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I. INTRODUCTION

In the earliest clinical reports of systemic
lupus erythematosus (SLE) neurologic abnor-
malities were described; yet in subsequent
years this subject has not received the exten-
gve clinical and pathological study given the
renal, cardiac, cutaneous, or hematologic man-
iiestations of the dicease. In the original de-
scription of SLE in 1872, Kaposi (95) mebp-
uoned disturbed cerebral function associated
with the disease, whick took the form of re-
current delirium i 2 of his 11 patients. Osler
(146-148), who was largely responsible for
brnnging the systemic nature of the disease to
the atteption of the medical profession, also
described nmeurologic manifestations, namely re-

_4~current hemiplegia and delirium, among the

“visceral complications of erythema.” The third
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classic contribution to the literature on SLE
was the description of verrucous endocarditis
by Libman and Sacks (112%_@&;&&»7
ported convulsions, nuchal igidity or paralysis’
in each of their four patients and postulated
that neurclogical disesse resulted from emboli
arising from the endocardial lesions.

Until diagnosis was facilitated by the dis-
covery of the L.E. phenomenon by Hargraves
et al (82) in 1948, SLE was considered a rare
disease. However, Dubois’ (52, 54) studies at
Los Anucies County Hospital since 1948 have
shown that the diarnosis of SLE has been made
more irequently than pernicious anemia, Hodg-
kin’s disease, or lcukemia; and, although pre-
viously neurological manifestations bad been
considered an unusual complication of a rare
disease, his studies (44, 56, 57) have indicated
that cerebral disease is one of the most fre-
quent causes of death.

Thus, involvement of the nervous system in
SLE s an important aspect of a not uncom-
mon diceagse, but the neurological manifesta-
tions are@h’j&nd their pathological basis
is still il-defivéd. Seizures, psychosis, delirium,
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cranial nerve palsies, hemiplegia, myelitis, neu- -~

ritis, and movement disorders have been in-

: cluded in the clinical descriptions of SLE. These

disorders have generally been thought to result .°

- from intrinsic disease of cerebral blood vessels,

e ey U _:v-_~v




{ but Do distinctive lesions have beep - found. AR
. largs | Vanety of encephalopat.hxa, hemorrhagic’
and ‘ischemic lesions, arteritis, . phlebitis, “and LT mmror T
- emboli have been "described;’ a.nd not uncom--
--monly, neuropathological studles have failed to ™ =
. demonstrate any abnormalities that n:ught be ~
-~ correlated with the clinical signs. ~

.- The . present study -was undertaken in an
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" attempt to define the peuropathological changes -
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associated with SLE and to correlate these
with the various clinical manifestations, A _rel-
atively unselected group of pauent%}g of
SLE was studied in order to analyze the fre-

" quency, nature, and course of neurological

manifestations; to review critically the neu-
ropathological material; and to attempt a
correlation of the chmca.l and pathological
findings.

—

Il. GENERAL CONSIDERATIONS

A. Method of Selection of Cases

Cases were included in this study 1) if a di-
agnosis of SLE was made clinically and con-
firmed at autopsy exclusive of neurological and
neuropathological findings, and 2) if the clinical
observation and compleieness of autopsy were
adequate to allow evaluation of neurological and
neuropathological aspects. Records of all autop-
sies performed at the Massachusetts General
Hospital during a 15-year period from 1945 to
1060 were reviewed; in 31 cases a pathological di-
agnosis of SLE had been made; the central
nervous system (CNS) was examined in 25. One
patient was observed only termmally and was
exciuded for lack of eclinical data. The remaining
24 cases comprise this study. In each of these
the clinical charis and autopsy protocols were re-
viewed, and nouropathoiogicai seciions were re-
examined in d:rail. irrespective of whether or not
the patient hed had neurological signs or symp-
toms. Additionas sections were obtained and ad-
ditional swaining methods were employed when
indicated.

B. General Clinical Findings

The 24 paticnts had all been admitted to the
Massachusetts General Hospital from 1 to 10
times and followed for periods of 1 month to
10 years. Twelve were seen at least once
by consultants from the Neurology Service.
Twenty-twoe paticuts were female and 2 were
male; ages at time of onset ranged from 15 to
46 years (mean 25.6 years, median 22.5 years);
and duration of disease ranged from 3 months
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'*-"'Iamal Mamjcstahon of S.LE in 84 Pa.tunu'

i ‘Lymphadenopathy s
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- Parotid swelliog - ey
.Pneumonia with hemoptym

*® Excluding fever, weight loss, malaisc, and
fatigue.
1 One patient had a positive Hmton one year
prior to arthralgias. [ S
.Y \ 'h

to 10 years (mean 3.0 years, median 2.0 years).
The onset of SLE was dated from the firs
systemic symptom, since ope patient had swell.
ing and paip in ome knee for 16 years ang
another had discoid lupus for 10 years beiors
signs or symptoms of systemie disease. Initiai
manifestations other than fever, malaise, az-
orexia, and fatigue are shown in Table 1.

Clinical and laboratory findings are sum.
marized in Table 2. Fever, some cutaneous
change, albuminuria, and elevated erythrocyte
sedimentation rates ultimately developed in all
patients. The L.E. cell phenomenon was dem-
onstrated in all patients seen after 1950. All
patients except one developed arthropathy, but
gross deformities of joints were rare. Anemia
developed in all but one of the patients and
leucopenia in all but two. Neurological symp-
toms or signs were next in frequency (75%)
they were observed as often as gastrointestinai
signs and symptoms a2nd more often than
serositis (including pleuritis and pericarditis)
or the ciassic bumerﬁy rash (71% each).

As Harvey et al '(84) bave stressed, an exact
cause of death is difficult to ascertain even
pathologically because of the diffuseness of
lesions. Infection and remal or cardiac failuit
were most frequently considered to be the pn-
mary cause of death.

C. General Pathological Findings

The most significant pathological features
are summarized in Table 3. In two cases there
were unusual findings that have been the sub-
jeet of previous case reports; one of the pa-
tients, in whom parotid swelling was the pre-
senting symptom, had Mikulicz's syndrom?
(31, 135), and the other had massive bilaterai
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SllledTTL DNl nmli |Patients R
Geperal T R
Fever : 1 24 100
Weight lass ) ' 21 8
Cutspeous .
Butterfly rash 17 71
Hair loss 12 50
Raynaud's phenomenon 2 8
Opbthalinological
“Cytoid bodies’" 2 8
Hemorrbages and exudates 5 2
Arthralgias and arthritis 23 96
Lymphadenopathy 14 58
Serositis (pleuritis and/or peri- [ 17 71
carditis) !
Hepatowegaly 15 62
Splenomegaly 9 38
Gastrointestinal 18 75
Bleeding 4 17
Severe abdominal ‘cramps 4 17
Dysphagia 2 8
Renal )
Albuminuria 24 100
Ureniia 12 50
Nepbrotic syndrome 5 21
Parotid swelling 2 8
Severe epistaxis 3 13
Hematological
Anemia (below 11 g) 23 96
Leucopenis (below 4500) 21 88
Elevated erythrocvte sedimen- | 24 100
tation rate (over 30}
False positive serological test 3 13
for syphilis .
Positive L.E. phenomenon 16 100*
Neuroiogic and psycliatric 18 75

* Eight patients died prior 1950 and were not
examined for L.E. cells.

perirenal hematomas (32). No single char-
acteristic pathological lesion occurred in all
cases, but in cach czse a combination of le-
sions allowed an unequivocal diagnosis of SLE.

D. Summary

These geperal findings are summarized to
establish these cases as representative of the
elinical and pathological syndrome of SLE. The
age, sex, mode of onset, and clinical findings
are similer to those reported in several larger
clinical series (7,

16, 29, 57, 84, 88, 94, 107).

ings are also similar to those prewously de- =
scnbed (63, 94, 101 102).

1L REVIEW oFr NEUBOLOGXCAI. MANIFESTATIONR
WITE ILLUSTRATIVE CASES - -

- v s

A, Frequency and Course

Neurological and psychiatric signs or symp-
toms were recorded in 18 of the 24 patients
(76%) in this study (Table 2). This frequency
is higher tban the 20 to 65 percent incidence
of neurologic involvement reported by others
(7, 16, 18, 33, 57, 84, 88, 107, 119, 125, 144),
although Gold and Yahr (74) reporied beu-
roiogical disease in 13 of 14 chiidren with SLE.
The fact that patients in the present series
were foilowed until death probably accounts
for this high frequency since reuroclogical in-
volvement occurred oniy during the last 6
weeks of life in 9 of the 18 patients. A further
factor influencing this frequency was the ex-
clusion of six cases because of the inability to
examine the CNS at autopsy; indeed, only
one of these six patients had neuroiogical signs
during life. However, frequency of neurologic
manifestations would be 62 percent even if
all cases had been included.

Seizures and mental disorders are generally
regarded as the common ncurological abnor-
malities associated with SLE, but any part oi
the nervous svstem may show evidence of dis-
case (Table 4). Furthermore, neurolegical dis-
ease with SLE is varied not onlyv in its clinical
signs but in its clinica! course. The devciopment

TABLE 3
General Pathological Findings in
24 Patients will} SLE
wav [ -
. No.
U Je ¢ [paisaesiPercent
/
Verrucous endocarditis / 8 33
Myocardial lesions 13 54
Pericardial lesions 17 7
“Wire loop”’ lesions in kidnevs |- 14 58
“QOnion skin’* lesions in spleen 11 46
Focal lymph node nccrosis 7 29
Vasculitis® 7 29
® Exciuding nervous system; ir three cases

tyeseulitis” was limited to perivascular infi.
trates in skin and/or muscle.




P

v
R irnplapiond

H
e
. ) P .
B R R I N e e U TR 2 7

I A RITI R IY PR

sy e b,

M T e wiap

b bt 8.

R T P N

ese

N LA e (T

el p s 4 g 3w S armg g B rg e

—

a
- e

=

wr

- ™ W

-4
L]
Tl e O DY

.

\

AT T

————

e
a3
—
<n

[FTY PR £

..

=

PR} a3 sk liamtd wls aa

\/.’

: of neurologmal‘sxgns has-‘been regarded “as .Y
'-ominous, since they are commonly observed

Ncurolomc M cmjestahom in 24 Palzenlx wuh o

during an acute phase of disesse or bejore ~ _ - ——
death (84, 173). In ome study, Dubois et al e T e e
(56) concludegi_ that CNS involvement was the —_—
commonm cause of death, and in -hi$~ TH0re —Seizures _ 13| 5

ent series (57) death was attributed to CNS Cranial nerve disorders 10 s

se _i,l;,.lS—pe:cenL._OQS\S_i_a.s_e_g,__r__ emiparesis 3 | .
second only to uremia. Death was attributable Paraparesis 1 3
primarily to CNS disease in 6 of the 24 patients FPeripberal neuropathy 21 s
in this study; 4 died of intracerebral bemor- Mental disorders 8 1w

rhage and 2 in status epilepticus, Despite their
potentially fatal nature the appearance of peu-
rological signs and symptoms does not neces-
sarily imply a dire prognosis. The neurologicai
signs can be minor and transient and can even
precede the clinical involvement of other sys-
tems; seizures (29, 38, 74, 79, 81, 107, 133, 1686,
175), psychosis (27, 88, 107, 195), hemiplegia
(29, 147, 161, 188), encephalopatby (206},
neuropathy (74, 88), myelitis (77, 188), chorea
(25, 151), diplopia (83, 188), and paresthesias
(83, 98, 188) have all been reported as initial
signs and symptoms.of SLE. In the present
study nome of the patients presented with neu-
rologic2! manifestations, but 7 of the 18 pa-
tients with neurological disorders had these
signs or symptoms one year or more before
deatk.

The varied pature of CNS involvement in
both its major and minor aspects is exemplified
by the foliowing patient who bad pumerous
transiert neurciogical signs over a 9-vear pe-
riod cbd dicd ju status epilepticus.

Cese !

This 27-yeer-old woman was seen intermit-
tenty at the hospital from age 3 because of re-
current bilateral otitis media with resultant bi-
lateral hearing loss and left facial palsy. At ags
17 she developed (migratory jarthralgies and
anemmia foilowed by frent fever and Ray-
naud’s phenomenon. At age 18 years she devel-
opred clinical arthritis and was fourd to have
anisocorie (left pupil larger than the right),
hyperreflexia, and bilateral ankle clonus. LE. cell
preparations were negative. At age 20 she was
admitted with arother episode of otitis compli-
cated by diplopia and vertigo, and previous
peurological signs were no longer present. How-
ever, she had ataxia of the left arm and leg, Jeft-
gided hyperrcflexia, and a left extensor plantar
response. Opticokinetic nystagmus was dimin-
ished with the targets moving to her right.

® One case had idiopathic epilepsy.

Electroencephalocra.m and spinal fiuid examin,
tion were normal. Albuminuria was present {-
the first time. At age 23 s red, burning butter:
rash developed. The facial paralysis, left byge:
reflexiz, and recurrence of anisocoria were tn
oniy abpormal neurclogical findings. Oage LI
cell was found on numerous preparations. At ar
26 she was admitted because of microseor:
bematuria, but renal function studies and bios
pressure were normal; the LE. phenomens
was strongly positive for the first time. All sl
normal neurological findings had disappeared o1
cept the facial paralysis. Five months Jater et
compiained of numbness of the left side o
was jound to bave hypalgesia of the left trun
snd leg with sparing of the arm and fuce. Tw.
months after this she was admitted for the 10t
and final time with acute right flank pain. Bloc
pressure increased from 130/80 to 190/100, t:
hemstocrit fell, and & right upper quadrant mes
deveicped; & right nephrectormny wes periorme
with evacuation of & massive subcapsuler o~
perinephric hematoma. The blood pressure rv
turped to normal after the operation, and &
blood ures nitrogen was 26 mg/100 ml. 3he cox
pisined of generalized weakness and was foun:
to have vertical and borizontal nystagmu:
siurted speech, weakness of the right arm, hyr
esithesa cver the left 6th to Sth eervice
dermatomes, bilateral hyperreflexia with a bris:
jaw jerk, absent abdominsl reflexes, and biisters
extensor plantar reflexes. Spinal fluid was agai
pormal. Strength was improving when on the 21
postoperaiive day left flank pain with a mas
an increzse in bicod uresa nitrogen to 120 mg/1X
ml. and & rise in blood pressure to 160/100 de
veloped. Corticosteroids were given for the firs'
time. In one week the blood urea nitrogen re
turncd to normal. She was alert but bad markec
emotional lability; other neurological findine:
were unchanged. The blood pressure remainec
moderately elevated. Suddenly 31 days postopera
tively and 19 days after steroids were begun, abe
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“be controlled with anticonvulsants. She became

“*spoeic requiring a respirator, and blood pressure

- fell despite vasopressors, Spinal fluid examination
during convulsiona showed a pressure of 230 mm,
protein of 46 mg/100 ml, and no cells; seisures
eontinued until death a few hours later.

