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Objective: The pathogenesis of neurologic and neuropsychologic dysfunction
in HIV-1 infection is unclear. The purpose of the study was to determine an
association between cerebral perfusion and HIV-1-related ocular microangio-
pathic syndrome.

Methods: We studied 28 HIV-1-infected patients, seven of whom presented
with asymptomatic HIV infection, nine with lymphadenopathy syndrome or
AIDS-related complex, and 12 with AIDS. Cerebral perfusion was semi-
quantitatively measured by single photon emission computed tomography of the
brain using technetium-99 hexamethyl-propylenamine oxime (HMPAO-SPECT).
The conjunctival manifestation of HIV-1-related microangiopathic syndrome
was measured by a rating scale determining blood-flow sludging and by
counting retinal cotton-wool spots. CD4 count, neopterin, B,-microglobulin
(B,M), haemoglobin, and age were determined as putative confounding variables.

Results: Mean conjunctival sludge in patients with normal HMPAO-SPECT
findings was 1.3+£0.5 (mean*s.e.m.); no cotton-wool spots were present. In
patients with slightly impaired HMPAO-SPECT, it was 2.1+0.6 and mean
cotton-wool spot count was 1.1%£0.4. In patients with severely impaired
HMPAO-SPECT, mean conjunctival sludge was 4.5+0.3 and mean cotton-wool
spot count was 4.9+1.1 HMPAO-SPECT findings were closely associated
with conjunctival sludge (r=0.72; P<0.001) and number of cotton-wool spots
(r=0.78; P<0.001), whereas only a slight association with staging of HIV
disease was found (P=0.052). Analysis of covariance controlling for CD4 count,
neopterin, B,M, age, and haemoglobin demonstrated a significant difference
between the three HMPAO-SPECT groups for both the number of cotton-wool
spots (P<0.001) and the conjunctival sludge rating (P<0.001).

Conclusion: There was a close association between severity of HIV-1-related
ocular microangiopathic syndrome and severity of cerebral hypoperfusion.
Microvascular alterations might contribute to the pathogenesis of neurological
and neuropsychological symptoms in patients with HIV-1 disease. Furthermore,
the conjunctival sludge rating and the number of cotton-wool spots might be
appropriate indicators for severity of microvascular changes of the central nervous
system.
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Introduction

Involvement of the nervous system is a dreaded
manifestation of HIV-1 infection [1-4]. Neurologic
or neuropsychologic symptoms are found in at least
40-60% of patients with AIDS or HIV-1 disease [5-9].
However, results on the association between meas-
urements of cognitive function and parameters of
immunosystemic damage, such as CD4 count or
B,-microglobulin (B;M), are inconsistent, and the
pathogenesis of neurologic and neuropsychologic
symptoms remains unclear [10-15].

Clinical studies show a higher risk for cerebral in-
farction or transient neurologic deficits in patients
with AIDS {16,17]. In more than 90% of all pa-
tients with AIDS, post-mortem studies demonstrate
abnormalities of the nervous system, and alterations
of small cerebral vessels have been shown [18-21].

Single photon emission computed tomography
(SPECT) of the brain using technetium-99m hexa-
methyl-propylenamine oxime (HMPAO) is a use-
ful method for imaging regional cerebral blood-flow
and has become especially interesting in the inves-
tigation of dementia [22,23]. HMPAO-SPECT stud-
ies in patients with symptomatic HIV-1 infection
or AIDS suggested cerebral perfusion abnormalities
[13,24-28].

HIV-1-related ocular microangiopathic syndrome
was first described by Holland et al. [29] in 1982,
and represents the most frequent ocular finding in
patients with HIV-1 disease, including conjuncti-
val and retinal microvascular abnormalities [29-33].
The conjunctival manifestation is present in approx-
imately 75% of AIDS or AIDS-related complex pa-
tients, including a sludge phenomenon within small
conjunctival vessels [30,32]. The typical retinal mani-
festation are cotton-wool spots visible on ophthal-
moscopy found in 40-70% of patients with AIDS
[29,31,33-351.

The purpose of this study was to evaluate the associ-
ation of alterations of HMPAO-SPECT findings with
parameters of immunosystemic damage and HIV-1-
related ocular microangiopathic syndrome. Our spe-
cific hypothesis was that there is a close association
between HIV-1-related ocular microangiopathic syn-
drome, especially abnormal blood-flow sludging in
conjunctival vessels, and HMPAO-SPECT findings.

