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a b s t r a c t
Objectives: Pediatric catatonia is a rare and life-threatening syndrome. Around 20% of juvenile catatonia is associated with organic condition (Consoli et al., 2012). Autoimmune conditions represent a diagnostic and therapeutic challenge since speciﬁc antibodies can be missed. To facilitate decision making, we recently formulated a
causality assessment score (CAUS) using a stepwise approach and an immunosuppressive therapeutic challenge
(Ferraﬁat et al., 2016). Our objectives were to validate retrospectively CAUS and to deﬁne its threshold for an accurate distinction between organic catatonia and non-organic catatonia, and speciﬁcally between autoimmune
catatonia and non-organic catatonia.
Method: To obtain a sufﬁcient number of cases with organic catatonia, we pooled two samples (N = 104) – one
from a child psychiatry center, the other from neuro-pediatrics center – expert in catatonia and autoimmune conditions. Organic conditions were diagnosed using a multidisciplinary approach and numerous paraclinical investigations. Given the binary classiﬁcation needs, we used receiver operating characteristic (ROC) analysis (Peacock
and Peacock, 2010) to calculate the best classiﬁcation threshold.
Results: The cohort included 67 cases of non-organic catatonia and 37 cases of organic catatonia. ROC analysis
showed that the CAUS performance in discriminating both organic catatonia vs. non-organic catatonia, and autoimmune catatonia vs. non-organic catatonia was excellent (Area Under the Curve = 0.99). In both analyses, for a
CAUS threshold ≥ 5, accuracy equaled to 0.96.
Conclusion: Regarding juvenile catatonia, the use of the CAUS score algorithm combining a therapeutic challenge
and a threshold ≥ 5 may help to diagnose and treat autoimmune conditions even without formal identiﬁcation of
auto-antibodies.
© 2017 Elsevier B.V. All rights reserved.

1. Introduction
Catatonia is a severe syndrome gathering motor and psychic symptoms that may result in death (Dimitri et al., 2006). Numerous medical
conditions and severe psychiatric conditions such as schizophrenia and
mood disorder can exhibit catatonia. Catatonia in psychiatry inpatient
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E-mail address: Vladimir.Ferraﬁat@chu-rouen.fr (V. Ferraﬁat).

