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ABSTRACT

INTRODUCTION: Hand stereotypies (HS) are a primary diagnostic criterion for Rett syndrome (RTT) but are difficult
to characterize and quantify systematically. METHODS: We collected video on 27 girls (2-12 years of age) with
classic RTT who participated in a mecasermin trial. The present study focused exclusively on video analyses, by
reviewing two five-minute windows per subject to identify the two most common HS. Three raters with expertise
in movement disorders independently rated the five-minute windows using standardized terminology to deter-
mine the level of agreement. We iteratively refined the protocol in three stages to improve descriptive accuracy,
categorizing HS as “central” or “peripheral,” “simple” or “complex,” scoring each hand separately. Inter-rater
agreement was analyzed using Kappa statistics. RESULTS: In the initial protocol evaluating HS by video, inter-rater
agreement was 20.7%. In the final protocol, inter-rater agreement for the two most frequent HS was higher than
the initial protocol at 50%. CONCLUSION: Phenotypic variability makes standardized evaluation of HS in RTT a
challenge; we achieved only 50% level of agreement and only for the most frequent HS. Therefore, objective

measures are needed to evaluate HS.
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Introduction

Rett syndrome' (RTT, OMIM #312750) is a neuro-
developmental disorder that typically affects females,
although it can rarely occur in males. Patients with RTT
develop repetitive hand movements called hand stereo-
typies (HS), which are a primary diagnostic criterion for
RTT.>* The HS in RTT tend to be continuous, include
mouthing, mainly midline, and can involve the use of ob-
jects.” HS may precede the loss of hand function and appear
to evolve over time.’? In older individuals with RTT,
parkinsonism limits the expression of HS.>*'° It is unknown
whether the underlying mechanism driving the stereotypy
truly resolves. In addition to HS, patients with RTT have a
breadth of other less well-characterized stereotypies that
include body rocking and other lower extremity move-
ments.'"'? Stereotypies in RTT are phenotypically hetero-
geneous, varying in location, frequency, and severity,
making it challenging to assess them systematically. For the
purposes of this study, we focused only on HS. The value of
categorizing patients with RTT based on their HS may
provide insight into the underlying pathophysiology and/or
provide prognostic information.

Most studies have characterized HS by direct cross-
sectional observations. However, delineations using video
analysis have also been reported.*''"# Only one study was a
complete blinded review,” whereas in another study the
initial evaluation was blinded, with subsequent adjustments
based on reviewing frequently to ensure consistency.” Pre-
vious studies have focused on descriptions of the features of
the HS, associations with MECP2 mutations, changes over
time, relationship with behavioral abnormalities, and com-
parison with HS in other disorders.*>'*!” This body of
literature highlights multiple methodologic issues. Prior
attempts to characterize HS have been made in using either
a single rater with a coding system'"'? or having different
raters define their own operational definitions based on
video review.'* In the study with a completely blinded re-
view, the focus was a comparison of HS between individuals
with RTT and autism spectrum disorder. In addition, other
studies have used categories without clearly defined
terms'®; only a recent study looking at anxiety and HS

TABLE 1.
Operational Definitions of Hand Stereotypies

provided operational definitions of the abnormal move-
ments.* We endeavored to develop a protocol for the sys-
tematic characterization of HS. Our objective was to better
define the types and features of HS in RTT for their sys-
tematic assessment in observational and intervention
studies.

Methods
Participants

A total of 27 girls with RTT participated in a phase 2 randomized
controlled trial with mecasermin (recombinant human insulin-like
growth factor-1 (IGF-1); NCT01777542). Clinical assessment with video
recording was performed before their first subcutaneous injection of
drug/placebo. Trial recruitment and implementation were performed at
Boston Children’s Hospital. Subjects met the diagnostic criteria for classic
RTT,? harbored a MECP2 mutation, and were in the postregression
phase.'® The subjects ranged in age from 2 years 10 months to 11 years
4 months (average age = 6 years 4 months). The most common MECP2
mutations observed were T158M (n = 5), R133C (n = 5), R294X (n = 4),
and R168X (n = 4). Other mutations included R270X, R133P, exon4a-4b
del, ¢.519_522delTAAG, c.140 G>C, ¢c.1163-1197del, c.1157-1200del, and
T158M and c.1143_1160del (one subject with each mutation). Parents or
legal guardians provided informed consent. Collection of clinical videos
was approved by the Boston Children’s Hospital Institutional Review
Board (IRB) as part of the larger IGF-1 study.

Video analyses and operational definitions

Videotaped recordings were reviewed by three raters (H.O., M.E.D.,
A.M.D.) to isolate two five-minute periods within each video that
included the two most common HS for each subject. Three of the 27
subjects were excluded from the analyses: one subject had a casted arm
and two subjects had restrained arms, precluding visual assessment.
Table 1 depicts the operational definitions designed by one of the raters
(M.E.D.), which included modifications to the operational definitions
reported by Quest et al.'*

Videos were rated according to nominal (initial protocol) categories
derived from prior studies (see Table 1).4111214-162021 The two most
frequent HS seen were labeled as HS1 and HS2. HS1 was the most
frequent of the two HS representative in the five-minute window. HS2
was the second most frequently occurring HS within the five-minute
window. Poor inter-rater agreement using previously reported cate-
gories convinced us that refinement and simplification of these cate-
gories was required. The operational definitions were revised based on

Clapping
interlace
Wringing/washing/clasping

Any instance in which palms of hands come together like someone is applauding. Fingers cannot

Proposal for spectrum: requires that both hands are involved in the movement

(A) Wringing/washing: any instance in which hands/fingers are interlaced with wrist rotation
(B) Clasping: any instance in which fingers are interlaced

Squeezing/clenching

Proposal for spectrum: can be unilateral or bilateral.

(A) Squeezing: any instance in which the hands open and close repetitively to make a fist.
(B) Clenching: any instance in which the hands make a fist

Flapping
Mouthing

Any instance in which arms/wrists make a back-and-forth movement. Can be unilateral or bilateral
Any instance in which any part of fingers or hands are in the mouth

Tapping
Mixed midline hand movements

Mixed asymmetric hand movements

Repetitive finger movements
Other

This can include nail biting/finger licking. Can be unilateral or bilateral

Any instance in which there is repetitive contact made with fingers or palm on a surface or on chest

Any instance in which each hand is involved in a different hand stereotypy (within seconds) e.g., mouth/
tap, clasp/clap

Any instance in which the hands are midline with a repetitive, nonpurposeful movement, but one hand
is less active with the wrist flexed or extended and/or fingers flexed

Any instance in which there is a pianolike movement of fingers

Any other hand stereotypy that does not fit the above categories (includes arm extension, posturing)
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