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ABSTRACT

Background and Aims: Multifocal motor neuropathy (MMN) and chronic inflammatory demyelinating polyneuropathy
(CIDP) are immune-mediated neuropathies characterized by muscle weakness and/or sensory deficits. Identifying treatment
response, relapse, and stability can be challenging in these chronic, sometimes unpredictable, conditions. This study explores the
potential of a monitoring app designed to address these challenges.

Methods: Patients were monitored weekly or monthly, based on stability and patient preference, using grip strength, modified
timed-up-and go (mTUG), and patient-reported outcome measures (PROMs). User experience was evaluated via a questionnaire
addressing content and ease of use (scale 0-10). Adherence was measured as the percentage of completed mandatory assess-
ments. We investigated reliability using intra-class correlation coefficients (ICCs) and standard errors of the mean (SEM) of
repeated measurements. Longitudinal changes were analyzed using linear mixed-effects models.

Results: We included 38 patients, with a mean follow-up of 11 months (IQR 4.6-19.5). The mean user experience score was 8.35/10
(range 7-10). Adherence was 93% (95% CI: 91.9%-94.1%). Reported remote measurements for grip strength were 1358/1468 (93%),
and 1343/1430 (94%) for mTUG. Grip strength and mTUG ICCs were both 0.96 (95% CI: 0.93-0.98 and 0.92-0.99, respectively).
The average SEM was 8.46% (95% CI: 6.58-10.28) for grip strength and 8.18% (95% CI: 6.12-10.41) for mTUG. Only grip strength
changed significantly, increasing by 3.1 pounds per 6 months (95% CI: 0.61-5.83; p=0.016).

Interpretation: Our study demonstrates that tele-neuromonitoring is feasible and reliable, showing high adherence, positive
user experience and high ICCs. We anticipate tele-neuromonitoring could complement routine follow-up, enabling clinicians to
make better-informed treatment decisions.

1 | Introduction be challenging [1, 2]. Although they are amenable to immune-

modulating therapy, optimization of treatment may be arduous,

Chronic inflammatory demyelinating polyneuropathy (CIDP)
and multifocal motor neuropathy (MMN) are immune-
mediated neuropathies, most often characterized by promi-
nent muscle weakness (CIDP/MMN) and/or sensory deficits
(CIDP). Accurate and timely diagnosis of CIDP and MMN can

due to the variable-disease course and treatment response [3, 4].
Moreover, there is no reliable disease activity biomarker that can
identify patients who respond to treatment, may benefit from
intensified treatment, or may be weaned off treatment [5, 6].
Consequently, treatment decisions are made based on clinical
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monitoring of symptoms and information patients recall during
regularly scheduled outpatient clinic visits.

Guidelines for CIDP recommend collection of impairment out-
comes, such as Medical Research Council (MRC) sum scores,
hand-held dynamometry for grip strength, standardized walk-
ing tests, and patient-reported outcome measures (PROMs)
(such as the Inflammatory Rasch-built Overall Disability Scale
(I-RODS)) during clinic visits to increase the objectivity of clin-
ical monitoring [7-9]. However, there are several limitations
to this approach. Assessment of muscle strength using MRC-
scores has low reproducibility, while rating and interpretation
of PROMs such as the I-RODS, are complicated by relatively
large subjective effects [10-12]. Hand-held dynamometry and
standardized walking tests may be more reliable but are less
valuable if collected infrequently. Important clinical changes
may not be captured if the timing of the assessment does not
align with changes in treatment or are not performed during
clinical deterioration or improvement [13]. Enabling patients to
track impairment and disability outcomes at home can provide
continuous monitoring, without the burden of time-consuming
hospital visits. This could facilitate identification of end-of-dose
effects, aid in detecting early signs of relapses, or identify pa-
tients with stable disease. These observations can then be used
to make more informed treatment decisions. Previous explor-
atory studies demonstrated the reliability of home-based mea-
surements of grip strength and several PROMs [14, 15]. With the
advance of e-health apps, the potential of remote-monitoring is
promising [16-21].

