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Abstract

Background N-methyl-D-aspartate-receptor (NMDAR) encephalitis is a rare neurological autoimmune disease
with severe neuropsychiatric symptoms during the acute phase. Despite good functional neurological recovery,
most patients continue to experience cognitive, psychiatric, psychological, and social impairments years after the
acute phase. However, the precise nature and evolving patterns over time of these long-term consequences remain
unclear, and their implications for the well-being and quality of life of predominantly young patients have yet to be
thoroughly examined.

Methods SAPIENCE is a European multi-center (n=3) prospective observational cohort study studying the long-
term cognitive, psychiatric, psychological, and social outcome in patients with NMDAR encephalitis. The study
consists of three interconnected levels. Level 1 comprises a qualitative interview and focus groups with patients and
their caregivers. Level 2 consists of a condensed form of the interview, standardized questionnaires, and a detailed
neuropsychological examination of patients. Level 3 involves an online survey that will be open to patients world-
wide and explores patient-reported outcomes (PROMs), and patient-reported experiences (PREMs) in association with
clinical and cognitive outcomes. Levels 1 to 3 will progressively contribute developing of structured interviews, survey
questions, and treatment guidelines by informing one another.

Discussion SAPIENCE is an in-depth study of the long-term effects of NMDAR encephalitis and bridges the gap
between standardized assessments and individual patient experiences, intending to improve patient care and to
increase awareness of the psychosocial long-term consequences of the disease. Through collaboration of experts in
clinical neurology and social and health psychology across Europe, SAPIENCE aims to create online assessment tools
and formulate guidelines for patient-centered post-acute care that will help enhance the quality of life for patients
and caregivers.
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Background

N-methyl-D-aspartate receptor (NMDAR) antibody-
associated encephalitis is a rare autoimmune disorder
affecting the central nervous system. It has an estimated
annual incidence of 1.5 cases per million people [1] and a
prevalence of 0.6 cases per 100,000 individuals [2], pre-
dominantly affecting young adults (median age=21) [3].
During the acute phase of the disease, patients experi-
ence a range of neurological and psychiatric symptoms
that can include psychosis, hallucinations, cognitive defi-
cits, language impairment, seizures, movement disorders,
autonomic instability, and disorders of consciousness
[4]. Since its discovery in 2007 [5], a significant body of
research has contributed to describe the clinical features
of the acute phase [6-8], develop diagnostic criteria [9,
10], study neuroimaging correlates [11-15], and evaluate
treatment outcomes [16—18] of the disease. In contrast,
studies investigating the post-acute phase and the indi-
vidual psychosocial long-term outcomes remain scarce.

Despite the severe acute disease phase, the functional
neurological outcome as defined with the modified
Rankin Scale (mRS) [6, 16] seems comparably favor-
able [19]. However, self-reports from patients in the
post-acute phase indicate long-term deficits, including
impaired memory functions [20, 21], reduced ability to
concentrate on activities of daily living [20-22], increased
fatigability [21, 23], sleep problems [24], and social with-
drawal [21]. In addition to these subjective experiential
reports, objective neuropsychological findings indicate
long-term deficits in several cognitive areas including
episodic and working memory, and executive, language
and visuospatial functions in most patients .

Research conducted on small numbers of patients has
revealed that persisting cognitive deficits in these individ-
uals significantly contribute to adverse post-acute phase
outcomes [20, 21, 25]. In accordance with this observa-
tion, a recent longitudinal investigation in 43 patients
revealed that deficits in executive functions, episodic
memory, and working memory persisted for a median
of 4.3 years following the onset of symptoms, despite
favorable neurological recovery (as indicated by a mRS
scores of 0—1, denoting either no or only mild physical
symptoms) [26]. Higher disease severity during the acute
phase, longer duration of the acute stage, and delayed
treatment were identified as predictors for impaired
cognitive outcomes. Similarly, another recent prospec-
tive study showed that NMDAR encephalitis patients
exhibit persisting cognitive and psychiatric deficits [27].
Cognitive outcomes were predicted by two acute-stage

features, decreased consciousness and no improvement
within the first four weeks of treatment.

