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Phenytoin and damage to the cerebellum - a systematic review of published cases

SYSTEMATIC REVIEW

Robin Ferner @*®, Rachael Day® and Sally M Bradberry2°<

3National Poisons Information Service (Birmingham Unit), City Hospital Birmingham, Birmingham, UK; ®School of Clinical and Experimental
Medicine, University of Birmingham, Birmingham, UK; <School of Biosciences, University of Birmingham, Birmingham, UK

ABSTRACT

Introduction: The antiseizure medication phenytoin has been associated with changes in the cerebel-
lum, cerebellar signs, and permanent cerebellar damage. We have systematically reviewed the clinical
and radiological features, and their correlation.

Areas covered: We identified sixty case reports and case series of the effects of phenytoin on the
cerebellum by searching Medline and Embase and relevant reference lists. The reports described 92
[median 1, range 1-5] cases, documented median age 28 [2.7-78] years. Eighty-one cases described one
or more clinical sign of ataxia (present in 96%), dysarthria (63%), and nystagmus (70%). The neurological
outcome (in 76 cases): 10 (13%) recovered by 12 months; 55 (72%) suffered residual disability; and 11
(14%) died. Median serum phenytoin concentration (48 cases) was 50 (interquartile range 31-66) mg/L;
only three values were below 20 mg/L. The radiological findings included cerebellar atrophy in 41 of 61
patients (67%) with at least one scan.

Expert opinion: Evidence mainly comes from case reports, and is inevitably biased. Most patients with
cerebellar dysfunction have phenytoin concentrations above the reference range. Clinical signs of ataxia
can persist without radiological evidence of cerebellar atrophy, and cerebellar atrophy is seen without
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any clinical evidence of cerebellar dysfunction.

1. Introduction

Phenytoin (diphenylhydantoin, Dilantin®) was introduced into
clinical practice as an antiseizure medication (anti-epileptic
drug, anticonvulsant) by Merritt and Putnam in 1938 [1].
A review of 329 patients in 1939 supported ‘the strong antic-
onvulsant properties and marked toxic effects of this drug,’ for
by that time, the adverse effects of ataxia, nystagmus, tremor,
dizziness, and visual and psychological disturbance had been
observed in treated patients [2]. By the 1960s, the adverse
effects had been correlated with serum concentrations of
phenytoin: ‘nystagmus appearing at approximately 20 [mg/
L], ataxia at about 25-30 [mg/L], and disorientation and som-
nolence at greater than 35 [mg/L].” [3] The ataxia, nystagmus,
and tremor are characteristic of cerebellar dysfunction.
Phenytoin has non-linear pharmacokinetics, and this makes
dosage adjustment difficult. A small increase in dose can result
in an unexpectedly large increase in plasma concentration,
and consequent phenytoin toxicity. In most cases, cerebellar
signs disappear when phenytoin treatment is stopped, or the
dosage is reduced.

However, in 1958, Utterbach et al presented an abstract to
the American Neurological Association of ‘Parenchymatous
cerebellar degeneration with Dilantin® intoxication’ that
reported histological findings in cats given phenytoin. They
also described two patients who were treated with phenytoin,
developed cerebellar signs, and recovered after their pheny-
toin treatment ceased [4]. Haberland later described three

patients treated with phenytoin who developed progressive
cerebellar signs and ultimately died (although not necessarily
from phenytoin poisoning), and who at post mortem showed
histological evidence of cerebellar degeneration [5]. Since
then, cases have been published of a persistent cerebellar
syndrome after intoxication with phenytoin, both after long-
term treatment and after acute intoxication.

We reviewed the medical literature to identify case series
and case reports of cerebellar changes associated with phe-
nytoin treatment.

2. Methods

We searched Medline and Embase in the Ovid® database,
without language restriction, using the following search
terms: (phenytoin or diphenylhydantoin or Dilantin or DPH).
mp. AND (cerebellum or cerebellar).mp. The search was lim-
ited to humans and to adverse effects. We ran the search on
13 April 2021.

From the retrieved references, we used titles and abstracts
to select case reports or case series that included cerebellar
changes with phenytoin. We considered any finding of ataxia,
dysarthria, or nystagmus to indicate that clinical features of
cerebellar disorder were present. We additionally sought refer-
ences listed in the retrieved articles but not found by the
search strategy.

We tabulated the results for each case report or case series
according to author, year of publication, patient age and sex,
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Article highlights

o Phenytoin is still widely used as an antiseizure medication.

o Cerebellar signs are common.

e Most phenytoin-treated patients with cerebellar dysfunction have
phenytoin concentrations above the reference range.

e In most cases, signs regress when phenytoin concentration is
reduced.

¢ Phenytoin can damage cerebellar Purkinje cells.

o Clinical signs of ataxia can persist without radiological evidence of
cerebellar atrophy, and cerebellar atrophy can be seen without
clinical evidence of cerebellar dysfunction.

This box summarizes key points contained in the article.

clinical history, exposure to phenytoin, concentration mea-
surements, radiological findings, and neuropathology. Each
reference was screened by one reviewer (REF) and cross-
checked by a second reviewer (RD); any disagreements were
resolved by consensus.

Results were presented as
percentages.

absolute numbers and

3. Results
3.1. Search results

The search results were as follows:

1. (phenytoin or diphenylhydantoin or Dilantin or DPH).mp.
87,524

2. (cerebellum or cerebellar).mp.273,862

3.1 and 2 1484

4, Remove duplicates from 3 1199

5. Limit to humans and adverse effects 793

Of the 793 references, 66 appeared relevant. An additional 18
references were retrieved from citations within them, provid-
ing in total 84 references.

3.2. Retrieved references

Sixty-two of the references contained information on one or
more human cases. Two reports in Finnish [6,7], one of which
was also reported in English [8], and one of which formed part
of a large review [9], were not retrieved, leaving 60 references
in total. Four references were available to us only in abstract:
one because it was presented to a meeting, and three because
there was an English abstract, but the original paper was in
Korean [10] or Japanese [11]. One case of encephalitis, with no
evidence of phenytoin intoxication, was excluded [12], so that
our analysis was based on 92 reported cases.

3.3. Case reports

Details of cases are given in Table 1 and Table 2.

3.3.1. Clinical features

(Figure 1) Age was documented in 87 cases, with a median of
28 [range 2.7-78] years. At least one feature of a cerebellar
disorder was mentioned explicitly in 81 of the 92 cases; one
case showed no signs. Of the 81 clinical case reports, 78 (96%)

described ataxia, 51 (63%) recorded dysarthria or speech diffi-
culties, and 57 (70%) noted nystagmus. Fifteen patients were
recorded to have ataxia alone, and two to have nystagmus
alone. Twenty-three cases (28%) exhibited two of the three
features, and 41 cases (51%) exhibited all three.

In addition, reports mentioned features such as lethargy,
drowsiness, and stupor; diplopia; and hypotonia. Several
patients had an underlying brain disorder. In some reports,
neurological signs such as extensor plantar responses (five
cases) were recorded.

3.3.2. Clinical course

(Figure 2) Eleven patients (14%) died out of the 76 whose
neurological outcome was stated, although deaths were not
necessarily caused by phenytoin poisoning. Ten patients (13%)
recovered after a time, and were normal at re-assessment,
which was up to 12 months after the original presentation.
Cerebellar signs improved to some degree in 41 patients
(66%) assessed at different intervals from 14 days to 4 years
after presentation, although the patient often remained dis-
abled. There was no remission of neurological signs in 14
patients (18%), assessed in one case up to 6 years after initial
presentation.

3.3.3. Phenytoin concentration measurements

The maximum phenytoin concentration at or soon after pre-
sentation was provided in 47 case reports. The median value
was 50 (range 3-128; interquartile range 31-67) mg/L, and
only four values were below 20 mg/L.

3.3.4. Radiological findings in the cerebellum and
posterior fossa

(Figure 3) We took radiological investigations to support
a finding of cerebellar atrophy if they reported cerebellar
atrophy; or there was prominence of the cerebellar folia or
widening of the cerebellar sulci or both; or an increase in size
of the fourth ventricle. Some patients underwent radiological
investigations at the time of admission and at follow-up. The
most abnormal result was invariably the last result obtained.

Two patients underwent carotid angiography, with normal
results.

In 14 cases, patients had pneumoencephalograms after
developing symptoms attributed to phenytoin. Five studies
were normal or only slightly abnormal, four were reported to
show enlargement of the fourth ventricle, and five were
reported to show cerebellar atrophy.

There were 35 cases with recorded CT scan results, six of
which showed no cerebellar abnormality. In the 29 (85%)
patients with abnormal scans, cerebellar atrophy, cerebellar
degeneration, clearly outlined cerebellar sulci or folia, or enlar-
gement of the fourth ventricle, or a combination of these
findings, was observed. One scan was interpreted to demon-
strate cerebellar infarction.

Fifteen patients had MRI scans reported: one scan as nor-
mal, one as showing ‘prominent cerebellar folia,’ and one both
prominent folia and cerebellar atrophy. Twelve MRI scans
(80%) in total were reported to show cerebellar atrophy or
‘shrinkage of cerebellum.” A further patient underwent MRI
scanning, but the scan was not described.



EXPERT OPINION ON DRUG SAFETY 959

(panunuo))
K ¥ 10y Ajiep 1My Bw 0oL p S J9n0 JusWIACIdW] dWOS av y293ds paun|s pue ssaufzzip Jo sinoy ‘W 0§ 8 19yseq
saposids Jayuny ano4 ‘buiwon
‘eido|dip ‘euypesAp ‘snwbeisAu ‘eixele jo uodal Isiy 5861
p/bw 001051 Jleyd[@aym e o} pauyuod ‘eixele buigesiqg Nay A6l ! ‘p/Bw 0o ulolkuayd -aydseusw woiy Asdajida ‘4 Ly £/ ‘¥86L Jaleg
juswaAoidwl
K zL e 1/bw 1yb1js AJuo INg ‘panNUUOISIP UI0IAUBY ‘SDIWDIIXD
6’7z “1/6w pue 3juni} JO eIXele 3SIL0D ‘UOIIdUNY JOJOW 1 G861
L€ anjea auQ p/bw 05z A 9 Buou A ¢ ‘p/Bw 05L-SZL A ¥ juswanoidwi 3ybys Ajuo Ing ‘panuiuodsip ujoikusyd v A 71 ‘eIXele JusuIndal YUM W € WOJy SAINZIdS dIUopP ‘4 7L/ ‘b86L Jaleg
G861
/6w ¥ 15-01 K g wouy p/bw GzZ-051 auopiwnd o3 abueyd Aq pasianas A|jny 10N v eixele ‘A 7 ‘A g woly sainzias [ened xaidwod ‘4 £ 9 ‘p86L Joleg
uoleJoLalap dijewelp ‘p/bw Qo€ ‘pavelsal A 6z
‘paddois ‘190231 333|dwiodul A 7 {p/bw 00S—-00E UO
7/bw 7 dIym ‘sowas} ‘uonualul ‘buniwon ‘eidojdip ‘snwibeisku
UoI1eJIUIIUOD ‘eIxele YlM suoiedixoul Hdq 1oj pazijendsoy
poojg A 67 p/bw 00S-00€ eixele buljgesip 9|qISIanaL| NQy Ajpaieaday 219 uioihuayd ¥ ‘A 6 abe wouy aunzds ‘W oy 9 ¥861 Joleg
eIXe1R 351e0) MM
0} 3|qeun awedaq Ajuappns ‘asop ybiy yum pajeasy
p/bw 0oL A 1 1USPUIaP-IIBYD[IAYM ‘BIXBIR 3SIEOD ‘UBY] dUIS Vv uaym £ g| ‘uioihuayd papnpul 3 ‘A 9 wouy Asdajida ‘4 €€ 9 861 Jaleg
euyuesAp ‘eidojdip ‘snwbeisAu ‘eixele yeb ajesspow
dIxele padojaaaq “utoifuayd buipnpul ¥ A 8 woly saInzids
usaym 7/bw 9°0¢ p/bw 0oz uo swoldwAs ‘p/bw 05| Ajjeiul paddols sem ui01fuayd Jaye panoidw| NaVv jerued xajdwo) ‘A z wouy sainzies pazijesausb ‘4 gL 9 861 Jaleg
/6w £6€ [9A9)
pooiq [ewixew  p/Bw 00y—00Z A ¥ usyy ‘A  wouy p/bw 051 A 0L uonn|osal 333|dwodul ‘eIXeIe JULINIBY v eixely A | 1e 9SIOM A § WoJ) SaINZI3S [@J0) 4 8L 9 861 Joleg
V€ puR ‘€T ‘€L
‘80 p uo
/10w 0 ‘9¢
‘001 ‘Ll ‘8€T SS9UIAIIRQWIOD ‘eLIYMIESAp ‘eIXele ‘snwbeisAu
uay} ‘(6/-0v :paisgysuel) “1odnis pue uoisnjuod ‘elyuesAp ‘eixele
J13nadesayy) Bbw 0p9 01 uebe paseasnul ‘Al || ‘p/Ow 00E elRWSAp ‘skep may e 1oy Adessyy ajdnipenb gj-nue uaaib ‘p 9
T/1owr 867 uay3 ‘p g 4oy p/bw 009 Uay3 ‘p € 1oy p/bw 05/ yum ‘passisiad eixeje Inq ‘z| Aep Aq auob snwbeisAN NAY J9ye ‘Ssew |eiqaidd pue ‘aInzids 1Sy YUM pallwpe ‘W 0§ 6661 epemy
p/bw 001-05 A 9 N snwbelsAu A 9 Joy saunzias pue eixAydse yuiq ‘W /¥ 810T BIOIY
4o pue uo, p/bwi 051 £ s1 v eixeje Jiep ‘A 7z doj saINZIdS ‘W Oy ¥ 8LOT BIONY
eixele 1eb ‘snwbeisAN
p/bw 00z-00L A 7L NY ‘Bupjiem ur AynoyyIp w z A G| Joj saunzies ‘WS¢ 8LOT eIolY
euyuesAp pue eixely ‘bupjjem
p/bw 00z-00L A 91 av AYNdIYIp JO 19SUO JUIBY SIS02IANSAd0INAU ‘N 0€  +  8LOT BIoIyY
JowaJ} UuonUIUI ‘sisaupjoydopelpsAp ‘elIdwsAp
'S}y | Joj uoissiwpe 310)3q p Sz p/Ow 009 d|qe1s ‘eyuesAp ‘eidojdip ‘snwibelsAu ‘eixele [eauni) 319Aas 2]
/6w 05 | ‘A QL Joj p/Bw QOE ‘uonedIX0IUl UloIAUdYd d3NdY D3RI [edIUIPD W g7 ‘panoidwi subis Je(|9gaIad 9le| W NAQY  ‘@duaunuodul Aleun ‘uoisnjuo) ‘A 0z 10j saInzids ‘4 sz £ 000z hiboly
paisdoiq sem win|j2gaJad dydosie jlews e ‘A1abins 1y
*subis Y10 pue euyuesAp pjiw 1d1e| ‘BIXeIe JULINIAI
‘W  J3YY ‘paddols uay} ‘w € 03 7 104 PIdNPOJIUI-DI
aposida ulo3Auayd -erdojdip ‘snwbeisAu ‘eixele yum bupuasaid
w G| Joj p/bw 00T 91Nde 3y} J3)e W 9 Je 3uob ‘W § 1e eixele [enpisay NQY  20j9q w G| Joj uiojkuayd ‘A g abe aduls sainzids ‘4 oL 7 8961 UYY
abuel
JIX03-Uou siapiosip |edisAyd pue [eyusw
ulyum skem|y JUaWIB3IY DIUOIYD) 2I9A3S Yum Asdajida jueisisal Juswieasy v ‘umousun 1 1661 29V
uoneUIdU0) ui0)Auayd o3 ainsodx3 awodInQ subis el Jay loyiny
FLIELEIED)

