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INTRODUCTION 

As listed in the outline, a large number of connective tissue 
diseases and other types of "collagen-vascular" diseases are 
associated with neurologic complications. With the exception 
of rheumatoid arthritis, in which many of the manifestations 
result from nerve compression due to the arthritis or nodules, 
most of the neurological complications seen in these diseases 
appear to be related primarily to vasculitis or other types 
of vascular involvement. 
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11 Circulating soluble immune 
complexes in antigen exceu. 

41 Complement derived 
ch«rtoUK:tic fa~ IC3a, C5a, 
C567l cause acc;umulalion 
of PMNa. 

Figure 1 

2l Increased vascular penneability 
via platelet derived vasoactive 
amines ·lnd lgE l'f.'lediated 
reactionl. · 

. . 
. 51 PMNa releaae ~I 

enzymee lcollagenaae, ela1taael 

(Ref. 3) 

31 Trapping of immune complexll 
_along basement membrane of 
vusel well and activation of 
-complement componen11 ICl. 

8) Damage and necro.il of 
vesael wall, ttlrombolil, 
occlusion, hemormage. 

In the immune complex type of vasculitis (Fig. 1), soluble 
immune complexes formed in antigen excess circulate and are 
ultimately deposited in blood vessel walls (4) related to 
increased vascular permeability at the site of deposition. 
The increased vascular permeability results from the action 
of vasoactive amines that are derived from platelets and 
1gB-triggered reactions. The immune complexes are trapped 
and complement components are activated, some of which are 
chemotactic for poly-morphonuclear leukocytes (PMNs) that 
then migrate in and around the vessel wall. These cells 
then release their lysosomal enzymes that damage the blood 
vessel wall. Such a mechanism would best explain SLE and RA 
vasculitis. 

The other major immunopathogenic type of vasculitis ~s shown 
in Fig. ~· 
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I. Vasculitis 

Vasculitis is generally accepted -as the pathogenetic mechanism 
for most of the CNS signs and symptoms in this group of dis
eases. Vasculitis is defined as a clinicopathologic process 
characterized by inflammation and necrosis of blood vessels. 
Within the ~entire spectrum of vasculitis virtually any size 
or type of blood vessel in any organ system can be involved. 
Most of the vasculitides are associated with immunopathogenic 
mechanisms (1). 

The histologic criteria for necrotizing vasculitis are shown 
in Table 1. 

TABLE 1 

HISTOLOGIC CRITERIA FOR NECROTIZING VASCULITIS 

I. PRIMARY CRITERIA (specific for necrotizing inflammation) 

a. Vessel wall necrosis with nuclear fragmentation (leukocytoclasis, "nuclear 
dust"). 

b. Invasion of vessel wall with polymorphonuclear leukocytes. 

c. Fibrinoid deposits in or adjacent to the vessel wall. 

II. SECONDARY CRITERIA (non-specific vessel injury) 

a. Thrombosis of the vessel. 

b. Perivascular hemorrhage. 

c. Chronic granulomatous inflammation and fibrosis in perivascul~r areas. 

(From Reference 2) 

Two basic immunopathogenic mechanisms which have been sug
gested by Fauci et al (3) include (1) immune complex vasculi
tis. (Fig. 1), and (2) cell-mediated immune reactivity. 



Figure 2 

--Cell-mediated immune mechanisms !)f vasculitis. 

(From Ref. 3) 

In this postulated cell-mediated type of vascular injury, 
sensitized lymphocytes react with antigen and most likely 
release lymphokines. Some of these soluble products, such 
as macrophage migration inhibitory factor (MIF), result in 
the recrui trnent of monocytes to the immune reaction site . . 
These cells may transform into activated macrophages that 
can release lysosomal enzymes capable of damaging blood 
vessel walls. In addition, these cells may further transform 
into epithelioid cells and ultimately participate in granu
loma formation. When this takes place in and around blood 
vessels, granulomatous vasculitis occurs. It is also possi
bl~ that macrophages phagocytose or are triggered by immune 
complexes. Transformation to epithelioid cells may then 
occur with resulting granuloma formation, or release of 
lysosomal enzymes (3). Such a mechanism may be of importance 
in granulomatous vasculitides. 

A very helpful diagram which differentiates the different 
sizes of vessels involved in the various disorders has been 
published by Drs. Gilliam and Smiley (5,6) (Fig. 3). 
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Figure 3 
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(From Ref. 5) 

SKIN 

SUBCUTANeOUS 
TISSUe 

In this diagram the solid bars represent the size of vessel 
most commonly involved while the dashed bar represents ves
sels that occasionally may be involved. Thus leukocytoclas
tic vasculitis affects primarily capillaries, venules and 
arterioles. Rheumatic disease-associated conditions, e.g. 
SLE and RA, affect primarily small arteries as well as capil
laries, venules and arterioles. Granulomatous vasculitides 
and PAN affects small and medium arteries and giant cell 
arteritis affects primarily the large arteries. 

A classification of the various causes of cerebral angiitis 
(arteritis) has been suggested (Table 2). 
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TABLE 2 

Oassification of cerebral angiitis 

I. Arteriopathy and arteritis caused by degeneration 
Arteriolosclerosis: hyalin, hyperplastic and arteriolonecrosis 
Arteriosclerosis: atheromatosis and atherothrombosis 
Calcifying sclerosis of . the tunica media (Monckeberg) 

II. Necrosing arteritis 
Arteritis with obliteration of the supra-aortic trunks 
(Takayasu) 
Temporal arteritis 

Ill. Infectious viral or bacterial arteritis 
Viral meningoencephalitis 
Purulent meningitis 
Tuberculous meningitis 
Syphilitic meningitis 

IV. Arteritis caused by collagen diseases 
Polyarteritis nodosa 
Arteritis of lupus erythematosus 
Arteritis of hypersensibility 
Arteritis of rheumatoid arthritis 
Granulomatous allergic arteritis 
Granulomatous arteritis of Wegener 

V. Miscellaneous 
Thromboangiitis obliterans (Buerger) 
Thrombotic rnicroangiopathy (?-.toschowitz) 
Neoplasic angiitis 
Arteritis caused by irradiation 
Arteritis caused by chemical agents 
Mycotic arteritis · 
Sarcoidosis of Boeck 

(From Ref. 2) 

As shown in this Table, a variety of condtions are associated 
with cerebral vasculitis. For this Grand Rounds, however, 
only those vasculitides associated with connective tissue 
diseases and other so-called "collagen-vascular" diseases 
will be discussed. 
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II. Connective Tissue Diseases 

A. Systemic Lupus Erythematosus 

1. Pathologic Findings 

The first major discussion of pathology of CNS SLE was at
tempted by Johnson and Richardson in 1968 (1). They critic
ally reviewed the neuropathological material and attempted a 
correlation of the clinical and pathological findings. They 
studied 24 patients whose neurological manifestations are 
shown in Table 3. 

TABLE 3 

Neurologic .lfanifeslalions in 24 Patienl.s with SLE 

Seizures 
Cranial nerve disorders 
Hemiparesis 
Paraparesis 
Peripheral neuropathy 
Mental disorders 

• One case had idiopathic epilepsy. 

13* 54 
10 42 
3 12 
1 4 
2 8 
8 33 

(From Reference 1) 

The highest percentage of manifestations included seizures 
(54%) and cranial nerve disorders (42%). 

A summary of the neurological and neuropathological findings 
in each of the 24 patients is shown in Table 4. 



TABLE 4 

Summary of Clim"cal-Pathological Findings 

Neurological findinp N europalhological findings 

~ ·1-----~------------------------

Case 
No. 

Age 
and 
se:r 

Dum
lion of 
disease 

in years 

Interval 
between 
onset of 
neuro
logical 
disease 
and 
death 

Signs and symptoms 
(Mode of death ill parentheses 

if non-neurologic) 
Groas 

Microscopic 

:~ ::;·~I ~1 ~I~ ~11ii ~~ 
~ ~ E '"E~ g~ I]-E~-~~ •-= 
• .. J:: ..Q ... ·-·- · - o ~ = ·s:s > > :;:: ~ 1::; ~ Po.. - --------·1--------- --------:----------1-1--

27F 10 9yra. Numerous tr&Daient ajans; ter
minal corticoapi.Dal tract oirna 
with death in status epilepti
oua 

Old infarct, left caudatopu
taminal junction; mauy 
small acute hemorrhacea 

0 + + + + + 

----·1---1---·1---------·1--------·1-------
2 49F e yra. Recurrent focalsei.zurea and ter· 

mi.Dal intracerebral hemor
rhap 

Fr~h hemorrhage, right pa- + 
rietal lobe; old hemor
rhage, right parietal-occip-
ital area 

oooo++'., 

----!--·1---!1---------1--------1---~----
a 23F s 7 yra. Transient left oculomotor nerve None 00000+0I 

palsy (heart failure) 

----1--·1---1---------1---;__----1---r-----
4 43F 1 yr. Paraplegia and psychosis (pul· Old infarct, genu of left in· 

monary embolus) ternal c11psule. Irregular 
discoloration of spinal cord 

000+0001 

---'--·1---1---------1--------1--------
6 17M 2 9mo. Peripheral neuropathy and pay- Mild dilatation of ventricles 

chosia (pneumonia) 
00000++' 

----:---1----1----------·t---------1--------
e asF 6 6 yra. Sinale seizure, tranaient 8th 

nerve palsy, and episode of hy
pothermia, bradycardia, and 
hypotension (pneumonia) 

None 000+000I 

---!---l----l----------·l---------l--l---·l--1---l--
7 24F 4 2 yra. ~lultiple ps:rcbotlc epiaodea, cor- None 0 0 0 + 0 + 01 

ticoepinal tract aiina, and 
tranaient loea of converJe11118 
(aeptlcemia) 

--1---J----1----1----------1---------1-------------
8 34F e wka. Severe paychoaia and aeilures Thickened leptomeninaea 

(septicemia) 
OOO+O+O 

--J--~--1---1·---------1--------1- --------r---
9 24F 7 4 da:ra Deafness followed by coma with 

opht.halmoplegia and bilateral 
corticospi.Dal tract. aicDa 

Larae riaht froatal intracere
bral hemorrhap and 
many emall hemorrhaces 
in corpus callosum 

0 + 0 + + + 01-' 

--1---l---l·---~----------t----------1----------
10 . z GF o.e 6 daya Sudden scotomata with retinal 

hemorrhages and death in 
at.atus epilepticus 

llaay 1-3 mm. hemorrhaces + + + + + 0 or 
in lower corticalla:rera 

------·1---11---------t---------1---,---t---
11 18F 2· e wkl. Recurrent aei.&urea with residual 

left hyperreBcrla. Coma dur
ina term.inal3 wka. with papil· 
ledema, hemipleli&, and a 
tranaient riiht-aided tremor 

Larp riaht fronto-parietal + 
intracerebral hemorrhace 

OO+OOO• 

--l---1---l---l----------l·---------1------t-----
12 25F 1.6 12 days Riiht internuclear ophthalmo- llllarct in left baais pontia OOO+O+CJI 

plegia and akew deviation. 
Terminal seizure. (pericardiaJ 
effusioa and pulmonary edema) 

-------1----l----------·1---------1-·1-------
1S 24F 2 3 wka. Stupor with dysarthria followed 

by riaht auprunuclear facial 
palsy and coma 

Multiple bemorrhaaea in 
pone extendina into mid· 
braiD 

(From Reference 1) 
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TABLE 4 (Continued) 
I 

Nearolocical bdillp Nearopetholocie&l hdillp 

Dura- Illterval l4iaoscopic 

Cue AEe tion of between 
No. &Dd disease ODICL of Si,Ds and aymptoau IU .. .. h ill yean neuro- (Mode of de&th in parentheses G.- ... 

lopc&l 3 • ::; ~ ~a -;:.: disease If noo·neurolocic) ~1 .5~ e~ 
ll!~ H 

and l 
...... .. ~ .. -

~~ o"" -~ ·i ~'ii death ..... --...,_ .~.s .~:; 

f-_ ii: :II ::s ~ .. -.,. ---- 1-
14 2tF 1 6 wlca. Recurrent Jackaonian Milures, Small inf&ret in len frollt&l 0 0 0 + + + 0 

wea.knesa in ri&bt le1, and lobe 
rilht hyperreBW.. (uremia) 

- -- 1-
u 3tF 2 4mo. Schizophrenic naction un- Noae 0 + 0 + + + 0 

ciated with treatment laatinl 
a daya (uremia) -- 1-

1& 23F 2 1JT. SiD1le lefwided ~eiaure (bean N011A1 0 0 0 + 0 0 + 
failure) - ~ - 1- - 1-

17 21F 0.3 1 daJ Two .eiauree (uremia) Noae 0 0 0 + 0 0 0 - -
lS l&F 2 1 daJ Terminal eeiaure (pneumonia) Noae 0 0 0 + ·o 0 0 

I- - I--
10 2SF 0.2 NoDe (pneumonia) a-n,amaUaubpial hemor- 0 0 0 + 0 0 0 

rbace - 1-

" 29F o.a None (pneumonia) NOD8 0 0 0 + 0 0 • - - I- - I--
21 33F 1 None (bean failure) None 0 0 0 0 0 0 0 --I-- - 1-
22 40F 1.6 None (uremia) None 0 0 0 0 0 0 0 -- -
23 23lr 2 None (pneumonia) None 0 0 0 0 0 0 0 ---- -
2t 29F 6 None (oonatrictive pericarditis None . 0 0 0 0 0 0 0 

&Dd pneumonia) 

a Details of cllnical disease and patholorical findinp iD te:rt. 
I Hemorrha1ea occurred iD absence of hypertenaion or thrombocytopenia. 
I Typical brain purpura ,. .. found iD addition io many microinlarcta iD corte:r, cerebellum, and brain.stem. . 
• Vuc:ulitis found in a •inlle -1 iD addition tc DOn-inflammatory microinfarcta iD oorte:t, .c:erebeUum, brainatam, and apiDal 

cord. 
I One area of infarction involved rilht medial looptudiDal fuciculua. 
• Hemorrhaaee occurred iD pruenoe ol hypertenaiDn, thrombocytopenia, and uremia, but old mioroinfarcts were alao found iD 

the apiDal cord. 

(From Reference l) 

Significant .gross abnormalities were found in only 10 of the 
24 patients in this study. These included 3 cases with large 
intracerebral hemorrhages, one with multiple pontine hemor
rhages, two cases with multiple small fresh hemorrhages, four 
with small areas of old infarction, ·and one with a small sub
pial hemorrhage. 

Lesions were far more common microscopically; microinfarcts 
or increased pericapillary microglia were found in 20 of the 
24 cases. Microinfarcts often consisted only of a small clus
ter of pleomorphic histiocytes, the so-called microglial nod
ules. The regular occurrence of minute infarcts suggested 
to these authors that CNS-SLE is, in most cases, a vascular 
disease involving very small vessels, especially the small 
arterioles or capillaries. 
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It is of interest that true vasculitis with inflammatory cells 
within the vessel wall was found in only 3 of the 24 cases 
in this study. Polymorphonuclear leukocytes were seen only 
occasionally within vessel walls. Destructive changes in 
the walls of small cerebral vessels were frequently found 
and described as fibrinoid degeneration. The lesions tended 
to be focal and scattered and varied in age from region to 
region, rather than appearing to have occurred simultaneously 
in many localities. 

These authors concluded that the localization of vascular 
changes and resultant microinfarcts in the cerebral cortex 
and brainstem correlated well with th~ clinical signs in most 
cases and that the small size of the infarcts probably ac
counted for the transient nature of some neurological signs. 

A much more recent study has been published by Ellis and Ver
ity (2). The purpose of their study was twofold: (1) to 
describe the spectrum of pathology in CNS SLE and, (2) to 
document the changing pattern of neuropathologic disease dur
ing the last 20 years. The 57 patients that they studied 
had been followed for periods of from 1 week to 11 years. 

The gross and microscopic lesions seen in these 57 patients 
were divided into the 5 major pathologic patterns shown in 
Table 5. 

TABLE 5 

\ Incidence of Major Neuropathologic Findings in 67 

Autopaied Casas of SLE 

Vasculopathy 

Infarction 

Hemorrhage 

Infection 
Miscellaneous 

Transverse myelopathy 
Progressive multifocal 

. leukoencephalopathy 
Hodgkin disease 

(From Reference 2) 
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25 (44%) 
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Vasculopathy, infarction, hemorrhage and infection comprised 
the major findings. The types of vascular lesions found are 
shown in Table 6. 

TABLE 6 

Incidence and Manifaaunions of Vascular L.-sions in CNS SLE 

1955-1965 1966-1976 Tot II 
123 Cases) (34 Cases) 157 Cases) p 

Vascular hyalinization 5(22%) 26 (76%) 31 (54%) 0 .01 
Perivascular inflammation 

(without obvious infection) 6(26%) 10 (29%) 16 (28%) 
Endothelial proliferation 3 (13%) 9 (26%) 12(21%) 
Thrombosis 1 (4%) 3(9%) 4(7%) 
Vasculitis (without infection) 2 (9%) 2 (6%) 4(7%) 

Total (cases) 14 (61%) 26 (76%) 37 (65%) 

(From Reference 2) 

Vascular hyalinization, especially of meningeal, subcortical, 
and cortical arterioles, was ·common and occurred in 54% of 
the cases with a significant increase in the period 1966-1976. 
Perivascular lymphocytosis was found in 28%. Endothelial 
proliferation was seen in 21%. Thrombosis was uncommon, and, 
as mentioned in the Johnson-Richardson series, true vasculitis 
was infrequent ( 7%) . 

The incidence of infarction is shown ~n Table 7. 

TABLE 7 

Incidence of Infarcts in CNS SLE 

1955-1965 1966-1976 Total 
123 Cues) 134 Cases) 157 Cases) p 

Microinfarcts 6 (26%) 14 (41%) 20 (35%) 
Large infarcts 2 (9%) 5 (15%) 7 (12%) 

Total (cases) 7(30%) 18 (53%) 25 (44%) 0.01 

(From Reference 2) 

Both microinfarcts and larger infarcts (greater 1 em in dimen
sion) increased in incidence from 1955-1965 (30%) to 1966-1976 
(53%). Most microinfarcts were in the superficial convexity 
of the cortex and were seen most commonly in the parietal 
and temporal pole convexities, within the pons. They were 
occasionally seen in the brain stem or pallidus. Larger in
farcts were usually found in the distribution of the middle 
cerebral artery. 
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Prominent hemorrhage was noted in 24 cases (42%) (Table 8). 

TABLE 8 

• • Incidence of Hemeln'Mge in CNS SLE 

1955-19e5 19e6-1976 Total 
(23 Cases) (34CaHI) !57 CaHsl p 

Subarachnoid hemorrhage • 6 (26%) 11 (32%) 17 (30'lb) 
Microhemorrhages 5 (22%) 6 ( 18%) 11 (19%) 

Intracerebral hemorrhage 2 (9%) 4 (12%) 6 (1 O'lb) 

Subdural hemorrhage 2 (6%) 2 (4%) 

Total (cases) 10(43%) 14(41%) 24(42%) 

•Included are cases showing prominent meningeal hemosiderin depositions. 

(From Reference 2) 

Subarachnoid hemorrhage was present in 30% of cases. Petech
ial microhemorrhages were present in 19%. .Intracerebral hem
orrhage occurred in 6 cases and subdural hemorrhage was present 
in only 2 cases. 

The incidence of CNS infection confirmed at necropsy increased 
significantly from 1955-1965 (17%) to 1966-1976 {35%). The 
incidence of meningitis, in particular, also significantly 
increased -from 9% to 26%. (Table~). 

Meningitis 
Perivascular inflammation 

with ·infection 

Se~c hemorrhages 
Vasculitis with infection 
Focal cerebritis 

Total (cases) 

TABLE 9 

· •. Menifesution of CNS Infection in CNS SLE 

1955-1965 1966-1976 
123 Cases) 134 Cases) 

2 (9%) 9(26%) 

2(9%) 6(17%) 
1 (4%) 2(6%) 
1 (4%) 2(6%) 
0(0%) 2 (6%) 

4(17%) 12 (35%) 

(From Reference 2) 

Total 
(57 Cases) 

10 (18%) 

8(14%) 
3 (5%) 

3 (5%) 

2 (3%) 

16(28%) 

p 

0.01 

0.03 

As shown in Table 10 the increased incidence of meningitis 
was due primarily to bacterial and mycotic infections. 
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TABLE 10 

Orgenisms lsoleted in Cases of CNS SLE 
Associeted With Autopsy Evidence of Meningitis 

" Aseptic·· 

S. IIUI~US 
Candide sp. 

Cryptococcus 

Asp~rgillus 

Toxop/asm11 

Streptococcus sp. 

