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SUMMARY

Glucocorticoids are usually given for management of Graves’ ophthalmopathy (GO), but they may
cause side effects. By comparison, intravenous administration of immunoglobulins resulted in clinical
improvement and decreased antibody titres in a large number of autoimmune diseases. Therefore, a
randomized trial was done, in which 19 patients with active GO were treated with a 20-week course of
oral prednisolone (P, starting dose 100 mg/day), and 21 received 1 g immunoglobulin/kg body weight
for 2 consecutive days every 3 weeks. The immunoglobulin course was repeated six times. Before and at
the end (20 weeks) of immunomodulating therapy, ophthalmological investigation and quantitative
magnetic resonance (MR) imaging were performed. A successful outcome was observed in 12 (63%) P-
and in 13 (62%) immunoglobulin-treated patients. Overall, there were no marked differences in degree
of improvement between the two groups. Responders to treatment in both groups showed improvements
in proptosis (median from 28 to 21:5 mm; P<0-005), visual acuity (from ® to 085; P<0-001),
intraocular pressure (from 25 to 20 mmHg< 0-0001), lid aperture (from 14 to 12 mm;<0-01) and a
decrease in eye muscle area (inferior, from 44 to 3%mmedial, from 43 to 34 mf both P < 0-0005).

Among the immunoglobulin-treated patients, there was a marked decrease of thyroid antibody titres.
Side effects were more frequent and severe during P than during immunoglobulin therapy. Thus, with
respect to the above mentioned objective parameters, P and immunoglobulin appeared to be equally
effective in treatment of active GO.
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INTRODUCTION system suggests that the idiotypic and Fc portions of the

Immunoglobulin preparations from human blood were firstmmeCUIe ?re Important. . .

S ;s . . - Graves’' ophthalmopathy (GO) is an organ-specific auto-
used in clinical medicine to treat patients having a deﬂmencyimmune disease, and orbital infiltration with mononuclear cells
of circulating antibodies [1]. Interest in the manipulative '

effects of immunoglobulin on the immune system first gnd Iocal_ re_Iease of cytok!nes suggc_ast that acyvat_ed T cells are
. . . - . involved in its pathogenesis [5]. During the active inflammatory
developed with the discovery that immunologic reactions can

be modified, often dramatically, by the intravenous (i.) $i29% the retrobulbar tissue sfiows marked lymphocytic infilra-

administration of large amounts of immunoglobulin (400- on a erstitial-oedema [6]. us, immunosuppression 1S

; . often used initially, and by suppressing inflammatory changes

2000mg/kg body weight over a period of 2-5 days [2]). it can result in subjective and objective improvement of the
h i.v. infusi f | | pol ific . e i -

Over the years, ILv. infusion of pooled normal polyspecific disease [7,8]. Although glucocorticoids are the first-choice

immunoglobulin for therapeutic use has resulted in clinical. . .
. . . S mmunomodulating treatment, they often cause side-effects.
improvement and/or decrease in antibody titre in a number o - " AP )

y comparison, positive results with i.v. immunoglobulin as

human autoimmune diseases [3]. .v. immunoglobulin Comainssecond line treatment have been reported in patients with severe
anti-idiotypes against a variety of autoantibodies from patients P P - .

. . ; . . ..GO and related dermopathy [9-11], but controlled clinical trials
with autoimmune diseases and against natural autoantlbodlens

from normal individuals [4]. Much of the evidence regarding thave nothbeen bdone, andt.the dbenﬁ]ﬁts fOf LV |mtnk:un?glllobglln
the manipulative effects of immunoglobulin on the immune erapy have been questioned. erefore, In the loflowing

randomized prospective trial, we compared efficacy and toler-
Correspondence: Professor George J. Kahaly, Department of Medicingbility of oral prednisolone (P) and i.v. immunoglobulin in
I1l, Bldg. 303, University Hospital, 55101 Mainz, Germany. patients with active GO.
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PATIENTS AND METHODS Germany), thyroglobulin and microsomal (ELISA; Elias,