"MoJ9q ‘z 3|qe] Aieyuswalddng Jo pud Y3 e USAIG dJe SDUISYRI pue SUoKRIAIGQY UlolAuayd 0} ainsodxa pue ‘BwodIno ‘subis [ed1ul) “WN||9ga43d dy3 B uloikuayd | 3jqel



960 R. FERNER ET AL.

(panunuoD)

w 246G 1e Uwum_m‘_wa S9llWBLJIXe pue }uni} 9yl Jo

eisejdiadAy |eaibulb ‘eissupjoydopelpsAp ‘euiawsAq
'snwbeisAN »jjem Jo puels 0} S|geun paliwpe

p/s19|qe1 € o|idonuaz  eixele 1ng ‘paddols juswieas) uioifusyd saye panoiduw) NaVv ‘A g1 9be wouy Asdapds ‘|z Awosi] ‘pajeisun xas 67 #L 9961 19£31Q
eluoye
w gL 1e paisisiad euyuesAp ‘Jow?aJ) UonUIUI ‘eLIdWSAP ‘eiseqe ‘eiseise ‘eiyuesAp
pue ‘ejxeje [eaunJ} pue jen ‘paroidwi euIRWSAp ‘snwbeisAu $s016 ‘@dusjoUWOS YUM SSDU||I [eZUSN|UI
K 7 10} p/s19|qe) G 5|eUONIUDZ pue ‘siow?l} ‘snwbeisku pue ‘paddols uioifusyd Nay ue Jaye pajuasald ‘A z| abe wouy Asdajid3 ‘W 9L #I 9961 49kaIg
Jowaiy
‘eisaupjoydopelpsAp ‘snwbeisAu ‘eyuesAp ‘eixele
13)9p Aleuonels |eduni} :3/0 "bunjjem ul A}ndiyiQg 9SOPIAA0 3|qIsSOd
sAep md} e Ul ,|1do1ludz JO SI9|qe) 00L—08 3001 Yum swoidwAs Je||9galad Jo UOISSaIBAI MO|S ‘W /| JaYY NAQY ‘w8 K /| 1e subis Jejjagasad oN A 7| woly Asdapds 4 07 #I 9961 19431Q
,Sublis e||2ga1ad |esdle|iq, pue ‘snwbeisAu ‘eypesAp
V6w t'Lg p/bw 00€ P S uyum panosdu Nav ‘elxele Jo p g 'sainzias Joj A g 1oy ulodkuayd ‘4 oy £/ 9LOT Meseq
*7/jowr
95€ (51 Aep)
anjea yead
‘uolssiwpe
uo (7/jowr
08—0t dbues p 00l 4o} |endsoy
d13nadesay) u| *3s4n0d dyseydig “eixele ‘snwbeisAu ‘euyyesiqg ‘wadl
Jewuou) *9seasip eAoweAopy; pPas|q SholAdld “Jalled Y 91-7L
J/iowr 181 uo e b gL + A 7 10} p/bw 00€ ADIX0} Je|[9g19D JUISISIAd NV |oueyid + uioihuayd b | 1ses| e 3003 A|91esaqlEp ‘W 8 7L 00z bren
sisiuobe
-e13q pue SpINj} Yum pa3daiiod asde|jod Jejndsenolpied
pue snwbeisfu uayy uloifuayd usAiD ‘piIyy
subis Je|[9ga1ad e uay) ‘wedazelp yum pajeal] sainzids pazijesauab
/6w g/ By/bw 0z X € Ou ‘W 9 1y p € Jaye abuels jewsou ay) ul ujoIkusyd N  OM} Yum pajuasald ‘W gz 1e UOIS|NAUOD dJUQR) ‘4 W g€ [ /861 1Yyd0)
snwbeisAu ‘eLyawsAp ‘ys>aads paun|s
7/bw z'9¢ p/bw 00¢€ paddois uio1fusyd saye panoidwi Amo|s Nd 3/0 anisuauadAy “ijoyodje ‘@ || 9dAL ‘@inz1ds W 0§ 0L 800T }01s0ig
uolssiwpe eixele jeb ‘snwbeisAu ‘eissunjoydopeipsAp papis
1aye Aep -ybu ‘eibajdiway Y3| 3/0 "YAD SNOIASI4 “UOIIRUIPIOOD
uo 7/bw '8¢ p/bw 00t umespyum uioifuayd saye £1anod9y NV + 9duejeq Buluasiom m | ‘dwoy 1e |13} ‘W T 0L 800 Hoisoig
uolissiwpe
Jo Aep yunoy
uo 7/bw uol1edIX0jul [oueyld sisoubelp jentul ‘ujoifusyd ¥
65 uolsSIwpe Asdajida umouy ‘snwbeisku + eixele yeb + duyuesip
uo 7/bw ¢ p/bw 00¢€ 1310231 ||ny pue |enpesb, ‘umespyum uiolfusyd Jayy Nav ‘asuejnque Aq 1ybnoiq SNODSUODIWSS punoy ‘W 85 0L 800T Hoisoig
ele djesapow
+ ‘eisaupjoydopelpsAp pue ‘euldwsAp ‘euyuesAp pjiw eISQUDISAP |eIdey) ‘SIS0}ayIe0aI0Yd ‘Yd9ads
Kjuo pey ays uoissiwpe 1sod £ ¢ ‘uj0ikusayd Huiddols paun|s ‘snwibeisku ‘w | 1oy eixele qui| ‘A € 1Yy
/6w g /2L p/bw QOE  JO P / UIYUM PIA|OS3I BISSUDISAP |eIDB) ‘SISO1RYIRe0Ioy) Nay ‘uio)fuayd ¥ ‘pas|q |eigasedeaul ‘uoisuanadAy ‘4 05 6 $861L Z9109
juswanoidwi ou Ajjentul ing ‘paddois uloikusyd
‘ellyuesAp djesapow ‘snwibeisAu ‘eixele yum
panosduil eixele pue paniwpe ‘w €| Jayy ‘uioykuayd g A 9| je sainzias
8t uol K 91 oy p/bw 0o euyMesAp :uoissiwpe 3sod w 9 Quawanoidwy ou Ajeniu Nay Jayuny ‘A 9 woly ulojkuayd ‘A ¢ 1e sainzids ‘4 /L 6  S86L zar09
uonesUIdU0) ui0)Auayd o3 ainsodx3 awo’nQ subis el J9y loyny
FLIELEIED)

“(panunuod) | 3jqel



EXPERT OPINION ON DRUG SAFETY 91

(panunuo)d)
auopiwnd
Aq padce|das uayy ‘pasnpal uloikuayd squij Jaddn jo
uofjeulploodu; uay} ‘eixele yeb aaissaibosd padojpnag
paIp pue djwakue A[319A3S dweddg ‘leuqgueqouayd + ulolfuayd jo sasop abeiany 7961
‘A ¢ 19)ye ssaussajdjay 01 passaiboud subis ej|agaia) v ‘A 71 wouy pazijessuab ‘A z wouy saunziss |elued ‘4 66 7 puepaqeH
K 6 1aye paddols uioifuayd A £ 1aye uoneuipioodul
ejuownaud-oyduolq Jo pue eixeje jien ‘A gz wouj |eygieqousyd 7961
p/bw g'/6 x € = sutesb 7| X € palq ‘A € 191e ssaussa|d|ay 03 passaiboid subis Jejjaga19) vV + uloikusayd ‘A €| wouy Asdapda ‘papuiw-aqasy, 4 /7 1T puepaqeH
ejuownaud
Jo paiq A | 1aye ssaussajdjay 0} passaiboud
subis Jej|agaia) “uolieulpioodul ‘eLyuesAp ‘Ajpusnbaiy
ejuownaud jo |94 ‘paJabbess ‘uied ur Dixaioue yeapn ‘[euqgleqouayd 7961
paiqg A | J19)e ssaussa|d|ay 01 passaiboid subis Jejjagaia) av + U103AUdYd "P|O SYIUOW Z|-9 WO} SAINZISS ‘4 87 [T puepaqeH
6% 0F ueyl ss3| 1YBISAN "SIUSWSAOW WIOJISI0YD
paisisiad uondunysAp ‘e1S9uUySAp |e1ejoIo os|y sisasediway ybu ‘eixere ueb
9AIHUBOD pue eIxele Jay ING BISAURSAP pue ssauyeam + |eounJ} ‘uolIsiA paun|q ‘snwbelsAu ‘enyyiesAp ‘Jowasy
/6w g5 M g 10} p/bw 00€ PapIs ybu 13y ul JuswaAoidwl 919]dwod Jeau ‘W | I9AQ Nav ‘Ada3|s 3/0 ‘210599 w g pa9|q elbueb jeseq Yd| ‘4 07 0z €107 exdno
,obuel pabueyd uswieal| 7102
sinadesayy paisisiad snwbeisAu ‘eixele ‘snwbeisAu ‘eLiawsAp ‘wnugiinbasip sebuug
Y3} Ulyum, p/bw 0oy  |eIuoziioy pue ‘eixeie ybijs ‘ydsads Bujuueds ‘uae| A € NV ‘uonjeuiwexa uo ‘A gz oy ulolhuayd bunel ‘4 /€ 61 -oelino
ui01Auayd Joj a1eoid|eA Jo uonNISANS
1aye 3|qeis "Aydoaie Jej|agaiad Jo subis 1) ‘w gL
J19)4e dJoW pue ‘W 7| JAYy dsessIp Je[|9gaiad jo subis
|edup oN ‘A | 1e ewoibujusw e 1oy Awololuesd 1aye 1661
7/bw 6 pue g p/bw 0oL X € subis pey JansN 0 ujo}uayd “4a1e| w g ‘euyyesAp yum paussaid ‘W 5L 8l [JEVIEN])
i
Kep uo 7/bw
¥ ‘9 Aep uo uo1eIUSLIOSIP
7/6w gy ‘oAl ‘Ay[ige| |euonowsa ‘eixele pue snwbeisku ssoib
Kep uo /6w ‘Y>9ads palin|s Aep 1xau ‘uoisnyuo?) ‘uoissiwpe 0} Joud
€6 ‘uoissiwpe Bupjjem ajiym ajgeisun Apybis A g1 ewnel [eiga13d J9Ye A / Joj suoligieqouayd pue
uo 7/bw 69 p/bw 00l X € s ‘p| Aeq "pasisiad eixele ‘auob snwbeishu ‘6 Keq NAY U103 uayd yyum pajeal] ‘uonedlIxoap Joj paniwpe ‘W vS /I
eluojodAy
‘eyuesAp ‘Jowsl) uonualul ‘snwbeisiu ‘eixele
/6w Lz-¥1L  Ajsnoiaaid asop umousun ‘A oz 104 p/Bw 00¥-00T S1e3k |BI9ARS J9AO dAISsaIBOI] Nay ‘ejuownaudoyduoiq jo palp ‘A oz Joj ulolkusyd ‘4 8/ 9/ 9/61 Nereyp
eidojdip 3jqelea ‘snwbeisAu ‘owasy
UoISIA Ul uoidNpaJ |esdle|iq buiobuo ayy 0y uolppe ‘eixele yeb pue ‘buipuels ‘|eaunil Yyum pajuasald €861
1/bw €5 ul panoadwi Aj3ybijs Ajuo IapIosIp Je|[30aI1ad ‘W G Y NY ‘ujo3fuayd buryey ‘ewojewsey |eiqaldd snomaid 4z G| uI91513N34
siieys umop buljjey Jaye Ainfur peay
p/s13|gey 7 03 padnpal ‘p/sis|qel € |e1e) e pasayns ‘snwbeisAu ‘ueb jo eixely ‘A 9 woly
ol1donuaz usayl p/s1ajqel 9 ‘uiolfusyd guowe|niid) NY  sainzias pazijesauab ‘A 7 1e uoneqnul ‘pareIsun xas 67 L 9961 1943.Q
subis
|epiweiAd os|y "AydosuadAy jeaibuib ‘sisoysnniadAy
‘eluojodAy “jjem Jo pueis 0} 3jqeun ‘snwbeisAu ‘ejxeje
p/sid|gey G oidonusz paddois juawiealy uloikusyd Jaye parosdw) NV leounyy ‘spijeydadud Jaye Ajeydadualod umouy ‘W 8 #9961 J943iQ
uoneuDU) ujolfuayd o} ainsodxy awodnQ subis |edur) 9y loyny
1ej[agaia)