setting is rare although one study from India reported higher rates
(Cohen et al., 2005; Thakur et al., 2003). Mortality and morbidity rates
are higher in catatonic patients than in any other psychiatric conditions
(Cornic et al., 2009). Symptomatic treatment consists in high dosage
benzodiazepines (e.g., lorazepam) at ﬁrst (Rafﬁn et al., 2015). In case
of resistance or life-threatening condition, electro-convulsive therapy
(ECT) is effective and safe in youth (Consoli et al., 2010; Dhossche,
2014; Puffer et al., 2016; Rafﬁn et al., 2015). However etiological treatment remains the speciﬁc treatment for organic catatonia.
Catatonia seems to be “organic” in nature with important physiological and biological changes. Besides medical complications of catatonia,
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we distinguish catatonia with and without a medical condition with
contributive factors (medical/neurological/immune ﬁndings) for a
causal relationship. This occurrence is labeled “organic catatonia” in
this manuscript. Up to 20% of pediatric catatonias are secondary to a
medical condition such as neurometabolic disorders or genetic conditions (Lahutte et al., 2008). Therefore, speciﬁc treatments targeting
causal organic conditions can lead to catatonia improvement (Consoli
et al., 2012; Ferraﬁat et al., 2016; Lahutte et al., 2008; Marra et al.,
2008) and have crucial impact on the prognosis (Byrne et al., 2015;
Ferraﬁat et al., 2016; Finke et al., 2012). Autoimmune disorders take
an important role as an underlying condition to catatonia (Ferraﬁat et
al., 2016). Pediatric cases with catatonia have been described in systemic lupus erythematosus (SLE) (Marra et al., 2008), pediatric autoimmune neuropsychiatric disorders associated with streptococcus
infections (PANDAS) (Elia et al., 2005) and anti-NMDA receptor encephalitis (Florance et al., 2009). Their treatment represents a challenge
since it implies the early use of immunosuppressive therapies as the
neurological and cognitive prognosis appears to be time related to
their introduction (Byrne et al., 2015; Florance et al., 2009; Titulaer et
al., 2013). Despite potential adverse effects (e.g., infections, malignancies, infertility and premature gonadal failure) (Kashyape et al., 2012;
Titulaer et al., 2013), the risk-beneﬁt ratio for the use of immunosuppressive drugs in youth remains favorable due to high mortality and
morbidity rates (Byrne et al., 2015; Titulaer et al., 2013; Zekeridou et
al., 2015). Autoimmune conditions also represent a diagnostic and therapeutic challenge since speciﬁc and contributive antibodies can be
missed despite systematic and repetitive search (Hacohen et al.,
2013). Diagnostic criteria available for autoimmune encephalitis rely
on antibody testing and response to immunotherapy (Zuliani et al.,
2012). Besides antibody testing is not easily accessible in many institutions, results can take several weeks to obtain, and the absence of autoantibodies does not exclude the possibility that a disorder is immune
mediated (Hacohen et al., 2013). Hence, the concept of levels of clinical
evidence for autoimmune encephalitis has been proposed. Instead of
the usual dichotomy (autoimmune vs. non autoimmune), it proposes
to distinguish possible, probable and deﬁnite autoimmune encephalitis
(Graus et al., 2016). Criteria to classify the probability of encephalitis include: i) conventional clinical neurological assessment: subacute onset
of working memory deﬁcits, altered mental status, or psychiatric symptoms; ii) standard diagnostic tests (Magnetic Resonance Imaging (MRI),
electroencephalogram (EEG), and cerebral spinal ﬂuid (CSF) studies);
and iii) reasonable exclusion of alternative causes.
Following the same principle of level of clinical evidence in the context of pediatric catatonia (Consoli et al., 2012; Ferraﬁat et al., 2016) we
published a causality assessment score (CAUS) including a therapeutic
challenge and a multidisciplinary decision-tree algorithm to facilitate
search for organic condition and treatment decision making. CAUS provides scores deﬁning whether an autoimmune condition is probably or
deﬁnitively associated with catatonia (Ferraﬁat et al., 2016). This practical clinical tool is the result of our expertise in pediatric catatonia,
established through the largest cohort of catatonic youths reported so
far and gathered over the last 22 years. We previously detailed the phenomenology and outcome (Cohen et al., 2005; Cornic et al., 2009), the
physiopathology(Benarous et al., 2016; Cohen, 2006), the etiologies
(Consoli et al., 2012; Ferraﬁat et al., 2016; Lahutte et al., 2008) and the
treatment (Consoli et al., 2010; Marra et al., 2008; Rafﬁn et al., 2015)
of pediatric catatonia. Collaborations with internal medicine, neuro-pediatrics and genetics resulted in proposals in diagnosis and treatment
(Consoli et al., 2012; Ferraﬁat et al., 2016; Lahutte et al., 2008) for organic catatonia and to the development of the CAUS (Consoli et al., 2012;
Ferraﬁat et al., 2016; Lahutte et al., 2008) Besides, in this study, the collaboration with a neuro-pediatrics unit for encephalitis allowed us to
extent our sample by including patients diagnosed with deﬁnite or
probable autoimmune encephalitis and who presented catatonia.
In this study, we aim to assess retrospectively the CAUS score
(Consoli et al., 2012; Ferraﬁat et al., 2016) validity and to deﬁne the

