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Differential effects of three interferon betas on
neutralising antibodies in patients with multiple sclerosis:
a follow up study in an independent laboratory
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Obijective: To evaluate the incidence and the prevalence of neutralising antibodies (NABs) to three
interferon beta (IFNB) products in patients with multiple sclerosis (MS).

Methods: Sera were tested from 125 patients with relapsing-remitting MS. Patients were treated with
IFNB-1b (Betaferon, n = 29) 8 MIU subcutaneously every other day, IFNB-1a (Avonex, n = 44) 30 pg
inframuscularly once weekly, or IFNB-1a (Rebif, n = 36) 22 pg subcutaneously three times weekly for
6 to 18 months. An additional 16 patients were treated with Rebif 22 pg intramuscularly once or twice
weekly. NABs were assessed using the cytopathic effect assay before treatment and every three months
during treatment. Patients with two or more consecutive positive samples were considered to be persist-
ent NAB positive (NAB+).

Results: At baseline, no patients were NAB+. NABs developed during the first three months of treat-
ment and continued to develop until month 18. Over 18 months of treatment, the risk of being persist-
ent NAB+ was 31% for Betaferon, 15% for Rebif, and 2% for Avonex (Betaferon versus Avonex,
p = 0.001; Betaferon versus Rebif, p = 0.19; Rebif versus Avonex, p = 0.04). In all patients with one
or more NAB+ samples, the risk of becoming NAB+ was 38% for Betaferon, 18% for Rebif, and 7%
for Avonex (Betaferon versus Avonex, p = 0.0007; Betaferon versus Rebif, p = 0.10; Rebif versus
Avonex, p = 0.07). At month 18, the prevalence of persistent NAB+ patients was 31.6% for Betaferon,
18.7% for Rebif, and 4% for Avonex. Numbers of NAB+ patients observed were similar with intramus-
cular Rebif and with subcutaneous Rebif.

Conclusion: The three IFNB preparations have different degrees of immunogenicity, with Betaferon
producing the highest incidence of NABs and Avonex the lowest. These differences should be consid-
ered by neurologists when selecting treatment for their patients with MS because NABs can reduce both
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ising antibodies (NABs) during treatment with interferon
beta (IFN) products: IFNB-1b (Betaferon; Schering AG,
Berlin, Germany),'” IFNB-la (Avonex; Biogen, Inc, Cam-
bridge, UK),”* and IFNB-la (Rebif; Ares-Serono, Basel,
Switzerland).” The presence and concentration of NABs may
be clinically important in the management of patients treated
with IFNBs because NAB-positive (NAB+) patients have low
or undetectable serum concentrations of IFN.® Furthermore,
NABs reduce or abolish IFNf bioavailability’"* and NABs have
been shown to reduce the therapeutic efficacy of
IFNBS.‘ 259 11-16
The reported percentages of NAB+ patients observed in
studies of individual IFNs vary considerably.””” """ How-
ever, a direct comparison of the percentages of NAB+ patients
reported in these studies is not possible because of differences
in assay methods in different laboratories, including differ-
ences in the following parameters: type of assay used to detect
NABs; methods used to represent neutralisation potency; cri-
teria for determining NAB positivity; three month versus six
month time points for measurement; and treatment duration.
The present study was conducted to determine the
incidence and prevalence of NABs in serum samples from
patients with MS who were treated with Betaferon, Avonex, or
Rebif for 6 to 18 months. NABs were quantified every 3
months using the cytopathic effect (CPE) assay in a single
laboratory in our MS centre. Hence, NABs were directly com-
pared for the three IFN products under controlled conditions
in a single laboratory using the same assay procedure.

Patients with multiple sclerosis (MS) can develop neutral-
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bioavailability and clinical efficacy of IFNB.