‘(penunuo)) | 31qeL



962 R. FERNER ET AL.

(panunuoD)

ujojfuayd
+ u01fuaydjAyrsw uay ‘uloifuaydihyisw

papleun pueis 0} d|qeun ‘elyLeSAp ‘Saxalyal pasealdul
‘3U0) 3PSNW PadNpal ‘eIXele [eJUNJ) “OWS1) UONUSUI

‘RydoiiadAy jealbuib ‘snwbeisAu yum pajuwpe
‘A 61 1Y P LL J9)ye PIAj0SY "BIXRIR PUE ‘SSaUIpPEaISUN
JO M € UIIM W 9 J9}Je PIMIIADY "PIseaIdU] JusWIedl ]

usy ‘jengleqousyd yum uioyuepAy siaday woiy uoddns buons yum Jo 1ayjem ‘6% 0/ Wybam ‘wd |G| wbisy ‘A 1| 1e usas “Ajlep 6961
(1Ay39-jAuayd-,z-owoiqip ,z,1)-S-1AY1vW-G B yuMm yem o} d|ge Ajuo :Jjasiay Aqg 1es 01 3|qe ‘A | 1Yy NAQY S} oml 1o duo uayy ‘A €| pabe 1ga1ad onowwod ‘4 07 97 JETETN [T
palp U3Y} pue ‘91ed[10d3p
SWed3q JYS ‘PIUISIOM UONIPUOD JSH 'SINOY N0y
K13nd W] uayy ‘uloihuayd Al sainzies [erued Juaunddy
M T Isow|e *4SD Jeapd ‘siejued JOSUIIXD [IS1R|Iq ‘SSBUYIS
Joy p/By/Bbw 0g-0Z = Y 8 01 9 A1aA3 Bw 05Z-001 )I3U “I9A34 "PaNIWpPE UdY] ‘sIN0Y HZ Ul SAINZIDS 8561
uayl ‘p 8 104 Y ¥ A19ns W Bw 05z usyl ‘Al bw 05z aposida a1nde buunp paig pazijesauab unoy usyy [eiued A €| woly s|j9ds Azzip, ‘482 §7 uuewyoH
euyuesAp ‘esawsAp ‘eixele [eduniy ‘eiseqe
‘AydosadAy wnb aaisse|y 'sieak |eiands Joj ujoifusayd
pue suoligieqousyd ‘Spiwixnsoyl3 ‘A 6 Wolj sINzIds
p/bw 005 gy paziesauab A g wouy sainzivs duasqe ‘aunjewaud 4 67 7 8/61 [9ZIIH
anisod Biaquioy ‘ssauipeaisun ‘Jowail
K 7 10} p/bw 005 uonualul ‘eL1dwsAp ‘saxalal ysuq ‘AydosuadAy wnb
uayy A ¢ oy p/Buwi 009 uayy £ € 1oy p/bw 0o Y payep A yL woiy uiokusyd ‘A 7L WOy saunzIss ‘4 ST #Z 8L6L 19ZIH
000Z
[é] 1/6w 7'69 €z IuysolH
191e| W QL Judsqe eixely elyuesAp
‘M 9 ulyum paseaddesip euyuesAp pue snwbeisAu ‘snwbelsAu ‘eixele ‘yeb [ewlouge padojaaap ‘uiebe
pue panoidwi eixele ‘p/bw ooz 03 uondNpal paseasnul 9sog ‘pauinial saInzids Ing A 4 10} padnpal
uQ "p/Bw QO 01 3seaIdUl UO PRl SwoldwAs 950Q "UOISNjuod ‘elxele ‘Ydaads paunjs padojansp GL61
p/bw 0o  Ing p/Bw QOE 01 3sop ul uondnpas buimojjoy panoiduw) NAVy ‘A 6 10j Juswieal] 19y "asnsiw joyodje jo Aoisly ‘4 sy zZ biaquiaH
ejuojodAy
Jendsnw ‘erxele |eounJy ‘eyuiesAp padojanag
“yiom paddois "aduejeq jo sso| usyy ‘ujoifusayd G/61
p/bw 00€ 1eb paseg-spim pey [[11s Ing ‘pancidwi ‘W QL BYY gy  4aplosip aInziss yum Jayoeal uonednps |edishyd 4 sz zz BisquaH
AydoipadAy wnb ‘snwbeishu ‘eixele qui| ‘eixele
[edUnJ] ‘elylesAp 3/0 “Aleyd@aym e o0l paulyuod buisq
Jaye w 9 pue ‘eixele Huidojaasp Jaye w 6 uIdS p/dbw
00€ 03 padnpas uay] ‘p/bw Qs usyl ‘engleqousyd
S9YDINID papasu pue euyuesAp pey + p/bw oo 031 paseanul Aimojs ‘p/bw 0G| uloifuayd G/61
wnwixew e p/bw 00s Ing ‘uloifusyd buisead Jsye w gz ul JuswaAoidwl SWos Nay ¥ ‘A oL 18 Asda|ida v *A 7 1e ainzias pazijessudb ‘4 91 7z JETIETE]
paisisiad
eIXEIR [EDUNJ} ING ‘SYIUOW SWOS 1SN0 Judwanoidu|
‘umMelpyim ul03fuayd snwbeisu pue ydaads
paunis ‘erxeje Jejndipuadde pue [eduns} 319A3S 0}
w 1 J3n0 buissaiboid eixele 11eb ‘sjje4 "paseasnul usyy
paisisiad eixele |edunuy Ing 9sop pue ‘pappe auizewouidio|y) ‘A ¢ 10} Aeinbaul, G/61
7/bw €69 p/bw 00§  ‘SyUOW SWOS JIA0 JusWSA0IdW| "UMBIPYLM UI0IAUSY( NaV p/bw 005 utoihuayd 3 ‘A 9| wouy sainziss ‘4 97 zZ BiaquaH
uoneuDU) ujojfuayd o} ainsodxy awodnQ subis |edu J9y Joyny
1e||aga1a)

“(panunuod) | 3jqel



EXPERT OPINION ON DRUG SAFETY 963

(panunuo))
J9A9)] d1x0} £ L 10} d3e0idjeA wnIpos ainjiey A1ojeuidsal aynde wouy paiqg
e 0} 350 JIAS, pue ‘auidazeweqJed ‘|eyigieqouayd ‘uioifuayd 'saInzids Aq pamoj|oy ‘w | pabe spijeydsduad ande ‘4 o€ §€
snwbelsAu ‘eixele quil| pue [esunil ‘AI9A0231 UQ
‘|edIA 3¢ 03 3yBnoy} ‘ssauyeam pue JdAd) YIM paniwpy
/6w o€ p/By/bw ¢ NV A 0L Joj utoikuayd ‘A g Joj sainzias ‘eixAydse yuiq ‘W 9L #€ €107 Jewny
Hunuiod-ised ‘sisaupjoydopelpsAp
(/6w -7 ‘ejuojodAy ‘snwbeisAu ‘elyuesAp ‘eixele
Jewuou) /6w ‘UOISSILIPE UQ "PUElS 0} 3|qeun ‘UOISSIWPEe 310J3q
¢'g ul01huayd 1918 K 7 snwbeisu pue ‘eyuesAp ‘eixele 1Ud3sisiad M 8 93U} Ul pajesoldldq ‘(duidazeweqied) Guisdajuld
ewseld p/s1v|gey € -abueydsip Joye w / panosdwi pey bupjjem pue ydaads Nay pue uiofuayd "A z| wolj sainzias pazijesauab ‘4 9] €€ 8/61 196nuy
p/s19|qe} 7 0} padnpal 3soq Xa|ydl
Jeyueld ybu bulobdn ‘snwbeisAu ‘eypesAp ‘eixele
ulolkuayd p/siv|qel ¢ 01 padnpal p/sid|gel § w 7 Jaye juswanoidwi swos NQY $s04b yum paniwpy A G woly sainzias pazijesauab ‘4 €| €€ 8/61 196nuy
T uoIssIWpe Jaye w 7 payeisal
Kep uo 019z ‘g ul01huayq ‘paddois ¥ ||y "sieyuejd Joxay} ‘saxadl
Kep uo 7/bw Jewuou ‘eixeje [eduni} ‘snwbeisAu ‘euyuesAp ‘Jodnis
G| ‘uolssiwpe abieydsip ‘uolssiwpe uQ ‘auopiwid pue apixodazelpiojyd Judai
Jo Kep p/utoifuayd bw 0p0L-006 03 dn 003 ‘p/bw 0OS 3s0d w | pue uoissiwpe 3sod w g 1e Juasaid ||13s M aiow pue ‘|eyiqieqouayd + ulolkusyd Jo A |e19ARS JaYe G961
Yyl uo /6w 65 03 dn sawnawos ‘p/bw 0og paqudsaid sepy Ay ‘paysiuiwip snwbeisAu pue eixele ‘panjosas Jodnig Nay 3jem 0} 3|qeun pajuasald ‘A g abe wouy saInzids ‘4 g1 7€ abuay oy
subis Je|[9ga1ad> buiajosal Aimojs W ez LE 1661 Wy
1/bw gz subis Je|[9ga4ad> buiajosal Aimojs W 0E If 1661 Wy
91eo0idjeA wnipos pue [eygieqouayd osje ‘A ¢
10} Bw 005-00% 03 paseasdul ‘bw pog u10Ikuayd sublis Je|[9ga43d> buiajosal Aimojs W ez LE 1661 wry
J3pIOSIP JBINQIISIA [RAIUDD
® JO 9DUIPIAD IOW OU PIMOYS DNJ "3d|qedylewaiun swoldwAs
219M 533 3y} pue sbuipuly |ed160j0IndU Y} W '8 |ed16ojoydAsd pue ‘eixele yeb a19A3s ‘snwbeisku yum
/6w |g olidonuaz a19jge] | X € 1e‘w | 1e aasod s,Biaquioy pue uasaid [jins snwbeisAN NY paiuasaid "Asdajids 1oy uioifuayd bunjel ‘i abe pajeisun g S/61 Yizuer
[vbw
¢ Aigpqoud
- 0I5] Tw/bw
¢ ujo)fusyd eixele Jo snwbeisAu ou ‘g Aep uo snwbeisAu jeaqdn pasopsip Abojolo
:950p padnpal A 7L 10y Bw oSy |eugieqoydaw pue (bw 0G| |exgieqoydaw pue bw 0G| |emqieqouayd -0INau Inq ‘eixele |edunil pue Jeb dixele jo ‘subis
jo 8 Kep up pue bw G |edgieqouayd ‘bw oGy ul0lkusyd ‘bw G| ul0lkuayd) Aep 1ad € 03 padnpas s1|qe] NY 1e|[902432 anben, ‘A | 1o} Asdajida paziessuab ‘W 67 62 7861 obes|
191e|
M g abuel w QL subis 1e||3qa4ad ul Juswarosdwi
sinadesayy Jewully ‘paulewsl eixele pue ydaads paun|s uoisnjuod pue ‘snwbeisAu ‘eLyuesAp ‘eixele 7661
1/bw 98 p/bw 009 01 dn ‘A 6 1nq paseaddesip snwbeishu ‘pasead ulolfusyd saye m g NQy buidojanap Ajjenpeib jo Aioisiy m /£ yum paniwpe ‘W 6§ 87 einwew|
snwbelsAu pue ‘ellyuesAp ‘eixele
pey ays ‘paliwpe Uayp\ ‘PINUIUOD Sem uloAuaYyd
j[em 0} |qeun pue NW dweddq ays ‘ujoifuayd
p/Bw QOp 01 paseaidul uayl ‘p/bw 0oz UO paviels 1910 A 7 ,2WOIPUAS Je[[20a4a), NV Yum paieasd sem ays uayp ‘A || abe aduls sainziss ‘4 9 /7 €/61 duloy
pautewsas snwbeisAu pue eixeje
INQ ‘papadal eUSWAP pue ‘panunuod uloifuayd pue
paLelS Sem JUSWIRaI] Ulwelp "pajuswap Ajbuisealdul
awedag “eixajyaiodAy ‘sisaujoydopelpsAp ‘snwbeisiu
2Jow 40 A ¢ 40} JIYD|9AYM B 0} pauljuo) ‘A G J91Je M3lAdl uo palsisiad ‘enyiesAp ‘eixele ‘uolssiupe uQ ‘auoygieqouayd pue
p/Bw 0OE 03 paseasdul uayy ‘p/bw G| uo pauels snwbeisAu pue eixely "pasead Juswieal) ujoifusyd N@y ‘auopiwnd ‘uloifusyd yum pajeany ‘A g 1oy Asdapds ‘4 0 /z  €/61 duloH
uonesUIdU0) ui0)fuayd o3 ainsodx3 awodnQ subis el J9y loyny
FLIELEIED)

“(panunuod) | 3jqelL



964 R. FERNER ET AL.

(panunuoD)

“1/Bw 05T 03
paonpal asop
uaym /6w g1
01 |34 “1/bw L€

Jixeje
pautewsi uaned ay3 1nq snwbeisAu pue euyuesAp

(p/Bw oot 01 dn) p/bw 00€ J1eb ul Juswaoidwil SWos ‘uoldNPas 3sop buimol|o4

p/by/bw g

,950p ul03Auayd ayi Jo uofdnpal Aq UoISSIWSI
(sUnelasly) p/bw 00€-00z 833|dwodul 03 3ybnolq asem [swordwiAs] Jejjagalad asay],
M 91e /6w o
‘p 0T 18 /6w
8| ‘asoplano
1aye shep |
10} 7/6w 0G 1970

eLIBWSAP pue elyyesAp alesspow ‘w g
Bw 000/ Jo asop 3|buis + p/Bbw 0OE 91V 19119q JowaJ) uolulul ‘duob snwibelsku ‘m g Yy

/6w 09
yead /6w G
—-0€ SanjeA 15O

eIXRIR qUWI| pUB [EdUNJ}

p/bw 00€ ssob ‘euyuesAp ‘snwbeisAu pey [jns ay ‘191e| w |z

£ g 1e (p/By

A¢gie/bwggy /B €7) p/bw 00z sz'2 10 (By/6w 9'p) p/bw SZL  jjem 01 3jqe ‘3|qibijsaul ydsads ‘Usje 10w ‘M € Yy

eixele ybifs 3/0 “Ajpides buiuiny Jo Huiuuni
uo ssaulpeaisun 1ybijs ‘A 9 191y Hom 01 3|qe ‘A € 1YY
'snwbeisAu ou ‘eixeie 1eb + euyuesAp bis ‘w | 1By

