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Revised diagnostic criteria for
neuromyelitis optica
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Abstract—Eackeround: The authors previously proposed dingnostic eriteria for neuromyelitis aptica (NMO) that facili
tate its distinction from prototypic multiple sclérosis (MS). However, some patients with otherwise typical NMO have
additional eymptoms nol aitributable to optic nerve or spinal eord inflammation or have MS-like brain MREI lesions.
Furthermaore, some patients are misclazzsified ng NMO by the authors’ carlier proposed eriterin despite having a subse
quent course indistinguishable from prototypic M5, A serum auteantibody marker, NMO-1g0, i highly specific for NMO.
The authors propose revieed NMO diagnoetie eriteria that ineorporate NMO-TgG status. Methods: Ueing Anal clinieal
dingnosis (NMO or MS) as the reference standard, the authors caleulnted sensitivity and specificity for each eriterion and
various combinations using a sample of 96 patients with NMO and 33 with M5, The authors used likelihood raties and
logriztic regression analysig to develop fhe most practieal and informative diagnostic model. Resuliz: Fourleen patients
with MO (14.69%) had extra-opticepinal CMNS symptomes, NMO-1g05 seropositivity was T6% sensitive and 24% specific for
MNMO, The best diagnostic combination was #0% sensgitive and 90% specific for NMO and consisted of at least two of three
elements: longiludinally extensive cord lesion, onget brain MEI nondiagnostic for MS, or NMO-TgG seropositivity. Conclu-
sions: The authors propose revised diagnostic eritorin tor definite neuromyelitis opticn (N MO} that require optic nouritis,
myelitis, and at least two of three supportive criteria: MEI evidence of a contiguous spinal cord lesion 3 o more segments
in length, onsel brain MET nondiagmostic for multiple eclerosia, or NMO-TpG seropositivity. NS invelvement beyond the
optic nerves and spinnal cord 15 compatible with NMO,
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Neuromyelitis optiea (NMO;, Devie syndrome} is a
clinically defined, severe CNS demyelinating syn-
drome characterized by optic neuritis (ON) and acute
myelitig; the presence of CNS gymptoms outside the
optic nerves and spinal cord has until recently ex-
cluded the diagnosis.™? Traditionally, the term NMO
was applied to patients who experienced a monopha-
gic event consisting of bilateral simultaneous optic
neuritis and acute myelitis.* The NMO spectrum is
now recognized to typically evolve as a relapsing dis-
order that also includes patients with unilateral ON
and those with index events of ON and myelitis oc-
curring weeks or even years apart.®

Early and accurate diagnosis is important hecause
NMO carries a poorer prognosis than MS and gener-
ally accepted treatment approaches differ ¢ In 1999,
we proposed NMO diagnostic criteria with three ab-
golute requirements: ON, acute myelitis, and no

Additional material related to this article can be found on the Mexrology
Weh gite. Go to www neurologyorg and geroll down the Table of Con-
tents for the May 23 issue to find the title link for this article,

symptoms implicating other CNS regions® To en-
hance gpecificity, fulfillment of at leagt one of three
major supportive criteria was required: 1) brain MRI
at disease onset is normal or does not fulfill MS
imaging criteria; 2) spinal cord MRI shows a lesion
extending over =3 vertebral segments; and 3) CSF
reveals =50 WBC/mm® or =5 neutrophils/mm®. Al-
ternatively, fulfilling two of three minor supportive
criteria (hilateral ON, severe residual visual loss, or
severe fixed post-attack weakness) suffices. We de-
rived the criteria empirically and suggested that
they be validated and may require revision.
International experience using the 1999 diagnos-
tic criteria generally concurs with ours.™° However,
the criteria have limitations. They fail to capture
patients with a disease course otherwise highly com-
patible with NMO but whose neurologic symptoms or
gigns implicate CNS regions outside the optic nerves
and spinal cord or whose brain MRI reveals lesions
that may meet MS imaging criteria.®'* Therefore, the
full spectrum of the disease may be underappreci-
ated. On the other hand, occasional MS patients
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with ON and an attack of partial myelitis may have
an initial negative brain MRI, therefore fulfilling
NMO criteria at least early in their clinical course.