General postmortem examination showed _f.
brinoid degeneration of vessels consistent with
the diagnosis of SLE. Perinephric hematomas
and. arteritis were found .in both the surgically
removed and remaining kidney, General findings

are described in detail eisewhere (32). The brain
/?Wn coronal section the ‘
d

softened infarct at the left caudatoputaminal

junction extendirg from the level of the anterior

- commissure to that of the gemu of the corpus

eallosum. Throughout the cercbral hemispheres

there were small hemorrhagic lesions (less than
mm) mainly in subcortical whi ter.

icroiniarcls especiallv_in the cerebral cortex

q
pyramidal tract in the medulla, and
there was secondary degemeration of the cortico-
spinal tract in the spinal cord. The large blood
vessels appeared normal, but the small arterioles
end capillaries were unusually prominent particu-
larly in the cerebral cortex. Some small vessels
were surrounded by fibrin and others by an in-
crease in microglia. The walls of a few of these
vessels were necrotic, and occasionally there wes
occiusion of the lumen with fibrin. Small ex-
travasations of red blood cells into the paren=
chyms were associated with these changes. No
inflammatory cells within the vessel walls or in
the perivascular spaces were found.

B. Specific Neurolagical Abnormalities

1. Scizures. Seizures are commonly observed
in the course of SLE, occurring both eariy and
late in the disease. They can Le transient or
recurrent and take a variety of clinical forms.
lu mos: instances seizures have been regarded
&s & primary manifestation of SLE, although
seizires may also occur vecondary to uremia,
bypertension, or steroid therapy.

The reported frequency of seizures ranges
from 37 percent (74) to 7 percent (94). Russell
et al (175) reviewed 114 cases of SLE in the
literature before 1950 and determined a fre-
Quency of 15 percent. Combining the data of
teveral large subsequent series (7, 16, 18, 33,
41, 57, 74, 75, 84, 86, 88, 94, 144, 187, 193, 195),
which include a total of 1540 patients, seizures
tre found reported in 214 patients, giving a

Tdeveloped generalized seinures which could ot
. were pot all follo ]
-lcal series, this figure oes not reflect a totai

COpiC  examination showed Bumerous

quen
in these elin-

frequency.

+The 54 percent incidence of seizures in the
Present geries is not surprising, however, since
seizures often occur in the terminal phases of
SLE. Terminal convulsions occurred in 11 of
16 patients dying of SLE in a series reported
by Dubois et al (56); in the review of Russell
et al (175) 15 of the 22 reported convulsive

disorders developed terminaily. Qonvuision:s,
appearing for the first time during _the ISt
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days of Ie have frequently been noted by
) , I, 18, 4Y, 66, 109, 114, 115, 121,
127, 144, 151, 158, 175, 184, 199, 207, 212, 221).
Of 75 patients dying of SLE O’Connor and
Musher (144) reported seizures in 20 percent.
Nevertheiess, the development of seizures

*does not necessarily berald death. Montgomery

and McCreight (133) emphasized the occa-
sional occurrence of convulsions early in the
course of disease, and Russell et al (175) de-
scribed two patients with seizures preceding
other signs of SLE by two and 16 years. Sub-
sequently seizures have been reported ome to
20 years before other signs or syraptoms (66,
79, 81, 166).

Seizures may ocecur during an exacerbation
of disease and not recur subsequently, or a
recurrenc convuisive disorder may develop.
Solitary seizures or & group of seizures occur-
ring early in the course of illpess with no re-
currence have been deserived (4. 65, QUa, 142,
198). Converseiy, recurrent seizure disorders
extending over 2 year or more may deveiop
(72, 84, 138, 160, 175, 221). Harvey et al (84)
and Poch (158) hive both reported paticnts
with post-traumatic epilepsy in whom the
seizure disorder was accentuated shortly before
or coincident with the onset of SLE. The
majority of convulsions described have been
generalized motor seizures, but focal or Jack-
sonian seizures (21, 38, 59, 03, 103, 126, 14¢,

158, 198, 201, 203, 212), psychomotor seizures .

(158), and absence attacks (164) bave been
reported. Neuropathological studis g
with seizures have, in the #jority of cases
shown one or more areas of cwtical infarcti

Eorretan

0

?

minal Jacksonian seizures, however, have been :
related to intracerebral hemorrhage (203) and
subarachnoid hemorrhage (212). Only one case
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- gures “antedated other manifestations of SLE, =
“ and in this case it is significant that no neu-

- .-'—‘-mpathologjc sboormalities were "found . (81).

:The coircidental essociztion of epilepsy and
SLE must be considered in cases such as this

" ..-.where the seizure disorder antedated the onset

" .of SLE by 11 years. Core
“The relationship of SLE to a pre-ens’hng

convulsive disorder has been further.qbscured
jons_of-lipus-like ' syn-*

dromes induced by anticonvulsantsTn 1953
" Miescher an tributed a
case of SLE to anticonvulsant medication, and

. this association of fiydantsing with SLE was

supported by Feports in 1957 of eight cases by
‘Ruppb and Vossen (174) and two cases by
Lindqgvist (117). Trimethadione and other anti-
convulsants have now been implicated by sub-
sequent reports (3, 17, 91, 108, 153, 179, 217).
Clinically the syndrome of SLE is typical in-
cluding a positive LE. cell phenomenon, and in
an autopsied case typical lupus nepbritis and
vascular lesions were found (17). In these cases
a reversal of clinical findings and the L. phe-

-nomenon has usually occurred subsequent to the
withdrawal of the drug (3, 17, 91, 108, 162, 174)
-and Rallison et al, (162) reported a case in
-which & renal biopsy showed “wire loop” le-

sions but a subsequent biopsy 19 months later
(26 months after stopping diphenylhydantoin)
showed no “wire loops.” In some insmnces, hot-
ever, apparent drug induced SLE syndrome may
- persist or progress even after withdrawal of anti-
convulsants (Y0, 91, 10S). Whether such cases
represent drug-ipduced discass, the unmasking
of SLE by medication, or simply a convuisive
state due to SLE in which the anticonvuisant
playved no causitive role still remain a matter
of speculation.

Seizures cecurred in 13 of the 24 patients in
this series. One patient (Case 3) had a con-
vulsive disorder since infancy and was con-
sidered to have idiopathic epilepsy; seizures
did not become more frequent or severe with
the development of SLE, despite the appear-
ance of other neurological manifestations and
finding of microinfarcts pathologically. The re-
maining 12 patunts all had seizures after the
development of other systemic symptoms, and

9 had neurological or psychiatric abnormalities

in addition to the convulsive disorder. Two

-patients (Cases 6 and 16) had a single episode

'f_-".'.""'_i R e T AV,
e ‘f““"“m i!.‘k‘, 3

< before "death- respectzvely, ‘with ‘Do recun}:n

'-eve.n though anticonvulsants were. not givne
~ Five pa.t.lents (Cases 2, 7, 8, 11, and 14) },_,_ 3

. recurrent seizures of gix years to five w,
in duration, and five patients (Cases 1, 3y -
12, 17, and 18) bad seizures only terminally. |,
Cases 17 and 18 terminal seizures were ac:.
ciated mpecﬁvely with uremia and sepsis, an4
clinically geizures were regarded as secondary
to these complications. Three Patients (Cases
2, 14, and 16) had Jacksonian seizures.

The potential severity of convulsive statr
in SLE was seen in three patients who developeq
status epilepticus. In Case 11 this was secondar
to a large intracerebral hemorrhage and i
Cases 1 and 10, where death resulted from
status epilepticus, there were multiple smal
ischemic and hemorrhagic lesions in the eere.
bral cortex. In most other cases with seizure
disorders multiple microiniarcts in the cerepra!
cortex were found.

The following case provides an example of
recurrent focal seizures which for six yeare
were the most prominent symptom of SLL.

] ‘
Case 2 (d,w:mlll,/

This 49-vear-old woman developed 2 rash di-
agnosed as enmema. multiforme at age 43. A
mild leucdpenia . “and esnemis were found, acd
ghortly  the f&r bepatospienomegaly and er-
thritis developed. Five months later she had s
geperalized convulsion. She bad pleuritis and
pericarditis at that time, and the L.E. phencm-
enon was demoanstrated. Tne blood pressurc was
pormal and no evidence of renal disease wis
found. During the nest &x years she remained
reasonably well except for recurrent msjor and
minor seizures. Almost continuaily ehe expen-
enced & flickering of lighi in her left visual field,
whick she compared to the opening and ciosing
of a venetian blind; she also complained of
bumping into objects on her left. The convulsions
took a variety of forms, but they usually begas
with pounding bi-temporal headaches, nauscs,
and disphoresis; this was followed by burnins
and tingling in the left hand ard ther jerkioz of
the left arm and left side of the face without
loss of consciousness. Occssionaily these pro-
dromata were followed by a generalized motor
seizure. Repeated neuroiogical examinations dis-
closed no abnormality of visual fields; there wae
a left supranuclear facial weskness and a sligit
decrease in motor sirength in the left extremi-
ties. Tendon reflexes were symmetrical, but the




plantar response, clear

wnsof, Was abnormal. _Electroencephalogram
dowed diffuse Jow ‘voltage -with non-foeal
paroTyEmS of high voltage delta activity. Sei-
rores were reduced in frequency but never
ompictely conirolled by diphenylhydantoin. Oz
.te day of her final admission she awoke with a
«overe left frontal headache and weakness of the
teft limbs; shortly thereafter she had a general-
ised convuision. On admission the blood pressure
was 190/90; there was a left flaccid hemiplegia
sod hemianesthesia. A lumbar puncture revealed
- bloody fluid with a pressure of 240 mm. She be-
same comatose and died 36 hours after admis-
. siub.

General postmortem examination showed ver-
rucous endocarditis, lupue nephropathy, adhesive
~ericarditis. onion skin lesions in the spleen, and
sbrinoid  degeneration in  vessels. The brain

"weighed 1230 g; there was herniation of the
' #ent temporal lobe and compression of the mid-
' yrain. Within the right cerebral hemisphere there
was 4 X 4 cm recent hemorrhage whnich extended
irom the Sylvian fissure posteriorly to the sple-
.nium of the corpus caliosum. In addition, in the
-subcortical white matter of the region of the
1right superior parietal-occipital junction there was
a slit-like cavity with smooth yellow walls ex-
tending 35 cm in length. _

Microscopic examination showed that the walls
iof the cavity in the right parietal-occipilal re-
.eion  contained numerous hemosiderin-laden
:rmacrophages-iindings typical of an old hemor-
-thage. The perivascular spaces of many small
ihlood vessels in the tegmental portion of brain-
ctem were iniflitrated with lymphocytes with s
riew lymphocytes within vessel wails themselves.
i$mall arterioles and capiiiaries appeared to be
»opormaiiy prominent througnou: the cercbral
<ortnx and Dbrainstem, a=c microziis were in-
2reased around these vesseis.

3

¢ 2 Cranial Nerve Disorders. Many abnor-
malities of cranial nerve function have been
%escribed with SLE; bhowever, these abnor-
:nnlities may be brought about in several ways.
they may be the resuit of lesions in cortico-
;)uibar tracts at a ccrebral level, of intramed-
cilary lesions within the brainstem. of lesions
fithin the peripheral cranial nerves them-
ceives, or of a disorder at tte myoneural junc-
don resembling myasthenis gravis. All of these
incchanisms have been reported to occur in
SLE.
Y Defects of vision are frequent but often are
Blated to retinal changes; these changes have
ten well characterized clinically and patho-

ex--.. Iog:call

107, 123, 142) with normal spinal fiuid pressure
(38, 123, 184) and with increased pressure
(66, 90a, 177), and optic atrophy has also been
reported (85, 86, 142, 183, 185, 177).

The most frequent cranial nerve abnormalities
associated with SLE are related to extraocular
movements and pupillary aboormalities (119).
It is in these instances that the anatomic level
of the lesion is often in doubt. Myasthenia
gravis may be suggested by abnormalities of
extraocuiar movements, and in 1954 Harvey
et al (S4) deseribed o patent with ptosis and
diplopia in wbom a diagnosis oi myasthenia
gravis was made a vear before the rasn and
other stigmata of SLE appeared and in whom
the myastbenia-iike symptoms never returned
(35). Subsequenty, a number of cases with an
apparent myasthenic syndrome associated with
SLE were reported (45, 65, 171). Harvey and
Johns (83) reviewing cases prior to 1962 felt
that “while the diagnosis of lupus appears
definite the maniiestations attributable to my-
asthenin gravis are atypical and respond pooriy
to antichoiinesterase therapy”. However, the
literature now contains several reports of anti-
cholinesterase-responsive myasthenia gravis de-
veloping before (48, 67, 154) and after (63, 99,
120, 215, 220) signs of SLE. This frequency of
association has given rise to speculation on the
immunologic nature of both disorders (67, 154,
101, 222).

In most instances, however, abnormalities of
extraocular movement are associated with other
cranial nerve paresis (10, 41, 104, 127, 142, 160,
202) or the involvement of ascending or de-
scending pathways (34, 104, 188, 202) clearly
indicating that they result from lesions within
the brainstem. Abducens nerve palsies with a
severe motor neuropathy (97) and secondary
to ipercased intracranial pressure (130, 177)
have also been described.

