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T h e effect of intensive plasma separation per formed eight times within 5 weeks in four
patients with atopic dermatit is , bronchial astbma and hyper immunoglobul inaemia E was
followed as regards clinical symptoms and changes in the concentrations of serum (S) IgE, S
IgG, S IgA, S IgM, plasma complement C3 split products , S transferrin, blood eosinopbils,

- cbemotaxis of neutr"ophil cells and histamine metabolites in urine in samples obtairred

: . •• • consecutively du r ing the period of observation. T h e occurrence of circulating i m m u n e
., .. complexes (IC) was analysed by a polyclonal rheumatoid factor (pRE) agglutination inhibi-

tion assay and an IgE IC specific technique, IgE IC were demonst ra ted in three of the
patients pr ior to plasma separation, complexed IgE was 2 - 3 % of the total concentrat ion of
S IgE, In one patient complexes were detected by tbe pRE agglutination inhibition assay,
also. In the tbree patients witb IgE IC, the complexes disappeared dur ing t rea tment , but
recur red in two of the patients shortly after the last plasma separation. Shortly after eight
separations the S IgE was reduced in all patients to a mean level of 46 9f of the
pre-exchange concentrat ions. During the following 3 weeks the relative increase of S IgE in
three of tbe patients was similar to the values obtained for S IgG, Serum IgG was
subnormal in all patients du r ing the period of t reatment . Increasing number s of eosinophils
were observed in three of the patients after the fifth separation procedure . The bistamine
metabolite 1,4-methylimidazoleacetic (1,4-MIAA) in urine was increased in all patients, but
no significant changes were observed dur ing the t reatment . T h e increase of complement
G3c split p roduct in two of the patients du r ing the separation p rocedure indicated that
complement activation took place. Questionable clinial improvement of dermatit is and

• as thma was observed dur ing the period of plasma separation, and the effect was shor t
lasting, Eor the time being plasma separation in patients witb combined bype r immuno-
globulinaemia E, asthma and atopic dermatit is cannot be r ecommended as a tool in tbe
managemen t of the disease,

• • Key words: atopic dermatit is; bronchial asthma; hyper immunoglobul inaemia E; plasma
- . separat ion.
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The oeeurrence of increased S IgE concentra- Hyperimmunoglobulinaemia E syndrome is
tion has been described in a variety of diseases associated with pronounced blood and sputum
including atopic disorders (12), Hodgkin's dis- eosinophilia, suppressor T-cell deficiency and
ease (1), paraproteinaemia (18), and in patients impaired chemotaxis (2, 15), In the majority of
with recurrent staphylococcal infection and patients with very high concentrations of S IgE
hyperimmunoglobulinaemia E syndrome (23), the clinical hallmarks are atopic dermatitis,
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asthma and positive immediate weal-and-flare
skin reactions to different antigens (5, 10), In
some tropical populations with hyperimmuno-
globulinaemia E, however, a low prevalence of
atopic disease has been observed. This indi-
cated that several factors besides the S IgE
levels might be of importance for the clinical
manifestations (13),

In patients with atopic dermatitis different
groups have demonstrated the occurrence of
circulating immune complexes (5, 21), In one
of the groups food antigens were dernonstrated
as possible constituents of the complexes (21),
The reduction of S IgE or immune complexes
by a plasma separation has been reported in
one case with increased S IgE and asthma (8)
and in one case with hyperimmunoglobulin-
aemia E syndrome (11), In both cases clinical
improvement was observed. In the present
study the effect of intensive consecutive plasma
separations in four patients with increased con-
centration of S IgE and atopic phenomena was
followed by monitoring of clinical symptoms,
including possible side effects secondary to
plasma separations, and changes in serum and
urine components, especially S IgE and IgE IC,

MATERIAL AND METHODS

Patienis

Four patients, mean age 30 years (range 25^2
years) with elevated S IgE, asthma and atopic
dermatitis without any signs of staphylococcal
infections underwent plasma separation. All
patients showed positive skin prick hypersensi-
tivity to horse and dog antigens. Furthermore,
three of the patients (except patient M,M,)
showed skin hypersensitivity to Phleum pratense,
Artemisia, cats, and Dermatophagoides pteronyssinus.
None of these allergens seemed to have decisive
importance for the course during plasma sepa-
ration. All patients were on treatment with oral
beta^-stimulators, steroids in spray and slow-
release theophylline tablets. Various der̂ mal
treatment had been tried, but was of short
benefit.