/6w 68 p/bw 00Y

w 6 le Umuw_meQ eixele 2IoA9S pue

7/bw g'€8 (M ¢€-g 1o}y p/bw 09 01 dn) p/bw 00€ euyuesAp 1ng panoidwi Ajpaxiew sem uoniubod ‘w | Ag

snwbeisAu ‘Jowsai
uonualul ‘eixele Jeb ‘euyuesAp ‘enndjedsAp ‘A 6t
paby “Aujiqselt + eixeje yeb anissaiboid pamoys ‘A
8% 1 "paMelsal uay} ‘A og—gz woly paddols uioikuayd
‘|leugieqoydaw Jo |eygieqousyd yum SawiLwos
K 71 1e ui0)huayd ¥ ‘A gL 1e uiebe sainzias A £
NQy  9be panowsas ewoifdoiise ‘A 9 abe woiy saInzias ‘W 05

JudpIde Ue Ul
paIg "PaNUIIUODSIP USY) SeM Judwieal) pue snwbeisu
pue uoljeuipioodul ‘eixele padojaaaq ‘Ajuo ujofuayd

NV ‘A '€ 15e] 104 A 7 9be Wouy saInzids pazijesauab ‘W £
yieap ‘ejuownaudoyduolq
‘ssaujeam ‘eixele buiseanu| A g abe

YV WoJy S3INZIds pazijesduab pue ,uonepieial [ejusdw, ‘W 6
elyuesAp ‘eixele ‘Jowaly
uonualul ‘snwbeysAu 191e| pue ‘ewod UsY] ‘dSOPIIA0
ujoifuayd bw o0/ %00] ‘subis Je||3gaIad ou ‘|ewiou
3/0 "ut01kuayd pue suidazeweqied yum pajeasy

Nay ‘A g 104 'K | abe 3duls sainzids |eied xa|dwod ‘W L7
K ¢ 19ye paddois usy) ‘paseasdsp asop ulolfusyd
"$HI3[ JPjuUe JUISCR ‘BSUIS UOMIRIGIA PaYsIuIWIq
‘eIXeIR qui| ‘eIXeie |edunJ} ‘elyuesAp ‘snwbeisAu
3/0 ‘uioifuayd jo w €| JdYyY "euyuesAp pue
eixele 11eb ‘w ¢ 19y ulolkusyd 3 ‘A | oYy ‘saunzies

Nav pazijesauab ‘m € JBYY 'Y OF 10 BWOd pue y1Y ‘W LT
paddois ulo1fuayq
'SNUO[D dpjue “j|em Jo }IS 03} djqeun “eads 01 3jgeun
‘anIsuodsas AJood ‘w 4 1xau 3y} JAA0 3siom subig
‘paseasdul asop ul03fuayd snwbeisAu ou ing sieyueid
J0osuR1xa ‘eIxafya.11dAy ‘eixee quuij piiw duopiwiud
‘ujo}fuayd uayy ¥ ‘adueqginisip eb pue euyuesip
anIssaiboid pey w 6 4oy ‘A 9 abe aduls yuswredwi

av |ed16ojoinau pue [eyusw dAissaiboid ‘| 8 [€ ased]

paddols
uj0)fuayd uay} ‘auoyiqieqousayd + auidszeweq.ed
Yum m g Joy bw ool 1 utoifusayd jo asoq “euyuesAp
pue snwbeisku pue eixele quil| 3IdA3S ‘Asmolp
Apybiis 3/0 "winuqiinbasip pue euyuesAp ‘w | Jayy
‘p/bw oot ul03huayd g £19bins wshinaue do-1sod

NQVy uayl ‘A gz obe 1e sbeyliowsey piouydeseqns 1nde ‘| Z€
dIxeje
pue cuyuesiq "paddois sem 11 spremisyy ‘siejueld
1OSUS]X3 pue ‘eIxele 2I3AIS ‘Sdusunuodul Aleuun
yum ‘s1yzedojeydadus ‘uoissiwpe uQ ‘M - 10} sasop
pa|gnop PaAIadal AJUSLISAPRUI USY) 9H ‘[PWIOU SeM
1D Inq ‘eixeje pue eidojdip padojaasp ay uaym ‘p |
10j 9sop 3|qnop e Hupjel Jaye W | eIXele pue wnuidp

avy YHm paniwpe ‘A gL 10} S3INZISS JIUOP-IUOY ‘W 8€E

v 086l UEW

cloc
Iy sipnoJAepy

el
0y  eweAnsiepy

6¢ 686l INsepy

8¢  T/6L suisn

/6 6961 uebot

9¢ ¥86L lleApur]

1661
43 e|[IAnINY|

uoneuUdUo) ui0)Auayd o3 ainsodx3 awo’nQ

subis el

1ejj3qaiad)

oY loyiny

‘(Penunuo)) | 3jqeL



EXPERT OPINION ON DRUG SAFETY 965

(panunuo))
paisisiad eixele 919A9s INQ ‘PAAj0SI 19/} pue ‘ssauizzip ‘BuIWOA Yyim paniwpy ¥861
1/1owrd 9 /61 sijewsap pue siHAIbulb, umeipyum uioifuayd Jayy v 'S9INZISS Pazi|esauab UIY) SUOIS|NAUOD J|UGd) ‘4 8L 95  BAOYZRYDOId
(1710w
08-0t 2buels
sinadesayy ,SS9USSI|ISaU [eIUdW pue ABojojewordwAs Jejj9ga.lad
Jewuou) j|em 01 3|qeun paujewsl Ing -09jed pue -09u payJew, UofeUIWEXS [ed160j0INBU UQ ¥861
/10w 6722 p/€ suojuepos  ‘panoidwi uonipuod 3y} ‘paddols sem uloifuayd Jayy 'siyyeday ajqissod yum paniwpy ‘A 0 Woiy SAINZIdS ‘4 67 9  BAOYZRYd0Id
ddUdjoUWOS
‘SIIAIBUID ‘wisinsay ‘eixely “(duopiwid) glelisda 7861
p/T sUOIURPOS eIXeje JO ISNedA] Y[em 0} d|geun paulewdy v ‘auoyigieqouayd ‘uiojfuayd "A €| woly saINzIds ‘4 ¢z 95  BAOYZRYDOId
eIsaupjoydopeIpsAp ‘squui|
J3MO| Y} Ul dUO} Pasea.dul Jeymawos ‘snwbeisAu
auob pey snwbeisAu ayy pue ‘panoidw) Jeymawos ‘eliyuesAp dixele ‘eIXele Yum |[amun pajuasald
/6w 59 p/bw 00€  pey euymesAp ayy ‘pabueydun sem eixeye ayy ‘A z J9yy NAy ‘A 81 jo abe 3y} wolj SInzIds pue $sadXd [0Yod[e ‘W ¥Z  S¥ 0861 eld
siejueld JOSUDIXD ‘JUISUE SIXYIY "BIXeIR quii|
‘JowaJ} uonualul ‘eyuesAp ‘snwbeisAu ‘eixele |esuniy
p € J3ye auon 3/0 "easneu pue aydepeay O/ ‘uloifuayd sia|jger 861
9S0PJAN0 Ue uaY) ‘p/bw 0oE 1S snwbeisAu 1nq ‘19119q ydaads ‘auob eixele ‘p 7 1YY NV Bw 00l X 05T 0 9s0piano ‘A 7| pabe aduis Asdojida ‘4 81 p  NISIN-YINeN
[1/bw z'9L Ayredojeydadua ‘uoneulpioodul ‘snwbeisu
Kjsnoinaud] w Q| Joye uasaid [|ns a1om euyuesAp ‘enyyesAp ‘eixele quiij pue 3eb yum pajuasaid 9661
1/bw g'67 p Sl 4o} p/Bw oot usyy ‘p/bw 0pE  pue eixele Ing ‘panoidwi A[ued subis ‘lemelpyum Iy Nay ‘A g 10} uioikusayd yum palesy ainzids pazijessudb ‘W 6L £p EETIEIN I
snwbeIsAu ‘saxa|jol JO SSO| pue JOWI] UOLUUI
p/bw quu Jaddn ‘eixele 1eb 1ybijs usyl 3/0 A 85 Aq asiom
0S¢ 1e /6w ‘eixele Jieb pjiw ‘A S 1e pue snwbeisAu pjiw ‘A €5
GL uay} ‘p/bw 1V "W | J9ye pappe |engieqousyd ‘uioikusyd ¥ usym
00¢ e 7/bw €z p/bw 05z uayy ‘p/buwr 00€ NV ‘0¢ abe woly pazijessuab A oz abe woly sainziss ‘4 85 zv 0861 URTIW
snwbeisAu ‘uoneulpioodul eb dixeje ‘eixele [edUNI}
pliw ‘Abieyia| ‘euyueshp A € 18 3/0 ‘|eugleqouayd
/6w 61 p/Bw 00Z-09L U3y ‘p/bw 0ZL Ajjeny] Nav pue uloifuayd ¥ A g abe wouj saINZIdS ‘4 ¥€ 7y 0861 UILTIW
squil| dY3 JO UOIIeUIPIOOdUI
‘p/bw 05 p/bw 05 payJew yum ‘eixeje [eouni} pey ay A € I1xau ayy u|
uo /6w 7| ‘p Ajlenjuana pue p/bw 00z-001 Uaamiaq buikiea "pasealdul sem 3sop ‘A 4z 1y "palieA asop se ‘snwbeishu
/bw QL uo 7 uay) “1/bw po¢ Apuanbasqns ‘uiebe p/bw 0oL INOYUM JO Yum ‘eixele bunenidn|q A 4| abe
/bw /¢ ‘p/bw w / Jaye ‘p/bw 0oz uayl p/bw ool usyl p 9DUEISISSE INOYIM wouy uioyfuayd ¥ ‘A z| abe woiy apiwiznsusayd pue
00z uo /6w g /Bw 0oz uayl p/Bw o€ Usyy ‘p/bw 0o ul01kudyd 3|em 03 3|geun ||13s INQ eIxeje ul syuswaroidw| Swos NY utoifuaydaw 3 A G abe wouy sainzias paziesausb ‘W /¥ 0861 ULW
eLIBWSAD ‘SSBUMBIM DSNYYIP ‘AOWI} UOIUDIUI ‘SIXD|JI
qui| J9Mo| Judsge ejuojodAy ‘ssauxeam snyip
‘snwibelsAu ‘elyuesAp ‘elxele [eauUNJ} ‘sain1deIUOD
‘bunsem ‘A /g 1e 3/0 "pamelsal ujoifuayd uay) -sbueyd
OU ‘W 9 J0j P]AYYUM UI0JAUBYJ ‘pPUNOG-JIeYd dwedaq
pabueydpun asimIaY10 w 9 J9AQ ‘eixeje yieb padojansp uoos ‘A 4z abe
7/6w €9 p/bw 00¢€ ABojoinau Ing ‘panjosas pey snwbeisAu ‘1aie| A ¢ NQVy  wouy uiodkuayd ¥ ‘A 0z pabe sainzias pazijesauab ‘4 67 ¥ 0861 URTIN
uoneUIdUO) uj0)fuayd o) ainsodx3 awo’nQ subis el J9y loyny
FLIELEIED)

‘(Penunuo)) | 3jqeL



966 R. FERNER ET AL.

(panunuoD)

/bW gy

‘6 Kep ! 7/bw
§0€ ‘L Aep
/6w 1L
‘v Kep 7/bw
9'¢/ ‘T Kep
/6w T'LE

/6w 1z

o Js1e]
0S¢
L'y 00¢
14 00¢
L'v€ 00%
9L 00¢
14 00¢
7/6w p/bw
Ju0) 2s0(Q

£ 0g < 1oy p/Bw 00g

p/Bw 009 usyLp/bw 00 udylA oL 104 p/Bw 00E

w 8z Joy Aduanbaly ainzids uo buipuadap
p/Bw 000L - 00€ uayLp/Bw 00E UaYyLp/Bw 00y

p/6w 00§

Mm 9 3sn[ 1oy p/Buwi 00

w |

104 p/Bwi g€ udYl ‘wi | oy p/Bu 0OE UBY) ‘M €

104 p/Bw 007 udy} ‘w | Joj p/Buw OO Uy} ‘W |
1o} p/Bw 00g uayy ‘w | oy p/bw 0oz ul0ikusyd

w | Jaye Ajjedibojoinau
|ewJou 3/ ‘paisisiad eixele pue euyueskp
‘snwbeisAu Ing ‘y 09 Ja)e passaibal subis JojowondQ

pasade) sem asop uioifuayd usym panoisdwi swordwAs

JuswWaA0Id W INOYUM UMBIPYYUM UI0IAUYd

euyuesAp pliw ‘syuaf
dpjue Juasqe ‘ozeb |esaie| uo snwbeisAu ‘eixele quii|
pue [eduni} a19A3s ‘A 9 pue K g JaYy ‘paddols uloikusyd

1IeYd[S3YM B 0] pPaulyuod
‘snwbeisAu ou Inq ‘ejuojodAy ‘elyuesAp ‘eixele qui|
ssob s ‘A | 1y "paisisiad bupjjem pue buipuess ul

sl JuswaAoidwl dwos pue ‘paddols uloifusyd

aposida a1nde buunp paig

passisiad swordwAs dixele pjiw ‘A g Jaye ‘91eiusduod
0} 3|qeun ‘w Oz J9)e “Juawaroidw] SWos ‘W Q| oYY

Nav

av

Nav

av

Nav

Nav

v

UOIIRUIPIO-0 JO S} NJIYIP
‘elowisAp ‘eixele [eounJy ‘eymesAp ‘snwbeisAu
‘saisjed Jojowio|ndo ‘d1els |ediuld bunenidnyy

3/0 "eixeje pue ‘obiuaA ‘eidodip yum paniwpe ‘W 07
eixele eb ‘sisaupjoydopelipsAp ‘el1awsAp ‘elyuesip
3/0 "euyMesAp pue ssauipealsun buiseasdul Ajjenpelb

