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Abstract

Introduction Deep brain stimulation (DBS) is an effective treatment for patients with Parkinson’s disease (PD). On time
follow-up and timely programing of symptoms are important measures to maintain the effectiveness of DBS. Due to the
highly contagious nature of 2019-nCoV, patients were quarantined. With the help of Internet technologies, we continued
to provide motor and non-motor symptom assessment and remote programming services for postsurgical PD-DBS patients
during this extraordinary period.

Methods A retrospective analysis was performed on postsurgical PD-DBS patients who could not come to our hospital for
programming due to the impact of the 2019-nCoV. The differences between the pre- and post-programming groups were
analyzed. We designed a 5-level Likert rating scale to evaluate the effects and convenience of the remote programming and
Internet self-evaluation procedures.

Results Of the 36 patients engaged in the remote programming, 32 patients met the inclusion criteria. Four of the 32 patients
set initiated stimulation parameters, and the other 28 patients had significant improvement in UPDRS-III. Nearly all the 28
patients were satisfied with the effect of the remote programming. Most of the patients were willing to use remote program-
ming again.

Conclusion Remote programming based on the online evaluation of patient’s symptoms can help improve motor symptoms
of postsurgical DBS patients with PD during the quarantine period caused by 2019-nCoV.
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Introduction

Deep brain stimulation (DBS) has been confirmed as a long-
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Considering the highly contagious nature 2019-nCoV
[3], many cities in the People’s Republic of China were
sealed off to help contain and stop the spread of the virus.
During this period, travelling was severely restricted [4].
As a result, even though patients experienced aggravation
of motor symptoms, they were unable to seek direct con-
sultation and programming with their personal doctor. For-
tunately, most programming centers in China have remote
programming equipment produced by two DBS manufactur-
ers (PINS and SceneRay) [5]. With the help of other Internet
technologies, we continued to provide motor and non-motor
symptom assessment and remote programming services for
postsurgical DBS patients with Parkinson’s disease during
this extraordinary period.

Methods
Patients

A retrospective analysis was conducted on postoperative
DBS patients with Parkinson’s disease who could not come
to our hospital for programming due to the impact of the
2019-nCoV from January 2020 to February 2020 (surgery
was performed in the department of neurosurgery, Shanghai
hospital). The inclusion criteria for patients who underwent
STN-DBS or GPi-DBS implantations were; 1. Patient had
idiopathic Parkinson’s disease, 2. history of taking com-
pound levodopa which once had a good effect, 3. Evident
reduction in the therapeutic effect of anti-Parkinson’s disease
drugs in the form of decreased or serious motion fluctua-
tion or dyskinesia appears, which affected the quality of life
of patients. Patients that were diagnosed with dementia or
severe mental illness are excluded [6]. Other notable con-
traindications of neurosurgery and comorbidities affecting
survival were also excluded [7]. The patients chose to have
pulse generator provided by two DBS manufacturers (PINS
or SceneRay) implanted. Caregivers of patients were trained
online and by mobile phone to operate the patient’s remote
wireless DBS programming system. The patient’s home had
to be equipped with Wi-Fi and 4G or 5G dual networks to
ensure that the communication network could be replaced,
in case of communication breakdown during the process of
remote programming. The remote programming was free
of charge. Medical ethical committee of Changhai Hospital
approved the study and all participants gave informed con-
sent online.

Operation procedure
The operation procedure was as per previous report [6].

All cases underwent pre-operative MR-imagingona 3.0 T
scanner using a T1 image, T2-weighted image and fused
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with pre-operative CT with fame. Leksell G head frame and
Surgiplan system (Elekta AB, Stockholm, Sweden) were
adopted. Pre and Post-operative high-resolution CT images
were acquired in all the cases. CT examination was repeated
within 6 days post-operatively to exclude intracranial hemor-
rhage, pneumocephalus and to confirm the position of elec-
trodes and contacts.