T ota I CIISIIS 

1955-1965 

2 

(From Reference 2) 

1966-1976 

2 
1 

3 
2 

9 

The correlation of the major neuropathologic findings in CNS 
SLE patients with hemiparesis, seizures, and cranial nerve 
palsies is shown in Table 11. 

TABLE 11 

Major Neuropathologic Findings in CNS SLE Patients With Hemiparesis, Seizures, and Cranial Nerve Palsies 

Intra-
M1cro- Large cerebral Subarachnoid Menm- Vascu -
infarcts Infarcts Hemorrhage Hemorrhage g1t is htis 

Hemipare~is 112) 50 33 50 50 25 25 
Setzures ( 11 ) 63 0 27 54 18 27 
Cranial nerve 

palsies (11) 72 9 0 9 18 9 

Total cases (57) 35 12 10 30 18 13 

(From Reference 2) 

Demonstrable microinfarcts, intracerebral hemorrhage, and/or 
subarachnoid hemorrhage occurred in one-half the patients 
wi~ hemiparesis. Patients with a history of seizures had a 
high incidence of microinfarcts and subarachnoid hemorrhage. 
Microinfarcts were present in 72% of patients with cranial 
nerve palsies. 

Focal motor seizures were often associated with evidence of 
chronic subarachnoid hemorrhage while grand mal seizures were 
associated with a high incidence of cortical infarction. 

In contrast to the Johnson-Richardson study (1) who found 
vasculitis in only 3 of 24 cases, these authors (2) found 
CNS vasculitis in 3 of 6 patients dying from neurologic causes. 
They also found an increased incidence of vasculitis in pa
tients autopsied with active CNS disease defined by the pres
ence of progressive clinical neurologic signs during the final 
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hospital admission. Their data also suggest that vasculitis 
is pathogenic in many CNS hemorrhages, especially subarachnoid 
hemorrhage (Table 12). 

TABLE 12 
Incidence of Hemorrhages in Documented CNS 

SLE Vasculitis 

Vasculitis • No Vasculitis 
(7 Cues) (50 Cases) 

Subarachnoid 5 (71%) 12 (24%) 

Intracerebral 3 (43%) 3(6%) 

Microhemorrhage 3(43%) 8 (16%) 

Total 6(86%) 18 (36%) 

'The seven case& of vasculitis include those with and without 

evidence of infection. 

(From Reference 2) 

It is also suggested that since CNS SLE vasculitis is focal 
and may be short-lived, the .incidence of vasculitis may be 
greater than previously thought. Thus these authors conclude 
that the major pathogenetic lesion in CNS SLE is microvascular 
injury. 

Gibson and Myers (3) recently found that 51% of 80 SLE patients 
had neurological manifestations. Of these, 22 died. The causes 
of death and the relationship to nervous system involvement 
are shown in Table 13. 

TABLE 13 

Causes of death ill 22 patients wirlz SLE 

Renal failure 
Neurological 
Infection 
Unknown 
Haemorrhage 

No. of paliellll 

Nen-otts system iuvoll•ement 

7 
6 
4 
2 

No nen·ous system im·olvement 

2 

(From Reference 3) 

Total(%) 

9 (40%) 
6 (27'YJ 
4 (20'YJ 
2 (9%) 
1 (4'YJ 

The pathological findings in the CNS of the 6 patients whose 
deaths were .acribed to nervous system involvement are shown 
in Table 13. 
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TABLE 13 

~Major patlzological findings in the CNS of 6 patients whose cleat Its were ascribed to nen•o11s 
system invoil•ement 

Case Age at 
110. death 

(>·ears) 

7 22 

8 S7 

9 19 

10 38 

11 59 

12 23 

Nen·o11s system manifestations 

At deatlr 

Hemiplegia 

Confusional 
state 

Convulsions; 
confusional 
state 

Status 
epilepticus 

Hemiplegia 

Convulsions; 
psychosis 

Prel'iOIIS 

Psychosis; _ 
convulsions 

Aseptic meningitis; 
papilloedema; 
psychosis; 
convulsions 

Psychosis; 
cranial nerve palsy; 
hemiplegia; 
convulsions 

Peripheral neuropathy 

Convulsions; 
psychosis 

Major autopsy fim/ings 

R middle cerebral artery occlusion; 
widespread atheroma; 
old and fresh cerebral infarcts 

Isolated haemorrhagic infarcts; · 
plugging of small vessels with hyaline material 

Small haemorrhagic infarcts; 
plugging small veins with hyaline material 

Thrombosis superior sagittal sinus; 
scattered micro-infarcts 

Diffuse haemorrhagic infarction; 
vascular and perivascular cell infiltrates 

Large abscess occipital lobe; 
·scattered small infarcts; 
hypertrophy walls medium sized arteries 

(From Reference 3) 
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2. Clinical Manifestations 

The incidence of neuropsychiatric manifestations in SLE var
ies considerably depending on the study, as shown in Table 14. 

TABLE 14 

Incidence of Neuropsychiatric 

Menifestlltions in SLE 

Seizures 

Headache 

Hemiparesis 

Psychosis 

Cranial nerve 

palsy 

Cerebellar 

signs 

This 
Ser~es 

157 Casesl 

24 
23 
21 
14 

19 

13 . 

J ohnson 
end 

Richerdson•· 
124 Cases) 

54 

13 
33 

42 

Incidences are expressed as percentages. -

(From Ref. 1) 

A number of reviews have been written over the past several 
years (1-20). In a study of 150 patients with SLE by Estes 
and Christian (7), 59% were found to have neuropsychiatric 
manifestations (Table 15). 

TABLE 15 

Major Clinical Manifes tations of SLE in 
160 patients 

l>bnifestation 

Musculo-articular 
Cutaneous 
Fever 
Neuropsychiatric 
Renal 
Pulmonary 
Cardiac 

(From Ref. 7) 

Percent 

95 
81 
77 
59 
53 
48 
38 

The neuropsychiatric manifestations encountered are shown 1n 
Table 16. 



TABLE 16 
Neuropsychiatric Manifestations of SLE 

in 150 Patients 

M&nifesta tioD Pen:eDt 

Psychiatric 
Psychoses 
Organic mental syndromes 21 
Functional psychoses 16 
Neuroses 5 

Neurologic 
Seizures 

Without renru disease 17 
With renal disease 9 

Other central nervous system 
Cranial nerve signs 5 
Tremor 5 
Hemiparesis 5 

Peripheral neuropathy 7 

(From Ref. 7) 

The 5 year survival for the 88 patients with neuropsychiatric 
symptoms estimated from the time of appearance of each speci
fic manifestation was approximately 55%, as shown in Figure 
4. 

Figure 4 

EST/MATEO 5 YEAR SURVIVAL IN PERCENT 
FOR SEVEN MANIFESTATIONS OF ~LE 

20 <40 60 80 100 

· The percentage of five year survival 
estimated from the time of appearance of each 
manifestation. The numbers refer to the number 
of patients who developed each manifestation. 

(From Ref. 7) 
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The estimated 5 year survival for specific neuropsychiatric 
manifestations is shown in Fig. 5. 

Figure 5 

EST/MATEO 5 YEAR SURVIVAL IN PERCENT 
FOR NEUROPSYCHIATRIC MANIFESTATIONS 

20 40 60 80 100 

TGial s,;,. 

Pafi~r.rs flll!.'l 1.'6uro;syehiattic ManlllslatiOtJs 88 

:;:::~I-z:~~:f-;:1) 
S•lruru 17 

-, -~~~~7:!=~~2'~::zj 
F'uncf/on:l Psyci'IOIIS 13 • 

· :~::~:~~:z::::t:.:~rJ 
C•ntral f,.'~'-Ous Sytt•m Si?ll• IZ 

!·~:::~~~~::z.g 
Orconic M•n!ol SyndrDm• /() 

-~~~::r::7il 
The percentage of fi.\•e year survival for 

neuropsychiatric maniiestations of SLE estimated 
from time of appearance of each manifestation. 
The numbers refer to the number of patienU! who 
developed each manifestation in the absence of 
other neuropsychiatric manifestatioll.S. 

(From Ref. 7) 

This data showed that grand mal seizures, in the absence of 
other CNS manifestations or uremia, were not a grave prognos
tic sign. . Functional psychoses similarly did not adversely 
affect survival. However, the presence of organic mental 
syrldromes, cranial ·nerve signs, tremor or hemiparesis sharply 
lowered the 5 year survival rate. 

A more recent review of the literature by Bennahurn and Messner 
(17) summarized the neuropsychiatric manifestations more spe
cifically as shown in Table 4 .. For example, an average of 
59% .of SLE patients (from a literature review) were found to 
have psychoses, between 13.8% and 50% had epilepsy, between 
5% and 33% had some type of cranial nerve involvement, 5% 
had paralysis and 11.7% had peripheral neuropathy. 
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TABLE 17 

Neurologic Symptoms in Central Nervous System Systemic Lupus Erythematosus 

Psychoses 
Oele-rium 
Schizophrenia 

Catatonia 
Paranoia 

Confusion 
Hypomania 
Progressive dementia 

Epilepsy 
Grand mal 
Petit mal 
Focal 
Temporal lobe 

Cranial Nerve 
Visual defects 
Homonomous hemianopia 
Blindness 
Papilledema 
Extraoccular movement abnormalities 
Tinnirus and vertigo 
Pupillary disturbance 
Nystagmus 
Ptosis 
Optic atrophy 
Facial palsy 

Totals 

59% Paralysis 
Paraplegia 
Hemiplegia 
Aphasia 
Transverse myelitis 

Movement Disorder 
Chorea 
Hemiballismus 

13.8%-50% Cerebellar ataxia 
Parkinson-like 
Dysphagia 

Peripheral Neuropathy 
Stocking glove 

5%-33% Mixed sensory and motor pain 
Hyperesthesia 
Dysesthesia 
Burning 

Mononeuritis multiplex 
Guillan·Barre type 
Neurogenic bladder 
Loss of sphincter control 

(From Ref. 17) 

Totals 

5% 

11.7% 

In their own series of 54 patients with SLE, 57.4% had neuro
logical symptoms and 16.6% had organic psychiatric symptoms 
(Table 18). 

TABLE 18 
Neurological and Psychiatric Findings in 54 Patients with SLE 

at the University of New Mexico Center for the Health Sciences 

Patient No . Percentage 

Tot-al 
Female 
Male 
Neurological symptoms 
Organic psychiatric symptoms 
Functional psychiatric symptoms 
Neurologic and organic psychiatric symptoms combined 
Death 

(From Ref. 17) 
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54 
48 

6 
31 

9 
29 
38 

9 

100% 
88.8% 
, .1% 
57.4% 
16.6% 
53.7% 
70% 
16.6% 



The specific neurological and psychiatric symptoms in these 
54 patients are shown in Table 19. 

TABLE 19 

Clinical Findings in 54 Cases of SLE• 

Systemic Neurological Psych iatric 

Anemi1 35 Convulsions 12 Depression 
Rash 34 Coma 8 Altered reality testing 
Arthritis 33 Headache 10 Fatigue 
Renal disease 21 Hyperesthesia 6 Nervousness 
Hypertension 18 Decreased vision 8 Emotional lability 
Cardiac involvement 13 Hemiplegia 7 Confusion 
Fever 15 Aphasia (expressive) 4 Hallucinations 
Pleural effusion 11 Burning or itching of face 4 Anxiety 
Urinary-tract infection 7 Ataxia 3 Staring 
Family history 4 Retinitis 3 Shaking 
Weight loss 4 Pain of tongue or mouth 2 Catatonia 
Alopecia 4 Slurred speech 2 Lo.ss of memory 
Abdominal pain 3 Opthal moplegia Somatization 
Hemoptysis 2 Optic atrophy Dementia 
Spontaneous abortion 2 Hemiballismus Grinding teeth 
Dysphagia 2 Chorea Suicide attempt 
Tracheolaryngeal edema 2 Neurogenic bladder Insomnia 
Hepatomegally 2 Pain of hands and feet 
Splenomegally 2 
Telangiectasia 2 

• A finding is recorded only once for each patient. 

r 
\. (From Ref. 17) 

13 
11 
7 
5 
5 
4 
3 
3 
2 
2 
2 
2 
2 

It is apparent that almost any neuropsychiatric symptom may 
be seen in SLE. 

A very thorough study of 140 patients with SLE was performed 
at Johns Hopkins Hospital by Feinglass and co-workers (18). 

In Table 20 it can be seen that only 5 of the 140 patients 
or 3% presented with a neuropsychiatric manifestation. 
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TABLE 20 

Initial Manifestations in 140 Patients with SLE 

Manifestation • 

Arthritis or arthralgias 
Skin rash 
Fever 
Pleurisy/pericarditis 
Weight loss 
Alopecia 
Neuropsychiatric 
Nephritis 
Thrombocytopenia 
Biologic false positive test for 

syphilis 
Raynauc!'s pheno':lleno!' 
Anemia 
Adenopathy 

Patients 
(percent) 

74 (52) 
37 (26) 
25 (17) 
16 (11) 
9 (6) 
6 (4) 
5(3) 
3 (2) 
3 (2) 
3 (2) 

2(1) 
2 (1) 

1 ( <1) 

1 When more than one feature presented simultane
ously, both were listed separately. 

(From Ref. 18) 

However, as shown in Table 21, 52 patients or 37% eventually 
developed neuropsychiatric manifestations (average duration 
of followup was 9 years from the first manifestation and 6.5 
years from the date of diagnosis). 

TABLE 21 

Clinical Features in 140 Patient$ with SLE 

Manifestation 

Arthritis or arthralgias 
Cutaneous 
Fever 
Pleurisy/pericarditis 
Nephritis 
Alopecia 
Neuropsychiatric 
Vasculitis 
Raynaud's phenomenon 
Adenopathy 
Splenomegaly 
Myositis 
Myocarditis 
Subcutaneous nodules 
Cytoid bodies · 

(From Ref. 18) 
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Patiemtt 
(percent) 

123 {88) 
110 {79) 
98 {70) 
89 (64) 
67 (48) 
57 (41) 
52 (37) 
39 (28) 
32 (23) 
26 (19) 
24 {17) 
15 ( 11) 
12 (9) 
12 (9) 
7 (5) 



The neuropsychiatric manifestations in the 52 patients are 
shown in Table 22. 

TABLE 22 

Neurops)'chiatric Manifestations in 140 Patients with 
SLE 

Mani£1!$lation Patil!nts 

A. SLE Related 52 . Psychiatric illness 24 
Seizures 17 
Long tract signs 16 
Cranial nerve abnormalities 16 
Peripheral neuropathy 15 
Cerebellar signs 5 
Scotomata 4 
Papilledema (pseudotumor) 2 
Chorea 2 
Meningitis, myelitis 1 

B. Other cause 19• 
Psychiatric illt•ess 13 
Meningitis 2 
Peripheral neuropathy 3 
Seizures 1 

• In addition to these 19 patients, 7 patients from 
group A developed other NP abnormalities due to 
factors not directly related to SLE. See text. 

(From Ref. 18) 

The types of psychiatric disturbances are shown ~n Table 23. 
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TABLE 23 

Psychiatric Illness in 140 Patients with SLE 

A. SLE Related 
Organic• 
Schizophrenic 

B. Other cause• 
Organic 
Schizophrenic 
Psychoneurotic or 

personality disorder 

24 

13 

22 
2 

3 
1 
9 

1 Schizophrenic features were noted in nine and 
affective features in three of these patients. 

1 In addition to these 13 patients, 5 patients 'i'lith 
SLE-related NP disease developed additional psychi· 
atric problems attributable to other causes. 

(From Ref. 18) 

The temporal relationship between the initial neuropsychiatric 
events and the diagnosis of SLE is shown in Figure ~-

24 

20 

Cf) 

~ 16 
.... 
~ 12 
Q. 

8 

4 

Figure 5 

8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 

YEARS BEFORE ANO AFTER DIAGNOSIS OF SLE 

. Relationship between initial neuropsychiat
ric event and the diagnosis of SLE. 

(From Ref. 18) 

It is of interest that in 33 of the 52 patients (63%), neuro
psychiatric involvement either preceded the diagnosis or 
occurred within the first year of diagnosed disease. The 
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manifestations included seizures, hemiparesis, chorea and 
papilledema, the latter presenting with a 3 months' history 
of headaches. 

Perhaps the most interesting findings in this study are shown 
in Table 24. 

TABLE 24 

Clinical and Laboratory Features of SLE in Patients u•ith and IL'ithout Neuropsychiatric· Involvement 

Manifestation 

Arthritis or arthralgias 
Skin rash 
Fever 
Pleurisy /pericarditis 
Nephritis 
Vasculitis 
Raynaud's phenomenon 
Cytoid bodies 
Myositis 
Subcutaneous nodules 
Anemia 
Leukopenia 
Thrombocytopenia 

Less than 1.50,000/mm• 
Less than 100,000/mm• 

Direct Coombs antibody positive 
Antinuclear antibodies 
LE cells 
Hypocomplementemia 
Rheumatoid factor 

1 p .003 
'p.0006 
I p .002 • 

"--. • Test performed on 30 NP and 44 non-NP patients. 
• Test performed on 43 NP. and 79 non-NP patients. 

Neuropsychiatric group 
(52 patients) 

48 (92%) 
43 (83%) 
38 (73%) 
28 (54%) 
29 (56%) 
24 (46%) 
14 (27%) 
5 (10%) 
3 (6%) 
3 (6%) 

32 (32%) 
25 (48%) 

20 (39%) 
13 (25%) 
14 (47%)' 
47 (90%) 
41 (79%) 
33 (64%) 
21 (49%) 1 

(From Ref. 18) 

Non-Neuropsychiatric 
group (88 patients) 

75 {85%) 
67 (76%) 
60 (68%) 
60 (68%) 
38 (43%) 
15 (17%) 1 

18 (20%) 
2 (2%) 

12 (14%) 
9 (10%) 

49 (56%) 
43 (49%) 

12 (14%) 2 

6 (7%)• 
17 (38%)' 
82 (92%) 
66 (75%) 
47 (53%) 
40 (51%)• 

As shown in this Table, a comparison was made of the manifes
tations present in the neuropsychiatric and non-neuropsychia
tric groups. Those manifestations which were significantly 
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different are shown in italics, i.e., vasculitis and thrombo
cytopenia. Both of these manifestations were significantly 
higher in the neuropsychiatric group. Cutaneous and visceral 
s ites were the most frequently involved with vasculitis. 
The authors suggested that the thrombocytopenia might be sec
ondary to widespread vasculitis with subsequent consumption 
coagulopathy. 

Certain clinical syndromes appear to have been reported quite 
commonly in the literature. These are listed in Table 25. 

TABLE 25 

Cranial Nerve 

Retinopathy (21, 22) 
Retinal Vein Occlusion (23) 
Retinal Artery Occlusion (24) 
Optic Neuritis (25-27) 
Ophthalmoplegia (28, 29) 
Optic Atrophy (30) 
Trigeminal Neuropathy (31, 32) 

Movement Disorders 

Chorea ·( 33-41) 
Cataplexy (42) 

Pseutlotumor Cerebri (43-46) 

Cerebral Disorders of Vision (47) and 
Migrainous Phenomena (48) 

Transverse Myelopathy (49-51) 

Multiple Sclerosis-Like Disease (52-54) 

Aseptic Meningitis (55-57) 

Central hyperventilation and inappropriate ADH secretion has 
also been reported in a case in which vasculitic lesions were 
present in the pons and hypothalamus (58). One patient with 
SLE developed a malignant cerebral lymphoma while receiving 
corticosteroids and azathioprine (59). 