‘A | 104 “A o€ 4o} utoikuayd 3,‘syy, ondsjida-uou ‘4 5
sansay
‘safdey 3s1eod ‘AydosuadAy wno “)s 1o yjem 01 djgeun
*sisau oyd0peIpsAp ‘elyuesAp ‘snwbeisAu ‘Jowasy
UOIIUIUI BIXEIR [BDUNJY DIDASS ‘O 1B 3/0 "euyMesAp
‘BIXE]R ‘SSBUISMOIP udlsues) pey ‘A £z uaym K 0z 104
wedazeuo|d> pue sjeoidje ‘suopiwid ‘suoipeylawiy

‘uio}fuayd pey Ajqeqoid ‘A || abe woiy saInzids ‘W 0E
euyuesAp ‘eixeje ‘paseasdu; abesop ujoyfuayd ‘A |z
paby ‘pappe auopiwnd ‘A £ Buimojjoy Jano ‘ujoifusyd
¥ U3y} aInzas Jayuny ‘A {1 abe ‘jenqueqouayd
usy} ainzids ‘A || paby ‘sisaupjoydopelpsAp

‘eixeje Jieb pue qui yum pajuasaid ‘W zg

,squi jo AbisuAse,
‘ssejueld JOSUIXD ‘eIXelR [EDUN) ‘snwbeisAu ‘elyliesAp
‘eisejdiadAy jeaibuib 3/0 abesop uioifuayd ajqerea
W 87 10} U3Y] ,|ed1dIsAY, SaINzIds asnedaq pasnpal
9sop ‘[euqieqoydaw + ulolfuayd ¥ ‘a1nziss ‘4 9|
KydospadAy wnb ‘syuaf apjue pue aauy juasqe
‘eidojdip ‘snwbeisAu ‘eixele quii| “OuyuesAp ‘s 0}
9]geun ‘Asmolp paniwpe pue ‘W g J9A0 UOIIRIoN313(
-auoplwud pue uio}fuayd uo pabieydsiq ‘jeudsoy
|elusw e 03 paywpy ‘A oL abe aduls saInzids ‘4 7z
UOISSILIPE I3}je M 9 palq
‘sixejAydoud se uioifuayd g ‘siibuiusw snojndiaqny o /i
subis Je||9ga4ad pue eixeje 1eb yum pajuasaid
‘A 1 Joj ul0ykuayd ‘Asdajida dnewnes-ysod ‘W L

snwbeysAu

ou Inq ‘aAnisod Biaquioy ‘sisauiyoyd0pelrpsAp

‘exele ‘ujolAusyd noylm w g JSYY "yosads

ur abueyd ybiis ‘braquioy aanebau ‘snwbeisAu

Ou ‘eIXele SNOIAQO OU 3/Q "PIINPaJ 350Q "SI NJIP

ddueleq UBY) ‘W / Joj p/Bw 0GE UO d|gelS "dINZIds
yaxis Jaye uioykuayd 3 ‘A 4 pabe ainzias sl ‘4 /1

Vs

129

143

0s

6v

8y

Va4

0661 €19l

L00Z uel

0661
nziwys

6l
1sI0y|as

6l
1510Y|3S

261 £y

L6l
yoddey

G661 Jewnd

8661
uaurel|ing

uoljeljuasuo)

ui0)fuayd o3 ainsodx3

awodinQ

subis
FITELEIED

|esuly sy

loyny

“(panunuod) | 3jqel



EXPERT OPINION ON DRUG SAFETY 967

snwbeisAu
Jud)sisIad awos ‘duob euyuesAp ‘paisisseun

7/6w o p/bw 00€ jem 01 3|ge :Juswanoidwi [erueIsqns ‘p 07 JaYY
A | 1e palsisiad Yoiym eIxele quiij pue [esunil
pey ay Spiemiale ‘JISASMOH ‘SUOIS|NAUOD JO UOISsaIHal
p/bw 00y yum ‘anowny ubjuaq e oy A1abins uay] "paisisiad
01 uolssiwpe a1049q Ajuioys Ajxdnige paseanu snwbeisAu pue eixele Ing ‘y 8y uiyum panoidwi
/6w ‘p/Bw Q0L punoJe 3sop d|qelieA pue Jeinba) Aj3eaib swodijwAs Jejj9galad pue ‘paddols uloifusyd

asn ui01fuayd jJo 3dUIPIAS ON
uonepunigo pjiw pue ‘snwbeisu pue
‘elyuesAp ‘eixele padojanap ays Adesayy snojndiagni
-1JUe JO uolINPOJIUI 3] JS)e SAep SAI4 “SISO[NJISGN]
Areuownd Joj paniwpy °saInzids pazijesauab
NaV 1oy ujo1kusyd uo paysijgeiss ‘Asjed |eigasad ‘4 g€
snwbeisAu ‘eixere quiij pue [esunsy ‘uoissiwpe uQ ‘A
T 15| 3Y1 4o} ul0lkuay -suidazeweq.ed ‘[eyiqieqouayd
YUM paleal) usag peH "dwolpuks Jejjagasadued 219Aas
NY e Y)JIM pallWpe ‘Suois|nAuod Jo KI01sly B yum ‘W 8y

v anoge sy
,snondajida sniels ul paip pue upueiq o sasop abie)
paAIdda1 pey oym judiied dndajids ue jo wnjiagalad
dY} Ul Pa1LJISUOWAP I9M S1BD Ul UDIS 3SOUY}
03 Jefiwis A|bupjis sabueyd 2160]01sIH ‘paNuURUOISIP
sem unue|iq Jaye £19A0331 319|dwodul apew pue

85 9/61 emebo

LS €00¢ uinz

99 v661 el

8561
%3 JPeqisnn

uiue|iq Jo sasop abie| UO elxele Je||3gaIad PadojIAp 8561
vV oym sjuaned om) jo pajuasaid aie sau0ISIH 7, [Pensqy]  §¢ yoeqiann
uonesuadU0) uioifuayd o3 ainsodxy awomnnQ subis ledtur) Joy Joyiny
FLETELTIEDY

‘(Penunuo)) | 31qeL



968 R. FERNER ET AL.

(panunuod)

€861

Aydoue [eluoly 3 SIWIAA Jejj9galad 3yl jo Aydose ;1) ¢ uI91519N34
‘eubew euISd Yy Jo 1sA) 's||9d [l uuewbiag ul aseasdul

!sIaquIiNU PadNPaJ YHM ‘s|jad afuppng uayuniys ‘Aydoiie Jejjagala) ¥l 996| Jakaig
vl 9961 12310
vl 9961 194310
vl 9961 19£31Q
uonejuasaid e jewsou :weiboeydadusownaud [ 996| Jakaig

S91I9S 5B JO Led; wn|[2ga43> 1oy sbulpuly [YA UO JUSWWOd ON £/  9L0Z Meseq
ZL 00z Breny
sabueyd 91U
(P [enpisal awos :1aje| A Gy SISO 4|[3GaID JO
ansabBNs ‘9 pLIUBA i Y3 JO J3pIoq Ya| Y3 Buisson
e3Je puUnoJ 3suaPOdAY W 9 1B {[eWIOU :9SOPISA0 YR [ [ /861 1eY20D
95BISIP [95SIA ||ews pue sbueyd jeuonnjoaul |5 0/ 800T J01s0ig
AbBojoyied essoy soum1sod ou Inq abewep
dlwaeyds! A101431 YW YBL Plo dAISUSIXS PaMOYs :|D 0/ 800T H01s0ig
Abojoyred Jay10 10 Pa3|q JB|]9QI9 B JO AUBPIAS OU, :]1) O/ 80OT J0Is0ig
Aydone Jejjagaiad

JuaWaA0IdWI 0} PAINGUIU0D d1B|0) + Bulwelyl 1eyl 1s366ns sioyiny -ojuod pue (x011s p|o 0} pajejal) epejewojeydadUd :([) 6 §86L 29109
pabueypun :u23e| £ ¢ ‘Aydose |eigaldd
JusWaA0IdWI 03 PIINGUIUOD 33L|0) + dulwelyl Jey) 1s366ns sioyiny ou inq Aydouie Je||9galad pasew :UOISSIWPe UO | 6 861 Zd10g
,Wn|[99243d jo abeyuuys, (YW 8 19yseg
S9LIIA0D3I ||N} OU NG ‘UoPNPal 3SOp Hdd DIns Jejjagalad 3|qisin Alespd G861
19)4e Bbuinoidwi “A1dIX0) ,91N3e, JO SIPOSIdD UBLINIDI DAY Ised)| 18 ‘paje|ip ddeds plouydelegns pue suidlsp |eseq, A Lye 1D/ ‘p86L Jdleg
3|qIsIA AJeapd 12ns duaydsiwaY ‘1e|[30a4d ‘S2LIUIA
b Pue eubew ewsalsp Jo uoneip ‘padunouoid 5861
ainsodxa ulo1fusayd uo ejep 313jdwodu| A 71 pabe Aydone sejjpgaiad ou A g pabe |7/ ‘p86L J3leg
uoibai 861
ainsodxa ulolfusayd uo ejep 313jdwodu| Jewan ay) bundaye Ajpaysew ‘Aydone Jejpgaiad :]) 9 ‘p86L Jaleg

paiejip Alesp
SUJB)SDD [eseq pue SPLIUBA p ‘A|leuoludlenul A LEJe [D 9 861 Jdleg
Aydone Jej[aqasad Apes, A cc1e 1) 9 861 Jaleg

BPLAUBA iy pUe WIBISD AIe|INPaw-0[2qa1ad

paddois sem uioifuayd saye panoidu) 3yl jo uoneie|ip padunouoid ‘Ajlelolualenul i1y 9 86l Jaleg
udas Aieapd Ins duRydsiway

ainsodxa ulo1fusyd uo eiep a19|dwiodu] pue |[ewlaA Je[|3qaid A gL e flewsou Ayl 1R 1D 9 86l Jaleg
TaN

pue | uo Aydouie sejj3ga.ad 1ybi|s :m 9 ‘ewojndiagnl 11D 6661 epemy
Aydosie sejaqaiad ) 810 eIOIY
Aydouie cuaydsiway
1B||9g3430 YUM BIj0J JR[|90J3D JUdUIWOId (YW ¥  8L0T eloly
SPLIUA |y pue 1|0} Je|[9Ga43D Judujwold yiM
Aydoiie [ewsaA pue duaydsiwaY Je|[9gaI1ad aSNYIP (YW #  8LOT BIoIy
[Pl
Aydoaie [ewssA pue duaydsiwaY Je[[90aJ1d SSNYIP (YW #  8LOT BIoIY
|Ins pasunouoid aiow Aydosie :w 8z 1e ‘219A3S

[N

passaiboid Aydore sej[agalad Yy Inq ‘passaibai uondunysAp 2sow Aydoule Jejj9gaiad w G| 1e ‘pabiejus eubew ]
Je[|903433 Jo sbuipuly [edjul> ‘panunuodsIp sem ulolAusyd 1By, BUIBISID ‘IPUIUSA b ‘WU § JB ‘LOISSIWPE UO [BULIOU :lgN € 000 NiBolly
sisol|b ou ‘s||a Aydone Je||aqa1d ssoib aie| £ G
Jejnuelb Jo uoideyaIes BWOS ‘S||93 dfunjing JO $sO| 919|dwod 1SoW|yY  {[ewJou :eiXele I1nde e w 9 weibojeydadusownaud ¢ 8961 YUV
A9ke| 1einueib pue |93 afunung usamiaq Auedsip
asaueder ul [eulbuQ "Ajuo 1eaSqy  Yyum ‘sabueyd eD0) pue SNONUUOISIP, YUM uoleIauabap Jej|aqaia) ! L1661 29y
sjuswwo) |e>160j0asiy-oyzed |edibojoipey joy Joyiny

syuswwod ‘sbuipuyy |ed16ojolsiyoyied pue [edibojoipey ‘z a|qel



EXPERT OPINION ON DRUG SAFETY 969

(panupuoD)

SIWISA 3y} jo Aydoue

pue eubew BUIAISI PUB SPUIUIA 7 JO JUSWaBIRIUD 1) L€ 1661 Wiy
ueal0y| u| SPUIUAA | JO uoisuedxa pue Aydone sejlagaid i) L€ 1661 Wiy
sadeds Jayjo pue ‘eubew
ueaJoy| u| BUIAISI ‘DPUIUIA 7 JO JuSWaBIRIUS yum ‘Aydone i) € 1661 Wiy
3Ji|-|ey uioikuayd Buoj Ajpwa.i1x3 |lewJou :weibojeydadusownaud €  S/6L Yizuer
Ajuo pensqy 67 86l obes|
Aydose Jej9gasad 661
:uonduNYsAp Je|[9ga13d Jo 19suo-1sod W G pue €1e | 87 einwew|
Aydouye Jsej|9galad :welbojeydadusownaud /7 €/6L dUIoH
Aydone
1e][902492 9139|dwod 1sowe A 0| JaYe ‘[ewlou :p/bw
051 uswieas ulolkuayd £ | Jaye weibojeydsousownaud /7 €/61 SUIOH
6961
JewJou :sweibojeydaduaownaud om] 97 JETEN [T
8561
(3oequann Bunonb) sjewiue uj pajou ssbueyd o1 Jejiwis s[192 alunying jo adueseaddesip [enuip JewJou :sweiboibue pnosed ¢z uuewjoH
[215] e1joy Jej|9ga4d Jo Buluspim :weibojeydadusownaud  #Z  8/61 [9ZIH
Jbuisopiano uiojuepAyjAusydip
Sluoayd Aq pasned Aydouie sej|agaiad paysiiqelss
[o15] Ajjedibojoydow-ousbiusos yum sased omy uodai sioyine ayj, 3PLIUBA p pale|ip :weibojeydadusownaud  yZ  8/6L [BZIH
000¢
uolle|suel} 1331Ip ou - asaueder u| e|[0} Je[[3qaJ9d Jusuiwoid (YW €7 1UIYSOIIH
S/6l
7z biaqgiaH
,uone|AxoipAyeled G/61
uto)fuayd 1oy buljIdd moj d13xusb e, pauonsanb Joyiny 4 biaqgiaH
S/6l
b4 BisquaH
S/61
7z biaqiaH
sa1fd011se UURWIRg
Jo uonesayijoid pasyew yum ‘sease djydoare ul s||9d sfupung jo 7961
$SO7 "WN||903192 Jo Med |esuan jo Aydoie anuyaq "SISOIIPIS |eIgID) 1z puepiageH
sa1£c0115e uuewbiag Jo uonesapoid padyew yum ‘s afuning 7961
J0 550 919|dwiod 150wy “Aydosie [ed11103 Je||9ga.ad Pazi|esdudb a19nss 1z puepaqeH
sa14>0115e UURWBIAg JO 3ZIS pue
Jaquinu uj seasnul buipuodsaliod Yum ‘sjwIsa pue saiaydsiway
ul |19 afunping jo dueseaddesip 919|dwod Jsow|y ‘saiaydsiway 7961
1e||9g343 Jo eijoy jo Aydose ajesspopy ‘Aydoiie |eigaiad pazifesausn 1z puepiageH
"Aydouie Je|[3ga1ad |eIR1E|Ig YUM SNSPINU WIOIUS| Y|
Buipas|q panjosas pajeanal dn-mojjo) w g 1e iy 1eadsy oz  €L0Z eadno
(454
sebulg
,BS0[3g.3D eljoaly, :uonejussaid Jaye A G 1D 61 -oeJIng
SIWIdA pue asaydsiway yioq 1661
‘Rydoaie Je|[9gaiad :w 7 1e | ‘Aydone ou:w zp e 1D 8 [JEYIENT)
/1 8/6L '
“19fe| Je|nuelb ay) jo
uolejRIRI ASNYIP JO 32163P p|iW ‘WN|[3gaJd 3y} Inoybnoiyy ||
afunjing Jo ssoj [e101 AjjenuIA ‘wnj|9ga4ad |jews Ajdleuoinodoidsiqg 91 9/61 deieyn
sjuswwo) |e>160]03s1y-oyied |ed1bojoipey joy loyny

