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ABSTRACT: Background: Telemedicine has become
standard in clinical care and research during the corona-
virus disease 2019 pandemic. Remote administration of
Movement Disorder Society Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) Part Il (Motor Examination)
precludes ratings of all items, because Rigidity and Pos-
tural Stability (six scores) require in-person rating.
Objective: The objective of this study was to determine
imputation accuracy for total-sum and item-specific
MDS-UPDRS Motor Examination scores in remote
administration.

Methods: We applied multivariate imputation by chained
equations techniques in a cross-sectional dataset where
patients had one MDS-UPDRS rating (International
Translational Program, n = 8,588) and in a longitudinal
dataset where patients had multiple ratings (Rush Pro-
gram, n = 396). Successful imputation was stringently
defined as (1) generalized Lin’s concordance correlation
coefficient >0.95, reflecting near-perfect agreement
between total-sum score with complete data and surro-
gate score, calculated without patients’ actual Rigidity
and Postural Stability scores; and (2) perfect agreement
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for item-level scores for Rigidity and Postural Stability
items.

Results: For total-sum score when Rigidity and Postural
Stability scores were withdrawn, using one or multiple
visits, multivariate imputation by chained equations
imputation reached near-perfect agreement with the orig-
inal total-sum score. However, at the item level, the
degree of perfect agreement between the surrogate and
actual Rigidity items and Postural Stability scores always
fell below threshold.

Conclusions: The MDS-UPDRS Part Il total-sum score,
a key clinical outcome in research and in clinical practice,
can be accurately imputed without the Rigidity and Pos-
tural Stability items that cannot be rated by telemedicine.
No formula, however, allows for specific item-level impu-
tation. When Rigidity and Postural Stability item scores
are of key clinical or research interest, patients with PD
must be scored in person. © 2022 International
Parkinson and Movement Disorder Society.
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With the coronavirus disease 2019 (COVID-19) pan-
demic and a restricted ability to examine patients with
Parkinson’s disease (PD) in person, telemedicine and
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virtual visits have become a necessary step to assure
quality care and safe distancing.! The MDS-UPDRS
(Movement Disorder Society Unified Parkinson’s Dis-
ease Rating Scale) is the most widely used scale for
measuring parkinsonian symptoms in clinical and
research practice. It was designed to be completed in
the office setting, but if it could be applied even in a
telemedicine setting, accurate ongoing monitoring could
ensue without interruption.” The scale consists of four
parts (Parts I-IV) that measure progression in patients
with PD. The item scores in each part are recorded
using a Likert scale from 0 to 4 with an integer rating,
and the higher scores indicate more severe status.
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Part III measures parkinsonian motor features with
33 items and has instructions for the rater to conduct
the various motor tests. Among the items of Part III,
the severity scores of Rigidity (3.3a-3.3e, five items)
and Postural Stability (3.12, one item), a total of six
items, require an in-person physical assessment by
raters. To determine a patient’s rigidity of the limbs
and neck, the rater assesses the patient’s resistance to
passive movement when in a relaxed state by placing
their hands at the patients’ major joints and moving the
limbs.?> To assess Postural Stability, the rater produces
an unexpected displacement of the patient’s body by
pulling backward on the patient’s shoulders, thus
requiring a “hands-on” examination.’

Given that completing the Part III motor examination
requires the examiner to make physical contact with
the patient for Rigidity and Postural Stability testing,
these items create an application problem for telemedi-
cine visits. To use MDS-UPDRS Part III in a telemedi-
cine setting, the values for Rigidity and Postural
Stability would need to be imputed in some manner. In
an earlier study, we noted that a reliable proxy score
for Part III could not be obtained if three or more Part
Il scores were missing in a consistent fashion.* The
proxy method used in that study did not use newer,
multiple imputation (MI) approaches that might pro-
vide an adequate estimate for a total score in spite of
missing values. In this project, using both cross-
sectional and longitudinal data, we removed Rigidity
and Postural Stability scores from MDS-UPDRS assess-
ments and then applied MI methods to derive surrogate
Part III scores (total-sum and item-specific scores for
Rigidity and Postural Stability measurements) to repli-
cate the clinical or research setting of a telemedicine-
based MDS-UPDRS rating. To qualify as an acceptable
surrogate estimate, we purposefully applied a rigorous
statistical criterion that could be argued at the regula-
tory level to be a near-perfect match to the in-person
rating method.