METHODS

Patients

Patients with clinically definite MS* were enrolled in the
study from May 1995 to July 2000. Patients were included in
the study if they were between 17 and 65 years of age, had a
relapsing-remitting or secondary progressive course of MS,”
and had an expanded disability status scale (EDSS)* score of
< 5.5. Patients were excluded from the study if they had
received prior treatment with an IFN product, immunosup-
pressive treatment during the 12 months before the study, or
corticosteroids four weeks before the initiation of the study.
Patients who were pregnant or breastfeeding, had other
neurological or autoimmune diseases, or had infectious
conditions were excluded from the study. Before enrolment,
all aspects of the study protocol were reviewed with each
patient and informed consent was obtained.

Procedure

Eligible patients were screened for the presence of NABs
before (baseline) and every 3 months during IFN treatment
for up to 18 months. Patients were treated with one of the

Abbreviations: CPE, cytopathic effect; EDSS, expanded disability status
scale; IFNB, interferon beta; LU, laboratory units; MS, multiple sclerosis;
NAB, neutralising antibody; PRISMS, prevention of relapses and
disability by interferon B-1a subcutaneously in multiple sclerosis; WHO,
World Health Organization
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three commercially available IFNB preparations: Betaferon
8 MIU subcutaneously three times weekly, Avonex 30 pg
intramuscularly once weekly, or Rebif 22 pg subcutaneously
three times weekly. An additional subgroup of patients was
treated with Rebif 22 pg intramuscularly once or twice weekly.
Patients were not randomly assigned to treatment because the
three IFNPs became available in Italy at different times:
Betaferon in February 1995, Avonex in August 1997, and Rebif
22 pg in December 1998. Moreover, all the patients treated
with Avonex had an EDSS score < 3.5 because the Avonex
phase III study included patients in this score range.’ Blood
samples were collected every 3 months at least 36 hours after
IFN injection, then serum was inactivated for 30 minutes at
56°C before being stored at —80°C until assayed.

Two categories of NAB positive (NAB+) patients were iden-
tified. The first category consisted of all patients who had one
or more positive sample. The second category, a subset of the
first category, consisted of patients who had two or more con-
secutive NAB+ samples, referred to as “persistent” NAB+.

Cytopathic effect assay
The CPE assay was used to detect NABs because it has been
recommended by the World Health Organization (WHO).”
A549 cells (human lung carcinoma cell line) were plated in a
monolayer on to 96 well tissue culture plates at a mean
concentration of 70 000 cells/100 pl and incubated overnight.
Serum samples were diluted, mixed with one of the three
IFN preparations at a final concentration of 10 IU/ml, and
incubated for one hour. One hundred microlitres of the
serum-IFN( mixture was incubated with A549 cells for 24
hours. Cells were then infected with encephalomyocarditis
murine virus and viable cells were quantified 24 hours later by
staining with crystal violet in 20% ethanol. The dye taken up
by the cells was eluted with 33% acetic acid and its absorbance
was measured in a densitometer at 620 nm."* Controls for viral
activity, cellular viability, and titration of the IFN preparation
were performed in each set of CPE assays for NAB detection.
According to WHO recommendations, data from the
neutralisation assay are reported as the reciprocal of the high-
est dilution of serum inducing 50% neutralisation (that is,
neutralising 10 U/ml of IFN activity to an apparent 1 U/ml of
activity). The neutralisation titre of a serum sample was
calculated according to Kawade’s formula® and expressed in
laboratory units (LU). A concentration of = 20 LU/ml is gen-
erally considered the threshold for positivity. However, the
present study used thresholds of both =5 and = 20 LU/ml
because the lower limit of detection for our CPE assay was
2.5LU/ml. The IFNBs used as reference or calibration
standards in the CPE assay were the commercially available
preparations of Betaferon, Avonex, and Rebif intended for
clinical use.

