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NMO-IgG predicts the outcome of
recurrent optic neuritis
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ABSTRACT

Ohbjective: To determing the prognestic value of neuromyelitis optica [NMO}-immunoglobulin G
{1gG) in patients with recurrent optic neuritis (ON), The aquaporin-4-specific serum autoantibody,
NMO-IgG, is a biomarker for NMO and relapsing transverse myelitis. Recurrent ON may herald
multiple sclerosis (MS) or NMO, or it may gccur as an isolated syndrome. The prognosis and re-
sponse to therapy differs in each of these contexts.

Methods: We evaluated 34 patients who were tested for NMO-1gG between 2000 and 2007 and
who had two or more episodes of ON without satisfying a diagnosis of MS or NMO prior to sero-
logic testing. Clinical data were available for 25 Mayo Clinic patients (5 NMO-1gG positive and 20
MNhO-IgG negative) and for an additional 9 seropositive patients whose serum was referred to the
Maya Clinic Neurcimmunology laboratory for testing.

Results: Twenty percent of the patients with recurrent ON seen at Mayo Clinic were seropositive.
All NMOD-1gG-positive patients [vs 65% NMO-lgG-negative patients) had at least one attack with
visual acuity in the affected eye worse than 20/200 (p = 0.05). In seropositive patients for whorn
long-term follow-up was possible [median B.29 years after the initial ON), 6 of 12 [50%) experi-
enced an episode of myelitis and fulfilled criteria for NMO. In contrast, 1 of 15 seronegative
patients [6.7%%) fulfiled McDonald criteria for M3 [p = 0.03), Seropositive patients had a final
visual score which was worse than that of seronegative patients [p = 0.02).

Conclusions: Neuromyelitis optica (NMO)-immunoglobulin G seropositivity predicts poor visusl
outcome and developmant of NMO, Seropositive recurrent aptic neuritis is a limited form of NMO.
Neurology 2008;70:2197-2200

GLOSSARY

IgG = immunaglobulin G; LETM = longitudinally extensive transverse myelitis; MS = multiple sclerosis; MMO = reuromyelitis
optica; ON = optic newritis; RON = recurrgnt ON; TM = transverse rmyelitis: VA = visual acuity

Optic neuritis (ON) is an acute inflammatory demyelinating syndrome of the CNS that
may occur in isolation or may herald muldiple sclerosis (MS), neuromyelitis optica
(NMO), or recurrences of ON without other CNS manifestation (idiopathic recurrent
ON [RON]).' The diagnosis of NMO, rather than MS, in a patient with a history of ON
and myelitis is largely dependent on documentarion of longitudinally extensive spinal
cord lesions, which are common in NMO and rare in MS. The prognosis for NMO is
worse than for MS,* and current evidence suggests that conventional immunomaodulatory
treatments for MS are ineffective for NMO. Therefore, carly distinction berween
NMO (and its related spectrum of disorders) from M3 is clinically important.
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The serum autcantibody, NMO-1gG, de-
tected by indirect immunofluorescence,
binds to the CNS-dominant water channel,
aguaporin-4, and has high sensitivity and
specaifiairy for NMO.* Recent incorparation
of NMO-1gG seropositivity as a diagnostic
criterion for NMO® has been validared in-
dependenty.” Detection of NMO-IgG in
patients with idiopathic longitudinally ex-
tensive transverse myelinis (LETM) pre-
dices recurrence or development of ON
within 1 year in 53% of cases." The goal of
the current study was to evaluate the diag-
nostic and prognostic value of NMO-1gG
in patients with RON,

METHODS The study was approved by the Mayo Clinic
Instirunicnal Review Board (IRE# 1036-04). Eligble panenrs
Fulfalled ehe folliwing inclusion criterias 1) tested for NAO-
Iels between 200 and 20807 in the Mayo Clinie Nevraimmu-
moboey Laborarory; 21 a least rwo clinical episodes of ON
separated by 30 days or more and documented before NAO-
Ig€s resting: 3) no other neurologic signs of symptoms prior
to the NMO-lgh rest char suggested a diagnosis of M5 or
NMAO,

Blinded indirect immunofluorsscence testing far NMO-
Iz was performed on a serviee basis We reviewed medical
records for patients evaluared ar Mayo Clinie (3 NMO-1gG
posttive and 20 NMO-lgG neganve) and abseracoed dara
provided by referring phiysicians for patients not evaluated ae
Mayo Clhinie. Dara for panients evaluared elsewhere were as-
certmined vnly for seropositive RON patients (idenrified se-
rilogically  in the Mave Clinic  Newrommunology
Laboratory [n = 9], in the course of contacting physicians of
NMUOlgGrpositive patients in routine laboratary physician-
iminiared comsultative and quality assurance activiries). Thus,
only panients evaliated at Mayo Climie were informarive re-
garding the seroprevalence of NMO-[gG in RON. Daa for
both groups were used to evaluare demaographic characreris-
tics and ourcome dara associated with NMO-gG seroposi-
mve BROM,