Subjects and Methods

Study Populations
Cross-Sectional Study Population

This study used the cross-sectional data from the
MDS-UPDRS translation program, a dataset of 8,931
complete MDS-UPDRS ratings from patients with PD
(UK Brain Bank Criteria®) representing all Hoehn and
Yahr stages with assessments performed in the patient’s
native language (24 international languages, not includ-
ing English). All raters in this program were trained in
the MDS-UPDRS Training Program, and all transla-
tions had undergone a five-step process including the
field testing of 350 native-speaking patients with PD.®
The MDS-UPDRS was administered in a single visit,

and this visit was the source rating from which the
Rigidity and Postural Stability scores were systemati-
cally removed for the imputation application. We
deleted 343 patients with missing scores in some MDS-
UPDRS Part III items, and a total of 8,588 patients
(referred to as “cross-sectional dataset”) were included
for analysis.

Longitudinal Study Population

This study used longitudinal clinical data from Rush
Parkinson’s Disease and Movement Disorders Program
collected between March 5, 2007, and August
26, 2010. In this dataset, there was a total of
813 patients with complete MDS-UPDRS Part III scores
with a total of 9,448 visits. The median duration
between each visit was 155 days, with a minimum of
1 day and a maximum of 182 days. Only patients who
had visits that were longer than 60 days apart were
included, leaving a total of 396 patients (referred to as
“longitudinal dataset”) for further analysis. The MDS-
UPDRS was measured as part of regular clinical care by
one clinician (C.G.G.) at approximately 6-month inter-
vals with the number of follow-up visits ranging from
1 to 16 (median, 5).

Statistical Analysis

The MI was applied both in a cross-sectional setting
when each patient with PD has MDS-UPDRS measured
in a single visit and in a longitudinal setting when each
patient with PD has MDS-UPDRS measured in multiple
visits.

Ml in Cross-Sectional Data

To mimic missing scores in Rigidity (3.3a-3.3¢) and
Postural Stability (3.12) items, we selected one patient
from the cross-sectional dataset and deleted the
observed scores of these items. We conducted MI for
this patient with missing data using multivariate impu-
tation by chained equations (MICE).” This process was
repeated until each patient’s Rigidity and Postural Sta-
bility items were deleted once and imputed by MICE.
For external validation of the MI model developed
using the cross-sectional dataset, we used the data from
one target visit in the longitudinal dataset.

Ml in Longitudinal Data

In the longitudinal dataset, where the individual’s
MDS-UPDRS scorable values are used in conjunction
with his/her own prior visit scores, we tested whether
prior complete scores including prior Rigidity and Pos-
tural Stability ratings allowed an accurate imputed
value. To perform MI in the longitudinal setting, we
selected visit 4 (referred to as “target visit”) from the
longitudinal dataset, and we based this decision on the
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clinical applicability of three prior visits as a reasonable
background reference and the large number of available
patients (n = 242). Nonetheless, we also used all
patient data relative to visit 1 (n = 396), visit
2 (n = 365), and visit 3 (n = 289). Supporting Informa-
tion Table S1 displays the number of patients for each
visit in the longitudinal dataset. For the longitudinal
analysis, we then selected one patient from the target
visit and deleted the observed scores of Rigidity and
Postural Stability items. We conducted MI using a dif-
ferent amount of information from various other visits
in the following two scenarios: (1) used the visit imme-
diately before the target visit (i.e., visit 3 only), or (2)
used all visits preceding the target visit (i.e., visits 1-3).
In these two scenarios, the MI model also used this
patient’s data from other Part IIl items in the target
visit. This process was repeated until each patient’s
Rigidity and Postural Stability item scores at the target
visit were deleted once and imputed.