Therefore, our team developed a novel tele-neuromonitoring
app specifically designed for patients with immune-mediated
neuropathies, and we conducted an implementation study with
a prospective cohort to assess the feasibility and reliability of the
app when used by patients with CIDP and MMN.

2 | Methods
2.1 | Patients

We performed a prospective cohort study of patients at the
University Medical Center Utrecht (UMCU), a tertiary neu-
romuscular expert center in the Netherlands, between March
2021 and October 2022. Patients were included if they met the
following criteria (1) diagnosed with CIDP or MMN based on
the EAN/PNS or EFNS/PNS criteria [1, 2, 22], (2) receiving
treatment with IVIg and/or steroids, (3) 18 years or older, and (4)
had sufficient digital skills to report measurements in the app.
Patients were excluded if they were not proficient in Dutch or
English or did not own a smartphone or tablet (Android and IOS
versions > 7 respectively > 12). All patients provided written in-
formed consent.

2.2 | App Design

We co-designed a monitoring app (Polyneuropathie@home)
with active input from patients, a panel of neuromuscular ex-
perts, and the Department of Digital Health of the UMCU.
To capture the variability of the disease, four modules were

developed: CIDP upper+lower limbs (1), CIDP focused on
lower limbs (2), CIDP focused on upper limbs (3), and MMN (4).
Eventually, within the timespan of this study, only the protocols
CIDP upper + lower limbs and MMN were used. Different mon-
itoring items are listed in Figure 1.

Monitoring frequency was scheduled either weekly or monthly,
depending on disease stability and taking patients' own prefer-
ences into consideration. Most patients were initially enrolled
in a weekly protocol, with those demonstrating a stable disease
course being offered the option to switch to a monthly protocol.
Moreover, patients had the option to report additional measure-
ments between the required time points. As such, the timing
of data collection in the app was not specifically synchronized
with the patients’ treatment schedules. All patients received a
hand dynamometer (Saehan, hydraulic balloon) for home-based
grip strength measurements. Single grip strength was recorded
for each hand.

Patients were trained in person and received instructions during
an outpatient clinic visit. Additionally, relevant information
about executing the home measurements was available on the
hospital website. The app allowed patients to monitor their own
measurements, and a digital dashboard was created for physi-
cians to display longitudinal trends. Importantly, we had several
security requirements for the use of our CIDP/MMN monitoring
app, and a two-factor authentication was built into the app to
fulfill privacy requirements.

2.3 | User Experience

In the implementation test phase, we evaluated the first ver-
sion of the monitoring app in a pilot group of 12 patients. After
6weeks, targeted feedback was sought using a focus group (con-
sisting of patients and physicians) to discuss points for improve-
ment. Participants were also issued a 28-item questionnaire to
evaluate the user experience. We aggregated this feedback to
refine the app. Subsequently, a novel app version (update) was
launched for all end-users (November 2021). In this current ver-
sion, the item “fine motor skills” (Can you rate your fine motor
skills on a scale from 0 to 5?) has been replaced by the item
“hand motor skills,” which comprises a subset of five specific
activities related to fine-hand motor skills (Figure 1). Moreover,
the item “walking upstairs” (Can you rate your ability to walk
up a flight of stairs on a scale from 0 to 5?) was removed. In
addition, the item “walking, running, and standing” was added,
which consists of a subset of three questions, asking the patient
to rate these activities each on a scale from 0 to 5, with a poten-
tial maximum total score of 15 points.