Statistical analysis

The percentage of patients who developed NABs during each
three month period was calculated to determine the incidence
of NAB+ patients in each treatment group. The risk of becom-
ing NAB+ was assessed from the incidence of NAB+ patients
over sequential three month intervals using Kaplan-Meier
analysis, in which patients are included in the analysis until
they become NAB+ or drop out of the study. Differences in
survival curves between the treatment groups were analysed
using the log rank test. Prevalence was computed from the
number of patients presenting as NAB+ in cumulative three
month periods during the study. Prevalence was calculated
from baseline to 3, 6, 12, 15, and 18 months of treatment. Dif-
ferences in the prevalence of NAB+ samples between the
treatment groups were analysed using Fisher’s exact test. All
statistical analyses were performed with GraphPad Prism
software, version 3.0 (GraphPad Software Inc, San Diego,
California, USA). All reported p values are based on two tailed
statistical tests, with a significance level of 0.05.
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Table 1 Patient demographic and clinical
characteristics
Betaferon Avonex Rebif
(n=29) (n=44) (n=52)
Sex
Male 9 14 13
Female 20 30 39
Age (years)
Mean (SD) 35.5(10.8) 35.2(9.9) 39.3(10.4)
Range 21-62 19-60 17-64
EDSS score
Mean (SD) 24(13) 12(08  22(1.1)
Range 0-5.5 0-3.5 1-4.5
Disease duration (years)
Mean (D) 7862 80(78 7.8(7.2)
Range 0.5-22 0.5-40 0.08-24
Treatment duration (months)
Mean (SD) 154 (42) 14.8(43) 150 (4.4)
Range 6-18 6-18 6-18
EDSS, expanded disability status scale.

RESULTS

Patients

One hundred twenty five patients were enrolled in the study.
Twenty nine patients received Betaferon, 44 patients received
Avonex, and 36 patients received Rebif. A subgroup of 16
patients received Rebif intramuscularly once (6 patients) or
twice (10 patients) weekly. Follow up was comparable among
the treatment groups. All patients (n = 125) completed six
months of treatment and were included in the analyses of
baseline, month 3, and month 6. Sixty patients (48%)
completed 18 months of treatment: 19 of 29 patients (65%) in
the Betaferon group, 25 of 44 patients (57%) in the Avonex
group, and 16 of 36 patients (44%) in the Rebif subcutane-
ously group. The mean treatment duration for all groups was
15 months, and 675 serum samples were available for analysis
(77 samples were not available). Sixty five of 125 patients
(52%) did not have a complete follow up; 50 patients were still
receiving treatment when the study ended; 15 of 125 (12%)
discontinued the treatment because of disease progression
(five patients), side effects (five patients), pregnancy (one
patient), and personal choice (four patients). All the dropout
patients were NAB negative.

Table 1 shows the baseline demographic and clinical
characteristics of patients. There were no significant differ-
ences between groups in demographic or clinical characteris-
tics at baseline with the exception of a lower EDSS score of
patients treated with Avonex. The majority of patients (71%)
were women and the mean age of all patients was 36.6 years.
No patients tested positive for NABs at baseline.

NAB titre = 20 LU/ml

Table 2 presents the incidences of all NAB+ patients and per-
sistent NAB+ patients with an antibody titre = 20 LU/ml for
each treatment group. NABs were first detected during the
first 3 months of treatment and continued to appear through-
out the 18 months of treatment. Of 21 patients who developed
NABs during the 18 month study, 19 (90%) developed NABs
during the first year of treatment, 16 (84%) of these during the
first nine months of treatment. The risk of becoming persist-
ent NAB+ during 18 months of IFN treatment was 31% with
Betaferon, 15% with Rebif, and 2% with Avonex (fig 1A). The
risk of becoming persistent NAB+ was significantly lower for
Avonex than for either Betaferon (p = 0.001) or Rebif
(p = 0.04). There was no difference in the risk of developing
NABs between Betaferon and Rebif (p = 0.19). In an analysis
that included patients with one isolated NAB+ sample (fig
1B), the risk of becoming NAB+ increased for all groups and
was 38% with Betaferon, 18% with Rebif, and 7% with Avonex
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Table 2 Incidence (Inc) and prevalence (Prev) of neutralising antibodies (NABs) (titre =1:20) in patients with multiple
sclerosis treated with interferon beta

Betaferon Avonex Rebif

All NAB+ (%) Persistent NAB+ (%) All NAB+ (%) Persistent NAB+ (%) All NAB+ (%) Persistent NAB+ (%)