‘(penunuod) “z 3|qelL



970 R. FERNER ET AL.

(panupuoD)

7861
9y  eAOxZeYd0ld
12949p dwAzud ue 1s3bbns sioyiny
‘uoneulwId Mo|S Al utolkuayd Bw oL UdAIB “191e| dWI) dWOS St 0861 e|d
861
vy AISIN-UIneN
9661
Aydoure sej[agaiad [edLBWWIAS ([ £p  ddM_YYNW
Aydoxne sejjaqaid pliw :1)  Zv 0861 UlRTIW
Aydoune Jejjagaiad
A $€ 10 |D ‘Jewsou :Ajjeniul weibojeydadusownaud ZF 0861 URTIW
Aydone sejagaiad :1D)  zF 0861 ULTIN
Aydone sejagaiad :1D)  zF 0861 UETIN
Aydone sej3gaiad :|D)  zF 0861 UETIW
Auaned pajeain-ujoifuayd
9y) Ul paseanap Ajgexiewas sem sjj9d afupjing aya jo Aususp 404
3YJ, ‘s|oauod Z yum pasedwo) "Jewsou Ajjeaidodsosdew wnjjagals) Iy sipnoJAepy
9ZIS pue J3qWINU Ul pasealdul
Ajpaxsew a1om ey|b s,uuewbiag ‘paseaddesip pey s|92 afuping
SJ3Y/\ "92eJNS [BSIOP Yl U0 panIasaId ‘ausydsiwey Jejj9gauad
9Y) Ul S92BJNS |BJJUIA |RI31P|Iq WOy S|[3D dfuIying Jo adueleaddesip 6l
919]dwod 1sowle ‘ABojoisiy uQ -diydosie Ajpjiw eljo} 4ej|agaia) oy  eweAnsiep
Aydoue Jejjagasad padunououd
alow Ajpybils :asopiano Jaye A | ‘Aydosie Jej|agaiad
19SOPIIN0 IR M § ‘[BULIOU :9SO0PIaA0 O} Joud Wi 8 |D 6 6861 NSl
2w jo spouadpabuojoid Jewuou ‘Adesayy uioihuayd 1aye weiboibue
10j 93] Jw/Brl oG 3y 1e Ajpusnbaiy a1am sjaA3] poojq susned unQ, ‘lewuou :ul01kusyd 3 ai0j9q weibojeydadusownaud g€ 76l sulsn]
35| bujylswos s1ensuowsp 01 paubissap sased Inoy jusuiwold ajow :A g-g e ‘Aydone Jejjaga1ad
JO S9LI3S B Ul 3SED |NJIgNOP I9yel e ‘aseasip |ed160joinau aAIssa1b0id pue |eigaiad pjiw A g 1e wesbojeydadusownaud /€ 6961 uebo
Juaned juasaid sy3 ul uonedixolul ujoyfusyd SIS
wial-1oys 01 palejas A[3sopd a1am sueds | Aq pajensuowsp |eSeq pue 3PLIUBA i Y3 JO Judwiabiejud pue Aydose
Aydouie Je||9ga1ad dY) pue uonduNysAp Jejjaqgeiad payesoid 1e|[9219) |BJI1OD paYJew SMOYS ueds |9 A 9 Je ‘uloy
9Y3 uouido Ino uj, jSWSIUBYISW JAY1o ) Sem Jo Brnup ay1 11 sep, 1e|NDL1UAA [BIS]e] BUO JO BuluapIm 1ybI|s :UOISSIWpPe U0 [) 9 861 |[BAPUIT
Aydone Je||3ga1ad 3|qIsiana.Ll Ul }nsas Ajpses Aew Aydone Je||90a13d 19N 1661
uonedIxol JHd amnde pabuojoid 1eyy aduspiAs sapinoid ased sy, :w 9 1e ‘Aydoure pazijessusb pjiw :uoISSIWPe UO YN  SE e|[IAnINY
uonedixo uioifusyd
21UOJYD JO 3SOY} 0} [eDIIUIPI A[|BNMIA DI9M SUOISI| JB|[2GI3D 3y}
,[u101AuBYyd] JO |9A3] JIX01-UOU B YUIM USAS SDURISWINDIID JO uonnqguisip pue ainjeu ay] snjeydadoipAy |euislul S1esapow
UIRLI3D JAPUN WN||3GDJ3D Y} UO 13)43 3pIs e 3q Aew iy, 03 uonippe ur ‘Aydosje Jejjagalad payiew pamoys Asdoine ayj 43 e|[IAnINY
Aydone Jej9gai1ad YW #E€  £10T Jewny
saljljewuouqe Joulw :weibojeydadusownaud €€ 8/61 496Ny
€€ 8L61 49BNy
duoje 3uo ueyy
Buibewep aiow aq Aew sbnip jo uoreuiquod e jey) pazisaylodAy
Joyiny 'p ¢| Joj ybiy paulewas uopesuaduod 3y} §i uioifuayd 5961
Aq pasnpul s||3> 3fuying Jo SSO| PIMOYs S}ed pue Siel ul saIpnis 43 abuayjoy
sjusaWwWo) |es160]03s1y-oyied |edibojoipey joy loyny

“(panupuod) ‘z s|qeL



EXPERT OPINION ON DRUG SAFETY 971

"L-0TT(#)5 15861 |olpey 11eipad “uonedixojul uiojuepAyjAuaydip buimoljoy sbuipuy 13 *M UYSHH ‘N P3G WM Jateg
*18-9/:(2)SL‘AeIN $861 *souieipadoina ‘uonedixojur uioyuepAyjkusydip buimojjoy Aydoaie ejjagaia) "M YasiiH ‘H abulpy ‘H 9s00q ‘n y9g “YM Jateg -
'8-90€:(1)SS14dY 6661 “(SHed) [0INAN AdY “dujoiuepAyjAugydip e| Jed anbie uomedixolul saide 3|[NPISII ASNI||IQIPD JIXeIY Y IPRIA [B ‘W Yewn( [e ‘4 Suswy ‘Y epemy

"G-7S:(1)£ZM.W 000 ‘[0IpeIOIN3N [ “uomedIxolul ujolkuayd ande Huimojjoy Aydosie Jej|agaia) ‘W NjBousWZiwnQ ‘¥ NIBOIRA ‘Y 1es ‘Z niBoly *

L
9
S
8G€-GGE:(1)9-uer 810 "1PS PaN S9Y [ U] "S9las ased e [A}dIX0loinau padnpul C_O;er_a ul mc_@m_.t_ ‘S elemieyg ‘A Joney | "“Na yeniog ‘W eloly
€
[4

Y£-691:(2)L€1dy 8961 ‘A1re1ydAsq binsoinaN joinap [ "sisoydAsd yum ased e jo uolejuawndop [ea1bojoisiy pue diydeibownaud “Asdajids ur Aydoaie 1ejjagaia) “MIN US|V UBA MY LY

16-68:(1)EF 1661 “19NUIYS 01 ON ‘[sBuipuly [ediBojoyied S} pue WNI3S Ul UOJIRIIUIIUOD DIX0} 3Y} MOJS] P3LINII0 UOILDIX0IU]

1014uayd d1u0ayD] 'S enysiBe ‘H aqy °|

S9dUai9j)9y

'sisoubelp = y ‘(s)Jeak = £ ‘(s)
3}9am = M ‘paqudsaid = ¥ ‘9duaia)al = Jay ‘ulolfuayd = |Hd ‘uoneulwexa uo = 3/Q ‘umouy| Jou = YN ‘snwbeisAu = | ‘Buibewr adueuosas diLUbEW = Y ‘(S)yluow = w ‘djew = | ‘Ojewd) = 4 ‘(u10ikuayd) uiojuepAyjKusydip
= HdQ ‘sniijjsw sa13qelp = NG ‘euyuesip = g ‘(s)Aep = p ‘lusapidde Jendseroiqaldd = yAD ‘Aydesbowol psindwod = |9 ‘uoliesluaduod = duo) ‘Alejnwiio4 [euoneN yshug = 4Ng ‘elxele = y ‘pasealdsp = t ‘paseanul = |

suoneinaqqy

‘[65]9bueyd siy) parepaid e ysow|e
pamainas aney am siaded ay1 1ng 19su0 pazijesauab JO S2INZIBS J0JOW-UOU WOJ) JOJOW pue ‘SSBUIBME PAUIRIUIRW 3SOY) WOJ) Ssauaieme paliedul Ylm 19SUO |20} JO SINZISS D1eiuaIayIp pinom Asdajidy 1suieby anbea
[RUOIIRUISIU| B} JO SINJRJDUSWOU 3Y] 'S3INZISS Ppazieiduab pue ‘|enied ‘[e20) SWISY Y} PaUIRIdI dARY S\ “Pasn JaBuo| ou aie [ew 13ad, pue jew pueb, se yons swid] dwil JaAo abueyd sey saisda|ida Jo injeppuswou ay|

ainjepPuswionN

85 961 emebo
Kydone Jejjagal9d
9SUIUI :33SUO I3Ye p 07 [YW ‘lewnou D10y A ¥ 1D /S €00C uInz
A | 18 |ewJou OS]y ‘[eWIOU WN||903Id)
'9q0| |esodwa) Y37 Ul UOISI| J1ISAD UOISSIWpPe UQ 9§ 661 ©JlIA
8961
g9 JPeqisnn
sisol|b 134> ‘5|9 ofunjing 8561
40 uoPNIISIP pealdsapip “Ajuo sabueyd Jej|aga1dd :s1ed ul Apnis 55 y}oeqsann
|[ewuou [ dN vS 0661 €191
Asdajida jo aduasqe ayy ul
u103Auayd 03 anp AUDIX0}0INIU JB|[9CIIID JIIASS $31RISN||I 3Sed SIY], Aydose sej9gasad-ued ‘DIaA9s YN €S 1007 uel
,win([9g343> 2y} Ajjeadsa ‘uleiq ay3 0} abewep
>iuebio ayy pue saiadoid diaupjodewleyd dnsURIEYD YHM
1Hd J0 [9A9] winuas ybiy ayy yiog uo juapuadap aq ybiw ased 0661
SIY} Ul PaAJSSGO UondUNYSApP J4e|[909433 Sy} 1eyl PapNDUOd SeM 1|, Aydouie Je[|9gaIad pue [eIgaID PlIW YN B 1D 7§ nziwiys
(443}
3pLIUBA i pabiejua :weibojeydadusownaud  [§ 1s10y3s
el
Ayiedoinau |essydiuad yum ualsisuod HiAg APUIUAA i pabiejua :weibojeydadusownaud  [§ 1sloy|9s
05  u6l fapy
ApN1S:UO[1DRIAIUI 10} DIUIPIATDIRISPO:UOIIRIDIUI uonlNQUISIP Jejiwis e Ul BWIPIO pue sisol|b s,uuewbiag
J0 A1I9ASUOIIRIIUSDUOD JOJUOW SISIAPE Jainidejnuely “ulolfusyd YUM S|j92 3furying JO SSO| 3SNIp payJew Sem I3y] “Iaew
JO UOI1RJ1USIUOD dY} $SBAIDUI PIZRIUOS| {Ng ,UOIIRIIX01Ul HdQ JO SUYM Je[|9ga43D dY) Jo sadeds Jejndseanad syl ul pue sabujusw
DUIPIAS dAeY SBNIP yloqg uo syuaned ayi Jo %0 pue ‘sawiy Jnoy -01d3| 3y} ul 91epNX3 Al0JRWIWIENUI DIUOIYD P[IW B SEM I3y} uoIee|Ip JejNdLUSA 1161
se yonw se uj0ikuayd Jo S|9AS| WINJSS 3SBIIOU] 0} UMOUY S| PIZeluos|, win||9gaJ92 3y} u| "buiuaydiyy [eabujusawolda] ‘s9|24agn} [|ews om| jeduRwwAs ‘pliw Kjuo :weibojeydadusownaud 64 uoddey
APUIUBA
3y} Jo uonejip yum Aydoile 1e||9qalad IaA3S (YN B 1D 8%  S66L Jewnd
‘Aydosie [ed10d Je[|9qDIaD DIAASS YN 8661
R 1D ‘Aydose Jej9gaiad jo ubis ou -:ujoifuayd aiopq 1D /b uauiel|ind
7861
9y BAOYZRYD0ld
7861
9y  BAO)ZBYDOId
BUETNTIT) |ea160ojo3siy-oyred |edibojoipey joy loyiny