2.4 | Monitoring and Adherence

Once the patients had been registered for participation, they
received a manual and were guided by phone through the in-
stallation process of the app. All information in the app was mon-
itored by the Medical Direction Center. The Direction Center is
a department in our hospital specialized in screening incom-
ing measurements from monitoring apps, based on predefined
measurement thresholds. If a change in outcome exceeded a
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Patient at home

Q

=

' %:DI Monitoring
Reported items CIDP/MMN Maximum score Alert thresholds
PROMs
Hand motor skills CIDP/MMN 25 points <5 points or A = 5 points decrease
Walking running and standing CIDP/MMN 15 points <3 points or A = 3 points decrease
General well-being CIDP/MMN 3 points >1 point
Medical aids CIDP/MMN 1 point >1 point
Walking distance CIDP 1 point >1 point
Trip or fall CIDP 1 point =1 point
Numbness CIDP 1 point >1 point
Quantitative assessments
Grip strength (Saehan dynamometer) CIDP/MMN Decrease > 11 pounds
Modified Timed-up and go test (mTUG) CIDP/MMN > 21 Seconds

FIGURE 1 | Infographic with most important aspects of tele-neuromonitoring and the reported outcome measures. Hand motor skills sub-

questions: To what extent are you able to perform the following activities (0 not possible, 5 no restrictions): Opening jars and packaging (1), opening a

door with a key (2), using buttons, belt, zippers (3), using a phone or sending text messages (4), lifting a heavy object and putting it on the ground (5).

General well-being: Comprises physical well-being, mental well-being and energy level, each scored as 1 point. Alerts for an item arise if the scores

are lower or equal to their threshold value or the difference with the previous measurement (A) exceeds the threshold value. For grip strength, an
alert appears if either left- or right-hand grip strength decreases by 10 pounds, and for the mTUG, there is an alert if time exceeds 20s. MDC, Medical
Direction Center; mTUG, modified timed-up-and go; PROM, patient-reported outcome measure.

predefined threshold (Figure 1), staff were alerted, and patients
or healthcare providers were contacted. The course of action
was highly dependent on the specifics of each individual case. If
an alert was escalated to notify the treating physician, the appro-
priate response was determined based on the physician's clinical
judgment and their assessment of the situation. If deemed neces-
sary, the patient was seen at the outpatient clinic. Baseline was
determined based on the first measurement and updated man-
ually if it appeared not to be appropriate. Threshold values for
alerts were based on expert opinion and could be switched off in
agreement with a patient and their physician. On reporting days,
patients received a first notification in the app at 09.00a.m. and
a reminder at 08.00 p.m. if the values had not yet been reported.
If two subsequent measurements were missing, patients were
contacted via a personal message after 3days. If data were still
missing on Day 4, patients were contacted by phone.

2.5 | Statistical Analysis

Descriptive statistics were used to describe the patient charac-
teristics at baseline. We performed Student's ¢-tests or Wilcoxon

signed rank tests to compare differences in baseline characteris-
tics. To evaluate the feasibility, we evaluated adherence together
with the results of the user experience questionnaire. Adherence
was calculated as the number of reported outcomes divided by
the number of scheduled measurements for each individual. The
difference in adherence between monitoring protocols was cal-
culated using the t-test or Wilcoxon signed rank test.

To evaluate the reliability of grip strength measurements and
the mTUG, we estimated the intra-class correlation coefficient
(ICC) and the standard error of the mean (SEM) over time, using
the first eight repeated measurements following study inclusion.
Datawere , log transformed to account for heteroscedasticity, and
a linear mixed model (LME), with only a random intercept per
patient, was fitted. The ICC was obtained by calculating the ratio
of the between-patient variability and the total variability, which
is the sum of the within- and between-patient variability. The
SEM was derived from within-patient variability and expressed
as a percentage of the observed score by multiplying the square
root (within-patient variability) x 100x1n (10) [23]. Confidence
intervals around these estimates were obtained by means of
bootstrapping (n=1000). The minimal detectable change (MDC)
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at an individual level was calculated as MDC =SEM * \/5 *1.96
[24]. For illustrative purposes, we calculated the monitoring
bands for one patient based on the MDC. MDC can be inter-
preted as the 95% CI around the expected difference between two
observations for one patient.