In all patients clinical status regarding
changes in asthma, dermatitis and general con-

dition, as well as changes in medications, were
followed. By use of a score system, changes in
these parameters were followed for each patient
during the period of observation. The score
indices were calculated weekly for the patients
as indicated in Figs, 2 and 3, The clinical state of
the patients at the starting point was indicated
by 100%, each parameter (asthma, dermatitis,
general condition and medication) were equally
weighed in the score system. Before plasma
separation all the patients had eosinophilia cor-
responding to a mean value of 690 x lO'Vl
(range 330-1420 x lO'Vl), normally below 350
X IO''/1, An SIgE mean value of 8,9 (range
5,7—14) X 10'̂  U/ml was observed at the same
time, the range of controls was (0-0,3) x 10-'
U/ml,

Sampling

Blood and urine samples were obtained before,
during and 20 h after each plasma separation.
Serum was collected and after centrifugation,
stored at -20°C until analysis. For analysis of
complement split products EDTA-plasma (10
mmol/1 EDI A) was stored at — 80°C until as-
sayed. The urine samples were acidified by ad-
dition of 6 ml 6 N HCl to the collection bottles
and kept frozen until analysis.

Plasma separation procedure

Plasmafio"^ from Asahi Medical, Japan, was
used as plasma separating filter. Vascular ac-
cess was obtained by a femoral catheter intro-
duced ad modum Seldinger and for return flow
a canula in a peripheral vein was used. The
volume of discarded plasma was replaced by an
adequate amount of 3% albumin in Ringer's
lactate and dosed automatically by a Gambro®
Hsemofiltration monitor, Anticoagulation was
obtained by 5000 iu heparin initially, followed
by continuous infusion of JOOO iu/h, A blood
flow of 100—150 ml/min gave a filtration rate of
30-50 ml/min, thus, the whole procedure was
completed in approximately 90 min. The test
design used included eight plasma separations
in each patient during a period of 5 weeks.
During the first week three filtrations were
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done, the following week two filtrations and the
last 3 weeks one filtration per week. On each
occasion the volume of exchanged plasma was
2—3 1, amounting to a total of approx, 20 1/
plasma per patient.

Measurement of histamine metabolites

The amount of the histamine metabolite (1,4-
MIAA) was analysed by a high performance
liquid chromatographic procedure (27), Refer-
ence interval 0,72-2,34 mg/24 h of 1,4-MIAA,

Measurement of chemotaxis

Chemotaxis of polymorphonuclear leukocytes
(PMN) was determined using an invertible
Boyden chamber as previously described by
Valerius (28), The chemotactic factors used
were casein dissolved in Gey's solution at 1
mg/ml and 5 mg/ml, and a culture filtrate of E.
coli, diluted 1:3 in Gey's solution. All experi-
ments were performed in triplicate and the
median value used as the result.

Gel filtration

Approximately 1,5 ml of serum was heated to
37°C for 45 min to dissolve any cryoglobulins
(24), Particulate material was removed by filtra-
tion through a Millipore filter with pore size
0,8 \im. The filtered serum (approx, 1 ml) was
then applied to a calibrated 2,5 x 98 cm Seph-
acryl S-300 (Pharmacia) column, Elution was
performed with 0,1 M Tris-HCl, 0,2 M NaCl, pH
7,7, with a flow rate of 15 rril/h, and 5-ml
fractions were collected. The IgE concentration
in the fractions was deternlined with an auto-
mated particle-counting immunoassay for S IgE
as described in detail elsewhere (19), Dilutions
of an IgE reference serum (Behring Institute,
Marburg/Lahn, West Germany) were used as
standards.