Months n Inc Prev Inc Prev n Inc Prev Inc Prev n Inc Prev Inc Prev
0 29 0 0 0] 0 44 0 0 0 0 36 0 0 0 0
0-3 29 0 0 0 0 44 0 0 0 0 36 2.8 2.8 0 0
3-6 29 207 207 0 0 44 2.3 2.3 0 0 36 57 8.3 2.8 2.8
6-9 26 20.0 3446 19.2 192 39 26 2.6 0 0 29 3.8 10.3 7.1 6.9
9-12 24 7.1 41.7 53 25.0 36 0 2.8 2.8 2.8 26 9.1 19.2 4.3 11.5
12-15 22 O 45.4 6.2 31.8 30 3.6 6.7 0 3.3 22 0 18.2 55 18.2
15-18 19 O 42.1 8.3 31.6 25 0 8.0 0 4.0 16 100 25 0 18.7
All NAB+, patients who had =1 positive serum samples; Persistent NAB+, patients who had =2 consecutive positive serum samples.

40 —
B Betaferon
@ Avonex
V¥ Rebif
3L
<
+
o
<
Z 20 |-
c
oL
kS
10 —
A
ol | ® | | J
0 3 6 9 12 15 18 21
Time (months)
50 2
B Betaferon
@ Avonex
40 | ¥ Rebif
g 30 —
+
o
<
Z 20 —
10 —
om ‘ \ !
0 3 6 9 12 15 18 21
Time (months)
Figure 1 Kaplan-Meier curves for risk of having (A) two or more

consecutive samples positive for neutralising antibodies (persistent
NAB+) and (B) one or more positive samples (NAB+) using a titre
=20 LU/ml as the threshold for positivity.

(Betaferon versus Avonex, p = 0.0007; Betaferon versus Rebif,
p = 0.10; Rebif versus Avonex p = 0.07).

The prevalence of NABs was significantly higher in
Betaferon treated patients than in Avonex treated patients at
all cumulative time points after month 3 for all NAB+ patients
and for persistent NAB+ patients (p = 0.0002 to p = 0.03;
table 2). At month 18, the cumulative prevalence of persistent
NAB+ patients was 31.6% in the Betaferon group compared
with 4% in the Avonex group. Patients treated with Rebif had
a cumulative prevalence of 25% and 18.7% after 18 months for
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all NAB+and persistent NAB+, respectively. There was no
significant difference between Rebif and either Betaferon or
Avonex.

NAB titre = 5 LU/ml

Table 3 shows the incidence of NAB+ patients with the
threshold for positivity defined as a NAB titre = 5 LU/ml
(table 3, fig 2A). The data obtained were consistent with those
of NAB titre =20 LU/ml. A significantly lower risk of becoming
persistent NAB+ was observed in the Avonex group than in
either the Betaferon group (p = 0.0002) or the Rebif group
(p = 0.047); the difference between Betaferon and Rebif
approached significance (p = 0.068). In an analysis of the risk
for having one or more NAB+ samples, a significantly lower
risk of developing NABs was observed in the Avonex group
than in either the Betaferon or the Rebif group (p = 0.0001
and p = 0.003, respectively). Similar to the data for titre
= 20 LU/ml, there was no significant difference in the risk of
NAB development between Betaferon and Rebif treatments
(fig 2B).

The prevalence of NABs was also evaluated for all NAB+
patients and the subgroup of persistent NAB+ patients having
an antibody titre = 5 LU/ml (table 3). As expected from this
lowered detection threshold, the prevalence of NAB+ patients
was higher across all treatment groups at each interval for
both categories of patients (table 3). The prevalence of NAB+
patients and persistent NAB+ patients was significantly
greater in the Betaferon group than in the Avonex group
(p < 0.0001 to p = 0.03). In the Rebif group, the prevalence of
NABs in all patients and persistent NAB+ patients was 50%
and 18.7%, respectively, but there was no significant difference
between the Rebif group and either the Avonex or the
Betaferon group.