To estimate longitudinal changes in grip strength, mTUG, hand
motor skills and walking, running and standing, LMEs were fitted.
The fixed part of the model contained an intercept and a linear ef-
fect for time per 6 months. The random effect contained a random
intercept and random slope for time per patient. We used a likeli-
hood ratio test to determine whether the change over time was sta-
tistically significantly different from zero. To test the variability in
progression rates between patients, we used a likelihood ratio test
to compare a model with only a random intercept versus a model
with a random intercept and random slope for time per patient.
All statistical analyses were performed using R (version 1.3.1093).

An exploratory analysis was conducted to examine the occur-
rence of different alert types, and corroboration with clinical
data, specifically for grip strength alerts. In general, grip strength
alerts were only escalated to notify the physician in certain con-
ditions: For example, a first single grip strength alert was not es-
calated unless it was accompanied by other alerts for which this
was necessary, or the patient provided relevant information in
the message option. As a result, not all grip strength alerts were
linked to outpatient clinic data. To further explore the clinical
impact, the frequency with which grip strength alerts were fol-
lowed by an escalation in treatment was assessed.

3 | Results
3.1 | Baseline Characteristics

Forty patients were invited to participate during routine out-
patient clinic visits; two patients declined, resulting in a total
enrolled population of 38 patients (20 with CIDP and 18 with
MMN); the patient characteristics are summarized in Table 1.
One patient with MMN discontinued home monitoring after
Sweeks due to stressful personal circumstances, not related to
the disease or home monitoring project, and one patient with
CIDP paused home monitoring after 79weeks due to a severe
relapse, resulting in tetraplegia and prolonged hospitalization.
Overall, the mean follow-up time per patient was 11 months
(IQR 4.6-19.5months). We found no significant differences in
baseline characteristics between patients with CIDP and MMN,
except for lower mean age in the MMN group. In all but two pa-
tients, multiple weekly measurements were carried out before
they continued with the monthly program. Two patients with
MMN started with the monthly program straight away.

3.2 | User Experience

Twelve patients participated during the implementation test
phase. CIDP and MMN patients spent on average 7.5 min com-
pleting data entry in the app. On a scale of 0-10, participants
gave the app a total score of 8.35 out of 10 for both ease of use
and content (minimum score 7/10 and maximum score 10/10).

TABLE1 | Baseline table.
Total (n=38) CIDP (n=20) MMN (n=18) p-value
Sex, male (%) 26 (68) 13 (65) 13 (72) 0.90
Age, years 57 (10) 60 (10) 53(9) 0.03
Disease duration (months) 48 (26-80) 48 (25-72) 46 (27-93) 0.81
I-RODS (n=19) 40.6 (5.5) 40.6 (5.5) N/A N/A
Missing 19 1
Hand grip strength at baseline, 37.0 (24.1-53.3) 32.5(24.9-47.62) 40.5 (17.1-59.8) 0.60
pound-force
Treatment at baseline
IVIg/Sclg 38 (100%) 20 (100%) 18 (100%) N/A
Steroids 2-42(5.2%-10.5%) 2-42 0
Other® 1 1 0
App schedule N/A
Monthly 10 (26.3%) 5(25%) 5(27.8%)
Weekly 28 (73.7%) 15 (75%) 13 (72.2%)
Follow-up (weeks) 31 (20-85) 70 (24-85) 22 (16-79) 0.15

Note: Data are expressed as mean (SD), n (%), or median (interquartile range).

Abbreviations: CIDP, chronic inflammatory demyelinating polyneuropathy; I-RODS, Inflammatory-Rasch-built Overall Disability Scale; IVIg, Intravenous
immunoglobulin; MMN, multifocal motor neuropathy; Sclg, subcutaneous immunoglobulin.
In the case of two patients, it is not clear whether they did or did not receive steroids, as they were participating in a double-blind trial with IVIg+ steroids versus

IVIg+ placebo.
bPlasmapheresis, rituximab, and cyclophosphamide.
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These patients responded to the following statements using
answering options “agree,” “disagree,” or “both,” categorized
below based on the percentage who “agreed” with a statement.