Measurement of complement C3c/d

Quantitative determination of C3c and C3d
were performed by means of rocket immuno-
electrophoresis as described elsewhere (3, 4),

Measurement of circulating immune complexes

IgE-containing immune complexes were mea-
sured by precipitation with 3,5% (w/v) PEG
6,000 followed by quantitation of IgE in the
redissolved precipitates. Based on in vitro studies
of PEG precipitation of radiolabelled mono-
meric human IgE, significant precipitation of
IgE did not occur until concentrations of 4—5%
PEG were reached. We therefore selected 3,5%
PEG for further studies (7), Circulating immune
complexes were also measured by a polyclonal
rheumatoid factor agglutination inhibition assay
(pRF) described by Kappelgaard et al, (14),

Measurement of serum proteins

The concentration of S IgE was measured by
Enzygnost IgE (Behringwerke), S IgA, IgG,
IgM and transferrin were measured by use of
an immunoelectrophoresis technique (17),

RESULTS

With the PEG precipitation assay, IgE IC were
detected in three of four patients before treat-
ment. By gel filtration of the sera (7) it was
estimated that 2—3% of total serum IgE existed
as IgE IC (Fig, 1), After the last plasma separa-
tion, the IgE IC had disappeared in all three
patients. In two of the patients, the complexes
reappeared a few weeks after the final separa-
tion. By use of a pRF agglutination inhibition
assay IC containing IgG and/or IgA were de-
monstrated in one of the patients (B,B,), These
IC disappeared after the second filtration pro-
cedure.

Within the first 5 weeks the response to
treatment concerning the changes in the con-
centrations of S IgE were similar in all patients.
Data obtained in patient A,A, (Fig, 2) represent
the general response to treatment, S IgE, as
measured 20 h after the final filtration, de-
creased to a mean value of 46% (range 32-
69 %) of the pre-exchange concentrations in all
four patients (Table 1), In three of the patients
the mean value of S IgE was raised to 80 % of
the pre-exchange level 3 weeks after the final
separation procedure. In the last patient
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(M,M,) the change in S IgE was different: a
rebound phenomenon was observed less than 3
weeks after the final separation procedure. As
indicated in Fig, 3, the concentration of S IgE
exceeded the pre-exchange value by approx-
imately 70%, A spontaneous fall in the S IgE
was observed about 4 months after the final
plasma separation procedure in this patient.
The total amount of S IgE removed during the
therapy observed in patient A,A, was approx-
imately 96,000 K units. The amount of IgE
retained in each filter was calculated to approx-
imately 3 ^ % of the IgE amount removed.
The pretreatment level of blood eosinophils
was increased in all patients. In two of the
patients, however, a further increase was ob-
served after the fifth plasma separation, most
pronounced in patient M,M, (Eig, 4), A re-
bound phenomenon of IgE was observed in

this same patient approx, 1 month later,, as
indicated in Fig, 3, The urine, 1,4-MIAA con-
centration was measured consecutively in each
patient. Increased values were found in all, the
pre-exhange mean value was 2,7 mg/day and
the post-exchange mean value after eight sepa-
rations was 3,0 mg/day. However, no systematic
changes were found in the patients during the
period of observation. Finally, all patients had a
normal chemotactic neutrophil response in vitro,
and three consecutive samples showed no
changes during treatment.

As shown in Table 1 the relative values of S
immunoglobulins G, A, M was decreased during
therapy. The most dramatic reduction was ob-
served in S IgG in which the absolute serum
concentration was below the range of the con-
trols (29) in all patients already after the first
separation procedure. After the fourth plasma
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Fig, 2, C;hanges in setum concentration of IgE during plasma separation (J,) in patient AA compared with titne and clinical
course. Clinical scores of 100 9? indicate maxitrtal disease activity in each patient - a decrease in the scores indicates
itnprovement.

separation S IgA was reduced to subnormal
levels in two of the patients. In all patients the S
IgM and S transferrin were within the reference
levels during the therapy. In all cases S IgA, S
IgM and S transferrin were similar to the pre-
exchange values 3 weeks after the fmal separa-
tion, while S IgG was still below (Table 1), No
increase in complement split products {C3d and