. . . . iburg, Germany), as well as TSH receptor (radioreceptor
Forty consecutive patients with active GO (aged 39-61 year h(l):rel o
y secutive patients wi W (ag years) w assay; TRAK, Brahms, Germany) autoantibodies were measured

had been euthyroid for at least 2 months were enrolled (Table 1). N mmercially available kits. Exclusively immunoalobulin
The diagnosis of GO was based on ophthalmological investigatiorlfIs g commercially avaiiable KIls. EXCIUSIVEly unoglobuins

[12], which encompassed ultrasonography of the orbit. WrittenprePared from ant-hepatitis C virus (HCV)-negative plasma

informed consent was obtained from all patients and the StUd)ﬁ/lounn?srtse ragg:ﬂgg )towg::n;;if:it#ir;;fe dmfﬁgrb]ce;:l:tgr (Sigg?sh(ﬁ;n;r’
received local Ethical Committee approval. A randomization list ' any ) y t
and renal function) were assessed regularly. All patients were

was used to assign each patient to receive either oral P or i.v, . - . .
immunoglobulin. Nineteen patients were treated with a 20-Weelgﬁzrm:5déﬁgspztt;t:Eg?rfice filli]tlg\(j\;]i (HbBSdA%)'gmr':'iV’ and
course of P (starting dose 100 mg/day for 1 week, then tapering th@""” ( ! ott Diagnostika, Wiesbaden, Germany).

dose by 5 mg/week), and 21 patients received 1 g immunoglobulin/ .thQu%nztléa_trlvren mﬁg{]egiﬂ_ﬁ_eiig%hc; (Nlle Ig\r?grl]ng nOf éhfmor:'ts
kg body wt intravenously for 2 consecutive days every 3 weeks /' @ - agnet (  Brucker, Eriangen, erma y)
as performed and the T2 relaxation time (T2) was measured in a

The immunoglobulin course was repeated six times. The type o : . - - }
therapy was known neither to the ophthalmologist nor to thecpronal section with 5mm th'CkneSSJ Square; gontalnlng nine
neuroradiologist who assessed treatment results. All patientg'xels were chosen f_or T2 determination within t.he rectus
were examined by the same ophthalmologist according to th ye rT|USC|?bs' CaICL_J”Iatlons of T2 \_Nr(]are_ pherformed W.'th a Criarr-
new classification of eye changes of Graves’ disease [12] on th urcell-Mei _Oom'G.'. sequence wit elhg t.consecutlve ec oesl
day before and at 20 weeks (endpoint) after the start of treatmenf.SOO/ 34-272; r epetmon time second/echo time second). Normal
Response to therapy was defined as a marked amelioration of fynoe of T2 within the extraocular muscles was 92ms (80-97ms).
All values are expressed as the median (range) of values

least three objective signs (decrease of eye muscle-aaant, recorded for affected eyes. Comparison between groups was by
roptosis >2mm, intraocular pressure in upgaze3 mmHg, . ‘ .
prop > P P9 9 two-sided, two-sampléd-test or by Mann—WhitneyU-test. To

and/or abscence of diplopia in primary position). Thyroid medi- i d fetest. C lati
cation was not changed during the study period (methimazole pompare percentages, we use est. ~orrelations among

20mg/day). Thyroid hormones (Boehringer, Mannheim various parameters were calculated using Spearman'’s test.