Tinnitus and vertigo have been listed as

common neurological manifestations of SLE
(119), but the possible relationship of these
symptoms to salicylate intoxication makes their
evaluation difficult. In several cases vertigo has
been associated with other brainstem or long

tract signs, and in these cases it almost cer-

£
ess (49,
..136, 175, 184) and homonymous hemianopic
Z'defects (18, 49, 190, 213, 221) presumably due"
“to cerebral lesions have been reported. Papil-’
~Jedema bhus been seen (16, 33, 66, 74, 84, 986,
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/... tainly resulted from a lesion within the brain-
S stem (90a, 104, 105, 213). Larson (107) has
~+ .+ listed Meniere's syndrome as a neurological
° 7 . complication of SLE in two patients, but the

* ==~ -~ -pature of this disorder was not further defined.
Neuropathological studies of cases with cra-
nial nerve disorders have uniformly shown vas-
cular lesions within the brainstem. Bailey et al
(10) reported diplopia, nystagmus, left facial
- _ bypesthesia, and intention tremors in a patient
- - and corrclated these findings with areas of
. infarction in the medial longitudinal fasciculus,
gasserian ganglion, and restiform body. Morsier
(136, 137) has described one patient with a
right third nerve palsy, inability to look up-
ward, left ifacial weakness, dysarthria, left
hemiparesis and bilateral cortico-spinal tract
signs; and another with an episode of blind-
ness followed by coma, third merve palsy, leit
bemiparesis with subsequent seizures, anarthria,
: and loss of sphincter control. At autopsy mui-
tiple areas of infarction were found in both
! cases. Cluxton and Krause (36) described a
patient with transient diplopia and vertigo
who had a small perivascular hemorrhage in
_the pons. Contador Caballero et al (39) de-
scribed bilateral third nerve palsies, a right
infranuclear facial weakness, right hearing loss,
and paresis of palate with a hemorrhagic infarct
in the midbrain and fibrinoid degeneration of
vesseis in the medulla. Friedberg et al (64)
reported “transient cranial nerve palsies” during
Life but did ot correlate them with the diffuse
encephalomaiacia found at autopsy. There have
beer no documented cases of cranial nerve
paisies resuiting from lesions within the nerve
i as scen in peoriarteritis modosa and diabetes

meilitis (51, 131).

: Ten patients in this study had abnormalities
! of crapial nerve function; nome had signs or
symptoms sugegesting myasthenia gravis, but iz
two cases sizns probably resulted from cere-
, bral rather than brainstem lesions. In Case 2
there was a lengstanding left supranuclear
facial paresis cecondary to a right parietal-
occipital bemorrhage, and in Case 11 papil-
ledema and ophthalmoplegia resulted terminaliy
from a large intracerebral hemorrhage. Never-
theless, at autopsy lesions within brainstem
were found in both cases. Of the remaining
patients three developed cranial nerve abnor-
malities terminally. One patient (Case 9), who
bad a right intracerebral hemorrhage with
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bad previously -"developed sudden bilateny;
nerve deafness which might be accounteq Jis
by numecrous microinfarcts found within Y+

" brainstem. Another (Case 10) developed t...

lateral ophthalmoplegia five days before deart
in status epilepticus; and many microin.
farcts and small hemorrhages were found 2
brainstem as well as cerebral cortex. A right
supranuclear facial palsy developed secondary
to a fatal pontine hemorrhage in the third p{.
tient (Case 13). Case 12 has previously hees
reported by Cogan et al (37). This paticn:
developed a right internuclear ophthaimoples:,
12 days before death which correlated with -
small infarct in the right medial longimdipai
fasciculus found at autopsy.

In four patients the cranial nerve disorden
were transient.and occurred early in disease. I»
Case 1 transient anisocoria nine and four vear:
before death and nystagmus and dysarthria
during the last month of life were found: ir
Case 6 a trapsient left sixth nerve palsv do-
veloped four years before death: and in Czse ;
transient diplopia due to loss of conversence
occurred one year before death. Specific patis-
ological lesions could not be correlated with tie
transient signs in these 3 patients, but oid
microinfarcts were found in each case. In con-
trast, the following patient had a transics:
third nerve palsy six vears before death witz
ciinical features suggesting a lesion within tiwe
peripheral nerve,.

Cese &

This 23-yesr-old woman had had a convulsive
disorder deting from infancy, but she was oth:~
wise well until age 15, when she developed fever
and arthritis. Seven months after the onset o
the arthritis she developed scvere left upre:
quadrant pain end was found to have maosewe
spicnomegaiy and a white blood coupt of 420
mm®. Platelets were not decreased. She awoke our
mormiag with headache and diplopia. Examina-
tion revesled there was limitation of movernyst
of the left eye in all directions except laters
gnze. TLere was no ptosis; the pupils were equai
in size and rescted to light. Blood pressure wzs
normal, and there were no other neurologics
abnormalities. The diplopia cieared completely =
ten days. During the next seven years she d-
veloped renal and cardiac disease and L.E. ccilf
were demonstrated, but no further neurologicss
signs or symptoms developed. She was intermil*
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se frequency of her seizures. She died in renal

;.)urc
Postmortem exammstxon " showed thrombosis

o the right atrium, pulmonary congestion with
sl bemorrhages, pericardial eflusion and pas-
ove congestion of the liver with central necrosis.
wire loop lesions of SLE were present in the
udoeys. The brain weighed 1080 g and was
cussly pormal. Microscopic examination showed
s general prominence of vessels many of which
sere surrounded by microglia. This was particu-
4riv prominent in the posterior columns of the
wioal cord. No infarcts, hemorrhages, vesculitis
« perivascular inflammation was found. The
;cripheral third cranial perve was uniortunately
-vs obtained for exuaination.

3. Hemiparesis. Hemiparesis is an inirequent
omplication of SLE; in large ciinical series
Nubois (52) reported a frequency of 5 percent,
ciark and Bailey (33) 4 percent, Hamvey
ot al (S4) 2 percent, and Armas-Cruz et al (7)
‘sund no cases; Cook et al (40) mentioned two
-ases of hemipiegia in a series of 37 children
sith SLE. In 1900 Osler (147) reported the
irst and most unusual case of hemiparesis asso-
ciated with SLE; he described a young phy-
sician who had five or six transient episodes of
‘emiparesis with aphasia occurring over a 1l4-
vear period before the development of rash
snd nephropatiy. The relation of the motor
fsorder to SLE is uncertain in this patient
i5 in a paticnt subsequently reported by Pryse-
Puillips and Yorkston (161) who developed a
zidden hemiparesis eight years before the
sons of SLE and a pailent reported by Ru-
Dusky (172) who bad transient hemiparesis and
phasia 32 vears preceding signs of SLE.
Yickert and Clark (188) reported hemiparesis
:ntedating other manifestations of SLE by six
=onths, and Silverstein (100) reported five
sstients who first sought medical care with
major cerchrovascular accidents, although in
setrospect all proved to bave had mild ante-
wdent svmptoms of SLE. In contrast, &
tumber of reports have described termipal
‘emiplegia (6, 52, 66, 81, 127, 132, 152, 196,

A3), but of the over 50 reported cases of
lemiparesis the majority occurred at some
Mermediate stage of disease (8, 9, 13, 20,
3, 38, 49, 65, 66, 90a, 116, 132, 136, 137, 141,
153, 168, 180, 213). The recurrence of hemi-
Paresis in Osler's patient remains unique, al-
though Sedgewick and Von Hagen (180) de-
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-c-xbed 'Y younv woman who developed Y mﬂd )
.left hemiparesis followed four months later by

" aphasia and mild right bemiparesis; in this pa-
tient both deficits resolved, and she remained

free of neuroiogic disease for the next eight years.
* Both the recurrence of hemiparesis and the
sudden onset of major motor deficits associated
with aphasia, bemianopia, or sensory loss sug-
gest the occlusion of major cerebral vesseis.
Cerebral arteriography has been performed on
several patients developing hemiplegia, and the
apparent occlusion of major arteries bas been
described in six patients (20, 49, 190). In con-
trast, one patient was reported with sudden
right hemiplegia, aphasis, and mild sensory
loss who had a normai cerebral arteriogram
(190). Patients with hemiparesis reported by
Meagher et al (26) anmd Fulton and Dyken
(66) bad arteriograms which erroneousiy sug-
gested tumors; in both cases this led to surgical
exploration with the finding of infarcted brain
tissue.

Despite these radiologieal studies occlusions
of large or medium-sized arteries have not been
a common finding pathologically. One of the
patients with arteriographic evidence of left
middle and anterior cerebral artery occlusions
came to autopsy three years later, and a large
area of infarction in the left cerebral hemisphere
was found; description of the left middle cere-
bral vessel was limited to “healed arteritis”
(190). Twelve other pathological studies on
patients with hemiparesis were found in the
literature, and only one described occlusion of
arze arteries. This patient reported by Honda
(90a2) bad thrombotic occlusion of the left
internal carotid, right vertebral, and basilar
arteries. Two cases reported by Morsier (136,
137) with hemiparesis thrce and six years ante-
mortem had muitiple small lesions with ocelu-
sions of small arteries or arterioles. Two patients
reported by Mintz and Fraga (132) had areas
of infarction associated with inflammatory re-
actions but no vas:ular occlusions. A case re-
ported by Lief and Silverman (116) with hemi-
paresis and aphasia four years before deathb
had 2 large frontn-temporal infaret, but no
vascular lesions were noted. Fulton and Dyken
(66) in a patient dying two months after the
onset of hemiplegia, found a large hemorrhagic
frontal infarction with recanalized pial veins
over the infarcted areas and hyalinized arteri-
oles in the subarachnoid space and cortex. Naso-
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xntracerebra.l hemorrhage to account for a pre-
ceding hemiplegia. In cases with terminal hemi-

-~ paresis Andreucei (6) reported a large area of
" hemorrhagic infarction; Tumulty and Harvey

(203) and Weingarten and Braunsteiner (213)

- bave found large intracerebral hemorrhages;

and Haoraban (81) found & subarachnoid
bhemorrhage without an apparent source of
bleeding.

. In the present series three patients had hemi-
paresis: In addition, one patient (Case 1) had a
transient left-sided hyperreflexda and extenpsor
plantar reflex without demonstrable weakness.
The three patients with definite hemiparesis
all had focal seizures which bcgan on the hemi-
paretic side. In Case 2 ap old intracereprai
hemorrhage resulted in mild hemiparesis of six
years’ duration, and a second large intracere-
bral hemorrhage led to total hemiplegia and
death. Similarly, in Case 11 hemiplegia and
death resuited from a large intracerebral bemor-
rhage. The third patient (Case 14) had a gen-
eralized seizure six weeks before death, and
thereafter, had a mild right hemipaiesis; she
also bad recurrent Jacksonian seizures begin-
ning in the right abdominal muscles and spread-
ing to the right limbs before becoming gen-
eralized. At autopsy a small area of cortical
softening was present in the left frontal lobe;
and microscopically many microiniarcts were
found in the cerebrai cortex and the brainstem.
Recent and old microhemorrhages were also
found jn-the pons and cerebellum.

4. araparesis Although disease of cercorum
and bx"':"msrem/i/s ¢ommon in SLE, clinicaliy
significant involvement of the spina! cord is
rare. Only 14 patients with definite signs of
spinal cord disease were found reported in the
literature. Siekert and Clark (188) reported
myelitis with partial recovery which preceded
other signs of SLL by three years, and Granger
(77) described a patient who presented with
transverse myelitis but who had laboratory cvi-
dence of nephropathy, abnormal serum pro-
teins, and positive L.E. cell preparations. Four
patients with SLE and paraparesis bave been
reported who had subsequent recovery or im-
provement (7, 13, 139), and brief mention is
made of two additional patients with spastic
paraparesis in other reports (141, 158).

Six patients with paraplegia occurring late
in the course of discase have been reported

.__.'.wuh neuropathologxcal stuches.
and Gilmour :(61) - reported 8 33-yearwly

S e tecemsdtn o

woman with classic SLE who' suddenjv S

veloped flaccid paraplegia and loss of tours -

scnsauon below the iliac crests. Position .
vibratory sensation were preserved. The sensory
loss ascended to the second thoracic sogmess
over the next four days until death. Postmorii-=
examination of the spinal cord showed throp,.
bosed veins with lymphocytes in the adventiyjs
and a single thrombosed small artery wp
fibrinoid degeneration and lymphoeytic ins;.
tration of the vessel wall. Widespread perivz-
cular necrosis was also found. The autiicr.
ascribed these lesions to sulfaniiamide therape
and, therciore, this case has been overigoks:
in subsequent reports of paraparesis related 1~
SLE. Piper (157) described a similar patier
with ascending wealkness, paresthesias, an:
sensory loss and urinary retention who i
similar pathologic findings in spinal cord
brain. Orthner and Rossner (143) reported 4
young manp with transverse paralysis at the fu;
thoracic segment whose spinal cord showed
microliemorrhages, thickened capillaries wit
fibrinoid changes, and perivascuiar inflamma.
tory reactions from the mid-cervical to the
mid-thoracic cord. Dubois (52) briefiy men-
tioned a patient with parapicgia who has
“arteritis in spinal cord.” An entirely difiercz:
cause of sudden terminal paraplegia has beer
reported in two other patients (35, 212), wir
proved to have spinal subdural hemorrhazs
with cord compre:zsizz. Although no vaseuiir
pat‘*oio'r\' was eviczzt in the cord in either cas
boik bad arreritis resembiing poiyarterius hv-
dosa elsewhere, in the viscera in one case (212
and in the braiz in tie other (35).