NABs in patients treated with intramuscular Rebif

A subgroup of 16 patients were treated with Rebif 22 pg intra-
muscularly once or twice weekly. The route of administration
of Rebif did not affect the development of NABs. The incidence
of persistent NAB+ patients in this subgroup was 18.7%,
which was similar to the incidence observed in patients who
received Rebif 22 pg subcutaneously three times weekly
(19.7%). Two of the three NAB+ patients were treated with
Rebif 22 pg intramuscularly once weekly, whereas the third
patient received Rebif 22 pg intramuscularly twice weekly.

DISCUSSION

The present study directly compared the incidence and preva-
lence of NABs with the three types of IFNPs available in
Europe for the treatment of relapsing MS. Results showed that
the three IFN[3 preparations differ in their ability to induce
NABs in patients with MS. A significantly lower incidence of
NAB+ patients was observed with Avonex than with either
Betaferon or Rebif for both definitions of NAB positivity (one
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Table 3
interferon beta

Incidence (Inc) and prevalence (Prev) of NABs (titre =1:5) in patients with multiple sclerosis treated with

Betaferon Avonex

Rebif

All NAB+ (%) Persistent NAB+ (%)

All NAB-+ (%)

Persistent NAB+ (%) All NAB+ (%) Persistent NAB+ (%)

Inc Prev Inc Prev Inc

Prev

Inc Prev Prev Inc Prev

0

0

24.1
26.3
16.7
12.5
25.0

0

0

24.1
38.4
50.0
59.0
63.1

0

0

0
19.2
21.0
7.7
0

0
0
0
19.2
875
40.9
36.8

44
44
44
39
36
30
25

0
0
6.8
2.8
3.1
4.0
0

0
0
0
2.6
2.8
Sh
4.0

36
36

0
2.8
16.7
20.7
30.8
40.9
50.0

0

0
2.8
6.9
15.4
18.2
18.7

29
26
22
16
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Figure 2 Kaplan-Meier curves for risk of becoming (A) persistent
NAB+ and (B) NAB+ using a titre =5 LU/ml as the threshold for

positivity.

or more positive samples and two ore more positive samples).
The cumulative risk of becoming persistent NAB+ with
Betaferon was double that of Rebif (31% v 15%) and over
10-fold greater than that for Avonex (31% v 2%). The cumula-
tive risk of becoming persistent NAB+ with Rebif was
approximately 7-fold greater than that for Avonex (15% v 2%).
Hence, Betaferon was more immunogenic than Rebif and
Rebif was more immunogenic than Avonex. As expected, low-
ering the threshold criteria for NAB positivity from a detection
limit of = 20 LU/ml to = 5 LU/ml increased the incidence of
NABs in each treatment group; however, patients treated with
Avonex still had a significantly lower risk of developing NABs
than did patients treated with Betaferon or Rebif.

The presence of NABs is important in the evaluation of
IFNQ efficacy in the treatment of MS. All double blind, placebo
controlled, randomised, multicentre trials that established the
beneficial effects of IFNBs for the treatment of relapsing MS
reported the incidence of NABs."” In these clinical studies of
individual IFNs, the percentage of NAB+ patients ranged
from 27.8% to 45% with Betaferon,'**” from 15.9% to 23.8%
with Rebif,” " and from 2% to 22% with Avonex.’* The
findings of the present study are generally consistent with the
results of these studies, with the exception that the percentage
of NAB+ patients observed in the phase I11 trial of Avonex was
substantially higher (14-22%).” In the open label safety
extension of the phase III Avonex trial,’” the percentage of
NAB+ patients decreased to 5%; the decrease in NABs from
the phase III study was attributed to a modifications of the
manufacturing process to reduce the amount of IFNB-la
aggregates by changing the excipients in the final product.’
The low incidences of NAB+ patients found in our study and
in a recent study of Avonex in monosymptomatic patients (2%
NAB+ patients)’ are consistent with the idea that the
available Avonex preparation is less immunogenic than that
used in the phase I trial.”