RESULTS
Table 1. Baseline clinical and laboratory variables in patients with Graves’

ophthalmopathy according to randomization to treatment with intravenouéo‘S predefined, therapeut.ic outcome afte.r 20 weeks W?S similar in
immunoglobulins or oral prednisolone (P) each treatment group, with 13 (62%) patients responding success-

fully to immunoglobulin and 12 (63%) responding to P. Of the

eight (38%) in the immunoglobulin group and seven (37%) in the P
Immunoglobulin P group in whom treatment was unsuccessful, six (29%) and five
(26%), respectively, showed no change, and two (9% and 11%) in

Number of patients 21 19 each group were classified as treatment failures. A significant
Female/male 16/5 15/4 . .
) improvement of proptosis under both treatments was observed
Age (years), median 48 47 . . .
range 39-61 40-59 (Fig. 1a), whereas responders to bot_h regimens showgd a _5|m|Iar
Pretreated (steroids/irradiation) 11 9 marked decre.ase. of exopthalmps (Fig. 1b). Visual acuny sllghtlly
Duration of eye disease (months) 9 7 increased during immunoglobulin and P therapy, respectively (Fig.
5-19 3-18 2a), but only four patients had a vision belows.0Intraocular
Duration of thyroid disease (months) 16 13 pressure in upgaze was strongly lowered by immunoglobulin treat-
10-24 4-21 ment (Fig. 2b), in contrast to P therapy where no significant changes
Thyroid volume (ml) 33 36 were demonstrated. Response to either treatment was also due to
24-42 23-44  changes in soft-tissue involvement (Fig. 3a), as well as in eye muscle
Plasma TSH (mU) (l)'é 14 (1}'2 12 motility (Fig. 3b). Corneal involvement was noted in foun&sus
TSH-receptor antibodies (Ly 104 87 five immunoglobulin patlen_ts t_x_afore and in none after therapy._Eye
28-136 19-108 muscle area decreased significantly under both therapy regimens
Proptosis (mm) 2% 24 (Fig. 4a), whereas in responders to immunoglobulin and P treatment,
21-26 21-27 a sharp decrease of muscle area (Fig. 4b) was noted. Overall, there
Visual acuity 07 06 were no marked differences in degree of improvement between the
0-5-09 05-08 two groups, but inflammatory signs resolved more rapidly in P
Lid aperture (mm) 13 13 patients. Side-effects were more common during P than during
12-15 11-16 immunoglobulin therapy (Table 2).
Intraocular pressure 2 25 Responders to treatment in both groups showed improvements
QUpgaze (mImHg)f % 21-27 21-29 iy proptosis (median from 28 to 215mm; P < 0-005), visual
ectus muscle surface area (mm acuity (from 06 to 085; P < 0-001), intraocular pressure (from 25
inferior 39 38 .
36-46 35-44 to 20mmHg; P < 0-0001), lid aperture (from 14 to 12mm;
medial 40 41 P < 0-01) and a decrease in muscle area (inferior, from 44 to
36-45 36_a7  33mnf; medial, from 43 to 34 mf both P < 0-0005). Before
T2 relaxation time of 119 123 therapy, T2 of the eye muscles was significantly higher in the
rectus muscles (ms) 108-141 114-157 responder group and decreased markedly after 20 weeks, in

contrast to the non-responder group (4Bersus 7ms;
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Fig. 1. (a) In patients with Graves’ ophthalmopathy (GO), the course ofFig. 2. (a) In patients with Graves' ophthalmopathy (GO), the course of
proptosis (Hertel exophthalmometer, median value in mm) is shown beforgisual acuity (median value) is shown before and after i.v. inmunoglobulin
and after i.v. immunoglobulin (before, range 21-26 mm; after, 19-26 mm)efore, range 8-09; after, 67—1:0) and oral prednisolone (P; before59
and oral prednisolone (P; before, 21-27 mm; after, 20-28 mm) treatment.g; after, 06-1:0) treatment, respectively. (b) In patients with GO, the
respectively. (b) In patients with GO who responded to immunomodulatingcourse of intraocular pressure in upgaze (median value in mmHg) is shown
therapy 0 = 13 out of 21 for immunoglobulin and 12 out of 19 for P), the pefore and after i.v. immunoglobulin (before, 21-27 mmHg; after, 17—
course of proptosis (Hertel exophthalmometer, median value in mm) i$6 mmHg) and oral prednisolone (P; before, 21-29 mmHg; after, 18—
shown before and after i.v. immunoglobulin (before, 22-26 mm; after, 19-28 mmHg) treatment, respectively.
22mm) and oral prednisolone (P; before, 21-27 mm; after, 19—23 mm)
treatment, respectively.