In the presem series several patients La:
signs of bilateral lesions involving the corticr
spinal tract; bu[ only the following patient hzé
paraplezia cleariy related to disease of th!
spinal cord.

are
st

Case 4

This 43-vear-old woman died of SLE after ~=
18-1oonth iliness in which paraparesis during F¢
last 12 months and & severe psychosis during 17
last 3 months were the major disabilities. Her !fi'
ness began with the development of a butteri:
rash unaccompanied by systemic symplon¥:
laboratory studies showed a leucopenis, and ?
skin biopsy was consistent with SLE, but LX
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'.n-paranons -at” the - hme were negatn'e. Su
mouths later she developed progressive stiffiness
,nd numbness ‘of the legs with wurinary fre-

~ynency wod iuconlinence. Tortisone was started, A
wiel four davs later she had 3 transient psychotic’

spisode with paranoid ideas and auditory and ol-
wetorvy  hallucinations. Her leg weakness in-
.reased graaualiy over the next four months, and
Jie wus then readmitted with urinary retention
anl inability to walk. She was afebrile with a
tivod pressure of 100/70. A butterfly rash, mild
hepatosplenomegaly, minimal cffusions of both
tnres, albuminuria and positive L. phcnome-
non were present; the non-protein nitrogen re-
mained normal over the subsequent eight months
of hospitalization. She was oriented but showed
jo0r retentive memory, impairment of calcula-
dqon. and a paucity of general iuformation. In-
«eht was poor and hier affecrt was inappropriate
aetcupbonie; no  deiusions  or  hallucinations
were deteeted. Examinaton of the eranial nerves
amd upper extremities showed no abmnormalitics.
The lower abdominal and back muscles were
weak, and the lees showed total flaceid paraly-

Abdominal reflexes were absent, tendon re-
flexes i the leas were brisk., and plantar reflexes
were extensor. Pain and temperawure sensation
were redueed below the wnbilieus and absent
over the sacral dermatomes; touch sensaiion was
aniy mildly impaired nnd position and vibratory
sensation were intact. anal sphincier was
atonic, and a fietrogram 3howed a neuro-
genic bladder. A Tembar pincwure disclosed nor-
mal pressure and dyvinamics: three red blood eells
and seven lymphoeviessmm?® of fluid. and a pro-
tein of 40 mg, 100 ml. A myelogram of the lum-
Lar, thoraeie, and cervieal regions was entireiy
normal. ’

Durning the next three weeks she was main-
mined on the dosage of cortisone begun prior to
admission (100 meg+dav;;: she had occasional out-
bursts ol imapproprate singing and the ievel of
sensory deticit rose to the costal margin despite
apparent improvement of muscle strength. Over
‘he subsequent two ruonths cortisone was gradu-
ally raduced to 30 mg/day; strength continued to
inprove, and she hecame able to walk a few
siops with assistance: the plantar reflexes be-
rame floxor. Then over & 2-day period she de-
veloned fever. increased rash., and increasing
weakness of her legs. Disorientation developed
foilowed by a mute state in which she foliowed
simple commands only with difficulty. No move-
ment of the legs could be jound, and tendon
reflexes in the arms became asvmmetrical, be-
ing more active on the left: grasp reflexes were
present  bilaterally. A repeat lumbar puncture
showed a pressurc of 130 mm, no cells, and a pro-
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tem of 192 mg/lOO ml\} Corusoue was mcreased oI
“to 150 mg/day, 8nd fever- and rash promptly . T
-ab-ntcd she became "alert and talkative. The &<
“legs were now spastic but with weak movemeats ‘;"‘
at all joints; unsustaived clonus was present at"

- the knees and ankles, and the piantar refiexes ',"v .
were ngain extensor. Pain and temperature sene - -
eation were reduced below the clavicles, and
vibratory sensation was mildly impaired at the
ankics and toes.

For one month her status remained un-
changed, and a siow reduction of cortisone dosage
was again atiempted. In three weeks her dosaze
was reduced to 100 mg/day with no change in
her neurologic deficit, but she became hvperac-
tive and cupboric with nonsense rhyming and
punning. Over the next week she began having
visual and auditorv hallucinations and heeame in-
tens mmmm%\vxﬁf\
tsonnel. Her constant speech was rhvthmic and
scanning in iambic meter, deseribed as “remiuieg// g
nt of James Jovee—XR electrocncephalogram
and T® inal fluid examination were normal.
Over the next three months cortisone was in-
creased 1o 300 me/dav and reduced again to 100
me with no apparent effect on her psvehosis. Her
behavior required confinement on a disturbed
psvehiatrie ward, and her paraparesis counfined her
to bed. Other manifestations of SLE were quies-
cent until her sudden death three months after
the onset of the psychosis and one year afler the
onset oi paraparesis.

Postmortem cxamination disciosed pulmonary
‘infarcts with multinle iresh pulmonary emboli.
There were onion skin lesions in the splcen but
no cardiac or renal lesions. The bhrain weighed
1136 g and showed an old infaret 05 cem in
length  in the genv of the left inoteroal
capsuiz at ihe caudate-putaminal junction. The
spinal cora showed lrregular discoloration from
the mid-thoracie lovel rostrally.

Mirmosconic examination of the brain showed
multipie microiniarcts in ihe cortex and basal
ganglia. The small arterioles and capillaties of
the brain bhad prominent walls with apparent
thickening of the endothelium, but the larzer vas-
sels were centirclv normal. No occluded vessels
were jound. The spinal cord showed a remark-
able subaente dezeneration of the white matter
from the cervical 10 the sacral seaments. At the
cervieal, thorarie, and lumbar levels the lesion in-
volved the entire circumicrence of the cord be-
ing most severe peripherally and extendiag into
the posterior, lateral, and anterior columus (Fig.

1). At the sacral levels there was only slight in-
volvement of the fLosterior columns, no abnormal-
itics in anterior columns, and wedge siiape lesions
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F1G. 1. Section of thoracic spinal cord from Case 4 showing myelin lass and vacuolar
changes in white matter. Loyez stain, X 14.

in the corticospinal tracts consistent with sec-
ondary degeneration. The margins of the lesions
bordering upon the normal white matier were not
sharpivy demarcated: along these borders there
were many vacuoles of varving size many of
which. under high magnification. appeared to be
swolien miveiin sheatns. Fat stains showed large
amounts of iree jai in macrophages throughout
the areas of involvemient. Myvehin and axis-cviin-
der stains snowed that pboth myeiin and axis eyi-
inders were disrupted. No  abnormalities were
found i anterior or posterior roots or in the grey
matter at any Jevel. The large anterior and pos-
terior vessels of the cord appeared normal. There
was some thickening of the adventitia of small
arterics and veins in the area of degencration,
but no occluded vesseir were seen. In one level
oi cervical cord. there was a small focus of old
subpial infarction.

&. Peripheral Neuropathy. Peripheral nerve
disorders are seen less frequently than CXNS
disorders in SLE. An accurate incidence is dif-
ficult to determine from published series; sev-
eral large reviews repurt no peripheral ncurop-
athies (41, 73, 79, 94) or mention single cases
(74, 84, 107), whereas others site incidences of
3 to 18 percent (7, 16, 18, 33, 53, S8). Poch
(158) reported distal wasting, areflexia, or

sensory deficits sugaesting neuropathies in 10
of 20 pauents.,

The pattern of the neuropathy is variabic.
Somne patents have had symmetrical dist
motor and sensory loss simiiar to that seen i
nutritional poivieuritis (3, 10, 80, “0a, 105,
18G, 204, 213); others have been reported wilhi
predominant or exclusive motor loss and cie-
vated spmal fiuid prorein resulting in a G-
fan-Darre svrdrome (10, 18, 69, 76, 87, i,
115, 177, 180). The evolution in these case:
however, has heen generally more gradual thae
is usual in “posrinfectiouns polyneuritis”.

A third clinieal group of cases have bee:
reparied with mononeuropathies or mononcu-
ropathy multipiex similar to the periphera:
nerve involvement associated with polyarteris.
These reports have included eighth cervieal o*
brackiai root palsy {188), ulnar nerve patus
(64, 103), bilateral wrist drop (71), bilater
hvpesthesia over lwmbar dermatomes (15>t
bilateral sciatic nerve palsies (39), and peronc
nerve palsv (138). Mononeuropathies have ais
been suggested by patients described with
monoplegia and reflex loss (115) and with
atrophy of the dorzal hand musculature (11>
Combinations of central and peripheral Jesiow
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Ay be too confusmg to allow clasﬁcatxon
103); for example, 8 patient hag been reported
ith hypesthesia below the elbows, patechy
-pesthesia of legs, and symmetrical distal
eakness limited to the arms, an extensor
antar reflex, and an albuminocytologic dis-

ciation in spinal fluid (180).

Pathological studies have been reported on
n cases; five are excellent clinical and path-
sgical studies of patients with predominantly
stor neuropathy with albuminocytologic dis-
ciation. The patient reported by Goldberg
G) is of particuiar clinical interest, since the
uent had a pure motlor peuropathy starting
arms and then affecting legs; paraiysis im-
oved oniy to be followed by two severe ex-
erbations in which sensation was also afiected.
stmortem studies showed ioss of myelin in
ripheral nerves, in anterior and posterior

sts, and in posterior columns: occasional

rivascular lymphocytes and proliferative end-
eritis were present in peripheral nerves.
ptinstall and Sowry (87) in a case with sen-
y and motor polyneuropathy found simiiar

ivascular infiltrates around perineural blood
sels; they also jound intimal thickening with
lusion of one small vessel. Baiiey et al (10)
oried pathologic studies of two cases with
yneuritis. One showed degeneration of roots
b nc evidence of vascular disease within
the other showed lesions typical of

\'eccmc

TS .
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li arteries within nerves. In a patient who
been recovering for one yvear from a sub-
te polyneuropathy, Scheinberg (177) found
vascuiar lesions in peripheral nerves but
arted avonal dezeneration and amorphous
erial spreading the fibers. Similar amorphous
eriai within peripheral nerves was found
Tyrer (204) associated with Schwann cell
iferation, fibrinoid degeneration of peri-
ral colizmen and myelin loss. Less exten-
pathoiozical reports have been made by
(88) who found polyarteritis in a case of
" with “peripheral peuritis”” and Contador
aliero et al (39) who found no abnor-
ties in peripheral nerve of a patient with
eral sciatic palsies although fibrinoid de-
ration was present in the leptomeningeal
ils. In perve biopsies from patients with
cute sensory and motor polyneuropathies,

Lewls (113) reported a 'sura.l perve bxopsy

-ghowing loss of axis eylinders and myeiin -7
.sheaths with replacement fibrosis but no ab- -
normalities of blood vessels, Anderson (5) re-
ported arteriolitis and a perivascular poly-
morphonuclear cell reaction with extensive
demyelination, and Siguier et al (189) found no
abnormalities. .

In the present series two patients had clin-
ical signs of radiculopathy or neuropathy. One
patient (Case 1) had a hypesthesia over the
sixth to eighth left cervical dermatomes during
the last weeks of life, but peripheral roots and
peripheral nerves were not examined at au-
topsy. The following patient had both CNS
manifestations and a peripheral npeuropathy
which, unlike previously reported autopsied
cases, was primarily a sensory neuropathy.

Case §

This 17-vear-old schoolboy developed a butter-
fly rash followed by recurrent fevers and arthrai-
gias at age 15. Cortisone was started. Three
months later he was admitted to the hospital
acutely ill with a temperature of 1046 degrees
F. and bilatera] pleural effusions. Stapnylococcus
aurcus was grown from sputum; L.E. preparations
were positive. The pneumonia cieared, and over
the next two months the cortisone dosaze was
reduced. During this reduction he transiently de-
veloped headaches and severe paranoid dejusions:
neurological c¢xamination was normai. Tour
months later he -again developed staphyiococcai
pocumonia followed by a similar psychotic epi-
sode whon the dosage of cortisone was further
reduced. One week after his second psychotiz
reaction he compiaincd of numbness in his fingers
and feet and had difficulty initiating urination,
but no scosory deficit could be found on exazmi-
ination Symptoms increased for two weeks unul
he devcioped acute urinary reteation. Repea:
examination showed decresse in pain and touch
eensation in fingers and both legs to the mig-
call. Tendon refiexes were absent in the lezs, and
the richt piantar reflex was extensor. Abdominal
reficxes were absent. Cystometrogram showed a
totally atonic bladder. Three months later the
extensor piantar refiex was no longer present, but
the distal scnsory loss and atonic bladder per-
sisted over the final 6 months of life without
change. He succumbed to a third episode of
staphylococeal pprumonia.

Postmortem examination ahowed bilateral

bronchopneumonia and chronie pvelonéphntxs.
There was widespread fibrinoid %‘

generation of
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: of kidneyn, onion ekin lesions of spleen, and focsl -

necrosm of lymph nodes. The brain ‘weighed -

‘1360 g. There was slight thickening of the lepto-

Z£.%. " meninges over the frontal lobes and base and .
e . moderate dilatation of ventricles. The spxn.a.l cord |

"appeared grossly normal.

“| Microscopic examination of the brm.n nhowed

{ po abnormalities except & general prominence of

i gmall blood vessels in the cerebral cortex with an

" incresse in perivascular microglia. The brain-
stem showed marked perivascular infiltration
with lymphoeytes and histiocytes. These infil-
trates were most frequent in the tegmentum of
the mid-brain, and none were found in the sub-
stantia nigra or pyramids. Infiltrates in the pons
were limited to the dorsal area and in the medulila
to the arcs postremata. In the basal ganglia there
were some perivascular Jymphocyies under tie
ependymal surfaces in the thajamus, caudate nu-
cleus, septum pallicidum and corpus eallosum. In-
fiammatory celis were not found within the ves-
sel walls.

Examioation of the cervical cord showed some
perivascular infiltrations in the upper cervical
cord, but none below the mid-thoracic level.
Myelin stains of the spinal cord show no abnor-
malities, but fat stains

Peripheral nerves showed 8 loss of myelinated
fivers distally with some evidence of regenera-
tion. Surrounding some of the small vessels within
peripheral merves there were collections of lym-
phocytes and plasma cells, but no cvidence of
disease within these vessel wails could be -seen.
Sections of muscles showed dencrvation atrophy
and focal lymphocytic infiltration. There was
fibrinoid change in the walls of small intramus-
cuiar blood vessels resembliag those seen in
the tissues other than {he nervous system.

6. Movement Disorders. A varicty of move-
ment disorders have been described as unusual
peurological manifestations of SLE. Cerebellar
ataxia has been observed, but in each case it
has been associasted with signs of brainstem or
corticospinal tract disense suggesting lesions of
cerebellar tracts rather than cerebeliar cortex
(10, 34, 85, 176, 180). An infarct in the left

re~uform body was iound in the ope reported
neuropatholomcal study (10). Tremor also has
been reported; Seminario and Pessamo (182)
described four patients with SLE who developed
“cigarette rolling” tremor with rigidity re-

X

.veseh verrucous endoc.srdms.v wire loop lemona -

inimal evj
n breakdown in the posierior colimns
dorsal and ventral spinocarebellar tracis.