Brandt and co-workers (47) have studied 12 SLE patients with 
involvement of visual pathways posterior to .the optic chiasm 
(Table 26). Symptoms included hallucinations, visual loss 
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or both. Patients with loss of vision had scotomas, homony
mous field defects, and cortical blindness. The lesion was 
believed to be in the posterior cerebral artery circulation 
and presumably caused by cerebral vasculitis. 
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TABLE 26 

Description end Frequency of Index Events 

Patient Description Frequency 

Blurring of upper half of visual fields, SinBle occurrence 
lasting several minutes 

Checkerboard patterns, lasting Several times per 
seconds to minutes week within a 

2-month period 
Bright lights at peripher:y of visual Several times 

fields, lasting minutes during a 1· 
mqnth period 

Complete bilateral blindness lasting 1 Single occurrence 
minute; pupiJlary light reflexes 
intact. Fundoscopic examination 
showed minimal blurring of optic 
discs 

2 Twinkling lights throughout visual Single occurrence 
fields with blurring of vision, 
lasting 20 minutes 

3 White zigzag lines swimming slowly Three times per 
from right to left across visual week within a 
field, lasting 5 seconds 2-month period 

Black and white spots with central Two episodes 
blinding "flash bulbs," lasting within a z. 
10 minutes month period 

4 Three white lights appearing small Single occurrence 
initially but growing in size "like 
approaching headlights" over a 20. 
minute period before suddenly 
disappearing 

5 Patchy Joss of words on printed page, Single occurrence 
with bright flashing lights in peri· 
pheral visual fields, lasting several 
hours 

6 Sudden appearance of partial loss of Static 
vision persistent after onset; on 
field testing found to have con· I 

gruous left homonymous quad· \ 
rantopia with homonymous right 
paracentral scotomas 

7 "Baseball bats and faces," recognized Single occurrence 
by patient as inappropriate, lasting 
30 minutes 

8 Patchy loss of vision appearing inter- Extremely vari· 
mittently, lasting minutes to weeks; able over 1· 
on field testing found to have con· year period 
gruous homonymous hemianopia 

9 Black spot in front of eyes, lasting Single occurrence 
15 minutes 

10 "Alabaster hand and upside-down Twice in 24-hour 
faces," recognized by patient as period 
inappropriate, lasting 20 to 30 
minutes 

11 Flickering straight single yellow lines Three or four 
moving slowly from right to left times a day, 
across visual field, lasting 5 minutes once or twice 

monthly for 
8 months 

12 Complete bilateral visual blackouts, Several times 
lasting 3 to 5 minutes during a 4-

month period 

(From Ref. 47) 
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Brandt and Lessell (48) also reported migrainous phenomena 
in SLE patients. These migrainous symptoms were commonly 
associated with exacerbations of SLE and abated as disease 
activity subsided. Several of the patients had experienced 
visual hallucinations typical of the fortification specters 
(jagged lines that resemble an aerial view of ancient forti
fications) that occur with migraine ( 48,60). (See Fig. §). 

Figure 6 
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' 

(From Ref. 48) 

Objective evidence of eye involvement is summarized in Table 
27. The cotton wool exudates are most commonly known as cy
toid bodies. 
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TABLE 27 

EYE INVOLVEMENT IN SLE 

Cotton Wool Exudates 

Flame-shaped Hemorrhages 

Retinal Arteritis or Phlebitis 
leading to Perivascular Sheathing 
and Fibrosis 

Papilledema with Optic 
Atrophy and Retinal Detachment 

-14-
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3. Pathogenesis 

A variety of mechanisms have been suggested as possible patho
genetic factors. (See Table 28) in CNS SLE. 

TABLE 28 

Possible Pathogenetic Mechanisms in CNS-SLE 

Vasculitis of Cerebral Vessels 
Deposition of Immune Complexes 

in Choroid Plexus 
Circulating Brain - Reactive Antibodies 

a) Vasculitis and Immune Complexes 

The role of vasculitis in CNS-SLE has been discussed previous
ly (see Pathology section). Additional studies which support 
this concept include those which have shown hypocomplementemia, 
associated with antibodies to DNA and DNA: anti-DNA complexes 
in serum and cerebrospinal fluid £rom a patient with Lupus 
Meningitis (1). These authors claimed a striking correlation 
among the presence of these complexes, activity of disease, 
and symptomatic improvement from corticosteroids. It should 
be pointed out, however, that this study deals with only one 
patient. 

Steinman (2) has recently found that persistently circulating 
DNA occurs specifically in patients with SLE who have vascu
litis and CNS involvement. He suggested that the free DNA 
might bind to basement membranes of blood vessels, allowing 
for possible subsequent binding of antibody and in situ for
mation of immune complexes. 

Further support for the role of immune complexes is provided 
by two studies of cerebrospinal fluid complement levels (3,4). 

Petz and co-workers (3) first showed that C4 levels were de
creased in CSF from SLE patients as compared with normals 
(Fig. 7) and concluded that this resulted from an immune reac
tion. 



Figure 7 

C4 HEMOLYTIC ASSAY~ 
• Normal Controls 
o CNS l.upva-AdiYe 

CSF C4 Titer 

• 
• 
I 
• 
• • 
• • -+ 
I • • • 

SERUM C4 Titer 

Seruru IWU spinal fluid C4 titers in nvr
mal persons and patients with active CNS lupus. 
The rectangle indicates the normal range for se
rum C4 and the horizontal line indicates the nor
mal mean. 

{From Reference ~) 

In a subsequent study by Hadler and co-workers {4), CSF C4 
levels were not found to be different from normals {Figure 
§_) in either CNS-SLE or non-CNS SLE groups. 
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(From Reference 4) 

Patients with non-CNS SLE had lower mean CSF C4 values than 
patients with central (CNS) or peripheral neurologic disorders 
(PNS) not related to lupus. 

They did find, however, that in 4 different individuals with 
CNS SLE that the C4 values were lower during a neurologic 
crisis than during remission (Figure 9). 

" CEREBROSPINAL FLUID C4 IN SLE 

Comparison of the CSF C4 
titer at time of acute neurologic in· 
volvement with values obtained when 
the patient was free of such involve· 
ment. The case numbers correspond 
to the numbering in Table 1 and in 
the Appendix. 

Figure 9 

t... 1000 
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CASE NO. I 

(From Reference 1) 
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They also noted that the CSF C4 levels from active SLE patients 
decayed in storage at -45°C much faster than did normal CSF 
CF (Fig. 10) . 

a: 
w .... 
..... 
«:r 
u 
.... 
z 
w 
u 
a: 
w 
£l. 

Figure 10 

lb 

\ 2b '~ 
\\ . 

The rate of loss of CSF C4 
hemolytic activity in CSF aliquots 
stored at -45• C. CSF was aliquoted 
within_ 4 hours of lumbar . . puncture 
and assayed for C4 at 24-hour in
tervals for 7 days or until activity 
was lost. The shaded area represents 
the normal range. i.e .. ·a single· 
tailed 95% confidence limit. based 
on the C4 decay data on 20 normal 
CSF samples. The lines are linear 
regression lines drawn by the 
method of least squares. Slopes 
represent the rate of decay of C4 for 
each patient. (Two patrents were 
studied on two occasions each and 
are noted as la . b and 2a. b. See 
text for discussion.) 

0·' o~-"""""7---:2;--......;.3---:!4:----5:!--~6--....J7 

DAYS STORAGE AT -45"C 

(From Reference 4) 

These authors concluded that a complement consuming immune 
reaction was taking place in SLE CSF but that CSF C4 values 
are of little benefit for helping to make the diagnosis of 
CNS SLE. 

A study by Winfield and co-workers (5) compared serologic 
data in patients with isolated CNS disease and those with 
CNS and extra-CNS disease (Table 29). 
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TABLE 29 

Compuri.rmr nf Sl'rologic Data in Puti~ll/.f ll'itlr and Witlrnut Extra-C.\'S Di.rl'a.r~ 

Clinical Group 

Number of Episodes 
Anti-DNA 

l'iurnbcr positive 
S 'll-nDNA Binding 

Serum DNA 
Number positive: 

Serum C'H., 
· N urn bc:r decreased 

Hemolytic units lml 
Lymphocytotoxic antibody 

Number positi\'e 
''r PBL killed (pos. only) 

Anti-Sm 
Number positive 
Titer (log, pos. only) 

Anti-RNPt 
Number positive: 
Titer (log, pos . only) 

• Mean :1: I st;mdard deviation. 

Isolated CNS 

16 

3 (19't ) 
19 :!: "21" 

2 (13%) 

4 (25%) 
38 ±II" 

8(50%) 
78 ± 31" 

10/14 (71%) 
11 :6 ±"6.2" 

5!14 (36%) 
6.4 ± 2.9° 

CNS + Elttra-CNS 

IJ 

9(69'rl) 
57± 39 

2 (I So/o) 

8 (62%) 
25 ± 13 

II (85'li.) 
54 ::!: 29 

6/11 (55~) 
. li .8 ± 5.3 

1/11 (9%) 
3.0 

t Calculated by difTerencc:: titer of anti-I:::NA minus titer following RNAse di~estion . 

t NS = not significant. 

(From Reference 5) 

p = 0.002 

p. 0.006 

NS 

~'iS 

Increased anti-DNA antibody and decreased total hemolytic 
complement activity were observed only in those patients with 
associated ext"ra-CNS disease manifestations. Although not 
shown in the above table, an increased incidence of anti-Sm 
antibodies was found in the patients with CNS dysfunction 
.relative to that in a large group of patients without neuro
psychiatric disease. The incidence of anti-RNP was not 
increased. 
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b. Deposition of Immune Complexes in Choroid Plexus 

The choroid plexus is composed of vascular membranes of epi
thelial and endothelial cell types. The choroid plexus and 
the glomerular basement membrane have striking morphologic 
and functional similarities (6). They also have similarities 
in their molecular composition and share common antigenic 
determinants. Thus it has seemed reasonable to assume that 
injury to the choroid plexus might result from deposition of 
circulating antigen-antibody complexes or circulating anti
body to glomerular basement membrane. 

In the past several years several studies have reported depo
sits of gamma globulin in the choroid plexus which have tended 
to correlate with the presence of CNS abnormalities (6-13). 
The deposits have contained IgG, IgM, C3 and C4. 

Studies of acute immune complex disease in the rabbit have 
shown that immune deposits could be detected in the choroid 
plexus, as well as the kidney, in a majority of animals (11). 
Another study has demonstrated that anti-basement membrane, 
antibody, eluted from the kidney of a patient with Goodpas
ture's syndrome, cross reacts with the choroid plexus (7). 

It has been suggested that because the CSF may reflect injury 
to the choroid plexus, immunologic injury to the choroid may 
-result in CSF alterations with subsequent behavioral abner
mali ties ( 13) . 

C. Circulating Brain-Reactive Antibodies 

Several studies over the past few years have described anti
neuronal antibodies (See Table 30). 
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Year 

1970 

1972 

1976 

1977 

1978 

1979 

TABLE 30 
Brain-Reactive Ant~bodies 

Authors 

Diederichsen and Pyndt 

Quismorio and Friou 

Bluestein and Zvaifler 

Bresnihan, et al 

Bluestein 

Wilson, et al 
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Finding 

SLE serum reacted with 
neuronal cytoplasm as 
well as nuclei (ANA) 

Anti-neuronal antibodies 
reactive with cytoplasm 
in 41% of SLE patients 
with active CNS disease, 
24% with past history of 
neurologic disease, 9% 
of non-CNS SLE and 0.9% 
of non-SLE controls. 

Brain-reactive lympho
cytotoxic antibodies in 
serum of SLE patients 
with CNS disease. 

Brain reactive ·lympho
cytotoxic antibodies 
(a prospective study), 
much greater in SLE 
patients with CNS SLE. 

Neurocytotoxic antibodies 
in SLE serum. 75% of SLE 
sera had antineuronal 
activity mediated by IgM 
antibody. IgG antineuronal 
antibody was detected in 
17% of SLE sera by antibo
dy-dependent, cell-mediated 
cytotoxicity (ADCC) assay. 

Warm-reactive, brain spe
cific IgG antibodies to 
neuronal membranes in 
82% of CNS SLE patients; 
absent in non-CNS patients 
or when focal neurologic 
deficit or psychosis was 
the primary manifestation. 
Cold-reactive IgM anti
bodies cross-reacted with 
brain and ly,mphocytes and 
correlated better with 
extra-CNS systemic illness. 

Ref. 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 



Table 31 from the paper of Quismorio and Friou (15) demonstrates 
that the antineuronal (rabbit brain) cytoplasmic staining 
was highest in those patients with active CNS disease (41%) 
or those with a history of CNS disease (24%). 

TABLE 31 

. Percentage distribution of anti-cytoplasmic, nnti-DNA protein and anti-DNA 
antibodies in SLE patients and controls (see text for explanation of the different groups) 

Number of Number of patients positive (%) 
patients anti-cytoplasm anti-DNA anti-DNA 

protein 

Active CNS Disease 22 9 (41) 17 (77) Jl (50) 
Hx of CNS Disease 25 6 (24) 22 (88) 15 (60) 
Non-CNS - SLE 90 8 (9) 74 (82) 50 (55) 

Non-SLE Controls 110 1 (0.9) 34 (30) 13 (12) 

(From Reference 15) 

Figure 11 gives an example of such cytoplasmic staining. 
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Figure 11 

Antibodies Reactive with Neurons in SLE 

. Antibodies reactive with the cytoplasm of neurons of rabbit brain .dem-
, onstrated by indirect immunofluorescent test. x 600. -' . 

(From Ref. 15) 

Both Bluestein and Zvaifler (16) and Bresnihan et al (17) 
demonstrated the presence of brain reactive lymphocytotoxic 
antibodies. Figure 12 gives the results from the studies of 
Bresnifian et al. ThiS demonstrates that lymphocytotoxic anti
bodies are higher in CNS-SLE patients than in those without 
CNS disease. It also demonstrates that the cytotoxicity can 
be absorbed with brain tissue homogenates, but only in those 
patients with CNS disease. They suggested that subpopulations 
of lymphocytotoxic antibodies differ in their brain reactivity, 
and that one population may be causally related to the devel
opment of some of the features of cerebral lupus. 
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FIG. 2. 

FtG. 1. Maximum cytotoxicity indices (with means ± s.d.) of sera from ratients with or without cerebral 
inYoiYement. 

FIG. 2. Mean residual cytotoxicity of sera from patients with or without cerebral invoh·ement after in
cubation with brain homogenates. 

(From Reference 17) 

In 1978, Bluestein reported that serum from SLE patients was 
cytotoxic for a human neuronal cell line, SK-N-SH, derived 
from a metastatic neuroblastoma (Table 32). 
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TABLE 32 

Complement-dependent neurocytotoxicity mediated by 
serum from patients with SLE* 

Sera No. CJb cytotoxicity, 
Source' No. cytotoxic' mean± SEM 

SLE 32 25 31.3 ± 3.9 
RA 16 3 8.2 ± 2.8 
NHS 15 0 2.7 ± 1.9 

• SK-N-SH cells served as targets in a complement-dependent 
~1 Cr-release cytotoxicity assay. 

t SPra mediating greater than 14% 51Cr release are considered cyto· 
toxic. 

: RA, rheumatoid arthritis; NHS, normal human serum. 

(From Reference 18) 

This factor proved to be due to a complement dependent IgM 
antibody. In addition to neuronal cytotoxicity, it was also 
cytotoxic to glial cells (Table 33). 

TABLE 33 

SLE serum-mediated complement-dependent 
cytotoxicity to human cell lines in monolayer cultures• 

Target cells 

Line Type 

SK-N-SH 
A-172 
U-118MG 
594 

Neuronal 
Glial 
Glial 
Fibroblast 

CJb cytotoxicityt 

SLE . NHS 

38.4 ± 5.9 . 
26.8± 5.3 
12.8 ± 2.7 

5.3 ± 1.6 

3.3 ± 1.4 
.3.7 ± 1.0 
2.0 ±0.7 
3.2 ± 1.2 

• Sources of the cell lines used as targets in a 51Cr·release cytotoxicity 
assay are presented in MethodJ . 

t The% cytotoxicity was calculated as described in Methods. Data are 
expressed as the mean ± SEM for 20 SLE sera and 15 normal human 
sera (NHS). 

(From Reference 18) 
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An additional factor was detected which was an IgG antineu
ronal antibody which was detected by an antibody-dependent, 
cell-mediated cytotoxicity assay (Table~). 

TABLE 34 

Antibody-dependent cell-mediated 11eurocytotoxicity · 
induced by SLE sera 

Sera %cytotoxicity, No. 
Source No. mean :1: SEM cytotoxic 

SLE 24 11.9:1: 1.0 4 
RA 8 6.0 :1: 1.1 0 
NHS 17 8.6:1:0.8 0 

a1Cr-labeled SI<·N-SH cells were preincubated with the tflt&era, 
the unbound serum was then washed off, and the cells were used as 
targets in the .o\.DCC assay. Sera were considered to be cytotoxic if they 
induced greater than 15% cytotoxicity (NHS mean plus 2 standard 
deviations). RA, rheumatoid arthritis; NHS, normal human serum. 

(From Reference 18) 

In the most recent study by Wilson et al (19), Tables 35, 
36, 37, Sera from 20 patients with systemic lupus erythemato
sus (SLE) and active central nervous s~·stem (CNS) dysfunction 
were examined by indirect immunofluorescence for antibodies 
to neuronal membrane determinants. Warm-reactive IgG anti
bodies were demonstrable in 82% (9/11) of patients with 
clinical evidence for seizures or diffuse CNS disease, but 
these antibodies generally were absent in non-CNS SLE sera 
or' when focal neurological deficit or psychosis was the 
primary CNS manifestation. Cold-reactive antibodies of the 
IgM class were equally prevalent in patients with or without 
CNS disease and appeared to be more directly correlated with 
extra-CNS systemic illness. Absorption experiments with 
lymphocytes, brain homogenate, and various other tissues 
suggested a predominant brain-specificity for IgG antibodies 
and partial lymphocyte cross-reactivity for IgM antibodies. 
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TABLE 35 

Anti-neuroblastoma and lymphocytoto:'tic antibodit:s in patients with systemic lupus 
erythematosus and active central nervous system dysfunction ~ 

Anti-neuroblastoma 
Clinical manifestation antibody• Lymphocytotoxic 

Patient antibody 
(date) CNSt Extra-C'NS lgG lgM (% PBL killed) 

Pc Seizure + + 90 
Gu (S/76) Psychosis + + 90 
Gu (9/77) Encephalopathy + + 30 
Ca (2/78) Dementia + + 40 
Th MS-like;t + 40 
Cr Seizure Nephritis + + 30 
Ta.D Seizure Nephritis + + 25 
Sa Seizure Nephritis + 80 
Ru Seizure Nephritis + + - 95 
Nu Coma + 95 
Ca (12/77) Psychosis <10 
Mo Psychosis + <10 
Ca.F Hemiparesis 30 
Ra Hemiparesis <10 
Co Myelopathy <10 
Ki Myelopahty <10 
Ba Psvchosis Myositis + 25 
Wo Seizure Myocarditis 35 
Su Psvchosis 'Nephritis + 35 
Ta.M Ei.::epha!opathy Anhritis 85 
AI Homoee:1eous Anhritis + 95 

hemianopia 
Ay Ptosis Serositis + 40 

• Except for patients Ru, Cr. and Nu who had persistently active CNS disease, sera positive for IgG or 
JgM antibody were obtained within 4 days of the onset of CNS manif~""tations. 

t CNS • central nervous system. 
; Multiple sclerosis-like syndrome. .- .. - ··· 

(From Ref. 19) 
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TABLE 36 

Anti-neuroblastoma antibody in patients with SLE, non-SLE neurologic disease, and in 
normal subjects 

Anti-neuroblastoma 
Number antibody positive 

~ of 
Disease state• patients lgG lgM 

SLE with Cl"'S invoh·ement 
Diffuse organic disease 11 9 s 
Focal disease 6 0 2 

Psychosis s I 4 

SLE without CNS disease 
Inactive 10 0 2 

Active 10 I 7 

Non-SLE neurologic diseaset 10 3 2 

Normal subjects 20 0 0 

• CNS .. centr;ll nervous system. 
t Diagnoses induded stroke (4), malignancy (3), herpes encephalitis (I); Parkinson's disease (I), and 

vascul itis (I). 

(From Ref. 19) 

TABLE 37 

. Serial anti-neuroblaswma antibody titer.; in SLE patienLS with neuropsychiatric disease 

lgG titers lgM titers 

Patient (year) Prior to onset• Acute stage After recoveryt Prior to onset Acute stage 

Ca 1:8 Death 1:2 1:16 
Gu (76) 1:4 1:4 1:2 
Gu ("77) 1:2 1:8 1:4 
Ta. o; 1:2 neat 1:4 
Th 1:2 
Pc neat 1:2 1:8 1:4 
Av neat 1:8 
Ai 1:4 1:2 

• Sample obtained 6 to 12 months prior to on~et of CNS disease. Negative .. - ; blank indicates no data. 
·t Samples obtained ·4 to 24 months after resolution. Patient Pc had persistent seizures. · -
:j: Patient presented with seizure disorder. 

(From Ref. 19) 
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4. Diagnostic Procedures 

The most commonly used diagnostic procedures and their esti
mated accuracy are shown in Table 38. 