detection threshold for organic condition versus non-organic condition,
using receiver operating characteristic (ROC) analysis on a large sample
of child and adolescent catatonia that were carefully investigated for
possible organic condition. Also, in the subsample including only autoimmune conditions (deﬁnite and probable autoimmune conditions),
we aim to assess the CAUS score validity regarding detection of both
deﬁnite and probable autoimmune encephalitis. To do so, our sample
pooled a prospective cohort of child and adolescent catatonia recruited
in a psychiatric specialized department, and all individuals with catatonia from a prospective cohort of autoimmune encephalitis recruited in a
neuro-pediatric specialized clinic.
2. Method
2.1. Catatonia cohort recruitment
For the purpose of this study, we pooled two prospective samples of
children and adolescents with catatonia. The ﬁrst sample was recruited
in a French inpatient department of child and adolescent psychiatry
specialized for catatonia (N = 96). The second was recruited in an Italian inpatient department of Pediatric Neuroscience specialized in acute
encephalopathies (N = 31). We brieﬂy summarized how recruitment
was performed. For the catatonia sample, every child or adolescent inpatient admitted to the Department of Child and Adolescent Psychiatry
at University Hospital La Pitié-Salpêtrière, Paris, France between 1993
and 2015 was systematically assessed for catatonic symptoms. During
the time period of the study, 6463 patients aged 4–18 years were hospitalized. The screening for catatonic syndrome follows a two-step procedure. First, at entry or during the course of hospitalization, each patient
with a catatonic motor sign (Catalepsy, Waxy ﬂexibility, Stupor, Posturing, Mannerisms, Stereotypies, Echopraxia, Excitement, Staring, Rigidity, Automatic compulsive movements) was examined by one of senior
psychiatrists in charge of the study. Regarding catatonic motor symptoms, most of the patients were referred because of extrapyramidal
symptoms secondary to antipsychotic prescription and were not
eligible.
Second, the diagnosis of catatonic syndrome was made using the Pediatric Catatonia Rating Scale (PCRS) (Benarous et al., 2016) in the presence of at least two catatonic motor symptoms, or one catatonic motor
symptom combined with a non-motor symptom (Mutism, Negativism,
Echolalia, Verbigeration, Withdrawal, Incontinence, Schizophasia,
Acrocyanosis, Autonomic abnormality). PCRS catatonic symptoms are
described in Table 1. Catatonia in autism spectrum disorders (ASD)
should be diagnosed only if a sharp and sustained increase of these
symptoms lasting days or weeks is observed or elicited (Dhossche,
2014; Wing and Shah, 2000).
For the autoimmune encephalitis sample, every child or adolescent
inpatient admitted for suspicion of acute encephalopathy to the Department of Pediatric Neuroscience at the Foundation IRCCS Neurological
Institute “Carlo Besta”, Milan, Italy between 2010 and 2015 was systematically assessed for possible autoimmune condition. Catatonia was also
systematically search using DSM5 criteria. They include the presence of
three symptoms from the following list of twelve: stupor, catalepsy,
waxy ﬂexibility, mutism, negativism, posturing, mannerisms, stereotypy, agitation, grimacing, echolalia, and echopraxia. The series comprised
31 patients: 16 patients with anti-NMDA Receptor-encephalitis, 1
paraneoplastic autoimmune encephalitis (anti-HU+), 2 Hashimoto encephalopathy, and 12 with “probable” autoimmune encephalitis (no
neuronal antibody detected). None of the patients presented extrapyramidal syndromes secondary to antipsychotics as none of the patients received such a treatment. Indeed patients were admitted directly in a
specialized department of Pediatric Neuroscience. Among the 31 patients recruited during the study period, 8 had catatonia and were
pooled with the ﬁrst catatonia sample to increase the number of autoimmune conditions of the cohort. Therefore, the pooled sample included 104 patients (see Fig. 1).
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Table 1
Deﬁnition of catatonic symptoms in the pediatric catatonia rating scale (PBRS).
Motor symptoms

Non motor symptoms

Catalepsy

Passive induction of a posture held against gravity

Stupor

Extreme hypoactivity, immobile, minimally responsive to stimuli

Posturing
Waxy ﬂexibility

Active and/or spontaneous maintenance of a posture against gravity
Slight and even resistance to positioning by examiner

Staring
Echopraxia

Fixed gaze, little or visual scanning of environment, decreased blinking
Mimicking another's movements

Stereotypes

Repetitive, abnormally frequent, non-goal directed movements

Excitement

Extreme hyperactivity, constant motor unrest which is apparently non purposeful.
Not to be attributed to akathisia or goal directed agitation
Involuntary muscle activity exhibited in posture, attitudes, mimic or gesture due to
inhibition or forced motor action

Automatic
compulsive
movement
Rigidity

Withdrawal

Refusal to make eye contact and not responding
to nonverbal communication
Mutism
No, or very little, verbal response, not applicable
if there is an established aphasia
Mannerisms
Odd caricature of normal actions
Negativism
Opposing or not responding to instructions or
external stimuli
Echolalia
Mimicking another's speech
Incontinence Nocturnal enuresis, daytime urinary
incontinence, or fecal incontinence
Verbigeration Repetition of phrases or sentences, like a
scratched record
Schizophasia Scrambled speech, word salad, seemingly
random words and phrases linked
Acrocyanosis Cyanosis of the extremities

Maintenance of a rigid position despite efforts to be moved, exclude if cogwheeling or Refusal to
tremor present
eat, drink

2.2. Medical condition search in the catatonia sample recruited in a psychiatric department
To maximize the accuracy of medical diagnoses in the sample of patients with catatonia recruited in a psychiatric department, an internist
and a neurologist performed an additional physical examination on all
patients. In previous reports, we proposed guidelines for clinical and
paraclinical investigations to help determine the medical conditions associated with catatonia (Cornic et al., 2009; Lahutte et al., 2008; Sedel et
al., 2007). Determining a medical condition from somatic and psychiatric examinations does not occur immediately because pathognomonic
symptoms are rare and catatonia is occasionally isolated. Some