Electrode reconstruction technique

As previously reported [6], pre-operative MRI and post-
operative CT input Lead-DBS software (https://www.lead-
dbs.org/) were used [8]. Post-operative images were linearly
co-registered to pre-operative images using the Statistical
Parametrical Mapping software version 12 [SPM12] [9] and
BRAINSFit software [10]. The three-dimensional images
of the electrode and the nucleus were saved in the database
after comparison with Surgiplan system (Elekta AB, Stock-
holm, Sweden) so that the stimulation parameters could be
adjusted quickly according to the reconstruction results dur-
ing remote programming [11].

Online evaluation

We used an applet called “PD Al Assistant” (Ningdong
Medical Technology Services (Shanghai) Co. Ltd.) based
on WeChat (Tencent Co., Ltd.) to help patients upload self-
evaluated non-motor symptoms scales and motor videos for
doctors’ evaluation. WeChat is a prevalent, user-friendly,
and easily accessible social media App that most Chinese
people are using. Patients apply for direct programing with
their respective doctors via the application. After obtain-
ing the patient’s personal authorization, the doctor can see
the scoring results and uploaded motor symptoms videos.
This data is only accessible by the programming doctor thus
insuring confidentiality.

Non-motor symptoms’ self-evaluation

Each scale has instructions in the Chinese language, allow-
ing caregivers of the patient to read and score based on the
patient’s response. Therefore, with the help of caregivers,
patients can perform self-evaluation of Parkinson’s disease
MDS Association non-motor symptoms scale (NMSS),
depression scale (Hamilton depression scale, HAMD),
constipation scale, King’s Parkinson’s Disease Pain Scale
(KINGS), Standardized Swallowing Assessment (SSA),
Parkinson’s Disease Questionnaire-39 (PDQ-39), Parkin-
son disease sleep scale (PDSS), Wearing-off questionnaire-9
(WOQ-9), and Unified Parkinson’s Disease Rating Scale
(UPDRS-I, UPDRS-II, UPDRS-IV) etc. All patients must
complete HAMD assessments. In addition, patients with
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complaints of pain assessed the KINGS pain scale, and for
those with dysphagia evaluated the SSA scale.

Motor symptoms’ self-record and doctor evaluation online

The evaluation of motor symptoms was based on the
UPDRS-III scoring standard. To make the assessment as
accurate as possible, we record the Chinese version of the
demo video by the Chinese staff imitating the UPDRS-III
training video by MDS association (https://www.movem
entdisorders.org/MDS/MDS-Rating-Scales.htm). The car-
egivers of patients can see this video demonstration standard
of each item in the “PD Al Assistant” applet. We also repeat-
edly explained the main points of UPDRS-III demo video
to the caregivers through video calls. Making sure that the
caregivers have mastered the main points of the demo video
before making the recording. The time interval between drug
withdrawal and recording, or medication taking, and record-
ing was also repeatedly confirmed. Then they record the
video of each item according to this standard and upload
via mobile phone. To ensure the uploaded video met the
recording standard, the doctors reviewed it. Then, according
to those videos, patients were scored by the doctor who has
been authorized by the UPDRS-III exam via the doctor’s
client side of the applet.

Wireless programming technology and method

Wireless programming technology has been described in
previous reports [12, 13]. The patient’s programming device
was connected to the mobile smartphone via Bluetooth, on
which an App was installed. Using this App, the mobile
smartphone could be connected to the programming doctor’s
laptop, on which the manufacturers’ software was installed.
Thus, based on this remote wireless DBS programming sys-
tem, the doctor could video-call the patients and see the
program at the same time. And this remote programming
device has the same authority as the doctor’s programming
controller. All wireless transmission data could only be
seen by patient-authorized programming doctors on their
laptop. After patient authorization, doctors can then record

communication videos on the app and save them on dedi-
cated computers.