Materials and methods

Subjects

Twenty-eight male outpatients with confirmed HIV-
1 infection were studied prospectively. Of these, 25
were homo-bisexual, one reported intravenous drug
use and heterosexual transmission was reported by
two. The mean age was 40.6 years (s.d.; 10.8 years;

range, 24-75 years). According to our study pro-
tocol patients with the following conditions were
excluded: diabetes mellitus, rheumatic disease, sys-
temic lupus erythematosus, malignant hypertension,
leukemia, opportunistic infections of the eye or the
brain at the time of the study. Informed consent
(both written and verbal) was obtained from all pa-
tients.

Seven patients presented with asymptomatic HIV
infection, nine were staged lymphadenopathy-asso-
ciated syndrome/AIDS-related complex (LAS/ARC),
and 12 presented with AIDS. Absolute CD4 lym-
phocyte count was determined by two-color flow
cytometry of whole-blood preparations (FACScan,
Becton Dickinson, Inc., Heidelberg, Germany) [30].
Serum neopterin (Henning, Inc., Berlin, Germany)
and serum B,M (Pharmacia, Inc., Uppsala, Sweden)
were measured by radioimmunoassay. Haemoglobin
was measured using the cyanohaemiglobin method.

HMPAO-SPECT

SPECT was performed using a rotating double head
gamma camera (Siemens Rota II; high resolution col-
limator) after intravenous injection of 370-550 MBq
99m-Tc-HMPAO. The system was connected to a Mi-
croDelta/Vax 11/730 computer system. Data were
collected from 60 projections (360" rotation) in a
64 % 64 matrix, and images were reconstructed by fil-
tered back-projection. Transverse, sagittal, and coro-
nal slices (slice thickness: 6.0 mm) were processed.
SPECT findings were semi-quantitatively evaluated
using the region of interest technique. Six right-over-
left gray matter ratios of corresponding regions were
calculated in selected transverse slices. A difference
in ratios of more than 2 s.d. of a control population
was considered pathologic. Results were classified
into three groups as follows: 0, normal findings; I,
one or two areas of decreased activity in two or
more consecutive slices; 11, three or more areas of
decreased activity.

Measuring ocular microangiopathic syndrome
Ophthalmic examinations were performed blinded
to the HMPAO-SPECT results including examination
at the slit-lamp and indirect ophthalmoscopy. Con-
junctival microangiopathy was determined by one
of the authors (5.A.G) for each eye using a stan-
dardized rating scale: value 0 (no sludge); value 1
(sludge just visible); value 2 (sludge clearly visible,
but low); value 3 (moderate sludge); value 4 (strong
sludge); value 5 (extreme sludge). Rating scales with
five to six categories show a high reliability and fea-
sibility [37,38]. A biomicroscope with a magnification
factor 32 was used in all patients, and a conjuncti-
val blood-flow sludging score was calculated as the
mean value of the rating for the right and the left
eye.

Fundus examination was performed by indirect oph-
thalmoscopy after dilation of the pupils. A 14-dioptre
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(dpt) lens was used for posterior pole and periph-
eral retina examination. The outer retinal periphery
was additionally examined using a 20-dpt lens, and,
if necessary, examination was extended with a 78-
dpt lens at the slit-lamp. The number of cotton-wool
spots was counted for each eye and combined into
one score as indicator of severity of retinal microvas-
culopathy.

Statistical analysis

Statistical analysis was carried out on a personal
computer system with use of SPSS/PC + V4.0 (SPSS,
Inc., Chicago, Illinois, USA). Analysis of variance
was calculated for the different parameters with
HMPAO-SPECT findings as independent variable.
Addressing our specific hypothesis of an associa-
tion between HMPAO-SPECT findings and ocular
microangioapathic syndrome, analysis of covariance
was calculated for the dependent variables, con-
junctival sludge and number of cotton-wool spots
including the other parameters as covariates. Fur-
thermore, a matrix of intercorrelations was calcu-
lated using the Spearman rank-order correlation co-
efficient with the intention of looking for near regu-
lar patterns, and numerical P values for a two-tailed
approach are reported [39].

Results

HMPAO-SPECT findings were normal in seven pa-
tients, 11 presented with HMPAO-SPECT value I,
and 10 with HMPAO-SPECT value II (Table 1). As-
sociation of HMPAO-SPECT findings with the stag-
ing of HIV-1 disease was almost statistically signif-
icant (likelihood ratio 42=9.37; P=0.052), whereas
a close association of HMPAO-SPECT findings with
conjunctival microvasculopathy was found (x2 = 20;
P<0.00D).