Severe decrease of daily food or drink intake

symptoms must be actively searched to orient towards a diagnosis.
We used a multidisciplinary approach with the same medical staff during follow-up. Neurological and global examinations, standardized cognitive/neuropsychological assessments and psychiatric assessments
were performed to identify medical conditions. Even if no clinical symptoms (other than catatonia) were present, paraclinical investigations included: routine haematological and biochemical tests, antinuclear
antibodies, ammoniemia, homocysteinemia, plasma ceruleoplasmine
level and urinary drug screening, brain MRI and electroencephalography (EEG). Lahutte et al. provides a detailed list of these procedures
(Lahutte et al., 2008). When fever or acute symptoms were present,
we performed cerebrospinal ﬂuid analysis. Other speciﬁc investigations

Fig. 1. Flow chart of the study. ROC = receiver operating characteristic; CNV = copy number variation.
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were performed under prescription when we found other conditions
suggestive of medical or neurological problems.
2.3. Causality assessment method
To assess the causality of the medical risk factors associated with catatonia, we designed a causality assessment score (CAUS) that was detailed in a previous study (Consoli et al., 2012). The score includes 5
items. Each item can be rated from 0 to 2 (0 = absent; 1 = moderate;
2 = high). CAUS scoring was made retrospectively and based on the
clinical and paraclinical databases from the two samples. The details of
the rating process for a suspected organic condition are detailed in
Table 2. To increase detection of autoimmune condition, we include in
item 5 a therapeutic challenge. For each patient we systematically
searched for and scored retrospectively the following ﬁve causality-support criteria on a 3-point scale: (1) the existence of similar cases in the
literature since this criteria is important for causality when genetic abnormalities are found; (2) the presence of atypical clinical symptoms
(e.g. epilepsy, movement disorder…) or atypical psychiatric symptoms
(acute onset psychosis, acute cognitive regression…); (3) the presence
of biological symptoms (e.g. antineuronal antibodies, blood or CSF autoimmune markers…); (4) the presence of other paraclinical symptoms
(e.g. existence of abnormalities on EEG, PET scan, MRI…); and (5) and
response to a speciﬁc treatment related to the suspected medical condition (e.g., improvement of catatonia after immunomodulatory treatment). With this procedure, CAUS maximum score was 10. To better
improve the CAUS score to detect autoimmune condition, we propose
to use a therapeutic challenge with high dosage corticoids test, a common practice in internal medicine when an autoimmune condition is
suspected. In case of partial (score = 1) or total (score = 2) improvement, it may conﬁrm the existence of an underlying autoimmune condition and legitimate the use of aggressive immunosuppressive
treatments (plasma exchange and second line treatments), even presumptively in young patients with probable autoimmune catatonia.
This method appeared promising to catch patients with both probable
and deﬁnite autoimmune condition in a small series (Ferraﬁat et al.,
2016). Two raters independently scored the patients' CAUS. The interrater reliability was excellent (2 raters, 13 cases; intraclass correlation
coefﬁcient = 0.91, [95% conﬁdence interval = 0.86–0.99]).
2.4. Statistical analyses
We processed the data using R version 2.10. For all tests, α = 0.05.
We computed descriptive statistics for sociodemographic and clinical
characteristics. Given the binary classiﬁcation needs, we used receiver

operating characteristic (ROC) analysis to assess CAUS validity. We
also analyzed confusion matrices. Two different analyses were performed. First, we classiﬁed all patients (N = 104) according to organic
condition or not. We aimed to better deﬁne the CAUS threshold for
best classiﬁcation. Our previous study estimated it near a score of 6
(Consoli et al., 2012). Secondly, we classiﬁed patients with non-organic
condition versus patients with probable and deﬁnite autoimmune conditions. We aimed to ensure that narrowing our organic cases to those
with autoimmune condition did not dramatically change the classiﬁcation performance. This second analysis was performed on a subsample
including 85 patients.

