬁitially introduced and subéequently
“developed to provide granulocyte transfusions fof patients, with acute
leukaemia, who become profoundly neutropoenic secondéry to induction‘
therapy and then subsequently infected. Such separators also proved
to be highly efficient in reducing the numbers.of circulating blast
cells and thefeby decreasing the complications of leukostasis, namely

the incidence'oflpulmonary and cerebral insufficiency.

Cell separators were later developed fdr the exchange’ofvlérge volumes
of plasma énd this procedure was performed on shall numbers of patients
with diverse pathologiéallconditions where there were known, or presumed,
abnormal plasma factors contributigg to the aetiology, or pathogehesis,
of the particular conditions. Whilst beneficial results were reported,.
the absence of well-controlled randomised studies made if difficult

to assess the efficacy of the procedures.

It was established that some 75% of a patient's plasma could be removed
safely in one'té two hours providéd that an appfopriate replacement
fluid was subétituted to maintain colloid osmotic pressufe and thus
prevent f§rmation of peripheral oedema. At the time no information was’
available as to which replacement fluid’would be of optimum benefit tb
the patiént; The chéice was determined primarily by the replacement
fluid's ability to:
| 1 restoge volume and oncotic pressure
2 replace the constituents removed during plasma exchange,

namely, coagulation factors, immunoglobulins and fibronectin.‘
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At Glasgow Royal Infirmary, plasma exchange has provided a basis for

the treatment of selected patients with:

1. Antibody Mediated Diseases

a. Myasthenia Gravis, b. Guillain—Barré'Syndrome,
c. Polymyositis and d. Factor VIII Inhibitors.

2. Immune Complex Diseases

a. Rapidly progressive Glomerulonephritis, b. Goodpasture's
Syndrome, c. Systemic Lupus Erythematosus, d. Rheumatoid
Arthritis, e. Dermatomyositis.

3. Noﬁ—Immune Mediated Diseases

a. Hyperviscosity Syndrome (Waldenstrom's Macroglobulinaemia)
b.  Raynaud's Phenomenon.

. Over the pefiod 1980-1985, I carried out 2685 therapeutic plasma
exchanges on an IBM 2997 cell sepérator. Circulatory access was
achieved by Qenepuncture of the antecubital veins with 19 Gauge cannﬁlae.
Those patients with renal disorders had either Scribner shunté, or
latterly, arteriovenous fistulae. Each patieﬁt underwent a minimum of
five daily plasma exchanges with 2.5 litres of plasma being removed
during each procedure. Heparin was used as aﬁticqagulant, 5000 IU

being given to the patient af the start of the'procedure ahd 3000-5000

IU during the procedure.

The main replacement fluids used Qere piasma protein fraction and
albumin 5% and, very occasionally, frésh frozen plasma. With albumin- ;
5% and plasma protein fraction there was no risk of transmifting
‘hepatitis and no matching for ABO incompatibilityvrequifed, factors

which had to be taken into consideration if fresh frozen plasma was used.
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Dufing the period 1980—1982 the éonsumption of plasma products was as

shown in Table 1.

Table 1

Consumption of Plasma Products

Year 1980 1981 1982
Number of Plasma

Exchange procedures : ‘
Undertaken 332 - 222 237
Albumin 5% (litres) 200 285 300
Plasma Protein )

Fraction (litres) 100 98 75

The consumption of albumin 5% was a large percentage of

the hospital's

total allocation and alternative replacement media were sought. It was

known that dextrans, gelatins and hydroxyethyl starch (HES) were widely

accepted where rapid expansion of plasma volume was required and that

synthetics were generally more efficient than albumin in the immediate

restitution of blood volume e.g., dextran has a colloid osmotic pressure

approxiﬁately'twice that of albumin ahd therefore pulls more water out .

of tissue-into the vasculature. Whilst gelatins have been in use for

“a considerable period'they are known to have three major drawbacks

namely:
1 Alteration of the haemostatic mechanism due to defects in
platelet function
2 Transient effects on renal function
3  Incidence of anaphylactoid reactions’
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Polygeline (Haemaccel) was known to have a low ipcidencé of adverse
reactions and was introduced as the main replacement fluid in 1983.
Since then the consumption of albumin 5% used in‘plasmé exchange

procedures has decreased'ﬁramatically as shown in Table 2.

Table 2

Consumption of Albumin 5%

Year 1983 1984 1985

Number of Plasma
Exchange procedures
Undertaken 276 286 295

Albumin 5%
(1itres) used » 310 201 175

Since the introduction of polygeline it has not been necessary for the

Infirmary to use commercial albumin as a replacement fluid.

At that time, data on the efficacy of polygeline as a replacement

fluid in plasma‘exchange were’limited. Results had been published1 of

a study in which polygeline had been compared with plasma protein

fraction as the sole replacement fluid in a sequence‘of four to six
plasma exchange procedures undertaken in the treatment of six patients
with various types of glomerulénephritis and deteriorating renal function.
Measurements had been made of full blood éount, blood concentrations of
urea, electrolytes, proteins, immunoglobulins, complement and

coagulation factors béfore and at one hour and fifteen hour post-exchange.
Creatinine clearances were measured between exchanges which were

‘undertaken at four to seven day intervals. There was no evidence of
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‘hypoalbuminaemic hypovolaemia:and no postural hypotension‘occurred;

but it1Wés thought that low albumin concentrations could be a problem
if multiple procedures were carried oﬁt at very shqrt intervals.

Also available were the findings of studies undertaken to establish the
effect of plasma exchange on fibrinogen and platelet levels2 énd on
serum immunoglobulins and complement componentss. ‘Plasma proteih
solution was used as the replacement fluid but the studies included
data for a limited number of exchangeé (37 in all) carried out on five
patients using plasma protein solution supplemeﬁted by Haemaccel, No

significant effect attributable to the addition of Haemaccel was detected.

There wés clearly a need for mofe detailed informatiqn'of the effect,
on the routine haematological, biochemical and coagulation screening of
patients, of replacing plasma wholly, or partially, by polygeline
during plasma exchange in the tregtment of various disorders and of any
consequential adverse effects of the procedure. It was also desirable
that a datum for comparison should be provided by a similar evaluation

of the effect of replacing plasma by plasma protein solution.

In the course of further studies, in which albumin 5% was also used as
a replacement fluid, it was possible to aséess the efficacy of plasma
exchange in the treatment of patienté with:

1. Cold haemagglutinin disease‘

2. Waldenstrom's macroglobulinaemia and hyperviscosity due to
multiple myeloma. :

3. Immune haemolytic anaemia
4. Factor VIII inhibitors

5. Chronic polyneuropathy
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6. Myasthenia gravis andkEaton-Laﬁbert syndréme

7. Guillain—Barré syndrome

8. Glomerulonephfitis and Goodpasture's disease

9. Aplastic anaemia together with pure red cell aplasia

10. Polymyositis

' Experience was gained in the use of leukapheresis in the treatment of
patients with acute and chronic,leukaemiaé_,both myeloid and lymphatic, '
"as an adjunct to cbnventional chemotherapy. A preliminary study was

hade of the factors involved in the conduct of such procedures.

This thesis is based on the above studies of plasma exchange and
leukapheresis procedures carried out over a four year period 1981-1985
during the tenure of my'post as Registrar in Haematology at the Glasgow

Royal Infirmary.

The clinical indications for therapeutic plasma exchange, the efficiacy
of fluid replécement and the nature of concomitant side effects have
been criticaily analysed and the results of these studies are presented

and discussed.
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1.1

REVIEW OF THE LITERATURE

The Basis of Apheresis

The history of contemporary apheresis predates Hippocrates.i

4,5

Apheresis ~means 'taking off' and is applied to the individual

components of whole blood, plasma, platelefs and white:bloodcellsQ

vIt will be of benefit if the circulating product is pathological

and is no longer being introduced, synthesised, or;accumulating.

In the case of an immune disorder, the offending antibddy (or

cellular agent) ié being synthesised continuously. The end-organ,

whether it be nerve, muscle junction, synovial membrane, or renal

glomerulus can repair itself at some finite rate, provided the

- disease is of long duration and the end-organ's ability'uarepaif

has suffered no, or only limited, damage.‘ If, following the
effective removal of a circulating antibody, repair can occuf
quickly, then improvement will be visible rapidly. If there is

no fepéir, or it occurs only slowly, improvementvwill be limited,
or the.condition will remain stable. If fhe circulatinganﬁibod& ’
is re~-synthesised fapi&ly fhen only limiféd benefits will be
derived from its removal, even in the presence of a rapidly

repairing end-organs.

The extent to which the ré-synthesis, or re-introduction, of the
offending factor occurs and to which the end-~organ can repair
itself, will markedly inflﬁence the benefit gained ffonlapheresis
and fhe length of time over which the procedure may have to be
applied. If the medication given to reduce re—syntheéis acts

slowly the'apheresis procedure may have to be repeated over a
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1.2

period of time. f'.Tl'-li:s intermittent ﬁechahical rgmoval of the
factor could however be preferred to long-term medication with
cumulative risks;j if the rate of repair of the end~ofgan is
slow the apheresi;?procedure may be of hb'more value than the

agents which only reduce re—synthesiss.

Clearly, effective treatment of a disorder by»an apheresis
procedure requires the causative role of the postulated
circﬁlating factor to be specifically established. This could
be achieved by measuring the removal of the factor which is
thought to be pathogenic, studying the effects of its removal,
the duration of any observed effect on both clinical and
laboratory measurements and the inflﬁence of removal of a
factor of known laboratory markers of disease actiyity. If the
removal of a factor correlates strongly with clinical improvement
or stability, coupled with changes towards normality in other
laboratory parameters of disease activity, then that circulating

factor may be presumed pathogenics.

Types of Procedures

Therapeutic apheresis now includes a range of procedures to
remove one or more circulating products pathogenic to agiven end-

organ and which are re-synthesised at a variable rate.

‘1., Plateletpheresis

Marked elevations of the platelet count to levels greater
than 1000){109/1 can be seen in all the myeloproliferative

disorders, as a reactive thrombocytosis, in post-surgical
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patients (particularly post-splenectomy), and in patients
with a variety of malignancies, or infectionse.
Plateletﬁheresis provides means fér the safe and rapid
removal of large numbers of platelets from patients7’8.
Depending on the inifial platelet count it is possible fo
remove as many as 5-10 ﬁ 1012 plételets (equivalent to more
than 100 units of platelet concentrate) in a single - |
donation. Whilst this resulté in a rapid lowering of the
platelet count, the effect is temporary and the countfises
again Qithin the next 24-48 houfs. The procedure may bg

repeated until conventional therapy has time to become

effective. e.g.,before chemotherapy becomes operative.

In;vitro abnormalities of platelet function can sometimes

be corrected following plateletpheresis7. Depehding onjthe ’
cell separator used and the centrifugation setting, it is
sometimes possible to remove sub—pépulations of platelets,
particularly larger platelets, more selecti?ely; It is
pbssible that circulating platelet aggregates of‘differing

size are more effectively removed.

 Immediate plateletpheresis appears to be indicated in
patients with a significant elevation in platelet count and
~signs or symptoms attributable to thrombocytosis. Itris_not
clear whether plateletpheresis is also indicated as a
.prophylactic measure in the asymptomatic patient.and if so,

at what level of platelet count it is indicated.
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Erythrocytapheresis

The reﬁoval of red blood cells from éatients with
polycythaemia is easily accomplished using phlebotomy
tedhniques'and'there is no ad#antage in the uss of blood -
cell separator for this purposeg. However,.exchange
transfusions have.been used, but infrequently, in the.
treatment of sickle cell diseaselo’ll. Indications have
included priapism, unrelenting painful crises, pregnansy
and preparation for surgery. The rationale is to remove
er&throcytes containing haemoglobin S andbreplase them with
normal red cells csntaining haemoglobin A. The‘introduction'
of sell separators has enabled large volume exchanges to be
undertaken with the possibility of achieving higher
csncentrations of haeﬁoglobin A, generally in excess of‘go%

in é 3-4 hours procedure.

Stem Cell Collection

Mononuclear cell fractions which can Ee efficiently
collected by all the continuous-and intermittent-flow
centrifugatidn devipes have been shown to coﬁtsin a.
variable number of CFU-GM (myeloid), BFU-E (erythroid) and

megakaryocytic precursorslz’ls.

It is‘likely that harvesting peripheral blood sfem cells by
leukapheresis will be evaluated moreifully for the
management of patients with other forms of malignant
neoplasms even in cases where péripheral blood leukocyte

- counts are normal. Precufsor cells as measured by CFﬁ—C
assay can be coilected in quantitiesrthat appfoach the

. theoretical number required for bone marrow‘re-populatibn if
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five to ten procedures are perforﬁed. Furthermore, it has
been found that after a single plateletpheresis, wherein
30% of peripheral blood progenitor cells are collected
concomitantly, there occurs é doubling of both erythroid
apd myeloid precursors in the donor's peripheral blood’
48-72 hours later. Thus cell ééparator fechnology may be
Qsed as an instrument for facilitating autologous marrow

reconstitution after chemotherapy.

. Lymphocytapheresis

Intensive lymphocytapheresis can result in lymphocytépenia
'¢omparab1e to that achieved by thoracic duct drainagel4.
Lymphocytopenia is due predominantly to a loss of circulating
T-lymphocytes which in turn can be reflected functionally in
a decrease of in-vitro response to T-cell mutogens. Repeated

" apheresés are necessary.

Lymphopheresis has been used mainly in the treatment of
patients with systemic lupus erythematosus and rheumatoid

arthritisi> L/,

- Leukapheresis

Léukocytes are less deformable than red blood cells with
primitive blasts considerably less distensible than mature
m&eloid cells. With increasing numbers of blast cells

(100 x 109/1) in acute and chronic myeloid leukaemia the blood
flow in the.miéro;circulation can be impeded by plugs of
poorly deformable blastss. Local hypoxaemia may be
exaccerbated by the high metabolig activity of the
continuously dividing blasts with endothelial damage and
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haemorrhage. The situation can be further exaccerbated by
red blood cell transfusions that rapidly increase whole blood
viscosity in the presence of high.circulating white cell count,

-thereby furtherrcompromising local blood flowls.

AlthOUgh pathological evidence of leukostasis can be found
.in most organs in patients with extremely high white cell
counts, clinical symptomatology is usually related tocentral
nervous system aﬁd pulmonary invdlvementlg. Occasionaliy
puimonary symptomatqlogy with worsenihg hyppxaemiacxu1occur

with therapy and lysis ofbentrapped leukaemic cells.

Should the white cell count reach 100 x 10%/1 it may
constitute a medicai emergency and the count must be réduced;
>0ften it takes a period of time for chemotherapy to wqu and
because of metabolic problems it may well be contra indicated
- for 48-72 hours. There are numerous reports‘of intensive
leukapheresis leading to improvement of pulmonary and

haematological sﬁsymptomslg“21

. However, there may be life}
threatening side effects. These patients tend to be |
extremely ill with marked pulmonary'vascular insufficiency
characterised by tachycardia, dyspnoéa and hypoxia:
Vascular insufficiency can lead to priapism and necrosis‘of
,the finger tips. Due to central nervous system effects,

patients may become delirious, stuporose or dizzy.

Leukapheresis itself may worsen these probiems.

Leukapheresis is thought to be of short-term ﬁalue in the

treatment of chronic myeloid leukaemiazz. It will provide
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symptomatic relief only and there is no evidence thatit will
increase overall survival. Hyperleukocytosis is rarely a
problem in chronic lymphatic leukaemia. Leukapheresis may»l
produce improvements in spleen size, lymphnode size and bone
marrow infiltration but will not increase haematocrit or
platelet countlg. There is né evidence that intensive
leukaphéresis will provide clinical improvement or control of
the peri’phe'ral blood eosinophil counts. There may have been
avfew reports of favourable thereapeutic effects of leukapheresis
in patients with hairy cell leukaemia 'despite lowyields of

hairy cells6 123,24 .

Plasmapherésis

In‘ plasmépheresis a limited volume of bloodis collected iay
venesection and the plasma separated from the red cells by
centrifugation and removedzs-zg. "The red cells are returned
subsequently to the donor after re-suspension in isotoriic
saline. In plasma exchange however, large volumes of plasma
may be removed rapidly frorﬁ the circulation and simuitaneously
rebla‘ced with red cells by an equivalent volume of suitable |
substituté fluid. Thé development of cell separators has |
méde large volume exchahge poSsible’and allowed the expansion
of‘therapeutic applications. As a result, automated plas'ma_
-exchange has beeﬁ- atfempted in treating every condition in

‘which there is a known or presumed abnormal plasma factor.

contributing to the aetiology or pathogenesis of that disease.

Originally plasma exchange was thought to beabenignprocedure,
thus encburaging the tremendous growth of interest in its use.

The increasing need for blood components' (plasma, albumin",y etc)
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1.3

1.3.1

as replacement fluids provided further impetus directed
towards removal 6f specific pathogenic»substance;

This considerable éctivity has masked the fact that, in the
V:vast majority of cases, the efficacy ofplasm‘a exchange has
not been critically evaluatedzs. Thisznﬁiother considerations,
such as cost and the recognition that plaéma exchange can be
a potentially dangeroﬁs therapy; have finally'prompted a‘
more careful evaluation of the rolé, if ény, of plasma

exchange in those diseases where proof of efficacy is

lackingsoQ

The terms, plasmapheresis, and plasma exchange tend to be
used indiscriminately but this present study is concerned

with plasma exchange.

Methods‘of Component Removal

Plaéma exchange requires that the removed plasma be replaced.
The'use of the patient's own plasma is“a more physiologic, léss
costly and often more efficient feplacement, provided the plasma
constituents deemed to be harmful can be selectively'removedsl.
This can be accomplished by physical,,chemical, or immunological

means, in either on-line, or off-line circuits.

Physical Separation of Components

In theory, any physical property of the blood cells can be'dsed
to permit selective separation and collection of components and
particularly properties such as density, volume, surface charge,

adhesiveness and membrane receptors.
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Cell separation has been achieved by gravitétional forces in

gravity leukapheresis?’a’33

34,35

and by filtration in the collection
of granulocytes . In practice, however, differences in
density proVide the most convenient means of separating the -

cellular componentsas‘sa.

Granﬁlocytes are lighter than red cells, but are’much heavier
thanbblasma, lymphocytes and platelets. When granulocyteé are
subjected_to centrifugal forces they become concentrated in a
1ayef 'ingide' the red cells and 'outside' the plasma,
lymﬁhocytes and platelets. At low G forces, with Sedimenting
agents the layer can be preferentially rgmoved and the |
granulocytes collected whilst the majority of piatelets are
left free'in the plasma. This provides optimal colleétion of
granulocytes and adequate, but iess than optimal, yields of
platelets. To obtain sufficient granu1§cyteé a continuous flow
circuit, broadly analogous to’that used in dialysis, is
necessary. - As the G forces are increased, granulocytes are
replaced by mononucléar cells in‘thé leukoqyte-rich interface
andvare extraéted with the buffy coat. .That increases platelet

- yield but sacrifices yield of neutrophilssg.

The &onor of patient forms‘parﬁ of a closed loop circuit
coupled with the centpingation equipment, wherein the patient's
-total blood volume becomes available for processing, extracting
or replacing specific cellular constituents ofyfhe cellular

fraction.

The early types of,bell separator were cumbersome to use and a
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number of parts required sterilisation before each operation.
The development of more sophisticated machines with disposable
items such as bowls, collection bags, anbillary containers,

tubing etc has greatly facilitated the procedure.

Tﬁe'discovery that granulocytes in the presence of calcium
(heparinised blood) will adhere to scrﬁbbed nylon wool fibres
led toythe development of filtration procedures40. The
granulocytes collected on the fibres can be eluted_wiiﬁlcitrated
plasma. Whilst-more granulocytes can be harvested (per litre of
blood processed) by filtration than by centrifugétion method,
the granulocyte concentrates obtained are asséciated with a].
'higher incidence ofbfebrile reactions as a result of membrane
changes caused by the adherence-elution processAl. Severe
priapism has also been experienced, which required surgical
decompression and whilst a direct cause and effect hés not been
eStablished, the same unusual complication has been found in

patients undergoing renal haemodialysisAz.

1. Centrifugation Methods -

A wide variety of commercial equipments based on either
discontinuous or continuous centrifugation cell separation
: : 43 . '

is now available ~. These include:

a) Discontinuous Flow Machines

i) Haemonetics Model 30S, Model V 50
ii) Dideco Progress BT 970

b) Continuous Flow- Machines

i)  IBM Cell Separator Series 2990, Series 2997.

ii)  Fenwal Celltrifuge II, Series CS 3000
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A)

iii) Dideco Viva BT 790

Discontinuous Flow Machines

In cell separators of the discontinuous flow type37, the-

blood components are separated within the bowl and removed

through a centrally placed channel starting with the

lightest components, naheiy the plasma and ending with‘the
heaviest, the red cells. At the end of each cycle the bowl
is temporarily filled with air so that the process is
essentially discontinuous or intermittent. The apﬁaratus
is relatively cheap and easy to operate and is particular1y 
useful for the collection of piatelets and granulocytes és,
required. The donor's fluid balénge is disturbed more than
during continuous flow cenfrifugation and the volume of |

blood that can be processed in unit time is somewhat less.

Haemonetics Cell Separator V 50

The Haémonetics V50 cell separétor cbnsists'of a desk type
console, the lower part of which contains the rotating bowl,.
its motor dfive unit and speed control. (Figure 1). The
upper ﬁart‘of the console carriesitwo peristaitic pumps
together with the control panel and_alpha-numeﬁic display
unit. Different extraéorporeai volumes are accommodated by
centrifuge bowls of various sizes which are coupled to
pre-connected sterile disposable sets which provide the
external fluid pathway. The array éf collapsible sterile
containers complete the assembly wifh the minimum of set ﬁp

time.
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Figure 1. Haemonetics V50 Cell Separator
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. The machine automatically draws anticoagulated wholé blood
which is pumped to the rotating boWl and plasma separatién
bégins. ‘As the bowl fills, component bands appear, plasma
(the lightest componént), plételets and white cells are
sequentially expelled through a ceﬁtrally located channel.
in the rotating seal. (Figure 2). When the bowl is full
of red cells (the heaviesf componeﬁt), the centrifuge stdps
and the uncollected components pumped to a container bag for
ufor gravity reinfusion. .At the‘end of each cycle, the bowl‘
is tempgrarily filled with air, so that the procedure is
discontinudus or intermittent. . When a preset volume of
plasma has been collected (as determined by:weight) the

procedure is automatically terminated.

During the procedure the display panels continuously
‘indicate the volume of plasma removéd, the pump speed, the
processing cycle and other data. A special programmed
display up-~dates the operator on the states of the
ihstruments and proﬁpts the operator through the‘procedu:e._‘
flow indicator lights confirm adeqﬁate flow. In the event
of a decrease in flow a monitoring s&stem slows or stops

fhe pumps untilbadequate flow is‘achieved. The presence of
air in the circuit is detected ultrasonically. Many
Qafiables ére pre-programmed but the automatic protocols

can be manually over-ridden at the time.

This instrument collects therapeutic quantities of‘platelefs
and granulocytes, either simultaneously or separately.

Other products collected include 6e11-poor plasma and
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Anticoagulated blood is pumped
to the rotating bow! and plasma
separation begins. As the bow/
fills, component bands appear.
Plasma, platelets and white cells b
are sequentially expelled. When
the bowl is full of red cells, the
centrifuge stops, and uncollected g
elements are pumped to a bag "
for gravity reinfusion.

Figure 2. Plasma Separation in Rotating Haemonetics Bowl
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B)

lymphocytes. Procedures have been deVeloped for plasma
exchange,ylymphocytapheresis, leukapheresis,
plateletphéresis and erythrocytapheresis. A sihgle or

double-venepuncture technique may be used.

Continuous Flow Machines

In continuous flow cell separat0r344-46, whole blood is

drawn ffom a vein in one arm and returned to a vein in the
other arm of the donor.: From the donor the anticoagulated.
blood passes to the centrifuge bowl, or rotor, in the
machine. As it enters the channel and flows in a clockwise
direction, parallel to the aiis of rotation, towards the
colleétion chamber, the blood separates into three principal
fractions, namely plasmg, granulocytes (buffy coat) and
paéked red ceils. The interface position between fractions
and collection are under the direct control of the operator,

who must vary the extraction rates of packed red cells and

“.wplasma to obtain the desiredvcomponent which is removed

 through the 1lid of the separator bowl. The packed red

cells and plasma are then recombined and returned to the .
donor while the buffy coat is fed into a collection bag.

A special seal permits the continuous transfer of whole
blood from the stationary to rotating portions of the bowl
and the simultaneous removal of the separated components in

the reverse direction throughout the procedure.

The centrifugal separation which allows the leukocytes to be
4 . . '
collected, can be expressed 7 in terms of a packing factor

PF defined as
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Wﬁere G = separation acceleration,'t = time of separatibn,
s = sedimentation réte of blood; and d = distance through
which sedimentatiqn takes place for the channel used. The
separation time t is expressed as
t = AL
Q

Where A = channel area, L = channel length, and @ = mean

flow through the channel.

Thus PF =G, |AL [. S
Q d

The channel area A, 1éngth L and distance d through which
which sediment takes place, afe'geometrical properties of.
the system and are fixed. Sediment (S) is variable and
not directly controllable. Thus the degree of separation
ih the single-stage channel can be characterised by the
ratio of separation acceleration G to flow rate Q through
the channel., If this ratio is held constant, similarv
Separation should be obtained at different values of G
’aﬁd Q. Using channels of different geometric design,
acceptable yields 6f 3.0 x 109 cellS/litre of blood
processed were found at a packing’facfor equivalent to
586 rpm/40 ml/min flow rate. For the same constant ratio,
, cémpérable yields wouid also have been obtained at flow
‘rates of 650 rpm/50 ml/min, 720 rﬁm/GO ml/min and

820 rpm / 80 ml/min.

The continuous flow celi separator cén also be used with a
~single site of vascular access if fitted with a device that

intermittently reverses the direction of flow through the

44



cannula every few seconds48.

" The IBM 2997 Cell Separator

The IBM 2997 cgll separétor44 consists‘of a desk-type unit
which carries the centrifuge bowl with its motor drive unit,
the colour-coded peristaltic pumps and control box (Figufe 3).
The latter contains the digital flow rate counters for ail
input and outpuﬁ pumps and a comprehensive system of fau1t ‘
detectoré which immediately stop the pumps if air is detéctea
in the donating, or feturn tubes or, if they become blocked.
Simultaneously the operator is warned by both audible and
visible signals. The rotational sbeedlof'the’centrifuge bowl
can be varied by controls located in the desk itself. The
equipmeht is completed by sets of appropriate tubing, delivery
containers, collection bags and circular separation channel
which fits into the centrifuge bowl. All the tubing and the:
separation channel itself is sterile’pyrogen—free and
disposable. It is supplied in two packs with one sample
sterile connector, needing ohly to be placed in‘position and
run through the coiour-coded, peristaltic, collection pumps.‘

, The éssential'components and tubing‘cirquits are shéwn in

Figure 4.

Blood is drawn through a central rotating seal (Figure 5a) into
the éeparation channel at one side of'a sealed bulkhead and
flows.around it as the centrifuge rotates. By the time the
blood arrives at the colleétion chamber on the other side of
the bulkhead, it has been separated bykcentrifugal actioﬁ iﬁto”

red blood cells on the outside; plasma on the inside, and the
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Figure 3. IBM Type 2997 Cell Separator
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’ bﬁffy coat of platelets and white cells in between. Three
tubes run radially from the collection chamber through their
individual channels in the rotating éeramic seal and out
through the peristaltic pumps to the point at which*théblbod :
components are recombined. One tube, which penetrates almost
to the outside of the collection chamber, is the exit poft
fpr the packed céils (Figure>5 b). Ahother»tube, penetrating

. roughly.half way up is the white cell port. This and the o

| interface positioning (third) port are radialiy located tobe
on the céntre-line'of the channel. They are separated from-b
éaéh other by a barrier thét extends from éhe top to the
bottom of the chamber. Plasma can pass around the barrier
along fhe inner wall and the red cells flow around the barrier
aldng the centre wall of the chamber. Downstream from the
barrier the red blood cells ahd plasma are recombined and
extracted by the third port. Alteraﬁions in the pumﬁing:rate
ofvthe pump that controls the extraction from the thirdexit
port will adjuSt'the radial position of the red cell/plasma
intérface. The adjustment of the int;rface position:relétive
fo the fixed tube port by varying the pumping rates allows the
 white cell porf to draw off from.the'buffy coat, either a.
mikture rich in piatelets or rich in white cells.The continuous .
. centrifuge technique allows a steady,extra-coqureal.blood
ave?aging only 280 ml total volume to be maintained and permits
donors and patients to bé_balanced under safe equilibrium |
conditions. A relatively low amount of anticoagulant isused,
the ratio of which relative to the replacemgnt fluid, can be
raised. Clear LED display of the'actual ratio allows positive
and uniguely sensitive control of this potentially{hazardOUS

element.
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The machine is accurate enough to deiivér white cell
concentrates, preferentially rich in lymphocytes or
granulocytes. Not only can undesirable plasma‘or unwénted
blood cells be removed, but concenfrates.of platelets or
granulocytes can be collected for therapeutic infusion;v
Similarly lymphoéytes can be collected for immunoiogical

studies or the production of the transfer factor.

- Typical procedures possible on the IBM 2997 blood cell
separator and data on performance are given in Tables 3 and
4. New procedures may be easily developed to meet specifiéW
situations. The equipment is already being used routinelf
in combination with a number of different affinity
chromatography columns for plasma modification as an

alternative to plasma exchange.

. TABLE 3

Some of the Protocols Possible on the IBM 2997 Blood Cell Separator

Exchanges
Plasma Exchange (Platelet Poor) Red Cell/Plasma Exchange
~ | Plasma/Red Cell Exchange Plasma Modification
~ 1 Red Cell/Red Cell Exghange (using affinity
: : chromatography columns)
Depletions
Platelets : _Granulocytes
Lymphocytes (Including ' Red Cells (Including old
simultaneous Plasma Exchange) cells)
Harvest
Plasma (from high titre donors) . Granulocytes
Platelets (Including Leukocyte and Red Cells (Including
Red Cell poor) , Neocytes, young cells)
Lymphocytes/Monocytes

50



TABLE 4

Performance Data for IBM 2997 Blood Cell Separator

Plasma Exchangg

Volume Exchanged
Procedure Time

RBC Exchange

Volume of Packed Red Cells:
Procedure Time

Cytapheresis —~ Leukocytes

Patients - children (5 years, 44 1lb)
Post WBC counts decreased average of 54.7%

Granulocyte Collection

Non-stimulated donors

PMN Yield
Procedure Time

Stimulated donors
PMN Yield
Procedure Time

CGranulocyte Platelet Collection

Granulocyte Yield
Platelet Yield
Procedure Time

Lymphocyte Collection

Lymphocyte Yield
Procedure Time

Platelet Collection

Dual Stage (Leuko-RBC Poor)

Platelet Yield
WBC -
Haematocrit
Procedure Time
Bleeding Time

Single Stage

Platelet Yield
- WBC

Haematocrit (%)
Procedure Time

510r Life Span

51

2.6 - 4.0 litres
62 - 120 minutes

6 - 8 units

90 minutes

13.9 x 10°

138 minutes

138 ~ 168 minutes

24.1 x 19?
3.8 x 10
126 minutes

11.0 x 10g
150 — 180 minutes

4.8 x 101!
0.31 x 10°
Not measurable
90 minutes

Corrected

4,3 -~ 6.6 x 10;1
3.2 - 7.0 x 10
1.0 2.0 %

90 -~ 130 minutes
9.3 days



Celltrifuge II Cell Separator

The rotating seal is a potential source of trouble and a con-
tinuous flow cell separator has been produced ih which the
rotating seal has been replaced by a loop of tubes twirling like
a skipping rope in:the opposité direction to the rotation of the
centrifuge and which ié based on work49 on a flow through

: centrifugé.

Other Developments

The increasing clinical demand for fresh plasma and platelét
concentrates cannot always be met from conventionally collected
whole blood donations. The first genération cell separatorb
equipments yield products heavily contaminated with leukocytes
and whilst concentrates may be collected with O 'haematocrit’
there is still some red cell contamination. Further equipment
development has permitted the harvesting of piatelet concen-
trates from single donors with maximal yield and minimum white
blood cell contamination50’51.

In the Haemonetics V50 cell separator this ié achieved by
incorporating a surge pump. Once the buffy coat shows optimal
separation during the first cycle, autologous plasma is
reinjected at high speed into the spinnning centrifuge bowl and
the plafelets are separated from the white blood cells and the
red blood cells. The optimal buffy coat position dependsvon

- the haematocrit, plasma viscosity, draw speed and platelet
shape, consequently the procedure was neifher automatic nor
reproducible. New platelet programmes have been developed to .
overcome these difficulties51. |

Similarly, in the IBM type 2997 cell separator, a dual stage

channel has been incorporated which combines a two-step
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éentfifugation procedure into a continuous method to collect
platelet concentrates which are virtually free of leukocyte

aﬁd red blood cell contaminationsz.

Haemonetics V50 Cell Separation with Surge Pump

The Haemonetics V50 Cell Separator is chnected Qp as shown in
Figure 6. Blood is drawn from the donor,vmixed with anti-~
coagulant and is pumped at 55 to 65 hl/min. intobthe centrifuge
bowl épinning at 4800 rpm, where it is separated into plasma
components. When the buffy coét reaches the shoulder of the
bowl (i.e. about 1.5 cm from the top) it is optically detected.
The filling of the bowl with whole blood from the donor is
automatically stopped and the surge pump»ié»activated.v The
plasma accumulated in the plasma‘air bag during the
centrifugation is reinjected back into the centrifuge bowl at

' high speed 200 ml1/min. This results in resolution of the
platelets from white blood and red blood cells (the surging
effeqt). The valve to the collection bag then opens to collgct
the éurged platelets;i As soon as the platelet band.disappears
the surge stops before red blood cells are removed. Three main
interdependent operating variables control the surge procedqre
and defermine the quality of the’final platelet product; namely,
the volume off-set which determines the point where the surge‘bf
plasma from the air/plasma bag begins, the collect delay volume,
which:is that occupied during the time interval from the
initiation of the surge to the opening of the collection bag for
platelets and the platelet/white cell factor,. which detefmines
the end'point of the surge. Whilst there are recommended |

settings, optimal values are usually established by trial.
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The automated cell separator has also been used for the combined
procurement of platelet-poor plasma and platelet concentrate,
the two products being obtained from the oce collection harness
without compromising the yield of factor VIII in platelet;poor

plasma53’54.

IBM Type 2997 Cell Separator with Dual Stage Channel

The dualestage channel consists of an extruded semi-rigid 7
plastic tube of rectangular cross-section, 25 mm x 6 mm, which
has a transitional area about one-thfrd of the way down its
length where it measures 30 mm x 1.5 mm (Figure 7). This tube
Ais atteched at both ends to the input/collection chamber and
forms a closed loop. The larger»cross-secfion'area portion of
the tube is formed in a circular arc. The transition region
curves . inward SOVthat the thin portion of the channel can form

a spiral Four tubes from the face seal assembly attached to
the chamber ,provide passages for whole blood, packed red cells,
platelet—poor plasma, and platelet concentrate. The chamber is
shaped 50 that two separated regions of radial extent are formed.
The shorter region ccntains the input portAand‘the packed red‘
cell poft which are at the inner and outer radial extremes of
the chamber respectively. The longer region, which also has
ports at both radial extremes allows collection of platelet—poor
plasma from the inside port and platelet’concentrate from the‘

outsidebport.

The channel assembly is mounted in the centrifuge with the axis
of rotation in the centre of the loop. It is supported by the

centrifuge assembly containing a removable plastic insert. The
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Figure 7. IBM Type 2997 Cell Separator with Dual Stage Pump
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channel is spun at 2400 rpm, and experiences internal pressures
of up to 7 bar. The centrifugal acceleration experienced by
the blood components is in the range of 530 to 1000 G. The

channel volume is 70 ml.

Anticoagulated blood is drawn into the channel by initiating
flow with the'plasma pump. As the channel fills with blood, the ‘
plasma port extracts salihe first, theh mixture of saliné plus
plasma, and finally plasma alone. Red celis accumulate in the
first stage of the channel and are extracted through the red
cell port when the interface nears the inside channel wall in
the transition zone. The relative flow rates 6f the plasma and
red cells are a function éf donor haematocrit.The total blood‘
flow rate tﬁrough the channel is predetermined by donor blood
volume estimatesband relate to expected ionized calcium

depletion from the ACD-A anticoagulant used in processing.

Platelet rich plasma entefs the spiral stage of‘the channel,ub
platelets are doncéntrated along the outer wall of the channél,
'and are extracted into a sterile transfer bag thrqugh the :
collect line. As in all continuous flow systems, the:remaining
donor red cells, leukocytes, plasma and platelets are .

continuously recombined and returned to the donor.

Two factors, ACD-A flow rate (calcium binding) and AC:WB -
dilution (appropriate pH) determine the processing rate per
minute, the procedure time and therefore the total blood

processed.,
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Membrane Filtration Methods

In recent years membrane filtration has been increasingly used
) . 55-57 .

in apheresis procedures « Plasmapheresis or plasma
Separation involves the use of filters Which produce a plasma
filtrate from whole blood. Plasma fractionation involves the
use of a second and tighter filter (i.e. cascade filtration)

which yields a globulin-depleted solution of albumin for return

to the patient and a globulin-rich retinate.
Equipments and filtration systems now available include:

~ Fenwal PS 400

Cobe Centry TPE System 58.

Dideco Filtra BT 810‘59', Separa BT 796 '
Organon Teknika Cﬁresis

AGB Semca Media Micro labo 85

Kuraray System KM 8500

Plaéauto 1000

NIPRO DP-1

Also Hemascience Autopheresis C 60 in which
filtration is combined with centrifugation.