detected after immunoglobulin administration, and all immuno-

globulin-treated patients were negative for HBsAg, anti-HCV and

P < 0:0001). When responders were compared with non-respont!!V antibodies 40 weeks after start of treatment.

ders for both treatment groups, there were no differences in
baseline characteristics (e.g. age, sex distribution, duration of
eye/thyroid disease, pretreatment of ophthalmopathy, thyroid
volume, plasma TSH, and levels of TSH-receptor antibodies). This randomized study showed that i.v. immunoglobulin therapy
In 18 immunoglobulin patients positive for thyroid microsomal was equally effective and better tolerated than the standard regi-
antibodies, the median value dropped from 2850 to 490 U/mimen oral P in patients with active GO. Response to therapy was
(normal <350 U/ml; P < 0-0001). Similar results were observed independent of duration of eye and/or thyroid disease, pretreatment
in 15 cases, where the thyroglobulin antibody level dropped fronof GO and level of thyroid antibodies. Combination of both
1980 to 500 U/ml;P < 0-001. In 18 TSH-receptor antibody-posi- immunomodulating drugs was successful in 70% of the non-
tive patients, the titre was 104 before and 1D(brmal <9 Ul; responders to monotherapy and may present an alternative
P < 0-:0001) after immunoglobulin therapy. In comparison, the second-line treatment for patients with severe and active GO, not
level in 15 TSH-receptor antibody-positive P patients droppedresponding to steroids and retrobulbar irradiation.
from 87 to 50 Ul (P < 0-01). Graves’ hyperthyroidism and GO are characterized by a
After completion of the study, 10 (five P-treated) out of 15 non- lymphocyte infiltration of the target organ, and evidence of
responders had active eye disease, and received a combinationiofmune system activation, particulary during the active phase of
immunoglobulin (1 g/kg body wt per day) and i.v. methylpredni- the disease when autoantibodies to the TSH receptor and activated
solone (250 mg/day) for 2 consecutive days every 3 weeks. Aftell cells are present in the circulation [7]. In a preliminary study,
repeating this course four times, seven patients responded to théght women with GO were treated with 3 monthly i.v. infusions of
combined regimen (Table 3). The remaining five (three immuno-2 g/kg of pooled 1gG [9]. All patients experienced subjective and
globulin) non-responders to monotherapy were submitted tambjective clinical improvement following therapy. A significant
decompressive surgery. No liver chemistry abnormalities werdall in the level of thyroid-stimulating antibodies was also

DISCUSSION
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Fig. 3. (a) Changes in soft-tissue involvement are shown before and after i.v. immunogldlijlang oral prednisoloneZ) treatment,
respectively. Chemosis was present in niney@suseight (immunoglobulin) patients before and in two (Rysustwo (immunoglobulin)
after immunomodulating therapy. (b) Changes in eye muscle motility are shown before and after i.v. immunoglobulin and oral prednisolone
(P) treatment, respectively. Diplopia in primary position was present in nine (P) and 11 (immunoglobulin) patients before but in only four (P)
and five (immunoglobulin) cases, respectively, after immunomodulating therapy.
Table 2. Side-effects during treatment with intravenous immunoglobulins
fa) or prednisolone (P) in patients with Graves’ ophthalmopathy
40 - P <001
3 | Side effects Immunoglobulin P P value
% P Number of events 2 19 ‘001
£
36 Immunoglobulin MO(‘ierate.
Weight gain 0 3
3 | Hirsutism 0 2
Cushingoid face 0 2
Myalgias 0 2
32 1 1 Nausea/pyrosis 0 2
Before After therapy Sleeplessness 0 2
Tiredness 0 1
Dysmenorrhoea 0 1
(b) Headache 1 1
b . Fever 1 0
responders ngor .
40 (n=12) Diabetes mellitus 0 1
N Immunoglobulin Hypertension 0 1
e responders Behavioural changes 0 1
E 36 | (n=13)
Number (%) of patients
With side-effects 2/21 (10) 16/19 (84) -0DO2
32 P < 0:0005 With major side-effects 0 2/19 (11)
| 1
Before After therapy