Substantial evidence, including clinical, labora-
tory, neurcimaging, and immunopathologic data,
suggests that NMO is distinet from MS; however, no
diagnostic gold standard has been established 1212 An
objective biomarker would enhance diagnostic cer-
tainty and definition of the NMO disease spectrum.
The serum autoantibody NMO-IgG, which targets
aquaporin4, ig a good candidate because it is =90%
specific for NMO in patients presenting with an
optic-spinal syndrome and is not detected in patients
with clasgic MS 1415 NMO-IgG seropositivity also pre-
dicts relapse and conversion to NMO in patients pre-
genting with a single attack of longitudinally
extensive myelitis ¢

We hypothesized that individual components of
current NMO criteria differ in their diagnostic prop-
erties and that a quantitative evaluation of these
criteria, with incorporation of the NMO-IgG disease
marker, would allow formulation of optimal criteria
to discriminate NMO from MS.

Methods, FPrfienfs. We evalnated the characteriztics of 129 pa-
tients agcertained through the ME centers at Mavo Clinic sites in
Rochester, M, and Scottadale, AZ, and tested for WMO-IzG, Tvp-
ically, these patients had attacks of optic neuritiz, myelitiz, and
had a normal MEI scan of the head, or one that was deerned to
show minimal findings, We maintain a central database of demo-
craphic, clinical, imaging, and laboratory data from patients who
present with syndromes compatible with IO, transverse myeli-
tiz, or relapsing myelitiz, Data are entered by one of the study
neurologizts who haz either evaluated the patient or reviewed the
medical record, The cohort (1999 to 2008) conzidered in thiz study
iz independent from that uged to generate the 1999 diagnostic
criteria,

Diognosia.  The reference standard for the study was a diag-
nogiz of NIMO or M3 bazed on the final clinical diagnoszizs rendered
by the study neurologizst based on hizs or her integration of all
available clinical, imaging, and laboratory data and the period of
follow-up after digeaze onget, Patients must have had at least one
attack of OM and myelitiz to be eligible for the study. Thosze with a
final diagnosiz of MZ comprize a group who presented with O
and myelitiz combinations that sugzested the pozaibility of IO,
patients with demyelinating dizeaze syndromes in whom NMO
was not an initial congideration were not included. Because we
recognize the limitations of the 1999 Iavo Clinic criteria, we did
not apply them formally for diagnosiz for the purposes of this
study but relied instead on the cliniclan’s final diagnosiz bazed on
all clinical information and available information for the subse-
quent courze. The clinical diagnoses were finalized without knowl-
edge of the NIMO-IgG serologic status in all cazes except two whe
were not seen at Mayo Clinic but were ascertained becausze they
were found to be NMO-IgG positive; diagnostic information was
obtained from the referring neurclogist in those cases.

NMO-Ig@ stafus. The Mayo Clinie Neuroimronnology Labora-
tory teated all serum szamples for NMO-IgG using an indirect
immunofluorescence technique described elsewhere 17 Sera were
scored as positive or negative by two independent evaluators
(VAL and 3J.P.) and titrated in doubling dilutions to determine
the greatest dilution that remained positive. The assay evaluators
were unaware of the clinical diagnosis. No serum was classified as
equivocal or indeterminate and positive and negative scores were
concordant,

Olimieal dota. Demographic and clinical information included
sex, date of birth, age at dizeaze onset, ethnicity (white or non-
white, based on patient selfreport), personal or family history of
autoimmune diseage, and family history of demyelinating dizease.
Neurologic symptoms and signs were recorded; for the purposes of
criterion evaluation, we determined the occurrence and number of
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epizodes of optic neuritis and myelitis and whether patients had
experienced nenrologic events implicating CWNS regions other than
the optic nerve or gpinal cord. Motor weakness was graded using
the Medical Fesearch Council scale and was termed severe if more
than one muscle in an affacted limb was scored as 2 or less.