TABLE 38 

Diagnostic Values of Various Procedures in SLE 
(% Accuracy) 

Oxygen - 15 Brain Scan 96% 

CT Scan 79% 

EEG 71% - 84% 

Abnormal CSF 25% - 32% 

Brain Scan 8% - 100% 

/ 

1) ~ Oxygen-15 Brain Scan 

An ingenious new radionuclide technique was recently 
described by Pinching, Travers and Hughes (1). 15 02 _, a 
short-lived gamma-emitting isotope, is inhaled and carried 
to the tissues of the brain where it is utilized to form 
radioactive water of metabolism (H2 

15 0); the result is a 
"metabolic image." In addition, C15 02 is inhaled, forms 
H2

15o in the lungs, and provides a brain-scan image that 
depends on cerebral blood flow. Equilibration occurs after 
6 minutes of constant inhalation, and the radioactive signal 
is recorded over 4 minutes for each gas. The gamma-ray 
emission from the brain is detected by a gamma camera posi
tioned to view the lateral aspect of the head. Examples of 
such scans are shown in Fig. 13. 



Figure 13 

_ {A) 1!0: (mrtab.)/ C"01 (flow) 5Can in a nonnal control 
(lrft brmisphere). 

(B) 15-year-old female with S.L.E. 
Deterioration in school performance and shon-term m:mory; 

nominal dysphaliia. Posterior _parietal.left hemisphere lesion ext~nding 
into temporal lobe common to metabolism and flow. 
(C) 52-year-old fe~ale-witb S.L.E. 

Gross paranoid psych05is. Several large defects in right hemisphere 
sc11n affecting metaoolism more than flow. 
(D) 25-ynr-old- male with S.L.E. 

l'o~siblc difl'rcult\' with recent informtnion rccall·-clinicalh· sus
picious. Left hemisphere scan sho~~o·ing extensive frontal d~fects, 
slightly mC'Ire pronounced on flow scan. 

(From Reference 1) 

Results of this study are shown in Table 39. 
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TABLE 39 

CORREUTIOS llF.TWfES CLISICAI. E\'IDENCE OF C.N.S. DISEASE 

ASD OXYGf.S-15 SCASS IS FIFTY OSE EPISODES IN 47 
P:\TIESTS (FOLLOW-UP SCASS Dl' IU!'\G REMISSIOS NOT INCLUDED) 

C.N.S 

Ddini~ly 
abnonnal Suspicious l'ormal 

an Totals 24 15 12 

\ajor 
abnormality 29 J, 8 2 

\inor 
abnormality 18 3+1t 6 I 

ormal 4 t• lt 2 

•Jntt:mal capsule infarct. tcJinicalty. stt:roid p5ychosis. 

(From Reference 1) 

Abno~alities in regional distribution of oxygen utilization 
and blood flow were seen in 23 out of 24 instances of defi
nite CNS disease, in 14 out of 15 instances of suspected CNS 
lupus, and in 10 out of 1; instances in which CNS disease 
was not clinically apparent. The technique also reflected 
remissions and relapses. 

Thus the major potential problems with this technique would 
appear to be (1) it is positive in almost all patients with 
SLE and (2) the nearest cyclotron is apparently at College 
Station, Texas 

Improvement in the CNS disease in association with improve
ment in the scan is shown in Figure 14. 
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b. 

Figure 14 

-{A) 3D-year-old femal with mixed coDACCtive-tiuue dis
ease. 
Sevue depressive psychosis. Scan shows several defects with right 

parietal metabolism lesion. 
(B) Follow-up tc:aD on same patient. 

Considerable resolution after clinical improvement on steroicls. 

(From Reference 1) 

Cranial Computed Tomography (CT) Scans I' 

\. 
In 1977, Bilaniuk, Patel and Zimmerman (2) d~scribed computed 
tomographic (CT) findings in 14 patients with SLE. Results 
are shown in Table 40. The authors found that microinfarc
tion (manifested by:Perisulcal atrophy), large infarcts, and 
hematomas are the major abnormalities demonstrated by CT. 
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TABLE 40 

Clinical and CT Findings in 14 Patients with SLE* 

Pat ient Age Sex Clinical Findings CT Findings 

D.N. 16 F 
A .L. .16 F 
e .G . 17 F 
P.C. 21 F 

F.S. 24 F 
A .K. 27 F 
M.P. 29 F 

C.H. 44 F 

E.D. 44 F 

M.D. 47 F 

E.J. 48 F 

J.R. 51 F 

F.K. 55 M 

A.S. 77 F 

Psychosis, Seizures 
Psychosis 
Pseudotumor Cerebri 
Abrupt Onset: 

Left Hemioaresis 
Hemisensory 

Defect 
Psychosis 

Psychosis 
Psychosis 
Spinal Cord Infarct 
Paraparesis, Worst Left 
Abrupt Onset: 

Left Hemiparesis 
Abrupt Onset : 

Psychosis 
Left Hemiparesis 

Proximal Myopathy 
Drop Attacks · 
Psychosis 
Seizures 
Psychosis 
Polyneuropathy 
Abrupt Onset: 

Right Hemiparesis 
Right Homonymous 

Hemianopsia 
Right Hemisensory 

Defect 
Organic Dementia 
Sudden Onset 

Un ilateral Perisulcal Atrophy 
D i ffuse Pcrisulcal Atrophy 
Normal 
Right Thalamic Infarct 
Frontotemporal Perisutcal Atrophy 

Left Perisulcal Atrophy 
Developing Perisulcal Atrophy over 1 year 
Normal 

Right Intracranial Ganglionic Hematoma 

Right Parietal Infarct 
Perisulcal Atrophy 

Normal 

Left Tentorial Meningioma with Hydrocephalus 

Normal 

Intracerebral Hematoma left Posterior Ganglionic and Thalamic 

Marked Sulcal Atrophy . Ventricular Enlargement 

*The diagnosis of SLE was established by criteria of the American Reheumatism Association. 

(From Reference £) 

The CT abnormalities correlated well with the clinical find
ings. 

The authors believe that CT is the first effective method 
for the in vivo demonstration of the intracranial manifesta
tions of SLE. They state that large areas of infarction may 
be demonstrated by radionuclide brain scanning or cerebral 
angiography. They suggest that the isotope brain scan is 
only positive for recent infarcts. Large hematomas are demon
strated by angiography, but only as an avascular mass, which 
is a nonspecific finding. They conclude that only CT is sen-

"sitive and specific enough to demonstrate relatively small 
areas of infarction and hemorrhage. 
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A subsequent study by the same group (3) reviewed CT scans 
of 29 patients with SLE. Twenty-two patients had a clinical 
course consistent with CNS involvement. Of these, 20 had 
abnormal CT studies during the course of their CNS symptoms. 
The most common finding was sulcal enlargement, and it was 
prominent in patients with either psychosis or dementia. 
Infarcts and intracr~ial hemorrhages were seen as well. 
Seven CT studies were obtained in SLE patients without a 
clear diagnosis of CNS involvement. Only one of these was 
abnormal. The CT findings of this study are shown in Table 41. 

TABLE 41 

Ft:atum of C.T Sram in 23 Patiwts u'ith SLE-

CT Findings 

Perisulcal atrophy 
Generalize-d atroph)' 
lnfarct 
Intracere-bral hemorrhage · 

Patients 
with CNS-SLE 

9 
9 
4 
4 

•some of rhe- sc:ms shOQ.'ed more than one diagnostic ahnormalirr. 
One of tht" parienu ""'as not diagnosed as having CNS SI.E. 

(From Reference 3) 

The authors point out that sulcal enlargement is not specific 
for CNS-SLE; other causes such as trauma, alcoholism, Alzheimer 
disease and aging must be considered. They also suggest that 
perisulcal and generalized atrophy are not reversible processes. 
They have not seen restoration of a normal pattern on CT scan. 

c. Electroencephalography 

Gibson and Myers (4) have stressed the point that the value 
of EEG's is doubtful since although positive in 84% of those 
patients in whom it was performed, the findings were entirely 
nonspecific. Johnson and Richardson (5) also stated that 
they v1ere of little diagnostic or localizing value. They 
pointed out that even in patients with clear lateralizing 
signs or seizures diffuse bilateral slowing was the most fre
quent finding, suggesting widespread cortical disease. 

A recent report by Finn and Rudolf (6), however, suggests 
that the EEG does have an important role in the assessment 
of the progress of SLE. They compared their EEG results with 
the 15 0 2 scan results of Pinching et al. The data for both 
the EEG and the 15 0 2 study are combined in Table 42. 
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Year 

1976 

1976 

1978 

TABLE 42 

xt.:L\TIOS ~ET\\' F. E S E. E.G. F1Sl>ISGS l OR OXYGD;·15 SC.\..\;5 .\SO 
Cttto;JCAL EVIDENCE OF CEREBR.AL fS\"OLVEME~I BY S.L.E. 

C-'11.$. in\'0)\·e:mcnt 

Lt.G. (or tean) Total& Probable r01sible: 1 No e"\·ide:nce ror 

MadmteJy ctt 

vcr.• abnormal 33 (29) 22 (19) 9 (8) 2 (2) 
Mild.ly abnormal 16 (II) 5(4) 5(6) 6 \8) 
T i\hin norma! 
limiu 7 (4) 1(1) 2 (!) 4 \ll 

Toul '6 (51) 28 (24) 16(U) 12 (12) 

• Figum in parenthnes ue numbcn of scans from data of Pinching 
n al. The column headings of Pinching ct al. were "defi nitely abnor· 
mal" , "susp1c:ious", and .. normal'\ and 1hrir row beadings .,...en 
•ma jor abnorrtality", "minor abnormality" •nd "normd". 

(From Reference ~) 

As with the 15 02 scans, . all patients with psychiatric signs 
or symptoms at the time of the EEG recordings had abnormal 
EEG's. A summary of results of several studies is given in 
Table 12_. 

TABLE 43 

Percentage of Abnormal EEG in CNS-SLE 

Authors Results Ref. 

Gibson and Myers 84% of patients with ( 4) 
CNS-SLE abnormal 

Feinglass et al 71% of patients with ( 7) 
CNS-SLE abnormal 

Tan et al 80% of patients with ( 8) 
CNS-SLE abnormal; but 
20% with active CNS 
involvement showed 
no abnormality. 

d. Cerebrospinal Fluid 

The CSF in CNS-SLE shows a mildly raised CSF protein and a 
mild lymphocytic pleocytosis in about 24% of cases (4,5). A 
low CSF sugar was found in 4 patients (4), Table 44. 

-7-



TABLE 44 

Details of 4 patiellfs with low CSF sugar 

Case Clinical 
CSF 

·Simultaneous 
no. manifestations Sugar Protein W.BC blood sugar 

mmo/fl (me/ lOOm{) g I I (mg I 1 OOmf) x 10,//(mm') mmo/fl(mgf lOOm f) 

3 Paraplegia 0 ·55(10) 0· 53(53) 0·003(3) 3·5(64) 
4 Convulsions 1·11(20) 1·54(154) 0·022(22) 4·9 (90) 
5 (a) Cerebellar ataxia 1 ·94(35) 0·3 (30) 0 

(b) Psychosis 2 · 4~45) 0·34(34) 0 18·31 p30) . 
6 Psychosis 1·9 35) 0·24(24) 0 6·66 120) 

(From Reference 4) 

The mechanism is presumed to reflect disturbance of the men
ingeal transport system between blood and CSF. This is caused 
by the inflanunation. Disturbance of choroid plexus function 

-is another possible explanation . 

As mentioned previously (Pathogenesis section), C4 levels 
are unhelpful because of rapid deterioration of C4, even when 
frozen. 

Kassan and Kagen (9) have shown that cyclic G M P levels in 
CSF of SLE patients are increased as compared with controls 
with lumbosacral pain. However, patients with other types 
of~neurological disease including CVA, spinal cord tumor, 
syringomyelia, craniopharyngioma, etc., also had increased 
C - G M P levels (Figure 15 and Table 45). 
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(From Reference 9) 
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Condlllon 

TABLE 45 

Comparison of C-GMP Concentration In 
Patients with SLE, Other Neurologic 
Diseases and Lumbosacral Pain 

No. of Samples Wilh: 
· Grealer than Less than 

2.1 nM C-GMP• 2.1 nM C-GMP 

SLE 10t 15 
Lumbosacral ~in 0 25 
Other neurologic -4t 6 

disorders 

• 2. 1 nM C-GMP represents the average C-GMP level plus 2 SO for 
patients with lumbosacral pain. 
t Statistically significantly difterent from the group with lumbosacral 
pain (p <0.001). 

(From Reference 9) 

They also demonstrated that the levels were higher in CNS-SLE 
patients with changing neurological disease than in those 
who had stable disease (Figure 16). 
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Figure 16 
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Figure 2. C-GMP concentration in cerebrospinal fluid 
samples from patients with SLE are either changing or stab/8 
neurologic disease. Line indicates average of each group; 
hatched area includes ± S£ 

(From Reference 9) 
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c-GMP levels in the CSF were higher in patients with neuro
logic disease than in those with psychologic disease only 
(Table 46). C-AMP levels were unchanged. 

TABLE 46 

.-Comparison of CSF C-GMP concentration in CSF samples from patients with SLE 

Patients with: 

Active neurologic abnormalities with or without psychologic 
involvement (groups I and II) 

Psychologic involvement only (group Ill) 
Lumbosacral pilin syndrome (controls) 

Greater than 
2.1 nMC·GMP• 

9t 
2 
0 

Less than 
2.1 n:-.t C-GMP 

4 
9 

25 

• 2.1 nM C-GMP represents 2 SO above mean for controls (upper limit of normal). 
t Groups I+ II_ versus group lll, P < 0.05 by X: analysis; groups I+ II versus controls. P < 0.001 by X: 

analysis. 

(From Reference 10) 

They also demonstrated that neither prednisone nor psychoac
tive drugs appeared to affect the c-·GMP levels (Table 47). 

TABLE 47 

Lack of effect of prednisone or psychoactive drugs on C-G MP levels in CSF of SLE patients 

C-GMP in CSF (nM) 
Drug Patient groups No. (average± SE) 

Prednisone• All SLE 
<20 mg per day (groups I, II, and Ill' 13 2.58 ± 0.75 

All SLE 
>20 mg. per day (groups I, II, and Ill) II 2.36 ± 0.62 

Psychoactive drugst administered SLE with psychologic 
inVl>lvement (groups 
I and IIJ) 8 1.75 ± 0.65 

No psychoactive drugs SLE with psychologic 
involvement (groups 
I and Ill) 8 1.80 ± 0.47 

• Dose of prednisone taken within 24 hours prior to removal of CSF. 
t Psychoactive drugs included chlorproma;~;ine, thioridaziqe, amitryptaline, diazepam, and barbitu-

rates. · 

(From Reference 10) 
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Year 

1974 

1975 

1976 

1976 

1978 

e. Brain Scan 

There is considerable controversy regarding the value of brain 
scans in diagnosis of CNS-SLE. A summary of the results of 
several studies is given in Table 48. 

TABLE 48 

Value of Brain Scan in Various Studies 

Authors 

Bennahum and Messner 

Stewart and Basten 

Gibson and Myers 

Feinglass et al 

Tan et al 

Results Ref 

11/ 12 with CNS-SLE (11) 
abnormal, 0/ 8 without 
CNS-SLE abnormal 

Suggest caution in (12) 
interpreting Bennahur, ; 
and Messner's results~ 
they report 3 similar 
brain scans; two due 
to Toxoplasma gondii, 
the third due to Nocardia 
asteroides infection. 

4/21 or 19% of cases (4) 
abnormal 

2/ 26 or 8% of scans (7) 
(23 patients) abnormal 

25/ 25 patients with (8) 
CNS-SLE abnormal. 
Serial brain scanning 
found useful in diag-
nosis of exacerbations 
and the monitoring of 
steroid dosage. 

It is difficult to explain such discrepant results in the 
above studies. There are at least 2 possible explanations: 
(1) Use of different techniques in brain scanning and (2) 
only recent infarcts will show up by brain scan. 
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f. Angiography 

While the large vessels are not usually involved in SLE, there 
are several case reports claiming · to show angiographic demon
stration of major cerebral vessel occlusion due to SLE (13-16). 
See Table 49. 

TABLE 49 

. Angioyrapltically detw.~;,atmted cerebral l'a&cular occlusio11a ·in systemic lupus erythematosus 

Case Xo. 

1. Bodechtel (2) 
2. Sih·crstein [36) 
3. 

49 :'II 
36 F 
2i F 
45 F 
21 F 

:\lidcllt- cereb1·al artery stenosis progr<."8Sing to occlusion. 
Intt-rnal carotid artcr~· occlusion. 
IntE:-rnal <'nrotid artf.·n· occlusion. 

4. Di~derichsf"n [6] lntE>rnal <'arotid artcn· occlusion. 
Ri~ht internal carotid. artery ocdt1sion. Tliree years later, ldt middlE> 
C('rebral artery stcnosia. 

5. Trt-\"Or et al. 

6. 

i. 

Ri~ht middle cerebral artery stcnosis progressing -t-o occlusion in four 
months. · 

42 F 

32 F LE>ft intt-mal carotid artt'rv occlu$ion. . ' 

(From Reference 16) 

Two cases are reported of angiographic demonstration of lupus 
cerebral phlebitis with communicating hydrocephalus (17). 

g. Summary 

Several studies have compared various tests in the same 
patients with CNS-SLE. For example, Table 50 shows the 
results of Feinglass et al and compares percent abnormalities 
for EEG, CSF and brain scan. In their hands, the EEG was 
most often helpful and the brain scan was of little value. 

TABLE 50 

Diagnostic Laboratory Data 

PI'O('edure 

Electroencephalogram 
Cerebrospinal fluid 
Brain scan 

Pa
tients 

26 
3i 
23 

Epi~odes 
with 

study 

28 
44 
26 

(From Reference 7) 

-14-

Abnormal 

20(7lo/c) 
14 (32'it) 
2(8%) 



In striking contrast, the results of Tan et al are shown in 
Table 51. The brain scan was positive in 100%. 

TABLE 51 

CNS im·estigation in 29 episodes of SLE CNS 
disease 

Tnt No.t~st~d No. GbnoriMI 

CSF c:ell couru 20 0 
CSF protein 20 10 
CSF laG 13 0 
EEG 2.5 20 
Brain scan 29 29 

(From Reference 8) 

The lab results are shown ~n Table 52. 

TABLE 52 

Serology in 29 episodes of SLE CNS disease 

T~st 

ANF 
LEprep 
Anti·DNAAb 
Low CH10 
Low B1C (C3) 
Low CH 50 or B1C 

No. GbnormDI 

2.5 
ll 
18 
13 
ll 
ll 

(From Reference 8) 

In a paper by Small et al (18), the clinical course and so
alled diagnostic profile of 13 patients with CNS-SLE were 
tabulated. The results are summarized in Figure 17. 
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anti total Flow 
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u; abnormal 

0 normal 

EJ not 
determined 

Diagnostic profile in lJ patit>nts ~<·ith CNS-SLE. 

(From Reference 18) 

The diagnostic yield for each procedure was measured as the 
percent abnormal: CSF total protein was 38%; increased CSF 
IgG 69%; decreased CSF hemolytic C4 10%; increased CSF anti
DNA 64%; EEG 80%; flow brain scan 50%; and static brain scan 
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0%. No single procedure was consistently abnormal, but the 
battery of tests provided a useful and specific CNS-SLE diag
nostic profile. 

They concluded that the CSF % IgG, anti-DNA binding, and brain 
scan flow studies were the most useful markers. They state 
that when combined with careful clinical observations and a 
high index of suspicion, this battery of tests has been valu
able in the early diagnosis of CNS-SLE. 
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TABLE 54 

Manife.<tatirms and Course of 67 Episodes o/ N europsyrhiatric SLE 

Cours~ 

:\ianift-;tation A. StNoid <·hange' B. ~o ;; terr,id change 

Psychiatric 
Psychiatric-seizure 
Seizure disorder 
Multifocal disease,.. 
Peripheral neuropathy 
Peripheral and cranial neuropathy 
Cranial neuropathy 
Cerebrovascular accident 
Papilledema 
Scotomata 
Meningitis 
Myelitis and optic neuritis 
Cerebellar 
Long tract 
Chorea 

Total 

17 
3 
3 
8 
3 

1 
2 
3 
2 

1 
1 
1 
l 

47 

Not 
impnwed 

2 
1 

3 
2 

9 

5 

2 

1 

1 

9 

Not 
improved 

1 

1 

• Group A includes 24 episodes in which steroids were initiated and 32 in which dosage increments were used. 
Group B includes seven in which no steroids were given and four in which steroids were continued at previous 
doses. 

• • The term refers to three or more NP features occurring with a clinical pattern not explained by a single 
lesion. Seizures occurred in six. 

(From Reference 1) 

Only 2 of the 140 patients were felt to have steroid-induced 
psychoses. It was concluded that steroids appeared to be of 
benefit in a substantial number of patients although their 
precise role was difficult to quantitate. 