3. Results
The cohort included 67 cases of non-organic catatonia and 37 cases
of organic catatonia (18 autoimmune conditions and 19 other organic
conditions). Participants' characteristics are given in Table 3. Autoimmune conditions included Lupus erythematosus (N = 5), anti-NMDA
Receptor encephalitis (N = 5), Hashimoto encephalitis (N = 1), and
probable autoimmune conditions (N = 7). The last were conditions in
which clinical and paraclinical criteria (abnormalities of EEG, CSF, immunological investigations…) point to an immunomediated process,
but no neuronal antibody was detected. However, to belong to this
group, therapeutic challenge with immunosuppressive/modulatory
treatment had to be positive. Regarding immunosuppressive treatment,
all patients with deﬁnite and probable autoimmune condition received
a therapeutic challenge with high dosage corticoids pulses. Catatonic
features were drastically improved after the challenge, except for one
patient who presented a mild response. Catatonia's improvement after
corticoids was enhanced by adjunctive plasma exchanges for 6 (75%)
patients from the French cohort and Intravenous Immunoglobulin for
6 (75%) patients from the Italian sample. Second line treatments (cyclophosphamide, mycophenolate mofetil, aziathropine) were indicated for
8 patients (100%) from the French cohort, in order to maintained
catatonia's improvement after a good response to high dosage corticoids and/or plasma exchanges.
Receiver operating characteristic (ROC) analysis showed that the
CAUS performance in discriminating individuals with organic catatonia
vs. those without organic catatonia was excellent (Area Under the Curve
= 0.99). For a threshold ≥ 5, accuracy was equal to 0.96 (Fig. 2a). Confusion matrices found 100 patients correctly classiﬁed, 1 false negative
and 3 false positives. Similarly, the CAUS performance in discriminating
individuals with probable or deﬁnite autoimmune catatonia vs. those
without organic catatonia was excellent (AUC = 0.99). For the same

Table 2
Causality Assessment Score (CAUS) rating.
Item
1

The existence of similar cases in the literature

Have other similar cases been reported in the medical literature or in genetic databases?

0 = none
1 = 1 to 4
2≥5
Item The presence of atypical clinical symptoms or atypical Does the patient present any speciﬁc non-psychiatric symptoms such as: neurologic (epilepsy, 0 = none
2
psychiatric signs
movement disorder), cutaneous (skin rash, alopecia…), ophthalmologic (cataract, uveitis…)? 1 = few
Does the patient present any psychiatric atypical signs such as: acute onset psychosis,
2 = many
resistance to usual treatments, acute cognitive regression
Item The presence of biological symptoms
Does the patient present any biological abnormalities (e.g. antineuronal antibodies,
0 = none
3
autoimmune blood or CSF markers, lymphocytic pleocytosis, high IgG index, oligoclonal
1 = few
bands)?
2 = many
Item The presence of other para-clinical symptoms
Existence of (speciﬁc or unspeciﬁc) abnormalities on any other non-clinical and non-biological 0 = none
4
test such as EEG signs of encephalitis, PET scan signs of vascularitis, MRI signs of inﬂammation? 1 = few
2 = many
Item Response to a speciﬁc therapeutic challenge related to Does the patient improve clinically after receiving a treatment targeting an organic condition? 0 = no
5
the suspected medical condition
In the case of probable autoimmune condition, does high dosage corticoids improved patient's improvement
condition?
1 = mild
improvement
2 = major
improvement
Total Addition of items 1 to 5 scores
0–10
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Table 3
Characteristics of the participants.

SD = standard deviation; CNV = common number variation; CAUS = causality score.
a
Multiple diagnoses are possible due to comorbidity.
b
Autism spectrum disorder and/or intellectual disability.

threshold, accuracy is equal to 0.96 (ﬁg. 2b). Confusion matrices found
82 patients correctly classiﬁed, no false negative and 3 false positives.
4. Discussion
4.1. Detecting autoimmune condition in youths with catatonia
From our previous study (Consoli et al., 2012), we conﬁrm the CAUS
performance in discriminating children and adolescents with organic
catatonia vs. those without organic catatonia in a larger cohort enriched
with cases of catatonia due to autoimmune conditions. The autoimmune conditions such as systemic erythematous lupus, Hashimoto encephalopathy or autoimmune encephalitis are likely to trigger
catatonia (Armangue et al., 2012; Ferraﬁat et al., 2016; Florance et al.,
2009; Honnorat et al., 2013; Lahutte et al., 2008; Lanham et al., 1985;
Luca et al., 2011). Therefore, clinicians need to be aware of a possible underlying autoimmune condition when young patients present catatonic
features. As we discussed in a previous small series (Ferraﬁat et al.,
2016), the lack of autoimmune evidence can really be challenging in
terms of diagnosis and treatment decision in some young patients
with catatonia. Experts now emphasize the encephalitis's diagnostic