Beyond the burden posed by cognitive impairments,
recent research has provided initial insights into the
long-term health-related quality of life outcomes for
individuals with NMDAR encephalitis [28]. Psychosocial
functioning among these patients was found to be lower
compared to other patient groups with chronic illness
and was associated with factors such as initial misdiag-
nosis and the low availability of follow-up psychiatric
outpatient care, as revealed in a recent online survey [29].
Furthermore, lower quality of the transition from hospi-
tal care to outpatient care was linked to an increased bur-
den on caregivers [30]. Telephone interviews conducted
with 77 patients with autoimmune encephalitis revealed
ongoing fatigue, short-term memory deficits, emotional
instability, and concentration problems [31]. Indeed,
fatigue as well as sleep disturbances are increasingly
reported following NMDAR encephalitis [21, 24, 32, 33].
Recently, it was observed in a group of 22 patients that
persisting neuropsychiatric symptoms were associated
with reduced social and global quality of life [34]. Overall,
neuropsychiatric sequelae can persist for years beyond
the post-acute phase, impacting not only the patients’
lives and their capacity to return to work or education
but also imposing a substantial burden on caregivers and
close relatives [29, 30, 35].

However, data from previous studies on psychosocial
function is limited due to small sample sizes, mixed sam-
ples of different autoimmune encephalitis syndromes and
isolated analyses of potential determinants of quality of
life [28, 36]. There is a lack of comprehensive, in-depth
investigations into the long-term psychosocial impact of
the disease, especially in larger patient cohorts, despite
the relatively young age of the patients and the negative
impact on their quality of life. It is therefore essential that
such studies include the perspective of patients, rela-
tives and caregivers [28]. Moreover, there are currently
no diagnostic or treatment guidelines available for the
post-acute phase of NMDAR encephalitis that could be
informed by the results of these studies.

SAPIENCE (Social and psychological long-term impact
of NMDA receptor encephalitis) represents the inaugu-
ral effort to connect standardized assessments with the
unique experiences of individual patients with autoim-
mune encephalitis in the extended follow-up. Based
on an interdisciplinary and interprofessional team and
through the inclusion of patient and caregiver perspec-
tives, SAPIENCE aims to create online assessment
tools and to establish treatment guidelines tailored to
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patient-centered post-acute care that will help to improve
the quality of life for both patients and caregivers.

Methods

Objectives

SAPIENCE addresses the cognitive, psychiatric, psycho-
logical, and social consequences of NMDAR encephalitis
in large and multi-national cohorts at three study sites:
Berlin (Germany), Barcelona (Spain) and Lyon (France).
The project aims to improve the treatment of patients
with NMDAR encephalitis by (1) providing a comprehen-
sive assessment of long-term psychosocial outcomes, (2)
describing the patient journey after the acute phase, and
(3) examining how outcomes differ by patient, culture,
and health care system. The desired outcome is to gener-
ate patient-centered guidelines for the post-acute care of
individuals with this rare disease. We will also construct
a framework to capture disease-related experiences and
challenges and identify the factors that influence long-
term subjective outcomes in these patients.

Design

Our approach employs a three-tiered study design, incor-
porating qualitative (level 1), mixed-methods (level 2),
and quantitative (level 3) methodologies. The three-level
study design enables the synthesis of the strengths of
qualitative and quantitative methodologies [37].

Level 1: Qualitative semi-structured interviews & focus
groups

Level 1 examines the personal challenges, symptoms,
and access to medical care experienced by patients with
NMDAR encephalitis and their caregivers. Here, five
patients and their caregivers will be invited for indi-
vidual semi-structured interviews about their personal
experience with the disease and treatment at each study
site. Furthermore, a focus group with a different set of
patients and their caregivers (n=10, i.e., five patients
and their caregivers, for each site) will be conducted
at each site (on-site or hybrid-online) to gain a deeper
understanding of joint perspectives and experiences of
the patient journey. Specifically, we employ a qualita-
tive interpretive descriptive approach [38] that allows for
the identification of patterns and themes representing
subjective perspectives. Both parts include open-ended
questions, follow a topical interview guide, and will be
audio-recorded and supplemented with field notes. We
will code the data based on verbatim transcripts to iden-
tify categories and apply concept mapping to visualize
their relationships [39].

In addition to characterizing psychosocial outcomes
in a large sample of NMDAR encephalitis patients, a
primary objective of this project is to create structured
interviews and questionnaires tailored for clinical use in
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the context of this disease. We will employ comprehen-
sive qualitative methods to ensure that these tools accu-
rately capture patients’ experiences and address their
specific needs. These insights will play a significant role
in study’s subsequent mixed-methods and quantita-
tive phases, which encompass levels 2 and 3. Hence, the
framework established during the interviews and focus
groups at level 1 will be applied to generate a concise, on-
site version of the semi-structured interview, to capture
patient experiences in a broader and more diverse sample
across all study sites.