. md ¢

.Willoughby et al (216) bave both deseribeq
.-cogwheel rigidity “without tremor;

the 8 3
- case showed multiple arcas of encephal malac: B

7‘%

in the basal ganglia at autopsy. T

~One of the most mtewrcbml mani.
" festauions of SLE § choreoathets thetosig; 26 reported
cases were found. The ™ajority were deseribed
as resembling the chorea of rheumatic fever
(Sydenhams chorea) (3, 10, 14, 18, 25, 30, 2 2,
41, 53, 2, 78, 80, 111, 151, 153, 170, 175,
188) One patxent’s chorea. occurrcd with preg.
nancy (“chorea gravidarum”) and was reported
to resolve following a therapeutic abortion
(134) ; other patients have shown predominently
athetoid movement disorders (S1, 152), and in
one patient ciiorea was associated with bai-
listic movements (538). Localized movement
disorders including unilateral chorea and athe-
tosis (111) and chorcoathetosis limited to the
arms (158) bave also been described.

Neuropathological studies of seven patients
with chorca have been reported. Tumulty and
Harvey (203) found old and fresh petechial
hemorrhages throughout the brain of a patien:
with terminal chorea. Glaser (72), Fejer and
Tariska (58), and Bauer et al (14) each de-
scribed multiple small iniaretions with throm-
bosis of smali arteries, but in the latter cas
there was also evidence of rheumatic Leart
discase. In 2 patient with chorea five years
before death Berry and Hodges (18) found
recent and old encephalomalaciz associatec
with proliferative vascular lesions and throm-
botic occlusions of leptomeningeal and paren-
chymal vessels. A patient rcported by DBaiiev
et al (10) had chorea six months before deati,
but infarcts were found only in the brainstem
and cerebral findings were Jimited to a thicken-
ing of small arteries. Lessof’s (111) case with
right hemichorea had subpial blood over the
left paracentral lobule but no significant cvi-
dence of parenchymal dizease.

In the present serics movement disorders
were not prominent in any patients. One
(Case 1) had a transicnt left-sided gercbellar
ataxia and another (Case 2) had a transien!
pill-rolling tremor of the right hand dunngz @
terminal coma secondary to a large intracerc-
bral hemorrhage. In these cases no pathologic:
abnormalities were found in the basal ganglia
or substantia nigra, although there were wide-
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.*7. Autonomic Disorders. Except for early
. Soviet 6tudies - reporting inflammation and
-dwarfing” of neurons in sympathetic ganglia
(47, 210, 211) pathologieal studies of the pe-
ripheral autonomic nervous system in SLE are
lacking. Raynaud's phenomenon is presumed to
be a disorder of peripheral vascular innerva-
tion, but its pathological basis is unknown.
Poch (158) described a patient with exophthal-
mus and midriaSis \and postulated a lesion
causing “cervical sympathetic stimulation.”

¢ Disorders of bypothalamic function have not
' been reported in SLE. Klauman and Ben-
! FEfraim (100) reported a patient with hypo-
* thermia and coma, but myxedemsa coexisted
t  with SLE, so hypothalamic disease was not im-
5 plicated. The following patient, however, had a
‘ transient episode of profound bypothermia,
bypotension, bradycardia, and somnoience
which suggested a disorder of the posterior
hypothalamus.

Case 6

This 38-vear-old woman had a 5-vear course of
SLE preceded by discoid lupus of 10 years’ dura-
tion. Her first admission followed four months of
recurrent arthraigias, myalgias and fever. She had
a temperature of 104.6 degrees F., ervthema nodo-
sum on the legs. lymphadenopathy, edema, albu-
miouria, leucopenia, anemia, impaired liver func
tion, and a positive Coombs test. Over the next
tvo months arihritis, hepatosplenomegaiy, and
tecurrent jever developed, and LI. cells were
demogsiraied. Dunpg ar  examination three
months later sbe suddenly had a generalized
convuision. Postictally she was drowsy, but
Beurociogmical exeminetion, lumbar puncture, and
electroencephalogram were normal. One month
later coincident with an exacerbation of fever
and arthritis she suddenly developed severe hic-
cups and diplepia. A left abduceas paisy and
left extensor plantar response were found. On the
following day_cortisone was started with prompt
‘(" defervescence, But she was noted to be lethar-

ic--On tiié second day of treaitment temperature

i fell precipitousiv to $3.4 degrees F., pulse to 40,
v and blooa rressure irom 120/70 to 80/40. She
t  siept almosi continuously but twas aroused easily.
When awskened, she was alert and oriented with
no compizaints. This state, reminiscent of hiberna-

-

oot e -

tion, continued for 4 days and then mental Of attention, deiusions, hallucinations, and oiten .

}

i

! status, temperature, pulse and blood pressure
' gradually returned to normal A lumbur puncture
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' : five lymphocytes/mm?, -
-“portex, cerebellum, and brainstem. =7-:77%"377.. and a protein of 60 mg/100 ml. Within & week fui]
:- abduction of the left eye returned, but nystagmus

of the left eye on lateral gaze and the left Babin-

ski reflex persisted for the mext month. She cop-

" tinued to take cortisone, and although anticonvul-
Banls were never given, seizures did not recur. Her
mental and neurological status remained norma!
until her death from poeumonia four years later.

Postmortem examination revealed lobar poeu-
monia, obliterative pericarditis, pleuritis, peri-
splenitis, and wire loop lesions of the kidoeys.
Thtla brain weighed 1320 g and was grossly nors
mal.

Microscopic examination of CNS revealed an
old infarct in the right caudate nucleus and a re-
cent small infarct in the right globus pallidus.
There was ierrugination of vessels in the basal
ganglis, but no vascular occlusions were found.
There was suggestion of abnormal prominence of
small vessels. Serial sections of the hypothalamus
showed no abnc:malities.

8. Disorders of Mental Function. If the con-
fusional state accompanying fever and the
anxiety or despondency accompanying any
chronic debilitating disease are included, cer-
tainly almost all patients with SLE would be
found to have disorders of mental function.
However, many patients have episodes of
cieariy psychotic behavior, and these represent
one of the commonest CNS manifestations of
SLE. In the original writings of Kaposi (95)
and Osler (146) deiirium and delusions were
described; by 1960 ome review of psvehoses
with SLE inciuded 227 cases (59). The ire-
quency of psychosis varies greatly in dii-
ferent saries: 1= nsychiatrically oriented studies
incidences of 32 percent by Brody (22), 52
percent by O’Connors (143), and 49 percent by
Stern and Robbins (195) are reported; whereas
in the large medical series Harvey ct al (34),
and Dubois and Tuffanelli (57) report 15 per-
cent and 12 percent of patients with one or
more psychotic episodes.—. . ..

Disturbances of fnental function ip SLE take
a8 varierv cf icrms.i@_q___i “States are fre-
quent but are not distinct irom the beclouded
consciousness and disorientation observed iz
many diseases-(46;-94,.163, 178, 207). However,
acute delirium with disorientation, disturbances

‘excessive motor__sctivity and paranoia, less
\ [T 3 3
common-in other systemic diseases; 3
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ably frequent In ‘BLE (7 23 33, 35 88, 59,"

~~72 81, 90a, 125, 127, 136, 140, 142, 148, 148,
188, 168, 177, 180, 181, 195, 198, 199, 201, 205, °
‘.213 221). I.ess frequenﬂy dementxa 2 genera.l H

_'-.-4—115"116“1&"1%3 109). .. -

The above syndromes are those usunlly asso-
ciated with organic brain disease, but psychoses
generally regarded as “functional,” i.e., affective
and schizophrenic reactions, appear to be equally
common. Shearn and Pirofsky (187) considcred
depression the commonest mental change, but
these may not all have represented psychotic
depressive reactions. In 40 unsciected paticnis
with SLE O’Connor (143) found psychosis bad
occurred in 21; 11 were classified as “acute
brain syndromes” and 10.as “funciional” in-
cluding 7 with schizophrenic and 3 with depres-
sive reactions and in a subsequent series of 75
patients foilowed until death he found “brain
syndromes” in 39 and psychoses in 45 (144).
Siern and Robbins (195) in a similar series
found 26 of 53 patients had had psychoses; 7
were considered organic, 8§ mixed, 6 schizophrenic
and 2 depressive and of the 27 nonpsychotic
paticnts- § had had depressive reactions. Al-
though O'Connor and Muscher (144) felt an
element of “organicity” differentiated the
schizopbrenic reaction in SLE, most observers
have not found them distinet from other schiz-
ophrenic reactions. Typical paranoid (27, §
121), catatonic (53, 74, S0a, 121, 202), and
hebepkrenic (81) forms have been described

The postuiated mechanisms include pre-
psychotic persopality (22, 124, 200), toxic ei-
fects of SLE, cerebral lesions, and, in some
cases, the effect of steroids. Various combina-
tions of these facters undoubtedly are opera-
{ive in the pathogenesis of these psychoses, but
demonstrable cerebral lesions are consistently
present. In O’Conror’s series (143), where psy-
choses considered “organic” and “functional
were of about equal frequemey, 10 of 11 au-
topsied cases had neuropathological sbnor-
malities. Because of the frequemecy of other
peurological diseases accompanying mental
changes, very few neuropathological examina-
tions of patients with purely psychiatric disease
have been reported. Only 5§ reported neuro-
pathological studies of psychotic patients lack-
ing other recorded neurological findings were

fE found 4 had milm.ry mi om.farcta and tnm:,,
~ besis of small vessgls™{ 21) and -ope | ke

" multiple gortical ring hm (72). - o
eg;t_BJ.n—the’present su.*» 4

. had mental msorders' and in 7 these acesp.

f _\nt

.- Eight ‘of the 24
pazied other mervous system manifostsije..
(including Cases 1, 4, 5, and 6 above). Ti:.
patients had mild affective disorders, ck.,.
acterized by euphoria in the terminal phase o
disease in Cases 1 and 13 and by a transies:
fiattened affect associated with an exacerbatics
of disease in Case 6.

Five patients had gross psychoses resembijr;
schizophrenic reactions; three persisted us-.
death and two were transient. One patiers
{Case 5) had two transient episodes of parane.
delusions and another (Case 13) bad a ve=
{raunsient psychotic episode, which weoe 1
associated with increased activity of disease r:
therapy. This iatter patient had.a sudden ons-
of fiattened affect , literal thms}n« and susr-
ciousness’ requmn" hospitalization on the ¢~
turbed psvehiatric ward, where a diagnosis «i
schizophrenia was made. Three days later, hes-
ever, she suddenly became appropriate and n-
mained normal for the remaining four mont.
of life except for a terminal delirium associater

~with uremia. At autopsy many small micreglai

nodules associated with small vessels wex
found: these werc most prominent in the brair.
stem but were also present in cerebral corin
and cerebelium.

Severe persistent psychosis resembling ho
hypomania and delirium was illustrated
Case 4. After a 3-year course of SLE, anothe
patient (Case §) suddenly became psyciiot.
without apparent exacerbation of disease ¢f
institution of steroids. She exhibited a flici.
of ideas and began talking euphorically to Go:
about having achieved sublime happiness. A
psvehiatrist considered her to have typius
acute schizophrenia, however, shortly after b
cxamination she had a generalized convulsier
She remained psychotic for the remaining &
weeks of life converting to a mute catatony
state. The pathologic findings were similar
the above cases with multiple microglial nodu
in cerebrai cortex and brainstem. A marke!
prominence of small vessels was found witt
thinning of surrounding parenchymsa and it
crease in perivascular microglia.

The following case is presented in more detsi
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smoe a vanety of psychxatnc a.nd neurologac
mamiestanons were observed. T

This "4-yw-old woman, who ln.d SLE for four
vears, manifested multiple psychistric and neuro-
logical abnormalities during the lasy two years of
life. At age 21 she began having fatigue, weight
loss, and migratory arthritis; over the next year
che developed a butterfy rash, lymphadenopathy,
lcucopenia, and anemia. Retina] hemorrbages and
exudates developed, although the blood pressure
snd renal function remained normal. Hyperactive
teadon reflexes in the legs with bilateral ankle
clonus were found, but plantar reflexes were
Acxor. ACTH was siarted. After ten days of

treatment she became acutely agitated with hose-
tiie, suspicious bebavior, excessive concern with
ber personal appearance and outbursts of secream-
ing and kicking. ACTI was stopped, 2nd the
acute psychosis quickly cleared. ACTH ‘was then
reinstituted and maintained for the next two
months without recurrence of mental svmptoms.
Because of a remission of her disease, ACTH was
sgain discontinued. Two months later she wes
sdmitted to the psvchiatric service after a suicidal
aitempt. She was severely depressed with insom-
nia, anorexa, and agitation; this slowiy im-
proved. Electroencephaiogram was normal. Be-
cause of an cxacerbation of fever, arthritis, and
pleuritic pain two months later, ACTH was given
for 17 days with improvement of systemic symp-
toms and no mental changes. There was no
change in the blood pressure and only slight
weight gain, but she suddenly had a generalized
convulsion the day after treatment was discon-
tinued. She was lucid shortly aiter the seizure,
and 2 neurological exsmination was normal. Or
the following day, however, she had hallucina-
tions and severe. paranoid dclusions; iniermit-
lenﬁm‘é‘pm sresulting irom a loss of convergence
was Present. A lumbar puncture disclosed
normal spinal fluid with no cells and & protein of
25 mg/100 ml; an electroencephalogram showed
paroxysms oi 3/scc. slowing. Over the next three
davs both the psychosis and the diplopia cleared
completely. ACTH was resumed and con-
tinued until her deatis onc ycar later. On the day
on which therapy was restarten and eight days
after the convulsion, she suddeniy developed some
d.ﬁ'.cult) in ypderstanding commands and_paming

he remained aler;

ueurologxcal ﬁndmzs. The electroencephalogram
was unchanged. This disorder of visual-verbal
funetion elesred over the next two weeks, but

A . te

-~ cells but 8 protein of 122 mg/100 ml. The elec-
troencephalogram was unchanged. Although after
the seizure the neurological abnormalities were

limited to hyperactive tendon reflexes, within ten

days she developed bilateral extensor plantar re-
flexes and loss of abdominal reflexes; these
changes persisted during the last ten months of
life. Duning the next eight months her mental
status remained relatively normal except for one
brief period of flattened affect with paranoid
delusions. There was no recurrence of scizures, and
po new neurologzical abnormalities developed. The
sysiemic disesse progressed with recurrent fever,
increased rash and mucous membrane ulcera-
tions; albuminuria appeared for the first time.
Her final admission was precipitated by sudden
psychosis with press of speech, tangential associa-
uons, and flight of ideas; she was iniensaly para-
noid, often shouting, spitting, and throwing ob-
jects at visitors and hospital personnel. During
the last 72 days of life she remained psvehortic

and_gradually became less responsive with severe
cachexia gnd ulceration of the skin with ab-
ation and septiccmia. One month after

admission she had another generalized convul-

- sion, and the tendon reflexes were more active

in the right_limbs thereafter. At no time did she
develop (azotemia  jor bypertension; LXE. celis
were demo

Postmortem exammatxon d:sclosed gangrenous

ulcerations of the skip, bronchopneumonia, and " in

.abscesses in the kidpeys. There were wire loop
lesions of the kidneys, onion skin lesions of the
splecn, and widespread fibrinoid degeneration of
vessels. The brain weizhed 1250 ¢ and was
grossiv normal cxcept ior siight témkening oi‘"xbe
fro =T meninges,

examinaticn of the central pervous
svstemn sbowed & geaeralized prominence of small
arterioles and capillaries paruculariy in the white
matter of the frontal lobes. There was an in-
crease of microgiia around capillaries in the brain-
stem. One microiniarct was found in the cervical
spinal cord.