- The app is easy to find, downloading and installation are
easy, the app works intuitively and is self-explanatory,
the layout is clear, additional information is clear, and
the notifications in the app are useful. It is clear to me
when to take up contact regarding care-related/health-
related issues. Contact with the medical direction center
via the app was pleasant and useful. I would recommend
the app to other people (100%).

— The text and explanations in the app are all clear and com-
prehensive, and the measurements in the app are easy to
perform at home. I am able to provide an explanation in
the app when necessary. I can indicate when I would like
to be called. I find the app a useful addition to the current
healthcare standard (92%).

- Itiseasy to track and evaluate my own disease course in the
app. The app provides useful insight into my disease. The
e-mail reminders are useful (83%).

- The frequency of completing the questions and measure-
ments in the app is just right (75%). The questions and meas-
urements I have to report in the app apply to me (64%).

3.3 | Adherence

Nine patients had personalized adjustments to their monitoring
protocol. This mainly included the removal of the item “use of
medical aids,” as this was not applicable to them. One MMN
patient requested he would no longer be required to report the
mTUG, as leg function was not affected, and one MMN patient
only reported grip strength. Overall adherence was 93% (95% CI:
91.9%-94.1%). Adherence per protocol is visualized in Figure S1.
For grip strength, 1358/1468 (93%) planned remote measure-
ments were reported, and 1343/1430 (94%) for mTUG. There
were no adherence differences between the weekly and the

monthly protocols (Table S1) with the exception of the mTUG,
which was found to have slightly higher adherence in the weekly
group compared with the monthly group (95% vs. 90%). Patients
with CIDP had a more favorable adherence profile than patients
with MMN, but all individual assessments had 89% or greater ad-
herence, also for MMN patients (Table S1). For the item “use of
medical aids,” seven patients in the MMN protocol scored adher-
ence <85%. In contrast, in the CIDP group, all adherence scores
for this item were > 85%, indicating CIDP patients embraced the
use of medical aids more than MMN patients did—likely as a
result of distinct functional disability levels.

3.4 | Reliability

We found an average ICC for the first 8 repeated measurements
0f 0.96 for both grip strength and the mTUG (95% CI: respectively
0.93-0.98 and 0.92-0.99). The ICC of grip strength increased
after the first measurements from 0.88 to 0.98. The average SEM
was 8.46% (95% CI: 6.58-10.28) for grip strength and 8.18% (95%
CI: 6.12-10.41) for the mTUG (Figure 2).

3.5 | Longitudinal Monitoring

The majority of patients showed a relatively stable hand grip
strength and mTUG time (Figure 3). A change of 3.1 (95% CI:
0.61-5.83) pounds per 6 months was observed for grip strength,
but we found no significant changes for the outcomes mTUG,
“hand motor skills” and “walking, running, and standing.” The
half-yearly changes in each outcome are presented in Table 2. For
each outcome, adding a random slope for each patient significantly
improved model fit (all p<0.001), reflecting the wide variability
between patients in their longitudinal trajectories. Patients with
shorter follow-up duration had higher between-subject variability.
Originally, for the group of 38 patients, the between-subject vari-
ability for grip strength was 6.7 with a slope of 3.1 (p=0.016). By
excluding patients with <25weeks of follow-up, between-subject
variability was 5.8 and the slope was not significant (p =0.13).