Level 2: Mixed-methods approach - comprehensive
cognitive and psychosocial assessments

In Level 2, qualitative methodologies are integrated with
thorough quantitative cognitive evaluations and ques-
tionnaire assessments to provide a comprehensive, long-
term profile of NMDAR encephalitis in N=90 patients
(i.e., 30 per site). Clinician-observed metrics (such as
neuropsychological test outcomes and disability assess-
ments) will be juxtaposed with patient-reported results
(including quality of life, metacognition, and subjective
evaluations of physical and psychosocial functioning)
with the aim of pinpointing disparities and, in the end,
uncovering gaps in healthcare. NMDAR encephalitis is a
rare disease, meaning that the available pool of patients
is limited. Consequently, we will implement an online
administration for the neuropsychological test battery
and questionnaires to achieve the desired recruitment
targets.

The neuropsychological assessment will involve lan-
guage-adapted tests, i.e. tests will be tailored each study
site’s normalization and language requirements. These
tests will be utilized to evaluate executive functions
(i.e., verbal fluency [40] and working memory via digit
span backward [41, 42]), long-term memory retention
and retrieval (i.e., Rey-Auditory Verbal Learning Test or
RAVLT [43]), short-term memory (i.e., digit span for-
ward [41, 42]), and spatial navigation (i.e., the Virtual
Environment Navigation Assessment or VIENNA ) [44].
These cognitive domains are often impaired in NMDAR
encephalitis [26]. Verbal tests are conducted by video-
conference which has proven reliable [45]. The spatial
navigation test, VIENNA, is administered in a web-based
format [44].

Subjective experiential reports will be gathered using
the psychosocial patient-reported outcome measures
(PROMS) Field, (PROMs) [46], patient-reported experi-
ence measures (PREMS) Field [47, 48], and meta mem-
ory [49, 50] .The selected PROMs record the domains
of fatigue (Fatigue Severity Scale, FSS [51]), sleep (Pitts-
burgh Sleep Quality Index, PSQI [52]), self-assessment
of memory performance (Multifactorial Memory Ques-
tionnaire, MMQ [49, 50]), depression (Beck Depression



Boeken et al. BMIC Neurology (2024) 24:322

Inventory, BDI-II [53], anxiety (Hospital Anxiety and
Depression Scale, HADS [54]), and patients’ quality of
life (5-Level EQ-5D, EQ-5D-5 L [55]). These factors have
been shown to significantly influence patients’ post-acute
state of health and overall global health [26, 27, 36, 56].

PREMS assess patients’ encounters and requirements
throughout their care journey [48, 57]. In particular, our
research will evaluate how patients perceive interactions
with healthcare providers, the consistency of their treat-
ment, the shared decision-making processes, the partici-
pation of their caregivers, and the physical and emotional
support they receive during their treatment. This patient
perspective will be investigated using a survey tool devel-
oped based on the qualitative analysis of Level 1 semi-
structured interviews. This approach addresses the need
for standardized multilingual PREMs available for all
study site languages (i.e., French, German, and Catalan/
Spanish) that would require translations and validations
at local sites. Since PREMs are typically language-specific
and culturally embedded, reflecting different healthcare
systems [48, 58], our survey aims to provide a bias-free
assessment by directly considering the diverse back-
grounds of our patients.

Finally, we will assess the role of the following potential
outcome predictors: (i) disease duration/severity (mRS,
Clinical Assessment Scale (CASE [59])); (ii) intensive
care treatment; (iii) difficulties during treatment (e.g.,
delayed diagnosis, relapse); (iv) availability and duration
of rehabilitation; (v) pre-existing comorbidities; and (vi)
socioeconomic background.

Level 3: Online network-level assessment of quality of life
and healthcare experiences
Level 3, an online study, will invite the participation of
patients worldwide and allow assessment of the impact of
different healthcare systems and cultural factors on out-
comes. Thus, this study level is designed to be indepen-
dent of site-specific factors and suitable for a broad range
of patients with NMDAR encephalitis. For instance, the
study will consider that access to specialists and availabil-
ity of treatment options differ between countries.
Cognitive assessments will center on self-reported
measures, including the MMQ [49] and VIENNA [44],
for analysis of spatial navigation, a function highly
dependent on the integrity of the hippocampus - a
brain structure with increased vulnerability in NMDAR
encephalitis. While psychosocial evaluations will rely on
PROM questionnaires, PREMs will be assessed based on
Level 2 short interview analysis. Thus, insights from the
short-form interviews will guide the formulation of sur-
vey questions targeting pre-disease situations, disease
progression, and patient experiences (e.g., interactions
with healthcare professionals, treatment-related experi-
ences, the flow of information).
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The objectives of level 3 are to expand the assessment
across various healthcare systems, cultural contexts, and
diverse populations, and establish an online evaluation
tool for pertinent outcome measures for future research
because standardized interviews or surveys specifically
for autoimmune encephalitis are currently unavailable.
These patient-centered survey questions will be devel-
oped based on the insights gained from levels 1 and 2.
They can be applied to broad and international patient
populations, making them readily accessible for clinical
and research purposes. Finally, the results from studies at
levels 2 and 3 will be used to develop international guide-
lines for long-term care.