MI Performance Assessment

In both cross-sectional and longitudinal datasets, we
conducted MI with 21 replications using MICE
implemented in R package mice.® We assessed the per-
formance of MI in both the total-sum score of MDS-
UPDRS Part III and the individual item scores of the six
items (five Rigidity and Postural Stability) that cannot be
acquired by telemedicine assessment. To measure the
exact matching between the original Part III total-sum
score (the “gold standard”) and the imputed total-sum
score, we adopted the generalized concordance correla-
tion coefficient (CCC),”'” a U-statistics-based nonpara-
metric test that is more robust against outliers and
nonnormal continuous data such as MDS-UPDRS Part
II total-sum, as compared with Lin’s CCC.'"'? The gen-
eralized CCC integrates accuracy and correlation, and it
examines how closely the imputed total-sum score agrees
with the original total-sum score. Based on 21 replica-
tions of the imputed datasets, we obtained 21 generalized
CCCs, which were combined to create one multiple-
imputation inference by Rubin’s MI rules,'® with the
overall generalized CCC being estimated by the mean of
21 generalized CCCs and 95% confidence interval
(CI) being computed from the pooled variance, for
example, sum of within- and between-imputation vari-
ances. Sensitive to concerns that regulatory agencies do
not easily accept imputation strategies or missing data
allowances, we set our critical generalized CCC level at
>0.95, interpreted as near-perfect agreement between the
imputed value-based and the full data—based total-sum
scores. This high bar also echoes the statistical stringency
of our prior work.* The generalized CCC approach can-
not be used to assess the imputed individual item scores
because it is applicable only to total-sum scores, not indi-
vidual item scores. Instead, we computed the degree of

IMPUTATION TO MDS-UPDRS

PART 111

perfect agreement between the surrogate calculation and
the actual score, that is, the percentage of results for
which the imputed item score was identical to the origi-
nal score before deletion. We set the critical degree of
perfect agreement level at >0.95. In clinical practice it is
quite common to see MDS-UPDRS item scores fluctuate
one level above or below a given prior score without
alarm and ascribed to natural variability. Even if such an
estimate would not be rigorous enough for research
applications, we tested this “+1” option as a feasibility
test for possible clinical use (the imputed item score
being identical to or one level above or below the origi-
nal score before deletion). In all instances, we set our
critical degree of perfect agreement at >0.95.

Results
Study Sample

Our study used all 8,588 cross-sectional records of
MDS-UPDRS Part III scores from the original set, with
full data on all 33 items. Supporting Information
Figure S1 displays a histogram of the total-sum score of
33 items (left) and a bar plot of median scores of
33 items for all patients (right), respectively. The mean
of the Part III total-sum score was 33.5, with the mini-
mum being 0 and the maximum being 132. The fre-
quencies of the median scores of 33 items for all
subjects are also displayed in Supporting Information
Figure S1.

The longitudinal data used 396 subjects’ records of
MDS-UPDRS Part III scores with full data on all 33
items. Supporting Information Figure S2 displays histo-
grams of the total-sum score of 33 items and bar plots
of median scores of 33 items at baseline and at the tar-
get visit. The mean of Part III total-sum score was 40.2,
with the minimum being 0 and the maximum being
108 for all subjects at baseline, whereas the mean total-
sum score was 40.0 with a range of 6-91 at the target
visit. The frequencies of the median scores of 33 items
for all subjects both at baseline and at the target visit
are also displayed in Supporting Information Figure S2.
Also refer to Supporting Information Table S2 for the
distributions of Hoehn and Yahr stages both at baseline
and at the target visit.

Table 1 displays the baseline demographic and dis-
ease characteristics of the cross-sectional dataset and
the longitudinal dataset. Overall, both sets cover all
Hoehn and Yahr stages, with the majority of patients
being Hoehn and Yahr stages 2 and 3 reflecting pat-
terns seen in clinical practice.'

Total-Sum Score Imputation
Cross-Sectional Data

In the cross-sectional dataset, where the individual’s
MDS-UPDRS scorable values were used in conjunction
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with other patients’ complete but single-visit scores.
The generalized CCC for imputed total-sum score with
the total-sum score as determined by the “hands-on”
inclusion of Rigidity and Postural Stability scores by in-
person examination is 0.976 (95% CI: 0.975-0.977),
which meets the threshold of near-perfect agreement
(Table 2, upper row). As a validation test, we applied
the MI model developed from the cross-sectional

TABLE 1 Baseline demographic and disease characteristics of the
cross-sectional dataset and longitudinal dataset

Cross-sectional Longitudinal
dataset dataset
Variables (n = 8,588) (n = 396)
Male, n (%) 4,769 (56.0) 265 (66.9)
Age, mean (SD), y 65.7 (10.6) 69.5 (10.5)
MDS-UPDRS Part 33.5 (19.1) 40.2 (15.7)
III score, mean
(SD)
H&Y stage,” n (%)
0 1 (0.59) 4 (1.0)
1 1,216 (14.2) 2 (0.5)
2 4,145 (48.3) 249 (62.9)
3 2,205 (25.7) 79 (19.9)
4 692 (8.1) 41 (10.4)
5 181 (2.1) 21 (5.3)

"Note that H&Y stage numbers for the cross-sectional dataset were based on 3.20
(H&Y stage) measure after deleting 96 subjects with missing data and subjects
with the following H&Y scores: 1 with H&Y = 2.5 and 1 with H&Y = 6.