There were two groups of patients in need of program-
ming. The first group of patients needed parameter adjust-
ment for symptomatic alleviation (i.e. in those presenting
with chorea dyskinesia, dystonia, psychiatric symptoms,
dysphagia, pain, gait disorders, etc.) [14—17]. The side
effects of programming were defined in existence of the
following; obvious pyramid-tract stimulation symptoms
(including eyes gaze at the same direction, muscle twitch
in limbs face and trunk, dysarthria or tongue stiffness
caused by electrical stimulation), dysarthria, dysphagia,
numbness, dizziness, palpitations, sweating, eye move-
ment disorders, stimulus-induced dyskinesia or dystonia,
and balance disorders caused by electrical stimulation.
We could classify the symptoms as “Worsening” in event
electrical stimulation aggravated already existing ones.
The second group of patients required optimal postsurgi-
cal DBS programming. In this group of patients, initial
parameters were set according to the method of fast locat-
ing stimulation parameters as in previous reports [15].
(Fig. 1) The initial stimulation parameters for the patient
(in “med off state”) were placed 4 weeks after the sur-
gery. Considering that patients can have microlesion effect
[18] and impedance changes immediately after surgery
[19], our center usually set initiated stimulation param-
eters 4 weeks after surgery, which is consistent with the
consensus of Chinese experts in programming after deep
brain stimulation for Parkinson’s disease [20].Accord-
ing to the anatomical relationship between the electrode
and STN reconstructed three-dimensionally, we selected
two contacts closest to the dorsolateral part of STN. With
a frequency of 130 Hz and a pulse width of 60 ps, we
gradually increased the voltage from 1.5 V to find the
treatment threshold and the side effect threshold. If the
tremor and motor inflexibility could not be well relieved
at the above frequency and pulse width, we would then
gradually increase the frequency to 160 Hz with a step
of 5 Hz, and also increase the pulse width by 10-20 ps
as appropriate. If the symptom improvement of the two
contacts was similar, the contact closer to the dorsal side

Patient applied Remote Program APP & Non-motor symptoms self- Motor symptoms video Doctor prepare for Remole Programming
Remote Programming Wechat applet training evaluation record and upload Remote Programming

Patient use remote program
app contact doctor

Patient scan 2-D barcode
in Wechat and rate by .
themselves with caregivers

Fig.1 Remote programming technology and method. The procedure of remote programming of patients
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was chosen to reduce the occurrence of electrical stim-
ulation-induced dyskinesia. After the electrical stimula-
tion parameters were set, patients were given Parkinson’s
drugs. Furthermore, patients were ordered to stop taking
benzhexol and amantadine. Levodopa drugs were given
about the original maximum single dose and gradually
decrease doses with doctor’s guide. If the patients did not
have dyskinesia within 2 h, the initial parameters setting
were done. If the patient developed dyskinesia or other
electrical stimulation-induced symptoms later, then they

could contact us to adjust the stimulation parameters by
remote programming again (Fig. 2).

Statistical analysis

The means and SDs of all parameters were calculated. Data
were expressed as mean + SD. The differences between
the pre- and post-programming groups were analyzed by a
paired T-test. A P value <0.05 was regarded as statistically
significant, and all tests were 2-sided. We designed a 5-level
Likert rating scale, asking patients’ caregivers to evaluate

Fig.2 The Initial Programming
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the convenience effect of the remote programming and self-
evaluation procedures respectively (1, very unsatisfied; 2,
unsatisfied; 3, neutral; 4, satisfied; 5, very satisfied). And
evaluate whether you are willing to use remote program-
ming again (1, strongly disagree; 2, disagree; 3, no opin-
ion; 4, agree; 5, strongly agree). Statistical analyses were
performed using Microsoft Excel 2003, Matlab 7.0 (Math
Works, Natick, Massachusetts) and SPSS17.0 (SPSS Inc.,
Chicago, Illinois).