Principle of Operation

The various equipments are similar in function but differ infthe
generai layout of the pﬁmps, disposable circuit tubing and
containers, pressure sensors, flow senéérs, electronic control/
programming for various operating'procedﬁres, saféty deviceé and

the use of either single or double-vascular sites.

In all equipments, blood is removed from the donor, citrated,
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pumped through a membrane filtration unit and returned to the
donor. The plasma and red cells ére separated in the filtration
chamber as dictated by the operating characteristics of the

filter.

‘Dideco Filtra BT 810

The eQuiﬁment consists of a single, compact, L-shaped console
which can be placed on a table (Figure 8). The flat-topped
horizontal module contains the three pumps, whilst the vertical
module contains the electrical céntrol equipment, measuring
instruments, staﬁds for the disposable circuitry/container bags
and for the vertical mounfing of the filter. The‘filter
qontains hollow propylene fibres of O.B‘Pm mean boré size
having an active surface of 0.1 nf, 160 mm total length, steam
sterilized and without surfactant addition. -Using a single .
needle system, blood is drawn from the donor's veih‘and after
the additioh of an antocoagulant, is deiivered by the draw
pump to the filter while the reinfusion pump is stopped (Figurék
9). This produces a pressure increase in the filter. When
the pressure reaches a maximum value pre;set by the operatdr,
the draﬁ pump is automatically stopped‘and the reinfusion pump
is started. The blood is returned to the donor through the
same needle and this produces a pressure decrease in the filter.
When a value, pre-set by the operator is feached, reinfusion
automatically stops and a new draw phase begins. Thué, the
donor blood flow is discontinuous whilst the flow through the
filter is continuous. The flow rate of the filtered plaéma is
about 12—17 ml/min. and is dependent on fhe blood flow raté,,

'hematocrit: and blood lipid content. The extra-cobporeal‘blood
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Figure 8. Dideco Filtra BT 810 Cell Separator
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volume is about 70 ml, whilst the amoﬁnt of blood processed
during a draw/reinfusion cycle is 12-15 ml. A vein sensor on
the draw line automatically stops the pumps when donor blood

flow is inadequate.

A deep, chamber-level, sensor and a bubble detector in the
reinfusion iine prevents infusion of air to the donor. 500 ml.
plasma is collected per procedure, in about 40 min with>an
average blood flow of 55 to 60 ml/min. Approximately 160 ml
of anticoagulant is used per procedure, about half of which is

collected with the filtrate.

Factors in the Filtration Procedure

The effectiveness of the equipment and procedure depends on the
éapacity of the filter to ?emove defined substancesvfrom the
blood; Unfortunatély,vthere is no standardized method of
valuating Capacity, nor are there precise definitions of
various test parametefé usedsl. Performance has been assessed
on ‘a number ofvcriteria which make comparative valuations very
diffiqult. Thus, coagulation and fibrinolysis parameteré have
been ﬁsed to assess plasma protein reméval and coagulation

and fibrinolysis activation. Plételet number and grénule
content have been used to study platelet loss and platelet
activation. The sieving coefficient of membranes has been

evaluated by studying von Willebrand factor multiplierssz.

The operating‘chafacteristics of a filter depend on the membrane
material, its geometric form and physical arrangement, on the

rate of blood flow and on the transmembrane pressurees. TheA
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filter systems are of two kinds, one employing a flat bed
filter58, the geometry of which may be varied and one employing
. . . 64,65
fixed geometrical arrangements of hollow fibres .
Scouring efficacy and platelet loss of both types of filters
appear to be similar but platelet activation is less for the
flat bed filter than the capillary filtersz. The physical
arrangement of membrane material and the conditions under

which it operates does influence the degree of blecod trauma

and the level of plasma extractionss.

The filtration rate in plasmapheresis is not a linear function
of filter area and applied transmembrane pressure andvcannot

be uniquely evaluated (i.e. a fixed value of permeab.ility).s
Filtration rate initially iﬁcreases with applied transmembrane
pressure up to a platéau value beyond which no further increase
in rate occurs. Filtration rate also increases with blood

flow rate in a complex manner. At the plateau le§e1 of
transmembrane pressﬁre a maximum value of filtratioh rate

cduld be ascribed for a given blood flow rate but unfortunately
this value decreases during fhe course of a plasma filtratioh

61
procedure .

The contact surfacé betwéen blood and membrane can result in
haématological and biochemical changeses. Méterial from the
blood may be deposited on the membrane surface as a
consequence of net passage of filtrate and this reduces the
overall membrane permeability (i.e. a progressive plugging of
.the membrane occurs)es. Material deposition is particularly

influenced by the composition of the membrane material and to
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a: lesser extent by the membrane geometry, flow rate and
transmembrane pressuress. Further membrane material greatly
influences complehéﬁt activation; significant activation of

the anaphylatoxinéﬁcéa and Cba is féund Qith cellulose
diacetate membrane§ but not with polycarbonate membrane which
correlates with a afop followed by énjovefshoot of both
leukocytes and lymphocytes. Both membranes generate significant
amounts of anéphylatoxins in the filtrates, reflectiné high

. . . 67
intermembrane activation .

The progressive loss of filter efficiency during the procédufe‘
can be countered by increasing the transmembrane pressure, but
ih a whole plasma volume exchange the pressure, would rise
beyond practical limits and the procedure would have to be
terminatedse. Further, membrane plasma separation may be
limited by the onset of hemolysis which is generally associated
with a high mean traﬁsmembrane pressurees. However, very high
transmembrane pressures can be used wiﬁhout hemolysis if
applied for only a Short time, aé with pulsatile blood flbws at
frequency of 2 Hz, and this can increase the filtration rate by
30 to 50%. Increasing transmembrane pfessure leads to a greater
depbsition of material on the membrane. Membrane plugging can
be prevented by wetting the membrane éurface with a surfactant

but this raises ethical issuesss.

The selective removal of pathologic macromolecules with cascade
membrane (double-filtration) systems is primarily dependent on
the transport characteristics of the second filter which will

be exposed to increasing protein concentrations duringtreatmentssg.
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1.3.2

N\

The plasma filtrate in the re-circulation circuit will contain
various substances, depending on the.batient's disorder, thaf |
can interact directly with the membrane and this makes
prediétion of membrane performance more difficult. Assessments
based 6n sieving coefficients of the cascade filter or on |
direcf analysis of the retentate are open to doubt7o. The
former are misleading because the separations are highly
irreversible and the latter is unreliable because non;perheable
proteins are ofteniaggregated, de-natured or bound to membranes.

Indirect methods have been used to measure the removal of known

marker molecules, (e.g. albumin, IgG, IgM and B-lipoprotein).

The need for substitution fluids is greatly reduced with

caécade filtration compared with plasmapheresis but the removal
of IgG and IgM is less efficient’'. The amount of C3a and
C5a returned to the patient is significantly higher with

cascade as opposed to single filtration proéedures67.

The high cost of plasma filters is a limiting factor in their

use for plasma exchange and the possibility of reusing filteré

“is economically attractive. Filters have been used at

- monoclonal gammapathies of the IgA and IgM types up to four

times provided adequate rinsing is undertaken after each
) 72 |
application .

Chemical Separation of Components

The plasma constituents can be removed by perfusion of whole
blood (haemoperfusion) or plasmaperfusion73_75. Alternately.

some constituents of plasma or whole blood can be precipitated'
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or absorbed from blood or plasma whi¢h4is subsequently transfused

back to the patient.

Haemoperfusion

Haemoperfusion involves the direct passage of anticoagulated
blood over activated charcoal. Its role has been limited
because of potentially 1ife-threétening thrombocytopenia and

charcoal embolisation.

Plasma Perfusion

Plésma is separated from the formed elements of blbod by
centfifugation or filtration, and then pumped over an affinity
column or a filter with an immobilised sorbent. The effluent
of column or filter is re—éonstituted with the formed elements
of blood and returned to theipatient after passage throﬁgh a
blobd filter. Thrombocytopenia is avoided and sorbents can be
used thét,need not be bio-compatible with the formed eiements
of blood. The bio-compatibility of fhe column is improved |
wheh plasma only is passed through the column and the by—paséed
cellular elements are returned directly to the patient.' This
rémpves the problem of.platelet depletion and it allows’élwider
choice~of‘type and concentration of anticoagulant76. It permits
the,use of smaller bead packing and a&sorptionbisltherefore |
fasgér and more efficient. ‘The patient'é own‘plasma is
returned without thé need for artificial plasma expanders or
plasma products. This eliminates one'of the major hazards_gf

apheresis and should reduce the cost of the procedure.
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Column’Technology

The techhique is baséd on the disposable(orreusable) column73.
It includes the‘contéiner, its sterile packing, connectofs and
v,associated reusable apparatus. The latter is based on

" haemodialysis and haemoperfusion machinés with added
:anticbagulant pumps, temperature cdntrols, flow reversal and

regeneration mechanisms; pH and optical detectors.

A volume of 300 ml is uéed tqvavoid excessive haemodilution,
plasma.proteins;the red célls are returned directly to the
patient. The plasma flow rate of 60 ml/min is based on an
assumed ﬁaximﬁm venous blood floﬁ of 106 ml/min/and a maximum
procedure time of 3-6 hours for treatment of patients or 1-2
hours for donors. Because of’the limited performance of
peristaltic pumps a maximum back pressure of 0.7 bar is
specified, but ideally fhe pressure is less than this. The
aﬁsence of most cellular elements allows a wider choice of
pressure and shear than is the case with blood perfusibn with -
rigid pécking materials. Typicall&, spherical beads of solpﬁ,
diameter are used with a plasma fioﬁ of 50 ml/min, a back
pressuré of 0.7 bar, a temperature of 37° C (which almost
halves the viscosity of plasma compared with that at i5° c),
and a.packing geometrj 6 cm'diameter énd 6 cm high. Semi;rigid
beads are generally larger, around 70 Pm diamter whilst thé
lower limit of particie size for gels‘is 150 jm diémeter. The
smallest size of beéd ié chosen in the interest of‘efficiency;

speed, capacity and cost.

Because of the clogging effect of evenksmall amounts of
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platelets which are inevitably left in the plasma (typiﬁally

2 x 109/1), the back pressure will increase with time of
perfusion and the longer treatment sessions could bécome
painfﬁl. Thus, it is desirable that‘99% of the béads should
be within the range 40-60 Jm. Because of the dilﬁtion of the‘
returned plasma the reduction in any particular component’
follows én exponential iaw so that treatment times of 2,4, and
6 hours could, at best, produce fihal concentrations of 30, 10
and 3% of starting levels, Columﬁ adsorption‘efficiencies of .
80% and extra-vascular pools will significantly reduce suchil

performance.

More recent treatments differ from charcoal haemoperfusion on
renal dialysis in that the molecﬁlar size of the material to~ 
be removed is many orders of magnitude greater. Since
adsorptive capacity is dependent on total surface area whése..
capacity for protein is‘typically 1-5 mg/mz, several hundred
square metres are needed to remove mg/g of substance. Both
static (steric hindrance) and dynamic (non-equilibrium with.
flow) factors reduce the efficiency,of.any given absorbent =
and the reduction in pbtential adsorptive capacity can be
alleviated by using tandem columns»operatéd alternately with
regeneration of the resﬁing column. This approach is'limited_
and it is more effective to ensure that the surface aréa and

the poroSity are sufficient for species to be removed.

The propertiés of the column are such that a spacé twice the
size of a molecule allows access to, on average, only 5% of

absorptive area. It is not until the cavity is 10-20 times"
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1argér,than the molecule that efficiency‘of access reaches
80-90°. Thus immunoglobulins and_Ag/Abvcomplexes;which may
readily exceed 10 nm in stokes radius (functional radius in
solution) would need cavities of around 400 nm diameter for
90% efficiency of access. Larger species such as very low
density lipoprotein (30 nm radius) and Viruses (50-100 nm
radius) would need cavifies of around 1200-4000 nm diameter.';
These molecular dimensions- are also approached by asymmetric
molecﬁles in solution such as DNA and Factor VIII so that
large cavities areklikely to be a common requirement for both.

therapeutic and procurement procedures.

The surfaces exposed to plasma and the ligénds (or affinity
reagents) immobilised thereon should not initiate éoagulation,
or.excessive aggregatiqn of piatelets, or of other cells, such
that flow ceaées, or capacity within beads is severely reduced.
,Theiéorrect choice of solid phase chemistry and'anticoagulant
should minimise this problem. Where solid phases are not
inherently non-thromﬁogenic (and considering the relatively .
.short treatment time compared to, for exémple indwelling..
prostheses) this is unlikely to be a major problem. When a
surface coating needs to be applied to improve bio-compatibility,
coating procedures that are satisfactory'fér charcoal
haemoperfusion are unlikely to work with these larger molecules.
» The pores in cellulose nitrate, cellulpse acetate and |
polyhydroxyethylmetﬁacrylate coatings are approximately é nm
and are inadequate to permit free access of larger molecules.
Thus coatings should bebgraftedbonto skeletal molécularv

structure of the bead prior to subsequent grafting of théf
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affinity ligand77.

The pafticulate material may be ahed during manufacture,
transport and use. This can be serious with rigid bead
materials like charcoal,'silica or other metalic oxides because
it impairs column performance by reducing flow and embolisﬁ
can occur in the patient's vasculature causing long-term
toxicity. This may be alleviated by careful handling and
washing during manufacture and by‘the ahoice of spherical
particles and smooth surfaces (reducing fragmentation sites);
A number of groups have successfully used3agarbse as a bio-
compatible macroporous coating78. The ieakage of soluble |
material from beads, coatingé and ligands is a possibility

that has to be considered.

Only a limited number of substances make useful beads whiph
have adeéuate poré size, internal surface area and sfrengfh.
These include the natural polymers agarose and cellulose and
synthetic and semi-synthetic polymers such as-
polyhydroxyethylmethacrylate, allyl-dext;an and poly-vinyl |
alcohol. Silica has found widespread aﬁﬁlicafion'in beaded
form as a porous solid phase because of its ease of fabrication,
manipulation of‘pore size and strength. 1t is biocompatible
with’plasma only if coated. Alumina can be used for phosphaéeu
removal, zirconia for oxalate/glyoxalate removal79 and ion

exchange resin for bilirubin removal.

It is difficult to produce affinity ligands with multiple

purpose applicatibns. Monoclonal antibodies are limited to a
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ysingle epitope and unless this is widely distributed, they will

always suffer from limited areas of application.

Group‘specific 1igénds such as heparin;bbeing both non-
immunogenic and having severél spedifiéities of binding have |
had some success. Both synthetic énd semi-synthetic polymers
and dyestuffs can be expected to have ’éccidental' group
specific binding effects. They are also attractive being
non;immunogenic and low in cost combared to proteins. Polymers
such as gelatin and collagen can be useful for binding

fibronectin and coagulation FVIIT,

Specific antibodies cah be removed by immobilising tﬁe
appropriate antigen (where this is known). Methods of Ab
removal include lectins such as concavlin A, which has been
used to remove IgM, IgA,‘IgD and IgE m&elomé proteinsso and

the ﬂacterial cell-wall protein A from Staphylocobculus Aufeus
which‘displays specificity for»the Fc regibn of many mammaliaﬁ
IgG molecules and may be useful as a universal affiniﬁy systemv
for procurement of IgG antibodies from immunised volunteer

donors.

Enzymes may also be immobilised and psed, though few

bio¢hemical applications have been reported.

The largest number of applications involve protein. A which nof
only has the useful property of removing;IgG subclasses 1,2
and 4 but can also reactivate a suppressed immune system either

" by removing blocking Ab or by stimulating the cellular systemal.
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The treatment of colonic cancer and the effects on fhe immune
system of adsorption on Staphyloéocculus Aureus ex-vivo have
beenvdescribed. Canine mammary adenocarcinbma has'béen treated
and a system is being developed for treating‘hﬁman patients in
an off-line systemez. A direct immobilised Fab antibody
.-technique for the treatment of a patiént with hypernephroma

has been described. The application of profein A is not
limifed to soluble immunoglobulins for cellé bearing IgG on
their surface may be adsorbed provided the sizg of beads in the
column is increased to 300‘pm to allow free passage of cells

through the interstices.

The use of totally synthetic blood group antigens A and B for:
removal of AB prior to marrow transplantation has been
describedss. These commercially available adsorbents weré

rendered biocompatible by cellulose citrate/albumin coating.

There has been much interest in the removal of cholesterol
and/or low density lipoprotein for the treafment of
hyperlipoproteinaemia. Heparin agarose has been used, aiSO'
a sheep polyclonal to apolipoprofein B, and a combination of

both84.

Plésma perfusion over charcoal has been tried for the removal
of bile écids in the treatment of systemic lupus erythematoSus.
Inhibitors to Factor IX have been removed prior to Surgery by

using protein A -~ sepharose.
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1.3.3

Other Procedures

Several schemes to recycle thg plasma in a closed loop circuit
have been proposéd and are. in various stages of development and
application. Cascade filtration systems have been examined85-87,
but the selective removal of macromolecules from blood can only
partiélly be achigved. Currently available secénd filters do
not give optimal selectively between alﬁumin recovery and
maéromolecule removal., Whilst existing systems are clinically

acceptable and'cheaper.than plasma filtratidn, further

refinement of cascade filtration is necessary71.

Electroplasmaphereéis88 combines a flow membrane separation
and fluid phase electrophoreses. Plasma_is separated into

two fractions; the bottom fraction contains 80% albumin input
and ié returned to the patient with a stérile electrolyte
solution. The top fraction contains 70% gamma globulin and is

discarded.

Cryoglobulins precipitate readily at freézing and subfreezing
temperatures to form a dense flocculaf material that can be
removed by filtration, sedimentation or centrifugationgg.
Cryoglobulin-poor plasma can be frozen'and stored for subsequent
autologous use after an initial plasma'exchange in which
conventional replacement is used. This procedure results.in

substantial savings‘fof the patients thus treatedgo

. When
heparih, dextran and magnesium chloride are added to heparinized,
hyperlipoproteinémic plasma, a visible lipoprotein precipitate

develops rapidly. The precipitate, containing 97% of the
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original content of Low Density Lipoproteiﬁ and Very Low
Density Lipoprotein can be removedgtotally by ceﬁtrifugation
vor filtration to produce a lipoprotein-depleted plasma. Zinc
diglycinate specifically precipitates immunoglobulins (92.4% of
IgG, 44.4% of IgA and 25% of IgM) from plasma, which are then
readii& removed by centrifugation74.. It also precipitates
immune complexes and anti-acetylcholine receptor éntibodies.
The precipitate hpwever does not contain albumin, haptoglobin,
complement or coagulation factors VIII and X or prothrombin.
The residual zinc must be reduced to non-toxic levels from‘

treated plasma by dialysis or exchange resins.

Macromolecules have been separated by cryogelation and
filtrafion from plasma previously separated by filtration from
the formed elements of bloodgl. A membrane filter, with a
molecular cut-off of about 100,000 daltdns, permits the passage
of albumin but excludes gammaglobuliné. The effluent of the
cryoprecipitation circuit and macromolecule filter is
reconstituted with thé mainstream blood flow before it is
’returned.to the patient. This system is capable of
substantially reducing circulating immune §omplexes. It also
appeabs to be simple and safe, but expensive and there are
high non—specific losses of all plasmé ¢0mponénts. Red cell '
antibodies have been removed from maternal plasma of patienﬁs
undergoing plasma exchange for treatment of haemolytic diseasé
of the .newborn and the absorbed plasma used for autologous
replacement of subsequent exchanges. Ah anti-M antibody was
greatly reduced in titre by incubation of the plasma with M-

positivé red cells; plasma thus treated was then reinfused
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1.3.4

back to the patient . Anti-D and Anti-C antibody levels have
been reduced substantiall&'by absorbing plasma containing the
antibodies with red cells that possess the corresponding
antigens. The absorbed autologous plasma was reinfused back
to the patient. The recipient, unliké the patient with Anti-M,
had a dramatic and unexpected rise of antibody levels, |

suggesting that she may have received Rh-positive material with

the absorbed plaSmags.

No procedure proposed for closed loop plasmapheresis

(cryofiltration, cascade filtration, fractional precipitation,

~ electrophoresis, selective adsorption) is capable of completé

separation7o. Some useful proteins will always be lost and

somé toxins will always be returned to the patient.

Comparison of Centrifugation and Filtration Procedures

There are a number of possible criteria on which an assessment
of the advantages and disadvantagesvof various equipments and
procedpres may be based, These include safety of separation,
initial equipment and procedural'costs, the COmplekity of aﬁd

the time for setting up a procedure, the efficiency of equipment

- and procedure,, the type of vascular access required (i.e. one

or two sites), the reliability of equipment and associated
disposable ancillaries, the maintenance of plasma volume,

espedially in sick péople, etc. In practice, comparisons of

procedures are made on the basis of one or a limited number of

criteria.
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Alterﬁatively, the eéuipments and procedufes may be used’in,’
studiés which permif a compariéon of their performance ini
essenfially similaf applications, as in theAproduction-of
leukocyte concentrates, in the collection of platelets and in

therapeutic treatment of a range of disorders.

‘Consiéerable data now exist on the comparative performancés, f
in Similar procedures, of various centfifugation equipments,
e.g.. Haemonetics Model 30,‘Bellco Progress (intermittent

flow) versus IBM Type 2997 and Fenwal CS SOOQ (continuous flow)
in the production of leukocytesgé; Dideco Vivécell, versus
IBM Type 2997, versus Fenwal csksooo in plateletpheresis”;
Haemonetics VSObwith surge pump, versus Fenwal CS 3000; versus
manual Fenwal quadruple triple-b;ood packs for the éollection
of platelet and graﬁuiocyte concentratesgs; Haemonetics 30,
versus Haemonetics V50 with surge'pump,’versus Fenwal CS 3000,
versus IBM 2997 Single Channel, versusiIBM 2997 Dual Channel
in plateletpheresisgs; of filtration syéfems, e.g;; COBE

‘(PVC membrane), Versus_Organoﬁ Teknika (polypropylene membrane),
versus Kuraray (PVA membrane) in plasmapheresis97; Plasauto |
'10005using a single filter cascade filtér, versus Plasauto
1000‘using a single filter, versus Dialysetichnik with single
filtgr in plasmapheresis7l;, and of centrifugation’and
filtration equipments, €.g. Haemonetics V50, versus Dideco
"Filtra BT 810 in plasmapheresisgs; Haemonetics PCS, versus
Dideco Filtraf(Hemaplex), versus Organoﬁ Teknika (Plasmapur),_
versus Hemascience (Autopheresis—c) in plasmapheresisgg;
Organdn Teknika Curesis, versus Fenwal CPS 10, veréus IBM Typé

2997, versus Haemonetics V50 in plasmapheresisloo.
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1.4

Typicai data pbtained in such studies are shown in Tables 5 and
6. No overall comparison of all equipﬁents and procedures
meﬁtioned is possibie because data were collected under
different operating conditions. Ali systems were éafe and
relatively efficient. All procedures were well tolerated by
donors;bsome were more prone to adverse technical incideﬁts

than others.

Theoretical mddelling has also been suggested as a basis for

comparison of equipments but clearly conclusions drawn will be

101-104

dependent on the validity of the selected model

Plasma Exchange - Practical Considerations

Codes of practice for the clinical use of cell separatofé

and the automated plasmapheféses of volunteer doﬁors have beenv.
issued by the Department of Health and Soqial Security. Tﬁese
documents, however, say little'about therapeutic plasma
exchangelos-los.’ In genéral, patiénts are accepted for a‘frial

Qf'plaSma exchange only when more conventional therapy has beén_

instituted and has failed and when the procedure is judged to

‘be beneficial for the patient. A typical plasma exchange

procedure necessitétes the patient to be supported on a bed
inclined at 30° to facilitate‘the circulation107. Procedures
are carried out by an experienced medical staff with the help

of a technician.
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1.4.1.

Vascular Access

0

Probléms with vasculér access have been common in the
manageﬁent of patients with ¢hronic renalbfailuré by
haemodialysis. This-experience can be applied to plasma
exchange which requires lowef blood flow rates than those uSea
in dialysis. Whilst venépuncture of antecubifai veins are
adéqﬁate iﬁ mahy patients, alternative‘technidues are

availablelos.

1. Antecubital Venepuncture

This'is the method selected for most patients managed by
intermittent therapy, i.e., patients with mixed

cryoglobulinaemia or cutaneous vasculitislog. When more
intensive exchange is needed asvin cases of Goodpasture's

Syndrome, arm veins are not always adequatello.

The antecubital fossae are cannulated with appboximately 16
gauge needles. Flow rates of 60-80 ml/min; can often be
achieved, but when necessary the procedure can be performéd
with lower flows of 20-40 ml/ﬁin.‘ Approximately 66% ofpatiéhts
are cannulated via antecubitél veins.;fof these some 10% will‘ '
require other forms of access. In cases of severe systemic

disease other forms of access will be used.

2. Femoral Vein Catheterisation

This method of vascular access was widely used for

111,112

haemodialysis, , especially in cases of acute renal

failure. It is particularly suitable for patients requiring
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prolonged intensive plasma, e.g., those with Goodpasture's:
Syndrome, who require daily exchanges for more than two weeks.

It has now been largely superseded by arteriovenous fistulas.

Flow rates in excess of 100 ml/min. can be achieQed and with
ébntiﬁuous flow centrifugal system an automatic aiternating

~flow device can bé,ﬁsed47, which allows rapid exchange with
miniﬁal recirculation. Membrane plasma filtration can also

'be operated usiﬁg a single femoral vein batheter and automated
alterhating flow,vas ﬁas beén described for subclavian cannulaéiis.

~With membrane filtration a dual lumen catheter has been used. .

Flow rates of up to 70 mm/min can be achieved.

Extremely 1ow incidence of complicaﬁions have been experienced .
with femoral catheters. There have been well documented
episodes of clinical infection, venous thrombosis, extérnal,
haemorrhage and retroperitoneal haemorrhage.' This contrasts

114

with a high incidence of infection at arteriovenous shunt sites™ ',

which proved a major problem in immunosuppressed patients.

. 3. Subclavian Vein Catheterisation

The catheterisation of the subclavian vein ﬁay be used in"
patients with unsuitable femoral vesseislls. SubclaQian
catheﬁers are used rarely because of the greater risk of’
complications including pneumothorax‘and cardiac arfhythmiaslls,
Cardiac complications may be relatéd to the use of citrate as
an antiqoagulant with thé subsequent risk of hypocalcéemia.

The catheter is situated howeyer in a more hygenic site’and

obviously allows the patient greater mobility.

- 82



4. Arteriovenous Shunts

The uée of surgically implanted shunts forivascular access was
a ﬁajor’advance in haeﬁodialysis, although a recent review117
shows that infection énd thrombosis»remain considerable:
probleﬁs. The method Was accompanied by an unacéeptable

| incidence of infection at the shunt site. Many patiehts were
on immunoSuppressivevdrugs rendering them ‘more susceptible to
infgction, and sﬁch infections led to an iﬁcrease in disease
activity in both Goodpésture's Syharome118 and Wegenér;s

'_Graﬁulomatosisllg.

5. Arteriovenous Fistulae

Surgically created subcutaneous fistulae are‘the method of
choice of vascular_access in chronic haemédialjsis. The radio-
cephalic fistula is most commonly used but many vgriations have
been described;zo. The long-term survival of thesé»fistulae
makes them suitable for some patients whose underljing disease
’predisposes them to complications including thfombosis and
gangrene of the hand, e.g., thosé diseases in which vasculitis
or severe Raynaud's phenomena are major feafures, namely SLE

and scleroderma12l.

A wide range of arteriovenous grafts, bofh»biological and
synthetic are available for patients in whom all other vascular
access has failedlzz. A patient who has had multiple operations

for access over six years currently receives intermittent

plasma exchange via a femoro-popliteal Dacron graft}
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6. COmplications of Access

The commonest cause of fistula or graft failure among these
patients is thrombosis. Other complicatiohs such as infection,

haemorrhage and aneurysm formation are much less common.

A feéent sufvey123 of 86 arteriovenous graft iﬁsértions for
haemodialysis performed over a five year period showed that

8 out'of-zg biological grafts énd 20 of B7 synthetic grafts

: became thrombosed, while there were no major surgical.septic

- complications which resulted in graft loss. Arteriovenous
kgrafté were performed only in patients whose arteriovenous
fiétulée had thrombosed and these’conétitutédlll.S% of’the

- haemodialysis pool. Patienfs with renal failure have a
haemofrhagic diathesis and in patiehts with normal haemostasis
thé risk:of thrombosis is likely to be even higher. 1In éatients
with immune complex disease, vascﬁlitis will further increase
the risk of thrombosis and some of these patients will Sufferx
from recurrent thromﬁopﬁlebitis. CryoglébUIins aﬁd ciréﬁlating
anticéagulants, if present, are likely ‘to add to the problem.
Thrombotic phenomena have occasionally beén observed in patients
undergoing plasma'exchange, énd it has been suggested that
réduced levels of Antithrombin IIT might lead to a
hypgrqoagulablé state124. Subseduent worklzs, has not
substanfiated that patients underéoing plasﬁa exchange and

| receiving corticosterocids aﬁd Cytotoxic‘drugs are particulérly
liable to infection. The consequende of. infection were
particﬁlarly severe and led to amputation. This‘complicatioq .

has alsé been reported in a patient with sclerodermalze.
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1.4.2

Whilst the morbidity‘associated with the construction of AV‘
- fistulae and grafté appears to be high, other procedures used .

to gain access to the circulation are not without complications.

Superior vena—ca&al cannulation appeafs to be associated withv
a high»incidence 6f cardiacvarrhytﬁmias, probably because
gitrated plasma_is returned direct to the right atriumlls. In
addition the risk of traumatic complications is significant

and in one series of 160 SVC cannulations major traumatic

‘complications occurred in 6 cases - one perforation of the

subclavian Vein, one perfofation of the subclavian artery, one
innqmihate vein thrémbosis aﬁd three cases of pneumothofaxlzz.
Femorai vein cannulétion may bé cohplicated by thrombosis,
sepsis, accidentél afterial puncfure, etc, but fhe inCidence'bf
such complications aﬁpears ﬁo be low even in emergency
situations., Whilst thrombosis occurred Shohtly after femoral
vein cannulation in one patient,.novcompliéations were reported:
in one series of 350 femoral vein cannulétions; and this methoa

is now preferred127._

Anticoagulation

In cell separator procedures heparin and citrate are normally

used for anticoagulationlza. Side effects may be encountered

with both drugs.

1. Héparin

Heparin is widely used in filtration leukapheresis, initially

'in the pre-anticoagulation of the donor and subsequently when

added slowly to the extracorporeal circulation to>prevent
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coaguiation during the procedure. Recommended doses‘have ranged
from 15,000-20,000 units over periods of 2-4 hours 2> and’are' 
well above those used to prevent thromboses in abdominal or
thofacic procedurés. These doses also exceed those used to
prevent progression of venous thrombosis and are at the ubper
limit of normal for the initial treafment of patients with
pulmonary thromboembolismlso. Thus, for a short périod, there
is a risk to‘the patient of potential bleeding although this is
rarely éeen in practice, except as haematoma around the

venepuncture site.

Adequate anticoagulation in a leukapheresis procedure over a
2-3 hour period is provided by a loading doée of 2500 units
followed by a further 9000-10,000 units at a rate of 1 unit/ml
of exchange. Coagulation in-vitro is prevented by a single
intravenous injegtion of 10,000 units followed by 1 unit/ml.
This is equivalent to a concentration of 3 units/ml in a

patient of 70 kg weight.’

Filtration leukapheresis is now being used to lesser extent
because of the side effects produced in donors and recipients

arising from suspected complement activation during filtration

In plasma exchange, the most widely used dosage schedule
involves a bolus of 5000 units immediately prior to the
procedufe, followed by an infusion of 2 units of heparin for

each ml of blood processed.

A combination of heparin and citrate has been used for both

86
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centrifugal leukapheresis and plasma exchange. The donor is
provided with an initial anticoagulant dose of 5000-6000 units
of heparin followed by additional extracorporéal anticoagulation

using ACD-A1:20"°%

. This produces less severe citrate toxicity
than ACD-A alone and reduces the risk of serious reactions to

~_heparin.

2. Citrate

The an£icoagulant.effect of citrate is achieved by the |
COmplexiﬁg of ionised caiéihm iniplasma to a level which will
not sﬁpport the proteéiytic activities ofyfactors IXa, Xa,

VIIIa even in the preSence,of extrinsié stimuli. kIn practice

a ratio of 10 mol citrate to 1 mol calcium is an effective

v extfaéorpbreal anticoagulanﬁ. In plasma containing 14 nmol/1
citrate; ionised caicium is not detectable by caicium electrodes.
Below 14 nmol/1l citrate, variable low levels of_ionised caléium

are found and occasional small clots are seen.

fThe symptoﬁs of citrate toxicity due-to ﬁypocaléaemia and
possibly hypomagnesaemia begin with circumoral of peripheral
baraeSthesia, inéreasiﬁg intensity and duration and sbfeading,' 
to the face and trunklss. Méfevéevere ;eactions are :

characterised by chills,bpainful pressure in the chest,

generalised neuromuscular tension, nausea and abdominal cramps.

kA'reduced ionised calcium is associated with prolongation of the -
QT interval and there is good correlation with the plasma citrate
ieve1134. Symptoms rapidly cease when the infusion rate is

‘reduced'but often reappear as the rate is increased. Symptoms.
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are less frequent on the discontinuous flow separator because
there is a break in the infusion during the bleed cycle and the

citrate buildéup is less marked.

The 6b¢urrence pf citrate toxicity ié more common in
‘leukapﬁeresis, plateletpheresis and plasma exchange, all of
whiéh involve the proéessing of»large Qolumes of bléod and
‘citrétéd plasma is returned together with cells at rates often
in excess of 60 ml/min. ObViouslyISIOWing the flow rate over
the whole procedure would be countér—productive and cause the

patient discomfort.

A réduction of the citrate load.would‘reduce the degreé of
hypocalcaemia and its asséciated’effects and can be achieved _
either by redﬁcing the anficoagulant ratio or by usihg an
anticéagulant With a lower citrate cénCentration135. Decreases
in ionised calcium of 32% have been reported for ACD-A

compared to 16% wifh half-strength ACD-A and of 22% compared to |
13% with ACD-B respectively. ‘Plasma protein fraction (PPF) or
albuﬁin (which have low citrate concentrations) in place of
fresh frozen plasma‘(FFP)‘for plasma exchange reduces thé
~.citrate load_but unfoftunately presents other problems when

'used‘extensivelylss.

The fali in>ionised.palcium has also been reduced by’érophyléctic
~addition of calcium gluconéte t§ irrigatioh solutions in
discontinuous flow leukapheresis and'replacement PPF in plasma
exchange; instead of using bolﬁs injections of calcium whén

symptoms occur137; The addition to an extracorporealcirculation
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must>be made with cére to ensure tﬁat it is notkadded in
excess'or at a pointrwhere,coaguiation could be inducedlls.
Further, hypercalcaemia is as dangerousvas hypécalcaémia and
death from over—qqrrection of'éitrate—induéed hypocalcaemiéf},
fﬁllowing éardiac surgery has been reported. The occurrence
of hypdcaléaemia cannot be reliably predicted from the weight
~ of donor, or patient énd the infusion réte of thé citrate, nor.
is the reportihg of symptoms by the patient reliablellS.
Several patientS’receivihg 60—80 mg/kg/hour citrate without
prophylactic calcium showed severe hypocélcaemia without
‘reporting symptoms. >The ionised calciﬁm_levels were 0,6-0.7

" mmol/1 and plasﬁa citrate 20-24 mmol/1 which is on the

borderline of the range reputed to cause cardiac depressionlss.

The citrate anticoagulant also alters and buffers plasma pH to
optimise conditions for the collection and storage of blood
components. Thus, despite adequate anticoagulation; plafeléts
have a tendency to aggregate'during centrifugation éf é pH
vélﬁe’above_7;2 and become non-viable in storage if the pH
value falls below 6.0. Because the collécﬁion of blood
components by cell separator is being increasingly used to
augment routine blood Bank products, anticoagulant sYstéms
mﬁst be deveioped which will permit long-term storage of‘

'-components, whilst avoiding undesirable donor side effects.

Continued use of ACD-A at a ratio of 1:7 for leukapheresis or
plateletpheresis or the use of FFP for plasma exchange without
calcium supplementation wili produce paraesthesia in the_,v

majority of cases and constant interruption of the exchange
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1.4.3

flow would be necessary to prevent more seérious symptoms.

This can be avoided by using ACD-A at a 1arger ratio where

vpossible, or by changing to ACD-B where the ratio is fixed.

'ACD-A at half strength could result in wider coagulation in

some instances, especially in conjunction with a iow haemato—
crit. For plasma exchange the use of PPF, or albumin, possibly
in conjunction with FFP, will by reducing the citrate load,

lower the incidence of hypocalcaemia. Since plasmapheresis

"involves minimal return of anticoagulant, the ratio may be

- chosen to best suit the conditions for optimal preservation of

the plasma components. Ih routine transfusion practice ACD
solutions have now been sﬁperseded by CPD. ‘If would then seem
logical to use CPD in cell separator prbcedures where appropriate,
wifh adjustments in pH and citrate content to provide!optimaib

condition.

Replaéement Fluids

1. -Consequences of Plasma Removal

Therapeutic plasmapheresis is of three forms,,ﬁamely:
1.‘Partial'p1asma éxchange involving thekremovél of
'small quantities of plasma, “

2. Total plaéma eXchange involving the removal of almost
total effective plasma volume. Dependihg on the .
patient's size and Weight‘this usually involves the
removal of some 3 litres of plasma.