Available brain MEL studies were evaluated using Paty crite-
ria, which require presence of four or more white matter lesions or
three legsions when one iz periventricular® We uzed these older
WERI criteria to ensure diagnostic consistency with our earliest
cages, we recorded results as normal, abnormal but not meeting
Faty criteria, or meeting Paty criteria. The brain MEI at dizeaze
onget waz used if available, however, if a later scan wag available
and wag negative, we assumed the onget scan also was negative,
Spinal cord MEI studies were similarly reviewed and results re-
corded as normal, abnormal with a TZ2-weighted cord lesion ex-
tending over three or more vertebral segments, or abnormal with
a amaller lesion or confluent lesions not suggestive of NM O, O5F
leukoovte count and differential data were categorized asz follows
based on the 1999 criteria; WBC greater than 50/mm® or not;
neutrophil count greater than S/mm® or not. Serologic data, be-
yond NMO-IgG status, included the detection of one or more se-
rum autoantibodies {antinuclear, extractable nuclear antigen,
double-stranded DINA, rheumnatoid factor, cardiolipin, thyroid or
intrinsic factor antibodies), When data were not available, or the
test not performed, that element was removed from analysis for
that patient. We required valid data for at least two of the follow-
ing supportive features: brain MEI, spinal cord MEI, and TSF
results.

Eualuation of dicgnostic properfies. We compared NIMO and
LIE patients with respect to demographic, clinical, and follow-up
data as well as the frequency of meeting each individual diagnos-
tic criterion; differences were determined using x2 Fisher exact,
or § tests ag appropriate (alpha = 0.08), We caleulated zensitivity
and specifieity estimates for each criterion using the clinical diag-
nogis of NIMO as the reference standard. We then evaluated the
relative clinical utility of each test by comparing likelihood ratios
(LR) for positive (zengitivity divided by 1 — specificity) and nega-
tive (1 — sensitivity divided by specificity) test results. For each
eztimate, 96% Cls were calculated. LEs are more uszeful than
zenzitivity and specificity becauszs they may be used to adapt the
rezults of a ztudy to an individual patient uszing the principles of
Eaves theorem and determination of pretest and post-test odds of
dizeaze pregence !® LRz of =10 for a pogitive test result or <0.1 for
a negative test rezult are expected to wield a conclugive change in
the post-tezt odds of disease prezence.

We uzed the LE data to guide construction of new diagnostic
modelsz, each consizting of two or three of the mest accurate indi-
vidual variables. We then evaluated the medels in several ways.
First, we caleulated LR and azsociated Cls for each model. Second,
we plotted receiver operator characteristic (ROC) curves for each
model with zensitivity of a positive result on the y-axis and (1 —
specificity) on the x-axis® The area under each ROC curve (AT
was then calenlated as a measure of the overall discrimination
that each wariable or combination of wariables can prowvide be-
tween NMO and WS, ATTCT values may be calonlated for different
diagnoztic tegts and then compared to one another® An AUC of 1
represents a perfectly discriminatory test; an area of 0.8 repre-
sents a test that discriminates no better than random chance =
Finally, we uzed logistic regreszion methods to estimate OFs for
each model® The reference standard diagnogiz was the dependent
variable (NMO = 1; M2 = 0) and individual variables or models
were included ag independent variables (positive test result = 1;
negative result = 00 Goodness-of-fit was evaluated using the
Hosmer-Lemeshow test.

Results. Demographic and clinical features of the sam-
ple are summarized in table 1. Women outnumbered men
in both the NMO and MS groups but the NMO cohort was
more likely to be nonwhite and older than 35 years at
dizease onset. Eighty-one (84.4%) of the 96 patients with
NMO had an established relapsing dizease course {at least
one additional attack of either ON or myelitis after experi-
encing index attacks of initial ON or myelitiz) at last
follow-up {median 35 months; IQR = 4 to 48 months).
More relapses occurred in patients with NMO than in pa-
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Table 1 Demographic and clintcal features of patients with NMO
and MS