SD, standard deviation; MDS-UPDRS, Movement Disorder Society Unified
Parkinson’s Disease Rating Scale; H&Y, Hoehn and Yahr.

dataset to a single assessment focused on target visit
4 in the longitudinal dataset. Likewise, the model met
the near-perfect bar with a generalized CCC of the orig-
inal versus imputed Part III total-sum scores (target visit
4) of 0.966 (95% CI: 0.958-0.974).

Longitudinal Data

In scenario 1, only the visit immediately before the
target visit was used in addition to the target visit to
perform MI. The generalized CCC is 0.970 (95% CI:
0.956-0.984), which meets the threshold of near-
perfect agreement (Table 3, upper row). In scenario
2, where all visits preceding the target visit were used to
perform MI, the generalized CCC is 0.976 (95% CIL:
0.953-0.998), which also meets the threshold. In both
longitudinal scenarios, we obtained the same near-
perfect agreement standard as seen with the “big-data”
approach in the cross-sectional dataset.

To facilitate the clinical use of MI when “hands-on”
assessments are not feasible, we are developing a web-
based interactive calculator (a beta version can be
found at: https://francisco-dongrak-choi.shinyapps.io/
MISC/), which takes as input an individual’s scores on
all MDS-UPDRS Part III items, except Rigidity (3.3a—
3.3e) and Postural Stability (3.12) items. It conducts MI
with 21 replications and produces the surrogate total-
sum score for the MDS-UPDRS Part IIT with a 95% CL

Individual Item Score Imputation

Cross-Sectional Data. In contrast with the success-
ful total score generation from the MICE calculations,
the degree of perfect agreement of the six individual
scores covering Rigidity and Postural Stability fell
below threshold in the cross-sectional analyses. For the

TABLE 2  Generalized CCC of MDS-UPDRS Part 1II total-sum score and degree of perfect agreement (the % of having the imputed item score being
identical to the original score before deletion) in the cross-sectional dataset and longitudinal dataset visit 4

Cross-sectional dataset (n = 8,588)

Longitudinal dataset visit 4 (n = 242)

Generalized CCC

Acceptance (>0.95)

Generalized CCC Acceptance (>0.95)

Sum score 0.976" Yes

0.966° Yes

Item scores Perfect agreement

Acceptance (>0.95)

Perfect agreement Acceptance (>0.95)

Rigidity — Neck 0.460 No
Rigidity - RUE 0515 No
Rigidity — LUE 0.505 No
Rigidity — RLE 0.492 No
Rigidity — LLE 0.484 No
Postural stability 0.564 No

0.438 No
0.517 No
0.603 No
0.483 No
0.554 No
0.599 No

95% CI: 0.975-0.977.
©95% CI: 0.958-0.974.

CCC, concordance correlation coefficient; MDS-UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; RUE, right upper extremity; LUE, left upper

extremity; RLE, right lower extremity; LLE, left lower extremity; CI, confidence interval.
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TABLE 3  Generalized CCC of MDS-UPDRS Part III total-sum score and degree of perfect agreement (the percentage of having the imputed item score
being identical to the original score before deletion) under scenarios 1 and 2 using the longitudinal dataset

Scenario 1

Scenario 2

Generalized CCC

Acceptance(>0.95)

Generalized CCC Acceptance(>0.95)

Sum score 0.970" Yes

0.976° Yes

Item scores Perfect agreement

Acceptance (>0.95)

Perfect agreement Acceptance (>0.95)

Rigidity — Neck 0.545 No
Rigidity - RUE 0.678 No
Rigidity — LUE 0.640 No
Rigidity — RLE 0.450 No
Rigidity — LLE 0.417 No
Postural stability 0.583 No

0.612 No
0.740 No
0.723 No
0.723 No
0.661 No
0.719 No

Scenario 1: used the visit immediately before the target visit 4; scenario 2: used all visits preceding the target visit 4.

95% CI: 0.956-0.984.
£95% CI: 0.953-0.998.