3.>Selectiv¢ plasma exchahge in which a épecific antigen,
antibod& complex, or toxin’is remo&ed frombthe plasma

with -the return of the dénuded-plésma to the'patient;
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The fémoval of 0.5 litres of plasma, twice aiwéek, from healthy
dpﬁors will result,.over a number of years, in‘a reduction of
immunqglobﬁlins within the normal rangelsg. Without replacemént
with ér&stalloid solutioné.this approaches the limit for the
resynthesisbof albumin 30-40 g/day. In the large volume plasma
exchanées,.reQuired for the removal of pathogenic factors, there

is a coincidental removal of normal constituents, e.g. albumin,

2,3,140-144

ihmunogldbulins; complehent and the coagulation factors
The removal §f more théﬁ one litre of plasma will result in haemo-
dilhtion,_with the formation of périphéral oedema because of thé
reduction in colloid asmotic pressure, if albumin is not replaced
with colloid. The duration of the effect on protein depletion
depends on the portion that‘is intravascular, the extent and rate
ofvredistribution and the fractional catabolic rate, bécause
solﬁble factors of the cell micro-environment appear to be
necésSary for the development and regulation of‘the immune

system. The removal of the plasma fluid for therapeutic purposés
may therefore decrease humoral components of immunoglobulins,
circulatory immuné‘complexes, complément>components, cleavage

products, prostaglandins and neurotransmitterlas.

It séems unlikely that the removal of plasma interferes in the
~ sophisticated micro-environment system of immunoregulatory
cytokinés where minute amounts are involved .in the triggering -

of cell membrane.

~The removal of lafger humoral components, such as immunoglobulins -
or circulatory immune complexes, may alter cellular functions.

The rebound phenomenon observed after plasma exchange in some
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autoimmune diseases, (e.g.,Coodpaéture's Syndrome, Bullous
pemphigoid) obviouély implicétes the immuhqregulatory circuits
of the idiotypic network and’subsequently'the mediatéps of fhe‘
" T-B intefaction. Similarly, extraction‘of circulaﬁing immﬁne

' cqmplexes may not only restore fhe physiological ciearance
capacity of thé mononuclear phagocyte s&stem; but also reverse _v
functions such as antibody-dependent cytotoxicify, antibody
fdrmation and lymphokine prdduction. These limited plaéma
exchange—depeﬁdent changes in T-subsets and con-A indﬁced
suppressor activity remain to be COnfirméd and explaihéd145.
-Theysimgltanéous taking of immunosuppreséivé drugskbybmost

patients markedly increased the difficulties of such studiesl46.‘

Thé physiologiéal'and héemostatic modificationsiinducea in the
donor or patient dﬁring and for selected péribds of time'after
a single or multiple plasma exchaﬁgeé have;been widely studied
~over thé pasf fifteen years énd considerable data are now

available.

Changéé_in blood pressure are commonly present during the course

of piasma exéhange, possibly the consequence of variations in

blood volume or inbhormonalkparameteré. iMeasﬁrements of blo§d“

"~ pressure, plasma'rehin'activity, aldostér@ne; plasma catechol-

amines,_natriuesisvaﬁd blobd.before ahd after’plasma exchange

shbwedbthat in‘normotensivé patienfs significant changes

occurred during and immediately after PE_but they'are not relétéd
| 147

to changes in blood volume or to hormonal changes™ '. Blood :

volume and natiuresis values remained unchanged.
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' Changés in plasmé renin activity, antidiuretic hormone'and'
insulin have been determined in pétients with a spectrum of
immunologically related diseases in order to assess the

kresponse of the releasing cells to removal from plasma of théir
product of secretionl48. _ The response kinetics differed for
the three peptidesf Csmpensétion‘was fast and nearly tofal

‘(91.4%) for aﬁtidiuretiévhormpne, whereas for plasma renin
activity and‘insulih compensation had not occurred eﬁen at the

end of the exchange procedure. Plasma voiume and plasma

6smolality were not changed significantly.

v Plasmébheresis‘influénées the composition of-plasma electrolyfes
and hormones which in turn may influence cardiac contraétility}49.
The fﬁnction of the left ventricular pump has been assessed by
time-motion echocardiography before aﬁd after plasmapheresis in
patients with systemic lupus erythematoéus; progressive glomeru—
lonephfitis and Graves Disease. No changeé ih blood préésure and
heartrate were found,, The left ventricular dimensions Qere_

comparable before and after plasmapheresis and no change was

detected in the fractional fibre shortening ratio. Ionised

v

calcium levels decfeased significantly during treatment.

There is now a wealth of information on the effecﬁ of plasma
'ex¢hange on serum immunoglobulin concentrations, complement con-
c‘entrationys and coagﬁlation parameters during individual and_
successive procedures using coagulation factor-free replacement

fluidsz’ 3, 150-153.

Analyses have shown that plateletcountsare lowered to 50% of

93



their pre—exéhange levels‘after the first exchange tb 21% after‘
the fifth exchange and 23% after the tenth exchange142. .The
fime needed for recovery was dependent mainiy,on the intensity
~of the.previous éxchangé programme, but Only 2 - 3 days were
needed for platelets to return to normal,‘regafdless of the

actual levelz’ 142.

The cohcentratiqnsﬁof,the serum immunoglobuiins IgG, IgA and IgM
were reducéd to 45%, 47% and 38% of the pre—-exchange valueé after
a single procedure. The times for recovery of immunoglobulin
concentrations to pre;exchange values have been variously
reﬁbrtéd.as 24-48 hours and ih excess of two weeks>’ 141» 143

With consecutive daily plasmé exchanges the cumulative percentagé
reductioﬁs in immunoglobulins concentratiqhs continued to decfease,
e.g. to approximately 20%,,23% and 21% for IgG, IgA and IgM
respectively after the fifth pfocedure. The decreéses are ﬁain—
tained when th; period between procedures does not excegd two

days. with longer intervals between procedures the concentrations -

of serum immunoglobulins begin to increase again.

If immunosuppression is used, the piateau level may be below 2g/l
and remain low for several monfhs. This may result in complicating
‘infections in ihmunocompromiséd patients-(particularly in fenal
patients)143 and the replacement of some immunpglobulin mayibé

153. When the IgG level is low its functional catabolic

desirable
rate decreases and this may prolong the half-life of a pathological
antibody. Rapid synthesis during an immune response may reduce

the efficiency of the pathological antibody removal particularly

s . s ' 93
in immune diseases and in haemolytic diseases of the newborn .
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Most coagulation proteins have a short half-life with synthesis
‘rates of hours and rapid re-equilibrium occurs between the intra-

142,143,150

and extra-vascular compartments. Measurements
been made on groubs of patiehts, of the circulating levels ef”
coagulation factofs I (fibrinogen), II; VvV, VII, VIII, IX and X,
“and antithrqmbin III'during,vand in a 24 hour period after a
single plesma exchange, after consecutive daily exchanges ahd
after exchanges at intervals of two days or more. The cifcuiating

levels of all factdre were reduced by differing amounts after a

single exchange using coagulation factor-free replacement.

The reduction fer each individualbfactor expressed as a pefcentage
of the pre-exChangeblevel did not differ for the various patients,.
nor were they significantly influenced by the interval between
exchanges. Further, the extent of the percentage reduction dering
exchange was not influenced by the pre;existing level of fhe
coagglation factors. After a single exchange, Factor I (fibrinogen)
_ and Factor II were reduced to approximetely 30%, Factore V. and X

to approximately 38%, Factors’VII and VIII to approximately 45%

and Factor IX to around 60% of the pre-exchange 1evelsl43.

The cumulative effects of a coerse of five plasma exchanges ona
daily or two-daily basis showed thet Factors‘I, II and X Were:

" removed more efficiently than factors v, VII and IX. All facfers
exhibited a rapid recovery in the four-heur period after exchange,
but thereafter the levels increased more .slowly. Factors V, VII;
VIII and IX had retufned to their normel values within 24 hours
but_Faeeors I, IT and X had not achieved normality even after 48

hours. Thus, exchange on a daily or two-daily basis without
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plasma réplacement'wiligrédually deplete levels below those
thought.to be necessary to maintain haemostasis. Provided the
platelet levels are maintained there is little danger of spon—;
taneous haemérrhagel43. However replacement of plaémé may be
desirable if surgical procedures.are to be undertaken;ss.
Alternatively, normélity can be restored by éndogendus replace-
ment if:the exchange is stopped 48 hours beforehand. Coagulation
inhibitors such as ATIII also exhiﬁitéd a fall in the levél of
activity after a single proéedure. The drop. to approximatély 40% :
of its pre-exchange value is thdught to be partly due to con--
sumption as Well as physical removal. LeVelsiafe restored to
"norﬁality in 2 to 3 days.k Repbrts of fhe oécurrence of‘sﬁon-f'
taneous thrombosis are conflicting and most patienté tolerate
this transient coagulopathy without haemorrhage or thrombosis‘
unless there is a pre-disposing factor, or fhe exchange is
repeated in less than 48 hours. Immediately after one plaémar»
exchaﬁge with plasnwiprotéin fractiqn there is a significant |
decrease in plasma fibronectin 1evéls thch are restored to
pre—exchénge levels within 48 hours presuhably by redistributioﬁ
between compartments éndkincreased syntheéisl44.v.Daily plésma k_
exchange produces progressive depletion of plasma fibronectin,
whereas levels were maintained close to_tﬁe initial value‘with
'longef intervals betwéen exchanges,'excépt in the more severly
ill patients. Reduction of plasma fibronectin by exchange may
increase susceptibility to infection and‘reduce the efficacykof'

the procedure if used to reverse reticuloendothelial blockadé.

Factor VIIIC and VIIIRAg and ristocetin Co Factor are significantly,

depressed immediately after plasma exchange (to 50%, '35% and 40%
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activify levels respeCtively).but recover to pre—exchaﬁgé

'valueé within 24 hours142. The prothrombin time (PT), kaolin
cephalin clottingrtime (KCCT)‘and.thrombin time (TT) aré signif-
icantly'prolohged (by 60%, 100% and 300% resbectively’ immediately
after plasma exchange. KCCT and TT return to within the normal

range after four hours and all return to pre-exchange values after

24 hoursl43.

Further studies have involved measurements of the total haemoly-
tic complement (CH50) and the fractionsvcs, C4, B, C3d before
and immediatély after plasma exchange and thereafter at specified

3’141’152. After a single exchangé, concentrations of

intervals
'CH50; C3, C4 were lowered'toi50%, 45% and 38% of their pre-exchange -
values respeétively. Resynthesis is rabid and levels return to |
nbrmaiity within 24 to 48 hours. Duringvperiods of consecutive
daily exchanges the concentration levels of C4 and particularly

of CH50 fall much 1ess‘rapidly than that of C3. The substitution
of Ig during plasma exchange with 5% human albumin will reduce thek

extent of the fall in serum levels of C3 and 04153.

Complement activation and C3a, C5a generation is found ih the ,‘
extracorporeal circuit during membrane plésmabheresislsA. This
has_been accounted for in neutropenia and pulmonary leukostasis
which may 6ccur under such conditions. The obser?ed increase in "
CSa production is attribﬁted to the filtratioh cifcuit and»the
posSiSility‘of massive infusion of active C3a éhould be a mattef

of concern when fresh frozen plasma is used as the replacement

fluid.

- 97



64% of plasma cholinesterase is removed in a single whole

volume plasma exchange using plasma protein fraction as the
.5 1155 . -

replacement fluid . A series of daily plasma exchanges

almost completely.rémoves circulating cholinesterase,

particularly in those patients with initially low levels and’

suxamethonium apnoea may occur during induction anaesthesia due

to raised sensitivity to the drug.

The kinetics of removal and subsequent recovery have been
investigated for other plasma constituents namely calcium,
uric acid, sodium, potassium, chloride, bicarbonate, aklaline
phosphatase, lactate dehydrogenase, transaminases, creatinine

phosphokinase, amylase and cholesteroll43;

Although the-selective removal and médification of blood com-
ponehts offer considerable potential for the treatment of many
disorders,btherg reméins a major requirement for the replacement
of products withdrawn by»apheresis. The replacement fluid should
be selected on the basis of the clinical condition of the patiemt
and the rationale for the exchange. With the possible exception
of plasma replacement in thrombotic thrombocytopenic purpura, in
some forms of SLE, and where there is a bleeding tendency there
are no therapeutic data on which to assess the relative mefits

of one form of replacement over anocther.

L
]
¥

The nature and volume of fluid replaced will depend on the
volume of fluid removed, the physiological needs for replacément

and the therapeutic objective. Additionally the availability,
convenience and cost of the replacement fluid must also mefit

attention.
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Available Replacement Products

Patient's Own Plasma

The best replacement fiuid would seem to be the patient's
own plasma minus thé offending component. Only in
cryoglobulinaemia is this readily>accomplished'by pre-
cipitation of the abnormal protein from plasma stored

at 4°C.

The removal of the offending cémponent from the patient's
own plasma, either by secondary separation, or by fhe
combination of apheresis procedures with column techniques
has already been discussed. Cleariy; there are considerable
problems to be overcome before the preferential elimination
of identified components becomes a‘routime'cost effective

procedure.

Fresh Frozen Plasma

Acid Citrate Dextrose (ACD) or Citrate-Phosphate Dextrose
(CPD) plasma separated from red cells within a few hours‘of
donation, frozeﬁ rapidiy and stored at —-30°C has a coag—>
ulation factor content which will remain at near normal
ievels for up_to 12 mohths. If kept at —20°C it should

be stored for not more than 6 months. (See Table 7).

Fresh frozen plasma requires to be thawed rapdily at 37°C
with continuous agitation and transfused within 30 minutes
to avoid rapid post-thaw déterioration of coagulation

factors. The volume varies from about 200 ml from réndom
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Volume:

Storage:

. Administration:

Potential advantages:

Table 7

]

PLASMA PRODUCTS 13
FRESH FROZEN PLASMA

200 ml+i 10% - random donor
500ml - 10% - selected donor

In frozen state at below -30°C for 1 year

Must be thawed (30 mins) and transfused as
soon as possible (within 2 hrs)

Must be given ABO group specific (occasionally
Rh(D) specific).

Normal levels of: coagulation factor (nbt cryo-
supernatant) '

antithrombin III and other
inhibitors

immunoglobulins
complement
enzymes and carrier proteins

Iso-oncotic and isotonic

100



donors to 400-600 ml for apheresis donors. About 40-50 ml
of the original citrate anticoagulant will be present in FFP
and if infused at rates above 50 ml/min symptoms of hypocal-'

caemia are observed.

FFP should be given to ABO compatible recipients. It should

contain all the non-cellular coagulation factors. As such

it can be used to replace any of them. The volume which a

" patient can receive without being‘overloaded is 1imited and v

this determines the amount by which a particular factor can

- be raised in a patient's circulation. This is particularly

true of FVIII,which has a short in-vivo half life.

fhe incidence of ailergic reactions is greater with plasma
than with any other replacement fluid and is particularly‘
common if used as séle replacement fluid. The majority of
reactions are mild urticarial reactions, but occasionally

bronchospasm, tachycardia, hypotension and anaphylésis

occur.

k FFP is not, in many cases, a pradtical replacement fluid'fo

use in plasma exchange by virtue of its relative inaccess- _
ibility, the problems of grouping and the incidence of
allergic reaction. In conditions where a source complement

is required it is the ideal fluid replacement.

Cryoprecipitate
When plasma is frozen and then thawed the small amount of

protein precipitated is rich in Factor VIII. After deéanting
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almost all the supernatant plasma, the protein can be re-

 dissolved by wabming to give a small volume of solution

containing about 50% of the Factor VIII activity of the
original unit. Cryoprecipitate can be stored at -20°C for

at least 2 years with full preservation of Factor VIII

~activity. Only a small number of donors are used and thus

the risk of transmission of viral hepatitis is decreased156.

It contains all the plasma proteins in normal amounts, except

- for fibrinogen, Factor VIII and fibronectin.

Albumin Solutions

Human albumin is a highly soluble, symmetrical, slightly

“heterogeneous protein which‘weighs about 67,000 daltons. It

is responsible for 80% of the colloid osmotic pressure of

plasma.

Three manufactured albumin products are available:
1. Albumin 5%
2. kPlasma Protein Fraction

3. Albumin 25%

Plasma protein fraction yields somewhat more useful protein
per litre of starting plasma in the fractionating process.

Thenon albumin proteins are quickly removed from the cir=

culation because of heat denaturation. Shelf-life depends

on storage temperatures; 3 years are permitted at below 37°C

and 5 years at 2 - 10°C. (See Table 8).
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Volume:

Storage:

Administration:

Potential advantages:

Potential
Disadvantages:

Table 8

PLASMA PRODUCTS 139

ALBUMINOID SOLUTIONS

Variable, but 100 ml and 500 ml sizes common

In liquid state at ambient temperature (5-25°C)
for 3-5 years (depends on manufacturer).

Ready for immediate use

No blood group restriction

2+)

Can be supplemented with electrolytes (K+orCa
if required

No hepatitis risk

No fibrinogen or complement (inflammétory media-
tors)

Minimal allergic reactions

4—5% solution is essentially isoosmotic and
isotonic

Expensive

No coagulation factors

No immunoglobulins

No trace plasma proteins (e.g.venzymes)
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Albumin 5%

Albumin may be produced commercially and non-commercially,
the final product containing not less than 95% albumin. It
is available not iny in a 5% soiution but also in a more
concentrated form. The solution contains approximately
130-160 mmol/1 of Na and not more than»l mmol/1 of K.

The product is heated to 60° C. for ten hours to inactivate

the hepatitis B virus.

Plasma Protein Fraction (PPF)

PPF is a liquid preparation containing about 45 g of
protein per litre. By itself this would be a hypotdnic
solution, so 130-160 mmol of sodium chloride is added per
litre. The protein in solution is Cohn Fraction V
precipitate and consists of‘90% or mofe'albumin with not
more than 10% alpha and beta globglins and is stabilised
with sodium caprylate. Albumin in this concentration can
be heated to 60° C for ten hours without causing undue
aggregation of fhe protein. Thié inactivates Hepatitis B
virus and hence the final product is non-icterogenic.
This was one of the major reasons for introducing PPF
but since then the risk of transmitting hepatitis with
freeze dried plasma itsélf has been dramatically reduced
as a result of modern methods of testing donaﬁions for

the presence of the hepatitis B antigen.
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~Albumin 20-25%

This is sometimes called salt-poor albumin. It is a
solution in water of human albumin, containing a low
proportion of salt. It is clear liquid prepared ffom
vthe plasma of suitable human donors whose transéminase

levels are constantly checked and whose donations are

HBsAg negative.

It contains 20% of protein, of which 97% is albumin,

the rest being thermostable alpha and beta globulins. -

20% albumin is hyperoncotic and is not suitable for
plasmé exchange unless diluted to 4-5% with an electﬁé—
lyte solution. Caution is indicated in administering'
albumin; a careful watch must be kept for the possible
development of pulmonary oedema. If it occurs the

infusion must be stopped immediately.

Commercial albumin solution may be a potential source
of intravenously administered'aluminium, the long term

effects of which remaih to be assessed.

Adverse Effects of Albumin

Albumin products are inherently safe. Chronic adversévr

effects are:

1. Bacterial contamination -~ Occurs rarely. Occasional
febrile reactions, transient 5acteraemia, shock and

occasional sepsis have occurred.
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2. Pyrogenic Reactions - 75% of all reported reactions:

- are characterised by chills and fever. They are

rarely severe,

Hepatitis - When properly heated and protected from

 subsequent ¢ontamination, albumin and PPF are unablé

to transmit hepatitis. The screening fof hepatitis
B sufface antigen HBsAg and elimination.of plasmas |
that are positive has resulted in'a sharp decline in

the amount of antigen detectable.

Hypotension - It has been knoﬁn for some time that
rapid administration of PPF is frequenfly associated
with transient hypbteﬁsion. It has also occurred
less cémmonly with albumin préducts. Tﬁis has now
been attributed to the Kallikrein Activator. This
activates the recipient's‘own kinin‘system to produce

bradykinin.

Both albumin and PPF have been extensively used in"
plasma exchange, despite the fact that they contain
no coagulation factors, immunbglobulins'or plasma

proteins.

Caution should be exercised when albumin is infused

repéatedly,particularly in patients with renal in-.

sufficiency. In such patients' plasma aluminium.

levels should be monitored regularly and any clinical

signs and symptoms compatible with aluminium toxibity
' 157 '

should be evaluated promptly .
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5. Plasma Volume Expanders

Human blood and blood products are costly fluids, in mone-
tary terms and in personal inconvénience to the donor.

Thus there are a number of plasma substitutes used as plasma
volume expanders usually in surgical and trauma patien‘lc'é158’15S
None has significant advantages over human albumin products.

A requirement of artificial colloid is that they may be elim-
ianted from the body either by excretion or by metabolism.

At the same time they should remain in the circulation
sufficiently long to maintaih the plasma colloid osmotic
pressure while regeneration of plasma protein occurs. Plasma
expanders.are therefore required to imitate the function of
plasma proteins particularly albumin, and should ideally be
neutral to the body, non-toxic and ﬁon-antigenic. Three

major problems are experienced with the available colloid
volume expanders, namely a) tissue storageband elimination
from the body, b) allergic and anaphylactoid reactions,c)
production of an acquired bleeding fendency. Gelatins,
dextrans and hydroxyethyl starch are all associated with

these side effects but not to the same extentlsg.

All artificial colliods lack carrier function and remain

in the fecipient‘s circulation for a much shorter time than
albumin. Dextraﬁs and hydroxyethyl starch interfére, in
varying degrees, with haemostasis which limits the total
amount that can be given to 1—1;5 litres. The problem is
more pronounced with dextrans and the bleading~defect
induced can be corrected only by transfusion. The major
disadvantage of hydroxyethyl starch is the poésible occurr-
ence of hypersensitivity reactions.
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Gelatins
Gelatins are macromolecular substances With average
molecular weight of 30-25,000 daltons which are slowly
metabolised, the intra-vascular half -life being 4-6
hours. Gelatin is an insoluble animal collagen (from
skin, tendon or bone) which is hydrolysed and ﬁodifiéd
“to givé a stable fluid material. The threé commercial
types are:

1. Gelofusine (oxypolygélatin) - gelatin 4%,

| sodium chloride 0.9%.

2. Plasmagel - modified fluid gelatin

3. Haemaccel (urea linked gelatin) -

gelatin 35 g/1, Na 145 mmol/1, K 5.1 mmol/1,

Ca 6.26 mmol/1, C1 145 mmol/1.

The gelatins may be used to ekpand and maintain blood
volume in shock arising from conditions such asvburns
or septicaemia. Typically 1 litré of gelatin and 3
litres of PPF may replace 4 litres of plasma without
adverse effects on albumin levels or oh blood volume.
Theybare excreted rapidly in the kidneys without renal
impairment, with only a small percentage being meta-

bolised.

There is no effect on the coagulation or fibrinolytic.

systems except by simple dilution.

Gelatin's shelf life is 8 years at room temperature and

is unaffected by wide temperature fluctuations.
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Electrolytes

These have no carrier function but can expand the plasma
volume if used in sufficient‘amounts (about 3 times
equivalent of plasma). The duration of the effect is
short because of the shiftbintovthe'interstitial fluid
space. They temporarily lower tﬁe plasma colloid osmotic
pressure and shogld be ﬁsed with caution where patients
have pre-existing hypoproteinaémié, i.e. with albumin

below 30 g/1 and total protein below 60 g/1.

Electrolytes alone should not be uséd‘to replace more
tﬁan 500 ml of plasma. However much larger volumes could
be used during the initial.part of a 3-4 litre plasma
exchange (of the order of 75% crystalloid followed by
25% of colloid). The replacement fluid given early in
the procedure will be partially removed by the end so
that whereva pfotein (e.g. albumin) has to be replaced;
it is more logical and cost effective to give this at
the end of the exchange. The onsét of hypovolaemia may
necessitate the earlier use of colloid. FFP should also
" be given where there is a need for protein which cannot
be provided in ény'other'way (e.g. serum cholinesterase)

and generally, in exchanges of larger volumes 4-5 litres.

The relevant features of various plasma substitutes are

compared in Table 9.
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"Table 9

COMPARISON OF PLASMA SUBSTITUTES

ELECTROLYTE

PLASMA PROTEIN HAEMACCEL
SOLUTIONS FRACTION
pH 5.5 - 6.5 6.7 - 7.3 7.2 - 7.3
buffering buffering
capacity capacity

Oncotic pressure
compared with
plasma

Hypo-oncotic

Iso-oncotic

Iso-oncotic

Interference
with subsequent
blood-typing and

none

cross matching |none none
Interference

with coagulation

haemostasis none dilution dilution

Renal function

improved in

improved in

improved in

shock shock shock
Intravascular
interstitial
fluid balance oedema rehydration rehydration
Effective T% short several days 4-6 hours
Cardiovascular
overload unlikely less likely than|whole blood
Possible .
reactions unlikely histamine histamine
release release
anaphylactic
Transmission
of disease " |none unlikely none
Shelf life 3 years 3-5 years 8 years
Storage Room Room
temperature 2 - 30°C temperature




1.5

1.5.1

1.5.2

Applications of Plésmapheresis

,Ratiohale for Treatment

Any . change produced b& plasmabheresis ié‘governed by the pathé-
physiology of the disease. It is reasonable to assume that in
disease characterised by circulating toxic factors, humoral
mediators, alteréd viscosity or abnormal haemostasis, the use of

intensive plasmapheresis is logical.

The serological abnormalities may be favourably influenced by a

‘change of the "milieu interior". Whenvfactbrs responsible for

the.clihicél syndrdme are unknown or the serological markers are
poorly associated with the‘activity df the disease, it is diffi-
cult to justify and intérpret the results of plasma exchange.
Not surprisingly the majority df diseases are a$SOciated with'

immﬁnological and serological difficulties.

.28 '
The possible mechanisms by which plasma exchange could be of
benefit to patients are suggested in Table 10. The postulated

mechanism is correct only for some of the examples listed.

Protocols for Treatment

Ideally, criteria should exist for the intensity, frequency‘and
duration of the procedure, for the éhoice of replacement fiuids,
the serological parameters to be followed and the clinical

evaluation of the effecfs of the procedures; Existing protocois

for plasma exchange are empirical and largely influenced by
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1.5.3

factors such as vascular access and'scheduling. They will
remain so until the metabolism and pathogenicity of the
abnormal plasma constituents removed by the plasma exchange are

established.

There ié, however, evidence that the period in which plasmé
exchange,is initiéted may be one of the most cruéial decisionslso.
Direct’measuremeﬁt of the effector cellé woula provide,meéningful .
informatioh_of tﬁe necessary frequenéy and duration of exchange
therapy. _The patients' response to the fhérapy and to the

160. Procedures,

disease process will also influence protocol design
in which the volume exchanged approaches the patient's plasma
volume, bemove approximately 50—60% of én‘intravascular
substaﬁceZB. Four or five such exchanges over a period of

7-10 days are geherally thought to ﬁe adequate for short term
therapy. If catabolism balanced synthesis and intravascular

shift throughout this time, the final céncentrafion of a substance

would be less than 10% of its initial concentration. However

because a sustained balance is unlikely, this value is rarely

—achieved.

In’disorders where plasma exchange can be’considered an established
therapy, serial clinical assessment and measurement of the
pathogénic plasma factor permit fhe assessment of the volume

and frequency of exchanges: , even if the distribuﬁion and meta-

bolism of the plasma factor are not completely understood28.

Evidence of Efficacy

The benefit of plasma exchange can be confirmed in two.wayjs28 —,v

113



namely} (a), demonstrable removél (or feplenishnent) by plasmé
| exchange of an abnormal plasma component (or a deficiency of a
normal componenf) in the pathogenesis of the disease or one of
itg components, (b) conclusife evidence of patient benefit from

a properly designed randomised controlled clinicai trial.

Diseases which are associated with excessive or abnormal proteins,
lipids, toxic substanceé, circulating immune complexes or anfi-
bodies are monitored by sequential quantifications of these
substances. In such cases the clinical effect of plasmapheresis
may be correlated with the level of specific disease markerlso.
Unfortunately the levels of many plasma factorsuare decreased by
fhe ekchange and a demonstration that the removal of particular
factdb.caused the disease is difficultzs. Moreover, even if a
plasma factor is known to be pathogenic, its reduction by plasma
exchénge is not necessarily associated with a clinical response,
e.g..in maternal Rh allo-immunisation, it is not yet known
~whether plasma exchange is of benefit to the foetus, despite the
decrease in Bh antibody concentration that can be effected by

the procedure. There is little argument that plasma exchange

can alter the level of a pathogenic'plasma factor in each of the
disofders listed in Table 11, nut it should not be considered
establishéd therapy in all these disorders. When there is poér
correlation between the serological findings and the disease -
aéfivity or when no discrete markers exist, therapeutic assess- _
ment becomes a function of clinical evaluation.~ Even in disenseB'
wnich unquestiénably benefiﬁ from plasma exchénge, the improvement

is usua;ly due to.relief of clinical manifestations rather than
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Table 11

Disorders in which the Efficacy of Therapeutic

Plasma Exchange can be Monitored by Measurement

of a Pathogenic Substance in Plasma28

Disorders

Pathogenic Substance

Hyperviscosity syndrome
Cryoglobulinaemia

Cold antibody—type aut01mmune
haemolytic anaemia

Factor VIII deficiency
unresponsive to factor VIIIX

Post-transfusion purpura

Preparation for ABO-incompatible
marrow transplantation

Maternal alloimmunization to
Rh(D) antibody

Familial hypercholesterolaemia

Poisoning

Myasthenia gravis

Fabry's disease
Refsum's disease
Goodpasture's syndrome

Pemphigus

Monoclohal immunoglobulin

Cryoglobulin .
Red-cell autoantibody

Antibody to factor VIII
Platelet antibody (Anti-P? )

Antibody to a or b antigen .

Antibody to Rh(D) antigen

Low—dens1ty lipoproteins and
cholesterol

Drug

Autoantlbody to acetylchollne
receptor

Ceramide trihexoside
Phytanic acid
Antibody to basement membrane

Autoantibody to epidermal cell—
membrane glycoprotelns
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1.5'.4

to any effect on the underlying disease itself. The short

- term impbovement that is characteristic of the response of many

disorders to plasma exchange, fréquentlyflimits its value to

therapy for acute conditions?8

Implications for Treatment

The economic and social implications of plasma exchanging are

far-ranging. Both cell separator and procedure are expensiie.-

Equipment costs are extremely high (although this may be reduced
by the édvent of newer membrane therapy). Each procedure it-
self is expensive including staff time, replacement fluids used

and disposable items. The cost effectiveness of plasma exchange

has yet to be estabiished,’whilst the féasibility of large scale

application could pose problems of plasma replacement supply.
It has been calculated,l.61 that if plasma exchange had been

proven successful in the treatment of rheumatoid arthritis and

" made available to all potential sufferers, then not only would

the health care budget have to be increased enormously, but so
also would the number of blood donations necessary to supply the
amount of albumin needed as replacement fluid. Further, if

the report, that disseminated cancer might regress with plasma

~exchange was confirmed, the cost and supply problems would be

almost unsurmountable.162 :

These economic and social implications provided considerable

impetus for controlled trials to establish the efficacy of the -
' ' 163

treatment and to establish a stricter evaluétion. The

diagnbsis of many disorders is based partiélly, or totally,
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upon a set of criteria rather than specific diagnostic tests.
Thus assessment of diseaée activity'and therapeutic responses'
rests largely on subjective evaluation of a coﬁplex number of
parameters by patient and doctor. The situétion is further
compromised by the fact that many therapéuﬁic modalities can be
associated with improvement of varying cénéistency and duration

indicating a strong placebo effect.

The vast majority of trials are uncqﬁtrolled and report a much
higher‘response rate to the exchange procedure than had been
observed in the few studies based on a control group (Table 12).
Many deficiencies have been noted in reports of randomised
controlled trials of plasma exchangé;’e.g. inadequate description
of patient selection, inadequate information on patients

rejected and withdrawn, and effectiveness'of randomisation164.

The design of a clinical trial involving plasmé exchange is
controversial. Efficacy éhould be established by using a trial
~in whichrthe assignment of patients to treatments is confrolled;65.
The experimental groups of patients must be representative_of the
general patient population with the disease under consideration
and should be identical in every way except for the intervention
being evaluated166’167. This’must include all compounding
variables (factors other than the treatment that may influence
outcomg, e.g. age, séx) and all aspects of ancillary care that

may affect respdnse to treatment during the tria1167’168

. Thus,
to assess the effect of removing plasmé or. cells during plasma
exchange on selected groups of patients, the control must

replicate the procedure except for the irreversible extraction

of plasma and cells.
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There afe several methods for selecting the control group.

Ideally control group should be randomly selected from the study
; 167 ~ '

- population « Much has been written about the ethics and legal

. 165,166,169

‘implications of the randomised clinical trail The

-process of randomisation, i.e., allocating patients to treatment

groups. by a chance procedure167?170

, clearly strains the tradi-
tional doctor/patient relationship. The physician is unable to
givé the patienﬁ_what hé may feel to be the best possible care -
and both lose the freedom to chose a particular therapeutic obtion.
The design and management of a randomised trial pose ethical _
questions, namely the facts that standard treatment may be with-
held from the experimental group, the possibility that the control
patientsgare denied a potentially beneficial néw treatment and the
concern that patients are randomly assigned to therapies with

165,167 This conflict

kdifferent risks (if these are known).
between individual patient ethics ahd the collectiverethics

of the patient population with the disease beingvstudied must be
v resolved by both referring and participating physicians if the

trial is to be successfully completedlss';ss'169

. The rights of
the individual patient must to a certain extent be sacrified in a
properly controlled clinical trial and this may affect pafient,,
fefefrafﬁg . As a result the aim of the réndomised clinical tiial
| may not be achievedleg. If patients enrolled in.thé'trial‘arevfpr.A
‘ethical or other reasons, nét representative of the patient v

population for whom the study treatment is being evaluated the

significance of the study's'conclusions may be questionable.

Implicit in thé process of randomisation is the‘conCept that

patient and/or.physician preference for a type of therapy is being

69

removed1 . Unfortunately, however patient bias may still affect
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the interpretation of results and may contribute to the high
response rate reported in controlled studies of plasma exchange.
The placebo effect must be accounted for in the assessment of

any treatment results.

' This effect could be overcome by using a placebo in the control

group167’170. If patients are unaware of their assigned treat-

ment group then patient attitudes to the trial should be the
same in both the placebo and the experimental groups. Any
differences in response between these groups should then be

real.  For some therapies the appropriate placebo may not be

171

available . This applies to invasive procedure, where the

risks to the control patients may be unacceptable and even

greater than the potential benefit of the experimental therapylss’

167

. The ethics of intentionally deceiving patients alsb

deserve careful consideration.

Double blind studies, where neither patient nor observer know

which treatment is beiné administered may avoid bias and ensure
that there is no disparty between fhe groupslss. Double blinding
will however fﬁrther cemplicafe the design and implementationtof

a study.

For those diSordefs where fhe definition of responee to plesma'
exchange.invoives the measurement of specific end—poin?s, e.g..
renal function inkrapidly progressive glomerulonephbitis;
platelet count in immune thrombocytopenia purpura or foetal
outcome.in Rh alloimmunisation, the blinding of pafients is

not necessary164. For disorders where such objective assess~
ments'are»mofe,difficult, e.g. multiple sclerosis’or rheumatoid

120



arthritis, it has been suggested that the patients should ﬁnder—
go a sham plasma exchange procedureza. This is identical to a
true exchange exceﬁ%vthat, without the patient's knowiedge, the
separated blood components are reinfused without any blasmé
replacemeﬁt. This brocedure is difficult to justify beéring in

172

mind the potential cbmpliéations It has also been argued,

however, that a shamvprocedure which entails a temporary

extraction of plasma or cells and extracorporeal manipulations

may in itself be therapeutic and capable of inducing measurable

163,173

changes in the blood The irreversible extraction of

plasma, or cells, has been shown to be therapeutically more

effective than the temporary removall74’l75.

Typical Applications of Plasma Exchange

The technique has been applied to a‘wide rangebof diseases as in
Table 13176. The eérlier inVesigationslGO were exploratory
assessments of the therapeutic potential of the procedure and
that much of the controlled testing .necessary to establish fhe
efficacy of the technique remained to be undertaken. This
deficiency is étill being remediedl77._ The present review is

restricted to those disorders under treatment at the Glasgow

Royal Infirmary.