Characteristic Valid n NI R » Value
I (total) 128 S8 33

Female, n (%) 1a7 2094 (85.1) 26/23 (78.%) 0401
Non-eaucasian, n (%) 115 35/%1(3B.5) 2728 (7.1) 0.002
Ifean age of onzet, v (S0 123 37.80(18.1) 324 (8.8) 0,115
Age onsetl > 350y 123 H6/02 (80.8) 10421 (232.3) 0008
IMean ON events (300 124 2.1(15) 1414} 0,033
Ifean myelitis eventa (5D 128 3.4 (3.0) 1.3 (18} 0,005
Iedian follow-up, mo (IGE) 121 a7 (21-88) 42 (18-108) 08582
History of autoimmunity 112 283 (27.7) 925 (31.0) 0733
Seropositivity for non-organ- 110 4182 (80.0) 12793 (42.9) 0514

specific autoantibodies

Family Hz autoimmunity 88 24738 (A3.2) /26 (348) 0025
Family Hx demyelinating dis, 95 9/Ta(12.8) L25(8.8) 0,284

MMO = neuromyelitiz optica; S = multiple sclerosis; n = number of pa-
tients with validated data for each characteristic, Hx = history; O = op-
tic neuritiz, IQE = interquartile range.

tients with MS despite similar follow-up duration. The fre-
quencies of coexisting systemic autoimmune disease and
geropositivity for non-organ-gpecific serum autoantibodies
were similar in NMO and MS but a family history of auto-
immune disease was more frequent in the NMO group.

At some time prior to diagnosis, 14 NMO patients
{14.6%)} had experienced neurologic symptoms indicating
disease outside the optic nerves and spinal cord. Their
characteristics are summarized in table E-1 (available on
the Neurology Web site at www.neurology.org). In one
case, vomiting was noted in association with a medullary
legion imaged by MRI, but in another case, vomiting was
encountered without a demonstrable MRI lesion. Encepha-
lopathy was associated with massive hemispheric lesions
in one cage, but in other instances of encephalopathy no
definite inflammatory lesions were present. In these cases,
a clinical diagnosiz of NMO was reached on the bagis of

other clinical and laboratory features together with evalu-
ation of the follow-up course.

Table E-2 summarizes the diagnostic properties of the
1999 criteria, individual components of those criteria, and
NMO-IgG. The 1999 criteria were 85% sensitive but only
48% specific for NMO. The acceptance of extra-optic-spinal
symptoms allowed for identification of all NMO cases but
reduced the sensitivity to only 24%. This analysis confirms
that the 1229 diagnostic criteria have inadequate diagnos-
tic accuracy.

For more than 90% of patients we had valid data for all
variables except CSF analyzis. Individual variables with
significant discriminative power included MRI evidence of
a longitudinally extenszive spinal cord lesion {(zensitivity
98%, specificity 83%) and NMO-IgG seropositivity (sensi-
tivity 76%, specificity 94%). The likelihood ratios for these
variables demonstrate that NMO-IgG seropositive status
{LR [+] = 12.2) or the absence of a longitudinally exten-
give cord lesion (LR [-] = 0.03) would have a large impact
on the post-test probability of NMO diagnosis.

Table 2 and table E-3 summarize the diagnostic proper-
ties of combinations of variables and the modeling proce-
dure. We did identify a combination with perfect
gengitivity but inadequate specificity (model 3) and an-
other that was entirely specific but insufficiently sensitive
{model 4). Goodness-of-fit tests were not significant. By
exploring several models that included multiple variables
and interaction terms (not all shown), we found that the
combination of a longitudinally extensive spinal cord lesion
together with an onset brain MRI scan that does not meet
MS (Paty) criteria was 94% sensitive and 96% specific for
NMO. Addition of NMO-IgG seropositivity to this pair of
variables created three supportive criteria. The model re-
quiring at least two of these three supportive criteria for
NMO diagnosis resulted in a nearly identical predictive
model with 99% sengitivity and 90% specificity (p <
0.0001).