CCC, concordance correlation coefficient; MDS-UPDRS, Movement Disorder Society Unified Parkinson’s Disease Rating Scale; RUE, right upper extremity; LUE, left upper

extremity; RLE, right lower extremity; LLE, left lower extremity; CI, confidence interval.

cross-sectional dataset and single visit 4 assessment, the
results suggest agreement below the perfect agreement
benchmark and failure of MI strategies to recover the
score for any of the individual items (Table 2,
lower rows).

Longitudinal Data. The degree of perfect agreement
of the six individual scores covering Rigidity and Pos-
tural Stability fell below threshold in both scenarios
where prior data (immediate visit or scenario 1 and all
prior visits or scenario 2) were accessed, suggesting
agreement below perfect agreement benchmark and
failure of MI strategies to consistently recover the score
for any of the individual items (Table 3, lower rows).

Perfect + One Level Analysis

If we allowed imputed scores to fluctuate one level
above or below the true scores, the degree of agreement
of some Rigidity items (e.g., Rigidity — Neck, Rigidity —
Right Lower Extremity [RLE], and Rigidity — Lower
Left Extremity [LLE] in the cross-sectional dataset) and
Postural Stability (in the cross-sectional dataset and lon-
gitudinal dataset target visit 4) still fell below threshold
(Supporting Information Table S3). In the longitudinal
dataset, the degree of agreement of some Rigidity items
(e.g., Rigidity — Neck, Rigidity — RLE, and Rigidity —
LLE in scenario 1) and Postural Stability in both sce-
narios still fell below threshold (Supporting Information
Table S4). Hence, whether in both cross-sectional
dataset analyses or in the longitudinal analyses when
the prior visit data were considered (one visit or multi-
ple visits), accurate imputed item scores could not be
reliably generated in its entirety.

Discussion

The MDS-UPDRS is undoubtedly the most widely
used rating scale in PD and is endorsed by the MDS
and the National Institute of Neurological Disorders
and Stroke Common Data Elements program as the
recommended rating scale to measure PD disability."” It
was designed to be applied in both clinical and research
settings. Whereas most of the item scores are derived by
observation, six scores require that the rater be present
for “hands-on” assessments of Rigidity (five items) and
Postural Stability. When the MDS-UPDRS is used in
telemedicine, which is increasingly common during the
COVID-19 pandemic and may become more frequent
in the future, the absence of “hands-on” access causes
missing data. In our prior work that focused on the
MDS-UPDRS Motor Examination (Part III) total-sum
score,” we identified a clear threshold for how many
missing items can exist in Part III and still allow near-
perfect agreement between the missing value-based and
the full data—-based scores. Using traditional statistical
analyses, a consistent loss of all Rigidity scores and Pos-
tural Stability fell outside the reliable range for a valid
surrogate substituted score. Further, in another prior
study,'® we did not examine individual item substitu-
tions because we failed in the goal of generating a sur-
rogate total-sum score. This study provides a method to
impute a total-sum score for MDS-UPDRS Part III even
when “hands-on” assessments are not feasible. Whereas
traditional methods did not permit this success, the
MICE approach offers a new statistical strength that
can be immediately accessed for direct total-sum score
application. By demonstrating high generalized CCC,
we have shown that, at the individual patient level, this
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imputation approach provides an accurate surrogate
total-sum score that is highly correlated to the scores of
comparable patients from our databases. Although we
used a threshold generalized CCC of 0.95 and a perfect
matching score would result in a generalized CCC of
1, at both statistical and clinical levels, these imputa-
tions can be considered near perfect. For the first time,
we have a method whereby a telemedicine strategy can
potentially be used either exclusively or mixed with in-
person visits in clinical trials to obtain accurate total-
sum scores of MDS-UPDRS Part III. Of interest, longi-
tudinal data of prior visits from the patient are not
really needed to bolster confidence with this powerful
MICE approach, and no statistical advantage is seen
when using additional personalized data from prior
visits.

These results are important because the US Food and
Drug Administration and European Medicines Agency
have focused on the total-sum score for MDS-UPDRS
Part III in prior regulatory evaluations. There has never
been an expressed focus on the scores of individual
items or factors. Therefore, to the extent that imputa-
tion methodologies would be judged on the credibility
and power of the statistical results without
preconceived bias, we offer the strong recommendation
that a final and statistically valid MDS-UPDRS Part III
total-sum score can be generated despite select missing
data, as necessarily evidenced with telemedicine
examinations.