The standard of treatment of CNS-SLE is shown ~n Table 55. 

TABLE 55 

Treatment of CNS Lupus 

Corticosteroids 
Usual Dose 60-100 mg prednisone/d 
High Dose 200-300 mg prednisone/d 

Immunosuppressive Drugs 
Azathioprine 3 mg/kg/d 
Cyclophosphamide 2 mg/kg/d 
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5. Treatment 

Only a few studies have attempted to determine the role of 
steroids in treatment of CNS-SLE. No double-blind controlled 
studies have been performed. 

The effect of steroid therapy in 28 patients with 52 episodes 
of neuropsychiatric disease was evaluated (1,2). There was 
no evidence that therapy with very large doses of steroids 
was beneficial (100-500 mg prednisone per day). Of the 
deaths involving the CNS, two were attributable to active 
CNS disease and 5 were believed due to complications of 
therapy. Twelve patients had major complications of steroid 
therapy. Functiqnal psychosis was usually precipitated by 
steroid therapy and responded to a reduction in steroid 
dosage and administration of psychoactive drugs. 

Gibson and Myers (-3) similarly concluded that treatment with 
massive doses of steroids (>100 mg) was not obviously more 
effective than treatment with smaller doses. Their data 
suggests that an intermediate dose (30-100 mg per day) is 
most beneficial (Table 53). 

TABLE 53 

Details of 52 separate neurological episodes ana response to corticosteroid thaapy in mrious doses 

Treatment group Outco1~1e Collrulsions Psychosis Hemiplegia Headache Papilloedema Total 
(daily prednisone) 

?\1assivc dose Improved 2 5 2 9 (60%) 
{> lOOn1g) 

Relapsed 2 2 2 6(40%) 

Intermediary dose Improved s 5 3 2 15 (83%) 
(30-lOOmg) 

Relapsed 2 1 3 (17%) 

Lo~dose Improved 3 3 3 2 12 (63%) 
(< 30mg) 

Relapsed 4 3 7 (37%) 

Total 12 19 13 4 4 52 

(From Reference 3) 

Feinglass et al (4) demonstrated that 82% of neuropsychiatric 
episodes in their series occurred while patients were on no 
steroids or on low dose therapy (Table 54). 
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A case in which unusually diffuse involvement of the CNS was 
present has been described (4). At autopsy this patient had 
diffuse lymphocytic and plasma cell infiltration of the sub
arachnoid space and perivascular spaces of the brain associ
ated with focal deposition of granular or hyaline material 
in the leptomeninges, vascular changes compatible with rheu
matoid disease in the pia-arachnoid and in the brain tissue 
and numerous typical rheumatoid nodules of the leptomeninges, 
especially over the temporal poles. A second report described 
meningeal involvement in a patient with chronic rheumatoid 
arthritis (4). Pachymeningitis involving the entire thoracic 
region has also been reported (5). 

Several cases compatible with cerebral vasculitis have been re
ported (6-13). Postmortem examination of one patient showed IgM 
deposit with rheumatoid factor activity in the choroid plexus (7). 

Vertebral bodies may also be affected with eventual erosion 
and collapse (14-16). These lesions may be difficult to dif
ferentiate from tumor or infection. 

Three other types of cervical spine involvement have been 
reported. One is rheumatoid discitis (17). In this condi
tion the annulus fibrosus and normal intervertebral disc sub
stance are replaced by rheumatoid pannus, which arises 
directly in the middle of the neurocentral joints. The sec
ond is spinal cord injury and myelopathic disease resulting 
-from thickening and fibrosis of the dura without bone com
pression (18). The third and most common type of cervical 
spine involvement is atlantoaxial subluxation with secondary 
cervical myelopathy. The odontoid process forms ~wo synovial 
joints, one anteriorly with the atlas and one posteriorly 
with the transverse ligament of the atlas (Fig. 18). 

Antenor 
ottontooccopitol 

ligament 

Synovool joont 

Anterior orch 
of OliOS (Ct) 

Anterior ottontooxiol 
ligament 

Odontood 
process 

Body of axis (Czl 

Figure 18 w-
Posterior orch 
of olios (Ctl 

(~) 

(From Reference 19) 
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Fig. 2. Anatomic relation of the odon
toid process of C2 with synovial joints and 
with the anterior arch and transverse liga
ment ·ot the atlas (C), from Boyle and Bu-
c:hanan.•• 



While the usual dosage of steroids used is approximately 60 
to 80 mg per day, some workers apparently use very high 
doses, e.g., 200-500 mg prednisone per day. Immunosuppres
sive drugs may be used in instanc.es in which the disease is 
unresponsive to steroids or there are severe steroid-induced 
complications. 
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TABLE 58 

.. / . :ciinir11l Nt11rologir111 Findings in 32 P11titnts 
u·ith Stvtrt RA 11nd MJtlopllthy 

Neurological Finding 

\l'eakness 
Upper and lower limbs 
legs alone 

Increased reflexes 
Upper and lower limbs 
Legs alone 

BabulSki response 
C2 radicular pain 
Astereognosis (bands) 
Altered position sensation (feet) 
Decreased vibration sense 

leVel to clavicle 
LeVel to thorax, or legs alone 

Sensory level (to pinprick) 
Cervical 
Hemisensory 
Thoracic 

Sphincter dysfunction 
<bladder and/or rectal) 

Cranial nerve abnormalities 
Posterior circulation TIAs 
J;erebellar" signs 
--=-....::2~-- .. . 

(From Reference 26} 

No. of 
Patients 

27 
3 

26 
6 

25 
19 
18 
11 

16 
7 

15 
2 
2 

16 
7 
6 
2 

Surgical fixation is necessary when there is gross vetebral 
displacement (27). However, conservative treatment such as 
attempting to immobilize the neck with a cervical collar is 
probably the best therapy (19): In fact, surgical therapy 
has not been ideal, since neurologic complaints frequently 
return (28). Studies of x-rays of 130 patients showed that 
over a 5-15 year followup period 46 patients died; 4 devel
oped spinal cord involvement and 6 acquired symptoms of verte
bral ischemia. In the 84 survivors, approximately 25% 
increased their degree of subluxation, less than SO% remained 
the same, and 25% either improved or recovered completely 
(29). 
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B. Rheumatoid Arthritis 

The major types of nervous system .involvement include nodules 
in CNS, cerebral vasculitis, cervical myelopathy due to atlan
toaxial subluxation, entrapment or compression neuropathy 
(carpal tunnel syndrome, tarsal tunnel syndrome, ulnar nerve 
entrapment), and neuropathy due to arteritis. A more com
plete tabulationn is shown in Table 57. 

TABLE 56 
NEUROLOGIC INVOLVEMENT 

Nodules in CNS 

Cervical myelopathy due to Atlanto-Axial 
Subluxation 

Entrapment or Compression Neuropathy 
1) Carpal Tunnel Syndrome 
2) Tarsal Tunnel Syndrome 
3) Ulnar Nerve Entrapment 
4} Posterior Interosseous Nerve 

Entrapment 

Neuropathy due to Arteritis 

A more complete list is shown in Table .. 
As with other organ systems, the CNS can be involved with 
rheumatoid nodules, as infrequently reported. 

TABLE 57 
Neurologic Manifestations of Rheumatoid Arthritis 

Articular-cervical spine disease 
Cervical subluxations (four types! 

C1 moves anteriorly on C2 
C1 moves posteriorly on C2 
Vertical subluxation of odontoid 
"Staircase" or multiple lower level subluxations 

Radiologic findings. often with clinical symptoms 
"Double crush" syndrome 
Narrowed disc spaces above CS 

Radiologic findings without clinical symptoms 
Vertebral plate erosion 
Apophyseal joint erosion 
Basilar impression of the skull 

Extraarticular 
Peripheral neuropathies 

Compression leading to entrapment 
Mild sensory neuropathy with a good prognosis 
Diffuse sensorimotor neuropathy 
Fulminant sensorimotor neuropathy 

Vasculitis 
Mononeuritis complex 

Cerebral vasculitis 
Dural rheumatoid nodules causing brain and spinal 

cord compression 

(From Reference l) 



Thus both the odontoid process itself and the transverse ligament 
are subject to erosion because of their proximity to synovial 
tissue. Laxity of the transverse ligament also may occur, 
allowing slippage of the odontoid process posteriorly, caus-
ing pressure on the spinal cord. In addition, vertebrobasi-
lar insufficiency may result from torsion of the vertebral 
arteries caused by the subluxation. 

By x-ray of the cervical spine using lateral tomography in 
flexion, subluxation is probably present if the distance 
between the posterior aspect of the anterior arch of the 
atlas and the anterior part of the odontoid process is greater 
than 2.4 mm in females and 3.0 mm in males. Subluxation can 
be detected clinically by gently rocking the head. Using 
the 3-mm x-ray criterion, atlantoaxial subluxation was found 
in 36 of 100 successive rheumatoid patients (20). Other 
studies found subluxation in 25% of 76 outpatients studied 
(21), 19% of hospitalized patients (32), and 71% of rheu
matoid patients with neck symptoms (23). 

Nakano (1) described four types of cervical subluxation 
(Table 7): (1) C1 moves anteriorly on C2, which as described 
above is the most common form; (2) C1 moves posteriorly on 
C2, resulting from severe erosion or fracture of the odon
toid; (3) vertical subluxation of the odontoid and body of 
C2, which is rare and results from destruction of the 
lateral atlantoaxial joints or of the bone around the for
amen magnum; and (4) 11 staircase 11 subluxation or subluxation 
of one vertebra on another, often being multiple and caused 
by destruction of the 0pophyseal joints. It occurs below the 
level of C2 and is the\. second most common type of cervical 
subluxation. The combination of degenerative disease of the 
cervical spine with variable degrees of spondylosis and the 
carpal tunnel syndrome occurring in a patient with RA has 
been termed the 11 double crush" syndrome. Neurologic 
involvement consists primarily of cervical cord myelopathy 
wi~h a pathologic increase in deep tendon reflexes or posi
tive plantar responses. In .one study (20), 24 of 36 
patients with atlantoaxial subluxation by x-ray had symptoms 
of cervical cord myelopathy. These symptoms may increase in 
severity, and death may result from severe compression of 
the cord, obstruction of the vertebral arteries, or snapping 
of the weakened odontoid process, which impinges into the 
foramen magnum (24, 25). , 

The findings in 32 patients studied by Nakano et al are 
shown in Table 58. 
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A more recent study by Nakano et al (26), however, suggested 
that the preferred approach was use of a halo traction device 
followed by posterior fusion, with or without laminectomy. 
Thus once it was clear that neurological signs or symptoms 
were progressive, little was to be gained by waiting or by 
nonsurgical therapy (Table 59). 

Therapy 

TABLE 59 

/Uodts of Thmzp)' in Patimfl with Ctn·iral Mytlopathy Stcondary to RA Cm:iral DistaJt 

No. ofPatients 
No. Worse 
after One Year 

Nonsurgical (collar, halter traction, medical) 
Surgical 

19 
12 
3 
3 
4 
2 

7 
1 
0 
0 
1 
0 

Posterior laminectomy 
Traction, then laminectomy 
Posterior fusion 
Traction, then fusion 

Halo traction alone 1 

(From Reference 26) 

TABLE 60 

0 

Entrapment Syndromes of Rheumatoid Arthritis 

Median nerVe 
Carpal tunnel syndrome 
"Double crush" syndrome of the median nerve 

Ulnar nerve 
Cubital canal syndrome--at elbow 
Canal of Guyon syndrome--at wrist 
"Double crush" syndrome of ulnar nerve 

Radial Nerve 
Posterior interosseous syndrome 

Sciatic nerve 
Tibial or common peroneal entrapment by 

a Baker (popliteal) cyst 

Common peroneal nerve 
Pressure palsy 

Posterior tibial nerve 
Tarsal tunnel syndrome 
Medial plantar syndrome 
Lateral plantar syndrome 

(Adapted from reference 30) 
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Neck trauma should be avoided if at all possible in these 
patients. Automobile accidents with whiplash injury, intu
bation, and extreme head positions under anesthesia or even 
at the hairdresser should all be avoided. [However, in spite 
of the above considerations and precautions, the experience 
of the author suggests that the majority of patients with 
significant subluxation by x-ray do not have cord symptoms]. 

Entrapment or compression neuropathies may occur in patients 
with RA (Table 59). {30) These include the carpal tunnel 
and tarsal tunnel syndromes, ulnar nerve entrapment syndrome, 
and entrapment of the posterior interosseous branch of the 
radial nerve. 

Median nerve. 
The carpal tunnel syndrome is the most common of 

these entrapment syndromes in RA. In a study of 29 patients 
(31) and 23 normal control individuals over the age of 40 
years, the symptoms of numbness, tingling, and burning in 
the median nerve distribution were found to be significantly 
increased in the patients. There was no relationship between 
symptoms and sex, duration of RA, erythrocyte sedimentation 
rate, rheumatoid factor, functional class, x-ray stage, limi
tation of wrist motion, swelling, or wrist tenderness. Symp
toms were related to a positive Tinel test. By electromy
ography, symptomatic rheumatoid patients had significantly 
slower conduction across the carpal tunnel than the remaining 
rheumatoid patients. This study concluded that complaints 
of nUmbness, tingling, and burning in the median nerve distri
bution plus a positive Tinel (tapping over median nerve) or 

t· Phalen (flexion of wrist to compress median nerve) test sug
\ gests the diagnosis of carpal tunnel syndrome. 

The diagnosis can be substantiated by electromyography. 
Approximately two-thirds of patients with verified carpal 
tunnel syndrome will have prolonged median motor latencies 
when the nerve is stimulated at the wrist (32, 33). About 
85%-95% of affected hands will have prolongation of median 
distal sensory latencies (beyond 3. 5 msec) ( 34). ·In a group 
of 36 patients with early RA, the incidence of electrodiag
nostic abnormalities was 5.5%. The incidence of patients 
with clinically diagnosed carpal tunnel syndrome who under
went electrical tests was 17%, and the overall incidence was 
23% (35). Splinting the wrist in slight extension or inject
ing a corticosteroid preparation into the carpal tunnel pro
vides prompt short-term relief in the majority of cases (34). 

However, patients with thenar atrophy or progression of 
numbness and weakness should have surgery (36). Sectioning 
the transverse carpal ligament will usually relieve the 
patient's symptoms. The "double crush" syndrome is the com
bination of cervical spondylosis and carpal tunnel syndrome 
in a patient with RA. 
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Ulnar nerve. 
Ulnar nerve neuropathy secondary to compression at 

the cubital fossa occurs uncommonly in the rheumatoid patient. 
Compression is due to synovitis extending extraarticularly 
(1). A large olecranon bursa may also compress the ulnar 
nerve. Decompression and excision of the synovial mass 
results in alleviation of symptoms. Elbow entrapment causes 
weakness of the flexor carpi ulnaris, flexor digitorum pro
fundus of the fourth and fifth fingers, and intrinsic muscles. 
Sensory loss involves the dorsum of the ulnar aspect ·of the 
hand. Rarely the synovium within the carpal tunnel can bulge 
and compress the ulnar nerve proximal to Guyon's canal, re
sulting in symptoms that simulate ulnar nerve neuropathy at 
the elbow. If ulnar nerve entrapment and lower cervical spine 
disease (C8, Tl) occur concomitantly, as with. the median nerve, 
it 'is known as the "double crush 11 syndrome of the ulnar nerve. 

Radial Nerve. 
A few patients have been reported with posterior 

inserosseous nerve paralysis secondary to RA (37-39). Clin
ically, there is an inability to extend the fingers and thumb. 
The condition is a compression neuritis of the posterior inter
osseous nerve secondary to elbow synovitis bulging anteriorly 
against the overlying supinator muscle. In many patients 
the diagnosis of extensor tendon rupture has erroneously been 
made (37). Treatment by injection of corticosteroids may 
help. Synovectomy with radial head resection may also be of 
value. 

Sciatic nerve. 
Occasional patients with RA and synovitis of a knee 

will develop popliteal (Baker) cysts. They may dissect into 
the calf and sometimes rupture. When inflamed they may closely 
simulate thrombophlebitis, including a positive Homan sign. 
If~anticoagulants such as heparin are given, hemorrhage into 
the cyst may occur. Such a cyst may involve the peroneal or 
tibial nerves or both (1). If the common peroneal nerve is 
involved, one will see paresis of the peroneal muscles, tibi
alis anterior, extensor hallucis longus, extensor digitorum 
logus, and extensor digitorum brevis. Sensory loss will occur 
over the lateral leg and dorsum of the foot. When the tibial 
nerve is involved, there will be weakness of the gastrocnemius, 
soleus, tibialis posterior, flexor digitorum longus, flexor 
hallucis longus, and the intrinsic muscles of the foot, 
including the heel and the posterolateral aspect of the calf. 

Aspiration of synovial fluid from the knee joint followed by 
instillation of corticosteroids may improve symptoms when 
popliteal or posterior calf cysts communicate with the knee 
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joint. If the cyst continues to be a problem symptomatically, 
synovectomy of the knee may be necessary in order to decrease 
synovial fluid formation. If improvement is not permanent, 
then careful dissection and ligation of the pedicle of the 
cyst may be required. 

Peroneal nerve. 
Pressure palsy of the common deep or superficial 

peroneal nerve is apparently due.more to immobility and a 
pressure-vulnerable area rather than a true complication of 
the rheumatoid process (1). 

Posterior tibial nerve. 
The tarsal tunnel syndrome (40) results from com

pression of the posterior tibial nerve beneath the flexor 
retinaculum along the medial malleolus in the foot. It is 
caused by· rheumatoid tenosynovitis affecting the tendon 
sheaths of the tibialis posterior long foot flexor tendons. 
Clinically there are paresthesias over the first three toes, 
and patients may complain of "burning feet", expecially at 
night, and may have difficulty with the intrinsic toe muscles. 
As with the carpal tu~~el syndrome, local corticosteroid 
injection may be helpful. A partial tarsal tunnel syndrome 
involving only the medial or lateral plantar nerves may also 
be seen. Complaints include weakness or burning of the feet. 

Peripheral neuropathg 
- This is a well-recognized complication of RA (41, 

42). A mild distal sensory neuropathy and a severe sensori
motor neuropathy (mononeuritis multiplex) are the two predom
inant clinical patterns (43). In each, the major etiologic 
factor is an occlusive arteriopathy (44, 45). According to 
one study (46), segmental demyelination is the fundamental 
nerve abnormality in RA. In a study by Dyck et al (47), nerve 
fiber degeneration was found to be related to sites of vessels 
occluded due to arteritis. With the distal sensory neuro
pathy, patients may complain of paresthesias, dysesthesias, 
or "burning feet." Examination may show decreased touch and 
pin sensation distally in the toes and feet and decreased 
vibratory sensation. With the more severe sensorimotor neu
ropathy, the patient may have symmetric distal weakness of 
the limbs in addition to diminished touch and vibratory sen
sations. In a study of five patients with rheumatoid neuro
pathy of vascular etiology, nerve fibers showed axonal degen
eration (48). One patient with acute neuropathy had acute 
necrotizing arteritis in vessels of the sural nerve with 
deposits of IgG, IgM, and B1 C present (Table 61). 
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TABLE 61 

Vessel Immunopathology in Sural Nerve Biopsies 

Durat1cn before b1opsy (days I Artencs 

Pat1ent Neuropatny Stero1d therapy " Histolor:ic <.:hange -Immunofluorescence 

8 0 Fibr inoid necrosis: lgG. lgM. ,; lC 
PMN a1rd 
monocell infiltrate 

Int imal p•oli1erat1on F1brmo ;zen 
2 60 25 Intimal pr oliferat1on F 1br mogen 
3 48 25 Intimal p·olitP.rat1on: F1bnnogen 

perivas-:ular fibrOSIS 
4 53 0 Intimal proliferat10r:1 t 
5 60 90 Penvascu lar t 

mononucl< ~-'lr cells 

#Dosages: P<:~tient 2. rredn isone. I 00 mr.lday: Patient 3. prednisone . 80 mr:tdOJy: Pat1!:'nt 4. methylprerl· 
n isolone m polyethylene ~lycol. 51:1p,le lllJCCtion. -40 mr,: PJt1cnt 5. prcd••ISCn<:). 15 rn1u day 

tlnsuflicient vessels for ev;Jiuat1on -

(From Reference 48) 
' ' 

Intimal proliferation was present in 4 of the 5 cases, sug
gesting that sural nerve biopsy may be valuable for diag
nosis of peripheral neuropathy. Unfortunately, as shown in 
Table 62, two patients without clinical evidence of periph
eral neuropathy (cases 1 and 7) also had internal prolifera
tion in the arteries supplying the sural nerve. 