Mean conjunctival sludge rating in patients with
HMPAO-SPECT value 0 was 1.29+0.52 (meant
s.e.m.), no cotton-wool spots were present, and

Table 1. HMPAO-SPECT results and its association with HIV-1 dis-
ease stage (n=28; x2=9.37; P=0.052) and conjunctival microan-
giopathy (x2=20; P<0.001): cross-tabulation.

HIV-1 Conjunctival
disease microangiopathy*
stage rating

HMPAO-
SPECT Asymp. LAS/ARC AIDS Oor1 2or3 4or5
Value 0 2 3 2 4 3 0
Value | 5 3 3 5 2 4
Value Il 0 3 7 0 1 9
Cumulative 7 9 12 9 6 13

*Conjunctival microangiopathy: patients are divided into three
groups according to their conjunctival blood-flow sludging score:
value 0 or 1; value 2 or 3; value 4 or 5. Asymp., asymptomatic; LAS,
lymphadenopathy-associated syndrome; ARC, AlDS-related com-
plex.

mean CD4 count was 245.29+73 (Table 2). In pa-
tients with HMPAO-SPECT value I, this rating was
2.09+0.56, mean count of cotton-wool spots was
1.0910.44, and mean CD4 count was 233.36+ 60.86.
In the 10 patients with hypoperfusion in three or
more regions (HMPAO-SPECT value II) mean con-
junctival sludge (4.5010.31) and mean count of
cotton-wool spots (4.9011.07) were even higher,
but mean CD4 count was even lower (11.20%49.30).

Using analysis of variance, significant differences be-
tween the three HMPAO-SPECT groups were found
for the conjunctival sludge rating (£<0.001), and the
number of cotton-wool spots (P<0.001). A trend
of a CD4 count decrease is seen, but not signifi-
cant (P=0.24). In addition, no significant differences
were found for haemoglobin, neopterin, and B,M.
Age as putative confounding variable was not asso-
ciated with HMPAO-SPECT findings.

The main effect of HMPAO-SPECT remained signif-
icant using analysis of covariance for both conjunc-
tival sludge (P<0.001) and number of cotton-wool
spots (P<0.001) with covariates as follows: CD4
count, neopterin, ;M haemoglobin and age.

Table 2. HMPAO-SPECT results, manifestations of HIV-1-related microangiopathic syndrome, parameters of immunosystemic damage, and

covariates.

HMPAO-SPECT

Value 0 Value | Value Il ANOVA
Variable (mean value +s.e.m.) (n=7) (n=11) (n=10) P
Conjunctival sludge 1.29+0.52 2.09+0.56 4.50+0.31 0.0003
Cotton-wool spots 0.0 1.09+0.44 4.90+1.07 0.0002
CD4 count (x 106/1) 245.29+73 233.36160.86 111.20149.30 0.24
Neopterin (nmol/l) 25.87+2.28 30.96+4.18 30.28+4.11 0.67
B,-microglobulin (mg/l) 4.00+£0.29 4.5010.46 3.80+£0.27 0.37
Haemoglobin (g/dl) 12.17+0.59 13.98+0.64 12.42+0.62 on
Age (years) 45,57 +5.55 38.82+3 39.00%2.61 0.38

HMPAO-SPECT findings: value 0, no area of hypoperfusion; value I, one or two areas of hypoperfusion; Value I, three or more areas of

hypoperfusion. ANOVA, analysis of variance.
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Table 3. Correlations between the variables (n = 28).

Cotton-wool

HMPAO-SPECT Age Haemoglobin  B,-microglobulin Neopterin CD4 count spots

0.72 (P<0.001) -0.12 (P>0.05) -0.42 (P=0.034) 0.18 (P>0.05) 0.31 (P>0.05) -0.75 (P<0.001) 0.86 (P<0.001)
0.78 (P<0.001) -0.7 (P>0.05) -0.29 (P>0.05) 0.18 (P>0.05)  0.11 (P>0.05) -0.66 (P<0.001)

CD4+ count (x106/1) ~-0.38 (P=0.049) 0.01 (P>0.05) 0.57 (P=0.003) -0.16 (P>0.05) -0.28 (P>0.05)