Setting

SAPIENCE aims to characterize the long-term cognitive
and psychosocial consequences of NMDAR encephalitis
in an international collaboration across four European
study sites. Additionally, research groups at the Univer-
sity of British Columbia (Canada) and the University of
Porto in Portugal will contribute their expertise in quali-
tative research as SAPIENCE collaborators.

A central component of SAPIENCE is the close col-
laboration with patient advocacy groups (PAOs), includ-
ing Encephalitis International (UK), Autoimmune
Encephalitis Alliance (USA), Autoimmunenzephalitis
Selbsthilfegruppe (Germany), and the Anti-NMDA-Rez-
eptor- Enzephalitis Forum (Germany). These PAOs are
involved in several critical aspects of the study, including
co-designing the study, defining relevant outcome mea-
sures, helping create informational materials, recruiting
participants, interpreting study results, and formulating
long-term care guidelines to enhance rehabilitation and
life quality.

Recruitment and eligibility criteria

Participants will be recruited from non-overlapping
cohorts throughout Germany for the study site Ber-
lin, throughout France for participation in Lyon, and
throughout Spain for the study site Barcelona (nation-
wide recruitment). The German Network for Research
on Autoimmune Encephalitis (GENERATE) will facilitate
recruitment in Germany. For the Level 3 online study,
patients will be invited globally to participate in this
cross-sectional online analysis through study sites in Ber-
lin, Barcelona and Lyon, as well as through participating
PAOs from Germany, the UK, the USA and Canada with
their global reach. Inclusion criteria for participation in
the study are a confirmed diagnosis of NMDAR encepha-
litis [9], being over the age of 17 years, and demonstrat-
ing proficiency in one of the project languages (German,
French, Spanish, Catalan, English). Exclusion criteria
entail the presence of preexisting neurological disorders
and the inability to provide informed consent.
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Hypotheses

The main hypothesis is that NMDAR encephalitis is
associated with a long-lasting and clinically relevant
impact on patient’s cognitive, psychiatric, psychologi-
cal, and social well-being (H1). Cognitive deficits such as
memory impairment and deficits of executive functions
are persistent in many patients and impact the return to
work/school and independence in daily activities (H1.2).
Fatigue, sleep quality, affective symptoms, and cogni-
tive complaints are major determinants of the subjective
long-term outcome of NMDAR encephalitis (H1.3). Post-
acute symptom severity and quality of life are related to
characteristics of the acute disease course (e.g., treat-
ment delay, need for intensive care unit stay), access to
post-acute care, caregiver support, and personal coping
strategies (H1.4). Structured interviews developed in this
study will inform the development of patient-centered
guidelines for long-term care and rehabilitation strategies
(H1.5).

Sample size

The sample size of N=30 for the semi-structured inter-
views and focus groups in Level 1 is based on current
recommendations for investigating of clinically relevant
participant characteristics and the derivation of con-
ceptual categories [60]. The sample size of n=90 for
Level 2 was calculated to detect medium effect sizes in
correlation analyses (power 80%, significance level 5%,
correlation coefficients of >=0.23; R package pwr [61]).
Calculation of the sample size for the online study (Level
3) was based on an estimated prevalence of 50% of
patients with impaired health-related quality of life and
assuming an estimated population size of N=500 in Ger-
many (as an example), a confidence level of 1- «=0.95,
and a margin of error of e=5%. The sample size is calcu-
lated to be n=218 based on the formula n=[(z2p(1-p))/
e2]/[1+(z2p(1-p))/e2*N]. Considering an estimated 30%
missing data during the survey, we plan for an N=300 for
the online survey.