""" 
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TABLE 62 

Summary of pathological data in rheumatoid patients 

Patho· Cue An& to· Sural nerve findings 
logical mica I 
p&ttem atage Arterial changee Cellular or C.T. M velinatf>d Teued fibrN 

changes fibre population 

Group I 2 II None None Normal Segmental demyelina· 
tion, pronounced 
remyelination 

3 II None None Nonnal Segmental demyelina· 
tion, pronounoed 
remyelination 

4 II None Perin<>ural Normal Segmental demyelina· 
thickening tion, pronounced 

remyelination 
li n None None Normal Segmental demyelina· 

tion, pronounned 
remyelination 

Group II I Intimal prolifera· Perineural Normal Segmental demyelina· 
tion, p&rtial thickening tion, minimal 
oooluaion remyelination 

7 III Intimal prolifera· None Normal Sogmental demyelina· 
tion. partial tion, minimal 
oooluaion remyelination 

Group m 6 III Elaatic lamina Perineural Patchv loaa of Wallerian-type 
fragmentation thickening, Iarie myelin· riegenerat.ion 

Schwann cella ated fibres 
diminiahed 

s• III Intimal proliiera· Perineural Severe fibre Wallerian-type 
tion, total thickening, lou degen.,ratiou 

-oooluaion Schwann cell 

9•• III Nov~ 
proliferation 

Perineural No myelinated End-atage Wallerian· 
thickening, fibrN remain type d61feneration 
Schwann cella 
diminiahed 

Rheumatoid factor (immunotluor-nct>)-negati\·e in all cUM. 
• ?.Hid, diatalaenaory neuropathy. 

•• Severe, aenaorimotor neuropathy . 

(From Reference 46) 
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C. Polyarteritis Nodosa (PAN) 

The major neurological manifestations of polyarteritis nodosa 
(PAN) are shown in Table 63. (1-8). 

TABLE 63 

Neurologic Manifestations of Polyarteritis Nodosa 

Peripheral Neuropathy 60-70% of Patients 
Mononeuropathy 
Multiple Mononeuropathy 
Polyneuropathy 

Cerebral Manifestations 40-50% of Patients 
Arteritis of Small and Medium-Sized Arteries 

with Thromboses and Hemorrhages 
Convulsions, Visual Disturbances, Vertigo, 
Dizziness, Focal Cerebral Deficits, Coma 

Uremia and Acute Hypertensive Crisis 
Cranial Nerve Involvement 15-20% of Patients 

Especially II - VIII 

Spinal Cord Involvement 
Transverse Myelitis 

Cogan's Syndrome 

Rare 

Non-syphilitic Interstitial Keratitis, 
Mixed-conduction and Nerve Deafness and 
Labyrinthine Deficits 

Pathologically; PAN is characterized by focal, disseminated, 
inflammatory lesions of small and medium sized arteries. 
Lesions are segmental, "nodal" and result in scarring, occlu
sion, small aneurysms or hemorrhage. 

In a series of 40 patients with PAN (9), 15 or 38% of patients 
had peripheral nervous system involvement and 11 or 28% had 
involvement of the CNS (Table 64). 



TABLE 64 

Clinical Presentation in 40 Patie11ls 
tdth Polyarteritis 

System Number Per cent 

Constitutional symptoms 
Organ system involvement 

Skin 22 55 
Muscle 22 55 
Gastrointestinal tract 16 40 
Peripheral ·nervous system 15 38 
Joints 14 35 
Central nervous system 11 28 
Hy~rtension 10 25 
Lungs 9 23 
Heart 7 18 
Ear, nose or throat 6 15 
Kidneys 5 13 
Peripheral vascular system 4 10 
Eye 2 5 
Endocrine organs 2 5 

(From Reference ~) 

Ah angiographic study of 17 patients was performed by Travers 
et al (10). Ten (59%) had mononeuritis or polyneuritis and 
7 (41%) had CNS involvement. The incidence of CNS involve
ment was higher in a group with demonstrable aneurysms (Table 
~). 
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Sex 
Age (yr) 

Duration of disease (mol 
Weight lou 

Fever 
Hypertension-mild 

-severe 
Retinopathy 
Rsnal involvement 
Pulmonary involvement 
Cardiac involvement 

CNS involvement 
Mononeuritis/polyneuritis 
Abdominal pain/diarrhoea 

Liver involvement 
RES involvement 
Potya:-:!'tritis 
Sicin 

ENT symptoms 
M:.:$Cie involvement 

TABLE 65 

. Clinical Features in PAN 

Aneurysm 
Group• 

(1 0 Patients) 

7M:3F 
1 5-58 (mean 421 
4-20 (mean 8.3) 
9 (90%1 
8(80%) 
2 (20%) 
6(60%) 
6(60%) 
8180%) 
8180%) 
9 190%) 
5 (50%) 

6160%) 
9(90%) 

6160%1 
5150%) 
5 150%) 

5150%) 
2120%) 
8(80%) 

Non·eneurysm 
Group 

17 PatieniS} 

6M: 1F 
16-56 (mean 40) 
17 days-24 mo (mean 8.8) 
3(43%) 
5 (71%) 
3143%) 
1 (14%) 

2128%) 
5(71%) 
4157%) 
6 186%) 
2129%) 
4157%) 
2129%) 
5 171%) 
3 (43%) 
4157%) 
6(86%1 
3143%) 
5 (71%) 

• 01viced on the basis of ar.giographic findings iT able 4). 

(From Reference 10) 

Over an 
117 PatieniS) 

12 171%) 
13 (13%) 

5(29%) 
7 (41%) 

8147%) 
13 (77%) 
12 171%) 
15 (89%) 
7 141%) 

10 (59%) 
11 (65%) 
11 (65%) 

8(47%) 

9153%) 
11 (65%) 

5(29%) 
13 177%) 

CNS manifestations included hemiplegia, aphasia or construc
tional apraxia, subarachnoid hemorrhage due to ruptured 
aneurysm, nonsteroid related psychosis, and drowsiness and 
confusion. Cranial nerve involvement was not seen. 

"--
Peripheral nerve involvement included 2 patients with a sym
metrical polyneuropathy. In 8 patients it took the form of 
mononeuritis affecting one (3 patients), two (3), 3 (1), or 
5 (1) peripheral nerves. The nerves affected included common 
peroneal (8 patients), sural only (3), lateral cutaneous nerve 
of thigh (1), radial (1), ulnar (3), and median (1). Thus 
the nerves affected most often originated from the sacral ! 
plexus. (12/17). 

A large series by Frohnert and Sheps (11) of 130 cases of 
PAN demonstrated that 72 (55%) of the patients had nervous 
system inolvement. 68 of these had mononeuritis multiplex 
and 4 had CVA's (Table 66). 
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TABLE 66 

CLISICAL FEATURES IN 130 CASES OF PERIA:RTERITIS NODOSA 

Cases 

System and Symptom No. % 

G~neral 
Fever 99 76 
Weight loss 92 71 

Articular 76 58 
Arthralgia 43 
Arthritis 33 

Epidermal 75 58 
Rash 37 
Petechiae 36 
Nodules 24 
Ulcerations 8 
Livedo reticularis 6 
Pruritus 3 
Raynaud's phenomenon 2 

Nervous 72 55 
Mononeuritis multiplex 68 
Cerebrovascular accident 4 

Respiratory so 38 
Bronchitis 26 
Pneumonia 21 
Asthma 20 
Pleurisy 5 
Hemoptysis 4 

Muscular 39 30 
Myalgia 39 

Gastrointestinal 18 14 
-...., Duodenal ulcer 11 

Mouth ulcer 4 
Gastric ulcer 4 
Melena 3 
Hematemesis 1 
Jaundice 1 
Small bowel infarction 1 

Cardiac 13 10 
Congestive heart failure 8 
Angina pectoris 3 
Pericarditis 2 
Myocardial infarction 1 

Renal 11 8 
Flank pain 9 
Hematuria 5 

Vascular 7 5 
Phlebitis 4 
Arterial occlusion 2 
Lymphangitis 1 

Genital 3 2 
Epididymitis 2 
Orchitis 1 

(From Reference 11) 
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In the type of PAN associated with Hepatitis B (vasculitis 
with Hepatitis B antigenemia), long term observations were 
reported for 9 patients (Figure 20). Mononeuritis multiplex 
occurred in 7 of the 9 hepatitis-a positive patients and CNS 
involvement occurred in approximately 35%. 

100 

50 

60 

40 

Figure 20 

\'.-\SCL.LITIS wrm m:PATITIS B 

PRESENTING MANIFESTATIONS OF \'ASCULITI S 

~ HB+ w HB-

Mono· Fever A~dominal Hyper· Renal C~S Rash Scleritis 
neuritis pain tension disease 

(From Reference 12) 

In a similar study of 10 patients with diffuse arteritis 
associated with Hepatitis B antigenemia (13), peripheral neu
ro~athy and CNS disorders occurred in 3 patients each. Three 
patients developed a stocking-glove sensorimotor neuropathy 
typical of mononeuritis multiplex characterized by weakness, 
footdrop, and impairment of pain and sensory perception. 
Necrotizing vasculitis was present on histologic examination 
of muscle and/or peripheral nerve. 

Stupor, confusion and poor memory, without localizing neuro
logical signs, were features of CNS involvement in one 
individual. CSF was normal. A second patient had transient 
global aphasia, motor retardation, and a right seventh nerve 
paresis associated with a CSF protein of 93 mg/dl. Major 
motor seizures, headache, nausea and vomiting were recurrent 
features in a third patient. EEG's in all 3 patients were 
consistent with a diffuse encephalopathy. 
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An interesting case was reported by Schimmer and Bloch (14) 
in which the patient had mixed IgM - IgG cryoglobulinemia 
and PAN. The patient exhibited non-deforming arthritis, 
Raynaud's phenomenon, cutaneous vasculitis, and a sensory 
neuropathy. The patient also developed visual symptoms which 
were attributed to an alteration in the circulation in the 
posterior occiptal cortex. 
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D. Progressive Systemic Sclerosis (Scleroderma) 

The nervous system is rarely involved in scleroderma. In a 
study of 130 patients, 24 were found to have a total of 28 
neurologic manisfestations (1). However, none were defi
nitely related to the primary pathological process of sclero
derma. This may be due to the lack of collagen fn the brain. 

Involvement of the peripheral nervous system is also rare, 
but mild peripheral neuropathy results in paresthesias and 
sensory lesions. Trigeminal sensory and other neuropathies 
(2-6) and subacute combined degeneration following vitamin 
B12 deficiency caused by scleroderma! involvement of the 
small intestine (7) have ~!so been reported. 
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E. Dermatomyositis and Polymyositis 

According to Pearson (1), pure neuro1ogic symptoms do not 
occur in this condition, and deep tendon reflexes are normal 
or depressed in accordance with the associated muscular 
weakness. 

There is a case report of a patient with dermatomyositis and 
agammaglobulinemia who developed a subarachnoid hemorrhage 
which was believed to be due to CNS vasculitis (2). 

/ 
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F. Rheumatic Fever 

This disease is an unusual cause of cerebral vasculitis. 
The most common type of involvement is that of Sydenham 1 s 
chorea (1). 

A comparison of clinical and laboratory features of Syden
ham 1 s chorea and chore.a preceding SLE is shown in Table 6 7 . 

TABLE 67 

· Table 3.-Comparison of Clinical and Laboratory Features of Sydenham's Chorea and Chorea Preceding Systemic Lupus 
Erythematosus (SLE) 

Sydenham's Chorea" Chorea Preceding SLE• 
Age at onset, yr 

Range 6-18 7-51 
Mean 9-11 17 
Median age Same 15 

Sex ratio \-
Female:male 2:1 v 6:1 

Duration of chorea 
Range 4 wk-1 yr 1 wk-6 mo 

Average - 10 wk 12 wk 

Frequency of relapse 30% 50% 

Laboratory data 
Elevated erythrocyte sedimentation rate ( 30% 85% 

Antistreptolysin 0 titer ~ 250 Todd units \ 63%t 80% 

"See also Table 1. 
tWhen more than one determination is performed. 

' 
' 

(From Reference 2) 

> 

. 
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III. Granulomatous Vasculitis 

A. Wegener's Granulomatosis (WG) 

A simplified summary of the most common manifestations of 
nervous system involvement is shown in Table 68. 

TABLE 68 

NERVOUS SYSTEM INVOLVEMENT IN WEGENER' S GRANULOMATOSIS 

Granulomatous Lesions of CNS 

Vasculitis of CNS 

Vasculitis of Peripheral Neryous System 

Infection of CNS 

(From References 1-5) 

A more complete outline of the neurological manifestations 
as suggested by Drachrnan (6) is shown . in Table 69. He 
suggests 3 basic types of processes: those caused by direct 
granulomatous invasion by contiguity; those caused by remote 
granulomatous lesions; and those resulting from vasculitis 
involving either the CNS or peripheral nervous system. 
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TABLE 69 

NEUROLOGICAL MANIFESTATIONS OF 'WEGENER'S GRANULOMATOSIS 

Condition 
~ 

I. Granulomatous invasion by contiguity 

Exophthalmos 

Optic nerve or chiasm involvement 

Pituitary involvement; 
diabetes insipidus 

Vestibular involvement; 
VIIIn. deafness 

Pathologic involvement of base of 
brain, meninges 

Facial neuritis 

Ophthalmoplegia 

II. Remote granulomatous lesions 

Cranial nerve involvement 

Intracerebral multiple granulomata 

Granuloma of skull 

III. Vasculitis of nervous system 

Mononeuritis multiplex 

Polyneuritis 

Intracerebral hemorrhage 

Subarachnoid hemorrhage 

Cerebral arterial thrombosis 

Myopathy 

Venous thrombosis 

(From Reference ~) 
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% of Total Cases 

26 

12 

7 

4 

3 

7 

4 

3 

4 

2 

1 

1 

28 

13 

8 

3 

2 

3 

4 

1 



The incidence of involvement of the various cranial nerves 
is shown in Table 70. 

Nerve 

Olfactory 

Optic 

Oculomotor 

Trochlear 

Trigeminal 

Abducens 

Facial 

AcQustic 

Glossopharyngeal 

Spinal Accessory 

Hypoglossal 

TABLE 70 

CRANIAL NERVE INVOLVEMENT IN 
WEGENER'S GRANULOMATOSIS 

No. of Cases 

1 

10 

9 

7 

7 

8 

8 

8 

and Vagus 3 

3 

1 

(From Reference 7) 

Involved 

A summary of all neurological cases reported to 1976 ~s 
shown in Table 71. 
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TABLE 71 

·- -- .. -
Neurologic Complications In Wagener Granulomatosis ! 

No. ot Neurologic 
y • ., Author No. of Cat•s Complications Type 

1954 Godman and Churgl 29 1 Granuloma of dura 
1955 Cogan' • I Sevenlh 10 twelttn nerv• palsy 

1958 Walton" 56 15" " Neuropathy'' 

1961 New England Journ•l , I 1 Seventh to h'r'&ltth nerve palsy 
of MedicineH 

1963 Orachman• lOS 57t 41 ~{. confi~uous to nasal lesions 
7o/. remote granulomat 
52~~ vasculitis 

1956 CarrinQIOn and Liebow' 16 I Peripheral neurooathy 

1967 Nielsann 3 1 EiQI'1th ne.rve deafness 

1970 Cassanu 4 2 Paresis of ninth to tweltt11 craniaJ 
nerve> (Collet.Sicard syndrome) 

.. Meninoeal lesiona" 

1971 Novack14 4 3 ' ' Cerebritis," proptosla. 
orbital destruction 

Seventh nerve palsy: eighth nerve deafness 
Third nerve oalsy; seventh nerve palsy 

1973 Fauci ana Woltf' 18 5 Peripheral neuritl,, cerebral vasculitis, 
Peripheral neuritis, seventh nerve palsy 
Optic neuritis 
Seventl'l nerve palsy 
Firth nerve involvement 

• Includes Cogan'. 
t Includes co, an'. Case Records.n 

(From Reference ~) 

In a study of 21 patients at the NIH (9), 24% had either 
mononeuritis multiplex or cranial neuritis (Table 72). 
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Patient 

2 
3 
4 
5 
6 
7 
8 
9 

10 

+ 
++ 

+++ 
+""-·-

TABLE 72 

Typical Clinicopathological Features in 21 Patients with 
Wegener's Granulomatosis 

Organ System Percent of Typical Features 
Involve:! Patient! 

Nasopharynx 91 rvrucosal ulceration with 
necrotizmg granulomata: 
saddle-nos.: defonnity 

Paranasal sinuses 95 Sinusitis; necrotizing 
granulomas ; secondary 
bacterial infection 

Ears 38 Serous otitis media 
Eyes 43 Granulomatous 

sclerouveitis 
Lungs 100 Bilateral nodular and 

cavitary infiltrates ; 
necrotizing granulomatous 
vasculitis 

Kidneys 81 Focal glomerulitis in early 
stage; fu lminant 
glomerulonephritis in 
advanced cases 

Heart 29 Coronary vasculitis; 
pericarditis 

Nervous system 24 Mononeuritis multiplex ; 
cranial neuritis 

Skin 48 Ulcerations secondary to 
vasculitis 

Joint! 57 Fleeting polyarthralgia 

(From Reference 2) 
A study of 10 patients with WG by Reza et al (10) shows the 
nervous svstem involvement in comparison with other sites 
(Table 73). 

TABLE 73 

Organ SyJtem bwolvtment in 10 Patie11ts u: iih Jf"rgtnt>r 's C1n.nulomalosw 

Puanasal 
Pharynx SinuJeS 'Elln E~·es Lungs Kidney Skin Joint 

+ + + +++ +++ 
++ +++ +-:--:-+ +++ + ++ 
++ ++ ++ ++ 
+ +~~ ++ + 

++ +++ ++ +++ +++ 
++ + ++ +++ +++ 

+++ ++ +++ ++ +++ ++ 
+ ++ +++ + 
+ ++ +++ +++ ++ 

+++ +++ +++ .,. +++ + 
milu. 
modcutc. 
SC\·crc. 

= extremel y severe. 

(From Reference 10) 
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In all cases cyclophosphamide induced complete remissions. 

Haynes and Fauci (11) recently reported a fascinating case 
of a patient with diabetes insipidus associated with WG 
which was successfully treated with cyclophosphamide (11, 
12). The lab data are shown in Table 74. 

TABLE 74 

~. · . Laboratory Data before Cyclophosphamide Therapy 
in a Patient with Wegener's Granulomatosis and Diabetes In

sipidus. 

MEASUil&MENT 

Water-deprivation test: 
Ohr 
3 hr 
After 5 U of vasopressin 

subcutaneously 

287 
302 
• 

(MOSM/ UTU.) 

Plasma testosterone 567 ngf dl (normal, 250-1250) 

Plasma luteinizing hormone 23 m!U f ml {normal, 6-26) 

Plasma follicle-stimulating 32 miU f ml (normal, 5-25) 
hormone 

Plasma prolactin 47.5 ngf ml (normal, 2-26) 

"Not dono. 

(From Reference 11) 

1,/~INE 

87 
192 
466 

The most likely pathogenesis was believed to be involvement 
of the hypothalmus or pituitary stalk by granulomatous 
infiltration. It was suggested that the granulomatous 
inQammatory process, either affecting hypothalamic vascula
ture or causing a mass lesion, led to secretory dysfunction 
of the supraoptic and paraventricular nuclei. 

Optic involvement has been commonly reported (13-16). A 
recent case of cortical vein thrombosis was also described 
( 17). 
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B. Granulomatous Angiitis 

Granulomatous Angiitis is very similar to Wegener's granulo
matosus. A comparison with other types of vasculitis is 
shown in Table 75. 

TABLE 75 

-Dif!=t::t:tf~l Diagnosis 

Principa l Organ Vascular Giant 
Affected Vessels Involvement Necrosis Cells Eosinophils 

Granulomatous aneii t is arterioles, venules principally CNS + + 
of the CNS 

Aller~:ic granulomatosis small arteries and veins: many + + + . 
of Churgand Strauss extravascular 

Cranial arteritis small and medium. sized cr•nial extracerebral + + 
arteries vesuls 

Periarteritis nodou small and medium·sized many + + 
arteries 

Takayasu's disease larie arteries great vessels :: + 
Sarcoidosis extravascular lung, lymph nodes, + 

many others 

(From Reference 18) 

The neurologic symptoms and signs in 16 cases are shown in 
Table 76. 

TABLE 76 

(From Reference 18) 

The CSF findings are shown in Table 77. 