Results
Patient clinical data

A total of 36 patients requested remote programming, of
which 32 patients (14 women) met the inclusion criteria.
The patients’ baseline clinical characters were in Table 1.
The average age was 62.53+7.71 years old, the mean course
of disease at the time of surgery was 11.06 +4.43 years, the
average LEDD was 747.29 +314.49 mg, the average pre-
operative UPDRS-III (med off) was 54.63 +16.05, and the
preoperative UPDRS-III (med on) was 28.00 +10.04 on
average. The average preoperative LEDD of 28 patients was
755.38+324.77, and the average LEDD before applying for
remote programming of 28 patients was 321.43 +205.56
(two patients did not take any anti-Parkinson’s drugs at
all). Of the 32 patients, 30 received bilateral STN-DBS (7
IPG for PINS G102RZ, 22 IPG for PINS G102R, 1 IPG for
SceneRay 1180), and two received bilateral GPi-DBS (PINS
G102R). In total, they received 49 times of remote program-
ming, of which four patients had stimulation-induced dyski-
nesia on the second day after remote programming, and one
patient had difficulty speaking on the second day, so they
went through remote programming multiple times..

Remote programming demands from patients

Four of the 32 patients set the initial parameters of stimula-
tion by remote programming. Of the remaining 28 patients,
nine complained of gait problems, seven complained of
speech disability and/or dysphagia, and seven complained
of increased pain. Two of them complained of bradykinesia
aggravation of the whole body, two of them complained
of recurrence of tremor symptoms, and one of them com-
plained of dyskinesia after self-adjusting stimulation param-
eters. (We set the limitations for self-programming by the
patients. The threshold for voltage is +0.5 V, the threshold
for pulse width is +20 ps, and the threshold for frequency
permission is +20 Hz. If the frequency of patients with
cross-electrical pulse is set at 125 Hz, thus the frequency
permission is — 20 Hz.)

Table 1 Patients’ Baseline Clinical Characters

Preoperative MMSE  Preoperative HAMD  The Months Post-operation

Preoperative UPDRS-III

Target (bilat- Course (year) LEDD (mg)
eral)

Gender

Age (year)

Med-on

Med-off

Female STN GPi

Male

18.47+8.93 2091+11.45

74729431449 54.63+16.05 28.00+10.04 26.50+2.87

2 11.06+4.43

30

14

18

62.53+7.71
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Results of remote programming and patient
satisfaction with remote programming

Four patients with newly set stimulation parameters
achieved improvement in UPDRS-III (pre-operative
med off 65.75+21.48 vs. post-operative med off IPG on
24.00+6.73). The remaining 28 patients also achieved sig-
nificant improvement in UPDRS-III after remote program-
ming (pre-programming med off IPG on 34.79 +11.34 vs.
post-programming med off IPG on 30.36 +10.26, P <0.001).
Except for one of the 28 patients who complained of drool-
ing due to dysphagia, the other 27 patients reported improve-
ment in varying degrees. Seven patients with dysphagia had
significant improvements in SSA scores (pre-programming
24.29 +2.50 vs. post-programming 22.57 +2.44, P=0.003).
The Kings pain scale of seven patients, whose main com-
plaint was pain, showed significant improvement in pain
symptoms (pre-programming 13.43 +5.62 vs. post-pro-
gramming 6.29+3.15, P=0.002). In the nine patients with
gait disorder as the main complaint, Gait disorder scores
(UPDRS-III, items 9-11) improved significantly (pre-pro-
gramming 4.78 + 1.72 vs. post-programming 2.33 +2.35,
P<0.001).

Most of the 28 patients were satisfied or very satisfied
with the effect of the remote programming (10.71% neu-
tral, 39.29% satisfied, 50% very satisfied). All patients with
newly set stimulation parameters were very satisfied with the
effect of remote programming.

