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Objectives: Pediatric catatonia is a rare and life-threatening syndrome. Around 20% of juvenile catatonia is asso-
ciatedwith organic condition (Consoli et al., 2012). Autoimmune conditions represent a diagnostic and therapeu-
tic 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 ac-
curate 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 fromneuro-pediatrics center– expert in catatonia and autoimmune con-
ditions. Organic conditions were diagnosed using a multidisciplinary approach and numerous paraclinical inves-
tigations. 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 auto-
immune 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 ≥ 5may help to diagnose and treat autoimmune conditions evenwithout formal identification of
auto-antibodies.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Catatonia is a severe syndrome gathering motor and psychic symp-
toms 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

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 treat-
ment remains the specific treatment for organic catatonia.

Catatonia seems to be “organic” in nature with important physiolog-
ical 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 condi-
tions (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 caseswith catatonia have been described in system-
ic lupus erythematosus (SLE) (Marra et al., 2008), pediatric autoim-
mune neuropsychiatric disorders associated with streptococcus
infections (PANDAS) (Elia et al., 2005) and anti-NMDA receptor en-
cephalitis (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, malignan-
cies, infertility and premature gonadal failure) (Kashyape et al., 2012;
Titulaer et al., 2013), the risk-benefit ratio for the use of immunosup-
pressive 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 ther-
apeutic 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 institu-
tions, results can take several weeks to obtain, and the absence of auto-
antibodies 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 in-
clude: i) conventional clinical neurological assessment: subacute onset
of workingmemory deficits, alteredmental status, or psychiatric symp-
toms; 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 con-
text 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 pro-
vides scores defining whether an autoimmune condition is probably or
definitively associatedwith catatonia (Ferrafiat et al., 2016). This practi-
cal 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 phe-
nomenology 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-pe-
diatrics and genetics resulted in proposals in diagnosis and treatment
(Consoli et al., 2012; Ferrafiat et al., 2016; Lahutte et al., 2008) for organ-
ic 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 col-
laboration 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 auto-
immune 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 catato-
nia 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 Ital-
ian 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 in-
patient 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 hospi-
talized. The screening for catatonic syndrome follows a two-step proce-
dure. First, at entry or during the course of hospitalization, each patient
with a catatonic motor sign (Catalepsy, Waxy flexibility, Stupor, Postur-
ing, Mannerisms, Stereotypies, Echopraxia, Excitement, Staring, Rigidi-
ty, Automatic compulsive movements) was examined by one of senior
psychiatrists in charge of the study. Regarding catatonic motor symp-
toms, most of the patients were referred because of extrapyramidal
symptoms secondary to antipsychotic prescription and were not
eligible.

Second, the diagnosis of catatonic syndromewasmade using the Pe-
diatric Catatonia Rating Scale (PCRS) (Benarous et al., 2016) in the pres-
ence 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 Depart-
ment of Pediatric Neuroscience at the Foundation IRCCS Neurological
Institute “Carlo Besta”, Milan, Italy between 2010 and 2015was system-
atically 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, stereoty-
py, 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 en-
cephalopathy, and 12 with “probable” autoimmune encephalitis (no
neuronal antibody detected). None of the patients presented extrapyra-
midal syndromes secondary to antipsychotics as none of the patients re-
ceived such a treatment. Indeed patients were admitted directly in a
specialized department of Pediatric Neuroscience. Among the 31 pa-
tients recruited during the study period, 8 had catatonia and were
pooled with the first catatonia sample to increase the number of auto-
immune conditions of the cohort. Therefore, the pooled sample includ-
ed 104 patients (see Fig. 1).
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