Grip strength

1.00

0.75
8 050

0.25

0.00

1 2 3 4

5 6 7 8

Time (weeks)

1.00
0.75
8 050

0.25

0.00

1 2 3 4

5 6 7 8

Time (weeks)

FIGURE2 | Intra-class correlation for the first eight repeated measurements. ICC, intra-class correlation; mTUG, modified timed-up-and go.
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FIGURE3 | Course over time of grip strength (in pound-force) and mTUG test (in seconds) for all patients. 20 patients remained on stable immu-
noglobulin treatment (dosing and frequency) during the study. In Patients 1 and 27, the IVIg dosing frequency decreased, and in patient 10 mainte-
nance dosing increased. Nine patients had one additional IVIg loading dose during the tele-monitoring period, after which for ID 5, 9, 23, and 25, the
maintenance dose or interval was changed. Six patients had multiple additional loading doses and/or other immune-modulating treatments. IVIg,
intravenous immunoglobulins; mTUG, modified timed-up-and go.

TABLE 2 | Output of the linear mixed models for the outcomes grip strength, hand motor skills, mTUG, and walking, running, and standing.

Between- 95 percentiles
Slope (pounds subject change per

Outcome Intercept per 6 months) 95% CI p-value variability 6months
Grip strength (pounds) 40.9 3.1 0.61, 5.83 0.016 6.7 -12.5,19.0
Hand motor skills (0-25 17.3 -0.8 -1.78,0.19 0.111 2.4 —-6.5,4.9
points)

mTUG (s) 12.8 -1 -2.25,0.23 0.111 3.2 -8.5,6.5
Walking, running, and 7.4 -0.2 —0.65,0.39 0.448 0.8 -2.2,2.0

standing (0-15 points)

Note: Between-subject variability is the standard deviation of the random slope and indicates the change due to individual heterogeneity. 95 percentiles change per
6 months indicates the range within which the outcome can vary in 6 months for an individual. This is calculated by taking the lower and upper bound of the fixed
slope 95% CI and respectively subtract or add (1.96*between-subject variability.).

Abbreviations: CI, Confidence interval; mTUG, modified timed-up-and go.
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3.6 | Alerts and MDC

On average, 11 alerts per 6 months occurred per patient, rang-
ing from 0 to 50 alerts per 6 months. In the case of two patients,
there were no alerts (follow-up duration 22 and 24 weeks). Alerts
per outcome and following action are reported in Table 3. The
most common reason for an alert was generally feeling unwell,
followed by changes in sensation and mobility. Alerts were only
classified as “clinical action” if the medical direction center was
directly involved in changing therapy based on an alert; this oc-
curred three times.

For grip strength, 49 alerts were generated in 19 different patients
in total. The number of grip strength alerts per patient ranged
from 1 to 14, with all but one patient generating 1-4 alerts.
Sixteen alerts were closely followed by changes in treatment

(Table 4). A more detailed description of grip strength alerts can
be found in the Supporting Information.

In Figure 4, grip strength course, and hand motor skills, and
their alerts are visualized for one patient. The grip strength alert
threshold was set at a decrease in left or right hand of 11 pounds,
or a grip strength below 11 pounds. For hand motor skills, this
was a 5-point decrease or a score of < 5 out of 25.

4 | Discussion

Our study shows that the utilization of a monitoring app in CIDP
and MMN patients is feasible and reliable. Although adherence
was slightly better in CIDP patients compared to MMN patients,
it was greater than 90% in both groups for nearly all assessments.

TABLE 3 | Alerts and action for each outcome including optional outcomes: adverse effects, blood pressure, and wish to contact caregiver.
Clinical Contacted Contacted

Alert N action via message via phone No action Other
All alerts 823 (100%) 3(0.4%) 162 (19.7%) 100 (12.2%) 477 (58.0%)  81(9.8%)
General well-being 172 (20.9%) 1 59 25 76 11
Numbness 124 (15.1%) 1 24 14 71 14
Walking upstairs + walking, 125 (15.2%) 0 13 0 88 24
running, and standing
Use of medical aids 72 (8.7%) 1 7 3 55 6
Fine motor skills (old item) + hand 62 (7.3%) 0 13 1 41 7
motor skills (new item)
Grip strength 49 (6.0%) 0 4 15 27 3
Walking distance 44 (5.3%) 0 9 2 29 4
mTUG 44 (5.3%) 0 9 0 31 4
Trip or fall 24 (2.9%) 0 0 9 13 2
Adverse effects of treatment 31 (3.8%) 0 2 16 13 0
Blood pressure 8 (1%) 0 0 2 5 1
Wish for contact 68 (8.3%) 0 22 13 28 5

Note: Outcome “walking upstairs” and “fine motor skills” were replaced by respectively “walking, running, and standing” and “hand motor skills” on November 2021.