Neopterin (nmol/l) 0.12 (P>0.05)  0.02 (P>0.05) -0.20 (P>0.05) 0.45(P=0.017)

B,-microglobulin (mg/) -0.14 (P>0.05)  0.29 (P>0.05 -0.09 (P>0.05)

Conjunctival sludge
Cotton-wool spots

Haemoglobin (mg/dl) ~ -0.09 (P>0.05) -0.16 (P>0.05)
Age (years) -0.18 (P>0.05)

Intercorrelations of the different variables are sum-
marized in Table 3. There was a close Spearman cor-
relation between conjunctival sludge and number of
cotton-wool spots (r=0.86; P<0.001), as well as be-
tween CD4 count and conjunctival sludge (r=-0.75;
F<0.001), or CD4 count and number of cotton-wool
spots (r=-0.66; P<0.001). Correlation of HMPAO-
SPECT results with conjunctival sludge was r=0.72
(P<0.001), and correlation of HMPAO-SPECT results
with the number of cotton-wool spots was r=0.78
(P<0.001). Spearman correlation between HMPAO-
SPECT results and CD4 count was—0.38 (P=0.049).

Discussion

Our results demonstrate a close correlation be-
tween impairment of regional brain perfusion and
severity of two different manifestations of HIV-1-re-
lated ocular microangiopathic syndrome, and both
associations are only slightly confounded by the
CD4 count. In addition, neither association is con-
founded by serum neopterin levels, serum B,M lev-
els, haemoglobin levels, or age.

Conjunctival sludge and cotton-wool spots are the
most frequent manifestations of HIV-1-related ocu-
lar microangiopathic syndrome [29-34]. Conjuncti-
val vascular abnormalities similar to patients with
HIV-1 infection have been described in sickle cell
disease [40], chronic myelogenous leukemia [41,42],
and many other diseases [43,44]). However, conjunc-
tival sludge is occasionally a non-specific finding
in patients without vascular disease. Therefore, we
have grouped the conjunctival sludge value 1 to-
gether with value 0. According to this classifica-
tion, clinically significant conjunctival sludge (val-
ues 2 to 5) was found in 68% of our patients,
a finding comparable to reports by Teich [30] or
Engstrom et al. [32]. Cotton-wool spots are fluffy
yellowish-white retinal lesions caused by focal reti-
nal ischemia (45,40]. Fundus fluorecein angiography
in AIDS patients shows microaneurysms frequently
occurring around cotton-wool spots [47]. Recently,
microaneurysms were also demonstrated in ophthal-
moloscopically normal patients with LAS or ARC

[48]. Histopathologic studies of small retinal ves-
sels reveal swollen endothelial cells, duplication of
the basal lamina, loss of pericytes and endothelial
cells, immune complex deposits, and vasoconstric-
tion [33,47,49,50]. These changes are typically ad-
jacent to cotton-wool spots, suggesting that cotton-
wool spots are caused by vaso-occlusion or vaso-
constriction [33,50].

An association of ocular perfusion abnormalities
with cerebral perfusion abnormalities is not re-
stricted to HIV-1 disease. Symptomatic microvas-
cular cerebral involvement in patients with ocu-
lar microangiopathy is well documented for auto-
immune diseases such as systemic lupus erythe-
matosus [51,52] and infectious diseases such as
malaria [53]. An association between microvascu-
lar disease and peripheral neuropathy has been
reported in diabetes mellitus [54] and cerebral mi-
crovascular involvement is discussed [55].

HMPAO-SPECT studies by other authors demon-
strate perfusion abnormalities in HIV-1-infected pa-
tients [24-27], but no significant association of
HMPAO-SPECT findings with the CD4 count was re-
ported by Rosci et al. [13]. This finding is partly in
accordance with our own results showing a signifi-
cant trend using correlation analysis, but no signif-
icant difference between the three HMPAO-SPECT
groups. Furthermore, the pattern of associations
found in our study is comparable to studies sug-
gesting only a minor association of neuropsycho-
logic deficits with parameters of immunosystemic
damage [15,35]. The pathogenesis of HIV-1-related
microvascular abnormalities in AIDS patients re-
mains unknown. Blood-flow sludging might con-
tribute to the pathogenesis of alterations of vessel
structure. For example, the delivery of oxygen at
the capillary level is compromised if sludge in ves-
sels increases [44], and local hypoxia might stimu-
late the formation of microaneurysms similar to pa-
tients with diabetes [56,57]. In addition, reduced reti-
nal perfusion pressure in combination with retinal
blood-flow sludging in patients with AIDS was ob-
served [58,59]. Increased levels of the highly potent
vasoconstrictor endothelin-1 were reported in pa-
tients with retinal ocular microangiopathic changes
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[60,61], suggesting that endothelin-1-related vaso-
constriction might play a role in the pathogenesis
of HIV-related microangiopathic syndrome. Stud-
ies demonstrating an infection of endothelin cells
suggest a direct role of HIV-1 in the pathogenesis
of vascular changes [62-65].