Hyperviscosify States.

i. Paraproteinaemias

Paraproteins are large abnormal proteins with a high intrinsic
viscosity. They tend to precipitate on cooling‘and have the
ability to interact with other proteins. These properties
account for the symptoms they prodﬁce in malignant and non-
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Table 13

List of Diseases,in which Plasmapheresis has been useé

Haematological:

Macroglobulinaemia
Myeloma
Immune thrombocytopenia
Haemophilia with inhibitors
Post transfusion purpura

- Acquired Von Willebrand's disease
Pruritis of myeloprollferative disease
Acute leukaemia
Bone marrow transplants
Haemolytic disease of the newborn
Autiommune haemolytic anaemia
Cold haemagglutininin syndrome
Paroxysmal cold haemoglobinuria
Paroxysmal nocturanal haemogloblnuria
Sickle cell crisis
Pure red cell aplasia
Aplastic anaemia

Renal:

Goodpasture's syndrome

Crescentic glomerulonephritis

Light chain nephritiis

Haemolytic uraemic syndrome

Henoch Schonlein nephritiis
.-Mesangiocapillary glomerulonephritis

Renal transplant rejection

Neurological:

Myasthenia gravis

Lambert Eaton Syndrome
Amyotrophic lateral sclerosis
Schizophrenia , ’
Guillain-Barre syndrome
Multiple sclerosis
Parkinson's disease

Endocrinological:

Thyroid storm
Exophthalmos and. pretibial myxoedema
Insulin resistant diabetes
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Table 13 (continued)

Toxins and Drugg:

Ammanita phalloides poisoning
Phenylbutazone overdose
Digoxin overdose

Paraquat poisoning

Methyl parathion poisoning
Aluminium encephalopathy
Sodium Chlorate poisonirg

Malignant Disease:

Disseminated carc1noma
Melanoma
Immunotherapy blocking factor
Neuroblastoma
- Hyperhephroma ‘
Sweats and pruritus of malignant disease

ReSpiratory Disease:
Idiopathic pulmonary haemosiderosis

Idiopathic pulmonary fibrosis
Asthma :

Miscellaneous Disorders

Familial hyperlipidaemia

Refsum's syndrome

Fabry's disease v
Immunodeficiency syndrome ‘
Thrombotic thrombocytopenic purpura
Eclampsia '
Uncontrolled hypertension

Cyclical angioneurotic oedema
Antibodies to HLA

Dermatological:

Pemphigus

Pemphigoid

Herpes gestationis

Porphyria cutanea tarda
Necrotising vasculitis
Psoriasis

Autoerythrocyte sen31tlsat10n
Scleromyxoedema :
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Table 13 (continued)

Connective Tissue Disorders:

Systemic lupus erythematosus
Rheumatoid arthritiis
Dermatomyositis

Still's disease

Scleroderma v

Behcet's syndrome

Rheumatic fever

Polymyositis

Polyarteritis nodosa

Wegener's granulomatosis
Raynaud's syndrome
Cryoglobulinaemia .
Mixed connective tissue disease
Sjogren's syndrome

Infections:

Subacute bacterial endocarditis
Meningococcal septicaemia
Staphylococcal septicaemia
‘Leptospirosis '

Leprosy -

Gastrointestinal:

Hepatic coma
Pruritis of cholestasis
Crohn's disease
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“malignant conditions.

It has been shown 1/ 22179,180

that plasma'exchange can be extremely
effective at removing these paraproteins,  the effectivness depend-

ing on the distribution within the vascular compaftments.

ii) Waldenstrom's Macroglobulinaemia

This disorderlsl_183 is due to the proliferation of an IgM

producing clohe. Itvis characterised by many unpleasant and
chcasioﬁal iife—threatening complications due to hyperviscosity,
of whichvblindneés, deafness, coma énd retinal haemorrhage are a
few. Conventional treatment consists of chemotherapy -
Chlorambucil being the drug of choice. It can, however, be many -
weeks before it begins to decrease the production of igM. One
single plasma exchange; onvthe othef hand, can lower the serum
IgM by 50%, because 75% of the IgM antibddies responéible for
the condition circulate in the intraVasculérvcompartment. There
is also an immediate impfovement in the clinical condition.

Some patients can be maintained symptom-free by two to three%

monthly plasma exchanges without chemotherapy.

iii) Multiple Myeloma

This condition may present in a variety of ways,_onebof which is
acute renal,failure184. Multiple pathogenic factors contribute
to the problem and it is associated with a poof prognosislss.
One factor known to be’associated is the effect of Bence-Jones:
proteinévwhich form obstructive casts in'the’distal nephrons.
Intensive plasma exchange may remove 50% of these circulatingvf»

proteins in patients unresponsive to more conventiohal therapy,

e.g. diuretics, urinary alkalinisation and chemotherapy. ‘The
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effectiveness of plasma exchange on the long-term management and
prognosis of these patients is presently unknqwn, but it may .
well be a very useful short term measure until cytotoxic thérapy,
namely, Melphalan in combination with Prednisolone takes efféct.
Hyperviscosity is also associated with Multiple Myel‘omaiss’lg‘7
due to increased production of IgG and IgA. These molecules
tend to have a higher extravascular distribution than IgM, bﬁt
this larger extravascular load ié offset by a slower re-
accunulation rate of immunoglobulins. kIgG and IgA have lowér
molecular wéights than IgM, making hyperviscoéity a less
fréquent‘occurrence than Waldenstroﬁ;s Macroglobulinaemia.
Often singie plasma exchanges lead to consiaerable clinical
improvement during the lag period before established chemo-

therapy reduces production of the offending immunoglobulin.

iv)  Cryoglobulinaemia

Cryoglobulins are‘parapréteins which tend to precipitate on
cooling. Their presence is associated with many disturbing
effects namely hyperviscosity, vasculitis and Raynaud's
Phenomenon188’189. Gangrene aﬁd necrotic ulcers are common
consequences.

Therapy‘lgo’lgl

is aimed at the underlying disease process,
e.g. collagen disorders, infectious mononucleosis and
cytomegalovirus. In the acute situation plasma exchange is

the treatment of choice. The response is often quite dramatic

- with long-term remissions being achieved.
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Immune Based Haematological Disorders

i) Autoimmune Haemolytic Anaemia

The Haemolytic anaemias characterised as autoimmune are
identified by the presence of autoantibodies against‘red cells.
More often than not, a specific aetiological basis is not
identified and treatment with steroids, splenectomy or immuno-
suppressive agents aims at decreasing thé distrﬁction of
o . - . 192-195
antibody-coated red cells and reducing antibody production .
Some patients fail to respond to such conventional therapy and

present with severe anaemia. In such cases it is often impossible

to obtain compatible blood and treatment is thus difficult.

It has been shown that plasma exchange has a potential role in
the treatment of both wafm and.cold anfiﬁbdy—mediated haemolytic
anaemia. It causes a témporary reduction in Cytotoxic aﬁtibody |
levels. The fall in titre of antibodies allows prolongatioﬁkof
survival of transfused cellsband immunises the destruction of - v
autologous red cells. The majority of patients will not require
such freatment. However, where conventionalktherapy fails, a'
trial of plaéma is reéommended, especially in the setting of

fulmiﬂant haemolysis.

ii) Idiopathic Thrombocytopenic Purpura’

" IgG and IgM platelet anfibodies are present in the majority of.
patients with I.f.?. and are implicated jn platelet destructioﬁ.
Conventional therapy for I.T.P. includes the use of sterbids
which are thought to block the macrophages in the spleen thué
196 B

decreasing platelet sequestration and destruction . If

this fails reduction of autoantibody production is attemptéd by
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the‘use of cytotoxic égehts - vincristine aﬁd cyclophosphamide,
with or without splenectomy, the spleen being the major source
of antibody production. anventional therapy fails to produce
a substantial réqunse in 30% of patients, with 7% having severe -

continuous bleeding problemslg7.

192,198

Plasma exchange can remove a predictable amount of

circulating immunoglobulin.

It has‘been demonstrated that a single plasma exchange can brihg
about a 50% decline in anti—plateiet acti&ity, with an associated
increase in platelet'counts within hours of procedure, resultiﬁg

in an immediate imprbvement in haemostatic function. On availéble
data, therapeutic plasma exchange has a potential role in acute
I.T.P. whénever splenectomy or immunosuppressive agents are contra-
indicated. It is also useful in preparing patients for surgical

procedure.

The possibility that plasma exchange will result in an anti-

coagulation effect with increased risk of bleeding should also

be considered.

iii) Thrombotic Thrombocytopenic Purpura

The disorder, of unknown pathophysiology, is characterised by
microahgiopathic haemolytic anaemia, thrombocytopenia, centfal
nervous system dysfunction and renal impairment. The clinical
manifestations are due to the formation of platelet thrombi iﬁ

the microcirculation.
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199,200

Many therapies have been used for I.T.P. - namely trans-

fusion, corticosterbids, antiplatelet agents and splenectomy.

In spite of such treatment, mortality rates range from 72% at 3
months to 93% at 1 year.

Plasma exchange201’202

is known to bfiﬁg about a rapid improve-
ment, whether by removing toxic factors or by adding normal |
stimulatory substances. It may well be that it provides a missing
plasma factor which has a stimulatory effect on vascular endoth-
elium, producing prostacycline PGl2, a potent inhibitor of plate-
let aggregation. Absence of the factor leads to platelet con-
"sumption, which in turn triggers the syndrome. Since plasma

exchange has been incorporated into the therapeutic regime,

recovery has occurred in 70% of cases.

iv) Factor VIII Inhibitors

Antibodies to FVIII, occur in a variety of haematological and
non—haematologigal diseases and may be present with life

. . 203-205
threatening bleeding. Therapeutic plasma exchange is now used
incréasingly in the treatment of patients with this disorder.‘
Combination therapy, namely immunosuppression (corticosteroids)
and plasma exchange may decrease the concentration of Factor VIII
inhibitors by 85%. It is now the first line treatment to rapidly

remove the inhibitor, allowing standard chemotherapy to take

effect in the ensuing three weeks.

Alloimmunisation

i) Rhesus Haemolytic Disease

There are still a considerable number of alloimmunised women of
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child-bearing age despite the advent of immune globulin. Full-

term pregnancy for these women can still be a major problemgs’zos.

207,208 that plasma exchange, commenced early

It has been shown
in pregnancy, can achieve a more successful outcome in a signif-
icant number of cases. Plasma exchange is known to remove
circulating proteins, e.g. antibodies. In some casés of Rhesus
disease the antibody concentration may be lowered by 80%.
Sufficient amoﬁnts of the offending immunoglobulin may be removed
and accordingly lead to’a dramatic decrease in foetal wastage.

Its greatest potential is achieved when haemolytic disease begins

after the 30th week of gestation.

Antibody Mediated Non-Haematological Disorders

i) Myasthenia Gravis

The antibody to the acetylcholine receptor is basic to the patho-
genésis of myasthenia gravis. Amongst different patients the
correlation between the level of acetylcholine receptdr antibody
and the severity of myasfhenic symptoms is not strong:; changes
in antibody level in‘the individual patient may parallel changes
_in disease activity. Acetylcholine receptor antibody that is
gransferred from mother to foetus is associated with neonatal
myasthenia graviszog. In this situation plasma exchange may

ameliorate acute myasthenia weakne85210.‘

Plasma exchange is often used in the preparation of an individual
for thymectomy respiratory muscle weakness. In many cases, it
may be useful to relieve weakness before immuno-suppressive

therapy has become effective-10~212,
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ii) Goodpasture's Syndrome

This»syndrome is characterised by rapidly prpgreésive glomerulq—
nephritis and antibody to glomerular basement membrane;b Plasma
exchange reduces the level of this antibédy, whilst immunof
suppression ihhibits its furtﬁer synthesis213_215. It is hotj
been established that the exchénge improves patiént survival,

nor has a-comparison been madg_of immunosuppréssion thefapy alone
with immunosuppression combined with plasma exchange. It is also
possible that the duration of the disease may signifiéantly affect

the outcome of the treatment because of irreversible damage to

the lungs and kidneys by high levels of antibody.

iii) Refsum's Disease

This rare inherited disorder is characterised by chronic poly-
neuropathy, ichythosis, deafness and retinitis pigmentosa
associated with accumulation‘of phyténic acid in tissﬁeszls.
Plasma exchange has been used successfully to complemeht diet
'-in the‘restriction of phytanic acid and in an efforf td:reduce

2
levels in blood and tissue 17’218.

’
iv)  Guillain Barre Syndrome

The méchanism by which plasma exchange may benefit patients with

7 ' _
acute Guillain Barre syndrome is unclear219 222

. The rationale
is provided by the evidence that the serum of patients affected
may contain demyelinatihg factors, antibodies to peripheral

‘nerve tissue of immune complexes. The role of these factors in

causing the syndrome is unknown. -

Plasma exchange is of value in the treatment of the syndrome if

commenced early and aggressively enough, i.e. within 10 days of
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of the onset of muscular symptoms and removing é minimum of 155

litres of plasma.

The median time that patients aré on a respirétor will be decreased
by some 10 days, and the time to make a functional recovery is

shortened by a mean of 73 days.

v) Aplastic Anaemia

The réle of immune mechanisms in bone marrow failure associated
with aplastic anaemia suggests that the application of plasma—l

pheresis could be beneficial in the treatment of the disorder223’224.

Therméchanisms responsibie for the bonehﬁarrow failure in apléétic
anaemias have long been studied. 1In some patients, éerum inhibi—
tory immunogloﬁulin hés been shown td be directed against mafrbw
CFU-C. Thus, in patients in whom antibodies were shown to be.
responsible forAthe inhibition of in-vitro CFU-C formation, plasma

exchange could well be beneficial.

The potential'side—efféctsvof plasma exchange in this situation
must be considered. There may be a rebound humoral immune response

and plasma exchange should be followed by immunosuppressive drug

225,226

therapy

It is suggested that plasma exchange is limited to selected patients
with active life-threatening disease to provide an acute, although

tempofary, therapeuticvoption.v

vi) Neoplasia
Studies of plasma exchange in the treatment of patients with cancer
have been 1abgely confined to solid tumours. The theoretical
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basis for plasma exchange aé a‘specific treatment,.rather than -
as supportive care, is controversial and involves the manipulation
of the patient's immune system into a more favourable state,
perhaps by removing immune complexes that may act as 'blocking
factors'. Anti-tumour resp§nses have been reported after piasma
exchange in a variety of patients with_solid tumours, but improve-

ments have been mostly temporary227_230.

Partial responses have been reported in patients with heavily
treated, chemotherépy—resistant lymbhoma after a series of plasma

exchanges.

Patients with acute myeloid and lymphatic leukaemia have been
treated with plasma exchange before and during induction

therapy. Those sub jected to’plasma exchange andvchemotherapy
exhibited more complete and partial remissions than those patiénts
subjected to chemotherépy alone. However, other prognostic

factors such as age, state of infection, etc., influenced the
‘ 22,229,230

.

more favourable results and few conclusions can be drawn

Treatment by allogéneic bone marrow transplanf is favoured for
aplastic anaemié and cértain forms of leukaemia231’232. Donor
and recipient are usually matched by human leukocyte antigen
(HLA), but in approximately 20% of cases; a major ABO incompat;

ibility exists, i.e., the marrow recipient has anti-A or anti-B

antibody directed against donor-type red cells.

Marrow has the same red cell content as whole blood and measurés

must be taken to reduce the possibility of a haemolytic trans-
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fusion reaction at the time of the marqu infusion. Haemolysis,‘
at the time of infusion,»may be‘avoided by the removal of‘red>
cells from the marfow‘using continuous and intermittent flow
centrifugation, hydroxyéthyl starch, gravity sedimentation

and separation on fresh gradients.

These methods eliminate the target cell because early precursor
red cells do not express ABO blood group antigens. Whilst
effective, these methods may deplete the marrow of haemopoietic
stem cells. This may be critical in some transplant situations,
such as aplastic aﬁaemia, where the cell‘doée is known to be»

important for engraftmenﬁ.

Large volume plasma exchange to remove the undesired haemagglutf
inins from the marrow receipient will avoid marrow manipulation.
Patients treated in this way for ABO incompatibility have been
found to engréft as fapidly as patients who are ABO matched.

The incidence of graft versus host disease and rejection is

also reduced.

Plasma Eichange in Children
Plasma exchanges have been used in péediatric»néphrology and
include renal failure in association with crescentric nephritis
due to Goodpasture's Sjndrome, Henoch;Schbnlein Syndrome and
idiopathic nephritis.v Other conditions include systemic lupus
erythemétosus, haemolytic uraemic syndromg and systemic
vasculitic disorders such as polyarteritis. Some of the patieﬁts ‘
| 233-235

required peritoneal dialysis at the same time as plasma exchange ;

The majority of patients have been exchanged on the continuous
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flow IBM 2997 cell separator; although a few of the earlier
patients were exchanged ﬁsing_a Haemonetics 30 with a paed-
iatric bowl. 1In generél,.the continuous cell separator has
provided greatér haemodynamic stability, as well as faster
‘exchanges. Plasma exchange is not a substitute for dialysis’

and it is essential that all patiehfs are stable haemédynamically\

before exchange is commenced.

i) ' Preparation for Plasma Exchange

Investigations pribr to plasma exchangeyshould include full blood,
count, coagulatibn screen, Hepatitis BVSAg, electrolytes, total
protein and creatinine clearance when indicated. The child's
'body weigh% and resting blood pressurevshould be recorded. All
pafiénts are cross-matched and whole blood is used to prime the
cell_separ;tor for the child's first exchange and subsequent
exchanges if the daily pre-exchange haemoglobin is below 9 g/dl.
The machine should be primed through to the return line wiith
blood or plasma in children < 30 kg weight (if under 20 kg,
whole biood should be used). Tﬁe exchange is performed using
plasma protein fraction 80-120 ml/kg. Fresh frozen plasma is
given af the end of’the exchénge from the third day to help

replace depleted clotting factors.

Adequate venous access is vital to the success of plasma exchange
in children and needs‘to be planned before exchange. In the‘
majobity of children plasma exchangé is a short term proced@#e
undertaken in the acute illness and neéds to be considered

against the complications of the more invasive forms of

vascular access.
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ii) Management During Exchange

Patients are given intravenous hydrocortisone’and anti;histamine
immediately before exchange to reduce the risk of allérgic
feactidns. ‘Heparin is the anticoagulant bf choice at a dosage

of 100:IU/kg to a maximum of 2,000 Qnits as. a bolus pre-

exchange with 40 IU/min as maintainance'(i.e. 20,600 IU in

500 ml of normal saline at 1 ml/min). This hay be reduced under
certain clihical conditions, e.g.;post—surgefy or with éoagui—
ation abnormalities. At.the beginningbof the exchange the child’
should be supine énd providing the observations of blood»pressure,
pﬁlse and general clinical state remain sfable; the initial flow
rate through peripheralllines is 30 ml/min. Hyper- or hypo-
volaemia may occur, The’former is particularly common iﬁ the
patient with renal failure. Hypovolaémia may present in children
with irritability, restlessness, yawning, drowsiness or cramps‘
which later progress to abdominal pain,’vomiting and collapse.
Cessation of the exchange and correction of the hypovolaemia.by

the plasma infusion is usually adequate.

viii) Post Exchange

Once the full exchange has been completed, it may be necessary
to wash back the remaining blood C§ntéined in tﬁe centrifuge if
the éhild reméins anaemic, or the circuit was not primed with
bload. Many patients may be haemodynamically unstable post-
exchange and on returﬁ to the ward they need to be monitored

accordingly. The haemoglobin is checked at the end of the

exchange.

iv) Complications
There have been 3 reported cases of septicaemia, one of which
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1.6

1.6.1

was fatal. This occurred in a patient with a long line in-situ.

A haemothorax and subéequent empyema occurred in relation to

malinsertion of subclavian line. One patient with severe

~vasculitiis developed a hemiplegiailz hours following a second

exchange. Subsequent CAT scan shéwed no evidence of haemorrhage,

but the.patient deteriorated and died.
Thus, the procedure in children is not without hazard but its
careful application will minimise the risks and may be of some

therapeutic value in otherwise serious disease.

Side Effect of Plasmapheresis

Initially, it was generally believed that the plasma exchange

‘procedufe was both easy and harmless. This attitude was based

on a sihplistic view of the procedure, perhaps compounded by a
mistaken extrapolation to it of the experience with healthy
blood donors. In fact, whilst major complications are few and

. Cas . A 236
far between; minor complications are surprisingly common .

Vascular Problems

In many cases patients have already been under extensive medical
cére and venous access for purposes qf therapeutic exchange has
already been jeopardised via peripheral routes1;6. Repeated
trauma through multiple venepuncture can result in thrombosis

and sclerosis.
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1.6.2

In such cases access is only possible by indwelling'catheters
in; e.g., subclavian, or femoral vein, or fistula. Once again
this may result in complications. Fatal perforations,

. . o 114
thrombosis, sepsis and circulatory interference may occur
Procedural

1) Circulatory Effects

Even in healthy donors the procedure can cause tiredness, vague
malaise and vasovagal reactions. These effecfs, presumably
caused by extracoporeal circulation and shifts in body fluid
balance, are obviously more pronounced in éick patients under-
going plasmakexchangegas. Vasovagal'reactions may be accompanied
by pallor, sweating and occasional hyperventilation and are
relatively common, particularly in intermittent flow centri-
fugation237_238. kThey tend to be aggravated by péychological
factors and can be minimised by reducihg the patient's state of
anxiety, whilst simultaneously correcting hyppvolaemia236.
Hypotension may occur, although‘it usually does so in patients
undergoing plasma exchange for hyperviscosity from Waldenstrom;s
disease, due to inability of the patient's blood vessels to
compensate rapidly to changes in the intravascular plasma volume.

Patients who suffer from hyperviscosity or cryoglobulinaemia may

develop severe hypotensive episodes.

Fluid overload can occur in the elderly towards the end of a
procedure when the blood outflow has been stopped and the
return of fluid is continuing. Cardiac failure may be precip-

itated.
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2) Anticoagulanf Effects

Theré'is an occasional occurrence of cardiac arrhythmia which-
has:.been responsible for some deaths and may be related in. part
to a citrate effect. It.appears to occﬁr more often when sub-
clavian iines aré used, perhaﬁs because of the delivery of
citrated plasma to the great veins close to the heart. _Brady;
cardié, atrial, nodal and ventricular ectopics, atrial
fibriilation énd supraventricular tachjcardias have all .been
reported, but only when ACD has been the anticdagulant used.
These'are due to a marked decréase in the amount of ionisable
calcium because of the chelating effect of the citrate. |
Syncope during exchange is associatedeith severe sinus_brady-
cardia and'hypotenéion mostly due to hypocalcaemia. Other
manifestations 6f hypocalcaemia, namely circumoral paraesthesia,
increa‘sed muscle ténsioﬁ, nausea, vomiting and overt tet‘;any can
occur but may be avoided by giving proéhylactic calcium duriﬁg
exchange. Itwoﬁldseem that if citrate is used as anticoagulént

then calcium and potassium supplements should be given. .

Failure to obtain a homogeneous concentration of antiécoagulént
has been found to result in massive extra-corporeal blood
clotting. These manifestations are thoughﬁ to be a consequence .
of a thrombotic,trehd during the proéedurezsg. Actual contact
activiation of. the fibrinolytic system induces a thrombotic

stéte during plasma exchaﬁge in which aﬁticoagulatioﬁ is-
achieved by ACD alone. It is aléo known that, following
intensive plasma exchahge; signifiéant décreaseé in AT III,lévels
occur inducing akhypercoagulable state thch may persist for some

72 hours or morelza.
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3) Effects of Replacement Media

There are potentialydisédvantages associated with each of the

~available replacement media137’240’241.

Plasma Products

There is usually a delay in the administration of such
products which are in relatively infrequent éupply. The
main‘disadvantage however is>in the’transmission of diseasé
; hepatitis B and A non - ﬁ Hepatifis. This occurs despite'

screenihg all donors for Hepatitis B.

The incidence of allergic reactions is higher and tachy-
cardia, hypotension, bronchospasm and even anaphylactic

shock may occur.

Albumin Solutions
- These contain no coagulation factors or immunbglobuiins
which may be a drawback. Occasionally anaphylactoid reactions

. 242,243
or hypotension may occur -~ .

Gelatins
Gelatins may be associated with very severe allergic‘
reactions which may be fatal. They will also cause a reduct-

"ion in albumin levels which may result in peripheral oedema.

4) Hypothermia

Many patients feel cold and shivery during plasma exchange
becauéé their blood is in an extra-corporeal circuit at room -
temperature. This occurs in exchangeSIOf long duration (4-6

hours) and is due to the cooling of blood in the centrifugal

140



bowl at 26°C % 2°0236. The chilling may also be part of the

manifestation of the citrate effect or may aggravate the latter..
The problem can be overcome by using a thermostatically
controlled blood warmer in the returning line which increases

the infusion fluid Eéhperature to 35°C L 20C.

5) Haemolysis

Red cell haemolysis236 is possible whenever blood comes into
contact Qith foreign surfaces or is movéd by pumps against
resistance, i.e., as a result of cessation of blood flow through
the system and thevcontinuation of pﬁmp rotation around a
stationary column of red cells. Input and output sensors are
normally provided on equipments to detect an appropriate bloéd
flow and automatically stop pump rotation. If attempts are made
to process more than venous access will .permit and the pump is
stopped by the occluded vein sensor, then negative pressure may
arise on the input side. Restarting thé pump rotation manually
may result in red cell haemolysis within the channel. Further,
if the centrifuge is spinniné in the absence of flow, the seal
hold-down exerts pressure on the seal surface and’haemolysis of
red cells may occur in the area of the seal;' In intermittent
flow centrifugation procedures, the presence of a kink in the
tubing leading to the reinfusion bag can cause ﬁaemolys15244.

This will seldom occur in continuous flow centrifugation

systems.

The red cells may be more damaged than the degree of visible
haemolysis would appear to indicate. Haemolysis is less likely
to occur if priming saline is opened to alleviate negative

pressureVWhile attempting to reinstate blood flow. If flow is

141



1.6.3

stoppedrbecause of venous access and new bleeding or return
sites are needed, the centrifuge may be safély turned off‘for
procedures using the single-stage channel. For dual-stage
procedures, reduéing the centrifuge speed from 1400-1200 rpﬁ
usually prevents haemolysis and red cell épill over into the
spiral channel, so that plafelet collection may continue wheﬁ

flow is resumed.

6) Loss of Medication

Obviouéiykthe removal of a patient's plasma will also remove
any medications that may at the time be carried in the plasmazse{
This can be deleterious in a patient whose stable clinicai

state is dependeht on a level of medication in the blood, e.g.

anti-convulsant therapy. Supplemental medication may be needed.

during or immediately after a procedure;
Mortality

It is estimated that about 10,000.procedures are carried out’

annually in the UK and no deaths due to the proceduré have béen

6

reportedza . In the USA 23;000 procedures are undertaken annually

Vand 16 deaths have been reported over 3 years. Most of the

‘respiratory and cardiac deaths were associated with the use of

plasma, which is more commonly used outwith the UK (Table 14).

" The typical cardiac death usually is preceded by an arrhythmia'

followed by éardiac arrest. It is thought to Be dﬁe to a
reduction in serum ionised calcium levels produced by infusion |
of citrated plasma. Resbiratory deaths ére usually'préceded
with development of signs and symptoms of acute nonéardiogenic
pulmonary oedema.
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SCOPE OF THESIS

Over the period 1981 to_1985, 2,685 plasmé_exéhange procedures
were carried out on 201 female and 125 male patients in the
coursevof treatheﬁt for a range of clinical disorders; The
précédures were all performed on aﬁ IBM 2997 Celi Separator
(confinuous flow).  During this‘period'of ﬁime a number of

individual studies were undertaken. These involved an

- evaluation of

(1) the efficiency of the selected replacement fluids used

in the treatment of 3 groups of patients

(2) the effectiveness of the procedures ih‘the treatment

of:

1. Coldeaemégglutinin Disease

2. Waldenstrom's Macroglobulinaeﬁia and Hyper-
viscosity due to Multiple Myeloma

3. Immune Haemolytic Aﬁaemia‘

4.  Factor VIII Inhibitors

‘5. Polyneuropathy

76. Myasthenia Gravis and Eaton Lambért Syndroﬁe

7. Guiilain Barré,Syndrome

8. Glomerulonephritis and Coodpasture's Disease.

‘9;’ Aplastic anaemia together with pure red cell
aplasia,

10. Polymyositis

(3) Leukapheresis in the management of patients with acute

and chronic myeloid and lymphatic leukaemia.
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2.1

2.1.1

A complete record of each patient's clinical response to treat-

ment was kept throughout the period of the individual studies.

Details of Patients and Exchange Procedure

Study of selected replacement fluids

One hundred and forty patients with Myasthenia Gravis, Guillain-
rd

Barre Syndrome, chronic relapsing polyneuropathy and polymyositis

were studied in 3 groups as detailed in Table 15. No patient had

an intercurrent disease likely to affect the parameters measured.

Three fluids, namely 5% albumin, plasma protein fraction and
gelatins (Haemaccel) were used to replace plasma withdrawn durihg
the exchange. The'efficacy of selected types of replacement
fluids was studied by examining the reactions to plésma exchange

of the 3 groups of patients, as below.

Group 1:- 60 patients, who underwent 300 exchanges
each patient received as replacement fluid,
Polygeline I,consisting of

1. 1 litre of 5% albumin

2. 1 litre of Haemaccel
3. 0.5 1litres of normal physiological saline
Group 2:- 60 patient, who underwent 300 exchanges

. each patient received as replacement fluid,
Plasma protein solution consisting of
1. 2 litres of 5% albumin

2. 0.5 litres of normal physiological saline
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- 2.1.2

Group 3:- 20 ﬁatients, who underwenf 100 exchanges
"~ each patieht reéeived as replacement fluid,
Polygéline 11, consistiné of‘
1. zilitres of Haemaccel

2. 0.5 litres of normal physiological saline

For thebmajority of patients venous access for plasma exchangev
was via an antecubital vein, but arteriovenous shunts or fistula

were used in 49 cases.

Approximately 2.5 litres of plasma was ekchanged during each N

procedure, undertaken daily for 5 consecutive days (i.e. a

total of 12.5 litres of plasma was exchanged in each patient),

Heparin was used as anticoagulant, each patient being given'a
loadihg dose of 5,000 units followed by a further 3,000 to
5,000 units during the procedure. On 5 occasions only,

protamine‘sulphate was used to reverse the effect of Heparin.‘

Study of Selecfed Disorders

The patients were aged between 18 and 65 years with a mean age

of 42'years and were treated for a variety of clinical disorders

as indicated in Table 16 andvbelow:

1. Cold Haemagglutinin Syndrome
Eight patients received treatment, 4 were known to have a
lymphoma, 1 to have an adenocarcinoma of the lung and 3 had ’

proven viral illness. All patients were anaemic, some pro-

foundly so. All had failed to respond to conventional

‘ chemotherapy.
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“Table 16

Agé and Sex Distribution of 186 patients treated for

Various Disorders by Plasma EXchange at the Glasgow

Royal Infirmary over the period 1981 — 1985

Sex 'Age Group
v Number go. of
DISEASES of 20 | 30 | 40 | 50 | 60|
Patients | M 30 | 40 | 50 | 60 | 70 [¢"@"8®S
Cold haemagglutinin
Syndrome 8 6 2 o 2 3] 2] 1} 36
Macroglobulinaemia 18 10 | 8 ol 2| 6| 8| 2| 17
Myeloma with .
Hyperviscosity 12 7 5 ol 1} 2| 9} 0} 60
Immune Haemolytic _
Anaemia 3 0] 3 0] 1 1 1 o 12
Factor VIII Inhibitors 8 1 7 3 3 0] 2 0 40
Chronic Polyneuropathy 15 >5 10 81 5 2 0 0]  50
Myasthenia Gravis 18 6 12 3 6 51 4|1 O 80
Eaton Lambert Syndrome 5 2 3 0 0 2| 3 0 20
e 7 : .

Guillain Barre Syndrome 27 14 13 14 | 10 2 1 0} 162
Glomerulonephritis/ : .
Goodpasture's Syndrome 36 13 23 18 | 15 3 0 0| 252.
Pure red cell aplasia 4 3 1 0 1 2 1 0 16
Aplastic Anaemia 2 2 0 2 0 0 0 0 5
Polymyositis 10 4 35
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A total of 36 exchanges were undertakgh'using plasma protein
solution as replacement'fluid, 86 litres of plaéma were

exchanged ih‘total.

2. Waldenstrom's'Macroglobulinaemia

Eighteen patienfs with hyperviscosity syndrome each received
treatmént by means of plasma exchange. 65% of patients exhibited
'neurdlogical symptpms, 55% suffered from géneral malaise, 50%>
suffered from bleeding and 15% from non-specific pain. Patienfs
werevégéd 35 - 79 years. The mean age on the onset of sympfoms'

was 55~years and on diagnosis of disorder was 60 years.

A total»of 171 plasmavexchange procedures Qere'carried out‘dver
a Sbyear period 1982 - 1985. The mean value ofbplasma exchanged  ‘
during each procedure was 2.5 litres. The replacement fludd was
generally plasma protein solution but tﬁis was, on occasidns,'v

partially replaced by Haemaccel (some 15 procedures).

A further seven maie and five female patients with hyperviSCOSity
due to multiple myeloma underwent sixty eXchanges. They were-
aged between 39 and 58, with a mean age of 49 years. . They were

’

each receiving haemodialysis.

3. Immune Haemolytic Anaemia

Three female patients received treatment. One had Evans'
Syndrome, one was post-infectious and one had a malignant’
lymphoma. All had severe haemolysis and had failed tokréspOnd

to steroid and immuno-suppressive therapy. One patient had had

a splenectomy.
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A totai of 12 pfocedufes was‘éarried out. The mean‘value of
plasmé.exchanged during each procedure was 2.5 litres. The
replacemenf fluid was primarily plasma proteiﬁ solution, but,
this was, on occaéions, partially replaced by Haemaccel or
frésh frozen plasma. All patients héd}simultaneous immunoe>
 suppressi#e therapy. None receiﬁed a bléod transfusion during‘

the pefiod of exchange.

‘4. Factor VIII Inhibitors

Eight patieﬁts aged between 22-58 yeérs received tfeatment.
Two batients suffered from systemic lupus erythématosus, two
were post-partum, one from rheumatoid arthritis, one from |
ulcergtive colitis, one from dermatitis herpetifofmis‘and one

had récently received penicillin (i.e. drug-induced).

Five daily plasma exchanges were carried out in which 2.5
litresbof plasma was‘replaced on a daily basié‘by 1.5 litres
of blasmabprotein solution and one litre of fresh frozen
plasma. A reduced dose of 2,500 units of heparin was used as -

anti-coagulant.

5. Chronic Polyneuropathy

Five male and ten female patients with chronic inflamhatory
polyneuropathy, aged between 25 and 45 years (mean agé 35 years)
underwent a total of 50 plasma procédures in each of.which 2.5 |
litres of plasma protein solution and 500 ml of physiological
saline were exchangéd. All patients received concurrent- 
treatmehtuwith immunosuppressive therapy, iﬁitially using
prednisolone 60'mg/daj, and when no response was ébtainéd, B

‘azathioprine 150 mg/day, or cyclophosphamide 90 mg/day was added.
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If there was no response to corticosteroids and one cytotoxic
agent, then the other cytotoxic agent was aléo added, i.e.

triple therapy.

6. Myasthénia Gravis. and Eaton Lambert Syndrome

Twelve female and six male patiénts with ages ranging from 22
to 58 years (mean age 40 years) underwent 80 plasma exchanges.
In the méjority of cases plasma protein solufion was the

replacement fluid used with a smallAquantity‘of Haemaccel.

All patients were receiving anticholinesterase drugs; namely,
neostigmine or pyridostigmine and immunosuppressive therapy,
namely, corticosteroids or azathioprine tapered according to

the patient's clinical condition.

Five patients with Eatén Lambert Syndrome aged between 48 and 66
years~underwent 20vplasma‘exchange;. -Ofvthe 3 méles and.twb
females, 4 patiepts hadAhistologically proven carcinoma of the
bronchﬁs; and 1 patieﬁt had histélogicall& éroven carcinoma of

the breast.

They>differed from the patients with Myasthenia Gravis in that
they presented with marked proximal limb weakness, with less
frequent involvement of the ocular muscles. They were receiving

no concurrent medication.

In all exchanges plasma protein solution was the feplacement

- fluid of choice.

151



4
7. Guillain Barre Syndrome

Fourteen méle and thirteen female patients aged'between 14 and
56 years (mean age 35 years) underwent 162 plasma exchanges using
plasma protein solution and Haemaccel as replacement fluids in

equal quantities. The patients satisfied the following criteria:

1. the duration of symptoms was less than 30 days.

2. there was no clinical evidence of improvement in
limb function at the time of assessment.

3. no previous treatment with prednisolohe or immuno-
suppressive agents. v

4, no other concurrent disease.
All patients had developed a progressive flaccid quadriparesis
and all required ventilation. The mean duration between the onset

of symptoms and the start of plasﬁa exchange was 8 days.

8. Glbmerulonephritis and Goodpasture's Syndrome

Thirteen male and 23 femalekpatients aged between 24 and 45 years

(mean age 33) were treated. Twelve patients had mesangiocapillary
glomerulonephritis MCGN Type 1, six patients had Type II MCGN.

Four patients had meﬁbranous nephropathy ana three patients had
mesangial IgA disease. The remaining eleven patients had Goodpasture's
Syndrome; .10 showed evidence of nephritis and pulmonary haemorrhage
and 1 had nephritis alone. A renal biopsy was carried outvon all
patients. Immuno-fluorescence showed linear IgG along the GBM in

all biopsies. Circulating anti—GBM.antibody was detected in all '

patients.

All patients received azathioprine and cyclophosphamide for periods‘of
6 - 8 weeks. Prednisolone was commenced at a dose of 60 mg/day

and reduced gradually. Patients underwent 252 plasma exchanges
over'periods ranging from 6 months to 7 years prior to plasma

exchange and thus served as control patients.
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9. Aplastic Anaemia and Red Cell Aplasia

_ Three male and one female patient had a diagnosis of pﬁre red
cell aplasia. They had severe anaemia for some 8 - 32 months,

(mean period 20 months). Two male patients had aplastic_

anaemia of unknown‘aetiology énd had had severe pancytopenia for
‘6 months. None of the patients had a matched bone marrow donor
and they were all steroid and androgen therapeutic failures.
The patients underwent 22 plasma exchanges, each ekchange
removing 2.5 litres of plasma which was replaced by‘5%

albumin.

10. Polymyositis

Ten patients, seven male and three female, ages ranging from
23-38, mean 31 years with florid polymyositis underwent 35
plasma exchanges of 2.5 litres of plasma, replaced by 5%
Albumin (85%) and Haemaccel (15%). All were concurrently

treated with corticosteroid and azathioprine.

2.1.3 Study of Leukapheresis

Of 58 patients aged between 22 and 71 years treated by leuk-
apheresis, 5 had acute lymphatic leukaemia, 14 acute myeloid
leukaemia, 3 acute myelomonocytic leukaemia and 25 chronic

myeloid leukaemia and 11 chronic lymphatic leukaemia.

