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Abstract

Background—The neutrophil-to-lymphocyte ratio (NLR) may predict poor outcomes in adult
anti-NMDAR encephalitis (NMDARE). The association of NLR with outcomes in pediatric
NMDARE was examined.

Methods—~Pediatric NMDARE patients (A = 36) were retrospectively studied.

Results—High NLR (>6) had a higher proportion of tumors (43% versus 7%) and higher
intubation rates (100% versus 38%, p = 0.008). Multivariate analyses showed that high NLR did
not correlate with one-year outcomes, inpatient length of stay (LOS), or with tumor, but was
associated with intubation and rehabilitation LOS.

Conclusion—NLR is associated with intubation and rehabilitation LOS. Further investigation is
needed for prognostic biomarkers in NMDARE.
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1. Introduction

Anti-NMDA receptor encephalitis (NMDARE) is an autoimmune encephalitis characterized
by a range of psychiatric symptoms, cognitive impairment, seizures, and dyskinesias
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(Dalmau et al., 2019). NMDARE is rare, but can occur in about 3% of patients with

ovarian teratomas (Li et al., 2021a). Movement disorders, atypical focal deficits such as
cerebellar ataxia or hemiparesis, and irritability are more likely to occur in children as
compared to adults (Dalmau et al., 2019; Titulaer et al., 2013). Cerebrospinal fluid (CSF)
demonstration of IgG antibodies against NMDA receptors, specifically against the GIuN1
subunit, is currently the only specific diagnostic test for NMDARE (Dalmau et al., 2019).
NMDARE typically responds to immunotherapy, although approximately 20% of patients
will experience severe disease and patients are at an increased risk for long-term sequelae,
including neurocognitive dysfunction (Titulaer et al., 2013; Hacohen et al., 2014; Linnoila et
al., 2019). However, prognostic biomarkers are limited in NMDARE, especially in children.
While the anti-NMDA receptor 1gG antibodies are pathogenic (Moscato et al., 2014),
antibody titers in serum or in CSF do not correlate with outcomes and trending titers also are
not helpful in predicting outcomes (Gresa-Arribas et al., 2014).

We have previously published that age (Howarth et al., 2019), electroencephalography
(EEG) characteristics (Lin et al., 2021), and the anti-NMDA receptor encephalitis one-
year outcome score (NEOS) (Loerinc et al., 2021) may predict outcomes as a group,

but is not applicable to an individual patient. Neutrophil-to-lymphocyte ratio (NLR) has
been used in patients with critical illness to reflect alterations in the balance between

the innate (neutrophils) and adaptive (lymphocytes) immunological response to infection,
inflammation, or stress (Zahorec, 2001). NLR identified as a potential predictive biomarker
for poor outcomes and disease severity in adult NMDARE (Huang et al., 2021; Yu et

al., 2021) and autoimmune encephalitis (Qiu et al., 2019; Zeng et al., 2019). While high
NLR has been shown to correlate with worse outcomes and disease severity in adult
patient populations with autoimmune encephalitis at 2 months, to our knowledge, no prior
studies have explored the NLR as a prognostic biomarker in pediatric anti-NMDA receptor
encephalitis patients. This retrospective study aims to determine whether neutrophil-to-
lymphocyte ratio (NLR) can be used as a biomarker to predict outcomes in pediatric
anti-NMDA receptor encephalitis.

2. Methods

Institutional Review Board approval was obtained for this study. Retrospective chart review
of pediatric NMDARE patients presenting to Children’s Healthcare of Atlanta (CHOA)
between January 1, 2010 and June 30, 2021 were included if initial white blood cell (WBC)
count and differential were available to calculate the NLR at time of presentation and

prior to immunotherapy. CHOA is a free-standing quaternary referral pediatric hospital.

The diagnosis of NMDARE was defined as a positive anti-NMDA receptor antibody in the
cerebrospinal fluid (CSF) and having at least one of six symptoms: 1) behavioral changes, 2)
speech dysfunction, 3) seizures, 4) movement disorder, 5) decreased level of consciousness,
or 6) autonomic dysfunction/ central hypoventilation (Graus et al., 2016).

Out of 55 patients in the NMDARE database at CHOA, 36 had initial WBC and differential
available. Only the initial WBC that was pretreated was included in the study as treatments
including steroids can affect NLR. Average of prior WBCs did not occur as usually only
one pretreated CBC was available for each patient. Clinical information, other laboratory
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tests including imaging and electroencephalography (EEG), treatments, intensive care unit
(ICU) admission, and hospital length of stay were included. Firstline treatments including
intravenous (V) steroids, intravenous immunoglobulin (IVIG), and plasmapheresis (PLEX),
with second-line treatments including rituximab and cyclophosphamide (Nosadini et al.,
2021). NLR was treated as a continuous variable, but also as a dichotomous variable of high
and low, with the cutoff value for NLR was 6 as designated by prior studies (Zahorec, 2001).
One-year outcomes as defined by the pediatric modified Rankin Score (mRS) from 0 to 6
(de Haan et al., 1995) were available in a subset of patients and the additional diagnoses
unrelated to NMDARE were not identified.