Statistical analyses

Statistical analyses encompass a multifaceted approach.
Firstly, cognitive deficits will be analyzed using test-
specific norm values and patient-reported outcomes
measures will be evaluated utilizing established norma-
tive data. Furthermore, correlation analyses will be used
to explore the relationships between cognitive deficits
and clinical parameters, including symptom severity
and duration of hospitalization. In addition, correlation
analyses with patient-reported outcomes, encompassing
quality of life, affective symptomatology, physical impair-
ment, and self-assessed memory function will be studied.
Lastly, regression analyses are performed to identify pre-
dictors of quality of life.
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Discussion

SAPIENCE is a prospective, interdisciplinary, multi-
center study to investigate the long-term cognitive, psy-
chiatric, psychological, and social repercussions faced by
patients with NMDAR encephalitis. The psychological
and social consequences of NMDAR encephalitis have
significant impacts on patients’ well-being - yet they
remain inadequately understood, frequently undetected,
and untreated. SAPIENCE aims to bring about a substan-
tial shift in the care of individuals with NMDAR enceph-
alitis by (1) delivering a comprehensive assessment of
long-term psychosocial effects associated with the con-
dition, (2) delineating the patient’s experience during
the post-acute phase, and (3) investigating the variability
of outcomes among patients, considering cultural and
healthcare system differences. The aim if SAPIENCE is
to create patient-focused treatment recommendations
that can be adopted globally by medical practitioners
and healthcare providers. As a result, we anticipate sub-
stantial progress in understanding the disease, improved
health outcomes for both patients and -caregivers,
enhanced assessment tools such as novel disease-specific
interviews and surveys, and potential economic benefits
such as reduced healthcare expenses.

SAPIENCE will need to address the challenges inher-
ent to the international multi-center design of the study
in a rare disease. The international multi-center approach
that relies on a close interdisciplinary collaboration
between clinical teams, Social Sciences and Humani-
ties (SSH)-experts and patient advocacy organizations
requires a robust project governance. This includes defin-
ing responsibilities, stakeholder communication, risk
management, ethical compliance, data protection, and
continuous project status monitoring. Furthermore, reli-
able and standardized data acquisition and analysis pro-
cesses must be established and harmonized across study
sites. This will entail the development of standard oper-
ating procedures and manuals for the semi-structured
interviews and neuropsychological tests, training of the
experimenters involved in data acquisition at each study
site using online seminars, and regular peer-to-peer and
supervision meetings led by team members with relevant
qualitative and neuropsychological expertise.

In this three-level study design, we will use existing
infrastructure and patient registries to enrol and evalu-
ate patients across three research sites. Data collection
on-site for levels 1 and 2 is scheduled to take place at
three locations: Charité - Universitidtsmedizin Berlin, the
French Reference Center on Paraneoplastic Neurological
Diseases and Autoimmune Encephalitis in Lyon, and the
Fundacié de Recerca Clinic Barcelona. Given the rarity of
the disease, a significant challenge will be the recruitment
of a sufficiently large sample of patients with NMDAR
encephalitis. For Level 1, this pertains to the recruitment
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of patient and caregiver dyads while for Levels 2 & 3 this
relates to sample size goals of #=90 and #=300, respec-
tively. To improve recruitment, the SAPIENCE team will
closely collaborate with patient advocacy organizations
and leverage existing infrastructure such as the GEN-
ERATE network. To allow for robust cross-site analyses,
SAPIENCE will use only standardized neuropsychologi-
cal tests and questionnaires available in the languages of
the three project sites and with available normative data.

Critical aspects for the Level 3 (online study) include
(i) the establishment of data storage and data protec-
tion procedures that meet the requirements and regula-
tions of all participating countries; and (ii) the creation of
a suitable informed consent process that adheres to the
legal and ethical standards of all participating countries.
In addition, potential biases inherent to online studies
must be considered and mitigated. Such biases include
the possibility of participants submitting duplicate
responses, individuals responding inattentively, and the
possible bias of preferentially recruiting technology-savvy
responders. To address these biases, we have devised
several measures. To counteract duplicate responses,
participants will be required to generate a unique, non-
identifiable code that remains consistent. This code will
identify and remove duplicate entries from our data-
set. To address inattentive responding, we will employ
various techniques. Survey tools will incorporate time-
bias scoring to identify and flag participants who rush
through the survey. Additionally, attention-check items
and questions will be strategically placed throughout the
study to ensure that participants are actively engaged and
provide thoughtful responses. For participants needing
more time to be comfortable with online questionnaires,
we will offer a pen-and-paper version as an alternative.
The data collected via this method will then be manually
entered into our system study team member.

In conclusion, SAPIENCE will be an interdisciplinary
and international study aiming to improve the long-term
the cognitive, psychiatric, psychological, and social out-
comes of patients with NMDAR encephalitis by combin-
ing objective and subjective measures and integrating the
perspectives of healthcare providers, patients, and care-
givers resulting in patient-centered post-acute care treat-
ment guidelines.
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