Visual acuny (VA) was assessed in cach eye by an ordinal
scale: 0 = MW20; 1 = scoonmia bur berrer than 20/30; 2 =
HUM e MOS8 om 20060 po 200195 4 o 20000 to JVRIND; 8 =
count fingers only; & = light perceprion; 7 = no light percep-
o The final visaal outcome was the sum oof the Last as-
signed visual seore for cach eve.

Foulliaw i tnformation incleded additional relapses af
ON, developmient of transverse myelits [TM) or other new-
rologic manmifestations, and the patient’s most recent vasueal
ansd motor starus.

We determined whether che paticnes satsfied criteria for
MS or NMOM We used the statistical package |MP 6.0
(5AS Instioure, Cary, NC, 2008) to analyvze the significance of
differences between the seropostiive and seroneganive groups
using ¥ or Fisher exacr test for frequency dara, and Wil
coxon or §test for continuous dara, as appropriate, W used
a Kaplan-Meier analysis to evaluate differences in incidence
of TM in the ser Wpositive and scrancgative Broups following
the first episode of ON.

RESULTS Five of the 25 patients (20%) evaluated
at Mayo Clinic were NMO-IgG-positive. Sero-
positivity was not associared with sex, age at on-
set, number of ON episodes prior to serologic
testing, interval beoween the first and the second
episodes, or occurrence of bilateral episodes of
ON. Among patients for whom ethnicity infar-
mation was available, non-Caucasian ancestry
was more common in the seropositives (3 of 12;
41.7%) than in the seroncgatives (2 of 19; 10.5%.,
p = 0.07),

The initial ON episode was more severe in sc-
ropositive patients {fp = 0.05) and VA in the af-
fected eve was worse than 200200 ar the nadir in
all seropositive parients (one or more ON epi-
sodes) compared 1o 64.7% in scronegative pa-
tients (p = 0.05), Thirty-one patients had a brain
MRI after the first ON; none fulfilled MRI crive-
ria for MS," 6 of 11 seropositive patients (55%)
and 12 of 19 seronegartive patients (63%) had nor-
mal brain MRI or changes restricred to the opric
nerve. The remainder had nonspecific MRI signal
changes.

Follow-up data were available for 12 seroposi-
tive and 13 seroncgative patients, representing
794% of the population studied. The interval
was similar in the two groups: 8.95 = 2.0 years
for seropositive vs .02 + 5.1 years (mean = 5D
for scronegarive patients (p = 0,73}, Four scro-
positive and 7 seronegative patients had ON re-
lapses after NMO-1gG westing (p = 0.69), The
final visual status score was worse in the seropaos-
itive group: 1022 = 9.0 (mean = 5D) vs 6,38 =
L0 in the seronegative group (p = 0.02) (table).

One seroncgative patient (6.6%) and 6 sero-
positive patients (50%) experienced TM epi-
sodes during the follow-up period (p = (.03)
(figure), The seronegative patient expericnced a
band-like sensation around her chest accompa-

nied by paresthesia of the lower extremities;
MRI of theracic spine revealed rwo small le-
sions adjacent to vertebra T11 each measuring
abour 3 mm, likely unrelared to her symproms
considering the dermatome level of sensory dis-
trbance. Minor sensory disturbances accom-
panicd by small spinal cord MRI lesions also
aceurred in one seropositive patient while she
was receiving monthly [VIlg therapy. The other
five seropositive patients experienced severe
TM, leading either ro quadriplegia or paraple-
gia, accompanied by severe sensory and sphine-
ter deficits. Spinal cord lesions longer than
three verrebral segments were present in the
four patients on whom we had information
about their MRI scans. Twao seropositive pa-
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Basaline characteristics [prior to NMO-1gG testing)
Ager ot onsat, y, madian (IQR]
Sax, FM
Ethnicity, n{%}
Coucanian
Dthar
Unkraren
Ho. of ON episados. maan = 50
Interval between first and second episodes, d, median (I0R]
First ON visual score at nadir, mean = S0
ON avent with visual acuity worse than 200200, n (3]
Ho. of patients with bilsteral episodes of ON
At least one epésode with na light parcaption, n %)
Faollow-up cutcomes

o, of patients with ON episodes after NMO-IgG serologic
teating, n (3]

Visual score ot lant follow-up, sum of both eyes, maan = 5D
Tranaversa myelitis spdaodes, n{%)

“Wilcowan test

‘Fisher exact tast

*t test

SChi-square

og-rank

IQR = interquartile range; ON = optic neuritis.

tients died shortly after developing TM, one
from a pulmonary embolism and the other from
UNCErTAIN cause.