2.1. Statistical analysis

Descriptive statistics included mean and standard deviation for normally distributed
populations and median and interquartile ranges for skewed populations. Statistical analysis
including logistic regression, linear regression, Chi-square and Fischer’s exact tests were
performed using SAS (Cary, NC). Some patients have been previously published (Howarth
etal., 2019; Lin et al., 2021; Loerinc et al., 2021).

3. Results

Thirty-six patients were included in this study with one-year follow up mRS outcome scores
in 28 patients. The age range was from 2.0 to 18.4 years. Clinical characteristics of the entire
cohort are included in Table 1, and comparisons of clinical characteristics in the high versus
low NLR are in Table 2. We then stratified NLR as high versus low. High NLR (defined

as 6 or greater) was observed 7/36 (19%). The high NLR patients were older (mean 15.2
years, SD 3.5 years, range 8.5 to 18.0) than the low NLR patients (mean 10.3 years, SD

5.1, range 2.0 to 18.4, Student’s #test p=0.021). White blood cell (WBC) count was also
higher in the high NLR patients (mean 12.6, SD 4.1) versus low NLR (mean 8.3, SD 2.9,
Student’s t-test p= 0.003). High NLR patients had a higher proportion of tumors (3/7, 43%)
as compared to low NLR (2/29, 7%, p= 0.040, Fisher’s exact test). Linear regression models
did not demonstrate an association of NLR correlating with hospital length of stay (LOS) or
mRS at one year. A good outcome by mRS was defined as 0-2 and a poor mRS outcome
was defined as 3 or greater. The proportion of NMDARE patients by mRS at one year is
displayed in Table 3. Of 28 patients, 10 (39%) had poor outcomes by mRS at one year from
onset. High NLR did not correlate with worse outcomes by mRS at one year.

However, high NLR was associated with a higher proportion of intubations. In the high NLR
group, 100% (7/7) were intubated as compared to 38% (11/29) in the low NLR group (p=
0.008, Fig. 1). We used a backward stepwise regression model to identify which variables
were associated with poor outcomes at one year by mRS. This model included time to first
line treatment, time to second line treatment, tumor, age, hospital length of stay, ICU admit,
intubation status, NLR, and high versus low NLR. These variables did not associate with
poor outcomes at one year by mRS. Including NLR as a continuous variable also did not
correlate with poor mRS at one year. In a multivariate analysis for tumor, NLR was not
significantly associated with tumor when adjusting for age. However, multivariate analysis
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for risk for intubation demonstrated an association with NLR while adjusting for age, with
an odds ratio of 1.72 (95% confidence interval 1.05, 2.84, and p= 0.0321).

We then assessed whether NLR was associated with hospital length of stay (LOS)

and inpatient rehabilitation LOS. As for hospital length of stay (LOS), NLR was not
correlated with hospital LOS (p = 0.7099). We then performed a multiple linear regression
using backward elimination with NLR, time to first line treatment, time to second line
treatment, ICU admission, age, and gender, ICU admission (p = 0.0203) was the only
variable associated with hospital length of stay. However, NLR did correlate with inpatient
rehabilitation LOS (p = 0.0429, with R-square value of 0.1385), and on multivariate linear
regression with backwards elimination (using variables NLR, time to first line treatment,
ICU admission, age, and gender) resulted in only NLR as a significant covariate.

4. Discussion

In this study, we retrospectively analyzed pediatric patients with an initial diagnosis of anti-
NMDA receptor encephalitis. We specifically analyzed the initial blood and CSF studies in
addition to clinical features to determine potential biomarkers correlated with worse clinical
outcomes. This study revealed that high NLR was associated with a higher proportion of
patients who were intubated or admitted to the ICU but did not correlate with one-year
outcomes.

NLR has been shown to predict outcomes in other critically ill populations, including sepsis
(Huang et al., 2020), stroke (L. et al., 2021b), and coronavirus-19 syndrome (COVID-19)
(Ullogue-Badaracco et al., 2021). NLR has been used as a measure of stress, since
endogenous steroids are released in times of stress, including in cancer (Gibney et al.,
2016). Interestingly, higher NLR was associated with presence of tumor, which were all
ovarian teratomas in our cohort, and with higher WBC. While steroids — both endogenous
and exogenous — can increase WBC and NLR, the WBC and NLR in our study was obtained
prior to treatment. The limitations of our study include a single center retrospective study,
and clinical data was not available for all patients, which could result in some bias due to
missing data. Retrospective analyses are prone to bias due to limitations in data collection
(Norvell, 2010). Additionally, the mRS is a crude measure of outcome and not sensitive to
some possible deficits (Kapoor et al., 2017).