Recently, we demonstrated a close association be-
tween the number of cotton-wool spots and cogni-
tive impairment as well as neuroretinal dysfunction
[35,60]. These findings are consistent with the hy-
pothesis that HIV-1-related microvascular alterations
contribute to the pathogenesis of neuropsychologi-
cal dysfunction and abnormal HMPAO-SPECT find-
ings. The relevance of this hypothesis is emphasized
by the finding that the number of cotton-wool spots
correlates primarily with impairment of short-term
memory, a function thought to be closely associ-
ated with cerebral perfusion. It should be noted that
there has been renewed interest in vascular demen-
tia in aged patients [67,68]. However, HIV-1-related
microangiopathic syndrome should be considered
as only one factor in the pathogenesis of functional
cerebral impairment in patients with HIV-1 disease
[62-64,69-71]. Furthermore, the obvious analogy
of HIV-1-related microangiopathic syndrome with
microvascular alterations in autoimmune diseases
needs further consideration, and the study of HIV-
1-related microangiopathic syndrome might help to
clarify the relevance of autoimmune processes in the
pathogenesis of AIDS [72,73].

In conclusion, the present study suggests that neu-
rologic and neuropsychological deficits in patients
with HIV-1 disease are caused partly by HIV-1-
related microangiopathic syndrome. In this context,
the determinations of cotton-wool spots or the con-
junctival blood-flow sludge rating might be used as
indicators of cerebral perfusion abnormalities. Fur-
ther studies are necessary to investigate the patho-
genesis of microvascular lesions of the central and
peripheral nervous system in patients with HIV in-
fection, and therapeutic implications should be con-
sidered.

References

1. SEINES OA, MILLER E, MCARTHUR J, ET AL.: HIV-1 infection:
no evidence of cognitive decline during the asymptomatic
stages. Neurology 1990, 40:201-208.

2. KRIKORIAN K, WROBEL AJ: Cognitive impairment in HIV in-
fection. AIDS 1991, 5:1501-1507.

3. SELNES OA, MILLER E: Cognitive impairment in HIV infection
{letter]. AIDS 1992, 6:602-604.

4. GELEZIUNAS R, SCHIPPER HM, WAINBERG MA: Pathogenesis
and therapy of HIV-1 infection of the central nervous sys-
tem. AIDS 1992, 6:1411-1426.

5. FENTON TW: AIDS-related psychiatric disorder. Br J Psychi-
atry 1987, 151:579-588.

6. GRANT I, ATKINSON JH, HESSLINK JR, ET Al.: Evidence for early
central nervous system involvement in acquired immune
deficiency syndrome (AIDS) and other human immuno-

deficiency virus (HIV) infections: studies with neuropsy-
chological testing and magnetic resonance imaging. Ann
Intern Med 1987, 107:828-836.

s PRICE RW, BREw B, SIDTIS J, ROSENBLUM M, SCHECK AC,
CLEARY P: The brain in AIDS: central nervous system
HIV-1 infection and AIDS dementia complex. Science 1988,
239:586~592.

8. RUNDELL JR, Paotuccl SL, BEATIY DC, BOSWELL RN: Psychi-
atric illness at all stages of human immune deficiency virus
infection. Am J Psych 1988, 145:652-653.

9. NavIA BA, JORDAN BD, PRICE RW: The AIDS dementia com-
plex. I. Clinical features. Ann Neurol 1986, 19:517-524.

10.  MirTcHELL JE, MARSHALL DW, GOETHE E, LEGER D, BOSWELL
RN: Human immunodeficiency virus (HIV): immune system
compromise and neuropsychological functioning. Neurology
1989, 39 (suppl 1):199.

11.  BORNSTEIN RA, NASRALLAH HA, PARA MF, FAsS RJ, WHITACRE
CC, RICE RR: Rate of CD4 decline and neuropsychological
functioning. Arch Neurol 1991, 48:704-707.