observed. The efficacy and safety of immunoglobulin treatment in
Fig. 4. (a) In patients with Graves’ ophthalmopathy (GO), the course of GO and related myxedema has also been demonstrated [10,11].
the surface area of the inferior rectus muscle (quantitative magnetiClinical improvement of GO and dermopathy with disappearance
resonance (MR) imaging, median value in fnis shown before and  of jymphocytic skin infiltration and immunoglobulin deposition
after i.v. immunoglobulin (before, range 36-46 forafter, 32-44md) \ac noted. A parallel reduction of the titre of circulating thyro-
and oral prednisolone (P; before, 35-44fnnafter, 32-45mr) globulin, microsomal and TSH receptor antibodies was registered.

treatment, respectively. (b) In patients with GO who responded to immuno= . . S .
modulating therapyr{ = 13 out of 21 for immunoglobulin and 12 out of 19 In Graves patients treated with a combination of thyrostatics and

for P), the course of the surface area of the inferior rectus muscidmmunoglobulin, relapse rate of hyperthyroidism 1 year after
(quantitative MR imaging, median value in f)ris shown before and  StOPpINg methimazole was 29%ersus44% in cases receiving
after i.v. immunoglobulin (before, 37-46 Mmafter, 32-35mif) and  Methimazole alone R < 0:01). As in our study, the marked
oral prednisolone (P; before, 35-44 fmafter, 32-36 mrf) treatment,  decrease of antibody levels may be explained in terms of a direct
respectively. and local immunomodulating effect of immunoglobulin on the
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Table 3. Ophthalmological parameters of 10 patients with active Graves’thickened eye muscles is probably the cause of elevated T2 [24].
ophthalmopathy before and after receiving four times a combination of i.v.Reversibility of thickness and T2 in muscles with primarily
immunoglobulin (1g/kg body wt per day) and i.v. methylprednisolone glevated T2 can be explained as a therapy-induced decrease of
(250 mg/day) for 2 consecutive days every 3 weeks water content. Therefore, measurement of elevated T2 might be a
factor in the prediction of the reversibility of muscle thickening,
and favours the choice of anti-inflammatory therapy regimens in

After
ir:;unogmbu”mp these patients [24,25]. In this study, decrease of T2 of the eye
Before therapy P value muscles after therapy correlated significantly with the decrease of
the muscle area.

Proptosis (mm), In our GO patients immunoglobulin therapy was safe. The
median 24 21 @01 risk of transmitting viral infections with immunoglobulin, especi-
range 22-28 19-26 ally the newer preparations that have been treated with a solvent-

Intraocular pressure detergent, is very low [26], and there has never been a

In upgaze (mmHg), documented transmission of HIV from any preparation of
median 24 20 01 . . . .
range 21-28 18-23 |r_nmunogl_obul|n [27]. N_evertheless, high costs anq the potential

Visual acuity, risks of immunoglobulin therapy must be considered before
median o7 08 001 treatment is commenced, particularly in diseases for which the
range %6-08 07-09 benefits of therapy are not clearly established. Subcutaneous

Lid aperture (mm), immunoglobulin which has been recently reported to be a
median 14 12 @05 safe, cost-effective, and convenient method of immunoglobulin
range 12-16 11-14 administration [28], may be promising in patients with primary

Chemosis n=4 n=1 hypogammaglobulinaemia and autoimmune diseases.