NMO-lgG riters among seropositive cases
were higher in those who developed myeliris than
in those who did not. TM developed in 5 of 7
patients (71.4%) whose NMO-Igl was positive
at a serum dilution greater than 1:480, but in only
1 of 5 patients (20%) whose serum was positive at
a dilution of 1:480 or lower {pp = 0,07),

Figura Kaplan-Meier analysis for the occurrence
of transversa myelitis stratified by
serologic status for neuromyelitis
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Table Patient demographic, clinical, and MRI charactariatics and outcome information stratified by
neurcmyelitis optica (NMO)-immunoglebulin G [IgG) serclogic status

Sargnagative in = 20] Seropositive [n = 14) p Valua
28.09[148-437) 310(23.7-42.3) 045
18.2 14:0 o
0.07
17(89.5] 7 [58:3
2105) 5417
1 2
3.05 = 1865 414 = 295 014
131 (50.5-812.3) 258 (70.75-1 255) o1g
453:225 612=112 oo
1117 184.7) 10010 {100} 0.05°
& 3 or
FT 412 7110700 LEEL
Saronegative |n = 15) Seropositive [n = 12) P Valus
746.7) 4333 060
6.38 = 342 10.22 = 380 0.0
1 [B.8) & [50] 0.03Y

DISCUSSION The 20% scroprevalence of
NMO-lglG among patients presenting with
RON was similar to the frequency we origi-
nally reported for NMO-lgG among patients
with RON. In the original report, 2 of § pa-
tients {25%) with simultancous or sequential
RON were NMO-1gG positive.”

The visual disability recorded for patients in
this report is consistent with previous reports for
patients with NMO. In a study conducted before
the advent of NMO-1gG resting, the initial ON
episode and final visual outcome of patients with
RON were worse in the NMO-conversion group
than in those who did not convert to NMO. Sim-
ilarly, in comparing visual status immediately af-
ter an ON episode and then & months later in
Afro-Caribbean patienmts with NMO or MS, the
number of attacks in the first 2 vears (20 £ 1.3 vs
0.97 %= 0,71, the annual relapse rate (0.39 * 0,33
vs .27 = 0.29), and the final visual acuity impair-
ment (2050 ve 20025) were greater in NMO than
in MS&.Y

NMO-lgG is not restricted to patients fulfill-
mg all criternia for a defimte diagnosis of
NMO. 4% The seropositivity rate in patients
with recurrent LETM was 52%* and 40% in pa-
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tients with a single episode of LETM." This study
provides support for RON being a limited or in-

nerve and spinal cord demyelination. | Neurol Sci

2007;252:57-61,

augural symptom of NMO in at least 20% of pa- 6 Fapeix (_" Vil 'IH.' e Sum'l't_ll - .EmI!m”m"r']"”'mn..u
, therapy is more effective than interferon in neuromyeli-
HEIRG, _ tis oprica. Mult Scler 2007313:256-259,

No clinical trial has established the most effica- 5 | non VA, Keyzer TJ, Pittock SJ, Verkman AS, Hin-
cious treatment for preventing relapses in NMO, son SR, lzG marker of oprc-spinal multple sclerosis
However, case series strongly supports the use of binds to the aquaporin-4 warer channel. | Exp Med
immunosuppressant drugs rather than interferon 2005;202:473-477.
beta.** Patients with RON who are seropositive for 8 Wingerchuk DM, Lennon VA, Pittock 5], Lucchinetti
NMO-IgG are at high risk for development of TM CF, Ht'll.'llh.lll.:l‘.lkl.'r. B, -RL'I.'I‘.iL'r.l dingnostic crj:r;rm for

: e . : neuromyelitis optica. Neurology 2(06566:1485-1489.
and severe d1.-a;1h1hry._lerutnn:, we m_fm_c;uu [u-.;tmg_ 9. Saiz A, Zuliani L, Blanco Y, et al. Revised diagnostic
patients with RON for NMO-lgG and favor use of criteria for neuromyelitis optica (NMO): Application
immunosuppressive therapy in treating NMO-1gG- in a series of suspected patients. | Neurol 2007;254:
scropositive patients with RON, as we also recom- 1233-1237.
mend for patients with LETM who are NMO-1gG 10 Weinshenker BG, Wingerchuk DM, Vukusic §, et al.
seropositive.! MNeuromyelitis optica gl predicrs relapse after longi-

tudinally extensive transverse myelitis. Ann Neurol
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