Prior to our study, NLR had been examined in the context of the adults with anti-

NMDA receptor encephalitis as well as in other autoimmune encephalitic conditions and
demyelinating diseases such as multiple sclerosis. NLR was observed to be a prognostic
biomarker in their respective retrospective adult cohort studies with regard to poor outcomes
(Qiu et al., 2019) and disease severity (Zeng et al., 2019). One difference is that NLR
predicted a worse outcome at 2 months in the adult NMDARE, and we examined our
patients at one year. Additionally, the role of NLR as a marker of neuro-inflammation was
assessed in a cohort of newly diagnosed multiple sclerosis and clinically isolated syndrome
patients, and no association between NLR and disease activity was found (Gelibter et al.,
2021). In another study evaluating the validity of NLR as an inflammatory marker for
multiple sclerosis disability and activity, NLR levels were found to be significantly higher in
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patient with relapse compared to those in remission and NLR was found to be significantly
associated with disease disability (Fahmi et al., 2021). Similarly, NLR was proposed as a
marker of severity of multiple sclerosis related neurological disability with elevated NLR
strongly predicting increased disease related disability in a separate large adult cohort study
(Hemond et al., 2019). Additionally, in a retrospective study of adults with neuromyelitis
optica spectrum disorder (NMOSD), elevated NLR was found to be significantly associated
with high relapse rates and poor recovery (Xie et al., 2021).

5. Conclusions

Funding

In conclusion, NLR was associated with older age in our cohort, and NLR does increase
with age, especially in adolescents (Moosmann et al., 2022). However, increasing NLR
was still associated with increased risk for intubation, even when adjusting for age. NLR,
while associated with rates of intubation, did not correlate with one-year outcomes. Further
investigation is needed to assess for prognostic biomarkers in pediatric NMDARE.
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Proportions of NMDARE patients with high NLR versus low NLR who are A) intubated and

B) have a tumor.
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Demographic and clinical information on pediatric NMDARE patients (V= 36).

Table 1

All patients

Age (mean, SD) 11.2(5.2)
Female, N (%) 24 (67)
Race, N (%)

American Indian/Alaska Native 1(3)

Black 21 (58)

Mixed 1(3)

Unknown 5(14)

White 8(22)
Ethnicity, N (%)

Hispanic 8(22)

Non-Hispanic 27 (75)

Unknown 1(3)
ICU admission, N (%) 25 (69)
Intubated, N (%) 18 (50)
1V steroids, N (%)a 35 (100)
IVIG, N (%) 35 (97)
PLEX, N (%) 23 (64)
Second Line (Rituximab or cyclophosphamide), N (%) 26 (72)
Tumor present, N (%) 5 (14)
Prior ED visit or hospitalization before diagnosis, N (%) 28 (78)
Length of hospitalizationa Days, median (IQR) 22 (12-40)
MRI abnormal,a N (%) 17.(49)
EEG abnormal, N (%) 31 (86)
WBC Mean (SD) 9.1(3.6)
NLR Median (IQR) 2.3(1.3,3.9)
LMR Mean (SD) 4.8(2.3)
CSF WBC Median (IQR) 11.0 (3.0, 38.0)
Modified Rankin Scale at one year 22(1.2)

Page 9

SD: standard deviation, ICU: intensive care unit, IV: intravenous, IVIG: intravenous immunoglobulin, PLEX: plasmapheresis, ED: emergency
department, LMR: lymphocyte to monocyte ratio; MRI: magnetic resonance imaging, EEG: electroencephalography, WBC: white blood cell, NLR:

neutrophil to lymphocyte ratio, CSF: cerebrospinal fluid, IQR: interquartile range.

a . .
1 missing.
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Comparison of patient characteristics in high versus low NLR pediatric NMDARE patients.

High NLR Low NLR p-value

N=7 N=29
Age (mean, SD) 15.2 (3.5) 10.3(5.1) 0.021
Female, N (%) 4(57) 20 (69) 0.664
ICU admit, N (%) 7 (100) 18 (62) 0.076
Intubated, N (%) 7 (100) 11 (38) 0.008
PLEX, N (%) 6 (86) 17 (59) 0.382
Second Line, N (%) 4 (57) 22 (76) 0.370
Tumor present, N (%) 3(43) 2(7) 0.040
Length of hospitalizationa Days, mean (SD) 404 (186) 354 (514) 0.804
MRI abnormal,a N (%) 467 13 (46) 0.691
EEG abnormal, N (%) 7 (100) 24 (83) 0.559
WBC, Mean (SD) 12.6 (4.1) 8.3(2.9) 0.003
CSF WBC, Median (IQR) 40(40,630) 6.0(20,260) eob
LMR, Mean (SD) 2.1(0.4) 5.5 (2.1) 0.0002
Modified Rankin Scale at one-year, Mean (SD) 2.4 (0.8) 21(1.4) 0.495

SD: standard deviation, NLR: neutrophil to lymphocyte ratio, ICU: intensive care unit, PLEX: plasmapheresis, LMR: lymphocyte to monocyte
ratio; MRI: magnetic resonance imaging, EEG: electroencephalography, WBC: white blood cell, CSF: cerebrospinal fluid.

al missing.

b S
Nonparametric Wilcoxon rank sum test.
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Frequency of pediatric NMDARE patients by the pediatric modified Rankin scale (mRS) at one year (V= 28).

mRSat oneyear N

Per cent

0
1
2
3
4
5
6

14
7

39
29

J Neuroimmunol. Author manuscript; available in PMC 2023 September 15.



	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References
	Fig. 1.
	Table 1
	Table 2
	Table 3