Patients’ self-evaluation of symptoms
and evaluation of remote programming

Although remote programming eliminates the need of
patients travelling to and from the hospital, it also requires
patients or caregivers to have certain smartphone operating
application capabilities. In this study, it took a lot of time to
train patients and their caregivers to learn the self-evaluation
and remote programming procedures. Moreover, although
most patients know that programming needs to be conducted
during the med-off time, there are still a few patients who
are in the med-on time when they contact us, and it took
a long time to wait for the effect of the drug to fade. The
average time from the request to the operation of remote pro-
gramming of the remaining 28 patients was 10.11 +11.36 h,
except for 4 patients who setup the initial parameters
received remote programming at the scheduled time. In this
study, 46.875% of the patients were satisfied with the con-
venience of using WeChat applet to self-evaluate non-motor
symptoms, and 53.125% were very satisfied. The patient’s
evaluation of the convenience of self-video uploading of
motor symptoms was 3.125% neutral, 18.75% satisfied, and
78.125% very satisfied. 6.25% of the patients were satisfied
with the procedure convenience of remote programming and
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93.75% were very satisfied. When asked if the patient would
like to continue using remote programming next time, 6.25%
of the patients indicated disagree (both patients were mainly
complained of dysphagia), 40.625% agreed, and 53.125%
strongly agreed.

Safety

We had no network disconnection during the 49 times of
remote programming. The mobile smartphone of patient’s
caregiver was out of power twice with long programming
time, the Bluetooth binding between the mobile smartphone
and the patient’s programming device was interrupted twice
(the patient’s programming device needed to be restarted).
For once, the battery of the patient’s programming device
needed to be replaced because of low power. Two patients’
caregivers mistakenly shut down the patient’s programming
device during the remote programming process, and the
results of the remote programming were not affected after
restarting. None of them affected the setting of programming
parameters.

During the process of programming, 4 patients devel-
oped dyskinesia or dystonia-like symptoms on the second
day after remote programming. The dyskinesia was consid-
ered induced by electrical stimulation and was relieved after
multiple remote programming. One patient had difficulty
speaking on the second day after remote programming and
was improved during the second time of remote program-
ming. One patient’s caregivers reported that their patient felt
slightly emotionally excited after getting up in the morn-
ing, and then the symptoms returned to normal without
re-program.

Discussion
Legal issues

Because of the ethical and legal uncertainties associated
with Telemedicine compliance, it is important to clarify
that China has been encouraging and has high safety regula-
tions for Telemedicine technology [21-23].China has further
encouraged the use of Telemedicine by doctors for patients
quarantined at home during this extraordinary period of the
2019-nCoV. Therefore, this study conforms to Chinese laws
and regulations.

Security issues
Security issues of Telemedicine come from four main areas:

1. Stability of wireless network and Bluetooth connec-
tion: the security hurdle lies in the information delay



Journal of Neurology (2021) 268:1295-1303

1301

and disconnection during real-time programming. We
adopt dual network guarantee, giving priority to WI-FI
and connecting to 4G or 5G if necessary. We did not
observe significant information delays and data connec-
tion disruptions. There were two times when the Blue-
tooth binding between the mobile smartphone and the
patient’s programming device was interrupted, but the
network video call was not interrupted. After instructing
the patient to restart the programming device, the patient
was programmed normally again.

2. Safety issues of programming stimulation parameter set-
ting: such as stimulation parameter settings. Since all
voltage increase amplitudes in the programming process
are 0.05 V, the doctor will be reminded to confirm when
the stimulation parameters may be too high. Therefore,
there is no problem with the safety of stimulation param-
eters different from that of face-to-face programming.
The temporary numbness and pyramidal tract irritation
symptoms during the programming process were quickly
adjusted and relieved. The postoperative dyskinesia and
difficulty speaking of the patient were side effects of the
electrical stimulation parameters. It was improved after
remote programming again, and the stimulation param-
eters did not appear abnormal considering the common
programming side effects [14].

3. Mistakes of operation from patients and their caregivers:
For remote programming, patients’ caregivers only need
to establish a remote connection and do not participate
in operating the stimulation parameters. Two patients’
caregivers mistakenly operated the programming device,
which resulted in the withdrawal of the remote program-
ming mode in the process of remote programming, but
the wireless video did not interrupt. After real-time
guidance to re-enter the remote programming mode, we
continued the remote programming.