12, DUNBAR N, PERDICES M, GRUNSEIT A, COOPER DA: Changes
in neuropsychological performance of AIDS-related complex
patients who progress to AIDS. AIDS 1992, 6:691-700.

13. Roscl MA, PIGORINI F, BERNABEI A, T Al Methods for de-
tecting early signs of AIDS dementia complex in asymp-
tomatic HIV-l-infected subjects. AIDS 1992, 6:1309-1316.

14. WIiiLKIE FL, MORGAN R, FLETCHER MA, £71 Al.: Cognition and
immune function in HIV-1 infection. AIDS 1992, 6:977-981.

15. BOCCELLARI AA, DILLEY JW, CHAMBERS DB, r1 Ar.: Immune
function and neuropsychological performance in HIV-1-in-
fected homosexual men. Acquir Immune Defic Syndr 1993,
6:592-601.

16. LEVY RM, BREDESEN DE, ROSENBLUM ML: Neurological man-
ifestations of the acquired immunodeficiency syndrome
(AIDS): experience at UCSF and review of the literature.
J Neurosurg 1985, 62:475-495.

17. ENGSTROM JW, LOWENSTEIN D, BREDESEN DE: Cerebral in-
farction and transient neurologic deficits associated with
acquired immunodeficiency syndrome. Am J Med 1989,
86:528-532.

18. PETITO CK, CHO E-S, LEMANN W, NaviA BA, PRICE RW:
Neuropathology of acquired immunodeficiency syndrome
(AIDS): an autopsy review. J Neuropatbol Exp Neurol 1986,
45:635-646.

19. Mizusawy H, HIRANO A, LLENA JF, SHINTAKU M: Cerebrovas-
cular lesions in acquired immunodeficiency syndrome. Actd
Neuropathologies 1988, 76:451-457.

20.  LANTOS PL, MCLAUGHLIN JE, ScHOLTZ CL, BERRY CL, TIGHE
JR: Neuropathology of the brain in HIV infection. Lancet
1989, i:309-311.

21.  WEs S: Morphometric aspects of the brain in HIV-1 in-
fection. In HIV-1 Infection of the Central Nervous System.
Edited by Weis S, Hippius H. Bern: Hogrefe & Huber;
1992:99-245.

22, GEMMELL HG, SHARP PF, BESSON JAO, £r Al Differen-
tial diagnosis in dementia using Tc-99m HMPAO: a new
cerebral blood flow agent. J Comput Assist Tomogr 1987,
11398-11402.

23.  GILMAN S: Medical progress: advances in neurology. Part I.
N Engl ] Med 1992, 326:1608-1616.

24.  ELL PJ, Costa DC, HARRISON M: Imaging cerebral damage
in HIV-1 infection. Lancet 1987, ii:569-570.

25. Costa DC, Ew. PJ, Burns A, PHILPOT M, Levy R: Imaging
cerebral damage in HIV infection. J Cereb Blood Flow Metab
1988, 8:109-115.

26. PoHL P, VoGL G, FiL H, ROSSLER H, ZANGERLE R,
GERSTENBRAND F: Single photon emission tomography in
AIDS dementia complex. J Nucl Med 1988, 29:1382-1386.

27.  ScHIELKE E, TATSCH K, PrISTER HW, ET Ar.: Reduced cerebral
blood flow in ecarly stages of HIV infection. Arch Neurol
1990, 47:1342-1345.

28. GEIER SA, SCHIELKE E, Krauss V, EINHAUPL KM, GOEBEL FD,
TaTscH K: Retinal microvasculopathy and reduced cerebral
flow in patients with the acquired immunodeficiency syn-
drome {letter]. Am J Ophthalimol 1992, 113:100-101.

29.  HouAND GN, GOTTUEB MS, YEE RD, SCHANKER HM, PETTIT
TH: Ocular disorders associated with a new severe ac-

1593



1594

AIDS 1993, Vol 7 No 12

30.
31

32.

33.

34.

35.

36.

37.

39.

40.

41.

42,

43.
44.

45.

46.

47.

48.

49.

50.

51.

S2.

quired immune deficiency syndrome. Am J Ophbthalmol
1982, 93:393-402.

TEICH SA: Conjunctival vascular changes in AIDS and AIDS-
related complex [letter). Am J Ophthalmol 1987, 103:332.
FREEMAN WR, CHAN A, HENDERLY DE, ET" AL: Prevalence
and significance of acquired immune deficiency syndrome
related retinal microvasculopathy. Am J Ophthalmol 1989,
107:229-235.