The apparent rank order of immunogenicity of the three
IFN preparations in the present study is consistent with a
study by Ross ef al,*' which compared the immunogenicity of
all three IFNs in one laboratory using an antiviral neutralisa-
tion bioassay. This study found that Betaferon was more
immunogenic than IFNf-1a, and among IFNB-1a products,
Rebif was more immunogenic than Avonex. In another study
by Kivisdkk et al,”* similar NAB+ threshold criteria were
applied to compare NAB development with Betaferon and
Avonex using a CPE assay in an independent laboratory. In
this study, the percentage of NABs was 44% with Betaferon
and 5% with Avonex in patients treated from 7 to 24
months.”

The CPE assay is internationally recognised for quantifica-
tion of the neutralising activity of IFNf3s.” A titre = 20 LU/ml
is generally considered to be the threshold for NAB positivity
and has been used in most studies.'?’®"***? Another
approach to establishing a threshold for an upper limit of nor-
mal is to assess the lowest value detectable in IFNf treated
patients but not in healthy controls or in untreated patients
with MS. The test used in the present study has a lower limit
of sensitivity of 2.5 LU/ml, and none of the patients had a
concentration higher than 5 LU/ml before IFN( treatment.
Consequently, our data were stratified and analysed based on
two thresholds, = 5 and = 20 LU/ml. Decreasing the threshold
for positivity or using a method with a higher sensitivity
increases the number of patients detected as positive. For
example, Ross ef al*' used a sensitive method (to 3 LU/ml) and
found that most patients treated with IFN produced IFNf
antibodies, with 40% to 75% of patients NAB+. To date, it is
not known whether the threshold for NAB positivity in the
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CPE assay should be 5 LU/ml or 20 LU/ml because the lowest
NAB titre that interferes with the therapeutic efficacy of IFN3
has not been identified. However, it is noteworthy that a titre
between 5 and 20 LU/ml decreases IFN[ bioavailability and a
titre > 20 LU/ml abolishes bioavailability.®

Fluctuation of NAB positivity is possible and the disappear-
ance of NABs after some years of treatment has been
described." Our study lasted 18 months, too short a follow up
period to analyse NABs seroconversion. However, in the group
of 14 persistent NAB+ patients (with titre > 20 LU/ml), all
the samples were positive during the follow up, apart from two
samples from the same patient in which positive determina-
tions always showed a titre < 38 LU/ml.

There are several potential reasons for the differences
observed between the three IFNBs in their ability to induce
NABs. IFNB-1b differs from IFNB-1a in several respects, such
as biochemical structure, dose, dosing frequency, route of
administration, and vehicle.” "’ ** One or more of these factors
may be responsible for the increased immunogenic properties
of Betaferon compared with IFNB-1a (Rebif or Avonex). How-
ever, since IFNB-1a is identical to natural IFNB, whereas
IFNB-1b has been modified biochemically,” it is likely that
biochemical structure is an important aspect in determining
the high immunogenicity observed with Betaferon. The risk of
developing NABs was also higher with Rebif than with
Avonex; however, these two IFN products have the same bio-
chemical structure. It can be hypothesised that differences in
dose or route of administration affect immunogenicity.
However, data from the present study do not support this
hypothesis because the incidence of NABs did not differ
between groups of patients treated with Rebif 22 or 44 pg
intramuscularly weekly and those treated with Rebif 66 pg
subcutaneously weekly. Hence, differences in immunogenicity
between Avonex and Rebif may depend on differences in drug
excipients. The relation between excipients and immuno-
genicity of IFN has not been studied, but Rudick ef al’ suggest
that a modification of the Avonex excipient caused a reduction
in NAB+ patients.

In contrast with the study of Antonelli ef a/,” in our study
the degree of disability did not seem to be a factor influencing
the capacity to produce NABs, although the Avonex treated
patients presented with a lower baseline EDSS score. In fact,
NAB negative patients and persistent NAB+ patients did not
differ in baseline EDSS score, regardless of whether Avonex
treated patients were included in the analysis. Moreover, NAB
negative and persistent NAB+ patients had comparable
disease durations.