4. Unexpected situations such as falls of patients: when the
patients were remotely programmed with standing and
gait functions, we would first ask the patients to practice
the right and left foot raising and kicking on the ground
to ensure that they could stand on both legs, and then
evaluate their standing time. Before asking the patient
to walk, we would assess the time spent standing on
one leg. If the patient could stand on one leg for more
than 1 s, then we ask the patient to walk. Otherwise, the
patient was required to use a walker or walk with the
help of the caregivers. None of the patients in this study
had accidents such as falls.

The accuracy of the self-evaluation scale
Previous studies have shown that with the software, patients

can complete a variety of self-evaluation scales at home [24,
25]. The self-evaluation scale software used in this study was

similar to the previous works [24, 25]. The self-evaluation
scale mainly focuses on non-motor symptoms. This study
focuses on whether the chief complaint of motor symptoms
can be improved. The indicators involved are UPDRS-
III and the patient’s self-evaluation scale. Among them,
UPDRS-III is evaluated by doctors with the certification of
UPDRS-III score based on videos on the app, which has
high credibility. The autonomous video recording method
for motor symptoms evaluation was used for the first time.
After training, caregivers could record motor videos accord-
ing to the requirements of the UPDRS-III at the appropriate
time (med-on and med-off time). The self-evaluation scale of
patients’ symptoms after programming can reflect the effect
of programming to some extent.

Convenience of Internet and remote programming
operation

Our Likert scale showed that all patients who have received
remote programming and self-evaluation were appreciative
of Internet telemedical technology. However, based on the
inclusion and exclusion criteria, 4 patients who were over
70 years old and had no one (neither the patients themselves
nor their caregivers) who could operate the smartphone were
excluded. But in general, most patients and their caregivers
in China could meet such requirements.

Treatment effect of remote programming

By virtue of remote programming is based on the video,
physician physical examination cannot be performed. For
this reason, it was difficult to accurately evaluate the changes
of muscle tone in patients. The muscle tone indicator was
hence assessed indirectly from the flexibility of movement.

The main complaints from the patients were tremor or
bradykinesia, difficulty speaking or dysphagia, walking dis-
order, limb pain, and dyskinesia. Remote programming pro-
vided mild symptomatic relief to most of the patients. Simi-
lar to previous studies, DBS can improve patients’ tremor,
stiffness, and dyskinesia in the long term [1, 26-34], gait
[26, 27, 29, 30, 34] and axial symptoms to a certain extent
[32, 33]. Improvement of axial symptoms such as speaking
or swallowing may not always be satisfactory to patients
[1, 26, 28-31, 34]. Other patients expressed willingness
to continue to receive remote programming in the future.
The effectiveness of programming depends on whether the
patient’s symptom type is suitable for programming and
the programming doctor’s experience. Therefore, whether
remote programming can be more widely accepted or not is
a multi-factor problem, which needs to be verified by multi-
center research.

We did not see any similar reports about using remote
programming to set the initial stimulation parameters for
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IPG. Combined with the 3D image data of the electrodes
reviewed after the operation, the activation contacts were
quickly selected, and the stimulation parameters were set in
30 min. After rapid test and recheck 1 h after the patients
were asked to take anti-parkinsonism medication, all four
patients achieved good clinical efficacy.

Limitation

This study is a single-center retrospective study, which led
to sourcing of data from a one source. Due to the inability
to attain multi-center data, it led to difficulties in making
satisfactory unbiased conclusion. However, it is in our view
that this model is a very good option for less critical patients,
and those who have logistical challenges getting to a health
institution. Since patients’ caregivers lack of experience to
evaluate muscle tension like movement disorders experts,
the assessment based on video UPDRS-III in this study
do exist bias, and it is hard to be as accurate as usual. But
during this pandemic, it is an expedient way to understand
patients’ motor symptoms. And patient satisfaction may be
due to lockdown during the epidemic, and more studies are
needed to demonstrate this effect in the future.

Conclusion

Remote programming based on the online evaluation of
patient’s symptoms can help improve motor symptoms of
postsurgical DBS patients with PD during the quarantine
time caused by 2019-nCoV.
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