C. Spinal Fluid and Llectroenccphaiographic

Findings
Cerebrosninal  fluic  and  electroencepha-
logranhic zbnormalities are common in SLE

and are sometimes present even in the absence
of neurclogical signs or symptoms (38, 98, 112,
214), For example, Harvey ct al (84) sum-
marized results of spinal fluid examinations on

one mont.h later she ha.d 'S aecond generalued .-
«eonvulmon. A lumbar puncture at that time * -
" showed a normal pressure; the fluid contained no -
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= rological findings was abnormal. An additional
-. 88 detailed reports of spinal fluid examinations
from patients with neurological complications
of SLE were compiled from the literature; 42
'(48%) showed protei 50 mg/100 ml,

reported except in cases with neuropathy or
myelopathy; however, Fulton and Dyken (66)
reported a protein of S06 mg/100 ml in a pa-
tient with convulsions and postictal hemiparesis,
and Vejjajiva (206) reported a protein of 705
mg/100 ml without pleoeytosis in a patient who
presented with only headache, stupor, and
nuchal rigidity. Only nine case reports were
found with pieocytoses in excess of 50 cells in
the absence of bacterial or fungal meningitis.
. . One case of myelitis has been recorded with
. . 16,000 cells (61) and a case with confusion and
\ cogwieel rigidity has been reported with SO0
’ - cells (216). In both cases cells were predomi-
pently polymorphonuciear ecells, yet no evi-
dence of meningitis was found at autopsy. In
most cases marked pleccytoses have been pre-
dominantly Iymphocyuce (52, 53, 63, 106, 143,
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&Y Spinal fluid abnormalities in the absence of
/ ;l neurologic signs can be striking; Pierce and
" Logothetis (155) reporied "a patient with a

chronic neadache and no sbnormal signs whose
spinal fluid had a protein of 160 mg/100 mi
and 104 white celis/mmx’, aed Villapando and
Mendoza (208) presented a similar case whose
spinal fiuid pressure was 270 mm without ele-
, vated protein or pleocytosis. Elevated pressure
- : bas also been reported by others (84, 140,
177, 207).
One or more CSF examinations were made
) on 11 patients in this series. These often fol-
lowed seizures so findings of elevated pressures
. were probably of little siznificance. Protein was
elevated in eight patients (ranging from 52
mg/100 m! to 192 mg/100 ml), normal in two,
and fluid was grossiy bloody due to intracere-
bral hemorrhage in one. Pleocytosis was present

* . in only two cases (5 and 7 lymphocytes).

. S Electroencephalographic findings have gen-
- . erally been of little diagnostic or localizing
» S . value, Even in patients with clear lateralizing

"gigns or seizures dxﬁ’use bxlxtera.l sIom-
-been the most frequent finding. Spike:
only rarely been reported (12, 13, 84, o
Electroenccphalownms were performed or

“patients in this series of whom seven ha

convulsions; in three cases they were ¢
(including the patient without seizure:
three there was diffuse elowing, and i
there were bilateral paroxysms of 3/sec
actmty

In summary the spinal fluid often show
nificant elevation of protein and in some
a mild lymphoeytic pieocytosis. Electroen
alographic findings are non—=peciﬁc apd
commoniy show diffuse slowing suggestinz
spread cortical disease.

D. Effects of ACTH and Coriicosteroid;
Neurological Manifestalions

The effect of ACTH and adrenal steroic
the neurological maniiestations of SLE is
ficult to determine because of the divers
compiications and their frequent transien:
ture. Coma (132), encephalopathy (206)
creased intracranial pressure (208),
nerve disorders (160), hemiparesis (63, GG, '
myelitis (77), neuropathy (5, 53, 97, 113),
chorea (25, 53) have all been reported to
disappeared or improved subsequent to the:
Dubois and Tufanelli (57) reported recove
three of five peripheral neuropathies on stet
However, the natursi history of any of

. disorders is characicrized by spontaneou

covery so the relationsnip oi recovery to t
ment i3 tenuous. In the present seriss 15
tients recevied ACTH or cortisone, bus
instances this wasz oniv given during the
7 days or weeks of life. Of the ten instanc
cranial nerve disorders seven evolved whil
patients were receivinz treatment; in C:
development of signs was temporaliv re
to a aiscontinuation of ACTH, but in no
was improvement clearly related to the
stitution of treatment. Furthermore, the
oi severe parapiegia and perinheral neurop
clearly deteriorated while on treatment,
the case with an apparent hypothalamic
drome developed her symptoms two days
beginning cortisone. Certainly, no efficacior
adverse efiect of steroids on these neuro
manifestations were apparent in this series.

Tke effects of treatment on convulsive
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mental dxsorders pose dxﬂ‘ero.nt problems. ’fher(s

is experimental and cliical evidence that’
stcroids lower the seizure threshold (73), and-

their production of psychoses is well recog-
nized (162). Therefore, seizures and psychoses
yrc  sometimes regarded as complications of
therapy. Soffer et al (193) considered the in-
cidence of convulsions greater in patients re-
seiving cortisone or corticotropin. In 18 patients
with seizures Harvey et al (84) related 5 to
steroid treatment. Dubois (52) considered ste-
roids as a cause of seizures in 3 of 19 patients
vith convulsions, but, conversely, he noted
mprovement of convulsive disorders in others
(55, 56). Furtihermore, Brumsting et al (24)
ieseribed the dramate interruption of status
ipilepticus by cortisone. The apparent control
»f recurrent convulsions (55, 56, S8, 125, 164)
ind the improvement of electroencephalogram
ionormalities (156, 192) have also been de-
eribed. Indirect evidence for the role of ste-
oids in scizures is the incidence of seizures
>efore and since the widespread use of steroids
n SLE. As noted above, the frequency of sei-
ures in SLE has not changed since 1950, so
ny adverse eficcts must be slight or counter-
ialanced by beneficial effects.

In the present series only six of the 13 pa-
ients with seizures were receiving cortisone or
\CTH at the time of their initial seizure; con-
ersely, seven of the 11 seizure-free cases re-
eived therapy. Case 3, an. epileptic since in-
ancy, had no accentuation of seizures when
ortisone was instituted, and Case 6 who had o
ingie seizure prior to treatment never had &
ecurrence while on cortisope. The only ap-
arent temporal relations of seizures to change
f medication occurred in one patient (Case
6), whose seizure nccurred during reduction in
losage. Thus, in this series no enhancement or
uppression of seizure activity by steroids was
pparent; conovulsive discrders did not ap-
ear to be a direct compiication of treatment
1 any case.

Mental disorders present a perplexing prob-
m since a significant number of patients re-
eiving steroids or ACTH for whatever cause
evelop psvehoses, znd a significant incidence
{ psychoses was well recognized with SLE
rior to their intreduction. The efficacy of

ortisone or corticotropin in reversing the acute
onfusional states or delirium accompanying
xacerbations of SLE is well documented (21,

:-,_ez.;:a’r" -
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fective or schizophrenio reactions. Soffer et al
"(103) poted a 63 percent incidence of euphoria,
depression or paranoia in patients with SLE
receiving long term cortisone or corticotropins.
However, affective and schizophrenic reactions
can occur as a manifestation of SLE, and it is
the impression of a number of authors that the
majority of psychoses are due, not to steroid
treatment, but to the underlying disease (21,
116, 144, 195). Characteristic schizophrenic re-
actions unrelated to steroids are seem in SLT
(15, 27, 195), and improvement of affective
and schizophrenic reactions with steroid treat-
ment has been reported (74, 110, 153, 168, 213).
The clinical form does not appear of help in
differentiating steroid and SLE induced psy-
choses.

In the present series two psychoses char-
acterized by psychiatrists as typical schizo-
phrenia occurred in patients wiio were pot re-
ceiving steroids or ACTH. The remaining three
schizophrenic reactions occurred while on ther-
apy and ip two instances appeared related to
the institution of treatment. The extreme dif-
ficulty of determining whether steroids or the
underlying disease was responsible for the psy-
choses was exemplified in Case 4 whbere a psv-
chosiz accompanying the introduction of ste-
roids coincided with increased disease activity,
in Case 5 where the psychosis was reiated
temporaly to a reducuon in dosage, apd in
Case 7 wiere a psychetic episode in a patient
on long term ACTH therapv occcurred inde-
pendent of any change of dosage or obvious
exacerdztion of discase.

It does not sppear that a psychotic episode
is a contraindication to steroid treatment; oaiy
by cleariy relating improvement or deteriora-
tion of mental status to steroid dosage in the
individual patient can its role in mental chianges
be postulated.

IV, THE NEUROPATHOLOGICAL ASPECTS

A. Nature of the Lesions

Althougii lesions in the pervous system have
often been described iz SLE, there is still un-
certainty as to what constitutes the characteristic
neuropathological changes in this disease. Most
reports have dealt with single autopsies or
relatively small pumbers of cases. The largest

- 116 125, 178, 182, 193, 194). The problem of
“causation arises with the development of af-
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detailed ‘peuropathological study” is -that “of _

"Glaser - (72), who found Jesions in brains in
“three out of six cases. e s 20 :

- Kaposi (95) exnminecf the pervous system in

- gome of the patients in his original description
. of the disease, but he recorded only gross

atrophy. The first reported histological exam-
inations were by Davidovsky (47) and Wail
(210, 211) in Russia, but their primary
interests were in changes in autonomic ganglia.
They speculated that the symmetry of systemic
lesions must be controlled by the brain via the
autonomic nervous system. Wail (211) did,
however, describe brainstem hemorrhages sim-
jlar to those in Casc 13 of this series. The first
discerning study was that by Jarcho (92) in
1936: he found occiuded small vessels with
microinfarcts in a patient who had had no
clinical peurological abnormalities. Since then
small infarcts with small arterial or arteriolar
occlusions have frequently been reported (6, 14,
18, 27, 37, 46, 5, 61, 72, 75, 90a, 114, 121, 123,
136, 137, 177, 198, 213) ; and in a few instances
there were venous occlusions (6, 61, 66, 195).
The findings in many of the cases in the litera-
ture are vague or non-specific, but over one-
half of the reports describe infarcts or hemor-
rbages, often microscopic in size.

Significant gross abnormalities were found in
only 10 of the 24 patients in this stud¥ {Table
5). These inciuded three cases with large intra-
cerebral hemorrhages, one with multipie pontine
hemorrhages, two cases Witk muitipie smakl
fresh hemorrhages, four with smali areas of old
infarction, and one with a small sucpial hemor-
rhage which was an incidental find:ng. Lesions
{ar more common microscopicaiiyy
nfarcts or increasé
were found in 20 of the 24 cases. Microinfarcts
often consi t_g.i of nothing more that a small
cluster of{ plegmorphic histiocytes, the so-called
-miféroglial nodules. /For example. in one
oy—séven such infarcts were found
in a single section of the medulla oblongata, vet
they were so small that they caused no clinical
svmptoms and could easily be overlooked on
cursory Imicroscopic examination. The regular
occurrence of mipute iniarcts in this and pre-
vious neuropathological studies suggests that
SLE of the nervous system is, in most cases, a
vasculer disease involving very small vessels.

Libman and Sacks (115) suggested that the
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“neurological si.én;"ihﬁ“SLE might bs due
‘-_emboli from verrucous endocarditis, and ¢

4. e € -y,

- explanation was supported by -Adams .
Michelsen (2). The only case in which eml
have been demonstrated in cerebral vess
was in & patient with verrucous endocarg
reported by Albertini and Alb (4); in that e
there were also embolic lesions in the kidn
spleen, and coronary arteries. In most ca
however, embolic infarction is usually
found in other orgabs, and endocarditis oce
considerably less frequently than cerebral
croinfarcts. Furthermore, in the present se
there was no consistent relationship berw
cerebral lesions and endoearditis. Thereiore
most cases cerepral lesions are not on an emb
basis; instead, cerebral microiniarets
hemorrhages must be due to an intrinsic
order of cercoral vessels. The exceedingiy @
size of most infarcts and the occurrence of |
capillary microglia proliferation suggest
the underiying pathological process in the bl
vessels of the nervous system affects mainly
small arterioles or capillaries. However, on
viewing the literature or studying the pre
cases a single or distinctive lesion of the ve:
cannot be found. In both this study and prev
reports there is evidence of infiammatory,
structive, and proliferative cerebrovasc
changes (Table 3).