We evaluated several combinations of variables that in-

Table 2 Diagnostic accurecy for NMO dizgnosis of models combining clinical criferia and NMO-IgG statfus*

Tlodel Evaluahle n (%) IO

S Sensitivity  Specificity LE{+) LEi=

Ifodel 1
Cord legion =3 gegments AND onset MEI
brain nondiagnostic
IModel 2
NIC-1gG positive AND onset MR brain
nondiagnostic
IModel 3
Cord legion =3 gegmentes OF NMO-1aG
positive
IModel 4
=3 gegments AND MMO-I2G pogitive
IModel &

2 of 3 eriteria

111/12% (86.1) 7984 (54.1)

117/12% (30.7) 61784 (72.8)

129 (100) ISR

114/12% (898.4) 637848 (73.8)

1217129 (93.8) 8590 (88.9)
Cord lesion =3 gegments

Onget MEI brain nondiagnostic

NMO-1gG positive

V27 (8.7) 94 (B5-9%)  25(8%-100) 254 (371-174) 005 (0.03-0.18)

/33 (6.1) 73 (83-82) B4 (BE-100) 120 (3.11-48.2) 057 (0.44-071)

KEERPY 100 79 (65-93) 471 (245-5.10) 0

048 Ta (84-13) 100 = 0,27 (0.15-0.38)

a1 (87) 99 (57-100) 50 (B0-100) 102 (3.45-30.0) 0.01(0.002-0.08)

* Mot all evaluated models are shown,

Parentheses denote percent for proportion or 25% CI for point estimates of sensitivity, specificity, and likelihood ratios (LE).

NIMO = neuromyelitis optica; M3 = mulliple sclerosis.
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Table ? Proposed dingrostic eriferie for newromyel ifls opticg

(VM)

Definite NIMO

Optic neuritis

Acute myelitiz

At least two of three supportive criteria
1. Contiguous spinal cord MEI lesion extending over =3 vertebral

zegments

2. Brain MEI not meeting diagnogtic criteria for multiple gelerosis
3, NMO-IgG seropositive status

cluded one or both of CSF abnormalities or severe weak-
ness, variables that were used to support NMO diagnosis
in the 1999 diagnostic criteria. Although we confirmed
that these features are more suggestive of NMO than MS,
the best model {one of the three supportive criteria plus
either severe, fixed, post-attack motor weakness or CSF
pleocytosis =50 WBC/mm?® or neutrophils >5/mm®)
achieved only 87% sensitivity and 85% specificity.

Discussion. We propose revised NMO diagnostic
criteria that remove the absolute restriction on CNS
involvement beyond the optic nerves and spinal cord
and emphagize the specificity of longitudinally exten-
give spinal cord lesions and NMO-IgG seropositivity
(table 3). Although brain MRI findings are generally
either negative or nonspecific in NMO, brain lesions
do not preclude the diagnosis.®>** CSF pleocytosis or
neutrophilia and the occurrence of severe, fixed,
attack-related motor weakness were also validated
as characteristic features of NMO but with less diag-
nostic power. A history of systemic autoimmunity or
presence of non-organ-specific autoantibodies was
common in hoth NMO and MS but did not distin-
guish them. Cur results provide quantitative data to
support clinical NMO diagnostic criteria and are the
first to incorporate the NMO-IgG biomarker.
Derivation or revision of valid diagnostic criteria
in the ahsence of a pathologic or quantitative refer-
ence standard poses a difficult challenge. Ideally, the
reference standard and the diagnostic test are evalu-
ated in every subject independently and in blinded
faghion. In our study, although we used 1999 Mayo
Clinic NMO criteria as a guideline, we did not for-
mally apply them to establish the reference stan-
dard. Therefore, we helieve that our approach of
evaluating each individual criterion and then con-
structing new combinations with optimal diagnostic
properties is valid. The database allows maintenance
of independence among the reference standard diag-
nogig, individual criteria, and the NMO-IgG result.
Our results highlight the difficulties inherent in
uging arbitrary and subjective clinical criteria for
diagnostic purpoeses. The tradition of excluding NMOC
as a diagnostic posgibility in a patient who has expe-
rienced any extra-optic-spinal neurologic symptoms
ig no longer valid. Continued use of this arbitrary
requirement will undoubtedly provide a pure cohort
but precludes a valid and complete assessment of the
gpectrum of NMO. The concept of pure NMO should
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be abandoned. Our data demonstrate that a wide
variety of neurclogic symptoms may precede or ac-
company NMO and may or may not be associated
with an identifiable CNS lesion.