In each leukapheresis procedure 3 litres of blood (mean value
2.5 litres) was processed through the IBM.type 2997 cell
separator in times ranging from 60 to 150 minutes. Heparin

was used as anti-coagulant.
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Fluid replacement consisted of 5% Albumin, physiological saline,
and very occasionally Plasma Protein Solution. Platelet con-
centrate.was_transfused post-pheresis in Severely thrdmbocytopenic

patients.

2.2 -Parameters Examined

2.2.1 Study of Selected Fluids

2.2.1.1 Sampling'
Haematoiogicél, biochemical and clinical response of each patienf
was continuously monitored throughout the sequence of exchange
procedures. The haematological and biochemical base-line

investigations were made:-

1. immédiately pre-plasmavexchange
2. immediately post-plasma exchange
3. 12 hours post-plasma exchange
_4; 24 hours post-plasma exchange

5. 3 days post—blasma exchénge

6. 5 'days post>plasma exchange

The only pre-requisites before plasma exchange were that eachb
patient was HBsAG negative and had normal base-line coagulation

screen.

All samples were collected into the appropriate containers
through a 16 gaugecannula without venous stasis and withqut
ffothing. Bloodeo: coagulation studies was collected in i/100
volume ofFAO% éodium citrate. Plasma was separated after centri-
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fugation at 1800 G at 4 °C for 15 minutes. All coagulation

studies were performed immediately or the sample was frozen at

-30°C and studies carried out at a later date. The prothrombin-

time (PT) the Kaolin Cephalin Clotting time (KCCT) and Thrombin

Clotting Time (TCT) were carried out immediately at 30 minutes,

4 hours and 24 hours post-exchange respectively. The platélét

counts were performed on blood collected in ethylene diamine

tetra-acetic acid.

2.2.1.2 Haematological Parameters

1.

_Standard full bood counts
Haemoglobin estimation,packed cell volume (haematocrit)
and white blood cell count were determined using Coulter

Counter Model 'S’'.

Platelet Count
Platelet camnts were determined using routine Coulter S

analysis.

Coagulation Screening

a) Prothrombin time

Prothrombin time was evaluated by a one stage methodZASin
which 0.1. ml of plasma was placed in the botfom of a 75 x
10 ml tube in a water bath at 37°C and 0.1. ml of rein-
suspension added to it after 60 seconds. 0.1 ml of warmed
0.025 mmol/1 calciumkchloride was added and the contents
mixed. The time taken for the development of a fibrin
ciot marking the end point was measured. The nofmal range

is 10 - 14 seconds.
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~ b) Kaolin Cephalin Clotting Time

The Kaolin Cephalin Clotting Time was evaluated246 by

incubatingbo.l ml of plasma with 0.2 ml of a well-shaken

Kaolin phospholipid mixture which aliows activation of

‘contact factors. Platelet activity is replaced by phos-
.pholipid. Ten minutes was allowed fér maturation of

incubation at 37°C at which point 0.1 ml of pre-warmed cal-

cium chloride is added. The time taken for a clot to form

.is noted. The normal range is 35 - 45 seconds;

¢c) Thrombin Clotting Time
Thrombin clotting time was measured by placing 0.2 ml of

normal plasma in a standard glass tube at 37°C with 0.1 ml

" of thrombin and noting the time for a clot to form. The

normal range is 6 - 9 seconds.

Quantitative Assays of Coagulation Factors

a) Fibrinogen
' 247

~This was estimated by a modified quantitative method ;

which measures fibrinogen 'as Thrombin clottable protein.

The fibrinogen in plasma is converted into fibrin by fhé

-action of thrombin and fibrin is collected on glassi.beads,

washed, boiled with sodium hydroxide and its tiozine content

_estimated. Normal values 2 - 4 g/1.

'b) Prothrombin

This was carried out using a two-stage method248 with -

 Taipan Snake venom which converts prothrombin directly to

thrombin in the absence of any other non-clotting faQth.
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A dilution of plasma is mixed with venom in the presence
of phospholipid and calcium chloride. The amount of
thrombin generated is estimated by adding Fibrinogen and

determining the clotting time. Normal range 50-100 IU/d1.

c) Factor ViiI'

Estimation is based on the partial thromboplaétin time
test249 performed on mixtures of Factor VIII defiéient
plasma and various dilutions of both standérd and test
plasma. A standard curve is prepared by plotting the
clotting time of each mixture against the calculated con-
centration of Factor VIII. Tﬁe relative concentration of
Factor VIII in the batient's plasma is e*trapolated from
fhis graph by testing similar dilutions of unknown piasma.

Normal range 50 - 100 IU/d1l.

d) Factor IX

Assays of Factor IX activity are effectively determined
using the KCCT methodzso. This is ﬁerformed in exactly
the same way and has the same limitations as‘that for
Factor VIII assays, except thatkknown congenitally Factor

IX-deficient plasma is used in place of Factor VIII-

deficient substrate. Normal range 50-150 IU/dl.

e) Factor X

Specific assays of Factor X are performed using substrate
plasma for a patient who is known to be congenitaily‘devoid |
of Factor X251. Such éubstrate can be used in an intrinsib
assay system using the KCCT test. Normalvrange 50-150
IU/d1.
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2.2.1.3 Biochemical Investigations

Urea and Electrolytes

These parameters were estimated on the Technicon Auto-

252
analyser .

Normal range . 8Sodium 135-145 mmol/1l
Potassium 3.5 - 5.0 mmol/1
Chloride 97-107 mmol/1
CO* content 23-30 mmol/1
Urea 2.5 — 8 mmol/1
Creatinine 40-130 ,Jmol/l

Liver Function Tests

Serum’bilirubin, serum asparate transaminase (AsT),

alanine transaminase (AlT) and serum alkaline phosphatase
were estimated on the Technicon Auto-analyser. Serum bili—
rubin was estimated using the DPD methoa; asparate. trans-
aminase, alanine transaminase and alkaline phosphatasé were

estimated by established methods253’254’255.

Normal range Asparate transaminase 12 - 24 units/1
Alanine transaminase 3 - 55 units/1
.Alkaline phosphatase 88 -280 units/1

Plasma Proteins

. . 256
The proteins were measured by the Biuret method and
albumin concentration determined by the Brilliant Crystal
Green technique. The globulin factor was calculated by

subtraction of the albumin value from the total protein

value.
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‘Normal range total proteins 62-82 g/1
A albumins - 35-55 g/1
globulins 23-33 g/1

v

{

4, Serum Calcium and Phosphate

The parameters were measured on the Technicon Auto—anaiyser257.

Normal range calcium 2.2 - 2.6 mmol/1
‘ - phosphate 0.7 - 1.4 mmol/1

5. Serum Iron and Total Iron Binding Capacity

Values were detefmined by a routine method on the Auto-

258,259
analyser , .
Normal range iron (males) ' 9 - 30 mmol/1
iron (females) 6 — 25 mmol/1
total iron binding- o
capacity 45 -~ 75 mmol/1

6. Serum Immunoglobulins
These components were measured by an immunonephelometricv

. method using a Technicon Auto-analyser.

"Normal range IgM 0.4 - 3.0 g/1
IgA 0.8 - 4.5 g/1
IgG 6.0 -15.0 g/1

2.2.1.4 Statistical Analysis

The numerical data was subjected to statistical an_alysiszso’261

as -under:

1) Standard parameters, mean X, variance, standard
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2)

deviation‘(S.D.) and standard error of the mean

values were calculated by an electronic calculator.

Significance Tests

Studenﬂs1:tests were used for comparison of the means

of two samples. For non-paired comparisons the appropriate
t test was used and the degrees of freedom calculated
according to whether or not there was a significant
difference between the variances to the two samples.

The significance of all.prébabilitieswas determined

from statistical tables using the 'two-tailed'

criterion.

Study of Selected Disorders

Tests were carried out on patients treated for the selected

disorders as under:

Cold Haemagglutinin Syndrome
Haemoglobin and serological parameters were measured

pre— and post- plasma exchange. The antibody con-

- centrations were determined.

Waldenstrom's Macroglobulinaemia and
Hyperviscosity due to Multiple Myeloma

Serum immunoglobulins and plasma viscosity were measured
pre-plasma exchange and post-plasma exchange. Serum immuno-
globulins were measured as before using a Technicon Auto-
analyser. Whole blood viscosity was measured at three

shear rates using é Contraves LS 30 Viséometer, and plasmav

viscosity was measured using the Harkness Capillary Viscometer.
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Immune Haemolytic Anaemia

The haemoglobin and serological parameters were measured
pre-and post- plasma exchange. Quéntification of theA
antibody was graded on a scale of 1 to Sv(i.e.k+ low titre

increasing to +++++ high titre).

Factor VIII Inhibitors
The antibodies were detected by incubating test plasma at

37°C with a source of Factor VIII C and then performing

serial coagulation tests. The results were expressed

in Bethesda Units. Coagulation screens including one-stage
prothrombin time, Kaolin Cephalin Clotting time and Thrombin

time were estimated pre- and post-exchange.

Chronic Polyneuropathy

Full neurological examinations were carried out on each
patient and the response to treatment was measured pre- and 
post-plasma exchange by the noted improvément in the lével

of function, which is graded 1 - 6262 és_under:

0 = Healthy

1 = Minor symptoms or signs

2 = Able to walk 5 meters without assistance
3 = Able to walk 5 meters with assistance

4 = Chair bound

5 = Requiring assisted ventilation for at least
part of the day or night

6 = Dead
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The neurological examination included records of muscular
strengths for 8 movements in each arm and 6 in each leg in

accordance with the scale indicated below:'

F = normal

E = movemenﬁyagainst gravity and resistance

D = complete movement against‘gravity

C = complete movement in the absence of gravity.
B = flicker

A = no movement
The following variables were assessed:

1 Time to onset of improvement in muscles spasm;
2 Time to onset of change in functional grade
3 Change in functional grade after 2 weeks,4 weeks,

3 months, 6 months and one year

Myasthenia Gravis‘and Eaton Lambert Syndrome

i) The response to treatment was also assessed by an
improvement in the level of function, graded 1 - 6
as previously defined.

ii) The levels of acetylchoiinesterase antibody activity
were determined pre- and post- exchange.

iii) vital capacity pre-and post- exchange, was measured by
analysis of a single forced expiration and used. as a

means of monitoring respiratory function.
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10.

Guillain—Barré,Syndrome

Thevclinical status and amelioration of symptoms of eaéh
patient was measured pre- and post; exchange, and graded on
a scale of 1 - 5, as previously defined for chronic poly-

neuropathies.

Glomerulonephriﬁis and Goodpaéture's Syndrome‘

Urea and electrolytes, routine biochemical parameters, were
measured pre— and post- plasma exchange, and the progression
of reﬁal failure assessed. The anti-GBM antibody titre was
also measufed pre-— aﬁd post— blasma exchange in those

patients with Goodpasture's syndrome.

Aplastic Anaemia

Haemoglobin, and serological parameters were measured pre-
and post- plasma gxchange. A white Qell precursors CFU-C
assay (colony forming unit in culturef was undertaken to
evaluate serum inhibitory factors. The effects of incubating
bone marrow at 37°C for 60 minutes with a small quantity |
of each patient's, or control, serum was determined in the
présence and absence of fresh guinea pig serum. If the

serum was found to inhibit CFU-C this sufficed to prove that
the inhibitory factor was immunoglobulin. The immunoglobulin
class responsible for the suppression was characterised using

a Technicon Auto-Analyser.

Polymyositis
Biochemical parameters were measured pre- and'post— plasma.
exchange. An improvement in clinioal status was also

estimated on a scale of 1 - 6.
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2.2.3 .

Study of Leukapheresis

Haematological changes were measured pre- and post- leukapheresis
in all patients. The patient was continuoﬁsly monitored for
changes in white bléod count (WBC), platelets and haematocrit
using routine Coultér S analysis. The effiéiencyzéf leukapheresis

in harvesting white blood cells was assessed as under:

. s o ] , X
Efficiency % = WBC's Yield % 100

WBC's entering centrifuge

The number of white cells entering the centrifuge was estimated

~from the volume processed (flow rate x time) and the average WBC.

~The average WBC is defined by:

WBC's entering

Pre + mid + post WBC

x volume processed
3 .

mean WBC's/mm’ x flow rate x run time.

A close watch was maintained over the patient at each exchange
procedure and any adverse reactions were noted. The condition

of the patient was carefully monitored over the course of each

study.

The response of all patients to initial and subsequent leuk-
apheresis procedufes.was studied in the short-term and in the
long-term. ‘Each patient was clinically assessed with particular
reference toAthe‘size of lymphadenépathy and hepatosplenomegaly
and regular haematological monitoring was cérried‘out weekly after
the last 1éukapheresis. As all patients received ¢hemotherapy at
the time of, or after, leukapheresis no comparison between leuk-

apheresis and chemotherapy was possible. -
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301‘

3.1.1

RESULTS

STUDY OF SELECTED REPLACEMENT FLUIDS

Details of the statistical comparisons of the haematologicalk
and biochemical data obtained during tests on the three

groups of patients are given in Appendix A.

HAEMATOLOGICAL PARAMETERS RESPONSE TO PLASMA EXCHANGE

STANDARD FULL BLOOD COUNTS

Values of Haemoglobin estimation (Hb), white blood cell
count (WBC) and haematocrit (HCT) for patients in Groups
1, 2,3 prior to plasma exchange in day 1 and post—eXchange
in déy 5 are given in Tabie 17. Thelvalues on the 5th day

are marginally Yower than the pre-exchange values on the

first day of all 3 groups of'patients,

The values of haemoglobin and white blood cell count in

o Group 1 patients, pre- and post- plasma exchange were not

significantly different (p > 0.05) from those of patients
in Group 2 and Group 3. The values of.haematocrit‘in Group
1 patients, pre-~ andrpOSt- plasma exchange weré'not
significantly different (p> 0.05) from those in Group 2
and Group 3 patients, but the values of haematocrit in
Group 2 patients differed from those in Group 3 patients
pre-plasma exch'ange (0.05> p > ’0.02) and post-plasma

exchange (0.02> p > 0.01).

165



0°¢e

+1

8E-c¢t veE

o0°¢g 6e-€¢ 1

+1

§°S

+1

2r-1¢ - gg

g feq
a3ueyoxy
BUSERTJ-3S0d

o*e 6E-€C =1

o+

g*e 8€—-1¢€ LE

+1

S*9

+1

gv=ct o€

T Aeq
adueyoxy
BUSEBIJ-0dd

%
1TJ003USRY

S°1 §°9 -G°¢ vy

+1

L1 €°9 -0°v 8y

+1

8°1

+1

6°9 -g°¢ 9y

§ Aeq
a8ueyoxy

BUSBTJ~3S0d

€°1 §°9 =0'v 8V

+1

€°9 -6°¢ v°S

+1

+1

L°L -B6°€ 6V

T feq
a3ueyoxy
euwseyd—-aad

H\moH X
T19D

pootd 93Tum

0°T 8°2¢T—-8°0T

YR

9°1T

0o°1 0°€T-0"11 1°cl

+i

0°¢

+1

¢*'vi-2¢°01 6°TT

g feq
adueyoxy
rUSBYJ-350d

0°1 6°1T

+1

O°€T-0°11

6°c1-9°01

+1

+1

S*VT-9°01 A

T £Leq
adueyoxy
euseyd-sdad

Ip/3
qH
utqor3owsey

aduey | uesy

*ass

*Q°s aduey uesy

! aduey uesy

ITI ENITHDATOL

NOILNTOS NIHLOdd VHWSVId

I INITIDATOL

SINHILVd € dno¥d

SINIILYd 2 dnoud

SINIILVd T dNOHd

AVSSV
J0 ANIL

a3ueyoxy eWSeYd JuTJng JUno) poord WHS& Ul SUOTI3}BIJEBA

LT FTdVL

166



PLATELET COUNT

Values of the platelet counts prior to plasma exchange and
at selected intervals post-plasma exchange are given in

Table 18 and 19 respectively and in Figure 10.

PYatelet counts for the 3 groups of patiénts féli'precipit-
ously after the first exchange procedure to almost‘half the
pre-plasma éxchange level‘in the first 12 hour‘period of
.post-exchange. Thereafter the values decreased marginally with
each succeeding procedure to a quarter 6f the pre-plasma
exchange Yevel after the fifth procedure. This downward
trend in the platelet cbunts of Group 1 patients differed
significantly (p < 0.001, 0.05> p > 0.02, 0.01_> p> 0.002)
from those of Groups 2 and Group 3 patients over the first
fhfee days, but this difference was not significant (p> 0.05)
on the fifth day.’ The downward trend ih the plaferet couhts
of Group 2 patients was not‘significantiy different (p=> 0.05)
from that of Group 3 patients over the 12 hour period‘but
thereafter the difference,became significant'(p<::0.001,

0.05=>p > 0.02).

COAGULATION SCREENING

Values of prothrombin time‘(PT), Kaolin Cephaltin Clotting
Time (KCCT) and thrombin clotting time (TT)'pridr to plasma
exchange and at séiected intervals post-plasma exchange : -

are givén in Table 20 and in Figure 11l.
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TABLE 18

Values of Platelet Counts Pre-PYasma Exchange

Normal Range

PYatelets

150-400 x 10°/Y

Values of Platelet Counts Post-Plasma Exchange

TABLE - 19~

'(Results expressed as percentage of initial count)

Percentage Value

GROUP 1

GROUP 2

GROUP 3

PYasma Protein

‘Polygeline I | Solution Polygeline II
‘Pre-Exchahge Normal Normal Normal
. ' + + o+
30 min Post-Exchange | 60 - 2.5 57 = 4,6 58 " 2.5
12 hours " . " 57 E 2.5 51 T 3.8 52 < 2.6
24 hours " " 45 " 2.8 44 T 2.5 48 T 2.7
3 days " " 33 T 2.7 36 T 2.1 39 T 2.6
5 days " w. 25 - 2.4 28 - 2,05 27 - 2.5
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PERCENTAGE OF INITIAL VALUE
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60,
~N
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DAY 1 DAY 2 DAY 3 DAY 4 DAY 5

POST - PLASMA EXCHANGE

Figure 10. Effect of Replacement Fluid on Value of Platelet
Counts post-plasma exchange.
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TABLE 20

Vatues of Coagulation Screenihg Pre- and PpstrPlasma Exchange

MEAN VALUES (seconds)

Time of
Test GROUP 1 GROUP ‘2 GROUP 3
PATIENTS | PATIENTS PATIENTS
Pre-Exchange | 14 % 2 léii 1 14 %1
Post-Exchange | 19 21 |18 %2 20 I 2
30 minutes '
Prothrbmbih Post-Exchange = + +
Time 6 hours 16~ 2 16 - 1 16 - 1
Post-Exchange + + 1 +
.24 hours 13 - 2 13'f 1 13 -1
Pre-Exchange | 38 %13 |40%4 40 T 4
Post-Exchange . + +
Kaolin 30 minutes 66~ 4 68 - 5 63 - 5
Cephalin
Clott;ng Time Post-Exchange . . .
' 6 hours 43 ~ 4 43 - 3 42 - 3
Post—Exchéngé + + +
24 hours 39 -3 |3 -2 |3 -3
Pre-Exchange 711 71 7%
Post-Exchange .- : N
: . 30 minutes 16 - 1 14 - 1 15 - 1
Thrombin
Cotting Time o
o Post-Exchange . + .
6 hours 9 -1 10 -~ 1 10 - 1
Post-Exchange A ‘
24 hours 731 | 721 71
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Figure 11. Effect of Replacement Fluid on Values of Coagulatlon

Screening Post-Plasma Exchange
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The mean values of PT, KCCT and TT at 30 minute post-first
plasmé exchaﬁge'aré 40%, 70% and 100% respectively, higher
-than the pre-plasma exchange values for all 3 groups of
patieﬁts. These vaiues’had returned to almost pre-plasma 
‘exchange Yevels within a period of 24 hours pést-exchange.
‘With éucceeding daily exchanges the values remained high

for fﬁe second‘éﬁd third day but thereafter fell on the fourth
"and fifth day to values which were marginally higher than the

initial} pre-exchange.

The values of PT for Group 2 patients differed significantly
(p< 0.001) from those for patients in Groups 1 and 3

over the initial 30 mihute périod after plasma exchange.

Over the remaining 24 hopr period the values were not
significantly different (p> 0.05). Only at 30 minutes posf—
plasﬁa exchange did the PT valtues for Group 1 patients differ

significantly (p << 0.001) from those of Group 3 patients.

‘The values of KCCT of Group 1 patienté differed from those'of v ;
Group 2 patients{0.01> p > 0.002, 0.02> p > 0.01) and of
‘Group 3 patients (0.05> p > 0.02, 0.01> p> 0.002) over the
initial} 30 minute period after plésma exchange; thereafter |
the difference was not'sigﬁificant (p>0.05). The values of
"KCCT of Group 2 patients.aiffered significantly (p < 0.001) at

30 minutes post-plasma exchange.
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The difference in values of TT for all three Gfoups of
patienté was not significant (p > 0.05) pre-pYasma exéhangé
and 24 hours post-pYasma exbhange. After 30 minutes and 6
hours post—plasma‘exchange the values for each Group were

significantly different (p < 0.001).
QUANTATATIVE ASSAYS OF COAGULATION FACTORS

Values of Factor 1 (fibrinogen), Factor II (prothrombin),»,
Factor VIII, Factor IX and Factor X pre—plaéma exdhahge ahd at ‘
selected intervals pést-plasma exchange are given in Table 21,
Table 22 and Figure 12, Table 23 and Figure 13, Table 24

and Figure 14, Table 25 and Figure 15 and Table 26 and

Figure 16 respectively.

AYY values fell relatively sharply in the 12 hour period
immediately forlowing the first plasma e*chaﬁge procedure to
approximately 30%, 35%, 40%, 30%, and 30% of the initial
‘\prefplasma éxchange value.  Thereafter values continued to
decrease but to a much lesser extent in succeeding daily
procedures. After the fifth procedure, values had beén

reduced to 15%, 25%, 20%, 25% and 25% respectively of the

initial pre-exchange levels.
Over the five day period the values of the pércéntage reduction‘

in Factor I and Factor II levels in Group 1 patients were .

significantly different (p< 0.001, 0.01> p > 0.002) from
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those in_patients of’Groups 2 aﬁd 3. The values of the
percentage reduction in Factor 1 Yevels in Group 2 patients
- were significantly different (p <:0.001)fromvth05e of Group
vS:OnIy at 24 hours post-exchange (0.05> p> d.02) andvét

3 days post-exchange, whilst the values of the percentage
reduction in Factor Ii Yevels in Group 2 patients differed
significantly from those in Group 3 patients only at 30:
min‘u’ces (p < 0.001) and at 3 days (0.02> p> 0.01) post- |
plesma exchange. ’The values ofithe percentage reduction

in Factor VIII reﬁels'in Group 1 patients were significahtly
different,(p<: 0.001) from tﬁose’in Group 2 patients eVer
the.five day peribd. The values of tﬁe percentage reduction
in'Leveis in Group 3 patieﬁts differed sighificantly
(p=0.001) from those in Gfoup 1 and Group 2 patients at 30

minutes and 3 days post-plasma exchange.

0ve£ the five déy period the percentage reductions in the
levelsrof Factor IX in Group 2 patients were significantry
different (pe< 0.001) fromvthose in Group I and Group 3
patients. ,The values of the percentage reduction in levere_qf -
Faator IX in Group I patients differed significantly from
thoée.in Group 3 patients at 30 minutes, 3 days (p << 0.001)

and 5 days (0.01=> p = 0.002). ‘The percentage reduction ini
Yevels of Factor X in Group I patients differed signifibantf&
(p < 0.001) from those in Group 2 and Group 3 patients

excepf at 12 hours post—prasme exchange. ‘The pereentage
reduction in Factor X Yevels in Group 2 patients differed
~significantly (p < 0,001) from fhose in Group 3 patients exeept
at 30 minutes and 5 days post-plasma‘exchenge. |
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TABLE 21

Quantitative Assays of Coagulation
Factors Pre-Plasma Exchange

FACTOR

NORMAL RANGE
Fibfinqgén g/¥ 2.0 - 4.0
Prothrombin u/}¥ 50 - 150
Factor VIII u/Y 50 -~ 150
Factor IX u/Y 50 - 150,
Factor X: u/t 50 upwards .
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- TABLE 22

0uantitétive Assays of Coaguration Factors Post-Plasma Exchange

Factdr I Fibrinogen

(Results expressed as a percentage of Initial Value)

Time

PERCENTAGE VALUE

GROUP 1 - GROUP 2 GROUP 3
of Patients Patients Patients
Agsay ‘ A PYasma Protein - C
PolygeYine I | Solution Polygeline II
Pre—Exchénge‘~ Normal Normal: Normak
Post-Exchange‘E : c +' o A S
30 minutes 34 1.8 30 1.7 30 £1.2
Post-Exchange " . .
12 hours 27 - 1.6 28'- 1.5 28 -~ 2.1
Post-Exchange " 4 i
24 hours 27 - 1.3 25 - 1.6 26 - 1.1
Post-Exchange . G | .
3 days 24 -~ 1.5 23 - 1.4 25 - 2.0
: Post—Exchange'» , + + +
5 days_’: ' 18 - 1.2 15 - 1.5 16 - 1.1
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PERCENTAGE OF INITIAL VALUE
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Figure 12. Effect of Replacement Fluid on Coagulétion

Factor 1 Post-Plasma Exchange
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TABLE 23

Quantitative Assays of Coagulation Factors Post-Plasma Exchange

; Factor II
(Results expressed as a percentage of initial value)

. PERCENTAGE VALUE

Time ,

Zf GROUP 1 | arouP 2 'GROUP 3
ssay v Patients Patients Patients
’ ' ' Plasma Protein

Polygeline I | Solution ' Polygeline II

Pre-Exchange | Normar Normak = . - Normak

Post-~Exchange + + +

30 minutes 40 - 2.5 39 - 1.9 43 - 2.2

Pbst-Exchange ; + + , .

12 hours - 33 - 2.4 36 - 2.3 | 36 - 3.0
Post-Exchange + + : +
24 hours 28 - 1.7 30 - 2.3 30 - 2.0
Post-Exchange + + : +
3 days 26 - 1.8 28 - 1.9 27 - 2.4
Post-Exchange + + : +
5 days 25 - 2.1 26 - 2.0 27 - 2.6
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PERCENTAGE OF INITIAL VALUE
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Figure 13 Effect of Replacement Fluid on Coagulation |
: Factor II  Post-Plasma Exchange ‘
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TABLE 24

Quantitative Assays of Coagulation Factors Post-Plasma Exchange

Factor VIII C
(Results Expressed as a Percentage of Initial Value)

PERCENTAGE VALUE

Time . :
of : - GROUP 1 GROUP 2 "l GROUP 3
Assay .| Patients Patients Patients

o Plasma Protein

Polygeline I Solution Polygeline II

Pre-Exchange Normal} - Normal: ; Normal:
Post-Exchange + + +
30 minutes 47 - 2.9 51 - 1.5 45 - 2.5
Post-Exchange + + +
12 hours 38 -~ 2.0 39 - 1.7 38 - 1.4
Post-Exchange . + +
24 hours 36 - 1.7 37 - 2.2 36 - 0.9
Post—Exchange . . .
3 days , . 33 - 2.5 34 - 1.4 31 - 1.5
Post-Exchange . . .
5 days 19 - 2.4 20 - 2.1 18 - 2.5
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PERCENTAGE OF INITIAL VALUE
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Figure 14. Effect of Replacement Fluid on Coagulation

Factor VIIIC Post-Plasma Exchange -
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TABLE 25

Quantitative Assays of Coagulation Factors Post-Plasma Exchange

, FACTOR IX
(Results Expressed as a Percentage of Initial Value)

PERCENTAGE VALUE
Time ' GROUP 1 | GrouP 2 GROUP 3
of Patients | Patients Patients
Assay

Plasma Protein
Polygeline I | Solution -PolygeYine II

Pre-~Exchange Normal Normal ; Nérmal
Post~-Exchange
30 minutes 40 21 35 L 2.3 34 £ 1.2
Post—Exéhange : ' .
12 hours 30 L 2.3 33 1.9 30 I 1.2
Post-Exchange + .
24 hours 28 £ 1.8 31 Z1.6 28 £ 2.2
Post-Exchange + +
3 days . 25 L 20,20 30 £ 1.7 27 £ 1.3
Post-Exchange + +
5 days 25 L 2.4 o8 L 1.3 26 £ 1.0
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‘ PERCENTAGE OF THE INITIAL VALUE

50 ’
O———0 POLYGELINE 1
. . O——O PLASMA PROTEIN SOLUTION
O-- —-O POLYGELINE 11 |
40J ' :
1

20

DAY 1 DAY 2 DAY 3 DAY 4 DAY &

POST - PLASMA EXCHANGE

Figure 15. Effect of Replacement Fluid on Coagulation
Factor IX  Post-Plasma Exchange
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TABLE 26

Quantitative Assays of Coagultation Factors Post-Plasma Exchange

; FACTOR X - .
(Results expressed as percentage of initiar value)

PERCENTAGE VALUE

T3 GROUP 1 GROUP -2 - GROUP 3
O;me Patients Patients ‘ Patients
Assay : Plasma Protein

Polygeline I Solution | Polygeline II
Pre-Exchange Normal Normal Normal
Post-Exchange N
30 minutes 35 L 1.5 33%1.6 13215
Post-Exchange + ; + : +
12 hours : v 31 - 1.4 30 - 1.5 , 29 - 1.8
Post-Exchangé ‘ + + +
24 hours 29 - 1.6 28 - 1.4 - 27 - 1.6
Post-exchange + : +' . +
3 days o 26 - 1.6 27 - 1.8 |25 - 1.8
Post-Exchange N N - .
5 days : 22 -~ 1.3 24 - 1.2 _ 23 - 1.4
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PERCENTAGE OF THE INITIAL VALUE

%
40
O— — —O POLYGELINE 1
N O O PLASMA PROTEIN SOLUTION
\
O—-— O POLYGELINE 11
N\, . !
< AN 0 |
20
10

DAY 1 DAY 2 DAY 3 DAY 4 ‘DAY 5

POST - PLASMA EXCHANGE

Figure 16. Effect of Replacement Fluid on Coagulation
Factor X = Post-Plasma Exchange
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3.1.2

BIOCHEMICAL PARAMETERS
Urea and Electrolyﬁe Evaluation

Values of urea and electrolytes pre-plasma exchange on

day 1 and post-plasma exchange on day 5 are given in Table 27.

The values of sodium in Group 1 pafients were not significantly
different from those in Group 2 and Group 3 patients pre- and
postf,plasma:exchange (p > 0.05). The sodium levelé in Group 2
patients differed significantly from th@se in Group 3 |
patients at pre-plasma exchange only (pQ: 0.001). The values

of potassium in Group 2 patients differed from those in Group

'

1 and Group 3 patients at pre-plasma exchange (0.01> p =>0.002),

but were not significantly different at'5 days post-plasma
exchénge (p> 0.05). The values of potassium in Group 1
patients were not significantly different from those in -

Group 3 patients pre-plasma exchange (p = 0.05) but became

vdifferent at 5 days post-plasma exchange (0.05 > p> 0.02).

The values of calcium in Group 1 patients were not significéntly
different from those in patients of Groups 2 and 3 pre-plasma

exchange (p > 0.05), but became increasingly different at 5 days

post-plasma exchange in the case of Group 1 and Group 2

~ patients (p < 0.001). The values of calcium in Group 2

patients differed from those in Group 3 patients pre-plasma'

exchange (0.05 > p > 0.02), but the difference was not signif-

icant at 5 days post-plasma exchange (p> 0.05).

186

!



The values 6f magnesium in Group I patients were not
significantly different from those in patients of Groups 2

and 3 pre- and 5 days post-plésma exchange (p > 0.05).

The chloride levels in Group 2 patients differed from those in
Group 1 patients (0.01= p = 0.002) and Group 3 patients ‘
(0.05 = p = 0.02) pre-plasma exchange only, otherwise the

values were not significantly different (p.> 0.05).

The values of phosphate in Group 1 patients differed signific-
antly from those in Group 2 and Group 3 patients pre- and 5

dajs post-plasma exchange (p < 0.001).

Theralues of urea ih @roup 3 patients were not Significahtly
differéht from those in Group 1 patients.pre-plasma e#change .
and‘inyGroup 2 patients 5 days post-plasma exchange (p.>-0.05’.
The differences between all other values were significant

(0.01> p > 0.002, p < 0.001).

The valﬁes of creafinine in Group 1 patients were not
significantly different from those in patients of Groups 2

and 3 pre-plasma exchange (p > 0.05). The yalues of creatinine
vin Group 2 patients differed from those in Group 3 patients

pre-plasma exchange (Q.01:> p > 0.002).
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2 Liver Function Tests

Values of serum bilirubin, asparate transaminase, (AsT) alanine
transaminase (ALT), and alkaline phosphatase pre-plasma on day

one and post-plasma exchange on day 5 are given in Table 28.

The bilirubin concentrations in Group 1 patients were not signif-
icantly different from thoseAin patients of Groups 2 and 3 at pre-
piasma exchange (p > 0.05), but were significantly different at

5 days post-plasma exchange (0.002>-p>ﬁ0‘001; 0.05>p>0.02).

The bilirubin concentrations in Group 2 patients were not signif-
icantly different from those of Group 3 patients at pre- and 5 days

post-plasma exchange.,

The asparate concentrations in Group 1 patients differed from those
in Gfoup 2 patients at pre-plasma exchange (0.02>p >0.01) and -
became significantly different at 5 days post-plasma exchange

(p < 0.001).

The asparate values in Group 3 patients were not significantly
different from those in patients of Groups 1 and 2 at pre-plasma
exchange, but became significantly different from those of Group

1 patients at 5 days post-plasmé exchange (0.0l:»p:»0.00Z).

There were no significant differences in the .alanine transaminase
COncentrations of all three groups of patients at pre- and 5 days

post-plasma exchange (p > 0.05).

The concentrations of alkaline phosphatase in patients of all
three groups were significantly different at pre-plasma

eichange (p <0.001). At 5 days post-plasma exchange the
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concéntrations of alkaline'phosphatase in Group 2 patients
on}y weré not significantly different from those in Group

3 patients.
Plasma Proteins

Values of total protein, albumin and globulin pre-plasma
exchange and at selected intervals post—plasma exchange are

given in Table 29 and Figure 17.

Values of total proteiﬁ and albumin COncgntration exhiblted
a sharp fall in the first 30 minuté period post-plasma .
exbhange. The reduction in values in pgtients‘of Gfoups

1 and 2 was much less than that in patients 6f Group 3.

The calculated giobulin concentrations in patients of Groups
1 and 2 showed less vériation than those in Group 3 patients.
In the case of Group‘l and Group 2 patients values of
concentrations showéd partial recovery to the initial pre-
plasma exchange levels after a period of 12 hours. In the
case of Group 3 patients the‘Values of fotar protein and |
albumin concentrations continued to fall. Ali_concentrations
ﬁad.returned to their initial pre-plasma exchange Yevels

immediately after plasma exchange on the fifth day.
At pre-plasma exchange, values of the total protein concen-

trétion in Group 2 patients were not'significantly different

from those in patients of Groups 1 and 3 (p> 0.05). At 30
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minutes bost;plésma exchange the vaiues of tétal protein
concentration in Group 1 patients were not significantly
different from those in Group 3 patients. AlL other vélues'
of totai protein concentration in the patiénts of Groups
1, 2 and 3 were significantly different (p < 0.001) during

the period up to 5 days post-plasma exchange.

At pre-plasma exchange, the values of albumin concentration
in Group 1 patienfs were similar to thése in Group 3 patients
(p> 0.05). All other values of the aibumin concentration
-in the three grbuﬁs of‘patients were significantiy different

(p <0.001) during the five day period post-plasma exchange.

The values of thé globulin concentration in patients of
Group 1 differed significantly from those in patients of
Groups 2 and 3 at pre-plasma exchange-énd throughout the
five day period post-plasma exchange (p < 0.001), except‘iﬁ
thé casé of patients in Groups 1 and 3 where the concentrations
were similar (p:>10;05) at 5 days posf—plasma exchange.

The values of the globulin concentrations in Group 2 patients
were not significantly différent (p> 0.05) from those in |
Group 3 patients at pre- and 3 days pbst—plasma exchange.
Thereafter the differencé between concentrations was’

significant (p < 0.001).
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40

MEAN VALUES OF SERUM PLASMA PROTEIN CONCENTRATIONS G/L .

40

ALBUMIN

GLOBULIN
3¢
o O-— - _ o
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25 O .
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" POST - PLASMA EXCHANGE
Figure 17. Effect of Replacement Fluid on mean Serum Plasma

Protein Concentrations Post-Plasma Exchange
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Serum Iron and‘Tétal Iron Binding Capacity

Values of serum iron and total iron binding capacity»pre-
plasma exchange on day 1 and post-plasma exchange on day 5

are given in Table 30.

The concéntratiéns of serum iron in the patients of all three
groups were not significantly different at pre-plasma
excﬁange;, (p > 0.05). At 5 days post-plasma exchange

the difference in values between patients of Group 1 and
Grdup 2 and between patients of Group 2 and Group 3 became

significant (p < 0.001, and 0.01> p > 0.002 respectively).