TABLE 77 

• -<lrsnufomatous Angiitis of lhe CHS: 
Clinical Features in 16 Cues• 

Duration 
3 days·6 weeks 
9~ mo-3'.4 yr 

Symptoms and signs 
Mental changes 
Headache 
Hemiparesis 
Oysphas~ 
Papilledema 
Seizures 
Diplopia 
Impaired vision 
F'araDaresis 

8 
8 

12 
11 
9 
8 
6 
6 
5 
4 
3 

• Age of patients ranged from 18 to 96 years. w1th a 
mean of 50 years. 

(From Reference 18) 
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The disease process pathologically in each of the patients 
was characterized by a granulomatous inflammatory reaction 
in the walls of cerebral vessels . . Chiefly affected were 
small arteries and veins with a diameter of less than 200~. 
Occasionally, larger vessels, including primary branches of 
the major cerebral arteries, showed evidence of the disease. 
In some cases the capillaries were also involved. Veins 
were frequently more involved than arteries. Serial sections 
demonstrated that multiple separate, discrete granulomas 
could be found along the course of a single blood vessel. 
The vascular lesions bore no constant relationship to bifur
cations of vessels, in contradistinction to PAN, in which 
there appears to be a predilection for bifurcations . 

• 
Thus the major findings in this disease are summarized in 
Table 78 (18, 19). 

TABLE 78 

Granulomatous Angiitis 

Clinical Symptoms and Signs 
Headaches_ 
Mental Changes 
Dysphasia 
Focal Motor Signs 
Ocular Disturbances 

CSF Findings 

Pathology 

Elevated Pressure 
Lymphocytosis 
Increased Protein Levels 
Normal Glucose Values 

Nodular, asymmetrical, giant-celled, 
granulomatous angiitis affecting all 
sizes and types of blood vessels 
within the CNS 

Steroids are occasionally beneficial (18). 
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IV. Giant Cell Arteritis 

A. Temporal Arteritis (TA) and Polymyalgia Rheurnatica (PMR) 

The major types of neurologic manifestations in these condi
tions are shown ~n Table 79 (1-14). 

TABLE 79 

Neurologic Manifestations of PMR-Giant Cell 
Arteritis Syndrome 

Hemiparesis 

Subarachnoid Hemorrhage 

Diffuse Cerebral Dysfunction - Dementia, 
Confusion, Hallucinations or Coma 

Visual Disturbances and Blindness 

The typical site of temporal arteritis is shown ~n Figure 
21. 



14. Contu, R. E. et al. Limited form of Wegener's granulo
matosis. Eye involvement as a major sign. J. A. M. A. 
233 (No. 8): 868-871, 1975. 

15. Haynes, B. F. The ocular manifestations of Wegener's 
Granulomatosis. Fifteen years experience and review of 
the literature. Am. J. Med. 63: 131-141, 1977. 

16. Thawley, S. E. Wegener's Granulomatosis: Unusual 
indication for orbital decompression. Laryng. 89: 
145-154, 1979. 

17. Mickle, J. P. et al. Cortical vein thrombosis in 
Wegener's granulomatosis. Case report. J. Neurosurg. 
46: 248-251, 1977. 

18. Kolodny, E. H. et al. Granulomatous angiitis of the 
central nervous system. Arch. Neurol. 19: 510-524, 
1968. 

19. Sandhu, R. et al. Granulomatous angiitis of the CNS. 
Arch. Neurol. 36: 433-435, 1979. 
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Sit~ of temporal art~ritis 

Superficial 
temporal artery 

Common 

Figure 21 

carotid artery-----___;----'-~~ 

(From Reference 14) 

A typical vessel involved by TA is shown in Figure 22, demon
strated marked intimal proliferation. Microscopic sections 
usually show granulomatous infiltration affecting primarily 
the media and intima, with mononuclear cells, necrosis, loss 
of muscle fibers, and multinucleated giant cells. 
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Figure 22 

PT1otomicrographs of right (A) and left (B) temporal arteries of a 78-year-old man shoTD an 
e:rcessi'De proliferation of the intima TDith almost complete obliteration of 'Dascular lumen. The elastic 
lamina is fragmented and numerous multinucleated giant cells are found. In the ad"iJentitia, a moderate 
number of inflammatory cells, predominantly lymphocytes, are present (arroTDs). 

(From Reference 14) 

Healey and Wilske (15), recently reported their findings in 
50 patients with giant cell arteritis (TA) (See Table 80). 
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TABLE 82 

.. .:Hnic:al Features of 42 Patients with Temporal Arteritis in 
Olmsted County, Minnesota, (1950 to 1974, Inclusive) 

Finding Oriset Onset Total 
Before After 

Diagnoiis Diagnosis 

no. % 
Headache 36 2 38 90 
Tender temporal artery 29 0 29 69 
Claudication 28 I 29 69 

Jaw 27 I 28 67 
Tongue ... 3 0 3 7 
Deglutition 3 0 3 7 
Limb 1 1 2 s 

Weight loss 19 4 23 ss 
Polymyalgia rheumatica 9 11 20 48 
Swollen or nodular temporal 

artery 19 0 19 45 
Absent temporal artery pulse 16 1 17 40 
Visual symptoms IS 2 17 40 

Blurred vision 6 2 8 19 
Diplopia s 0 s 12 
Transient loss s 0 5 12 
Permanent partial loss 4 0 4 10 
Permanent complete• 3 1 4 10 

Fever, >37.7 oc 8 I 9 21 
Peripheral joint pain 7 2 9 21 

• One or both eyes. 

(From Reference 16) 

In this series, headache occurred in 90%, tenderness of the 
temporal artery in 69%, claudication in 69 (mostly jaw), and 
visual symptoms in 40%. 

In another series of 35 patients (Table 83), headache was 
present in all 35 patients, 7 patients had depression, 5 had 
diplopia and 4 had mental confusion. There were no overt 
neurological abnormalities. 
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TABLE 80 

Presenting Complaints of SO Patients 
with Giant Cell Arteritis 

Polymyalgia rheumatica 
Srm~toms of temporal arteritis 
Weight luss, malaise, "flu" · • · 
Fever of undetermined origfn 

• Loss of \'tsion 
Anemia 
Headache 
Neck pain 
Clau~icatiun, leg 

(From Reference 15) 

16 
13 

.. -6 
5 
2 
2 
2 
1 
1 

-~ - ·. ..... 

The clinical manifestations are shown in Table 81. Fourteen 
patients had visual disturbances and 6 had peripheral neuro
pathy. 

TABLE 81 

Clinical Manifestations in SO Patients with 
Giant Cell A1·teritis 

Polymyalgia rheumatica 
Symptoms of temporal arteritis 
Fever (Temperature > lOO•FJ 
Visual m:mifestations ·· 
jaw pain (claudication) 
Peripheral neuropathy 
Claudication. leg 
_Rup_n.rre_gf ao_!"tic aneurysm 

(From Reference 15) 

31 
31 
15 

.. 14 
10 

6 
4 

A 25-year epidemiologic, clinical, and pathologic study was 
performed in Olmsted County, Minnesota from 1950 through 1974. 
The clinical features of the 42 patients with TA are shown 
in Table 82. 
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external rectus 
the combination 

TABLE 84 

__ ... . ---- - ... --Neuro-ophthalmic complicatioos (80 casn) 

8filfdMU 
Unilateral 
Bilatcnal 
Ophtholmop/qitz 
VI nerve palsy: 
Unilateral 
Bilateral 
JII nerve palsy: 
Unilateral 
Bilateral 
Diplopia only 

No.ofcosrs 

~:}46(37-$~~) 

j l.2(1S~;J 
~J 

3 patients with ophtha.lmopl~aia later developed t>lindne» 

(From Reference 23) 

palsy (Figure 23), 
of miosis, trismus 

Figure 23 

hallucinations (26) 
and dysphagia (27). 

(From Reference 25) 
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TABLE 83 

Clinical Featurt·.~ in J.; ?uticn/.• ll'i/1. Giuni-C'ell ..lr/t~·itiiJ·-Pirst Stage (llcaduche) 
(From nus~ell, lL \\". H.: Gi:lllt -cdl artt>rit i~. A n·vi('\\' ur 35 C:l~f'S, {}twrl. J. Jled. 

28: -til. Hl5!).) 

8ympton1.~: Headache (se\·erel 
HE•adachc (~li,;ht 1 

Tender scalp 
f ;t>nt>ral malai<'e 
Loss of v.·eight 
Anorexia 

Sig~ts: 

Insomnia 
::.\Iuscular pain 
E:.,.cessiYe sweat.iug 
Pain 1111 t>atiug 
Indigestion 
l )epression 
\' ert ig() 
Sort> throat 
Diplopia 
::,\Iental cuufusion 
Epistaxis 

Tt>nderucss of temporul arteries 
.-\bsent pulsation . 
Dimini:;hed puh•ation 
Ft>ver 
::'\ecrosis or scalp 

(From Reference 17) 

33 
2 

3-1 
3-1 
25 
24 
21 
20 
15 
16 
12 
7 
1 
6 
s . 
4 
2 

32 
8 

21 
29 
1 

Ischemia with infarction of vital areas is the result of 
arterial insufficiency in TA. Intracranial artery disease 
may cause delirium or confusion, vertigo, deafness, or strokes 
(15-17). Other reported manifestations include facial nerve 
palsy (18), sciatic neuropathy (19, 20), carpal tunnel syn
drome (21, 22), ophthalmoplegia (23); (Table 84) pseudotumor 
of the orbit (24), 
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Some examples of the visual field defects which have been 
reported are shown in Figure 24. 

Figure 24 

0 
0-.o ~Rare e•omple of 

~~euler lporinq 

BliNDNESS ARRESTED (STEROID THERAPY) 

Qr,,e 
E:o:amplr!s <1[ l·isuuljield dr![l!cls 

(From Reference 25) 

Temporal arteriography is a sensitive but nonspecific pro
cedure in the diagnosis of TA and must be coupled with biopsy 
of angiographic abnormalities for confirmation of diagnosis 
( 28). 

Treatment with 60-80 mg daily of prednisone ~s the accepted 
mode of therapy. 
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In addition to the speech impairment caused by the subclavian 
steal syndrome, the resulting brain stem ischemia may also 
produce dysphagia, vertigo, hearing deficits, and facial 
weakness. 

Death may result from CVA ' s, as shown in Table 87, or may 
present as an acute event. (Table 88). 

TABLE 87 

Durat1'on, Grouping and Major Factors Related to Death in Eight Casu 
Age (yr) Cla .• ! iliea.tion at the 

Case no Onset Diagnos~ Death time of diagno•is Ma.jor !acton related to death 

9 16 21 23 Glib: SH Aortic reconstruction 
10 39 42 43 Glib: SH CHF 
11 21 21 31 G·IIa.: SH Cerebrova.scubr accident 
20 27 62 67 G III: SH, AR Cerebral thrombosis 
22 13 19 21 G III: SH; AR Sudden death, CHF 
28 14 23 25 G III: SH, AN CHF 
32 28 46 50 Glib: TR Steroid withdrawal shock 
45 23 31 34 G III: SH, TR Cerebral embolism 

· Av. 22.6 33.1 36.8 

Abbre,':iotions : S!;! - !.e~o!!dary hypertension; AR - ~rtic regurgi tation; A~ - aneurys!ll; TR • Takayasu's re;!oopathy; 
CHF • con~testll'e nea:-; zs.ilure. 

(From Reference 6) 

TABLE 88 

""'- Duration, Grouping and Acute E~·ents in Five Ccuu 

Age (yr) 
Occurrence of Cl&s$ilieation at the 

Case ao Onset Diagnosis acute e,·eots time of diagnosia Acute e,·ents afu.r dis.gno~i• 

17 17 19 28 GIla.: TR Cerebral hemorrhage at the 
2nd stsge of delivery 

21 40 44 48 G IIa: AN Dissecting II.Ileurysm 
26 26 40 48 Glib: SH Subarachnoid hemorrhage 
39 24 40 40 G III: SH, AR Acute pulmonary edema 
41 28 35 36 Glib: TR Unilateral blindness 
Av. 27.0 35.6 40.0 

(From Reference ~) 
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B. Takayasu's Arteritis 

Morphologically, Takayasu's arteritis is very similar to 
temporal arteritis. The major features which are considered 
to be most characteristic of Takayasu's ~rteritis include 
(1) the unusual vulnerability of the arch of the aorta, and 
(2) the equally unusual vulnerability of large elastic arter
ies, particularly those which arise from the aortic arch 
( 1) . 

The neurologic manifestations are shown in Table 85 (2-4). 

TABLE 85 

Neurological Manifestations of Takayasu's Arteritis 

Dizziness and Syncope 

Headache · 

Transient Blindness 

Diplopia 

Hemiparesis and Paraparesis 

Ceref .ellar Symptoms 
' Seizures 

Memory Deficits 

Speech defects may be the result of two pathogenetic factors 
as shown in Table 86. 

TABLE 86 

causes of Speech Defects in Takayasu's Arteritis 

Lingual Weakness or Atrophy due to Direct 
Vascular Invasion of the Tongue 

Subclavian Steal Syndrome with 
Vertebrobasilar Artery Insufficiency 
Causing Speech Impairment 

(From Reference 5) 
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Patients 

c. Differential Features of Temporal Arteritis 
and Takayasu's Arteritis 

The differential charcteristics of the two types of giant 
cell arteritis are summarized in Table 89. 

TABLE 89 

Characteristics or the Giant-Cell Arterltides 

Temporal Arteritis Takayasu's Arteritis 

Disease of the elderly; women more than men 

Blood vessels Characteristically involves branches of carotid artery 
(temporal artery) but is a systemic arteritis and may 
involve any medium-sized or large artery 

More prevalent in young women; more common in · 
Orient, but neither racially nor geographically restricted 

Large- and medium-sized arteries with predeliction for 
aortic arch and its branches; may involve pulmonary 
artery 

Histopathology Panarteritis; inflammatory mononuclear celf infiltrates; 
frequent giant cell formation within vessel wall; 
fragmentation of internal elastic lamina; 
proliferation of intima 

Panarteritis; inflammatory mononuclear cell infiltrates; 
intimal proliferation and fibrosis; scarring and 
vascularization of media; disruption and degeneration 
of elastic lamina 

Manifestations Classic complex of fever, anemia, high erythrocyte 
sedimentation rate, muscle aches in an elderly person; 
headache may be present; strongly associated with 
polymyalgia rheumatica syndrome / 

Generalized systemic symptoms; local signs and 
symptoms related to involved vessels; occlusive phase 

Complications Ocular (sudden blindness) Related to distribution of involved vessels; death usually 
occurs from congestive heart failure or cerebrovascular 

Diagnosis 

Treatment 

Temporal artery biopsy; lesions may be segmental, 
multiple sections, arteriography, and bilateral biopsy 
may aid in diagnosis 

Corticosteroids highly effective 

accidents · 
Arteriography; biopsy of involved vessel 

Corticosteroids not of proven efficacy; cytotoxic agents 
untried 

(From Reference 7) 

In general, temporal arteritis tends to affect .older persons, 
involves branches of the carotid artery (espec~ally temporal 
artery) and tends to cause sudden blindness. Takayasu's . 
arteritis tends to affect young females, af~ects the ao~t~c 
arch and causes death due to CVA or congest~ve he~rt fa~l~re. 
There may be considerable overlap, howev7r: Cort~costero~d~ 
are of proven efficacy in.t7mporal arter~t~s but of uncerta~n 
value in Takayasu's arter~t~s. 
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TABLE 91 

Diagnostic Criteria of Beh9et Syndrom• by 
Beh9et Syndrome Research Committee of Japan (1 9721 

Major CriterUI 

1. Recurrent aphthous ulceration in the mouth 

2. Skin lesions 
a. Erythema nodosum-like eruptions 

b. Subcutaneous thrombophlebitis 
c. Hyperirritability of the skin 

3. Eye lesions 

a. Recurrent hypopyon iritis or iridocyclitis 
b. Chorioretinitis 

4. Genital ulcerations 
Minor Criteria · 

6. Arthritic symptoms and signs (arthralgia, swelling, 

redness) 
6. Gastrointestinal lesions (appendicitis-like pains, 

melena, etc.) 

7. Epididymitis • 
8. Vascular lesions (occlusion of blood vessels, 

aneurysms) 

9. Central nervous system involvements 

a. Brain stem syndrome 
b. Meningo-encephalomyelitic syndrome 

c. Confusional type 

Types of Behc;:et Syndrome 
1. Complete type: All four ·major symptoms appear in 

the clinical course of the patient. 

2. Incomplete type: 

l . a. Three of four major symptoms appear in the 

clinical course of the patient. 
b . Recurrent hypopyon-iritis or typical· 

chorioretinitis and other one major symptom 

appear in the clinical course of the patient. 

(From Reference 2) 

An extensive review was recently published by Shimizu et al 
(9). The initial CNS symptoms in 12 cases are shown in 
Table 92. 
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V. Behcet's Syndrome 

The major neurologic and psychiatric manifestations of 
Behcet's syndrome are shown in Table 90 (1-8) . 

TABLE 90 

Neurologic and Psychiatric Manifestations of Behcet's .Syndrome 

Brain Stem Lesions 

Meningomyelitic Syndrome 

Organic Confusional State 

Cranial Nerve Palsies 

Meningoencephalitis 

Hemiparesis 

Pseudo-Bulbar Palsy 

Epilepsy 

Aphasia 

Extra-Pyramidal and Cerebellar Disturbances 

Depression and Suicidal Tendency 

Mortality = 31 - 41% 

The incidence of Behcet's syndrome appears to be very high 
in Japan, especially in the colder regions. The diagnostic 
criteria used in Japan are shown in Table 91. 



TABLE 92 

Initial Symptoms of Central Nervous System · 

Involvement in 12 Cases of I'Jeuro-Beht;et Disa.sa 

Symptom Number of C... P•cant 
~ 

Hemipl&gia 4 33 
Severe headaches 3 25 

Hypesthesia of lo-
ell:tramity (uni· or 

bilaterally) 3 25 
P arapl&gia 3 25 
Paresis of bladder and 

bowel 2 17 
Difficulty in speech 2 17 
Facial palsy 2 17 
Involuntary movements 

of elltremities 2 17 
Disturbance of 

swallowing 8 
Change of personality 8 

Coma 8 

(From Reference 9) 

The incidence of neurological symptoms is shown in Table 93. 

TABLE 93 

frequency of Occ:urrenc:e of Neurological 

Symptoms in 31 Cases of Neuro-Behget Syndrome 

Numbef 
symptoms of Cases Percl'llt 

Increased tendon reflexes 20 64.5 
Spastic paresis 18 58.1 
Headache · 16 51.8 
Sensory impairment 12 38.7 
Ell:tensor planter reflexes 11 35.5 
Ankle clonus 10 32.3 
Absent abdominal reflell:es 9 29.0 
Dysarthria 9 ' 29.0 
Difficulty in urination & defecation 8 25.8 
Nystagmus 6 19.4 
Diplopia 6 19.4. 

· Facial nerve palsy 5 16.1 
Disturbance of coordination 5 16.1 
Dysphagia 4 12.9 
Foc:al convulsions in ell:tremities 4 12.9 
Vertigo· 3 _9.7 . 
Impaired visual acuity 3 9.7 

(From Reference 9) 
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The incidence of mental symptoms is shown in Table 94. 

TABLE 94 

Frequency of Occurrence of Mental Symptoms 

in 31 Cases of Neuro-Beh9et Syndrome 

Number 
Symptoms of Cases Percent 

Impairment of memory 15 48.8 
Dementia 12 38.7 
Depression 12 3(t.7 
Irritability 8 25.8 
Hallucination 8 .25.8 
Clouded consciousness 6 19.4 
Euphoria 6 19.4 
Apathy 6 19.4 
Anxiety 6 19.4 
Delusion 5 16.1 
Hypochondria 5 16.1 
Psychomotor excitement 4 12.9 
Insomnia 4 12.9 
Suicide anempt 2 6.5 

(From Reference 9) 

The age incidence at onset is shown in Table 95. 
"' 

... 

Age in _ 
Years 

Below 19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
Over 50 

Total 

TABLE 95 

Age Incidence of Onset of Beh9et Syndrome 
end Neuropsychiatric Signs 

Number of Cases 
Number of Casu With Onset ot 

With On1et of Neuropsychta!lic 
Behc;et Svn~ome s;gns 

4 0 
7 5 

. 8 7 
3 8 
5 3 
2 6 
0 0 
2 2 

31 31 

(From Reference 9) 

The distribution of focal lesions in the CNS of reported 
autopsy cases of Neuro-Behcet syndrome is shown in Table 96. 
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The order of appearance of various symptoms is shown in 
Figure 25 and demonstrates that neurologic involvement 
tended to be later in the course of the disease. 
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Figure 25 

II 111 N 

0 Oral aphthous ulcer 

C Ocular symptoms 

0 Skin eruptions 

0 Genital ulcers 

D Articular symptoms 

[!ill !l!enous system symptoms (Xe·,;:r,.Beh~e t) 

E;3 Vascular symptoms (Vasculo·B~~~tt 

. v VI \1i 

Order of apperance of main symptoms; 133 males. 60 females. 