Table 1 , ^ -, -;

Relative changes in different serum components based on
pre-excbange concentrations compared with post-ex-
change values obtained 20 h and 3 weeks respectively

after eight plasma separations

Serum
components

IgE
IgG
IgA
IgM
Transferrin

Before plasma
separatton

(1,0)1
1,0
1,0
1,0
1,0

20 h after
final plastna
separation

(0,46)'
0,32
0,64
0,54
0,67

3 weeks after
final plasma
separation

(0,80)2
0,86
1,12
1,05
0,95

' Relative tnean value obtained in four patients,
2 Relative mean value obtained in only three patients -

results of MM are given in Fig, 3,

C3c) between the plasma separations was ob-
served. During plasma separation complement
C3 split products (C3d and C3c) were followed
for technical reasons only in two of the patients.
These patients showed a significant increase of
C3c approx, 30 min after start ofthe separation
procedure and during the rest of the period of
treatment (Fig, 5), A similar increase in the
concentration of plasma C3d was not observed.
The increase in plasma G3c levels in these
patients was accompanied by a slight decrease in
blood pressure. Three of the patients had at-
tacks of asthma within 1 h of the initiation of
plasma separation on one or more occasions.
Medical treatment produced immediate symp-
tom improvement in all patients, and no bron-
chia] asthma of delayed type was registered. On
two occasions a local skin infection at the site of
the femoral catheter was observed and effective-
ly treated with antibiotics.

Clinically, three patients showed modest im-
provements (Figs, 2 and 3) and one (N,N,) was
unchanged during the separations. Only patient
A,A, showed improvement in his dermatitis
during the observation period. No long-term
effect was observed. Patient B,B, had distinct
rhinoconjunctivitis and asthma related to high

22
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Fig, 3, Changes in serum concentration of IgE during plasma separation (J.) in patient MM compared with lime and clinical
course. Text as Fig, 2,

O
2
in
o
UJ

00
o

16-

12-

9-

6-

3-

iiiii • t t

1 2
MONTHS OF OBSERVATION

Fig, 4, Changes in blood eosinophils during plasma sepa-
ration (1) in patients: AA O O, BB • • . NN D D,
M,M • • ,

grass pollen counts 1 month after the last sepa-
ration. No exacerbation secondary to increased
number s of blood eosinophils or IgE rebound
p h e n o m e n a was observed,

DISCUSSION

T h e effect of plasmapheresis in severe asthma
has been studied previously in one patient

before 0 UO 80 120 1200

PERIOD OF SEPARATION (min)

Fig, 5, Changes in the occurrence of plasma CSc split
products during plasma separation in two patients. Upper
limit for spontaneous activation of C3 is indicated by

, based on 20 bealthy controls.

whose symptoms had failed to respond to d rug
therapy (8), T h e authors reported a beneficial
effect after removal of approx, 6 I of the pa-
tient's plasma over a period of 4 weeks. Clinical
evaluation was based on lung function tests.
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Recently, plasma exchange has been applied to
a patient with hyperimmunoglobulinaemia E
syndrome and recurrent non-systemic staphylo-
coccal skin infections, chronic tonsilitis and re-
current otitis media and pneumonia (11), Five
plasma separations were done within 3 weeks
and the skin infections, pruritus and eczema,
improved for 2 weeks. After completion of
plasma separation therapy the patient was free
from new skin lesions for 2 months and lung
infections for 6 months. The authors suggested
that plasma separation might be an adjuvant
therapy in controlling recurrent infections and
skin itching in these patients.

Our study of four patients with hyperimmu-
noglobulinaemia E and atopic dermatitis and
no complicating staphylococcal infections or
decreased chemotactic response, demonstrated
that the beneficial effect of plasma separation
was marginal, and possibly liable to bias, and
comparatively time consuming and expensive.
In contrast to the other studies, in which ex-
changes were done by centrifugation techni-
que, side effects were observed during the
plasma separations. Asthmatic attacks and
slight decreases in blood pressure during the
separation procedure were observed on one or
several occasions in all patients. Complement
activation was observed in two of the patients,
and also two skin infections. However, no un-
controllable or hazardous situations arose and
side effects disappeared immediately with ade-
quate medical treatment.