The assumption is ofte made that the le
is inflammatory, yet true arteritis of cer
vessels has been a rare finding (18, 35, 32,
132, 157, 177, 190). On the other hand. |
vascular infiltrates of inflammatory ceils |

frequently been noted (6, 14. 58, 61, €%, i~

121, 124, 145, 150, 175, 195, 201, 213), but |

jgnificance is unknown. True vaseuiis

flammatory cells within thc vessel wall
found in only 3 of the 24 cases in this st
and in none of these cases was it a promi
or generalized phenomenon. Is Case Z th
flammavory reaction was almost entirely
vascular and localized to subependyinal @
Adjacent to the intracerebral hemorrhag
thav case there were occasional poivmo!
nuclear celis within vessel walls; these cl:
were more consistent with a secondary re2
to the intracercbral and subarachnoid he
rhage than with primary vascular cisess

Case 10 a few polymorphonuclear cells

found within the walls of both arterioles



aruaq w02 pue Asred
-prm oqm 2UIpueIxs suocd {erou} Jesponuwidne 3981 4Q
FEESESE SRR BN N wefuguomay  OANINIY { PIMOTO) WIIGIIVRLP Yl sodmIg | "M € ¢ oo
I {vwmapa Arvoommd pus GoRALR
Iv1prened) "OINSee [TITORL
| ‘uoluLAp 49ye pov wisNd
w0 |+jof+l0o|0o10 | s12u0d mesq 9j9] W 1o7wym] | -omywgyqdo JeIENTINT INIAY swp gl | 9°1 g5z
ﬁ ; " Jomal} PpODIe-4UBI 30RISTRIY
{ ¢ s puv ‘MY¥adimoy ‘vUIAD
i ' -nded giia -exa £]9TIWL YA
: ; i 53TTLCWST [VIGITITRIITL -anp BWOY) “s1xoyaadAy I
wlofo]+io {0 | + j rFoUTa-0T0Y) 4T3 a1u | [SOPISOI QI SHINTIE100LNIY | THE 9 =1 J81 | 1t
enonadajids snime
wafE] 5913300 Jem0| UY ot QWP PUP SITVCIOWIY
30 0|+ |+ [+ 1+ ]+ eIcvuomsy @ g-{ £Louly | [TT1124 QIm GIVMO00F CIPPOF l&_vpg 9°0 Jot | ot
Insof e Andiod Oy
! $3§30240WaY j|SWE sucm sude jou1 (smdeodtiIod
| pus advasowmsq  (eaq ssyenq pus widsjdomreqiqdo
vi0 |+ |+ +10l+10 !waaulu‘!gnco:;:qmaxm Q)14 ¥@OI £qQ PIMO[}0) 533TJ8IT BASP ¥ 3 BTl o6
'; ‘ : ! (w1tmeandas)
o l+|oit+i0oioio ! sadursamorda| DITSASIYL | $3In3ta8 pUe aeoqaLsd 333495 | VA2 9 13 el 8
‘ i (Srmaondas)
| 8309819400 JO €9O[ 1BIITULIY
‘ pav ‘gudte 10841 (eurdsodny
W iAo TF10,3 100 3TON | -100*s0poORIGs d10uaAEd OIGMIT | 8L T ¥ e L
(%t D dAq
PuUw ‘SIPIVILDEIQ ‘sstaagiod
-AY Jooposida pus ‘Asfed sAlT
v io}o +!o0fj0o{o eaoN qIp jusUW; '0InZIAY e|¥MS ‘alg [ Jsc| 9
(sroomnoud) e190gd
e l+{otololo! o |emnuusajoaonnep pryg | -4¢d pus Lqyvdonau jereqduog | om ¢ z b A I ]
PI03 (v dy JO TOITRIOICIS:P
avindaity -omsdvo [vTIN (snpoqmo Lreuom
w0 lojo|+lo]e|o|-uryefjoauss sormu pio | -md) neogessd puv wmssdered sy | st ey ¥
(eJn(re} 3r89y) Asped
0 j+jotojolotlo euoN ©A4190 J070WHONO0 4§3] 2GRS | HLL 8 Jezi ¢
°33% 1R}
~diaoo-tuatsed 13511 ‘adsna odeq2
-Joman plo ‘egop (eviaNl -10mWeY (VIqeIdENUT [vUTM
e il+tolo! 016+ ]|-edapm: aseuisomog avesy | -3 pus sasnmas (voof3mazmeey | HLY 9 LJaer| ¢
s
sagutizioman 9INdT TmE -11daftds snIME TT TP MM
Aoww ‘goppun{ (uqraw) gusis 10043 (PMAIOINIOD feUTM °
W [+{+l+1+]+ -NCOIEPNED 9] *3016JT1 PIO | -39 (FUFV JUSISTLL SMOSTAN LYY} ot | &zl 1
el = o = o o<l <
73 (358le5iz5128|25| & e
=8 L Bel85i8cl &
£5 135 oz';" 2|2 |E8) (3180(0anau-~uon fi "::;'o‘;
-y 5"2"“ “le e |- ssarn s75omIuasvd Ul QIe3p 10 IPOTY oy (uRLT o
- - stmoyduIks pos tadig 10 195w aveany pue oN
T33M13q l:;“’n sy |7
rdessodnyy fsangg nd
s3mpoy redojomsdainay £3UTpUy [E0jIm N o

cnuwuz,_.( patﬁozotnv‘[-rn:nqu fo ﬁmwumg

S

el il A :»;é-@&?‘




A =0
A,
Z {'r e A

R

S,

<-TABLE
e =i Nerological findings - - -f ol o
LR - ) . -
PRy : - . Ty . s 3 .
HI S R Durs. | Interval N B : ! Microseopic
i . Gase | U5 | tion of | betmoea ‘
- o, X Signs aud symptoms ’
. ‘ ez 12 yean f:“":i (Mod:‘:t dum”':m;u&hau " .. Grem AR T -355
: il & if nan-neuroiogic) = 58 £ gﬁfg‘o’
# ) and g [GEjEs|s|egiss
T i on desth 8 |2d5E) 85185188
&5 o Ll i o B
-3 HE
- H : M | 2UF 1 6 wks. | Recurrent Jacksonian seiruses, | Small infarct in left frontal} 0 | 0 | 0 + |4+
N 2 . weakness in right leg, and lobe
».:; right hyperrefiexis (uremis)
- 16 | 34F 2 4 mo. | Bebizophrenic reaction unasso- None Ol 4|0 +]{+]=+
‘ ciated with treatment lusting
3 days (uremis)
. 1 | 23F 2 1yr. | Bingle leftsided seizure (heart None 0jelol4+jolo
- failure)
17 21Fi 0.3 | 1day | Two secizures (uremis) None of{olol+]se i o]
l
18 | 18F I 2 1day | Terminal seizure (pneumonia) None 0t0lo0j+101}0 i
19 | 28F 0.2 None (pneumonia) Recentsmalisubpialhemor-| 6 | 0 | o +}10}0
i rhage
‘-
: Sx 20 | 20F 0.6 Noae (ppeumonia) None 0joloj4+io0]|O
. [
- N 2 |BF | 1 Kone (beart failure) * None ojoflofofolo
\ ‘f 22 |90F | 1.5 Nons (uremia) . None ojojojlofofo]
) ) ' IE 23 |zan| 2 Nons (poeurnogia) | None ojojolofojo |r
. € H H
J 24 |2FP ¢ 5 Noae (constrictive pericarditis | Nope olojojojoifo
R }f sad pneumonia) l
: ; ,[ i ! Deuwsiis of clivical discase and pathological findings in tex:.
o f ! Hemorrunkes cecurred in absence of hypertension or thrombocytopenis.
t Typicai brain purpura was found in addition to many microweiarcie in cortex, cerebellum, and breinstem.
¢ Vascuiitis found in a singie vessei in addition to non-inrammatory micrownfare:s in cortex, cerebellum, brainsem, acd ¢
corc.
$ One erea of injaretion.involved right medial longitudinal jasciculus.
. ¢ Remorrivages occurred in presence of hypertension, thromoocytopenis, snd uremia, but old microinfarcts were alsc fou:
/ - the spinal cord.
ven o . ~
Vit : . veins, adjacent to areas of bemorrhagic in- 129, 145, 150, 157, 175) or as hyalinizaticr -
‘\.L ’) - farction, and this reaction was also thought tc  necrosis (6, 44, 66, 213). Destrustive ics
9 WA . be secondary. In Case 11 the vasculitis was of were found in cerebral vessels in five coce
. ' a difierent form, for focal pecrosis with poiy- this study. In each case there was pecrecst
. morpaonuclear cells was found in one segmen: the vessel wall with extravasations of rec :
\Y\ ‘\\ \ RS oV of 2 major branch of a middle cerebral artery. or fibrin. In Cases 1, 10, and 13, ali of w:
P4 W d . . » . . . . . . .
v - . The lesion in this vessel was typical of poiv- died of acute CNS disease, this was a prc
—_ 0T < : 1 : arteritis nodssa, but only one vessel was so nent finding (Fig. 2 and 3). Fibrin thre
W WMVEIS S afiected, and the remainder of the neuropath- were aiso found oceluding small vessels in ¢
: : ological changes were similar to those in the of these cases. In Case 13 there was a histor
¥ other cases. hypertension, and terminally there was = I
§ Destructive changes in the walls of small pontine hemorrbhage. In this case the neer
f . cerebral vessels have been frequently encount- of blood vesseis might have been the resul
- . ered, and these have been described as fibri- hypertensive vascular disease. In Cases 9
, f s noid degeneration (18, 39, 61, 72, 90a, 121, 126, 15 necrosis of small vessels was also found

e b e e r . L
v ’
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Fi1c. 2. Seetion of medulla oblungata from Case
1 <hu\\ ing fibrinvid degeneration of a small hivod
vessel. There is fibrin exudation into the tissue
and a surrounding zone of recent necrosis of the
parenchyma. Phosphotungstic acid hematoxyiin
stat, X 210.

‘much ore infrequently (Fig. 4). The vessels
.mvoived by the necrosis were generally arte-
rioles or minute prearteriolar arteries. In Casc
14, however, there were many foci of perieapii-
i,i:\r}' coagulition necrosis, often with rine hemor-
irhages rvpical of brain purpura. The capiilary
';\'ossois within these lesions showed thickening,
irosinophilin, and reiractility of the wull re-
ssembling fhrinoid degeneration.
i Daly (40) first described proliferative changes
‘in inuma of cerebral vessels of less than 100
‘imera in diameter, and simiiar proliferation or
“welling of cercbral endothelial cells has been
':‘.utod hy others (6, 10, 14, 18, 38, 72, 90a, 129,
133, 136, 143, 198, 213). In the present series a
sraminence of capillaries was an ahmost um-
“rersal finding (Fiz. 5). Unlike the destructive
rhanges these proliferative chanzes id not
vorreinte with acute CNS discase and were
)"xll'(.'mei}' prominent in several cases with min-
“mai or no neurological disease (ie. Cases 17.
i.w, 19 and 231. Altkough the prominence ini-
“iallvy  sugeested proliferation  of endothelial
rells, our impression was that it represcnted
?lnickeuing of the cytoplasm of these cells. It

. was not poésible _to

actually qu'mmate thesr'
changes with any accuracy because of variations

in fixation, shrinkage artifacts, and the frequeut o

terminal anoxic encepbalopathy. = ¢ -

In summary, althourh lesions of small blood
vessels were found in 20 of the 24 cases, tere
wag no single typical or pathognomonic lesion
in the brain comparable to the “wire-loop™”
lesion of the kidney or “ounion-skin” lesion of the
spleen. The frequent microiniarcts and oeca-
sional hemorrhages appecared to result from
intrinsic  discase of small vessels, predomi-
nantly arterioles and eapillaries. In cases with
acute disense vaseniar neerosiz was found; in
ahnost all cases a prominence of eapiliary
endothelimm was apparent. The alierations m
blaad  vessels were not accompanied L3 in-
flammatory ceiis witin vessel waiis, and, there-
fore, cannot be classified as a vaseuliis in the
usual gensc.

All of the observed neuropathologieal changes
conld be on a vaseulur basiz wirh exception of
the myelopathy (Case 4) and peripberai nev-
ropathy (Case 5) which are discussed beiow.
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Fi1g. 3. Seetion of brainsiem from Case 1 show-
ing fivrin thrombus in a small blood vessel with
surrounding acute necross of brain tissue and
small recent hemorrhages. Hematoxyvlin and cosin
stain, X 213.
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" Hypertensive cerebrovascular “discase is char-
acterized by a similar prominence of small ves-
gels, vascular necrosis, and small areas of infarc-
tion. However, with hypertension these changes
in small arterioles and capillaries are accompanied
by hypertrophy and hyalinization of the media
of larger vessels. In acute hypertensive encepha-
lopathy microglial clusters indistinguisbable
from microglial clusters or microinfarcts seen in
SLE arc present. In acute hypertensive cn-

cephalopathy, however, these lesions tend to be o,
of the same age and there are usually lesions in _‘::'. )
the larger arterics. Arteriolar necrosis can be seen .

in hoth conditions. The frequeney of intracere- ele®
bral hemorrhage in SLE also has suggested a re- . ' ..
lationship to hypertensive cerebrovascular dis PR
ease (4, 18, 84, 116, 195, 203). Onlv one of the AN
three paticots in this study who died with in- "\-‘.-\i.:
tracerebral hemorrhage had any recorded cleva- . '.'"
tion of blood pressure and nome had thrombo- ° ,;
cytopenia. Furtiiermore, the hemorrhages in all . s X
three oceurred in irontal or occipital lobes rather t .
than putaminal or thalamie sites where intracere- c,
bral hemorrhages associated with hypertension o NS Mg

Fi1g. 5. Section of cerchral eortex from Cas
showing promiuence oi small bioud vessels. Cu
vioiet stain, X 110.