The revisions we propose improve the diagnostic
properties of NMO eriteria. It is imperative, how-
ever, that individual components be ascertained ap-
propriately. Brain MRI results at disease onset must
he reviewed if follow-up scans reveal lesions that
meet MS criteria. We used clder (Paty) MRI diagnos-
tic criteria for MS® rather than those in current
use® for purposes of consistency. However, because
newer criteria are designed to enhance specificity for
M3, failure to meet the more sensitive Paty criteria®®
should more likely yield a true negative result. The
gspinal cord MRI manifestation of a longitudinally
extensive lesion is the single most useful diagnostic
test but is also subject to timing issues, since a
lengthy T2-weighted lesion may not have developed
fully in the first few days after clinical symptom
onset or it may have contracted or resolved with
time. Some degree of redundancy and flexihility in
the diagnostic criteria, such as the minimum re-
quirement of only two of three supportive criteria, is
therefore most practical for clinical use and we have
demonstrated equivalent diagnostic properties with
this model. The onset brain MRI and the initial spi-
nal cord MRI are available after the presentation of
the first myelitis event. Since diagnosis requires only
two of three supportive criteria, access to NMO-IgG
testing is not necessary to use this system.

Some of the difficulties noted above may be elimi-
nated if additional biomarkers can be identified for
NMO. The NMO-IgGG autcantibody was 76% sensi-
tive and 94% specific for a final clinical diagnosis of
NMO. This iz a powerful and clinically meaningful
result since this cohort represents patients with
optic-spinal disease, not other typical forms of MS,
and the determination of whether a patient has
NMO or MS may be difficult. The autoantigen to
which NMO-IgG binds was recently shown to bhe
aguaporin4,'* the principal water channel involved
in fluid homeostasis in the CNS.2" The involvement
of aquaporin4 in the pathogenesis of NMO has not
yet been investigated. However, the specificity of the
antibody as a marker for NMO and its immunoreac-
tive sites in the spinal cord (abluminal surface of
blood vessels and astrocytic foot processes),?® whore
pathology occurs in NMO,'# is consistent with it be-
ing a primary effector of dizease rather than a sec-
ondary or nonspecific phenomenon.

We derived our data from a group of patients who
had already experienced bhoth optic neuritis and
acute myelitis. However, the biomarker NMO-IgG is
proving to be predictive of NMO development after a
first event of longitudinally extensive idiopathic
acute transverse myelitis.'* Thus our newly proposed
criteria will likely require further revision to include
disorders that represent inaugural symptoms of
NMO or limited NMO variants, including recurrent
myelitis associated with negative brain MRI, recur-
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rent isolated optic neuritis, or isolated optic neuritis
or myelitis presentations associated with NMO-IgG
soropositivity. Use of these criteria, and future re-
finements that allow earlier diagnosis, is also of
therapeutic importance. Although existing reports
include only small open-label experience and no ran-
domized controlled trials, the generally accepted
approach for attack prevention in NMO is immuno-
suppression using therapies that reduce serum auto-
antibody levels®2930 rather than immunomodulation
with currently approved MS therapies 3

We believe that the revised diagnostic criteria we
propose represent an important advance in NMO re-
search and clinical practice. The criteria for definite
NMO diagnosis are simple, practical, and have excel-
lent diagnostic accuracy. They discriminate NMO
from MS beginning with optic neuritis and myelitis,
a scenario in which NMO is a reasonable initial diag-
nostic consideration. Further validation and refine-
ment of these diagnostic criteria, application to
individuals of different ethnic and racial hack-
egrounds in different countries and clinical settings,
and continued evaluation of NMO-IgG and future
biomarkers are necessary next steps in advancing
the diagnosis and reducing the morbidity and mor-
tality of this often devastating disorder.
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