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To the Editor

Chest physiotherapy (CPT) has been widely used as an
adjunctive treatment to facilitate airway clearance and
promote effective coughing [1]. Previous studies indi-
cated that CPT could improve lung function and prevent
ventilator-associated pneumonia [2]. One main challeng-
ing issue with current CPT practice is that the objective
assessment of ventilation distribution is missing [3]. Con-
sequently, the CPT plan is not fully personalized accord-
ing to individual needs.

Electrical impedance tomography (EIT) is a radiation-
free functional imaging technology that monitors ventila-
tion and perfusion at bedside [4]. EIT could potentially
provide feedback during CPT to allow its personalized
adaptation to individual needs. However, no study has
investigated the feasibility to guide CPT using EIT so far.
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The aim of the prospective study was to introduce the
EIT-guided CPT methodology developed in our center,
to analyze its feasibility in patients with airway secretion
retention and clearance impairment and to describe feed-
back from the end-users, both patients and physiothera-
pists, on its use.

Patients with airway secretion retention and clearance
impairment are evaluated for the eligibility of EIT-guided
CPT. Untreated pneumothorax and moderate-to-large
pleural effusion are contraindications for CPT. In addi-
tion, patients with contraindications for EIT measure-
ment are not eligible.

Individualized EIT-guided CPT program is developed
for eligible patients. The program consists of 3 parts: (1)
understanding of patient’s respiratory status through spa-
tial and temporal ventilation distribution; (2) developing
individualized CPT plans accordingly; and (3) evaluat-
ing the efficacy and adjusting CPT where necessary. The
workflow is illustrated in Fig. 1. Detailed adjustments of
CPT according to the EIT results are listed in Additional
file 1.

This study was approved by the Ethical commit-
tee of Beijing Rehabilitation Hospital (2019bkky-067).
Patients with airway secretion retention and clearance
impairment admitted to the department from 01.01 to
31.06.2020 were screened. Patient’s inclusion details and
outcome assessments are summarized in Additional
file 1.
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[ Assessment of patient’s eligibility for EIT-guided CPT. ]
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Patient consents to use EIT. The nurse prepares the patient and EIT device. When instrument

calibration is complete, start recording the Pre-Treatment Assessment data.

The CPT protocol is developed based on the clinical assessment, internal guidelines, the patient’s
tolerance, education level, and patient’s preference. The protocol is adjusted after evaluating spatial
and temporal ventilation distribution with EIT images. Protocol includes positioning the patient that
improves ventilation, adopting airway clearance technique and settings, adjusting breathing patterns,

- /

and facilitating effective ventilation

v

Assessing the treatment effectiveness based on EIT after 5-10 minutes of treatment.

Explaining and illustrating the changes for the patient.

l

Continue treatment for
further 10-15 minutes

|

Adjusting treatment protocol
(length, position, intensity, etc.)

Comparing the ventilation distribution before/after treatment.

The therapist clarifies the treatment effects to the patient and documents the CPT protocol.

Fig. 1 lllustration of workflow for individualized EIT-guided CPT program development

A total of 154 patients were screened for the given
period, and 88 were eligible and included. Six patients
did not complete the treatment, which corresponded to
a dropout rate of 6.8%. Three of them complained about
the discomfort of electrode belt application and refused
to continue wearing it. The other three patients were
not able to cooperate, and the EIT data quality was
not good enough for real-time assessment. No adverse
events occurred throughout the study.

Finally, 82 patients (93.2%) were able to complete the
treatment (58:24, males vs. females; age 69.4 £ 10.7 years;
BMI 22.1+1.4 kg/mZ; APACHE 1I 16.24+3.52). Eleven
patients had pneumonia without comorbidities and 71
with comorbidities, including coronary heart disease
(n=18), hypertension (n=43), diabetes (n=22), cer-
ebrovascular events (n=29), malignant tumors (n=12)
and renal insufficiency (n=3). Patients were satisfied
with the EIT-guided CPT program (satisfaction score
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23.82£0.98 out of 30 points). Significant improvement in
ventilation distribution was observed in all patients after
the entire EIT-guided CPT program (p<0.01). Addi-
tional clinical data are summarized in Additional file 1.
The program required additional planning and imple-
mentation time of 5-10 min. One trained physiothera-
pist was required to interpret the EIT results and adjust
the therapy program accordingly. The training time for
an EIT-inexperienced physiotherapist was half-day. Two
physiotherapists participated in the study and found that
EIT results were helpful and provided accurate and solid
evidence to guide CPT.

To our best knowledge, the pilot study demonstrated
systematically for the first time the feasibility of a bed-
side feedback method to guide CPT in patients with air-
way secretion retention and clearance impairment. Most
of the patients were able to complete the CPT program.
They were motivated and satisfied with the treatment via
the real-time visual feedback.

The most important step of the program is to under-
stand the cause of current respiratory status. The spatial
and temporal ventilation distribution of the patients is
often heterogeneous. After starting the EIT measure-
ment, poorly ventilated areas are identified through the
ventilation distribution (e.g., defect score [5]). The poten-
tial causes of poorly ventilated areas are discussed with
the physicians combining other clinical evidence. The
CPT program is designed or adjusted accordingly. Mean-
while, images are also used to illustrate changes in lung
ventilation to inspire the patients. The points of view
from physiotherapists and patients are summarized in
Additional file 1.

The study has a few limitations. This was a single-center
study. Patients who were unconscious and unable to
complete the satisfaction assessment were not included.
Experience with EIT-guided CPT is limited and could
vary among physiotherapists. Since the study objective
was to introduce the methodology and examine the fea-
sibility, only a retrospective control group was included
(Additional file 1). The effectiveness of the therapy should
be verified by comparing with traditional CPT in a ran-
domized-controlled setting. Nevertheless, based on our
internal statistic for previous years, the patient dropout
rate of CPT program was 11.0% which was much higher
than 6.8% in the present study.
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