However, we cannot offer a solution, even with these
high-powered tools, to accurately impute at the individ-
ual item-score level. Regardless of using cross-sectional
or longitudinal data, even with current and three prior
visits with complete data, we could not arrive at reliable
or valid surrogate substituted item scores. We can only
conclude that in the situation where there is an essential
focus on Rigidity or Postural Stability, the patient must
be examined “hands-on.”

We recognize that in some clinical situations, a physi-
cian may be willing to accept a slightly imperfect MDS-
UPDRS item score within the & one level range. Nor-
mal fluctuations in parkinsonism and rating variability
may explain some item score changes that do not spe-
cifically translate into clinical improvement or decline.
At the narrative level, this approach might mean:
“Given that the patient actually has left arm Slight
Rigidity (score 1), defined as appreciable with the facili-
tation maneuver only, I could accept Absent (0) or Mild
(2) Rigidity for my clinical decision-making, and con-
sider such estimates acceptable.” This solution is
subperfect mathematically and would not likely be
applicable to any research endeavor but might still be
acceptable in many clinical contexts. However, even
with these compromises, the Postural Stability item, key
to many decisions in terms of fall risk and patient
autonomy, cannot be imputed accurately, requiring the

specific “pull test” maneuver that is not considered safe
outside of professional training and supervision. More-
over, accurate imputed scores of some Rigidity items (e.
g., Rigidity — Neck, Rigidity — RLE, and Rigidity —
LLE) could not be reliably generated without “hands-
on” assessments. Given that Rigidity and Postural Sta-
bility represent two of the cardinal features of PD, we
accept that a simplified MDS-UPDRS Part III score that
excludes their assessment and multiplies the 27 available
item scores by a standard formula would be inappropri-
ate. Our MI method imputes a total-sum MDS-UPDRS
Part III that accommodates the representation of rigid-
ity and postural stability function based on actual
patients with similar scores from our large database.

The application of our method to telemedicine pre-
sumes that the professional ratings of two-dimensional
virtual data are comparable with those generated from
three-dimensional office visits. The feasibility and safety
of remotely assessing PD, albeit without Rigidity or
Postural Stability, has been demonstrated,”'”!? and
direct comparison of in-home, video-based versus in-
person administration of UPDRS Part III demonstrated
moderate overall agreement.'”

The cross-sectional dataset has the strong advantage
of a large “big data” resource acquired internationally
by raters who all had passed a certificate training pro-
gram and contributed cases that spanned all Hoehn
and Yahr stages. The longitudinal set was smaller, but
all patients were examined and rated prospectively by
the same rater who likewise was specifically trained in
the MDS-UPDRS (C.G.G.). We accept that this latter
database is smaller, but it has the merit of repeated
observations in time and includes all patients with PD
in a single practice, including those monitored without
medications, those on medications, and those with
advanced therapies including surgery. As a university-
based practice, however, it still may not reflect a fully
generalized PD population.

MICE is a commonly used method of imputing miss-
ing data because of its usefulness for dealing with large
datasets and availability of software packaging.””®
MDS-UPDRS is a primary end point of many PD clini-
cal trials (e.g., completed SURE-PD3 study*’ and
Helicobacter pylori eradication study,?’ and the ongoing
TEMPO-2 study, ClinicalTrials.gov: NCT04223193)
and observational studies (e.g., Parkinson’s Progression
Markers Initiative study,””> Oxford Parkinson Disease
Center discovery cohort,”® and Tracking study®*).
Because telemedicine, once regarded as an important
supplementary tool, is now becoming a nearly essential
component of care, strategies to allow for a valid MDS-
UPDRS administration have emerged as a high priority.
MICE is particularly useful to impute total-sum scores
despite the inevitable missing data in telemedicine from
items that require “hands-on” assessments. In an era of
COVID-19, research inclusion, and emphasis on access,
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the response of regulatory agencies to analyses and
applications of this type may open the possibility of
research study visits by telemedicine with an acceptance
of total-sum scores from Part IIl by surrogate MICE cal-
culations. Still, unstudied questions concern the inclusion
of patient-related data, such as disease duration, age,
sex, and other factors, that could potentially impact indi-
vidual item scores or score patterns and thereby allow
for still unachieved imputation solutions. ®
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