Abbreviation: mTUG, modified timed-up-and go.

TABLE 4 | Grip strength alerts in relation to treatment changes.

Number of patients with

Grip strength alerts are closely

Number of grip strength alerts (X) X grip strength alerts followed by treatment escalation
1 11 3
2 1 1
3 2 0
4 4 7
>5 1 5
Total 19 16

Note: Nineteen patients generated 49 grip strength alerts during the study, of which 16 were closely followed with changes in treatment.
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FIGURE4 | Home monitoring observations for one individual. Measurements over time for a patient receiving 55g IVIg every 3weeks combined
with additional loading doses every 4 months (3days 50 g/day), showing an end-of-dose effect visible in grip strength (black) and hand motor skills

score (blue) fluctuations. Horizontal red arrows indicate alerts in grip strength and hand motor skills. IVIg, intravenous immunoglobulins.

We found that home-based measurements of grip strength and
mTUG test were reliable (both ICC 0.96), indicating that they are
appropriate for use by patients at home without direct observa-
tion by a clinician. In addition, we found a lower correlation in
grip strength for the first repeated measurements, indicating a
learning effect for the first measurement.

We evaluated standardized home-based assessments to capture
disease activity in CIDP and MMN. Our results are in line with
previous studies that demonstrate the practicality and benefits of
frequent collection of grip strength in CIDP and MMN patients at
home [14, 15, 25]. However, our study goes a step further by inte-
grating these assessments with a mobile app, which facilitates and
coordinates the data collection process and gives a real-time over-
view of disease course for patients and physicians. Additionally,
we did not only capture grip strength, but a set of patient-tailored
PROMs. Consequently, utilization of an app in CIDP and MMN
may significantly expand the capabilities of monitoring in clinical
practice, making it easier for healthcare providers to track disease
course and adjust treatment plans as needed.

This proof-of-concept study was designed to show the feasibil-
ity and reliability of home-based monitoring. Our study was not
primarily designed to directly guide management decisions.
Consequently, there were relatively few registered treatment
changes that were directly based on alerts generated by the app.
For example, an alert was only classified as “clinical action” if
the medical direction center was directly involved in a change

in treatment, which probably underestimates the number of
clinical decisions made based on alerts. More often, the medical
direction center contacted patients and documented this in the
patient file or sent an order to the physician, who later decided to
change management or not, hence these changes were not cou-
pled directly to an alert.

By demonstrating feasibility and reliability of home-based col-
lection of outcomes using the app, we have set the stage for appli-
cation of this model in patients starting treatment, and patients
who are withdrawing from treatment. Before doing so, we have
identified several modifications that are needed. At this time the
app did not have the flexibility to adjust alert thresholds based
upon individual patient characteristics (e.g., threshold for grip
strength is a decrease of 11 pounds, in all patients). We also col-
lected a high number of alerts—many more than is practical to
manage during busy routine clinical care. Moreover, it is worth
noting that almost all subjective alerts were reported more often
than grip strength and mTUG, especially the less disease specific
“general well-being” is reported most frequent (Figure 5). As we
accrue data from individual patients, we expect to learn more
about how changes in the data can be collected and reported
in a more targeted way. As a case in point, by calculating grip
strength MDC boundaries for one of our patients, we were able
to generate monitoring bands that could be individualized for
each patient and automated for monitoring (Figure 6). Methods
like this may be utilized in future studies to personalize thresh-
old values to individual patients.
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FIGURE 5 | Simultaneous occurrence of alerts. Absolute count and co-occurrence of alerts for all patients per app-item during the total moni-

toring period. Fourteen alert duplicates (i.e., patient reported an app-item more than once on the same day) were excluded. “Fine motor skills” and

“walking upstairs” have not been included in this figure as they were replaced in the new app version.