ENGSTROM RE, HOLLAND GN, HARDY WD, MEISELMAN HJ:
Hemorrheologic abnormalities in patients with human
immunodeficiency infection and ophthalamic microvascu-
lopathy. Am J Opbthalmol 1990, 109:153-161.

PEPOSE JS, HOLLAND GN, NESTER MS, COCHRAN AJ, FOOS RY:
Acquired immune deficiency syndrome: pathogenetic mech-
anisms of ocular disease. Opbthalmology 1985, 92:472—484.
JABS DA, GREEN WR, FOx R, POLK BF, BARTLETT JG: Ocular
manifestations of the acquired immunodeficiency syndrome.
Ophthalmology 1989, 96:1092-1098.

GEIER SA, PERRO C, KLAUSS V, £T AL.: HIV-related microangio-
pathic syndrome and cognitive deficits. J Acquir Immun
Defic Syndr 1993, 6:252-258.

BOGNER JR, MATUSCHKE A, HEINRICH B, SCHREIBER MA,
NERrL C, GOEBEL FD: Expansion of activated T lympho-
cytes (CD3+HLADR+) detectable in early stages of HIV-1
infection. Klin Wochenschr 1990, 68:393-396.

MCKELWVIE SJ: Graphic rating scales — how many categories?
Br ] Psychol 1978, 69:185-202.

ROHRMANN B: Empirische Studien zur Entwicklung von
Antwortskalen.  Zeitschrift  fiir Sozialpsychologie 1978,
9:222-245.

ABT1 K: Descriptive data analysis: a concept between confir-
matory and exploratory data analysis. Meth Infect Med 1987,
26:77-88.

SERJEANT GR, SERJEANT BE, CONDON PI: The conjunctival
sign in sickle cell anemia. JAMA 1972, 219:1428-1432.
SWARTZ M, JAMPOL LM: Comma-shaped venular segments of
conjunctiva in chronic granulocytic leucemia. Can J Oph-
thalmol 1975, 10:458—461.

NAGPAL KC, GOLDBERG MF, RABB MF: Ocular manifestations
of sickle-cell hemoglobinopathies. Surv Ophtbalmol 1977,
10458-467.

HARLEY RD, BAiRD HW, CRAVEN EM: Ataxia-teleangiectasia:
report of seven cases. Arch Ophthalmol 1977, 77:582-586.
KNISELY MH, BLOCH EH, ELIOT TS, WARNER L: Sludged blood.
Science 1947, 106:431-443.

McLEOD D, MARSHALL J, KOHNER EM, BIRD A: The role of
axoplasmic transport in the pathogenesis of retinal cotton-
wool spots. Br /] Opbthalmol 1977, 61:177-191.

YANOFF M, FINE BS: Ocular Pathology. Philadelphia: Harper
& Roy; 1982.

NEWSOME DA, GREEN RW, MILLER ED, £T Al.: Microvascular
aspects of acquired immunodeficiency syndrome retinopa-
thy. Am J Ophthalmol 1984, 98:590-599.

GEIER SA, HOLLER K, NASEMANN ], &7 AL: Retinal mi-
crovascular abnormalities in patients with lymphadenopa-
thy syndrome and AIDS-refated complex [letter]. AIDS 1993,
7:746-748.

HOLLAND GN, PePOSE JS, PETTIT TH, GOTTLIEB MS, YEE RD,
FOOs RY: Acquired immune deficiency syndrome. Ocular
manifestations. Ophthalmology 1983, 90:859-873.

RAO K, DUGEL PU, MORINELLI EN, RAO NA: Retinal microvas-
cular abnormalities in the acquired immunodeficiency syn-
drome [ARVO abstract]. Invest Ophthal Vis Sci 1992, 33
(suppl 1):742.

O’CONNOR JF, MUSHER MD: Central nervous system involve-
ment in patients with systemic lupus erythematosus. Arch
Neurol 1966, 114:157-162.

IMAizUMI H, KIMURA S, TAKEDA M, TANABE H, MIYADE Y:
Fundoscopic findings in systemic lupus erythematosus. Folia
Opbthalmol Jpn 1986, 37:389-399.

54.

55.

57.

59.

60.

61.

62.

63.

65.

67.

69.

70.

71,

72.

73.