‘(penunU0d) ‘7 3|qeL



972 R. FERNER ET AL.

"61-70-7Z0T PISSIIIY SIINZIDS-UOIIRIYISSR[I-PISIARI-£ L0TZ/Z 1/910T/3P1He/wod Asda)idammm//:sd11y 's2inz|as Jo uonediisse|d pasiady /10z “Asda|id] suieby anbeaq |euoneusaiu| "6
"TLS-L0S(€)8T'9L6L "NUN P lesuey| [ [35eD [eDIUI]D / S}NPE Ul BIXele Je|[3249D 3IndY] 'H oqmjQ ‘f epaey ‘W emebQ '8s
'9-G61:(7)9E/L€-9L Ul €007 ‘|OINSN ASY "ESOIUSWRDIPAW UQIDIRIAIUI Sp 03dNpoid BUJOIUBPIY[IUSJP UOD UQIdEIIX03Ul Jod epnbe es0[agalad eljoIly 10 zadoT ‘f BISA ‘1 BMOd ‘Y SWAN ‘Yq uIinz “/s
Y-2L5: (1) TS ¥661 “einbisdoinaN biy “eulojuepiyjiuajip ap e1x01 ugpessiuiwpe e| ap sendsap judlsisiad BSO[RgRLRd eIXeY JY BIIS NV B|[IA 95
"181-081:08!8561 "U2Asd |04naN Yoay “Adesayy (unuejiq) utoauepAyjAusydip bunedsidwod uonelauabap Je||agalad snojewAydualed vy 32eqsann ‘ss
*[-70SL:(LP)0ZL'EL PO 0661 "IYdSUSYIOM PN ZIomyds “dujoifugyd e| e uonedixolul saide s3|qisiands adue|ibIA B] ap $3|qNoJ} 33 XN3[|9219d dwoipuAs ‘a1b9idowieiydo *4 1163y ‘vd AIpIn ‘a IxL +S
2-19:(L)¥OLINr LOOZ "puedS 03N ey ‘Asdajida noyum Ayredo||agasad ulolkusyd ‘dy snysny “J7 ueyd “y3 uej ‘€5
"LLT(2)T1'0661 WuswdopASQ 1R Ulelg "UOIIRDIIXO1U| UI0IAUSYJ DIUOCIYD) JO 3SB) B Ul PaAIasqQ SwoldwAS Jej|9gaia) JO uoIleqladex3 andy ‘A eweAnynd ‘A IYSINSU Y OuexeN ‘1 lwnz| ‘Y nziwys ‘s
"G-€G1:(S)LTNON T/61 'JOININ Y24y “uolesauabap Je||90a4ad pasnpul-uiojuepAyjAuaydiq ‘S ZIMIOH ‘g uewyney ‘gr 3s1oy|as *Ls
"8-STH(£8Y)9£'99Q TL6L T PIW Z N "Modas ased :uonedixoiul uloyuepAy duoiyd ') A3y ‘0§
'6-LEV:(S)TiLL61 "|OINSN UUY °SIINZISS INOYLUM UOIIRISUIHIP Je||9galad palejdl-ulolkuayd ‘WD meys ‘puz 1y Hoddey ‘61
T-10Z:(1)01'S661 "JoinaN ds3 Ay “eujoiud) uod opebuojoid ojuslwelel) Sel} BSO[9GJID BOIIY [ B3|y 9P Zauluew ‘NI UO[e|IA ‘T Jewnd "8f
IYT-LT(S) L 18661 Asda|id] jo |eunor sbuipuly [ed1bojoydAsdoinau pue Dibojoipeioinau D160joIN3N uoledIxoul ujokuayd Jaye Aydolie Je|[agaiad JO 3sed i "Q owwed “) UBWIPIH “|\ USUIRIO[ “A UdUIel|ng */¥
P-19T:(P)LFBNY $861 "NIYD0INIAN 04NN S [WN|[9GaId 3y} Jo (uonessuabap) Aydoiie uioyuepAH] nydazow (IdeIdUDIP) d1y0IIe BAOJRUIOIURPAH "d UBQIN ‘A BAOYZRYD0I] ‘OF
"06-/8€:(6)5£:086 L "BIIUIID BUIDIP "BUIOIUBPIY|IUMP B| B BLIEPUNIAS juduewIdd BS0[9gaIad ugeIduabaq Yy eld 'Sy
‘99:(8L5¥)T'8Y6L ' PAW 4g “ulolkuayd ajgnjos Jo a6esOpIaA0 ss0IB JO ased ¥ "NL HISIN-HLNYN ‘v
‘GET-VET(P)PP9Q-120 9661 “BIPU| |0IN3N "UoniedIX0IUl Ulo}Audyd 93nde BuIMO||0) SWOIPUAS 1e|[9ga13d JUBURWID DS [IYNNW "€
'€7-81:(1)/!uef 0861 ‘joinaN uuy "Adesayy uioikusyd d1uoiyd 03 anp uoleIdUSBAP Je|[DGID) HI US|V ‘Lf UIMBW ‘If MT UIRTIW "TF
"b0€-6671:(01)8Z°€L0T "|0IN3N PIIYD [ "Wodas 3sed e :uonesnsiuiwpe
ulolAuayd wis)-buo| J9)ye SNIPNU S1LIUSP BY} JO SUOINBU Y} pue s3> dfunjing ayl jo Abojoyled |euids pue ‘jeuoxe DLpusq ‘S sluuekojeg ‘DA IS0 ‘NS NelN ‘W NOPIXaINOLY ‘4 SApLIdd ‘DN IUBUB ‘Y| SIPNOIABK “Li
"L1-€0Z:(2)¥Ti9ed T/61 “19uIYS o] oN ‘[Buluosiod uioyuepAyjAuaydip dluoiyd jo ased Asdoiny] |y emebexeN ‘A eweAnsiep "0y
‘€-7eti(€)6€eN 6861 “ABojoinaN "uioikusyd yum uonedixour ainde buimojjoy Aydoaie Jejjagals) ‘W psuejes “Jy ydjopnT ‘3D 196[3 ‘H Insey ‘6€
LZ-£19:(9)6€29Q-AON T/61 "PIW [ teuls N Adeiayy uioyuepAyjAuaydip Joie Ayiedoinau esayduad pue uondunysAp SWaisAs Je(|9gaIad [enpisay Y ZIMONIN[ ‘Of sulsn ‘g€
*/-1€9:(9)1 7290 6961 ‘|0INSN Y24y "uonedixojul uioyuepAyjfusydip 01 anp aseasip anlzeIsusbapopnasy ‘Nr uewsaald ‘r\ ueboq /¢
'09-85Z:(2)91:bnY 861 ‘[0INSN Uuy "uoriedixolul uloyfuayd Buimojjos Aydoile Jej|aga4a) g UOSS|IN ‘O [|BAPUIT "9E
7-005:(¥)8€'dy /661 "eisdajid "uonedixojul uioifuayd ainde saye Aydoule Jejjaqaiad IN BYdnIeYg ‘| BJIANINYGE
*/-9€9:(9)S#:29@-AON €10Z "|odewleyd  uelpu| “Aoq didajida ue up Aydouie Jejj9galad padnpul-uioifuayd -1y Inpiag ‘s ifeddeseg ‘HS ysaing ‘v Auogesjey) ‘N Jewny pg
"L¥Y6:(61)TLL 10 861 "(BUS() P|IqUO4 324y 7 "uoneyixojuluioluepAH Jap iews|qoid 4nz Bensg ue-ulojuepAyjAusydiq ysinp UspeydISUIYUIS[Y 349MYdS “H 4By g€
"6-€78:51:5961 "ABojoInaN ‘sjewiue [eyudwadxa Ul pue judlied e ul 3sopIaA0 unue|lg buimojjoy aejenbas [e2160j0IN3N 4 [|PMOPI ‘H 1NY ‘Y dbudNoy “zE
'9GZL-1SZL:(LL)PEL66L 0SSy Py uealoy [ ['sased aaiyi—Adesayy Juesinauodue widl-buoj buimoljoy Aydoiie Jejjagaiad] ‘S| 10YD) ‘S 937 ‘HS UOMY ‘Hf Wiy “LE
*18-6/:(2)9Z:0L Uer /6L “MIM P “uoneujwi3-uioyuepAyjfuaydiq uswesbue| Waiixa Jauld 199 apunydg aydsibojoydAsdoinau pun aydsIuljy—UoRRNIXOW|-Hdd 4 Yani1dd ‘g 19hey ‘HH dizuer "0€
"¥Z-51:(1)6'7861 Xukieq snseN suny 3se) e Jo uoday :uoiedIxoiu| JuesjnAuodiuY wolj buninsay snwbeisAN buneaqdn “y eineiey’] 1wWIH ouesy’H obes| ‘6z
'€6-611:(2)¥P' 994 7661 19UIYS 01 ON ‘[ul0ikuayd Jo uofedIX0Ul 3INJR JSYE IXeIR JB||9gaJad Judlsisiad pue Aydosle uejjagaia)] ) eAeingns] ‘H oMeS ‘W eieyes ‘y ewify ‘| einwew| ‘87
"TS-L71:(9)994C JeW €/61 0SSy P 4| [ “Aydouie Jejj9gaiad pue Adesayy juesinauodiue widy buo ‘qd duloH ‘/7
"T-0£€L:(ST)Y6:0Z UNf 6961 “IYISUIYIOM PIAW YdIs1Q “BuniaisopiagnuioluepAy apusayabiagnion ydinp uspeydsianeq JaJe||9gaidz N [9Zudp ‘H 4a1w|boH ‘97
"Y-0LZ:(€)8' e 8561 “ABOj0IN3N "uonessIuiWpe unue|ip [esiudled J3Ye SUOISd| Je[[9ga4d) MM UUBWYOH ‘ST
"061-G8L:(€)0E ‘861 |0YdAsd PIIN [0INAN dLIeIYIASY , 3SN3|[99a135 3lydole, 2YSIIXO] °S [ZIIH T
"89Z-797:7S'000¢ 13xuIys 03} oN "uoiedixojul ujoifuayd yum pajeposse Aydosie Jejjagala) W IUIYSOIIH "€
"S-0£:(L)89"Uer G/6L °T PAN YInos “Aud1xo utojuepAyjAusydip jo 13suo snolpisul pue pakejaq “dy B1aqudH ¢
‘EE-6T:EVLIT961 “(]95eg) |0InaN JielydAsq ‘swusined d1ndajids d1UoIYd Ul UOIILISIIURW [BDIUID YUM UOIIRISUSDIP Je|j9gala) ) pueldgeH L7
“LLL-LOL:(L)
81610z "eIsy AbojoinaN "podal ased y :uonedixojul ujojfusyd 3inde 03 anp SWOIPUAS AR SAINUDOD JB|[3CRID YIIM BIXRIR JB|[9GI3D JUAISISId 'Y eidnbseq ‘y eiseg ‘g Ainypmoy) ‘yo efemyy ‘A Jepied ‘W eidno ‘oz
'05-2t:(1)0S!210Z “1einbisd-01nau [1yd A3Y “0d1Ul> 0Sed un 3P UQIPRIUASAId A BINJRISY| | O UQISIADY "BUJONUDS 3P 0D1UQLD 0Sh A BSO[9GIId BIOIIY D Z3I9d-Zelq ‘d sebulig-oesino ‘g
"19-6ST:(9)TLiInf
-unf 661 "elbojoinap ‘[Adesayy ujoifuayd buimojjoy Aydoaie Jej|9ga1ad [eJodwa ] BUJOIUS) BP UOIPINPOIIUL B UOD [esodwid} UOIDBDI UD BSO[S043D BIOIIY V[ UILEIN ‘d SelY ‘[ oyde) ‘d ofedse) zeiq ‘yr enbejued 1y oJa.iano ‘g
"8-9¥T:(€)3TLUBIN 861 "PIW [ ISOM "SI1IDUIY "3SOPISA0 UIOIAUSYJ "D SIABQ ‘[ UOSYIW ‘T 033Uy ‘M UIRY 'Y 11D "L
'02-818:(6)97/das 9/61 “ABojoinap ‘Adessayy uloifusyd wial-buo| buimo|jo) uoneIdUSBIP JB||9gRIDD WM ASUUBI VY 0SOIUES ‘YN Meleyo ‘9|
"6-901:(2)7S‘ge4 €861 1zJeusnsaN -alydosieudiyuid)y Hw S|je4 sauld y1isinsey ‘bunioisneqay 19q UOIIENIXOIUIUIOIAUSYJ “H J9WRI) ‘|ND UI9INAY UOA ‘| UId1SIana "Gl
‘GET-VTTYEI9961 "9121096ZUdID JaIYl pun ueIYdAS] ‘9160j0IN3N 19Q 911YdISHO4 “uoneyixouluioyuepAyjAuaydiq 1y 494a1q vl
'9-G:(1)6'910T 'S9Y UI|D Wieyd [ UeISY "BIxele pasnpul ujoluay uo uoday ased y 'dO peseld ‘S ejpewninp ‘Yr ueseq ‘€|
'6-19€:(¥)91:700Z "seenrsny pay Hiaw3 ‘sydyap [ed160]joInau [enpisal pue uoledixoiul pabuojold Aq paieddwod asopiano ulolhuayd ‘s bies) ‘zi
"G-178:(6)FAON /861 "11BIpad 14 Ydly “dulojuepAy-jAudydip us abesopins saide 99s1[eI0| 9SNS[|9GRIPD SOUIIN 'Y UOSSNOY “Df JAIYMag ‘H dnQ ‘g uuewaliey ‘4 1eydod ||
P-1L1Z:(2)€€dY 8007 JBYL WURYJ Ul [ "SWOIPUAS 1B||9gaJad JO asned passiw A|Isea ue :A1dIX0} ul03kuayd ‘q BaIDdW ‘f sullg ‘NI Hoisolg 0L
[-TS11:(8)SEPny 5861 “ABojoinaN ybBnoyl aAIuHOd ul winjj9gaIad Jo 3ol 3|qissod :uomedIxolul uiolfusyd Jayje eIxele Ie(|9gaJad dIUOIYD J|GISIIARY “Ir BUIZIA ‘J BNy ‘T [9ARID ‘| Z310g 6
"€0L-T0L:(L)ZL/070T "Wwieyd Bunoj [ “Hoday ased v :ulolhudyd Yum eixely Jejj2gqaia) 19suQ-aie] diysedolp| y |I6pnopy ‘A Jseq ‘8



https://www.epilepsy.com/article/2016/12/2017-revised-classification-seizures

EXPERT OPINION ON DRUG SAFETY 973

Clinical features

Total cases

Clinical features stated

Ataxia

Nystagmus

Dysarthria

0 10 20

Figure 1. The clinical features, which was recorded in 81 of the 84 cases.
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Neurological outcome

Total cases
Neurological outcome stated
Recovery

Improvement

No improvement

Death

0 20

Figure 2. The neurological outcome, which was recorded in 62 of the 84 cases.