The total iron binding capacities of Group 3 patients were

not significantly different from those of Group 1 and Group 2
patients at pre- and 5 days post-plasma excﬁange. The
capacities of Group 1 patients differed from‘those of patients
in Group 2 ét pre- and post-plasma exéhange (0.01.> p > |

' 0.002),
Serum Immunoglobulins

Mean values of serum immunoglobulins IgG, IgA and IgM pre-
plasma exchange and at selected intervals post-plasma
exchange are given in Table 31 and Figﬁre 185 Immediately
aftgr the first plasma exchange procedure the levels of all
thrée immunoglobulins fell to around 30% of their pre-plasma

exchange level' and continued to decrease with each succeeding |
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MEAN SERUM IMMUNOGLOBULINS - PERCENTAGE OF INITIAL VALUE

%
40

IMMUNOGLOBULIN IgA

%
40

IMMUNOGLOBULIN IgM

O— ——(Q POLYGELINE 1
O———0O PLASMA PROTEIN SOLUTION
O—-—-0O POLYGELINE 11

30
20
10
DAY 1 " DAY2 DAY 3 DAY 4 DAY 5
POST - PLASMA EXCHANGE
Figure 18. Effect of Replacement Fluid on Mean Serum

- Immunoglobulins Post-Plasma Exchange.
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procedure to around 10 or 15% of their initial value after

the fifth exchange.

Over the first 24 hour period post-plasma exchange the
values of the percentagekreduction of serum immunoglobulin
IgG levels in Group 1 patients were not significantly
different (p> 0.05) from those in Group 2 patients but
thereafter the difference in values became significant

(§~< 0.001). The values of the perceﬁtage reduction of
'Igleevels in Group 1 patients becamé increasingly different
from those in Group 3 patients (0.02 > p >0.01, p<0.001),
excépt at 24 hours post-plasma exchange when there was no |
difference (p > 0.05). The values of the percentage
redﬁction of IgG levels in Group 2 patients differed from
those in Group 3 patients at 12 hours‘(d.Ol > p >0.002)

and -at 3 days (p< 0.001) post-plasma exchange.

Ovef the first 12 hours period post—piasmé exchange the
values of the percentage reduction of serum immunoglobalin
IgA levels in Group 1 patients did not differ (p > 0.05)
from those in Group 2 patients, but thereafter the |
difference became significant. The values of the percentage
reduétion of IgA levels in Group 1 patients were different
from those in Group 3 patients (0.02 > p >0.01, p < 0.001)
except at 24 hours and at 5 days post¥p1asma exchangevwhen
there was no difference (p > 0.05). The values of the

percentage reduction of IgA levels in Group 2 patients
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3.1.3

- were similar to those in Group 3 patients only at 30

minutes post-plasma exchange (p > 0.05). Thereafter the

difference was significant (0.002 > p > 0.001, p < 0.001).

The values of the percentage reduction of serum immuno-
globulin IgM levels in Group 1 pétients were significaﬁtly‘
different from those in Group 2 patients (0.01 > p > 0.002,
p < 0.001) pre- and up to 3 days post-plasma exchange.

The difference in values was not sigﬁificant-at 5 days

post—-plasma exchange. After the initial 12 hour post-

plasma exchange the values of fhe percentage reduction in
IgM levels invGroup 1 patients differed signifiéantly from
those in Group 3 patients (p< 0.001). The values of the
percentage reduction of IgM levels in Group 2 patients
wéfe different from those in Group 3 patients (0.02 > p >
0.01, 0.01> p> 0.002, ﬁ-< 0.001), except at 3 days post-

plasma exchange.

CLINICAL RESPONSE

The éhort—term side effects experienéed by some of the 3
groups of patients during treatment by plasmé exchange are
summarised in Table 32. In the 700 procedures undertaken
6n 140 patients there were 84 instances of identifiable

side effects. More than one side efféct was observed in
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some patients. ‘The incidence of side effects was greatest
in Group 3 patients and least in Group 1 patients.
Urticaria, rigors and shivering, itch and hypertension

were particularly prevalent in Group 3 patients and occﬁrred

-in around 25% of the procedures.

' No side effect was severe and»certainly not life threatening.
No procedure had to be terminated because of side effects
but 8 exchanges were stopped because of cher difficulties.
One patient exchanged with plasma protein solution and one
patient exchanged with polygeline exhibited bronchospasm.
Neither patient had a past histqry of asthma and in neither

case was it severe or distressful.
Only one episode of bleeding was encountered.

The response to treatment by plasma exchénge of all thrée
groups'of patients with myasthenia gravis, Guillain Barré
Syndrome, chronic relapsihg polyneuropathy and polymyositis
is summarised in the consolidated Table 33. This response
was not significahtly affected by the choice of the 3
replacement fluids invesﬁigated,ynor was one replacement
fluid more effective than another in fhe treatment of any

of the 4 disorders studied.
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3.2

STUDY OF SELECTED DISORDERS

Cold Haemagglutinin Disease

Values'of Hb and éntibody titres (anti-~I) prior to plasma

-exchange and post-plasma éxchange are given in Table 34.

In alt patients'there was a significant increase in the

Hb and decrease in the cold antibody titre.

Four patients required to be transfused during the period of
exchange, but only required 2 units of packed cells. One
patient relapsed 4 days after the fourth ekchange with a
subsequent high titré cold antibody and unfortunately B

died from a myocardial infarction.
Waldenstrom's Macroglobulinaemia

Valués of full blood viscosity at 3 shear rates and of
plasma viscosity pre-plasma exchange and post-plasma exchange
are given in Figures 19 and 20 respectively. The change . -
in serum immunoglobulin IgM during the course of 3 plasma

exchanges is shown in Figure 21.

There is significant feduction in the whole blood viscosity
at all 3 shear rates and in plasma viscosity immediately
after plasma exchange. The value of serum immunogIoBuLin
IgM decreased with each plasma exchange procedure and had
fallen to about half of its pre-exchange value after the

third procedure.
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TABLE 34

Cold Haemagglutinin Disease

Measurements of Haematological and Sérological Parameters
Pre- and Post-Plasma Exchange

PRE~THERAPY V§OST—THERAPY

Hb Ab Hb Ab

g/dy Titre g/dl Titre »

Anti 1% 7€ anti 14 C

Lymphoma 9.5 1/128 12.8 1/64
Lymphoma 9.5 1/256 13.0 | 1/64
Carcinoma of Lung 7.8 1/64 10.1 1/16
Plasma cell |
leukaemia 8.6 1/512 10.8 1/128
Post-infection 6.4 1/64 8.9 1/16
Post-infection 5.5 1/64 8.9 1/16
Lymphoma 5.0 1/1204 7.8 1/512°
Post infection 4.8 1/128 8.6 1/64
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PRE - PLASMA

EXCHANGE
Whole Blood Viscosity at three Shear Rates Pre- and

_Post—Plasma Exchange.

Figure 19.
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All but one patient noticed a marked improvement in
clinical status. 2 patients at pre-coma state were dramatically
imprdved, whilst in one pqtient both vision and deafness

improved dramatically.
Hyperviscosity due to IgA and IgG Myeloma .

Values of full blood viscosity at 3 shear rates and of
plasmaAviscbsity pre-plasma exchange and post-plasma

exchange are given in Figures 22 and 23 respectively.

There is a significant reduction in the whole blood
viscositylat three shear rates and in plasma visbosity
immediately after plasma exchange. All but two patients
noticed a marked improvement in the clinical status and in

one patient there was a dramatic improvement in clinical’ and

' renal status.

Immune Haemolytic Anaemia

Values of Hb and antibody titre pre—plasma exchange and post-
plasma exchange are given in Table 35. In all patients
there was a significant rise in Hb with an associated

decrease in warm antibody titre. In the three cases studied,

plaSma exchange resulted in, at least, temporary control of

haemolysis and patients achieved a measure of stability fo

allow other modalities time to act.
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TABLE 35

Immune Haemolytic Anaemia

CLINICAL FEATURES PRE-EXCHANGE POST-EXCHANGE
Hb Hb
g/dl Ab titre g/dX Ab titre
1 Evans' Syndrome 6 + + + 9.5 +
2 Post infectious 8 + 4+ + 4+ 9.8 + +
3 Marignént Lymphoma 5 + + + o+ 9.2 + +
Ab titre graded from . +  (low titre) to + + + + + (high titre)
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Factor VIII inhibitors

Values of Prothrombin time, Kaolin Cephalin Clotting Time,
Thrombin ClottingvTime, Facfor VIIIC,Factor VIII Rag and
an inhibitor quantification pre-plasma exchange and post- 
plasma. exchange after the fifth procedure are given ig

Table 36.

Values of PTT, TT and Factor VIIIRag are not significantry»
altered by plasma exchange. The values of KCCT and
the Inhibitor Sctreen were significantly reduced and the.

Factor VIII C concentration was mafkedly increased.
Chronic Inflammatory Polyneuropathy

The change in clinical status of the ten patients after

plaéma exchange may be seen from Table 37.

It will be noted that with the exception of one female and
three male patients in Whom there was no discernable change,
the clinical status of all other patients improved after

treatment. One patient unfortunateiy died.
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TABLE 37

Effect of Plasma Exchange on Clinical Status of
Patients with Chronic Inflammatory Polyneuropathy

PATIENT DETAILS DURATION CLINICAL STATUS
» " OF SYMPTOMS
No | Age .| Sex MONTHS Pre-Plasma Post-Plasma
Years ' Exchange Exchange
1 28 - F 6 5 4
2 31 » M 9 5 5
3 . 26 M 12 4 4
4 34 M 8 3 4
5 | 35 F 18 4 4
’ 6 31 M 12 5 6
7 29 AF ‘6 5 3
8 26 M 8 5 3 X
9 30 M 6 4 3
10 25 M 5 5 4

Performance Grading

- Healthy

-~ Bed bound

a0 hdhwONE=O
}

- Dead

218-

-~ Requiring ventilat

~ Minor Symptoms ,
~ Walking without assistance
Walking with assistance

ion




Myasthenia Gravis and Eaton Lambert Syndrome

Measurements of patient Anti-AchR and patient vital -
capacity, pre- and post-plasma exchange are coupled with

the corresponding change in patient status in Table 38.

It will be noted that in all patients there was a significant
reduction in the value éf patient Anti-AchR and a correspond-
ing increase in the patient vital capacity as é reéult of
plasma exchanges. The clinical status was'unchanged

three patients. A marked imprévemenﬁ_(Grade 4 to Grade 1)
was seén in three patients with high initial values of.

Anti-AchR (86, 68, 75 and 86) respectively.
Eaton Lambert Syndrome

Measurements of clinical status and vital‘capacity were

measured pre- and post exchange as seen in Table 39.

It will be noted that three patients achieved a significant

improvement in clinical status and vital capacity and two

deteriorated significantly.
/
Guillain Barre Syndrome

The change in clinical status of the 27 patients on the 14th

day after plasma exchange is summarised in Table 40.
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TABLE 39

Effect of Plasma Exchange on Clinical Status
of Patients with Eaton Lambert Syndrome

Totally incapacitated

-221

v , PATIENT VITAL
PATIENT DETAILS PATIENT STATUS CAPACITY (Litres).
. : Pre-PYasma | Post-Plasma | Pre~-PYasma |Post-Plasma
No Age Sex Exchange Exchange Exchange Exchange
| . | .
1 48 . F 3 1 2.05 -~ 0.15| 2.65 -~ 0.12
‘ : + +
2 56 M 3 4 1.95 - 0.25] 1.45 - 0.25
, : + +
.3 61 M 3 1 2.35 - 0.35| 2.85 - 0.25
v : Do o, +
4 66 F 4 1 2.68 - 0.45] 2.35 - 0.35
3 + |- +
5 64 F 3 5 1.85 - 0.35| 1.45 - 0.25
GRADING
1 Minimal disability
2 Moderate disability, but able to walk
3 Walking without assistance :
4 Walking only with assistance
5 Bed bound
6




TABLE 40

Effect of Plasma Exchange on Clinical Status of
Patients with Guillain Barre Syndrome

CLINICAL STATUS

PATIENT Duration from
DETAILS Duration of Diagnosis until OF PATIENT
Symptoms until | Plasma Exchange. )
Age Diagnosis.Days | Days Pre-PYasma |Post-Plasma
No Years Sex Exchange |Exchange
14th day

1 32 M 8 2 5 4

2 22 F 6 1 5 3

3 41 F 7 1 5 3

4 21 M 12 ] 5 4

5 36 F 8 1 -5 4

6 26 F 10 2 5. 4

7 33 M 10 2 5 3 .
8 28 M 9 1 5 2

9 42 F 7 1 5 3 .

1 10 27 M 6 3 5 3

11 25 F 14 -2 4 3
12 56 M 12 1 4 3
13 24 " F 11 1 5 2
14 35 M 10 1 5 3 -
15 23 . F 12 1 5 3
16 38 M 13 2 5 3
17 26 F 9 1 4 2
18 35 M 6 2 4 2
19 21 M 5 1 5 3
20 31 F 5 1 4 3
21 32 M 7 1 ‘5 3
22 31 M 8- 2 . 5 3
23 26. F 8 1 -5 3
24 21 F 10 2 5 3
25 23 F 12 1 5 2
26 22 M 11 2 5 3
27 33 M 10 1 5 3

A totaY of 162 Plasma Exchanges were carried out (each of 2.5 Yitres)

STATUS GRADING

aObhwpe~EO
i

~ No disabiYity

- Minimal disability

- Moderate disability
- Walking without assistance
-~ Walking with assistance
- Bed bound
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The greatest change was observed in patients 8, 13 and 25
(from Grade 5 to Grade 2) in whom the duration of symptoms
ranged from 9 to 12 days and for whom plasma exchange was

carried out in one day after diagnosis;of disease.
Glom‘erulbnephritis and Goodpasture's Syndrome

The change in values of serum creatinine pre- and post-—
plasma exchange is given in Table 41 for 23 G.N patients.

The serum creatinine was significantly lowered by plasma exchange.

Regﬁiar pkaéma éxchange appeared to prevent progression to
renal failﬁre in 9 out of‘12 patients with Mesangio-
capillary Type 1 GN (MCGN) for a mean dﬁraﬁion of 18 months;
_In one patient plasma exchange was stopped following a rise

in serum creatinine.

In MCGN Typelll two patients did hot‘pfqgress to renal failure.
' Despite an initial reduction in serum éfeatinine, four patiénts
progressed to renalk failure’although the plasma e*change
progedures were confinued. Three patients with mesangial

IgA disease had virtually stable'serﬁmvcréatinine dﬁring 9

, months of plasma exchange.

In idiopathic membranous nephropathy two patients progreséed-

to end stage renal failure déspite plasma exchange.
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Pulmonary haemorrhage occurred in 10 patients, and was

rapidly controlled in 4.

Long-term follow up revealed that 8 patients are still alive,

five with functioning allografts and 3 maintained on dialysis.

The changes in>values of serum creatinine and anti - IgM Ab

(% binding) ﬁroduced by blasma exchange in the 10 patients
with Goodpasture's‘syndrome are given in Table 42. Both serum
creatinine and anti-IgM Ab were significantly lowered by
plasma exchange. Improvement in clinical statﬁs was noted in
6 pafients, 4 patients proceeded tobdialysis and 2 ultimately‘
died. 1In both sets of patients the recovery of renal function
was clearly related to the severity of glomerular damage. The
'prognosis for patients presenting with creatinine of 550

a mol/Y or less was significantly better than for those with

creatinine of 600 R mol/1 or greater.
Aplastic Anaemia with Pure Red Cell Aplasia

The benefit conferred by plasma exchange on four patients
with red cell aplasia and on two patients with aplastic
anaemia is seen from Table 43. The increase in the numbers
of CFU-C units post—plasma pheresis is significant in all

patients.
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TABLE 43 .

Effect of Plasma Exchange un Pure Red CelX
Aplasia and Aplastic Anaemia

Patients Age/Sex Nos of CFU-C in Presence of . Control
Pre-plasma |Post-plasma
pheresis pheresis
plasma plasma
1|s8|m [1% 1 15X 5 121 3
2la6|F |2%f 1 |l 3 12% 2
PURE RED ‘ + + +
CELL 3141 | M 1- 1 14 - 3 - 9 - 2
APLASTA + . ' +
4134 | M 3- 1 12 - 2 10 - 2
*»s|2a|lMm [2% 1 8t 1 6 £ 1
APLASTIC + + .
ANAEMIA ¥ |21 | M 1« 1 6 . 1 4 - 1

* - SLE

* IgM Cryoglobulinaemia
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10

11

Polymyositis

Valués of biochemicai parameters Creatinine Kinase, Asparéte
Transaminase, Alanine Transaminase, and Lactate Dehydro-
genase pre~ and post-plasma exchange in all 10 patients,
together with the changes in ciinicar stétus,‘are shown'inv
Table 44, ~ The values of CK; very markedly, AsT, AlT,and LDH
werevreduced post-plasma exchange. Tﬁe clinical status of 3

patients improved by 1 grade and 7 patients by 2 grades.

Clinical Status of Patients in Study of Selected Disorders -

'Short term side effects observed in patients during their

treatment for the selected disorders are summarised in Table
45 and considered in detail under two gfoupings, namely,
thoée effects attributable to replacement fluids and those

attributable to the exchange procedures.
Side effects attributed to the replacement fluid are :

1. Plasma‘protein solﬁtion'(albumin). Undesirable side
effécts Qere relatively few, feverish reactions
_6onstituting the hajority and there were 30 incidents of
rigors (3% of all' procedures), 16 Qécurrences of
vasovagal attacks (1.6% of all procedures) and 21 casesi
of‘minor'skin reactions, namelly urticaria pruritis and
burning sensations.’ These cases tended to be short lived and

usuallly occurred in patients with well! known sensitization
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Table 44

: Effects of Plasma Exchange on Biochemical
Parameters and Clinical Status in Patients with Polymyositis

PATIENT CLINICAL | BIOCHEMICAL PARA-| BIOCHEMICAL PARA- |
DETAILS STATUS METERS PRE-PLASMA| METERS POST-PLASMA
Pre- Post- EXCHANGE EXCHANGE
No | Age | Sex |Plasma |Plasma | CK | AsT |AIT | LDH[ CK | AsT | ALT | LDH
Exchange |[Exchange
‘ (u/1) | (u/1) '
1| 23| M 5 4 580 | 34 | 50 | 520150 | 28| 42 | 400
21 32| F 5 3 1200 | 63 | 58 | 816|380 | 50| 42 |520
3| 34| F 6 4 | 960 | 72 | 39 | 750|250 | 42| 30 | 602
4| 35| M 5 3 480 | 86 | 46 (6501100 | 56| 36 | 600
51 38| M 4 3 |2000 | 70 | 69 |500|100 52 | 48 |357
6| 3 | M | 5 3 1500 | 65 | 69 |'a75|480 | 62 | 40 |529
71 29 | F 4 3 [1100 | B8 | 70 675|250 | 38 | 60 |479
8|l 21| M 5 3 750 | 52 | 65 |820(100 | 48 | 48 |500
9l 22| M a4 | 2 688 | 66 | 75 960|100 | 52 | 54 |475
10| 28 | M 4 2 1275 | 75 | 89 }450 /475 | 50 | 75 |300

GRADING
: : Minimal disability
Moderate disability but able to walk
Walking without assistance
Walking only with assistance
Bed bound
Totally incapacitated

BIOCHEMICAL PARAMETERS

DA D WOWN

CK ~ Creatinine Kinase
AsT - Asparate Transaminase
AlT - Alanine Transaminase

LDH -~ Lactate Dehydrogenase
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" to blood or its derivatives.

2. Haemaccel (Polygeline). The most freqﬁently observed
~side effects are minor skin reactions, 29 caées>of,
urticaria were noted (2.9% of all the procedures)

~ followed by 12 instances of vasovagal attacks (1.2% of
all procedures) and 6 occurrences of rigors (0.6% of

all procedures).

Taking into account that the number of procedures in which
Haemaccel was used was considerably fewer than that which
" plasma proteiﬁ solution was used, the incidence of side

effects with Haemaccel was greater than that with PPS.

3. Fresh Frozen Plasma. Very little fresh frozen plasma
(2 Iitres only) was used in the study and no side effects

were noted.
Side effects attributed to the exchange procedure include :

1. Hypotension. Hypotension was the commonest sidé effect
encountered; It tended not to produce symptoms and was
noted only because all patients were constantly monitored
throughout the procedure. The lowest blood preésufe

.recorded was 80/60 and responded to simplé noﬁ;invasive

measures.
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2. Bleeding. Only.one episode of bleeding was encountered
in the total number of ﬁrocedures undertaken. Its
aetiology was uncertain. Only small doses of Heparin,
namely 7,500 IU were used as anticoagulant making it

an unlikely contributory aetiological factor.

3. Removal of Medication. Many of the patients treated for
myasthenia gravis were given a supplement of medication
during and occasionally after plasma exchange to ensure the
regular level of medication in the blood necessary to

maintain a stable clinical state.

Long-term effects observed in patients during and, in some
cases, after their treatment for selected disorders were

identified as under :
1. Hypercoagulable state

The studies have confirmed that intensive plasma exchange
profoundly influences coaguiationbparameters'and results iﬁ
a thrombocytobenia, elevation in prothrombin time, kaolinv
Cephalin clbﬁting time and reptilase time and a reduction in

factor level.
In addition reductions in antithrombin III and plasminogen

levels with an associated rise in Factor VIII pro-coagulant

levels have been observed. This results in a hypercoagulable
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state and in fact spontaneous thrombotic episodes. There is
valso some evidence to suggest that actiﬁétion during the
mechanical stimulus of plasma exchange may also contribute
to the hypercoagulable state. 1In the present sfudy, 2 cases
of thrombotic episodes were observed,»deep venous thrombosis
occurred in one female patient and iliofemoral thrombosis

in one'male patient. Four patients had proven thrombosis
ifepositive venograms approximateiy 72 hours after their.
5th plasma exchange. Treatment consisted of intravenous
heparin followed by oral warfarin therapy for some 3 months.
There were no‘apparent residual side effects and no known

pre-disposing features.
2. Bacterial infection

Intrinsic plasma éxchange has been shown to reduce a marked
depletion of immunoglobulins. This can result in the
pqésibility of complicating infections in patients also
receiving immunosuppressive therapy, however it:is known that
many variables are involved. In the present studies 3 cases
of proVen bacterial infection were recorded. Esherichia‘
coli was observed in one female patient and staphyloccocus
aureus in one female and one male patient. All 3 patients
developed septicaemia with positive blood cultures. Allv
were receiving immunosuppressive therapy throughout thé

period of plasma exchange and were being ventilated in the .

intensive care unit. The time lag post final exchange to the
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development of symptoms was 72 hour.. After receiving
the appropriate antibiotics all patients recovered without
residual problems. No other patients in the unit at that tiﬁe

had any septicaemic episodes.
3. Viral Infection _ , ' , i

Information regarding the incidence of viral infection post-
plasma exchange was incomplete. Cases of hepatitis A,

hepatitis B and non-A non-B hepatitis have been reported.

In the‘present study 2 cases of hepatitis A and 13 cases of noﬁ
-A non-B hepatitis were recorded, involviﬁg 8 female and 7

male patients. The 13 cases of non-A npn—B'hepatitis were
discovered in follow-up biochemical analysis of patients.

AlY patients were transiently jaundiced, but they were not
'systemically unwell. The mean period of time from_diagnosis
to the end of the last plasma exchange was 3.5 mdnths. Long-
term follow-up of these patients is continuing; but no patient
has more than a modest elevation of‘transahiﬁases on routine

biochemical estimation.

It is difficult to avoid the complication of hepatitis if
plasma is used as replacement fluid. The use of fresh

frozen plasma as a replacement fluid has resulted in an even
higher incidence bf hepatitis. The long term follow—ub of
patients who presented from outlying areas proved very difficult
“and this aspect of the studj is incomplete. As far as is known

at present no patient develioped side effects which have had
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3.3

deleterious conseQuences on his/her health.

Longbferm effects associated with plasma exchange havé been
repbrted, but it is not clear whether.these are directly
attributable to the procedure. Specifically, no patient has
confracted the Human Immuno-Deficiency Virus (HIV) as a *
result of blood products‘given during plasma exchange over

the period of this study.

The change in clinical status of all patients studied above

is summarised in'Table 46,
STUDY OF LEUKAPHERESIS

The results of the study of leukapheresis are shown in~Tagle

47, The volume of buffy coat cells rehoved during leukaﬁhefesis
rangad from 300 ml to 1300 ml' with a mean of 750 ml. This :
volﬁme contained a mean yield of 4.50 # 1&J:white cells. The

calculated efficiency of the procedure was 52%.

The main complication encountered during leukapheresis was
maintenance of venous access. Many patients had poor veins
and thus obtaining a satisfactory flow rate was a frequent

problem. The procedure was safe, efficient and rapid.

In patients with acute leukaemia there was no evidence that
leukapheresis provided clinical benefit. There is some evidence

to suggest that early death isllower in patients who have
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TABLE 46

_ Clinical Status of Patients with
Selected Disorders after Treatment with Plasma Exchange

PATIENT STATUS AFTER
Number of TREATMENT
Patients No Change .
DISORDER {with Condition in Condition
|Disorder Improved | Condition | Deteriorated
Waldenstrom's
Macroglobulinaemia 18 16 2 0
Multiple Myéloma
with Hyperviscosity 12 10 . 2 0
Cold Haemaggiutinin
Disease 8 7 1 0
Autoimmune ,
Haemolytic Anaemia 3 1 ] 1
Factor VIII
Inhibitors 8 8 0 0
Myasthenia Gravis 18 15 -3 o
Eaton-Lambert
Syndrome 5 3 0 2
/
Guillain-Barre
Syndrome 27 27 "0 o]
Polyneuropathy 15 10 2 3
Glomerulonephritis 26 19 - 0 7
Goodpasture's Syndrome} 10 6 0 4
Pure Red Cell Aplasia 4 2 . 0 2
AplYastic Anaemia 2 2 0 ¢}
Polymyositis 10 10 0 0
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undergone leukapheresis, but is statistically significant

only in patients with acute lymphatic leukaemia.

Ih.those patients with chronic myeloid leukaemia it did not
appear to delay blast transformation but it did provide qlinical
benefit to the patient. The procedurevreduced the‘WBC by at
least 40% within 3-5 days of the procedure. It may be

continued for sqhe days thereafter. Improvement clinically

was noted in 40% of patients, primarily those with

neﬁrological dysfunction e.g. blurred.vision, confusion and

in one case pre-coma. No distinctvmeasurable improvement |

was noted in‘other parameters e.g. hépatomegély, splenomegaly,v

lymphadenopathy or fever.
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"DISCUSSION OF RESULTS

Rarely have investigations of plasma e#chaﬁge been conducted
under conditions which permit'a direct comparison of the
results of the many different studies. However, from a
number of such studies, characteristic patterns of behaviour,
or significant trends in results have emerged despite great
differences in procedural and pathological contents.

Attention is drawn to correspondence or lack of correspondence
between the results of the present stﬁdies and established

findings of these other studies, where appropriate.

Study of replacement fluids

The 6bserved values of the haematological and biochemical
parameters pre- and post-plasma exchange, and the trends in
the change of values where these occur, are‘in broad agree-

ment with those reported in the literature.

The observed stability of the haemoglobin concentration,

white blood cell count and haematocrit value has been report-

ed in other studies}’sg’98 The sharp decrease in platelet

count has also been recorded by others?’142

1,59,98

although in other
studies no significant change in platelet count was

found.

The investigation has shown that platelet concentration feli
only if exchanges were conducted on a daily basis and that
the time needed for the recovery of platelets to normal haemo-

static levels (100 x 109/1) was dependent mainly on the
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intensity of the preceding exchange. Regardless of the actual
level, it required only an average of two days (maximum of

three days) for platelets to return to normal.

The reduction in platelet count must be ihterpreted in fe—
lation to the initial value. Whilst a small number of plate-
lets are lost in the limited clottinnghiéhvoccurs in the
kcentrifuge bowl, the observed decrease in platelets muSt be
attributed to the removal during plasma exchange. The re-
covery of platelet counts will depend primarily'on the state
of the bone marrow and particularly on the effects of steroids
and cytotoxic drugs. Protamine sulphate can decrease‘platelet

counts but the effect is transient.

Thus, the lowest platelet counts and the greatest risk of
bleeding occur during periods of daily plasma exchange when

the initial counts are low.

The marked increases observed in prothrombin time, kaolin
cephalin clotting time and thrombin clotting time immediately
post-exchange are in accord with those reported in other

2,142,143,263

gtudies, although no such changes were recorded in

another study?g

However, whilst the trends in behaviour are similar, differ-
ences exist in the extent of the changes noted. Increases of
60% and 200% in prothrombin time and thrombin clotting time
immediately after the eleventh.exchange procedure have been
recorded in one étudy where the exchanged plasma was feplaced

by an equal volume of albumin 5% br plasma“pfotein fraction
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5%. The thrombin time and prothroﬁbin time returned to the
: inifiai pre-exchange value in 4 hours and 24 hoﬁrs respect-
ively, post-exchange. Even greater increases were nofed in
’anotﬁer s’cudy2 in which plasma protein fraction, plasma
protein fraction and Haemaccel'(4:1 raﬁio) and fresh frozeﬁ _
plasha were used as‘replaceﬁent flﬁids: " Mean post-exéhange’
values of patient—cohtrol differences in TT and PTTK were
found to be 200% and 1000% greéter than the mean pre—exchangev
values immediately after the first exchange, or after a
succeeding exchaﬁge with an interval between exchangés of  _
more than 5 days. These increases in clotting times became
even gfeater as the interval between exchanges was reduced.
Immédiately after successive daily exchanges, mean patiente,
control differences in TT and PTTK of 700% and 3060% of mean

-pre-exchange values were recorded.

The effect of plasma exchange on coagulation factors has been

extensively studied by other82’142’143

and the reported,be—v
havioural frends»in post-exchange values are essenti#lly
similar to those noted in the present investigation. In
general, the percentage reduction in £he post-plasma exchange
relative to the initial pre-exchange value of each coagulation
factbr was not significantly influenced by the patient's dié-
order or by the length of interval betﬁeen successive
,éxchanges (one day, two day, or more than 2 day periods).v‘fhe
extent to which coagulation factors were removed by plasmﬁ
exchange did not apﬁear to be influenced by their initial pre-

exchange values. A single exchange précedure reduced the post—.

exchange values of Factor I, II, VIII, IX and X to approx-
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imately 30%, 35%, 45%, 60% and 40% respectively of the pre-

exchange values. 2 ,142,143,150,264

It waé‘noted that the extent to which Factor VIII was removed
by plasma exchange, asvestimated by biological assay differed

significantly from that estimated by imhunological assay.

In ﬁlasma éxchanges undertaken on a daily or two-day basis‘the
observed cumulative reduction of FactorS‘i, II, and X was
greater thgn that of Factor IX and this was in accord with
results reported in the literature. Under these conditions
there was considerable variation in the»exfent of reduction
for different patients, but'the overall réduction patterns
were similar. Factors I, IT, and X exhibited slower rates of
recovery than Factors VIII and IX, but they usually returned
to norﬁal values within the 24 hours period after exchange.
Recovery was usually rapid during the early stages post—plésma
exchangé but therefter recovery was mpre‘gradual over the

period 4 hours to 24 hours post—exchange.;

The discrepancy reported by others as existing between bio-
logical and immunological levels of Factér VIII in most
patients may be due to true preferential removal of one com-
ponént‘because Factor VIII coagulant activity and Factor VIII
related.antigen maybreside on separate molecules. Alter-
natively the excess coagulant activity may arise as a result

of protease activation.

Detailed information on electrolyte change during plasma
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exchange is sparse and no comparison of the current fihdings
with other data has been possible.' With the exception of
potassium and calcium the pre-~ and post-plasma exchange values
of théAelectrolytes are eventually stable. In two étudies,
where the eléctrolyfe values have been determined, but no data
-presented, it must be presumed that values remain stable:

1,97 Where data are presented, one.

during plasma exchange.
report quotes values of Sodium and Potassium unchanged by
plasma exchange and another shows reductions in the values‘of
potassiﬁm.and caicium after plasma exchange.' Renal function
between plasma exchanges as measured by serum urea and

creatinine concentration did not deteriorate?g'149‘

No published data have been found for changes in liver
function parameters, bilirubin, asparate and alanine trans-
aminase. The decrease in the post-plasma exchange values of
alkaline phosphatase relative to the pre;exchange values
observed in the present investigation ié comparable to that

quoted in one study.:,l‘43

The changes in the values of total protein and albumin ob-
served in the present investigation, coupled with the
stability of the calculated values of globulin following
plasma exchange using polygéline as replécement fluid have
been noted in two other studies in which‘plasma was replaced
by polygeline (Haemaccel).l’zs4 The pattern of changes
observed after plasma exchange in which blasma protein
solution was used as the replacemenf fluid, namely the de-

crease in total protein and calculated globulin coupled with
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stable albumin values are similar to those established else—

where.1’59’264

This difference in behaviour, as a consequence of the replace~
ment fluid used, has little clinical signifieance because
total protein and albumin feturn to near pre-exchange values

in 24 hours.

The observed velues of serum iron and total iron binding
capacity indicate that iron deficiency is unlikely to arise
because of the replacement fluid selected. va other data on
iron deficiency have been found in the literature and a com-

parison of findings is not possible.

" The variation in immunoglobulin IgA, IgG, and IgM concen-
trations noted during the present sgeries of plasma exchanges
accords with the reported data from an extensive number of

studies.3’97'98’141’143’264

One study reports reductions in
IgG, IgA and IgM concentrations to less than 45% of their
initial pre-exchange values after tﬁe_first exchanges, to
less than 30% after the‘fifth consecutive daily exchange and
to less than 10% after the tenth consecuéive daily exchange.
This behaviour was not affected by the plasma voluhe exchanged
nor by the partial replacement of plasma by Haemaccel in the
case;of'two patients only. The patterns of recovery

‘established for serum IgG, IgA and IgM concentrations were
similar. Concentrations continued to decrease in plasma

exchanges conducted on a daily or two-day basis but increased

if the interval between exchanges exceeded two days. The
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results from the other studies confirmed these trends.

The mean percentage reductions in these proteins probably
reflect differences in their compartmental distribution ratios.
The largély intra-vascular IgM is more effectively removed

than the more equally distributed IgA.

The effect of immunosuppressive therapy on”IgG concentrations
haé been extensively studied. Eoth decreased synthesis and
increased fractional catabolic rate have been noted in
patients receiving steroids and/or cyclophosphamide and
azathioprine.b The absence of a significant effect of immuno-
‘suppression during daily exchanges, confirmed by ﬁhe present
study; ;;y be exp;ained by the relatively large contribution
in the peridd immédiately after plasma exchange of extra-
vascular to intra-vascular re—distribution‘of IgG and IgA.
This mechanism which will effectively increase the serum IgG
and IgA concentrations is unlikely to be affected by immuno-

suppression.

The response of pafients to plasma exchange, as assessed by
changes in their haematological and biochemical parameﬁers
measured before and after the exchange procedures, differed in
its detail within the three groups of patients examined. 1In
the comparisons of behaviour of patients from each of thé
three groups, no significant differences were observed in the
values of many of the parametgrs measufed, whilst significant
’differences were detected between the values of others. No

obvious pattern of dissimilar behaviour was apparent in any
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series of measurements or in any epecific group of patients.
In general, there were fewer differences between parameter
values which.were significant than were not significant. It
was concluded that, despite the many randbm differences
between the measured haematological and.biochemical parameters
before and during the period after plasma exchange, the ever—:
all response of patients in the three groups was basically
similer_and thus was not influenced by the choice of the re-
placement fluid used in the study. Clinical examination con;
firmed that the response of patients from ;11 three groups tovb
plasma exchange under these conditions was essentially
similar. No differences were observed iﬂ the incidence of
side effects as a coﬁsequence of the plasma exchange pro-

cedures and which could be attributed fo the use of Poly-

geline I, plasma protein solution, or Polygeline II.

The findings of the present more comprehensive study involving
much greater numbers of patients, are in general accord with

the results of more limited studies on relatively few petients
and ip which_polygeline (Haemaccel) endvplasma protein |

fraction were used as replacement'fluids.1’2’3’264

4,2 Study of selected disorders.

4.2.1 Cold haemagglutinin syndrome.
Cold haemagglutinin syndromeZ%°72%8 4ccounts for 18% of
all cases of autoimmune haemolytic anaemia. It is

classified as:—

1. Idiopathic - which occurs in the elderly and is
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characterised by a gradual onset with a peak incidence
in persons over 60 years. The antibody is due to a
proliferation of a clone of IgM cells. It is usually a

chronic problem and not severe.

2. Secondary - which commonly oécurs in

(a) certain infections, such as mycoplasma pneumonia,
infectious mononucleosis and viral infections,
particularly cytomegalovirus infection. Only
rarely will the titre of cold agglutinins rise to a
partiéularly high level and bring about haemolysis
in-vivo. The problem is rarely severe and the
titres return to normal in 3-4 months.

(b) Lymphoreticular disease ; certain patients with
lymphoreticular disorders devéldp cold agglutinin
disease. it appears to be the result of a malignant
proliferation of a clone of B cells, the lesions
being classed as histiocytic lymphoma; There is
also an association with adenocarcinomas occasionally

with squamous cell carcinomas.

Clinical features are characterised by acrocyanosis with
purplish discolouration of the skin on exposed parts of the
body of many patients. When patients are severely affected,
they may be unable to endure contact with any cold materiais
ihcluding cold food, such as ice cream: this will cause bofh
pain in the fauces and oesophagus. The agglutination may
occasionally be seen in conjunctival‘vessels or ih the nail bed
on microscopic examination. The.spleen is frequently enlarged,

but rarely massively so.
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All patients exhibit the characteristics summarised in

Table 48 below.

TABLE 48

Serological Characteristics of Patients

DAGT ELUATE IMMUNOGLOBULIN | - opporprorTy
= . TYPE
POSITIVE NO ACTIVITY IgM ANTI-I

Plasma eichange is known to bring abbut a decrease in the

cold antibody titre with a variable increase in haemoglobin
level. In general only transient responses to plasmé exchange
héve beéﬁ obtained, the antibody titres feturning to their pre-
exchanée levels in only seven days. The results of the preéént

limited. study confirm this view.