LEWALLEN S, WILLS BA: Retinal hemorrhage in children with
malaria [letter]. Lancet 1993, 341:442.

WALTON J: Essentials of Neurology, Sth Edn. London: Pitman;
1982.

FRANK RN: On the pathogenesis of diabetic retinopathy.
Ophthalmology 1991, 98:586-593.

YANOFF M: Ocular pathology of diabetes mellitus. Am J Oph-
thalmol 1969, 67:21-27.

DitzeL J: Changes in red cell oxygen release capacity in
diabetes mellitus. Fed Proc 1979, 38:2484-2489.

DUGEL PU, LIGGETT PE, LEE MB, Z10GAS A, FORSTER
DJ, SMitTH RE, RAO NA: Repair of retinal detachment
by cytomegalovirus retinitis in patients with the ac-
quired immunodeficiency syndrome. Am J Ophthalmol 1991,
112:235-242.

GEIER SA, KLAUSS V, SADRI I, SCHMIDT-KITTLER H, BOGNER
JR, GOEBEL FD: Retinal detachment in patients with AIDS.
German ] Opbthalmol (in press).

GOEBEL FD, ROLINSKI B, RIECKMANN P, £7° Al.: Involvement
of endothelins, peptides and potent vasoactive propertics
of HIV-1 encephalopathy. In HIV-1 Infection of the Cen-
tral Nervous System. Edited by Weis S, Hippius H. Seattle,
Toronto, Gottingen, Bern: Hogrefe & Huber; 1992:147-158.
GEIER SA, ROUINSKY B, BOGNER JR, ET AL: Endothelin-1
immunoreactivity is clevated in patients with HIV-related
microangiopathic syndrome [abstract]. German ]| Ophthal-
mol 1993, 2:275.

POMERANTZ RJ, KURITZKES DR, DE LA MONTE SM, ET AL In-
fection of retina with human immunodeficiency virus type
1. N Engl J Med 1987, 317:1643-1647.

SKOLNIK PR, POMERANTZ RJ, DE LA MONTE SM, ET AlL.: Dual
infection of retina with human immunodeficiency virus type
1 and cytomegalovirus. Am J Ophthalmol 1989, 107:361-372.
FABER DW, WiLEY CA, LYNN GB, GROSS JG, FREEMAN WR:
Role of HIV and CMV in the pathogenesis of retinitis and
retinal vasculopathy in AIDS patients. Invest Opbthalmol Vis
Sct 1992, 33:2345-2353.

ADES EW, COMANS TW, NICHOLSON JKA, BROWNING SW: Lack
of evidence that human immunodeficiency virus can infect
human endothelial cells in vitro. | Acquir Immune Defic
Syndr 1993, 6:104-105.

GEIER SA, KLAUSS V, KROPAWITTER U, BERNINGER TH, GOEBEL
FD: Retinal microvasculopathy and deficits in color contrast
sensitivity in patients with the acquired immune deficiency
syndrome {ARVO abstract]. Invest Ophthal Vis Sci 1992, 33
(suppl 1):749.

SKOOG 1, NILSSON L, PALMERTZ B, ANDREASSON LA, SVANBORG
A: A population-based study of dementia in 85-year-olds. N
Engl ] Med 1993, 328:153-158.

LARSON EB: lllness causing dementia in the very elderly.
N Engl ] Med 1993, 328:203-205.

WERNER T, FERRONI S, SAERMARK T, 7 AL.: HIV-1 Nef protein
exhibits structural and functional similarity to scorpion pep-
tides interacting with K+ channels. AIDS 1991, 5:1301-1308.
STAAL FJT, ELA SW, ROEDERER M, ANDERSON MT, HERZENBERG
LA, HERZENBERG LA: Glutathione deficiency and hu-
man immunodeficiency virus infection. Lancet 1991,
339:909-912.

KEATING JN, TRiMBLE KC, MULCAHY F, ScotT JM, WIiER DG:
Evidence of brain methyltransferase inhibition and carly
brain involvement in HIV-positive patients. Lancet 1991,
337:935-939.

KRIEG AM, STEINBERG AD: Retroviruses and autoimmunity.
J Autoimmun 1990, 3:137-166.

MULLER S, RICHALET P, LAURENT-CRAWFORD A, KT AlL.: Auto-
antibodies typical of non-organ specific autoimmune dis-
cases in HIV-seropositive patients. AIDS 1992, 6:933-942.