40 60 80

Radiological changes

Total cases |

Radiological changes reported
Cerebellar atrophy
Ventricular dilation or related change

None or minor

0 10

Figure 3. The radiological findings, which were recorded in 62 of the 84 cases.

Altogether, radiology by one or more modality was
reported to show cerebellar atrophy in 37/62 patients (60%)
and ventricular dilation or other changes without explicit
mention of cerebellar atrophy in 11/62 (18%); examinations
in 14 patients showed no or ‘minor’ abnormalities. Where
scans were repeated after an interval of weeks or months,
the later scan was almost always reported to be more abnor-
mal than the earlier scan.

30 40 50 60 70 80

3.3.5. Correlation of clinical and radiological findings
Two patients with normal scans died, five recovered, and five
were left with neurological deficits. Of the 10 patients who
made a clinical recovery, three had no scan reported, one had
clearly seen cerebellar sulci on CT scan, and one a possible
cerebellar infarct. Two patients had normal pneumoencepha-
lograms, two had normal CT scans, and one a normal MRI
scan.
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3.3.6. Histopathological findings

Twelve cases underwent postmortem examination, including
one boy who was killed in a road traffic collision [13]. Ten
reports stated explicitly that there was disproportionate or
almost total loss of Purkinje cells in the cerebellum, and six
also commented on an increase in Bergmann glial cells or
Bergmann gliosis. The remaining reports described
‘Cerebellar degeneration’ with ‘discontinuous and focal
changes, with disparity between Purkinje cells and granular
layer, [11] and cerebellar lesions ‘virtually identical to those of
chronic [phenytoin] intoxication’ [14].

4. Previous studies of the effects of phenytoin on
the cerebellum

4.1. Histopathology

4.1.1. Salcman et al 1978, Spielmeyer 1930

Salcman and colleagues described a series of five men with
intractable epilepsy who underwent surgery to implant cere-
bral electrodes. The authors took the opportunity to biopsy
the cerebellum [15]. All five patients had been treated with
phenytoin, although only one had evidence of ataxia at the
time of biopsy. Biopsies showed severe loss of Purkinje cells in
four patients, and moderately severe loss in the remaining
case.

Bergmann glial cells were increased. They compared these
findings with those in ten control biopsies - five postmortem
biopsies from children who had died in status and five from
adults undergoing surgery for oligodendroglioma - in which
changes were largely absent. However, there were no details
of drug treatment in the control patients.

Salcman et al drew attention to the findings of Spielmeyer,
who had described loss of Purkinje cells in patients with
epilepsy in postmortem specimens obtained prior to the use
of phenytoin [16]. Hypoxic or hypoglycemic damage was said
to preferentially affect hippocampal cells, and then Purkinje
cells; so that histological examination of the cerebellum alone
might not distinguish between hypoxia (or hypoglycemia) and
toxicity from phenytoin.

Several animal studies in different species, but not all, have
demonstrated similar histopathological changes in the cere-
bellum after exposure to toxic doses of phenytoin.

4.1.2. Kokenge et al 1965

Kokenge et al studied 36 rats given phenytoin 100-200 mg/
kg/day and 12 cats given up to 30 mg/kg/day [17]. There was
loss of Purkinje cells and edema of Bergmann'’s glial layer in all
animals examined at 18 days. The cats proved much more
susceptible to phenytoin than the rats.

4.1.3. Kiefer et al 1989

The study by Kiefer et al compared 30 mice treated with
phenytoin and 30 control mice, sacrificed in groups of six
treated and six control animals at 3, 6, 10, 14, and 48 days
after the start of (high-dose) phenytoin treatment [18]. These
workers demonstrated progressive changes in morphology
and reduction of number of Purkinje cells in the cerebellum

from day 6, although clinical effects of ataxia, drowsiness, and
weight loss were seen only from day 35.

4.2. Radiology

4.2.1. Pneumoencephalograms

4.2.1.1. livanainen et al 1977. livanainen et al subjected
338 patients with epilepsy and ‘mental retardation’ to pneu-
moencephalography [19]. One hundred and thirty-one
patients had been treated with phenytoin, of whom 19 had
definite cerebellar signs on clinical examination. Abnormal
pneumoencephalograms were found in 93% of the patients,
of whom 36 were recorded to have cerebellar atrophy.
Atrophy was present in significantly more patients who had
suffered a clinical episode of phenytoin intoxication (8/36)
than in those who had not (1/51; x* = 4.5, P < 0.05).

4.2.2. CT scans

4.2.2.1. Koller et al 1980. In 1980, Koller and colleagues
published a letter with preliminary data on eight patients ‘on
long-term phenytoin therapy’ whose CT scans showed cere-
bellar atrophy, but who had no clinical signs of a cerebellar
disorder [20].

4.2.2.2. Kessler et al 1985. Kessler et al studied 310 patients
with epilepsy treated with a variety of antiseizure medication:
54 took phenytoin alone; 32 took phenytoin with carbamaze-
pine; and 13 took phenytoin with primidone [21]. Cerebellar
atrophy was present in 25% of patients treated with phenytoin
alone, 70% of those treated with phenytoin and carbamaze-
pine, and 9% of those treated with carbamazepine alone. (The
findings were presented graphically, and so data are
approximate.)

4.2.2.3. Bechinger et al 1986. Bechinger et al studied neu-
rological findings, CT results, and treatment details in 242
stable patients with epilepsy [22]. Alcohol, a recognized
cause of cerebellar atrophy, may have played a role in 31
cases. The CT reports were masked, without knowledge of
the treatments. In those 211 patients in whom alcohol played
no part, 89 were treated with phenytoin, 45 with other anti-
seizure medication, and 77 without medication. Cerebellar
atrophy was present in 30/89 (33%), 5/45 (11%), and 8/77
(10%) respectively. In the subset of 18/31 patients with alco-
holism who did not take medication, 6/18 (33%) had cerebel-
lar atrophy. While cerebellar atrophy was present in only 10%
of patients treated with phenytoin for less than one year, it
was present in 52% of those treated for over 10 years.

4.2.2.4. Del Negro et al 2000. Del Negro et al examined 37
or 38 patients who had been treated with phenytoin and 29
who had been treated with other antiseizure medication (the
abstract and the text give different numbers) [23]. Cerebellar
atrophy was present in CT scans of 5/38 patients treated with
phenytoin, including all four patients who had taken it for
more than 10 years. Clinical cerebellar signs were present in
2/13 patients with moderate or severe CT changes, and 3/21
with no or mild CT changes. None of the control patients had
either clinical or radiological evidence of cerebellar damage.



4.2.3. Magnetic resonance imaging (MRI)

4.2.3.1. Shanmugarajah et al 2018. Shanmugarajah et al
studied 47 patients treated for at least one year with pheny-
toin for epilepsy [24]; the median duration of phenytoin treat-
ment was 15 (range 1-67) years. On examination, 19/47
patients (40%) had gait ataxia, and 9/47 (19%) also had nys-
tagmus. Only one had dysarthria.

Thirty of the patients underwent 3 Tesla MRI scanning [24].
The scans were reported to show cerebellar atrophy in 13
patients, six of whom had ataxia and seven of whom did
not. Cerebellar volume was significantly smaller in the sub-
group with ataxia, 7.77 + 0.99 units compared to the subgroup
who did not, 8.88 * 0.82 units, P = 0.036.

4.2.3.2. Ney et al 1994. Thirty-six patients exposed for
a median of nearly 14 years to phenytoin, and 35 normal
control subjects were examined by MRI in a study by Ney
et al [25]. There was no evidence of cerebellar atrophy in 15/
36 patients or 33/35 controls; mild cerebellar atrophy was seen
in 12/36 patients and 2/35 controls. In 7/36 patients, cerebellar
atrophy was moderate, and in 2/36 it was severe. There was
no obvious correlation between the presence or degree of
atrophy and seizure frequency or phenytoin exposure. The
authors stated that ‘Our study was unable to clearly elucidate
whether the cerebellar atrophy resulted from seizures or from
exposure to phenytoin.’

4.2.3.3. Luef et al 1996a. Luef et al examined MRI scans in
11 patients with epilepsy, all of whom had been treated with
phenytoin and had at least one episode during which the
serum phenytoin concentration (21.4-95.6 mg/L) exceeded
the reference range [26]. At the time of the increased serum
phenytoin concentration, clinical signs of cerebellar disorder
were absent in three patients; and eight had nystagmus,
which was associated with ataxia in two patients. Only one
patient had persistent signs at the time of MRI. Six of the 11
patients had MRI evidence of cerebellar atrophy, involving the
vermis (one patient), the cerebellar hemispheres (one patient)
or both (four patients). The radiological findings did not relate
to the clinical findings or phenytoin concentration.

4.2.3.4. Luef et al 1996b. A linked study [27] compared
cerebellar volume, measured on MRI scans, in 11 phenytoin-
treated patients and 11 control subjects. Cerebellar volume
was inversely related to phenytoin exposure (measured by
dose and duration of treatment) but not to clinical signs.

4.2.3.5. De Marcos et al 2003. De Marcos and colleagues
[28] also examined cerebellar volumes by MRI scanning in 56
patients who had been treated with phenytoin for at least
2 months, and 20 healthy adults. They used z-scores (based on
the number of standard deviations from the control mean
volume) to grade cerebellar atrophy. It was present in 20/56
patients, being mild in nine, moderate in nine, and severe in
two. Cerebellar atrophy was present in 9/16 patients who had
suffered a clinical episode of phenytoin intoxication, and cor-
related with duration of phenytoin treatment (calculated
r* = 0.21, P = 0.01).
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5. Expert opinion

Phenytoin has been the mainstay of antiseizure medication
therapy since the 1930s, and is still widely prescribed,
although it is gradually being replaced by other drugs. In
England in January 2017, more than 67,000 prescriptions
were written in general practice for phenytoin sodium,
although by November 2021, the number had fallen to
under 48,000 [29]. We predict that de novo usage will continue
to decline, so that most patients remaining on phenytoin
treatment will have been treated for many years.

Cerebellar signs are the cardinal clinical feature of pheny-
toin intoxication. It is standard clinical practice to examine
phenytoin-treated patients for ataxia, dysmetria, and nystag-
mus, and to reduce phenytoin dosage if such signs are pre-
sent, guided by serum phenytoin concentrations. Usually, such
signs are transient. However, from the 1950s it became clear
that cerebellar disorder persisted in some patients even after
phenytoin was withdrawn.

We have been unable to identify any formal epidemiologi-
cal study of the association between phenytoin treatment and
cerebellar disorders. We have therefore systematically
searched the literature for case reports and case series. In
the cases collected here, ataxia was recorded to be present
in almost all of the patients in whom clinical details were
provided. Most cases arose during therapeutic dosing. Only
one case was of deliberate overdosage [30]; one patient who
did not have seizures was prescribed phenytoin for prophy-
laxis [31]; and one report described iatrogenic intoxication
with parenteral phenytoin [32].

Eleven (14%) patients died of the 76 whose outcomes were
reported, and only 10 (13%) recovered completely. Many
patients remained disabled by ataxia and were unable to
walk, or required assistance to do so.

There were insufficient data to show whether the probabil-
ity of recovery correlated with peak serum phenytoin concen-
tration. For many of the early cases, no phenytoin
concentration was reported.

Cerebellar atrophy, demonstrated radiologically or histolo-
gically, was common in patients who had been treated with
phenytoin for a year or more, whether or not they had symp-
toms or clinical signs of cerebellar disturbance.

Our review shows clearly that clinical signs of ataxia can
persist without radiological evidence of cerebellar atrophy,
and cerebellar atrophy can be seen without any clinical evi-
dence of cerebellar dysfunction. This disjunction between clin-
ical and radiological signs has not been explained. It is not
simply a postmortem artifact, since in vivo cerebellar biopsies
showed histological changes. Although the early literature
demonstrated that loss of Purkinje cells could be found in
patients who had died from status epilepticus, and so was
not specific to phenytoin intoxication, animal studies strongly
support the view that phenytoin toxicity can damage Purkinje
cells, and cause related changes in Bergmann astroglia.

However, the evidence on the clinical course and the rela-
tion to radiological change comes mainly from case reports.
All deductions from published series of cases are limited by
the selective nature of case reports: their publication depends
on several nonrandom factors, such as the enthusiasm of the
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reporter, the nature of the case, and the vagaries of peer-
reviewed publication, which may favor unusual cases. These
limitations apply to the current work. The literature spans
a period of over sixty years, during which medical practice
has changed substantially, and so the cases may not reflect
either current therapeutic practices or their outcomes.

Better information on the clinical significance of phenytoin
intoxication sufficient to cause cerebellar signs would be helpful
clinically and for medico-legal reasons. It will require carefully
conducted prospective follow-up studies of patients who are
acutely intoxicated, or who develop cerebellar signs while taking
phenytoin chronically, but such studies are unlikely to be
performed.

Rare cases of cerebellar damage have been reported in
patients whose measured phenytoin concentration has been
within the accepted reference range. However, most patients
with cerebellar dysfunction have phenytoin concentrations
above the reference range.

Prescribers should be mindful of the non-linear pharmaco-
kinetics of phenytoin, and be guided by patient reports of
possible cerebellar dysfunction and by clinical signs, as well
as concentration measurements, to reduce the dose when
necessary. Since high concentrations, especially if maintained
for some time, can cause permanent cerebellar damage, pre-
scribers should advise patients to attend promptly if cerebellar
symptoms appear, and adjust dosage appropriately. For
patients with newly-diagnosed epilepsy, phenytoin is no
longer the drug of first choice.
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