Conjunctivitis n=7 n=3

Diplopia in primary

position n=7 n=3

REFERENCES

Schwartz SA. Intravenous immunoglobulin for autoimmune disorders. J
Clin Immunol 1990;10:81-89.

2 Dwyer JM. Manipulating the immune system with immune globulin. N
Engl J Med 1992326:107-16.

Ratko TA, Burnett DA, Foulke Gt al., and the University Hospital
Consortium Expert Panel for Off-Label Use of Polyvalent Intrave-
nously administered Immunoglobulin Preparations. Recommendations
for off-label use of intravenously administered immunoglobulin pre-
parations. JAMA 1995273:1865-70.

Rossi F, Kazatschkine MD. Anti-idiotypes against autoantibodies in
pooled normal human polyspecific immunoglobulins. J Immunol 1989;

[

intrathyroid lymphocytes. With respect to the fall of microsomal
antibody titre, similar results were observed in GO patients
receiving cyclosporin [13].

The recent discovery in immunoglobulin preparations of anti-
idiotypic antibodies against disease-associated cross-reacting idio-
types of human thyroglobulin recognizing an immunodominant
idiotype shared by antibodies from patients with autoimmune
thyroid disease and not found in antibodies from healthy subjects4
supports the hypothesis that i.v. immunoglobulin could be effective 14341049
through anti-idiotypic suppression in patients with autoimmune 5 Weétman A'P Thyroid- iated di . pathophvsiol L ;

. . . i . Thyroid-associated eye disease: pathophysiology. Lance
diseases [14,15]. However, there is reasonable evidence that active 1991:32825-28.
molecules within i.v. immunoglobulin such as CD4 and other shed ¢ | 4. Gaag R, Schmidt ED, Koorneef L. Retrobulbar histology and
surface molecules from lymphocytes could be important in causing  immunohistochemistry in endocrine ophthalmopathy. In: Kahaly G, ed.
the immunomodulation. This would explain why i.v. inmunoglo-  Endocrine ophthalmopathy. Molecular, immunological and clinical
bulin is too effective in what is after all not an antibody-mediated aspects. Basel: Karger, 1993:1-10.
disease. Weetman AP, McGregor AM. Autoimmune thyroid disease: further

Immunomodulatory effects of i.v.immunoglobulin may further ~ developments in our understanding. Endocr Rev 1984,88-830.
depend on the interaction of infused immunoglobulin with inflam- Fells P. Thyroid-associated eye disease: clinical management. Lancet
matory cells and lymphocytes through Fc portions and/or inter- 1991,338.29-32. i -

. A S o . 9 Dwyer JM, Benson EM, Currie Jit al. Intravenously administered
actions of i.v. immunoglobulin with circulating immunoglobulin or ) : i

. . . IgG for the treatment of thyroid eye disease. In: Imbach P,
antigen ref:eptors on Iymphocytes through Va”a*{"e Vregions [:_I'G_ ed. Immunotherapy with intravenous immunoglobulins. London:
18]. Functional modulation of T lymphocytes by immunoglobulin = Academic Press, 1991:387—94.
has been demonstrated as another possible mechanism of actioni@f Antonnelli A, Saracino A, Alberti Bet al. High-dose intravenous
i.v. immunoglobulin in an experimental model [19n vitro immunoglobulin treatment in Graves’ ophthalmopathy. Acta Endocti-
studies suggest that immunoglobulin has direct effects on cytokine nol 1992;126:13-23.
production in T cells and monocytes/macrophages [20,21]. All Antonelli A, Navarrane A, Palla Bt al. Pretibial myxedema and high-
prolonged elevation in levels of soluble tumour necrosis factor —dose intravenous immunoglobulin treatment. Thyroid 196399-408.
receptor and a marked increase in plasma levels of IL-1 recepto}z Anon. Classification of eye changes of Graves’ disease. Thyroid 1992;
antagonist were observed after one bolus injection (400 mg/kg) of 2:235-6. . ) . .