Er L e ey

characteristically occur. Intracerebral hemorrh
in SI.LL was expiained in one case reported
Hurver et al (84) on the basis of rupture o
“smali aneurven: associated with lupus arterit
but no smiiar obzervations have been nade
others, Even in iivpertension the pathogenesis
intracerebral  bemorrhage is unkoown. Ro:
blaii; (1863} has postulated that the intraceret
hemorriage is not the result of elevated in
vascular pressure_ or aneu formation,
rather that the(small
hyperiension leads to the hemorrhage. The {
that in SLE intracercbral hemorrhage appears
result from primnary disease of arterioles :
capillarics in the absence of blood pressure cle
tion tends 1o support this hvpothesis.
Polyarteritis nodosa more frequently invol
the perinheral nervous system but may invo
the CNS in about 20 percent of cases (GO.
131). In contrast to the vascular iesions in §]
the Jesions of polyarteritis are characterized by
intense cellular inflammacory reaction within
vessel wall. Turthermore, polyvarieritis iavol

Fia. 4. Section of medulla oblongata from Case predominantly medium-sized to small arter
9 showing old necrosis of small blood vessel. There whereas in SLE the smallest arteries, arteric
is fibrin impregnation of surrounding tissue and P o d Tl;x t i
increased perivascular microglin. llematoxylin  and often capillaries are affected. There is

and eosin stain, X 250. . similarity of (he ccrebrovascular lesions in th

e I "‘* Ry
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tvo discnses. vet in Case 11 typical polyartoritis
was iound in the one mmedium-sized artery, and in
Case 1 typical polyerteritic lesions were found in
viscers  (32), although not in cercbral vessels,
Tius, some overiap of pathological findings in
the vessels does exist.
- Drein purpura wus also found in s sincle ease
(Czse 9) in addiy oriical and Dbraiustem
miecroinfarcts. ‘The leosions of brain purpura
¢haracterized by a periecapillary focus of coagu
jalion mecrosis surroundzd by picomorplic listio-
evtes apd ofter a ring in ininct red blond celis
25). They are located in white matter, espeeislly
frequent in the curpus caliotum apd brackium
poniis Thicr 638 ecncraily ussoclited Wilh acule
'im'g‘ons and toxic disouses of many kinds. The
cerebral lesions in SLL do net have this charace-
teristi: epnearance or distribution. The oceur-
reeee of brain purpurz inoa singie case ju ties
scries prabably revresents s coincidzntal findine.
Thrambotic thvomencytopenie purpure (Alos-
chow:iz’s cisease) s characlorized LY lesious
that resemilde the vesculur chuoges in SLLE in
several respecis. In this disease Adams ot al (1)
deschibed Livperplasiz of the endothelium of ar-
terioles and capillarics. vessel wali necrosis, oce
ciusions oi vessels witn acidopiiiic thrombhi, and
occaconal peteetiiul bemorrbages. All of thes:
were found in our eoses of SLL. However, throme-
botrs rombeovisienie  purpura  diffiers irom
SIE in b JiTese and acute discase with
chanzes ia small vesscls and
venchymal discase. In SLE the
r more subtle; the eapillary
aprarent; vessel pecrosis,
Lacinbi ognd petechinl hemorrhage are less
requen: perenchyvwsl  changes (microin-
} are premunen.. Furthermore, the lesions in
bone thrombneyviopeic purpura are feuie
oi iuc same uge, while in SLE the vaseuler
parcnchvmal losious are usuajiy of varied
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wte rvhewmatis f-rer has not been wall
'.(rwc:i neuronathologically, but some of
chiapzes that have been reeorded resembic
> found i SLE. Winkelman and ckel (215
escribed sweiling and proliferation of endotheiial
ells of arterioles and capillaries of ihe cercbrai
ortex. znd Costero (43) found microgiind noduies
3 the braunsiemm simiiar to the microiniarets
sund in our eascs with SLE. The lesions as-
ribed to rheurantie arteritis by Druetsch (23)
re, in our opinion, Lest explained by multiple
:rebral emboli.

In  serum  siciiness  the  ncuropatholozmical
hanges in man are even less well defined. There
ave been two reporied studics deseribing wide-
wead cortical microinfurcts  with  dilatation,
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bvalipization. and pecrosis of small vessels and
perivasculur infiltrates (167, 219). Again these are
findings that occur in some cases of SLE. Exam-
ination of the brains of rabbits with acute seruin
sickness by one of us (KIJ) showed no lcsions re-
sembiing those of SLL. Furthermore, afier the
comspletion of the present study frozen sections
of brain tizsues from tkree patients dyinyg with
SILI. have been examined with finoreseein-la-
beled antibuman globulin; no sbnormai jixation
of Luman guama globubns was found in the
cerebral vesseis, However, nunc of these paiients
kad acute ncurologicul disens» immedinteiv pre-
vadisg death, 50 that no conciusions regarding the
role of ecircuinling snUbodv-antigen comnicxes i
the pathorenesis of corebrul vessel chrnges i
SLI. can be made. Certeinly, #n immunoiogicsi
basis for the vascuiar cnduthelial chansee in SLIT
secns hikely (1575,

not possibie 1
process that wholiv dis-
tincetive dor SLE, the discnesis of SLJS can ba
made on ucuropatholor‘ical rreunds &ione iz
many of the ecases stadied. The usual lack of
any true arterits, in the s2nze of an inflamnma-
tory cellular iafiitraton within the vessal wall,
and the ab:cnce of patholeszyv in medium-sized
smell arieries are features v’hiclv fearis
srenuate the neuropatioiogy of SLI

thar of poix

delineate o

o

Althouch it is
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arterius. The chierved degenerative

and e olIer LIve Cl...!“""\ lll sl eere }).‘.Il ves-
geiz iz SLI ure not diztinet from some of the
vasuar enongss lound in hypertousive enceph-
clopathy, thrombotie thrembaeytopenic pur-
DU, acute rbecumatic Jever, and serum sick-

o '.'-'-\'n", e neuropsthciogienl lesions of

are charactenized Ly tiwir being mare

or Fcal'('!‘(‘d than is usual with these dis-
vrers aud by the fact that they vary in

rater thon appean
simuit:neousiv in muny
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V. CLINICAL-PATIHOLOGICAL CORRELATIONS
In general the ciimical nevrolecical manifesta-
tions of SLE correlate well with the chserved
neuropathotozical findines. The frequency of
seizures and cramial nerve dysfunction can be
related to the prevalence  of micreinizrets in
the cerebral cortex and brainstem respectively.
During 2n acute phase of the disease wide-
spread acuie vascular lesions may result in
gross neuroiozical ahbnormalities or uncontroiled

TSRS uldel aan.  viatne Al gV
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Beizures as seen in the two patients (Cases 1 ~syphilitic halo. ﬁbv&ever, in Case 4 an'e:
-- and 10), who died in status epilepticus; in both - sive search uncovered no lesions within -
- eases vascular necrosis was found with diffuse ‘ vessels, so that some mechanism other
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rent convulsive disorder with flickering of light
in a homonymous visual field could be related

" to a subcortical scar in the contralateral visual

association area; in Case 14 a recurrent right-
gided Jacksonian seizure resulted from an old
infarct in the left preirontal cortex.

The fact that neurological abnormalities are

. cortical microhemorrhages. In Case 2 a recur- vascular occlusion must be considered in

case. . ..0.7. .

In the patient with peripheral neurop
(Case 5) a non-vascular cause of the m
pathological changes must also be consid
Although mononuclear celis were found ar
blood vessels within the peripheral nerves, -
was no vasculitis and no vascular oceiu

often transient (as seen in Cases 1, 3, 6, 7 and  were found. Pathologically the findings ir
. 16) is probably explained by the small size of peripheral nerves bore more resembianc
= _ most of the infarcts. This is best exemplified those seen in idiopathic polyneuritis (Gui;
~ by the temporary discrete cranial nerve dis- Barre syndrome) than to the vascular lesio
- orders usually resulting from small bui stra- merves found in polyarteritis. Clinically
- : tegically located microinfarcts within the brain- symmetry of the neuropatny also suggest

: ’ stem. The corrclation of isolated neuroiogical diffuse disease of perves rather than mu
signs with small areas of infarction was best -mononeuropathies secondary to neurai io

.

‘e

demonstrated in Case 12, wiere a unilateral
nternuciear ophthalmoplegia resulted from a
small infaret limited to the medial longitudinal
fasciculus, The nature of the transient third

tion. The reported clinicai syndrormes
pathological findings in neuropathies assoc
with SLE suggest two distinet disease proc:
In some cases, mononeuropathies secondar

3\ nerve palsy in Case 3, however, suggested a  vascular disease are found (10, SS). In ot
'3 lesion within the nerve rather than within the a symmetrical neuropathy evolves with p:
,.'1 brainstem. The presence of pain and the spar- logical findings suggesting a reiationship t
. . g ! ing of pupillary function simulated the ocu- Guillain-Barre syndrome (10, 76, S7);
) é: lomotor palsies seen in diabetes, where the le- suggesting some immunological basis other
N sion is presumably caused by occlusion of a opne mediated via chances in vessei waiis
d nutrient vessel of the perve. This occlusion re- previousiy stated by Bailey et al (10
i '{}’ sults in jx}tarction 'of the ct?ntra.l core of the vascuiar changes alone cannot account fo:
. i nerve, which contains the fibers to the extra- neuropathy ip all cases.
— ocuiar nuscles, and spares the subepineurial Ore cannot help but wonder whether

»
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region where the pupilioconstrictor nerve fibers
are located (51).

Although the majority ‘of the mneuroiegic
manifestaiions of SEE can be accounted for by
the obsesved vascular disease, other mecha-
pisms must be considered in several cases. Al-
though the clinical signs of myelopathy corre-
sponded well to the pathological findings in Case
4, the pathogenesis of the spinal cord lesions is
unclear. Tke distribution oi lesions in the cord
snd their histological features resembled sub-
acute combined degeneration, yet there was no
evidence of concurrent permicious anemia, and
the clinical evolution of the disease indicated
initial invoivement of the anterior rather than
the ior _coiumns of the spinal cord:” A
milar peripheral degeneration of the cord has
been described in meningovascular syphilis
(122), where occlusion of the peripheral small
perforating vessels results in the so-called

vascuiar disease aione cap lead to the ¢i
disorders of mental function observed in
At least some of these aonormalities mnu
vn a basis of observable pathoanatomic chz
The acute confusional states and delirium :
ably result irom widespread cerebrai co
discase, and the frequent occurrence of 1
cinations might suggest temaporal lobe iav
ment. On the other hand, pathoana:
concepts are inadequate to explain the sc
phrenic and affective reactions that oce:
SLE. The reactions tezd to occur durin:
acerbations of the disease and are oiter
sociated with ¢ihber neuroiogical abpormal
and in 2l czses of psychosis 1o this geries d
esions related to small vessels were |
i\’evertheless, whether or not these vascuic
sions are sufficient to account for ihe astc
jog abnormalities of mentai funct™+: is u
tain. Recently in a patient dyi larn

-
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scute exacerbation of SLE, a diffuse fixation of
romologous immunoglobulins to nuclei was
sund 10 many organs including the brain
Jvaplan, unpublished data). This unusual find-
.z of globniins was not associated with histo-
nsthological changes. A mechanism such as this
aight account for the acute psychoses in SLE,
where the observed pathological changes in the
vessels fall short of fully explaining the clinical
manifestations.

V1. SUMMARY AND CONCLUSIONS

In anaiyzing the clinical und neuropathologi-
eal findings in 24 patients with systemic lupus
ervthematosus (SLE) and reviewing the pre-
vinusiy reported climeal and neuropathological
studies the following conclusions bave been
made:

1. SLE frequentlv _invojves the central
nervous §vstem (75% in the present study) and
GBI Tarelv mvoives the periphieral nervous.
svSiem SV 1m the present swdy). Although
CXS invoivement often develops terminaily and
may cause death from intracerebral hemorrhage
or status epilepticus, it may also occur early in
the disease and may be mild and transient.
Therefore, the deveiopment of CNS manifesta-
tions per se docs not imply a bad prognosis.

2. Convulsive disorders, disturbances of nen-
tal function. anc signs rejerable to” cranial
nerves are the commonest neurological mani-
festanons of SLE (32%, 33% and 42% re-

w70

spertiveir in tive siudv). The prevaience of

MICTsiaiares

cerzbrai cortex and brzinstem
Te preponderance of
wactance o

e,
Ulese SITEE.

c. & Wwide of other CNS sigms and

SToproms rzavogecur in S 1 iny bemi-
paresis, paraparcsls, movement disorders, and
apparent disorders of hypothalamic function,
all of whict: were observed in this group of
patients.

4. Peripheral neuropathy in SLE may take
the form of distal sensorimotor neuropathies, of
a Guiliamn-Tiarre svndrome, or of mononeurop-
athv. The lavter presumably  results  from
vaseuiar iesion: within nerves, but the former
tvpes. such as the distal sensory neurnpathy
reported in this series, probably have another
basis.

5. The cercbrospinai fluid shows abnormal-
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often is moderately increased and a mild lympho-
eytic pleocytosis may occur. Very high protein

-contents are found primarily in patients with

myelopathies or neuropathies. Electroencepha-

. . . e t————————
lographic abnormalities are a{s6 ¢ommon bu:
g : Ton-specilic.

- "6. Thic clicct of steroid trcatment on the

neurological manifestations is uncertain. It has
been claimed to have resuited in improvement
in individual cases, but a general beneficial ef-
fect could not be discerned in this series. Sei-
zures and mental disorders may, at times, be
preeipitated or accentuated by steroids, while
In other cases steroids bring about improve-
ment in these disorders. The nature of the
convuisive or mental disorders induced by SLE
does not appear to difier significantly from those
precipitated by steroids, so that treatment mus:

. be determuned by the response obzerved in the

individual patient.

7. Anaivsis of the neuropathological findings
shows predominantly changes related to smzll
lood vesseis. Destructive and proliferative
change in urterioies and capillaries were jound;
a trme vosculitis eannot be considered to bz
the fundamenral vascular change in the nervous
system. The changes in the small vessels are
quite different from the vascuiitis of poivar-
teritis nodozz, but do resembic those observed
in thrombotic thromboeytepenic purpura and
bypertensive encephalopathy, and they may re-
scmble the less well-defined chanzes in acute
rheumatic fever and serum sickness.

8. Tlhie ioc.ilization of vascular changes and
resultani wuzroinfarcts in the cerebral cortex
and brainriorz correiate well with the elinieal
siEns In miost
infarcts prouakly accounts for the transienmt
pature o sownt veurologieal signs. However,
changes in bicod veossels alone probably can-
not account for the pathological changes found
in the spinai cord or peripheral nerves of the
cases of paraparesis and sensory neuropathy in
this serics. Turthermore, the pathoanatomic
changes mav not fullv account for the dis-
orders of mental function seen in SLE.

¢
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