(From Reference 2) 

A smaller American study of 7 cases with CNS involvement (of 
25 patients with Behcet's syndrome) was performed by O'Duffy 
and Goldstein (10). 

The clinical features are shown in Table 97. 
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Case 
, 
2 
3 
4 
5 
6 
7 

TABLE 97 

Clinical Features in Seven Cases of Behoet's Disease • 

Duration 
Duration (yr) 

Sex and (yr) of Dis· Age (yr) Of Involvement 
Age (yr) ease to When Of Neurologic 
at Onset First Visit Sean Disease Involvement Oral Genital Eye Skin Joint CNS 

M,21 7 28 8.5 7 + + + + 
F,27 3 30 5 3 + -+ + + 
F,27 7 34 10 7 + + + + +. 
F, 19 1/2 20 1 O;S + + 
M,48 112 49 1 0.5 + + -
F, 22 5 27 6.5 5 + + + + + 
F, 41 3 44 4 4.0 + + 

(From Reference 10) 

The mean interval 'from onset of Behcet' s disease to CNS 
involvement was 1.3 years, and the mean period of observation 
thereafter was 3.8 years. 

The neurologic features and CSF findings are shown in 
Table 98. 

TABLE 98 

Neurologic Features in Seven Cases 
of Behc,et's Disease 

Cerebrospinal Fluid* 

Case 

2 
3 

4 

5 
6 

7 

Findings 

Ouadriparesis 
cerebellar 
pseudobulbar 

Cerebellar 
Hemiparesis, hemi· 

hypesthesia 
Ouadriparesis 

cerebellar 
pseudobulbar 

None 
Hemiparesis 

Hemiparesis 
ce[ebellar 
pseudobulbar 

•values represent single episodes. 

White 
Blood Lympho-
Cells cytes 

(per mm 3) (%} 

63 100 
6 100 

195 60 

10 90 

12 100 
132 16 
52 100 

490 15 
70 90 

133 48 
122 100 

(From Reference 10) 
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Total 
Protein 
(mg/dl) 

90 
96 -
41 

31 

44 
50 
47 
44 
35 

76 

+ _ 

+ 
+ 
+ 
+ 

+ 
+ 



Clinical findings included corticospinal tract disease (5 
patients), cerebellar ataxia (4 patients), pseudobulbar 
palsy (3 patients) and transient ocular palsies (3 patients). 
All patients had headache and fever during or preceding 
exacerbations of the CNS disease, and all had CSF pleocytosis 
(WBC counts ranged from 6 to 490/mm3 ) with predominant 
lymphocytosis. The mean CSF protein level was 55 mg/dl, and 
gamma globulin was less than 15% in 6 patients. Results of 
CSF fluid, lesional and serologic studies for bacterial, 
fungal and viral agents were negative (Table 99). 

TABLE 99 

Microbiologic Studies on Lesions, · 
Cerebrospinal Fluid (CSF) and Serum in 
Seven Cases of Behr;et's Encephalopathy · 

Not 
Per-

Positive Negative formed 

Bacterial culture (CSF) 
Routine 0 
Mycobacterium 0 

Fungal culture (CSFl 0 
Fungal serology (serum) 0 
Heterophil agglutination 0 
Viral culture 

Lesion ,. 
CSF 0 

Viral antibody 
Herpes simplex (serum) t 
Herpes simplex (CSF) 0 
Mumps * Herpes zoster § 

• Herpes simplex (penis). 
t Antibody titer 1 :32 in two patients. 
*Titer 1:8. 
§Titer 1:16. 

(From Reference 10) 

6 1 
5 2 
5 2 
4 3 . 
3 4 

4 2 
5 2 

2 3 
2 5 
1 5 
0 6 

Corticosteroid therapy was used in 6 patients, cyclophospha
mide therapy in two and azathioprine therapy in two (Table 
100). 
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TABLE 100 

Treatment of Neurologic Disease in 
Seven Cases of Behr;:et's Disease 

Case Treatment .. ~aily Dose 
(mg) Outcome 

Prednisone 40-60 Died 
Cyclophosphamide 150-200 

2 Prednisone 60-5 Good suppression · 
Azathioprine 150-50 

3 Prednisone 15-30 Partial suppression 
Azathioprine 150-50 

4 Prednisolone 32-16 Partial suppression · 
5 None Died, myocardial 

infarction 
6 Prednisone 60 Died, Pneumocystis 

pneumonia 
Cyclophosphamide 100 
Chlorambucil (?I 

7 Prednisone 20 ·persisting episodes 

(From Reference 10) 

The neurologic manifestations tended to recur when dosages 
of the drugs were lowered and established CNS damage could 
not be reversed. These case histories suggested that ster
oids, when used promptly and in sufficient dosage (up to 60 
mg prednisone) were effective in reducing or preventing 
progression of CNS disease. 

Two patients were recently reported in which CNS involvement 
antedated the other more typical lesions by several months, 
delaying diagnosis and therapy (11). The serial CSF studies 
in these 2 patients are shown in Table 101. 

-9-
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TABLE 101 

Serial cerebrospinal fluid studies 

. . ·. >'. <:~~-~~~ :-·, -~~,; ~~ - --~;~~r·.:;·~ ... :::: --. :-: ~· ·· ~--"-~.- -,.,~ .. 
white polymorpho-

bloocl c:ells · -nuclears Protein Glucose ~ 
Date · (cells/mm3) (cells/mm3) (mg/dl) (mg/dl) ' r -. - ·, . ... -... 

. Patient 1 ·· · · ·· · ,~ · : : '· ; ·;. : .. · -~·: _-· .. : .. ;_·~ ..:. : ' · : · .. '; .. · 
3/31173 270 . -: 184 (68)• .· - :.: . 68 -. '· 42 _·_. ; 

, 4/3/73 : .·· 35 ., __ - . . 30 (87J ·:·· .. 84 . 69 :>'· 
:· . . 2/22/74 ··- 45 . ·. 4 (9) .: -··_:_· . 21 60 . ·-. -:. 
< - 2128/74 . .. - 24 0 !Of. · .· :. . 57 56 -~. '?. 
,_ 3/26/74 -. 6 0(0) ·' ·-· .53 "52 .. 
,.. 5/3174 - : 7so . sss (7Sl · ' 57 56 ._: 
! . . 5/6/74 .• 320 234 (73) : 53 - - . 52 -, 
i 1/9/7s·. : . . . . 14 · · 1181 25 · · 68 . ::· 

66 . 13 (20) 
.. 

109 56 ·•.: 
' Patient 2 

8/20174 -
8/30/74 . . 

t: 9/5/74 . 
200 .. ;,:· 152 {76) -- . . 65 -.. - . . 49 :·:: 
27 .-: . ~ 3 (101 . .92. . 54 

I· 
r . . 

t_"~er~entag~ o•f· ~-~,l~~o~~honu~l~~ ~Is. ).> 
-- --:. -~· · · -~-

(From Reference 11) 

These authors reviewed the literature and summarized the 
frequency of various neurologic manifestations (Table 102). 
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TABLE 102 

__ Frequency of neurologic findings 
in Behcet disease 4, s, 7, a, 1 o-20, 22·24 

... ~- ~. ' .:. ·"! . ." •• ~.:.:.-. 4,... ··. :·,-. . t' • ~- . .. . 'I-., • • • -

r~ _, .. -. • . . .. . -.-~·-:·; ·: ~ ·. -:~: _,,. .. . ._: :: ·._-..,. ... -~ · 

~- : . ·. . . .• . rw.anifesta~IOO . •::-. .. :.~ , - . : . ,:: ~ . . Frequency (%) 

Hemiparesis or quadriparesis · · 27 
··cranial nerw palsies -_ ·; _ ·- 12 -

; Cerebellar sign~ · 
t . . . . .• - · 

· Dementia, organic brain 1yndrome 

10 : 

10 
-~ - -.. 

,. 
~ Meningeal irritation 6 

' Focal or generalized seizures 5 

5 ~ Pseudobulba~ palsy. · -._- . . ·. . : -.-'·_ : . . 
~... . .. . . .. . . 
·. P~udotumor cerebri _.-_ . · . . . _ ... 

_: ';.: : . _:.- . ~ . .. - • . . 5~ :. : ~: · : .. 

! Hyper~efle~ia ; ~thoiogie refle~~:· :_ ~- . " . . . . 
~ . --. .. -. . ·· . 

[_ Halhicina~-i~~ ·:· .- :~-~- :·.;·~ :i..:-· ., ~~~~-:_:}:~-(. _ ~ ·:. ;: .. _ .. : : ~- · :~ :. ~ :~·-. 
[ Extrapyramidal tfllct signs .:·:> _:-:-:· . .... ··, ;_·,_. - · _ 3 - :~_: 
f' . . . . - --· ~ -- ;., . · .. . ·:·_ .... , ... ·.---. -.- ·.•:.-- . - .: : . , .. 
r: Spinal cord lesions, cauda equina-syndrome -_ ·· 2 . . . 

t~§f:~i~J~~:~ix::;:~_ ::·: -"~ :.:_ · I. , _,-: 
}. Subarachnoid hemorrhage · ._ · : ·: -: : :<:-' .. _ ·. < 1 · _ 
~ ... -.-.-:_ ..,._ ··:.:... ;-• ._- _:t.(" ·-.:..v,.._.: .... ~ ._ .. :~ - -... ;_ .-: ..; .. ~.::.~.; :.:.; -;.;., . ::... ·. : ~ · ;., ,..: .:. :- ::c.; 

(From Reference 11) 

Hemiparesis or quadriparesis were most common, occurring in 
27% of patients with Behcet's disease. Cranial nerve palsies 
occurred in 12%, cerebellar signs in 10% and dementia in 
10%. 

Necropsy studies have demonstrated widely scattered foci of 
necrosis, demyelinization, and scarring throughout the CNS, 
often in close proximity to small arterioles or venules that 
are infiltrated with inflammatory cells, i.e., a vasculitis 
(11-13). The inflammatory cells consist primarily of lympho
cytes, plasma cells and macrophages. 
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It is of interest that a familial incidence, although rare, 
is recognized in this condition. Fowler et al reported 
development of CNS Behcet's within 3 weeks of each other in 
2 sisters, ages 31 and 34, who lived apart in England (14). 
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VI. Lymphomatoid Granulomatosis (LG) 

Lymphomatoid granulomatosis is an unusual and peculiar 
condition with affinities to Wegener's granulomatosis and 
lymphoma ( 1-3). 

A review of 152 cases of LG revealed that 21.1% had neuro
logical symptoms as their major presenting complaint (Table 
103). 

TABLE 103 

Summary of Ocular Manifestations 
in Wegener's Granulomatosis and 
Lymphomatoid Granulomatosis 

Manifestations No. Per Cent 

Wegener's Granulomatosis (342 Cases) 
With ocular disease 1.31 39 
Conjunctivitis, scleritis, 

episcleritis. corneoscleral 
ulcer 

Uveitis 
Retinal or optic nerve 

46 
6 

16. 

vasculitis 23 a· 
Proptosis 52 18 • 
Oacrocystitis 9 3 • 

Lymphomatoid Granulomatosis (45 Cases) 
With ocular disease 2 4 
Uveitis 1 2 
Retinal or optic nerve vasculitis 1 2 

• Expressed as per cent of total cases (286) which specified the type 
of ocular disease. Three series involving an additional 56 cases did 
not mention the specific type of ocular manifestation. 

(From Reference 4) 

The overall incidence of neurological signs or symptoms 
during life are shown ~n Table 104. 



TABLE 104 

Extra-Pulmonary Involvement by Lymphom;1toid Granulomatosis 

Organ 
involvement 

Signs/Symptoms during No. at autopsy :-;o. 
life ( 1.52 cases) (percent) (72 cases) (percent) 

Skin rash/="odules 60 (39) -· "Neurological 4.5 (30) Brain 19 (26) 
• CNS signs 29 (19) 

Cranial neuropathy 1 i ( 11) -· Peripheral neuropathy 11 (7) -· Splenomegaly 2i (18) Spleen 12 ( 17) 
Hepatomegaly 18 (12) Liver 21 (29) 
Lymphadenopathy 12 (8) L)·mph nodes 

(lymphoma)t 16 (22) 
Kidney 23 (32) 
Adrenal 9(12.5) 
Heart 8 (11) 

• Skin. cranial and peripheral nerves were not 
routine!~· examined at autopsy. 

the diagnosis of lymphoma was made during life and 
who were not autopsied. 

t This number does not include 2 patients in whom 

(From Reference 4) 

CNS signs were present in 19%, cranial neuropathy in 11%, 
and peripheral neuropathy in 7% of patients. At autopsy, 
26% had brain involvement. Adverse prognostic factors 
included neurologic manifestations, and large numbers of 
atypical lymphoreticular cells within the pulmonary infil
trate. The atypical cells resemble but are not identical to 
those seen with lymphoma. 

A recent review of the literature by Bone et al (5) summar
izes the findings in 12 cases with LG (Table 105). 
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TABLE 105 

-- . ····- - ~ -- ·' 

Summary of Repor ted Cases of Central Nervous System Involvement 

Age 
(yr) 

Case and Organ Brain Lumbar Refer. 
No. Sex System(s) Autopsy Scan EEG Puncture Therapy ence 

8,F CNS.",Iungs Alive L. orbital Diffusely 17 WBC:1 neutrophil, 17 Steroids [1) 
area enlarged lymphocytes, 4 · Case 
uptake monocytes; protein 41 19 

mg/100 mi.; glucose 
45 mg/10.0 mi. 

2 Lung, kidney, liver, Yes Prednisone [1] 
tongue, pancreas, Case 
skin 21 

3 40, M CNS, skin, lung, Yes, CNS L. frontal Abnormal deep No cells, protein:115 mg/ Prednisone [1) 
kidneys, adrenal exam lobe midline (brain 100 mi. glucose 75 Case 
peripheral nerves excluded infarct stem) lesion mg/100 ml chloride 118 24 

meq/liter 
4 CNS No "Malignant cells in CSF" CNS-irradiation [1) 

prednisone, Case 
tetracycline, 
irradiation to nodes 

5 58,F Skin, CNS lungs Yes Prednisone [1) 
Case 

27 
6 34, M CNS, lungs No Prednisone [1) 

Case 
28 

7 Lung, lymph nooe, Yes Prednisone [1) 
kidney, CNS, Case 
peripheral 30 
nervous system 

8 Lur.g, CNS kidney, Yes Cortisone {1) 
heart skin, Case 
prostate 32 

9 67,F Lung. CNS No Prednisone [1] 
10 43,M Skin, CNS Alive Steroids Case 

37 
11 33, M Lung, CNS adrenal, Yes No cells. protein 34 mg/ Cyclophosphamide [1] 

liver 100 mi., glucose 80 vincristin, 
mg/100ml. prednisone 

12 75,M Skin, lung, CNS Umited Prednisone, cyclophos- [3] 
phamide 

NOTE: CNS = central nervous system; L - left; WBC = white blood cells; CSF = cerebrospinal fluid. 

(From Reference 5) 
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Israel et al (6) contrasted findings in 35 patients with 
pulmonary angiitis and granulomatosis; 15 had WG, 11 had 
benign lymphocytic angiitis and granulomatosis and 9 had LG. 
As shown in Table 106, the only patients with neurological 
involvement were 3 patients with LG. 

TABLE 106 

. Anatomic Involvement, Clinical Presentation, Chest Roent· 
genographic Findings, and Immunologic Studies in Three Disease 
Entities 

Wegener's Benign Lympho-
Granulo- Lymphocytic matoid 
matosis Angiitis and Granulo-

Granulomatosis matosis 

Age 
Mean, y rs 42 55 43 
Range, yrs 22-59 31-74 20-68 

Male/ female 10:5 7:4 5:4 
White/ black 14:1 9:2 9:0 
Anatomic involvement 

Lungs alone 6 10 2 
Upper airways 8 0 1 
Renal 5 0 0 
Cutaneous 0 1 4 
Neural 0 0 3 

Clinical presentation 
Routine X ray 5 4 0 
Cough, fever 8 6 5 
Upper airways I 0 I 
Renal 1 0 0 
Cutaneous 0 1 2 
Neural 0 0 1 

Initial chest X ray 
Solitary nodule 4 5 1 
Multiple nodules 10 6 8 
Cavitation 4 2 1 

Immunologic tests before cytotoxic therapy 
Elevated lgG 

( > 1800 mg/ dl) 0/ 8 2/ 6 0/ 4 
Elevated IgA 

( > 325 mg/ dl) 3/ 8 2/6 0/4 
Elevated lgM 

(>200 mg/ dl) 3/ 8 2/6 0/4 
Elevated lgE 

( > 700 mg/ d.l) 1/ 7 3/ S 0/ 1 
Rheumatoid factor 4/8 0/S 0/4 
Tuberculin or 

candida reactions 6/8 2/5 1/4 
--------

(From Reference 6) 
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A comparison of eye involvement with WG and LG is shown ~n 
Table 107. 

TABLE lQ-7 

Summary of Ocular Manifestations 
in Wegener's Granulomatosis and 
Lymphomatoid Granulomatosis 

Manifestations No. Per Cent 

Wegener's Granulomatosis (342 Cases) 
With ocular disease 131 39 
Conjunctivitis, scleritis, 

episcleritis. corneoscleral 
ulcer 46 16' 

Uveitis 6 2' 
Retinal or optic nerve 

vasculitis 23 a • 
Proptosis 52 1§' 
Dacrocystitis 9 3 • 

Lymphomatoid Granulomatosis ( 45 Cases) 
With ocular disease 2 4 
Uveitis 1 2 
Retinal or optic nerve vasculitis 1 2 

• Expresse_d as per cent of total cases (286) which specified the type 
of ocular d1sease. Three series involving an additional 56 cases did 
not mention the specific type of ocular manifestation. 

(From Reference 2) 

No particular mode of therapy has been shown to be satisfac
tory for LG, although there is some suggestion that steroids 
may be useful (4). 
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VII. Leucocytoclastic Vasculitis 

This category of vasculitides includes Schonlein Henoch 
Purpura, hypocomplementemic vasculitis, essential mixed . 
cryoglobulinemia and other disease-related dermal vascul~
tides. The incidence of nervous system involvement ranges 
from 0 to 64%, depending on the individual study (Table 108) 
( 1-7). 

TABLE 108 

. 
MANIFESTATIONS OF LEUKOCYTOCLASTIC ANGIITIS 

Knowles O'Duffy Winkelmann 
Series and Zeekt et al.t and Ditto* McCombs*(*) Wilkinson* Avg. 

Number of Patients 

Organ involvement 
(percent) 

Lungs -
G.I.Tract 
Nervous System 
Skin 
Joints 
Kidneys 
Heart 

tAutopsy study. 
*Studied during life. 

10 

40 
40 
50 
40 
20 

100 
10 

11 .. 36 

55 20 
55 15 
64 20 
45 100 . 
45 so 

100 60 
64 0 

.. (%) ' 

72 23 

~0 t:. 36 
10 22 28 
25 0 32 
50 100 67 
50 t:. 41 
30 38 66 
0 0 15 

(Modified from Braverman, 1970) 

{*)Seventeen of seventy-two patients had periarteritis nodosa. Organ involvement in two varieties of angiitis 
not separated in paper. 

!:.Organs affected but frequency not stated. 

(From Reference 1) 



Peripheral neuropathy has been the most common neurological 
symptom reported. Neuropathies involving cranial nerves 
have been noted rarely and bilateral permanent deafness had 
been reported in one case (2-7). 

Other findings include encephalopathies, cerebral thrombo
sis, headache, diplopia and dysphagia (5). 
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SUMMARY 

In summary, a wide variety ·of neurological complications can 
occur in the various connective tissue and "collagen-vascu
lar" diseases. Most of these complications appear to be due 
to vasculitis affecting various sites in the central or 
peripheral nervous system. -

While the evidence for definitive vasculitis in SLE is not 
strong, small vessel damage is commonly present in anatomic 
sites which correlate well with clinical features. 

Although patients with rheumatoid arthritis also may have 
vasculitis, neurological complications are commonly related 
to nerve compression by rheumatoid nodules or the arthritic 
process itself. 

Considerable controversy exists regarding the accuracy of 
various ·diagnostic tests. 

While corticosteroids are the mainstay of therapy for these 
conditions, there are no definitive studies proving their 
efficacy. 