issues and the idea that the lack of autoimmune markers does not exclude the possibility of an autoimmune disorder (Graus et al., 2016).
In order to validate this idea, they proposed three categories of encephalitis to be differentiated: possible autoimmune encephalitis, probable
autoimmune encephalitis and deﬁnite autoimmune encephalitis. By
deﬁnite encephalitis, they mean that the evidence of speciﬁc and wellcharacterized antibodies is found. For the probable autoimmune encephalitis, the major point is that the autoantibody status is not found
for diagnosis but the neuropsychiatric presentation and paraclinical
criteria of speciﬁc encephalitis (autoantibodies anti-NMDA receptor encephalitis, acute disseminated encephalomyelitis, limbic encephalitis…) are evident. Also, other deﬁned syndromes with no antibodies
can be regarded as autoantibody-negative probable autoimmune encephalitis. This new concept of probable encephalitis represents an interesting classiﬁcation for patients who present catatonia and acute
psychiatric symptoms associated with neurologic symptoms and cognitive impairment and for whom no clear autoimmune evidence is found.
Finally, once you have a hypothesis of autoimmune encephalitis but
without criteria for either probable or deﬁnite autoimmune encephalitis, you have a possible autoimmune encephalitis (Graus et al., 2016).
In our cohort, which was started before the Graus et al. report, we had

Fig. 2. Receiver operating characteristic (ROC) curve showing the CAUS performance in discriminating individuals with organic catatonia vs. those without organic catatonia (2a) and
individuals with autoimmune catatonia vs. those without organic catatonia (2b).
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a very similar proposal and used the same concept of “probable” autoimmune encephalitis (N = 7). None of these patients have any characterized autoantibodies found in the CSF. However, they all presented an
acute onset, neurologic symptoms such as seizures, memory loss, and
cognitive regression. Most of them also presented unspeciﬁc
paraclinical abnormalities (CSF, EEG, MRI, PET-Scan).
As the CAUS implies a large biological and paraclinical screening in
its rating process, we reviewed the literature and aim to provide a multidisciplinary explorations panel based on the recent literature and our
clinical experience in catatonic patients. When clinicians are dealing
with catatonic patients, the main point is to exclude all possible organic
conditions including autoimmune ones (Consoli et al., 2012; Lahutte et
al., 2008). In a matter of being practical, we decided to only discuss autoimmune explorations, but metabolic and genetic explorations must
proceed as a non-negligible number of our catatonic patients (N =
14) presented genetic disorders (Consoli et al., 2012). Plasma and CSF
are to be explored (Afshari et al., 2012; Dalmau et al., 2011; Dalmau et
al., 2008; Dalmau et al., 2007; Honnorat et al., 2013; Levy and
Kamphuis, 2012; Nandi-Munshi and Taplin, 2015). The immune explorations are a key point of our algorithm and represent one of the items of
the CAUS (Ferraﬁat et al., 2016). The distinction between systemic autoimmune disorder and autoimmune encephalitis is important. Indeed, in
the ﬁrst situation, plasma antibodies such as anti-DNA, anti-Sm, antiTPO, anti-TG are likely to be found positive (Chong et al., 2003;
Kamphuis and Silverman, 2010; Levy and Kamphuis, 2012; Montagna
et al., 2016). On the other hand, encephalitis suggests abnormalities in
the CSF which can be: i) inﬂammatory and/or autoimmune CSF markers
(e.g. presence of high IgG index or oligoclonal bands); ii) well-characterized antibodies found in the CSF (e.g. anti-NMDA, anti-GABA a/c,

anti-Hu, anti-Yo) (Florance et al., 2009; Hacohen et al., 2013; Luca et
al., 2011; Titulaer et al., 2013). EEG is also interesting for the presence
of “delta brushes” activity or focal/diffuse slow activity (Britton et al.,
2015; Schmitt et al., 2012; Sejvar et al., 2007; Venkatesan et al., 2013).
Brain imaging as head-CT and MRI are also useful in order to exclude
vascular, infectious, and neurodegenerative disorders. A PET-scan may
show hypometabolism compatible with encephalitis and vascularitis.
The entire panel is summed up in Fig. 3.
Regarding autoimmune encephalitis treatment options, the literature gathers numerous data, and all studies conclude to the same need
to introduce immunosuppressive treatment as early as possible in
order to limit neurocognitive sequels (Armangue et al., 2012; Byrne et
al., 2015; Chapman and Vause, 2011; Florance et al., 2009; Luca et al.,
2011; Nosadini et al., 2015; Titulaer et al., 2012). Indeed, the delay of introducing the speciﬁc treatment may lead to chronic catatonia and signiﬁcant cognitive impairment. When it comes to treatment options, we
have to consider two types of line: 1) the ﬁrst line includes corticoids,
plasma exchange (PE) and intravenous immunoglobulins; and 2) the
second line are immunosuppressive medications such as rituximab, cyclophosphamide and mycophenolate mofetil. Even if there are no international guidelines for children and adolescents in the choice of
medication, many studies suggest the use of high dosage corticoids via
pulses at ﬁrst (Armangue et al., 2012; Brunner et al., 2008; Levy and
Kamphuis, 2012; Luca et al., 2011), as most of the youth present good
response rates. In lupus and anti-NMDA receptor encephalitis, PE and
their peripheral action represent an interesting option (Boers and
Colebatch, 2001; DeSena et al., 2015; Hussain et al., 2005; Prytuła et
al., 2015; Suppiej et al., 2016) and provide an efﬁcient treatment for catatonia (Elia et al., 2005; Ferraﬁat et al., 2016; Marra et al., 2008). When it