The mechanism by which complement activ-
ation occurs during plasma separation remains
to be determined. Aggregation of immuno-
globulins on nylon fibres and generation of
plasmin which has CI cleaving activity could
initiate classical pathway activation (22), Com-
plement activation occurs in blood within the
extra corporal circuit (26), The occurrence of
complement spht products and especially in-
creased plasma concentrations of anaphyla-
toxins could be responsible for the transient
episodes of decreased blood pressure, chills and
respiratory symptoms observed in our and
other patients (6, 9), In general, no late onset
symptoms were observed in the four patients.
No complement activation based on consecutive

analysis of C3c and C3d was seen between the
plasma separation episodes, nor any changes in
the chemotactic response during the period of
observation.

Circulating IgE IC are thought to be of path-
ogenic importance in atopic diseases (20), From
experimental data it is known that non-specific-
ally aggregated IgE has a potent histamine re-
leasing effect. Our observation of an increased
amount of IgE IC in three of four patients with
hyperimmunoglobulinaemia E and atopic derm-
atitis, increased level of 1,4-MIAA in urine of all
four patients, and increased blood eosinophilia,
could indicate a possible pathogenic role of IgE
IC in the manifestation of dermatitis and the
severity of asthma. As noted by Brostoff et al,
(5) the skin lesions in atopic dermatitis do re-
semble the delayed hypersensitivity skin reac-
tions characteristic of immune complex lesions
(25), Although the amount of IgE IC found in
our patients (7) did not correspond to the
amount of IgE IC found in patients with atopy
by Brostoff et al, (5), we undertook the present
study to analyse the effect of intensive plasma
separation. As stated, the IgE IC disappeared
during treatment. Although a great amount of
S IgE was removed from each patient, no de-
crease of urinary 1,4-MIAA or blood eosin-
ophils was observed. It is important to stress
that the serum concentration of IgE is the result
of production, release from cell surfaces and
from deposits in the tissue, as well as removal
from circulation, IgE in monomeric or aggre-
gated form on the mast cell surface is probably
the major factor responsible for activation of
these cells and hence immediate-type hyper-
sensitivity reactions. Therefore the clinical re-
sponse is likely to depend on the degree of
removal of IgE from mast cell surfaces, which
however, cannot be monitored at present.

As indicated in Table 1 the relative changes
in the mean value of S IgE were of the same
order as S IgG, A prolonged survival of IgE
has been observed in patients with markedly
increased S IgE, especially multiple myeloma.
It is possible that fixation of IgE to the recep-
tors of cell membranes may be involved in the
normal metabolism of IgE, In patients with
high IgE levels, a limited amount or alter-

22*
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ed binding affinity of IgE receptors could
result in a prolonged survival of free IgE mole-
cules. The observed relative mean changes in S
IgE (Table 1) correspond to the above men-
tioned theory. The mean value of IgE com-
pared with IgG in three of the patients 3 weeks
after the final filtration procedure indicates
similarities in the metabolism between these
proteins. According to other studies the half-
life of IgG in normal individuals varies between
15—21 days while that of IgE is about 3 days
(29), Our study does not prove, but indicates a
closer similarity between the half-life of IgG
and IgE in these patients with hyperimmuno-
globulinaemia E, The relative changes between
S IgA, S IgM and S transferrin secondary to
plasma separation in this study were in agree-
ment with the observation by Keller et al, (16),

The pathological mechanisms involved in
atopic dermatitis are unknown. An increased
release of histamine from, e,g, mast cells in the
dermis might be one mechanism of im-
portance. According to this assumption, plasma
separation could be a rational therapeutic tool.
After eight separations during a 5-week period
there was marginal clinical improvement in
itching and degree of atopic dermatitis, but the
effect did not last after the separations termin-
ated. Plasma separation is both expensive and
cumbersome and as it does not seem to give
any lasting effect it cannot, for the time being,
be recommended in the treatment of atopic
dermatitis and hyperimmunoglobuhnaemia E.
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