As the majority of NABs appear during the first year of
treatment, their clinical effects are more evident if the follow
up is longer than two years. This concept is clearly shown by
the PRISMS (prevention of relapses and disability by
interferon B-la subcutaneously in multiple sclerosis) study,
which showed no significant impact of NABs during the first
two years of the study, but a significant impact on both clini-
cal and magnetic resonance imaging measures when the fol-
low up was four years.” * It should be noted that NABs have a
relevant impact on MS in terms of both the number of
patients involved and the magnitude of clinical effects. The
PRISMS-4 study clearly showed that NAB+ patients treated
with Rebif 44 pg three times weekly had a mean relapse rate of
0.81 and a 17% increase in burden of disease on magnetic
resonance imaging, whereas NAB negative patients had 0.50
relapse rate and 8% decrease in burden of disease. This clinical
effect was observed in one of seven patients treated with Rebif
44 pg and in less than one of five patients (23%) treated with
Rebif 22 pg.

In conclusion, this study compared the relative risk for
developing NABs in patients with MS treated with one of
three different IFN[ preparations using a single, sensitive
assay under controlled conditions in one central laboratory.
The rank of relative risk was found to be Betaferon = Rebif >
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Avonex. NABs can appear early during the course of MS treat-
ment, persist for several years before disappearing,'® decrease
IFNQ bioavailability,"” and reduce or abolish the clinical
efficacy of IFNs.' *” ' Hence, the relative risk of developing
NABs should be considered when selecting the appropriate
IFNP treatment, both for newly diagnosed MS and for those
already receiving treatment for MS.
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HISTORICALNOTE. ...

van Swieten’s concept of cerebral embolic stroke

(1620-95) showed that apoplexy is due to
cerebral haemorrhage.' Vascular engorge-
ment or congestion, not occlusion or stenosis,
was at that time thought to cause non-
haemorrhagic (serous) apoplexy. Indeed even
at the turn of the 19th century, Pinel and oth-
ers classed apoplexy as a form of cerebral
neurosis. The distinction between thrombosis
and haemorrhage was unclear until the mid
19th century,” despite the clinical and patho-
logical ~ descriptions of  Abercrombie,’
Cheyne,* Cooke,” and in France, Serres.® Small
softenings were first designated lacunes by
Dechambres in 1838.7
van Swieten postulated embolism arising in
the heart and great vessels; far ahead of his
time, he observed®:

The Swiss physician Johann Jakob Wepfer

“It has been established by many
observations  that  these  polyps
occasionally attach  themselves as

excrescences to the columnae carneae
of the heart, and perhaps separate from
it and are propelled, along with the
blood, into the pulmonary artery or the
aorta, and its branches . . . were they
thrown into the carotid or vertebral
arteries, could disturb—or if they
completely blocked all approach of
arterial blood to the brain—utterly
abolish all functions of the brain.”

Gerhard van Swieten (1700-72) was a
student of the famous Boerhaave in the lovely
Dutch city of Leiden. Boerhaave had adopted
the clinically orientated teachings of Willis
and of Sydenham (the British Hippocrates).
His work reflects the importance paid to
orderly and critical clinical observations made
at the bedside. He became the personal physi-
cian to the Empress Maria Theresa.

van Swieten published his Commentaria in
Hermanni Boerhaave aphorismos de cognoscendis et
curandis morbis, in six volumes (Lugduni Bata-
vorum, J & H Verbeek) between 1742-76. It
was translated into English in 18 volumes in
1771-76.% In the commentaria he gave the first
description, known to date, of episodic cluster
headache. This text also includes his lucid
accounts of podagra (gout), and of nominal
aphasia in patients recovered from apoplexy.

Amongst his many other important works,
van Swieten’s idea that embolism could
occlude the arteries of the brain and thereby
be a major cause of loss of brain function—
that is, stroke—ranks as a signal advance,
though not appreciated until more than a
century later.

JMS Pearce

304 Beverley Road, Anlaby, HULL HU10 7BG, UK;
jmspearce@freenet.co.uk
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