It shouid be noted that technical issues can arise with the re-
moval of plasma.because of the expectant agglutination of blood
as it approaches room temperature.265 In one case,266
presumedvto be post-infectious, the cold agglutinin titre

' actually rose during a period of intensive plasma exchange
undergone in conjunction with steroids an& cyclophosphamide.

It was suggested, that this conformed with the observatioh~that,
‘during a’ presumed primary response, plasma exchange resulted

in the loss of feed back control of B cell function with
subseqdent amplification of antibody production. This suggesfs
caution in the use of plasma exchange in_éases of ldw titre |
polycléﬁal IgM cold agglutinins that occur in an acute

presumably post-infectious condition.
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A study?67 of the effecf of cytotoxib treatment on auto—anti—.
body rebound that follows auto-antibody withdrawal showed‘thaf
after each of two‘contrél plasma exchanges by the filtration
method the titre in cold’agglutinins deélined markedly. There-
after fhe,gamma globulin endowed‘with auto-antibody activity
increased steeply in parallel with the agglutinin titre to.
vvalues-exceeding the pfe—treatment levels. There was only a
slow rise of polyélonal IgM to pretreatment levels. Two
further plasﬁa exghanges were administéred-ls days later, this
time in,combination with AﬁA—C and cyclophésphamide. No re—

bound occurred and the serum agglutinin titre remained stable

at about the same level for the ensuing -three months. The

4'2.2"

polyclonal IgM level was not greatly affected by the. treatment.

The-results of my own limited study confirm that plasma ex- '

changé is most successful at temporarily reducing the cytotoxic

antibody levels and in allowing a prolongation of survival of
268

the transfused cells. It would be an appropriate treatment

in acute haemolysis resistant to chemotherapy.

Waldenstrom's Macroglobulinaemia

181-183,269 ; a relatively

Waldenstrom's Macroglobulinaemia
uncommon, slowly progressive B-lymphoproliferative disordervin
which the cells are intermediate in immunological maturation
between those‘of fhe small»gell lymphomas and the plasma cell
dyscrasias. The disorder is.rarely fouﬁd in patients beloﬁ'
thé age of 40 years but occurs more frequently in patients of

advancing age.
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v Small lymphocytes, plasmacytoid lymphocytes and plasma cells
accumuiate in the bone marrow, in 1ymbh nodes and in the
spleen. Many cells synthesise a monoclonal immunoglobulin,
cytbplssmic or on the surface membrane and the same immuno-
“'globulin is transferred in the serum. If the concentration
of immunoglobuiin becomss sufficiently,high then Waldenstrom's

.

macroglobulinaemia will result.

Thevclinical manifestations of Waldenstrom's Macroglobuiinaemia
are dominated by the large amounts of IgM secreted bj tumoub

of small bulk which may not be détectabie clinically. High
serum cohcentrations may -occur in the absence of physical
signs;and little or no bone marrow infiltration. Even when
numérous lymph nodes are enlarged and tﬁe bone marrow is
heavily infiltrated, bone marrow functién may be well preserved
and the lymphomatous element of the condition may rehain'static
for several years.

IgM paraprotein, of molecular weight} IM Daltohs, increases

the Viscosity of the blood at lower concentrations thaﬁ>IgG»or
IgA proteins.’ The value of viscosity inbreases very rapidly
with'increasing concentration in serum,Aso that above a con-
cenfration of about 30g/l small increases lead to large
increases in viscosity;27o Conversely a reduction in con- .
centration over the sameArange rapidly lowers the viscosity.
Thus the removal of the macroglobulin contained in 1 litfe‘of
blood usuall& lowers the viscosity sufficiently to bring abouf

a rapidyand dramatic relief of symptoms.

Because of its high molecular weight most of the macroglobulin

produced is intravascular, so that any lowering of the
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concentration achieved by its removél, is not rapidly re-
versed'by,the entry into cifculation of macroglobulin ?rom
. the extravaséular compartment. Unfortunately the rate of pré— ‘
duction of macroglobulin is often so high that the serum
concenfration fises to its former level in a few weeks. _Thg

symptoms of hyperviscosity271’272

include muscular weakness,
lethargy, mental confusion proceeding to coma, purpura,
haemorrhages from the gums, nose, gastrointestinal and genito—
-urinary tracts, neuropathies, visual distUrbancés (e.g.
bilateralbretinal.exudates, papilloedema) and deafneSs. Other

neurological complications include ataxia, diplopia and

dysarthria.

Symptomless patients withvstatic Waldénsffom's disease are
kept under observation without treatment and they may remain
well fof a decade or more. Symptoms:arising‘from hyper-

, viscosify:ére répidly relieved by plasﬁa exchange and may be
managed for several years by periodic proéedures.27? Patients .
with progfessive lymphomatous disease and'declining bone
marrow function require chemotheraphy to reduce the. total mass
ofvlymphocytes, €.L. chlbramﬁucil,'cyclophosphamide or
melphalan.aré used alone‘or'invcombination.with prednisolone.
This reduces the bone marrow infiltration leading to an im-
provement in bone marrow function and it reduces the serum
concéntration of paraprotein. The hyper?iscbsity syndrome in
patients who are refractbry to chemotherapy may be controllable
by plasmapheresis‘but rarely for more thaﬁva year. Similar |
chafacéebistic responses to plasma exchangé were obsérved in
the present study of 18 patients all of Qhom exhibited hyper;v‘

viscosity in association with Waldenstrom's Macroglobulinaémia.
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Hyperviscosity due to IgA and IgG myeloma.

HYperviscosity due to IgA and IgG M components are the second
and third most common causes of hyperviscosity.syndrome after

IgM-M components.las’lae’187

IgA-M components tend to
aggregate forming tfue polymers linked by(disulphide bonds |
and confaining J chéins. With igGéM compqnents there is
\‘usually a very high concentration of the components present,
or the presence of molecules>with asymmetric configurations;
or the presence of circulating aggregates.of IéG—M components.
Although hyperviséosity has been repprted in association with
the other IgG subclasses, most cases are due to IgG-3 myeloma
proteins. The clinical manifestations are similar to those in
Waldenstrom's Macroglobulihaemia, and the treatment is
similar. Generally at least two to four litres of plasma‘k
have to be exchanged, every week or‘two.273’274 Foliowihg

plasmapheresis appropriate chemotherapy namely Melphalan and

Prednisolone is instigated.

Similar characteristic responses to plasma exchange were noted
in the present study of 12 patients all of whom exhibited

‘hyperviscosity in association with multiple myeloma.

The observed response of patients to plasma exchange in the
present study is similar to that reported by others. On one -

275

investigation 9 patients with myeloma of the IgA type and 2

patients with myeloma of the IgG type, complicated by the
laboratory and clinical features of hyperviscosity, were
treated by plasma exchange. In those patients with the IgA
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myeloma the hyper viscosity syndrome was related to the
presence of high molecular weight complexes in the serum.
Clinical improvements after plasma exchange coincided with a
reduction of whole blood viscosity and in those patients with
IgA myeloma, with a parallel reduction of’the high molecular
weight complexes. IgA and IgG are evenly distributed between
the intravascular and extravascular spaces and following plasma
exchange re-equilibrium would result in a secondafy rise in
plasma immunoglobulin concentration and in whole blood
viscosity. The moreldelayed phase of the secondary rise of
whole blood viscosity did occur but in the majority of patients
this was of no clinical significance and only one patient
’required a secopd plasma exchange.

As a part of a more extensive study,276 14 patients with mqno-'
clonal and polyclonal gammopathies were treated by partial
plasma exchange. The patients with varying clinical conditions
(2 with light-chain disease, 6 with multiple myeloma and 4 with
Waldenstrom's macroglobulinaemia),were subjected to repeated
‘manual plasma exchange procedure (0.3 to 0.61 plasma/session).
The removed plasma was replaced by 5% albumin solution or FFP
according to the clinical condition of the patients. The two
patients with light chain disease were treated in 3 sessions
and plasmapheresis was effective. The remaining 10 patients
were subjectéd to a total of 22 sessions of partial plasma
exchange.‘ In all but 5 sessions where the amount of plasma
ethanged was inadequate, blood viscosity decreased énd the
clinical signs of hyperviscosity improved in fhese patients.

In monoclonal gammopathies the improvement could not be
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attributed to partial plasma exchange alone, because the
patients were concurrently tréated by cytotoxics. In poly-
clonal gammopathies +the partial plasma exchange without any
other specific treatment was sufficient to stop severe

clinical symptoms.

Warm Immune Haemolytic Anaemia

It is not known why a person should suddenly produce anti-
bodies apparently directed against his own inhefited antigens.
The incidence of the disease is difficult to assess, but it
appears to be relatively high, perhaps, in the order of 1 in

80,000 population.

Warm autoimmune haemolytic anaémialgz_lgs occurs in both sexes,

but the incidence is higher in females tgén males. It can
occur at any age but is more frequent in females over 40 years
énd males over 50 years of age. The mode of preséntation is‘
extremely‘ variable. In some cases the haemolysis can be present
insidiously and it may be months before the doctor is made
aware of the patient's symptoms. In other cases there may bé
very rapid development of‘anaemia with extreme prostration and.

Jaundice occurring over the period of a few days.

Autoimmﬁne haemolytic anaemia may occur in association with

various well defined disorders, in which case there will also
be the signs and symptoms of the other condition. Fifty-six
percent of cases are thought to be due to the ididpathic form
of the disease where the autoimmune haemolytic anaemia with,

or without, thrombocytopenia was unaccompanied by definite
signs of another disease. Some 15% of cases were associated
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with lymphoma and certain other malignant diseases, for
example, carcinéha of the breast, carcinoid tumour of the.
small intestine ahd also teratoma of the ovary. The
association of auto-immune haemolytié anaemia with SLE and
other autoimmune disorders, namely thyrofoxicosis,vHashimbto'g
»thyroiditis,.myaSthenia gavis, autoimmune hepatitis, ulceratiye
colitig, rheﬁmatoid arthritis and pernicious anaemia is well

known. -

The commonest form of autoimmune haemolytic anaemia is defined
as "Coomb's positive", i.e., positive dipect antiglobulin test.
All patients exhibit the characteristics summarised in the

Table 49 below.

TABLE 49

Serological Characteristics of A I H A Patients

DAGT | COATING ANTIBODIES IMMUNOGLOBULINS
Positive | Non-complement|Rh antigens 1 IgG IgG 1
. . anti-LW 2 IgA IgG 3

3 1IgM rarely

The premature destruction of red cells is triggered by an ‘
immunoglobulin IgG or by complement components which are
attached to antigens on the surface of the cell. Since the 1 
production of immunoglobuiins in all immune anaemias is not1
dependent on a specific antigen,‘the pfesencevof tumour-
associated antigens and/or antigens of ihfectioué organisms
may play a role in the development of thisyimmuné disorder.

The antibodies produced will have cross-reactivity with the.
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red éells and therefore initiate the haemolysis. The re-
petitiveness of deétruction is close;y related to the amount
of anﬁibodies or components of the complement system and the

- avidity of antibody binding to the red cells. Ih‘the human
body there are not only single immune products but also immune
complexes and the application of plasma exchange would be»
justified, although the removal of endogenous antigens su;h as
those éssociated with the onset of autoimmune.haemolytic
anaemia would be very difficult. The removal of the rest of
the humoral cém;onents, responsible‘for fhe seﬁerity of the
haemoiyfic process, may be helpful in controlling rapidly

progressing cases.

,The standard treatment of acute haemolysis is usually corti--
costeroid therapy, splenectomy, and immunosuppressive therapy.
These aim to decrease the destruction of aﬁtibody-coated red
cells, thus producing antibody protection. Genérally, how-
ever, these modaiities take some time to act. Similarly,
plasmapheresis offers scope for the removal of antibody, for-
the removal of antigen, for the removal,ﬁf antigen and anti-
body complexes and for the removal of a combination of the
first three. The response to plasmapheresis is much faster
than that to the standard modalities and in the case of
fulminant haemolysis plasma exchange could be beneficial in

the interim period.

The reported evidence on the efficiacy of plasma exchange in -
the management of haemolytic anaemia is conflicting and the
present study is too limited to offer clarification. The

trends in the three cases are however similar to those noted
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in othef studies.

There are isolated case report5265'277’278 suggesting that_v

plasma exchange was effective in the treatment of Evans'
syndfome in the rapid stabilization of an acute, possibly

195,265

post-infectious haemolytic process and in the treatment

of non—Hodgkin's lymphoma.265
It should be noted that plasma exchange'can be dangerous in
patiehts with haemoglobin concentrations of less than 3g/dl

who cannot tolerate shifts in their plasma volume. However,

‘plasma exchanges of even as little as 2 1. of plasma can often

result in a dramatic decrease in the intensity of the direct
anfieglobulin test,‘thus allowing a patient's blood to be
matched, permitting»blood transfusion énd ameliorating
symptoms. Where other forms of treatmehf'havé failed plasma

exchange offers alternative therapy.194’27g’280

Factor VIII Inhibitors

Acquired pathological inhibitors of coagulation are directed

against a specific coagulation factor. Factor VIII inhibitors
are the most frequent and occur as a complication of treatment
in patients with classical haemophilia A. They can also occur
in patients regarded previously as haemostatically normél. |
The reported incidence in patients with haemophilia of
inhibitors of Factor VIII varies betwéen.5—20%, and presents
some éf.the most serious and challenging problems thatAcén be
associéted with the treatmenf of haemorrhagic disﬁfders.

Acquired inhibitors are associated with a vafiety of chronic -
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disorders of auto-allergic type. The latter'include'fheﬁhétéid
arthritis; rheumatic heart disease, syétemic iupus
erythematosus,pemphigus, dermatitis, hefpetiformis, penicillin
hypersensitivity, Crohn's Disease, and uicerative colitis. They
also occur in women after childbirth andfspontaneously in

apparéntly healthy people.

The clinical course.of inhibitors is unpredictable, but they
usually disappear within months or yéars prbvided that the
patient does not succumb to haemorrhage in the acuté stages of
the disease. There is not much evidence that treatmeht with
steroids or immunosuppressive therapy alters the natural

course of the disease.

The majority of the antibodies to Factor VIIIC are of the»IgG
claés although IgA and IgM inhibitors hav? been described.
They show remarkable hbmogeneity with only a single light
chain type present, usually kappa and they have been found to -
be of IgG subtype. The antibodies can be detected by incubating -
test plasma at 37°%¢ with a source of Factor VIIIC and perform—
ing serial coagulation tests. In our labératory the limits of

inhibitor activity are measured in Bethesda units.

The antibodies are known to be present in.plasma and serum and
are stable at 56°C for 30 minutes. They slowly inhibit FVIII

during incubation at 3700.

The treatment of bleeding in haemophiliacsywith antibiotics
is difficult since the inhibitor titre rises after replacemént
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therapy. Where the bleeding is moderate, FVIIIC repiacément
should be avoided if possible. However if life threatening
haemorrhage occurs, large amounts of FVIII are required to
neutrélise the anﬁibody and increase the level of‘FVIII
coagulant activity. In some cases porcine or bovine FVIII
~have been infused.281 Activated FIX preparation, and daily

infusions of activated concentrates (FEIBA) have also been used

successfully. Immunosuppressive therapy has also been used.»

The clinical course in non-haemophiliac patients with in-
hibitors is much more variable than in haemophiliac patients.
Bleeding episodes can be exceedingly difficult to treat and

there is significant mortality.=  ’282

Following FVIII in-
fusions an anamestic response is not invariable but may still

be quite marked.

Plasma exchange has long been recognised as an option in the
management of Factor VIII inhibitors and the results of the
present limited study of patients with a variety of conditions.
confirms this view. The observed trends in the values of
coagulatiqn screening Factor'VIIIC, Factor VIII Rag and

inhibitor screen are similar to those reported in other studies.

In one‘such study283 2 plasmé exchénges were performed in a
three week period in the surgical mahagement of a subdural
haematéma. An elderly patient with a sub-lingual haematoma
was given 6 exchanges of bétween 1.5 to 6.0 1 each over a
pefiod'éf 13 days whilst a patient being prepared for elective
surgery was exchanged 8 times over a 6 week period.
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Further;zeg a patient wh§ had developed a very large abdominal
wall haematoma after appendicectomy was given 14 plasma ex-—
changes each of 4»l'over is days. Bleeding stopped after theAk
secohd exchange with facﬁor concentra£e and complete healing 
foilowed without other treatment. Haemostasis was also

~ achieved in a patient with benign prostétic hypertrophy after
a 4 1 plasma exchange followed by Factor VIII prior to tféns—
ufethral section. The patient made a complete recovery and

- his plasma showed only minimal residual inhibitory activity.

A further study284 reported the successful use of plasma ex~
change in the treatment of a patient with a massive anterior
abdominal wall haematoma following an uneventfui caesarian
section for foetal distress, a patient Qith.large ileopsoas
haematoma and femoral nerve palsy and a patient.with‘prolonged
post-dialysis bleeding from fistula arééfial ahd venbus

puncture sites.

To be effecfive large volumes of plasma (3-51)have to be ex-—

- changed and the flow of antibody from the extra vascular space
requires the procedure to be repeated on several occasions,
although immediately following each exchange full Factor VIII

coagulant activity may be achieved with Factor VIII infusions.
Plasma exchange is much less expensive than the use of highly

purified porcine Factor VIII, superdose Factor VIII and

activated prothrombin complex concentrates.

260



4.2.5 Relapsing Inflammatory Polyneuropathy and Chronic
Inflammatory Polyneuropathy

s
A

The natural history of acute inflammatoryipolyneuro—

175,285-287 is progressive over onelto two weeks with a

- pathy
. subsequent delay of one to tﬁo weeks prior to an improvement
which is then followed by further improve@ent which may bée
1
rapid or gradual. Less thgn'lO% of patieots experience re-
lapse. Thus chroniC»inflammatory polyneﬁropéthy occurs in
people who have had a pfevious episode oflacute polyneuro—-
pathy with a recurrence in rapid or sloQ fashion. The re-
lapsing form may show excellent recovery if the episodes are
acute at onset, but with repeated episodes_gccumulating dig-
ability may occur. Chronic inflammatory polyneuropathy occurs
when there is progression in a monophasicfor stepwise manner
err more than 30 days, usually over more %han three

months.285

In most instances the aetiology is uncertain and the following
. associated diseases are knoWn to be connected with disorders

in the immune system: monoclonal gammopathy, paraproteinaemia,

multiple myeloma, Hodgkin's lymphoma, non-Hodgkin's 1ymphoma,

systemic lupus erythematosus, macroglobulinaemia, cryoglobulin—

aemia, amyloidosis and polyclonalgammopathy; This association.

is probably not by chance.285

Conventional treatment has been based on corticosteroids and
immunosuppressive drugs, but their efficiaoy is often in-

complete and in some cases patients do not fespond.

261



Plasmapheresis was first used in 1978 for thevtreatmentkof

acute polyneuropathy. Subsequent reports285’286

have suggested
improvement in some or all of the patients treated. The
limited response to treatment by plasma exchange by patients

in the present study is similar to that found in other in-
vestigations. Whilst there have been manyv'reports288 of .
successful use of plasma exchange in the treatment of chronic
inflammatory polyneuropathy even in cases‘whereAPrednisolone

and Azathioprine had f‘ailed,zss—289 there are also reports

288,289 4 it does not

where treatment has been unsuccessful
seem possible to predict which forms will respond to plasma
eXchange therapy. In one study,zas patients who did not
respond had electrophysiological signs, suggesting severe
axonal lesions. The beneficial effect was also obser?ed in
patients whose liver biopsy showed_segmental demyelination
with little axonal destruction.290 Since patients with ’

" prominent axonal degeneration failed to respond to plasma
exchange, the magnitude of the axonal lesions couid thus be

important in determining the efficacy of plasma exchange.zgo

In a controlled‘double blind tria117529 patients_with a dis-
ability score of greater than 50 points were randomly assigned
into twice-weekly whole plasma volume exchanges or sham plasma
exchanges for a period of 3 weeks. All patients in tﬁe sham
procedures were subsequently treated by plasma éxchange. The
neurological deficit was monitored periodiéally; nerve con-
duction, computer assisted sensory examination and various
quantitative measurements of muscle strength were noted. At

entry the groups were comparable. Five of 15 patients treated
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by plasma exchange showed a greater improvement in the dis-
ability score than was observed‘in the controi group. Of the
14 patients receiving plasma exchange after the sham_pro—‘:
cedure, 4 showed a greater improvement than had been foﬁnd

after the sham treatment only.

If plasma exchange is beneficial its mechanism is yet to be
clarified. The clinical improvement is much too rapid to be
explained by a remyelinating process. It has been Suggested
improvement may stem from the clearance of a substance re-
sponsible for a reversél of conduction biock.290 Several
findings are cﬁnsistent with the role of a humoral factor in
the pathophysiology of the disease. Many repérts have shown
evidence of IgG and IgM deposits at the surface of nerves as‘
well as the existence of antimyelin antibodies. 1In one re-
sponding patient antibodies of the IgG class have been found
directly against the human sciatic nerve. A conduction block
has Been oteerved after injection of the serum in one patient.
The block although markedly present before plasma exchange -
persisted but decreased as the patient's condition improved.
No conduction block éould be induced with the serum of another
patient. No evidence of myelination was found after injection’
of serum ofvpatients who were successfully treated with plasma
exchangé. The existence of a circulating factor responsible

290 At the

for a conduction block has yet to be confirmed.
present time it is not possible to determine whether plasma

exchange should be used in:
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1. Chronic inflammatory demyelinating polyncufopathj
resistant fo steroids and_or.cytotoxic drugs.
2. Severe forms with respiratory impairment for wﬁich
. prompt amelioration is desirable."
3. Any cése of chronic inflammatory demyelinating poly-
lneuropathy in tﬁe hope that should.the patient imprové
it will be possible to reduce the &osage of steroids

" and cytotoxic drugs required.

4.2.6 Myasthenia Gravis

Myasthenia grav152095212,291_293

is a discrder of the neuro-
muscular junction charactericed by weakness and casy fatigﬁe
which have a marked diurnal variaticn with noticable deterior-
ation'as‘the day progresses. Symptoms are generally improved
by rest. The sympfoms occur in women, geﬁerally, between the
ages of 20 and 30 years and in men between the ages of 50 and
70 years. .In the younger.age group the onset is gradual with
spontaneous improvement over the first one to two years. In'
the older age group the disease usually chows consistent pro-

X 291
gression.

The disorder is characterised by ésymetrical ptosis, diplopia,
nystagmus of the extra ocular muécles, difficulty with chewing
and swallowing and proximal weakness predominantly in the
deltoid and iliopsoas muscles.291 Myasthenia gravis is an' 
auto-immune disorder in which the pathogenic role of the‘
Specific auto—éntibodies for the neuromuscular symptoms‘is'
well documented. These antibodies are directed against the.

acetylcholine receptor in the post—synaptic'end—plate of‘the
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skeletal muscle. The receptor antibodies disturb the neuro-
muscular function by blockade of transmitter binding, by
increased rate of internalisation of receptors and by
complement-mediated destruction of the post-synaptic end-plate.
All these mechanisms lead to a relative defect in functioning

294
receptors.

There is now evidence for a spontaneous occurrence of anti-
bodies complimentary to the receptor antibodies. These anti-
bodies bind idiotypic determinants on the receptor antibodyv

and should be defined as auto-anti-idiotypic antibodies.

Auto—énti-idiotypic ahtibodies have also been reported to occur
in other auto-immune disorders. Auto-anti-idiotypic aﬁti—
bodies are, under ceftain conditions,rablekto»drive the
différentiation of B cell pre-cursors to the state of anti-

body”production?94

The prevalence in concentration of acetylcholine receptor
auto-anti-idiotypic antibodies is especi‘any high during the
early‘stages of myasthenia. Receptor antibody of the IgM type,
although én very low concentrations, is also‘fouﬁd more often
in early and in late disease. Both reéeptor antibodies of IgM
.class and acetylcholine receptor auto-anti-idiotypic anti-
bodies are decreased in concentration as the IgG recéptor anti-

bodies rise. The disease may be treated by administering

1. Anticholinesterase drugs to enhance remaining functions.

2{ Immunosuppressive drugs for auto-antibody production.
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"Acetylchoiine esterase antibody synthesis can 5e
feduced by steroid, anti-metaboliser alkalating agents,
but they are not rapidly effective in controlling
symptoms. (At 1east 3-12 months are required to

achieve maximum benefit).295

Thus the combination of plasma exchange (which rapidly pro-
duced onset of benefits) with steroids and antimetabolites
(which give long term control) should offer scope in the,treat?

ment'of this disorder.

In the present study plasma exchange failed to secure improve-
ment in only three patients whilst in 15 patients there was an
impfovement usually of 2 or 3 grades. This trend is similar

' to that observed in other studies.

A feported prot0001295 for the treatment of myasthenic patients,
; consisting of 3 exchanges each of 2 plasma volumes or 4 ex-— |
changes of 1.5 plasma volumes over a 7 day period sufficed to
clear 65% of IgG and 84% of anticholinesterase antibodies. In
the present study; the‘protocel:used remevedbffom 60 to 88% of

Anti-Ach R.

In one;study245 27 patiehts were submitted to immune-modulatory
protocol treatment because their condition was deteriorating
rapidly and was not responsive to immunosuppression alone or
ﬁhey exhibited chronic disabling symptoms incompletely

responsive to immunosuppression alone or were steroid dependent.

Twenty—two percent of patients achieved‘complete remission at
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the end of the plasma exchange cycle,. 56% showed mafked im-

- provement, 15% mild improvement and 7% were unchanged. After
12 months only 22% §f'the patients worséned and received g new
" cycle of plasma exchange therépy. Patients with short duration
disease.(leés thaﬁ 6 years) responded promptly tovtreatment
while-pétients with long duration disease were low responders
suggesting a very low number of_reworkablé acetyl—choline;terase
’receptor. No correlétioh could be found in the-non—respondér :
group. Side effects included 12 cases of citrate toxicity, 6
allergic reactions to plasma components, one case of mild
myasthenic crisis in a non-responder patient and 5 cases of
non-A and non-B hepatitis. 7

In another studyzg6 60 patients were treated with plasma ex-
change and yarying immunosuppressive therapy; namely cortico-
steroids, and azathioprine, azathioprine alone and cyclo-

- phosphamide alone. Thirty nine patients had prior thymectomy, -
42 had pfior corticosteroid therapy. In patients with a mean
illness of abéut 3 years duration the disease disappeared. In
patients with a mean illness of greater thah 10 years duration
the response to treatment was less marked. The incidence of
thymama was much higher in the best responding batients and
non—thymoma,patients appear to be less amenable to plasma
éxchange although this could be related to‘the dufation of the

illness.

The anti-acetylcholinesterase receptor titre did not predict
the response to plasma exchange but the percentage reduction
of autoantibody titre correlated with the clinical respoﬁse
to»the exchange.
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Some patiehts required to be exchanged évery 2, 3 or 4 weeks.
All were chronically severe, the majority were respirator
dependent, all had thymectoﬁy, none had had thymoma and all
had received maximum treatment with Preanisolone and
Azathioprine and a large nu;ber of excﬁanges (40-100) over a
long period of time. Patients were switched from Azathioprine
to Cyclophosphamide during treatment ahd1all attained}staﬁle'

remission without further exchanges.

Thus plasmapheresis has an accepted role in the treatment of
patients with disabling or life-threatening symptoms, to hasten
the onset of control or to maintain control of symptoms during

the latent period of immunosuppressive agents.
Lambert Eaton Myasthenic Syndrome.

Thisvis a rare disorder, sometimes associated with carcinoma
(usually of the oat-cell type) or with oﬁhef auto-immune
diséases.297 It produces proximal weakness, loss of tendon
reflexes and autonomic effects (dry mouth, constipation,
impotence). It is a pre-synaptic disorder in which the number
of packages of acetyicholine released by each nerve impulse is
greatly reduced.298 Recent evidence indicates that this defect
is due to an IgG auto-antibody binding to nerve terminal de-
terminénts.zgg Ffeeze_fracture studies of Lambert Eaton cases
show abnormalities of the active zone particles at the nerve -

terminal which may be the target for the auto-antibody.

Part of the evidence for the auto immune nature of this dis- .

order is the response to plasma exchange.zgg’Soo The latency
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of the cliﬁiéal response is about 10-20 dajs (and not all
patients respond). This latency is much greater than that
observed in myasthenia gravis and presumably reflects the
slower turn over rate of the struétures to which the antibody
binds. For this reason ten or more exchanges in a sihgle
course may be required to observe a clear response. Patients
with the non-carcinomatous form of the disease respond
favourably to immuno suppressive drug treatment (érednisolone
and or azathioprine) but as in myasthenia grévis there is no
evidence that plasma exchange énhances the efficacy of such

treatment.

The results of the present limited study support this view in
that the condition of three patients improved whilst that of
two patients deteriérated.

In one study 299 the syndrome associated with carcinoma of

the bronchus in one patient and with immunological disorders

~ in two patients improved after piasma exchange. Pfednisolone
and azathioprine treatment led to almost complete remission in
one and improvement in the other of the non-neoplastic caséé.
It also indicated that an IgG auto antibody binding to nerve
terminél determinaﬁts may be responsible for the disorder of

the neuromuscular transmission.
The passive improvement that PE produces, particularly in the

less severely affected patients makes the procedure a useful

additional treatment for the disease.
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Guillain-Barre Syndrome (Acute Inflammatory Polyneuropathy)

219-222,301-303 is a seg-

Acute inflammatory polyneuropathy
mental demyelinating polyneuropathy with paralysis sensbry

impaifment and autonomic dysfunction. &he disease may follow
many.different types of infection, surgical procedureé, or |

vaccinations and has also been known to be associated with

pregnancy.

Ventilatory failure and its associated complications‘or auto-
nomic dysfunction induced by paralysis ére major causes of
morbidity and a mortality rate of 10%. 10-20% of all patients
fequire assisted ventilation and a number will require a
tracheostomy. Fuli reéovery occursg in SO% of surviving
patients within one year and many patients still have a
residual neurological deficit after 2 years; The interval
between peak weakness and the onset of recovery is of prog-

nostic value.220

Acute inflammatory polyneuropathy results from a cell-mediated

immunological disturbance with a selective attack against

myelin. Circulating lymphocytes are sensitised to periphebai

nerve antigens and lymphocytes from acute inflammatory poly-
neuropathy patients will produce demyelination in tissue

culture. Humoral factors are also implicated. Complement

- fixing antibodies against the neural tissue have been found

in 50% of AIP cases. Demyelination has been produced in
tissue culture by cell-free serum. Both IgG and IgM have

been identified on sections of nerves in AIP patients and IgG
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directed against peripheral nerve appears to be specific.
These antibedies are best demonstratediduring early and pro-
gressive disease and are reduced during recovery. Immune
complexes have been demonstrated in thelcirculation or de-
posited in the kidney. Current methods appear to lack dis-
crimination necessary to identify the precise_immunelogical

disorder.220

Corticosteroid therapy has not been shown to be effective
during the acute stages of the disease and may predispose to
relapee. Other forms of treatment namely Cyclophosphamide, -
Methylprednisoloneiand 6-Mercaptopurine have been moderately
suceesSful. The mechanism by which plesma exchenge may bene-'
fit patients with AIP is unclear but there is definite
evidence to suggest some patients can reepond rapidly and
beneficially to the treatment.

. ‘-
In the present study all patients showed some improvement.in'
clinieel status after plasma exchange, 10%, 65% and‘25% of
patiepts exhibited improvements of 3, 2 end 1 grades re-
spectively. The greetest response was seen in those patients
bwhose disorder was most quickly diagnosed-and subsequently
treated. |
A review of the 1iterature301—303 suggests that the response
to treatment by plasma exchange has'been achieved in 70% ofv

cases and a negative response in 14% of cases.

Improvement was seen during the first exchange procedure,
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the progression of the disease being halted after the first
session and in most cases motor deficit which appeared lafest
began to improve. With subsequent sessions benefit apbeared
to maximise and following this, improvemeat was slower and
further'deterioration was prevented. This decreased the
necesaity for assisted veatiiation. Sensory deficit Seemed

~ to respond more slowly and the likelihood of response'was
increasedbthe younger the patient. If the disease had not
yet progfessedbtokplateau level and muscle wasting had not
eommenced before plasma exchange ﬁad started the probability'k
of rapid improvement was increased, If there was evidence of
denerﬁation, the prognosis for improvement was poor. Once

‘ demyelihation had occurred it was unlikely that treatment
would be effective because nerve function could only be re-v

stored with remyelination which takes. place very slowly.288 :

Data has been released in a number of controlled trials of

' L/
plasma exchange in the treatment of Guillain-Barre Syndrome.
221,301-303 In one Amefican study of 224 patients 2 groups

were compared in terms of

1. Clinical outcome at 4 weeks.
2. The time taken to improve one clinical grade.
3. The time on a ventilator,

4. The time to improve to walking capability.

By all these criteria, plasma exchange had beneficial effects
on the outcome of patients. The early initiation of eXchaﬁge

was associated with a better outcome than when plasma exchange
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was not started until later in the disease.

In one French study over a 3 year period, 183 patients were
randomised within 18 days of the onset of muscular symptoms.
Preliminary results on 63 patienfs treated by plasmarexchange
and 70‘patients without plasma exchange showed that distinct |
benefits were conferred by plasma exchange. The frequency of
septicaemia, pulmonary, respiratory or cardiac complications
was the same in both groups. Intercurrent complications or
adverse effects led to the terminétion of plasma exchange in
11 patients, 6 of the patients not treated by plasma exchange

died.

In patients with severe disease when plasma exchange has been
started early in the course of the illness, plasma exchange may
shorten duration of motor weakness sufficiently to reduce
hospital stay. For patients able to breathe without
véntilatory support at the time of the first plasma exchange,
the procedure can also reduce the time spent on a respirator,

if ventilatory assistance is subsequently needed. Plasma

exchange is recommended only for GBS patients with, at a

minimum, severe weakness at the time of the first plasma ex-—

change (i.e. patients able to walk only with support). It is

- not clear whether patients able to walk without support will

benefit from plasma exchange.

Glomerulonephritis and Goodpastures Disease

110,304-307

There is evidence that most, if not all, types of
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glomerulopathies are caused by deposition of.circulating
proteins or‘protein'aggrégateé in the glomerulus. Glomerulone-
phritis due to auto-antibodies to the glomefular basement
membrane (GEM), or associated with the deposition of immune
comﬁlexes carries a poor prognosis, with a rapid deteriorétion ‘
‘in renal function léading to renal failure within a year. iThe
role of anti-GBM antibodies is well defined, their patho-

' genicity having been demonstrated by transfer of the diséase

fo primates, and by the observation that thg disease recurs
rapidly in renal allograffs if:circulating antibody is present
at the time of operation, However, the role of immune cdm—

‘plex deposition in the kidney remains controversial.

The types of glomerulonephritis were classified as:

Non Antibody Mediated GN

1. Mesangiocapillary GN Type 1 - in which‘thefe is a layer
of tissue beneath the GBM giving it a dogble contour.
This ié a sub-endothelial extension of mesangiai
matrix and cells containing immune deposits and C3.

2. Mesangiocapillary GN Type 2 - in whiéh C3 associated
electron dense material is incérporated into the GBM.

3. Mesangial IgA Disease — perhaps the most common‘

| glomerular pathology worldwide; chéracterised by diffuée'
mesangial proliferation and associated with recurrent

- macroscopic haematuria.

Antibody Mediated GN

"In Anti-GMB Antibody Nephropathy there is a neutrophilic cell
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infiltrate, heavy fibrin deposition and extensive epithelial
erescent formation. vAnti—GM antibodies have been seen to be
responsible for thé immunologically mediated renal damage in
this condition, and it has been demonstrated that there is a
poéitive corrélatioh between antibody:ievels and plasma |
creatinine on presentation. Although the production of anti-
GBM antibodiés is self-linking this méy take years in un—

treated cases, by which time renal faiiure is usual.

In view of the grave prognosis in both»types of disease,
treatment with steroids and cytotoxic drugs was ihtroduced in
an aﬁtempt to contr§1 the underlying iﬁhune response and iimit
the'éffects of inflammation. The responée of the kidney ié;
depen&ent upon the severity of glomerular damage at the on— '
set qf treatment, it is apparent that the earlier treatment - 

is instigated, the higher the chance of'recovery.

Plasma exéhange_can be combined with drug therapy in order to
rapidly reduce antibodies (to ﬁndetectable levels within 6-8

weeks) pending the effects of cytotoxicrégents.

From our small series it can be readilyfseen that those
patients presenting with a creatinine 6f 550‘pmol/1 have an -
encouraging response to aggressive plasma exchange. Where |
extensive damage has already occurred dialysis is the end
result.

In one study?04 44 patients with anti GBM disease, ages
ranging from 4-72 years weré treated to daily 4 lvplasma
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exchanges using PPF and anvimmunosuppressive regimen of
prednisolone (60mg reducing to 20mg/day in 4 weeks), cjclo—
phosphamide (3mg/kg daily) and azathioprine (1lmg/kg daily).‘
Within 8 weeks, antibody wés not detectable‘in 21 Qf 34
ﬁatients. of 22 oligufic patients, none recovered renal
function, 16 remained diaiysis dependent and 6 died. of 5
patients presenting with creatinine:>SOOlpmol/1 (6.8mg/d1),
one improved and 4 proceeded to dialysis. bf 17 patients
with creatinine levels<:600}umol/1, 15kre¢overed renal
function, one becaﬁe’dialysis dependent and one died. Only 2

of the patients subsequently deteriorated.