Our study has several limitations. The included patients were also
relatively stable under active treatment, and smaller sample size
of our study may lead to potential spectrum bias. However, other
clinical characteristics were variable such as disease duration and
treatment characteristics, representing the diverse patient popula-
tion at our outpatient clinic. Additionally, remote monitoring may
not be feasible for all patients, including those with lack of digi-
tal technology skills or lower motivation to evaluate their disease
activity more regularly. The outcomes collected included patient-
reported outcomes designed to capture the participants' subjective
experience (general well-being, numbness, mobility perception
and fine hand motor skills). These have not been validated in
CIDP and MMN, and as such, the significance of changes in the
scores is not known. While these parameters may give valuable
insights, they are non-specific and many times did not reflect clin-
ically meaningful changes. We selected these patient-reported out-
come measures because patients reported these as most relevant
for their disease. A large number of alerts were generated by the
PROM general well-being. Since our hospital has the capability
to manage alerts through the medical direction center, we were
able to respond to these notifications, which may have influenced
patient participation engagement and adherence. However, the
clinical relevance of these subjective alerts is debatable. Over time,
we expect to gain a better understanding of which changes can

be considered less relevant and potentially dismissed, and which
ones are crucial. In the context of setting up the system without an
extensive triage team, it may be worthwhile to prioritize collecting
objective measurements, such as grip strength.

In this exploratory setting, we have not performed a cost anal-
ysis. However, we foresee that monitoring apps will play an
increasingly crucial role in reducing the need for in-person
follow-up visits and enabling medication adjustments without
requiring additional physical appointments. This trend is espe-
cially significant in regions with vast geographical distances,
where travel can be time-consuming and costly. We realize that,
in contrast to the Netherlands, home administration of IVIg is
not widespread globally, and some patients still need to travel
for their treatment even when monitored with a monitoring app.
However, in addition to other benefits of remote monitoring—
such as more frequent insights into disease course, and potential
reduction of unnecessary appointments with specialists—we
anticipate that the need for frequent travel for treatment will
decrease as well due to the growing adoption of subcutaneous
immunoglobulin (ScIg) and the emergence of new therapies.
We believe that remote monitoring can lower healthcare costs
by reducing the need for in-person visits. However, further cost
analyses will be needed to confirm and quantify these savings.
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FIGURE 6 | Alerts and MDC. The same patient as in Figure 4, receiving 55g IVIg every 3weeks combined with additional loading doses every
4months (3days 50g/day). The light blue band represents the MDC, updated with a new “baseline” grip strength value 1week after each additional
loading dose. Black diagonal arrows indicate when grip strength values drop below MDC boundaries, indicating a real decrease in grip strength.

IVIg, intravenous immunoglobulins; MDC, minimal detectable change.

Our study shows that monitoring the clinical status of CIDP and
MMN patients with an app is feasible and reliable. We further-
more introduce the functionality of the app and highlight the
potential that home monitoring has to improve patient outcomes
through early detection of relevant changes in disease activity.
Moreover, home-based assessment with a monitoring app could
in the future also be considered as a novel but reliable platform
to collect data from patients during clinical trials. Monitoring
outcomes for inflammatory neuropathy patients at home using
smart devices is in its infancy. Larger cohorts of CIDP and MMN
patients followed over time are needed to validate the monitor-
ing app in a multicenter and culturally diverse setting. By doing
so we expect that surveillance protocols can be developed and
tailored to individual patient characteristics, and alerts can be
automated and filtered to make them meaningful and practical
for use in a busy outpatient clinic.
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