. ; . ..~ . >’ "13 Kahaly G, Schrezenmeir J, Krauseetyal. Ciclosporin and prednisone
i.v. immunoglobulin [22]. There are also many similarities

b A lobuli d hf hich vs prednisone in treatment of Graves’ ophthalmopathy: a controlled,
etween i.v. immunoglobulin and tumour growth facthrwhic randomized and prospective study. Eur J Clin Invest 1986{15-22.

has inhibitory effects on various T and B cell interactions andy4 pietrich G, Kazatchkine MD. Normal immunoglobulin G (IgG)

3

7

8

activities [23].
In patients with active GO, increased water content of

for therapeutic use (intravenous Ig) contain antiidiotypic specifici-
ties against an immunodominant, disease-associated, cross-reactive

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$06197—202



202 G. Kahalyet al.

idiotype of human anti-thyroglobulin autoantibodies. J Clin Invest 22 Aukrust P, Froland SS, Liabakk N& al. Release of cytokines, soluble

1990;85:620-5. cytokine receptors, and interleukin-1 receptor antagonist after intrave-
15 Kaveri SV, Mouthon L, Kazatschkine MD. Immunomodulating effects nous immunoglobulin administratidn vivo. Blood 1994,84:2136-43.

of intravenous immunoglobulin in autoimmune and inflammatory 23 Shimozato T, Iwata M, Kawada ldt al. Human immunoglobulin

diseases. J Neurol, Neurosurg Psychiatry 18¥Suppl.):6-8. preparation for intravenous use induces elevation of cellular cyclic

16 Vassilev T, Gelin C, Kaveri S¥t al. Antibodies to the CD5 molecule adenosine '35-monophosphate levels, resulting in suppression of
in normal human immunoglobulins for therapeutic use (intravenous tumor necrosis factor alpha and interleukin-1 production. Immunology
immunoglobulins, IVIG). Clin Exp Immunol 19932:369-72. 1991;72:497-501.

17 Blasczyk R, Westhoff U, Grosse-Wilde H. Soluble CD4, CD8, and 24 Just M, Kahaly G, Higer HEt al. Graves’ ophthalmopathy: role of MR
HLA molecules in commercial immunoglobulin preparations. Lancet  imaging in radiation therapy. Radiology 1991179:187-90.
1993;341:789-90. 25 Hiromatsu Y, Kojima K, Ishisaka Mt al. Role of magnetic resonance

18 Takei S, Arora YK, Walker SM. Intravenous immunoglobulin contains imaging in thyroid-associated ophthalmopathy: its predictive value for
specific antibodies inhibitory to activation of T cells by staphylococcal  therapeutic outcome of immunosuppressive therapy. Thyroid 1992;
toxin superantigens. J Clin Invest 1998:602—7. 2:299-305.

19 Achiron A, Margalit R, Hershkovivz Ret al. Intravenous 26 Horowitz B, Prince AM, Horowitz M&t al. Viral safety of solvent-
immunoglobulin treatment of experimental T cell-mediated autoim-  detergent treated blood products. Dev Biol Strand 19343147-61.

mune disease. J Clin Invest 1988:600-5. 27 Schiff RI. Transmission of viral infections through intravenous immune
20 Andersson V, Bjork L, Skansen-Saphiréf al. Pooled human IgG globulin. Editorial. N Engl J Med 1994331:1649-50.

modulates cytokine production in lymphocytes and monocytes. Immu-28 Gardulf A, Andersen V, Bjkander J et al. Subcutaneous

nol Rev 1994,139:221-42. immunoglobulin replacement in patients with primary antibody defi-
21 Schaik IN, Vermeulen M, Brand An vitro effects of polyvalent ciencies: safety and costs. Lancet 19385:365-9.

immunoglobulin for intravenous use. J Neurol, Neurosurg Psychiatry
1994;57(Suppl.):15-17.

© 1996 Blackwell Science LtdZlinical and Experimental Immunolog$06197—-202