In another study,so6 4 patients with diffuse proliferative‘GN
and 2 patients with focal proliferating GN (one of which had >
50% crescents) were treated with either corticosteroids or
corticosteroids and immunosuppressive drugs. This failed to
improve kidney function proteinuria and/or the amount of
circulating immune complexes. 9.8 ha 31 plésma exchanges were
performed‘on each patient using 5% Human albumin.and the

immunosuppressive treatment was maintained.

In 5 of the 6 patients'serum creatinine, creatinine clearance,
proteinaemia and/or the amount of circulating imhune complexes
declined. Kidney biopsies from 4 patients who'were re-biopsied
showed a change towards sclerosing N in all cases and in

the patient with focal proliferating GN, a decrease of the

number of crescents to-<50%.

307 '
A‘study has been made of 22 patients with rapidly pro-
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gressive glomerﬁlbnephfitis and severe renél impairment (12
cases were idiopathic, 7'had a positive immunofluorescence,b
had a negative immunofluorescence, and in 8 cases a vasculitis
could be demonstrated). All patients received prednisoloné
(1mg/kg) and cyclophosphamide (2mg/kg). An intensive plasma
exchaﬁge regimefwas applied in 11 cases, 2 positive IF—RPGN,'

4 negative IF-RPGN and 5 cases of vasculitis.

Improvement wés seen in 5 over 6 plasma exchange treated
idiopathic RPGN éases, 4 of them showing negative IF pattern,
in é a'éustained improvement was obtained and 2 went into ESRfF
after 17 and 33 months. ' In the group Qf.6 idiopathic RPGN
cases on which plasma exchange'was not carried out 3 patients

. died and 3 did not show any improvement.

Renal functioﬁ improved in 2 patients with‘vasculitis—
associéted RPGN treated by plasma exchange. In‘one case
improvement remained.34 months after treatment but in the
other case a progressive loss of fenal function was observed,
starting haequialysis five moﬁths after. In three other

cases,no changes were seen in one and two patients died.

Some‘béneficial effect of plasma exchange treatment in idio-
pathic RPGN mainly in its hegative IF form seems possible. The
effectiveness of plasma exchange in the treatment of RPGN

vasculitis-associated was not established.

Goodpasture's Syndrome.

118,213,214,215,308,309

Goodpasture's Syndrome is characterized
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by pulmonary haemorrhage and glomerule-nephritis. The eyndrome'
is most commonly initiated by anti-basement membnane antibodies
which cén be identified as linear immunoglobulin G (IgG) de-
posits along the glomeruiar basemenffmembranes (GBM) and the
alveolar basement membranes. Circulating anti GBM antibody

can also be shown by indirect 1mmunof1uorescence and more
fecently by radio-immunoassay. The specificity of the 1inear
deposits detected by immunofluorescence can be confirmed by .

elution studies.

Steroidbtherapy is now considered usefnl in the management

of pulmonary haemorrhage but there is lese evidence that
‘either steroids and/or immunosuppressive agents are beneficial
in the management of the renal manifestations of the syndrome.
Nephrectomy has also been considered to‘be of benefit in some
patients witn life—threafening pulmonary haemorrhage but the
results have not been consistent and fatal pulmonary

“haemorrhage has occurred in nephrectomized patients.

Intensive plaéma exchange permits the immediate removal of
antibody and, with tne appropriate replacemenf fluid, can
deplete inflémmatory mediators such as eomplement and
fibrinogen, whilet the immunosuppressive drugs provide the

longer term control of anti GBM.

In the present study plasma exchange was only partially
successful in securing improvement in the clinical status of
patients treated and this appeared to be dependent on the
creatinine concentration on presentation rather than on. the

depletion of circulating immune complexes. Other studies
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have also reported conflicting responses of patienﬁs'to plasma

exchange.

In one study304 an improvementkhas been reported in 7 cases :
of Goodpasture's syndrome treated by combined immuno-
supbression and plasmapheresié.‘ The coﬁtribution of plasma- .
pheresis to the survival of 6 of this gioup is difficulé to |
assess because of the large doses of immunosuppressivé drugs
employed at the samé time. There is often a striking fall in
fhe level of antibody at the initiation‘of therapy. Some of
the effects of plasma exchange may be due to the removal of
inflammatory mediators such as complement C-reactive pr§tein

and fibrinogen.

In another studyso6 a case»ﬁas reported 6f antiglomebular
basement membrane antibody induced Goodpasture's syndrome in
which the patient required haemodialysié aﬁd was treated with
immunosuppressive agents and plasmapheresis. A severe‘(BO%)'
crescentic lesion was reversed and crescentic lesion was
stabiized at 2.5mg/dl at one year folloQ—up. Fifteen other
reported cases of Goodpaéture's syndromebin which the patients
were treated with plasmapheresis were reviewed. Short term f
follow-up showed that nine of these patiénts were é1ive
without need of dialysis, five were receiving dialysis and 2

had died.

There have been instances of the recurrence of circulating
anti-glomerular basement membrane antibddy at different times

after immunosuppressive treatment and plasma exchange. 1In one
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4,2.9

patient, antibodies reappeared aftef an absence of 3 years
and linear IgG staining'bf the glomeruli was shown by immuno-
fluorescent studies. Renal function did not change and ther§
was no evidence of pulmonary haemorrhage. Antibodyylevéls
then fell spontaneously over the suéceeding 18 months. Two
cases have béen reported in which Goodpésture's syndrome re-

curred 13.5 and 38 months after kidney transplantation. "In

- one patient there were additional recurrences at 18.5 and 30

months associated ﬁith kidney graft dysfunction and proteinuria.
Dramatic improvemeht of graft function occurred after each
series of plasma exchange and has persisted for 41 montﬁs '
after the laét plasma exchange. The second patient returned

to haemodialysis one mpnth after plasma exchange when graft

" biopsy showed vascular lesions of chronic rejection. Anti

GBM antibodies initially detected in both patients disappeared

after the first plasma exchange.
Aplastic Anaemia and Red Cell Aplasia.

When there is a deficiéncy‘or defective utilization of an
essential factor, erythropoiesis may fail and haemopbietic tissue
may disappear. Haemopoietic hypoplasia may resulfvfrom

damagé to tﬁe haemopoiétic stem.cells by means of a toxin

acting against later erythroid cells or from damage to marrow
stroma. These result in pancytopenia, i.e., anaemia, leuko-
penia with neutropenia, and thrombocytopenia and are referfed :
to as aplastic anaemia. When the white cells and platelets

are not affected, pure red cell aplasia is the result.
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Aplastic Anaemia,

223,224,225,310 lead to marrow

A number of different mechanisms
aplasia. In about a third of all patienté, this appears to be
due to a drug, e.g., Chloramphenicol;. The maintenance of an-
adequate vascular microcircuiation‘is necessary to support‘
growth of haemopoietic tissue. ‘Destruction of the sinusoidal
structﬁre of a marrow may result in aplastic anaemia from
vatrophy of haemopoietic tissue and recovery reQuires re—
storation of meduliary vascularity. Stem cell defects may be
primarily reSponSible in this case. An autoimmune mechanism;i
may operate in some cases, e.g., selective aplasia of the’
erythroid cells, where there is frequently an association

with other aberrations in the immune system such as thymoma
and IgG antibodies to erythroblasts. There is some evidence

of lymphocyte-mediated stem cell inhibition in cases of

aplastic anaemia.

Haematopoietic stem cells and their progenitors differentiate
to mature blood cells under the influence of bone marrow micro;'
environment and haemqpoietins. Stem cells have surface anti-
gens that are different from those of mature célls and anti-
bodies,specific for precursor cells do nnt»bind to mature
cells. The exact nature of the elements of bone marrow en—
»vironmenf responsible for haematopoietic differentiation are
unknown. In—vitrovgranulopoiesksiS»dependent on colon&
stimulating factors secreted by the monocyté macrophages and
probaﬁly-regulated by prostaglandins, serum factors and

cellular interactions. The role of immune mechanisms in bone
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marrow failure associated with aplastic anaemia provides the

rationale for treatment in plasma exchange.

The present very small study shows some evidence fhat plasma-
pheresis could be beneficial in very few patients in whom
antibodies are responsible for the inhibition. in the
patients described in this study, the serum factor was IgG—'
anti DNA antibody in the patient with SLE; IgM in the patient

with cryoglobulinaemia and also in the remaining patients.

Similar beneficial results 6f plasma éxcﬁange have‘been re-—
ported in other investigations. One study224of in—vitro
granulopdises in 21 patients with aplastic anaemia showed that
12 patients had no in-vitro abnormality which accounfed for
the failure of the marrow to form colonies. It was thué
assumed that the pancytopenia was secondary to a still un-
known stem cell or micro-environmental abnormality. The three
abnormalities idenfified were (1) bone marrow hyperactive
suppressor T cells directed against the precursor cells in
three patients (2) circulating immunoglobulins directed
agaihst marrow colony forming units in culture (CFU-C) in
three patients, and (3) abnormalities in the function of
colony—stimulating factor in three patients. Plasmapheresis
combined with cytotoxic therapy proved to be effective in
removing the serum antibody and in the recovery of bone marrow
in the three patients in whom serum factors,,that_were in~

hibitory to the bone marrow precursor cells, were depleted.

Plasma exchange310 has been used in the treatment of a patient,
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with aplaétic anaemia and serological evidenée of systemic
lupuS'érytheﬁatosus,rwhose serum contained complement-
dependent ihmunoglobulin IgG antibody that inhibited both
granulocyte and erythroid colony formation by normal human -
bone marrow in-vitro. Incubation of normai human bone marrow
cells with the patient's serum and a soﬁrce of complement

v causéd a 95% reduction in myeloid colony formation. The'
addition of the patient's serum plus complement, to normal
marrow cultured in>methy1ce11ulose, alsoiproduced a 98% re-—
duction in erythroid dolony numbers. AsSay of serum immuno-
globulin fraction showed that inhibitory activity was con-
taihed in the IgG function. After a éerieé of procedures in
which 5 to 6 litres of plasma were exchanged isovqlumetrically‘
with type AB fresh frozen plasma at monthly intervals, the
titre of the inhibitor fell, the marrow cellularity and
peripheral counts returned to normal. Incubation of the
patients recovery marrow with stored pre-plasma pheresis

serum and complemént did not produce reduction in myeloid

colony formation.

Red Cell Aplasia.

225,226,311-313 | their

Some types’of aplastic anaemia
counterparts in cases where énly the erythroid cells are
affected. They are characterised by the main absence of
erythrbblasts in an otherwise normal marrow. In some cases :
tryptophane metabolism may be involved in'the genesis of
erythroblastic hyperplasia, i.e., it may be associated with
riboflavin deficiency. Other acquired céses appear to be‘due

Vto antibody—directed specificity against erythroblasts and/or
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erythropoietic factors.  This is often associated with a
thymoma, occasionally with myasthenia gravis and in a pfoé
portion of cases it may be possible to demonstrate the serum
anti-nuclear facﬁor, LE cells, and a positive direct anti-
globulin test. IgG serum inhibitor erythropoiesis has been

demonstrated by both in-vitro and in—Vin assays.

The effects of autoantibodies include inﬁerference with haem
synthesis, aé demonstrated in suspension cultures 6f normal
bone marrow,vcomplement—dependent lysis of erythroblasts and
complement-independent inhibition of erythroid progénitofs.

Occasionally antibodies are directed against erythropoietin.

The treatment of red cell aplasia of the antibody type is
based on thymectomy for thymoma and immunosuppression, e.g.
cyclophosphamide or antilymphocyte globulin;‘ Plasma exchange
offers potential for the treatment of patients who may not

respond to immunosuppressive therapy.

The present study, involving oniy two patients, was too

limited to properly reflect the efficacy of plasma exchange

in the treatment of aplastic anaemia. In one reported study?11
plasmé exchange was applied to a patient with pure red cell
aplasia who did not respond to immunosuppressive therapy.

The patient's plasma contained antibodies that inhibifed
erythroid formation of autologous and normal bone marrow cells.
Extensive plasma pheresis removed the auto aﬁtibody and re-

sulted in complete normalisation of erythropoiesis that had

persisted for more than 2 years.
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4.2.10

In a further study,313 a patient with fulminant lupus
pneumonitis, renal failure and red cell aplasia not.re—
sponsive to massive corticosteroid therapy showed sustained
improvement after plasma pheresis and haemodialysis. The
patient's respiratory and renal function improved and

gradually feturned_to normal.

For selected patients with life threatening disease unre-
sponsive to conventional therapy plasmapheresis provides an
albeit temporary experimentél therapeutic option. Additional
experience may show whether patients with less severe disease

activity may be responsive to such therapy.

Polymyositis

Polymyositis identifies a group of diseéses'in which muscﬁlar
weakness and wasting may be associated with muscle pain and
tenderness or with evidence of some form of connective tissue
disease or collagen disorder. The term is used to include
cases with fiorid skin change, i.e., dermatomyositis, usually
taken to indicate the so-called idiopathic syndrome and ex-
cludes disorders such as polymyalgia rheumatica and acute
myositis resulting from infections with micro-organiéms and

: 314-318
viruses.

The aetiology suggests an organ-specific autoimmune disease,
while in cases showing involvement of skin or joints, it can
be accepted as being the muscular manifestation of non-organ

specific-auto immune disease.
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The commonly demonstrated relationship between polymyositis
and dermatomyositis on the one hand and malignant disease on
the other suggests that the condition may also on occasion be
the result of conditioned aufo—immune response in patients
suffering from cancer. It is a condition occurring in many

races world-wide and in both sexes.

Apart‘from occasional acute cases in which widespread muscle
pain, fever, constitptional upset and fapidly progressive
paralysis occurs, the condition usually runs a sub-acute or
chronic course. Muscle pain and tenderness occur in 50% of
cases, as does dysphagia. VCutaneous manifestations are seen
in 66% of all patients. Helioptropeerythema and periorbital
oedema are particulerly characteristic and eo is congestion
of the nail beds. In 25% of cases, joint pain and stiffness
occur at some stage. Proximal limb muscles are invariably
involved and the neck muscles are affected in about 60% of
all cases. Involvement of distal limb muscles is less common,
but weakness may be generalised in about 33% of all cases.
Because of the progressive nature of the disease, it hae been
suspected that a pathogenic autoantibody might be involved.

" Although it has not yef been demonstrated, there is some
evidence from muscle biopsies carried out, that‘an autoanti-
body with specificity for muscle tissue may be present;
Diagnosis is usually by demonstrating a markedly elevated
serum creatinine phospho kinase, a myopathic pattern of
’volitiOnal activity electromyographically and by means of a
muscle biopsy. The latter demonstrates wide-spread necrosis,

and phagocytosis of muscle fibres and interstitial and peri-
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vascular infiltrates of inflammatory cells.

The mainstay of‘treatment is cortisteroid therapy in moderate
to high dose in the first instance. In those patients re-
fractory to thisktherapy, immunosuppressive and cytotoxic

therapy is instituted.

If cellular and.humoral immune mechanisms contribute to the
musqle ahd skin insury then plasmavexchange should providé
some reliéf.v In ‘the pfesent study 7 patientsbexhibited an
improvément in clinical status of 2 grades and 3 patients of
one grade after plasma exchange following significant re-
ductions in the values of creatinine kinase, asparate trans-—
aminase, alaniné transminase and lactate dehydrogenase.
Simihﬁ~behaviour has been reported by‘other workers.

In one study,314 27 patients with polymyoéitis were tfeated
with a weekly series of large volume‘plasmapheresis (5-6%
body weight) until an end point was reéched where the CK had
normalised or reached a plateau and thére‘was no additional
'bénefit. All patients had been treated previouSIy with
modérate’to hight dose corticosteroids but had eitherxrespond-
ed inadequately or could not tolerate'é dosage adequate to
suppressbdisease‘activity because of side effects. Cyclo-
phoasphamide was added daily at the time of the fifst ei—
changé. Patients who developed side effects were switched to
chlorambucil. All but 2 patients showed at least 1 gréde of
improvement on.a 7-step scale of musclé testing. The best ’
responses were seen in patients whose diéease was Quite‘
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activé as determined by the rate éf_élinical pr@gression and
the ﬁéight of the CK activity. CK was found to be a muscle
enzyme thch seemed to correlate better with:disease activity
than‘other-commonly measﬁred enzymes sﬁch as SGOT adolése of

LDHQ

Patiehts with slowly progressive disease-had the least énd no
response to plasma exchange. Serum CK':actiVity decreased in '
all patients in whom it was initially elevated and normalizéd
at some point in two—thirds of the patients. It took up to 30
trgatﬁents over prolonged period of'time to completely

normalize CK in some patients.

Post—exchange biopsies from patients with highly active
disease showed no evidence of fibre necrosis, phagocytosis
and interstitial and vascular inflammation. Two patients

had mild perifascicular atrophy.

In another stgdy;als electro-myography and muscle biopéy were
abnormal in eachvpatient. An IgG kappa monoclonal para-
protein was found in‘the serum of all three pétients. Muscle
biopsy specimens showed lineér deposits of IgG kappa along
the sarcolemmic basement membrane of the individual fibres.
Stains for lambda light chains, other immunoglobulins and
complemént components were negative. The patients failed to
respond to prednisolone for perigds longer than 3 months.
The‘addifion of plasma exchange performed 3 times a week for
3'weeks produced a fast clinical improvement in all 3 patieﬁts.‘

Muscle biopsies after plasma exchange showed no immune de-
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posits. Monoclonal immunoglobulin is demonstrated in the
serum and along the sarcolemmic basement membrane in three

patients.

‘Two of the four patients with polymyositis clinically im-

‘ 16
proved after an intensive course of plasma exchange.3 One
patient showed marked, and the other moderate clinical re-

sponse. No relation was found between the degree of clinical

 improvement and the duration of illness before plasma exchange.'

4.2.11

No statistically significant biochemical'tesponse could be

demonstrated.

Clinical Status of Patients.

The side effects observed in the study are in accord with
236-244,

those recbrded in an extensive literature.

The moét frequently reported side effecté of Héemaccel are
minor skin reactions, urticaria and bufning sensations. An
occasional case of fécial oedema, a rise in body temperature,
hypotension and respiratory difficulties have bgen observed.
Cases of bronchospasm and circulatory collapse have occurred
very infrequently. Haemaccel is generally considered to be

non-immunogenic, i.e., it does not trigger production of

“antibodies on repeated challenge.

Whilst not encountered in the present study, it is known that
the rapid infusion of plasma substitute can cause the release
of detectable small amounts of histamine. The exact mechanism

is unclear but it may be due to direct chemical action on
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mast'cells. It has also been suggested that histamine
liberation may be related to individual sensitivity and to

the rate of infusion of solution.

Feverish reactions constitute the majority of side effects
experienced with plasma‘protein solution. These tend to‘bex
short lived and usually occur iﬁ cases of known sénsiéiéétion
to blood and its derivatives. Other side effects which‘ﬁave
arisen were»usuallj‘due to the procedure. In France fhefe
‘are Many reports of fever and'éhivering associated with the
use of 4% albumin as replacement fluid. This was attributed
to the purity and vafiability of the preparation. Albumin
of placental origin purified’by chromatographies sub- |
stantially reduced the frequency ofvthe febrile réactions. ’
Where volumes of fresh frozen plasma larger than those
émployed in the present study have beén used significant

~ side effects have been encountered.

4.3 Leukapheresis

Acute .leuka\emiaw_22 results from the undéntrolled proliferation
of poorly differentiatedvimmature éells (blasts) in the blood and
bone harrow and their invasidn into the rest of the body orgahé
is chiefly responsible for the devastéting effects of the disease.
The clinical manifestations and the response to therapy may vary
with the type of blast cell involved in the leukaémia process.
Acuﬁe lymphatic leukaemia accounts for over 80% of the cases in
childreh, whilst acute myeloid leukaemia constitutes at least 85%

of adult patients.
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There are two fuhdamentally different forms of chronic leukaemia,
namely chronic granulocytic and chronic lymphocytic leukaemia.
The latter is a disease of the elderly, the former occurs at all

ages and is especially associatéd with middle age.

Cell morphology provides the basis of diagnosis and classification
and immunological techniques are used to detecf,antigens and other
k.molecules on the cell surface. Standardised treatment strategieé

have now been devised based largely on intensive drug regimes.

However leukapheresis, by continuous flow céntrifugation, has
been‘emﬁloyed in the management of both acufevand chronic
leukaemia . It is a method by whichka large and felatively pure
population of white blood cells can bevﬁarvested in a short periéd'
of time.  This controlled depletion'of peripﬁeral white cells
occurs without a significant loss of red celis or platelets. It

has been employed for:-

‘i. The therapeutic cell depletion for the reduction of tﬁe ‘
tﬁmour burden in chronic leukaemia and the prevention of
leukastasis in acute leukaemia. |

»2. The coliection of peripheral stem cells from‘patientsf
with chronic myeloid leukéemia.

3.vThe collection of allogenic leukaemic blasts for immuno-
therapy as an adjunét to Chemotherapj in prolonging

remission in acute myeloid leukaemia.

It is known that leukostasis, i.e., the occurrence'of intra-

vascular leukocyte aggregates and thrombi, is most frequently
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associated with acute noﬁ—lymphatic-leukaemia with peripheral -
leukocyte counts in excess of 100 x 109/1. "Any increment added
to the total cytocrit by transfusion may aggravate morbidity aﬁd
mbrtality, as may the institﬁtion of conventional chemotherapy.
Clinically the morbidity and mortality is preddminantly of pul-
monary and central nervous system origin aﬁd onset symptoms'may
occur in the last few hours of life. Despite few histological
confirmations éf leukéstasis in patients subjected'to leuka-
pheresis, dramatic improvement in the clinical status of pétients

has been noted.

The urgent removal of 0.5 to 2.4 x 1012/1 cells can rapidly re-

duce the WBC to less than 50,000 x 10°/1.

Léukapheresisr as sole therapy for chrqnic myeloid leukaemia,
requires repetitive procedures at high cost relative to medical
therapy and does not achieve marrow remission. The transient
lowering'of 1euchytevcounts to relieve symptoms attributed to
extreme leukocytosis, while cytotoxic therépy is being intiafed,

would seem justified.

The occasional leukapheresis procedure cénfbe ugeful in selected
patients with chronic lymphatic leukaemia in whom the WBC is
100,000 x 109/1. In some patients there is a reduction in
magnitude of the hepatomegaly and/or splenémegaly over the
duratién gf the procedure. Leukapheresis should never be employed
as sole therapy in cases of chronic lymphatic leukaemia as it is
unsuccessful in aliévating anaemia or thrombocytopenia.

Occasional patients (less than 10% with stage IV disease) appear
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to respond to 1eukapherésis at one to fbur week intervals with

increases in haematocrit and/or platelet count.

The present study has confirmed that leukapheresis provides a
relatiQely rapid means of safely reducing,the circulating white
cell count. It wili certainly bring clinical improvement, by re-
ducing the circulating WBC by 40% within three hours of the first
proéedure. 'Leukapheresis relieved respiratory symptoﬁs in 2 out
vof 10 pétients, and neuroiogical symptoms in 3 out ofblo patients.
The thimal treatment would therefore appear to be leukapheresis
foliowéd by chemotherépy because the response to chemothérapy is
 improved if the white cell count has beenﬁreduced by serial

leﬁkapheresis.

In the tfeatment of chronic myeloid leukaemia leukapheresis has
not proved to be a superior form of treatmént and does not appear
to delay blastic transformation. In the treatment of chronic 3
1ymphatic leukaemia leukapheresis will result in reductions in -
lyhphocyte count, spleen size, lymphnode size, bone marrow in;
filtration and liver size, but it should be used for those
patients failing other forms of freatment.

There is considerable literature 319-324 on the application of
leuképheresis in the treatment of leukaemias. In one study
leukaemia patients with extremely high éeripheral white blood
counts and who had experienced a cellular hyperviscosity syndrome
were leuképheresed to reverse the associated neurological dys—’:
functions.319 Leukapheresis had effectively been used to rapidly

reduce high blast counts in acute leukaemia for the management of
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leukostasis;320 ‘Temporary control of*léukécytosis has aiéo been
managed by éytopheresis techniques.sal.’az2 Regression of thé 

disease has been reported with infenéive leukapheresié in chronic
lymphocytic ieukaemia. Leukapheresis has been safely used as an’
alternati?e to chemotherapy in the treatmentiof leukaemia during

32
pregnancy.

A single urgentleukapheresis has been re#omméndedlg prior to con-
ventional chemotherapy to reduce the 1eukocyte count‘to the 50 x
109/1>range. Congsiderable variation was found in the sepération
conditions for leukaemia cells but there wefé immediate clinical
benefits, namely iﬁproved cerebral function, reduction in spleen'
éize and decreased dyspnoea. There was conéiaerable CNS and pul-
monary mbrbidity and late mortality in the treated group. A serum
LDH rising to greater than 4 x 103 units was>associated with a

poor prognosis.

Nineteen patients with écutelleukaemia,(e lymphoblastic, 8
myeloblastic aﬁd 5 myelomoncytic) and 13 patieﬁts with chronic
leukaemia (9 myelocytic, 3 lymphocytic and lihairy'cell) have been
subjected to leukapheresis procedures.21 The patients, 16 malé
and 16 female, ranged from 5 to 80 years, and were éubjected to

i? and 38 procedures respectively. The lymphoblastic patients,
‘myeloblastic patients, myelomoncytic patients, myelocytic
patients, lymphocytic patients and hairy cell leukaemia patient

were subjected to 6, 8, 5, 9, 6, and 21 procedures respectively.

In most of the acute cases the leukapheresis was performed'as an

emergency procedure and was lifesaving in some instances. The
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chronic patieﬁts were leukapheresed either because of blastic
transformation (CML) or'because they were refractory to con;
ventional therapy. In some cases there were minof improvéments
in respifatory function, WBC, neurological dysfunctioh and
anaemia after 1eukapheresis, but no improvément was noted in
splenomagaly, hepatomegaly, nodular involvement and fever. Only
44% of the acute 1eukaem1a patients survived 21 days past the
first leukapheresis. Those not surviving died shortly after the
procedure because of leukostaéis or haemorrhége. All of the
chronic leukaemia patients survived beyond 2i‘days.

In one study,324 20 leukapheresed patients were compared with 78
non-leukapheresed patients (control group), 12 male and 8 femalé
(aged 11-59 years), 9 newly diagnosed patients Qith acute lympho-
blastic 1eukaemia and 11 with acute non—lymbhdid leukaemia. All
patients were given 1, 2 or 3 leukapheresis (42 in all) followed
by induction chemotherapy. A 30-35% decrease in initial WBC was

.obtained after each leukapheresis.

In ALL, = 7 of the 9 leukapheresed patients achieved complete
remission without early death. In ANLL, 5 of the 11 leuka-

pheresed patiehts achieved complete remission, while 6 died.

It was concluded that early death rate was lower in the leuka—v
pheresed patients, but statistically significant only 1n ALL
patients (p<<0.01) and the complete remission rate was higher in

the leukapheresed patients than in the control group.

The leukaemic mass removed after second leukapheresis procedure did

not increase any more.
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5'

FUTURE DEVELOPMENTS

5.1

Technical

If, in the course df time, therapeutic apheresis is assessed‘
to be no more than adjunctive or palliative and not curative
and of short-term rather than long ferm benefit, the
application of blood cell separators and apheresis techniques
will be justified by their contribution to the improvement

of the élinical management of severél disorders by cellular
or plasma depletion orbby rapid“erythrocyte or plasma re-
placement. Randomized clinicalbtrials being uﬁdertaken at
present or in the future will undoubtedly increase the scope

of potential applications of the procedures and, hopefully

_ will add to. the understanding of the separation character-

istics of different cells and the kinetics of cell population
and lead to an improvement in the rationale of treatments

based on apheresis procedures.

The separation of blood components by centrifugation methods

is reiatively crude and some measure of inter-constituent
contamination is inevitable. Further, because of the
diminishing ingremental effect of the removal or addition of
a subsfance ih a patient by plasma exchange, the complete
removal of a harmful substance will be difficult and the
removal bf evén the bulk of a substance will require a
number of‘large volume exchangés with appropriate intervals
to allow the diffusion of extra vascular antibody'intovthe ‘
intravascular space for subsequent removal. This method §f

rémoval of a substance is inefficient and wasteful in that
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the nu&ber of desirable components are also indiscriminating-
ly rehoved and then require to be repiaced b& appropriate
fluids.which in themselves caﬁ jntroduce furthef com—
plicatibns. Clearlyvthere is a need for procedure that will
permit the expeditious return of the patient's own plasma
from which the offending compoﬁent or components have been
selectively removed in the course of fhe exchangé. Aph;resis
by fiitrationiréther than by centrifugafion offers advantageé.
The resulting plasma should be completel&.free of particulaté‘
matter above 0.6 pm in size which should render it more re-
sistapt to blockage in long‘procedures or in‘smallvbead
packed columns. The continuing development of less costly,
more efficient, faster operating membranes for the specific

removal of plasma constituents may be expected.

ft has been genérally predicted325 thaf the likely overall
demands for the future will require an input from every
>million of the population of between 10,000 and 12,000 litres
of plaSma annually, the bulk of which will have to be fresh;
There is general agreement that the efficient and economical
use of blood implies that patients be transfused only with
the specific component of blood reqﬁired.i The cellular com-
ponents of blood can be sepafated into péckéd‘red cells,
platelets and white cells. Plasma is a source of albumin or
labile clotting factors. The most economical source of
plasma is from whole blood drawn for red cell transfusion.
There is clearly scope for equipment and procedure developé
ment that will maximize the yield of componenté, minimize

the inter-component contamination and component cost.
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Improvements can also be expected aimed at reducing the
variability of components particularly in cellular quantity

and character.

It is likely that by combining apheresis procedures‘with
existing and future column techniques greater progress will
be made  in achieving the abovekobjectives. The-bio- |
compatibility ofbcolumn packing can be mérkedly imbroved by
passing only plasma through the cdlumn énd returhing the by-

passed cellular elements directly to the patient.

There are already indications that progress is beingimade in
the selective isolation and collection of plasma constituents:/3
There is increasing application of protein A which not only
can remove IgG sub-classes 1, 2 and 4 but can apparently ré—
activate a suppressed immune system either by removing
blocking antibodies or stimulating the cellular system.
Ceils bearing IgG on their surface may élsq be adsorbed out

provided the size of bead in the column is increased to 300

Pm to allow free passage of cells through the interstices.

A and B blood group aﬁtibodies héve been removed by totally
synthetic antigens rendered bio-compatible by celluldse
nitrate/albumin coating cholesteral and/or low-density lipo-
proteins have been remo§ed by Heparin—agrése. Inhibitors tb
Factor VIII and Factor IX have been adsorbed 5y proteinvA -

- sepharose. Furthef studies albng these lines may be expected

to continue.

Questions remain regarding composition of column or filter
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effluents and the modified plasma. The Mechanics of specific
and non-specific removal of factors such as coagulation,

‘anti coagulation, complement and other plasma éonstitﬁenﬁs
requires further clarification. Furthér evaluation is re-
quired of the reactions.encountered in the course of plasma-
perfusion to determine whether they can be prevented. The
premise that a specificAsorbent should exist fér each of the

many plasma constituents likely to require removal provides

the impetus for further developments.

The perfusion of leukécytes will become feasible if the

problems of cell blockage can be overcome. The use of large

microbeads (300 Pm diameter) has been advocated but these

have very low capacity and a tendency to high non-specific

/

ficial, e.g., multiple sclerosis.

binding. The newer microspheres (0.1—0.2‘Pm diameter) may
offer greater scope, particularly when coated with appropriate
antibodies and labelled with fluorescein or magnetic colloids.

They can bind to the target cell surface at multiple sites

and be removed in a second stage filter column of immobilised

anti-fluorescein or magnetic filters. Such a procedure

would be useful in the treatment of diséases where changes

in the T cell suppressor/helper subsets is known to be bene-

73

Advantages have been conferred by combining membrane and

column téchniques in a single integrated film absorber in

which carbon is embedded in cellulose nitrafe film.  This
 improves the internal diffusion limits set by larger beads

and can be expected to form the basis for further development.
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5.2 Therapeutic.

Lymphopheresis is not Yyet of practical use in haematologic -
oncologic disorders. It would be applicable if the lympho- |
cytes producing the harmful substances‘could be identified.

The ability to remove only specific lymphocytes would be of
value in diseases mediated by lymphocyté immune activity but
this awaits the development of labelling techniques. Lympho-—
pﬁeresié is &urrently used in graftvverSUS host disease'follow—

ing bone marrow transplantation.

The contributions of transfusioﬁé of donor granulocytes are
now reasonably well defined. It is unlikely that further
studies iﬁ the forseeable future will significantly alter the
indications of their use. If haemopoieﬁic,stem cells are ‘
present in the human circulation in appreciable numbers,
their use in preference to stem cells harVested from bone

marrow could have various specific advantages.

- 5.3 Replacement Fluids.

By the end of March 1986, 340 cases of Acquired Immﬁﬁe._
Deficiency Syndrome had been recorded in the ﬁnited Kingdom.
- Of these 5.5% were the recipients of blood products. Most
at risk were haemophiliacs because some 20,000 donors could
have contributed fo each vial ofiAmerican Factor VIII con-
centrate. Since the introduction of heat-treated Factor

VIII, the risk of infection has been reduced.
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Patients who had had fransfusions of‘blood and blood pfo-
ducts, namely, platelet concentrate and fresh frozen plasma,‘
are also at risk, although the risk is much lower. British
blood donors, who are vbluntary, have always had a lowér
incidence of hepatitis than those iﬁ the U.S.A., who are
paid; the same is true of HIV. The scréening of blood
donors is now routine in the U.K., the‘U.S.A. and an in-
créasing number of other countries. The,potential.donor'is
wérned that this is happening‘and is ésked not to dohate if
he considers himself at risk of infection. Despite this,
and because of the increased incidence of Acquired Immune
Deficiency Syndrome and the possibilit& of transmitting

the HIV through plasma exchange, greéticoncern has been
raised about the use of fresh frozen plasma as a replacement

fluid.

Since March 1986, no fresh frozen plasma hés been ﬁsed as
réplacement fluid at the Royal Infirmary. Since November
1985, thekCanadian Apheresis Group decided to diépense with
fresh frozen plasma because it considered that the produpﬁ

posed a serious threat to continued pétient enrolment.
Thus, in the future only Albumin and Gelatins will be used as

replacement fluids and this should decrease concern over the

possibility of infectious complications.
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CONCLUSIONS.

The fluids normally used to replace large volume plasma removed
during plasma exchange procedures were plasma protein fraction,
albumin 5% and very occasionally fresh frozen plasma. It was

found that the consumptlon of albumln 5% could be substantlally

reduced by substituting wholly or partly with polygeline. The

responsefof patients treated for myasthenia gravis, Guillain-.

VA .
" Barre syndrome, polyneuropathy and polymyositis by plasma exchange

was essentially similar when plasma protein'solution,‘plasma
protein with Haemaccel or Haemaccel were used as replacement

fluids.-

Therapeutic plasma exchange has not proved to be the panacea for
all disorders. It is, however,'finding its level of application;
specific for some treatments, useful for others and to be used in

certain cases when all conventional therapy has failed.

Although crude in its selectivity, plasma exchange is capable of
removing any toxin located mainly within the blood stream. The
problembis more complicated when the toxin is distributed both‘
within and outside the vasculature, withkthe two oompartments in
dynamic equilibrum. If the source of‘supply of fresh toxin can

be interrupted (and provided that no irreversible harm has‘been.
done to the target organ) then again the removal of the toxin fnom
the plasma in sufficient quantities will benefit the patient. The
toxins in Goodpasture s syndrome and myasthenia grav1s are re-
spectively antibodies against the glomerular basement membrane and

acetylcholine receptors and their production may be diminished .by

302



immunosuppressive drugs. Survival -and recovery of renalAfunction
in Goodpasture's syndrome is improved'by plésma exchange,vwhilst'
its use to circumvent the known delay in the action of immuno-
suppressive-drugs is cleariy’indicated in severe and life-

threatening myasthenia gravis.

The succéss of plasma exchﬁnge in specific antibody mediatea
diseases does not justify its use in others. In most cases treat-
mént‘by immﬁnosuppressive drugs wili prove effective. If immuno-
suppressive drugs cannot be used then the antibody will rebound -
to tﬁe initial or even higher concentrationg. In diseases
mediated by immune complexes, plasma exchange can lift thé
blockade imposed by circulating complexes on their clearance by
the reticuloendothelial syétem.» It is also possible that plasma'
exchange may médulate the immune response by influencing the com; .
position of the complexes and their distribution between body
components. HoweVef, the efféctiveness of plasma exchange in'the

treatment of immune complex disease has yet to be established.

There is a need for more satisfactory controlled studies which

are not easy to organise because the diseases are rare, action

is often urgent and protocols may often prove inappropriate.
Further, without sufficient knowledge of the underlying pathogenic

mechanisms interpretation of the results must be difficult.

Leukapheresis may be used for acute myeloid leukaemia patients
with high white cell counts and associated symptoms; it is not
recommended as routine therapy or as a form of tumour debulking.

It can be useful in the treatment of some patients to whom chemo-
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therapeutic drugs cannot be administered immediatelonr in whom
initial chemotherapy has not produced the required rapid fall in

white cell count.

Intensive repeatedtleukapheresis for chroﬁic myeloid leukaemia
patients produces falls in peripheral leukocyte count, improve;
ment in systemic symptoms and reduction in hepatosplenomegaly,
but only rarely are these sustained. The overall course of the
disease abpears to be unchanged. In the treatment of patients
with advanced chronic lymphocytié leukaemia intensive leuka-
pheresis may offer some benefit from fails in girculating lympho-
cyte counts, variéble regression in the degree of bone marrow |
infiltration, adenopathy and splenomegaly. Howe?er, it is un-
likely that the proliferation of leukaemia cells could be in-
fluenced by bulk removal of cells, so as to increase sensitivity

to specific chemotherapy.
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