Fig. 3. Biological and paraclinical explorations proposed for autoimmune catatonic patients. CSF = cerebral spinal ﬂuid; EEG = electroencephalogram; TPO = thyroperoxydase; TG =
thyroglobulin; IgG = immunoglobulin G; MRI = Magnetic Resonance Imaging.
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is an adjunct to corticoids, PE may enhance corticoids efﬁcacy (DeSena
et al., 2015; Suppiej et al., 2016). In case of resistance to the ﬁrst lines
(30% to 40% of patients) (Armangue et al., 2012) or relapses, second
lines are to be considered (Byrne et al., 2015; Florance et al., 2009;
Titulaer et al., 2012; Zekeridou et al., 2015). It appears to be beneﬁcial
to precociously prescribe second lines in children and adolescents in
order to be efﬁcient as soon as possible and hence to ensure better outcomes (Frankovich et al., 2015; Ishiura et al., 2008; Luca et al., 2011). In
their study, Zekeridou et al. used second-line immunotherapy, especially Rituximab, more frequently than other previous studies (83 vs 14–
35%) for anti-NMDA encephalitis (Zekeridou et al., 2015), skipping rapidly the ﬁrst lines and following recommendation of the French
Paraneoplastic Neurologic Syndromes (PNS) Reference Center. Rituximab is increasingly being considered as a ﬁrst-line therapy (Dale et al.,
2012). Despite rituximab's signiﬁcant risk of infectious complications,
a recent study supports its early off label use in youths with signiﬁcant
morbidity secondary to autoimmune disorders (Dale et al., 2014). Regardless of the treatment decision habits and the lack of treatment
guidelines, aggressive immunosuppressive treatment is to be considered when facing deﬁnite autoimmune catatonia, even presumptively
in case of a probable autoimmune catatonia resistant to standard symptomatic treatments.
Regarding catatonia symptomatic treatment, we previously reported how patients responded to treatment in a subsample of 66 French
youths. In total 51 (77%) patients underwent a benzodiazepine (BZD)
trial that was effective in 33 (65%) patients. Other treatments included
ECT (N = 12, 18%); antipsychotic medications, mostly in combination;
and treatment of an underlying medical condition, when possible. The
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treatment response was independent of the underlying psychiatric or
systemic medical condition (Rafﬁn et al., 2015). Regarding those with
autoimmune conditions reported here, all received as ﬁrst line treatment high dosage of BZD until immunosuppressive treatments were
initiated. None of them required ECT. To our opinion benzodiazepines
must be introduced as soon as the diagnosis of catatonia is validated,
and maintained until etiological treatment (immunosuppressive treatment) is started and shows its efﬁcacy (Fig. 4). In some cases with
lupus or anti-NMDA encephalitis described in the literature (Bica et
al., 2015; Coffey and Cooper, 2016), catatonic features might poorly respond to immunosuppressive treatment and may remain present despite the proper etiological treatment. These complex situations could
be explained by: i) a chronic and/or resistant aspect of catatonia
which requires the use of ECT (Consoli et al., 2010; Dhossche, 2014;
Rafﬁn et al., 2015); ii) a resistance to ﬁrst line treatment (corticoids or
immunoglobulin) which often occurs in youth (Florance et al., 2009;
Kamphuis and Silverman, 2010; Titulaer et al., 2013); iii) the lack of access to plasma exchanges which can drastically improve autoimmune
catatonia (Ferraﬁat et al., 2016; Marra et al., 2008; Suppiej et al.,
2016); and iv) an unknown or underestimated underlying condition
which also triggers catatonia despite patient's autoimmune
backgrounds.
Because of the biological and paraclinical difﬁculties to make the
proper diagnosis, we developed the CAUS (Consoli et al., 2012;
Ferraﬁat et al., 2016) so clinicians could beneﬁt from it as a practical
clinical diagnosis tool. In our previous study, we estimated the threshold
around 6 but it was from a clinical point of view (Ferraﬁat et al., 2016).
By using a classiﬁcation approach on a large sample including 18 cases

Fig. 4. Step by step causality score including immunosuppressive challenge for young patients with catatonia. CSF = cerebral spinal ﬂuid; EEG = electroencephalogram; IgG =
immunoglobulin G; MRI = Magnetic Resonance Imaging; CAUS = causality score.
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of probable and deﬁnite autoimmune condition, we reﬁned the threshold to be equal to 5. This helped modify our diagnostic and treatment algorithm with a step by step approach. After rating the ﬁrst four items, if
this CAUS pre-score is equal or up to 3, it is the equivalent of a possible
autoimmune catatonia. Then, the response to high dosage corticoids, as
a therapeutic challenge, leads to a ﬁnal score of 5 or up and legitimate
the use of immunosuppressive treatment (PE and/or second lines) for
probable encephalitis. Taking this proposal into account, our previous
diagnostic and treatment algorithm (Ferraﬁat et al., 2016) has been
modiﬁed and is shown in Fig. 4.
4.2. Limitations and strengths
The results of this study should be interpreted in the context of its
limitations. First, the number of subjects recruited was low, despite
the 23-year recruitment period. This could be explained by the very
low prevalence of catatonia in youths compared to other psychiatric disorders (Cohen et al., 2005). Second, to increase the number of patients
with probable and/or deﬁnite autoimmune encephalitis we grouped
two different samples that have speciﬁc recruitment bias. Third, our
study presents sources of heterogeneity that may not be generalizable.
In this study, we used two clinical samples of acutely ill patients recruited in two university teaching hospitals that may be particularly
enriched in subjects with a more severe form of catatonia and including
both organic and psychiatric catatonia. Fourth, ROC analysis was performed to better deﬁne the CAUS threshold and to adequately differentiate youths with organic or autoimmune catatonia from youths with
non-organic catatonia. However, the validity of the CAUS in screening
organic catatonia among inpatient youths with catatonia would require
that all subjects were selected in a similar process (Peacock and
Peacock, 2010). Also, even if the two pooled samples were recruited
prospectively, CAUS score was rated retrospectively based on data
base information. Although inter-rater reliability was excellent, CAUS
application in absence of blind conditions regarding the ﬁnal diagnosis
represents a potential bias that likely inﬂates its discriminative power.
Besides, prospective use of CAUS rating would have been better. Finally,
we cannot exclude the possibility that some patients with positive autoimmune markers are present among our non-organic catatonic French
cohort, as the recruitment started before the development of neuro-immune exploration assays. The strengths of this study include (i) the
large amount of data and the prospective design, (ii) the recruitment
of participants over a 23-year period, (iii) the length of hospitalization
during which patients were assessed and treated, (iv) the fact that
this sample is the largest in the literature, (v) the comparison of patients
with organic catatonia to patients with non-organic catatonia, and (vi)
the potential impact of the CAUS in terms of therapeutic decision
making.
5. Conclusion
To conclude, our study ﬁndings have several clinical implications for
catatonic youth. Catatonia in children and adolescents is characterized
by a high frequency of organic conditions (Consoli et al., 2012; Lahutte
et al., 2008). Autoimmune conditions represent a diagnostic and therapeutic challenge because speciﬁc treatments can be drastically efﬁcient
on catatonia (Ferraﬁat et al., 2016; Marra et al., 2008) and the timing of
treatment initiation can limit neurological and cognitive sequels
(Armangue et al., 2012; Byrne et al., 2015; Finke et al., 2012; Titulaer
et al., 2013). We emphasize the importance and need to ensure an
early diagnosis of the underlying autoimmune condition via the identiﬁcation of antibodies in CSF. When no biological evidence of an autoimmune disorder is identiﬁed, the use of the CAUS score algorithm derived
from a multidisciplinary assessment, a high dosage corticoids therapeutic challenge and a threshold ≥5 may help in diagnosing and treating autoimmune related conditions even in the absence of formal
identiﬁcation of autoantibodies, and in deciding early and aggressive

use of immunosuppressive or immune-modulatory treatment, including plasma exchange, in the context of juvenile catatonia.
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