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Abstract

The aim of this report was to present a tailored program of weaning from mechanical
ventilation successfully. This program was developed for the ventilator-dependent
patient with spinal cord injury (SCI) and especially targeting the respiratory muscles.
A 48-year old male had a car accident on 25 May 2019 and his limb muscle strengths
were severely impaired. He was diagnosed with complete cervical spinal cord injury
(level C4), difficult-to-wean. Electrical impedance tomography was used to direct the
rehabilitation program. Besides, passive activities (stretching of the intercostal muscles,
bed tilting, and passive movement of the scapula and the proximal end of the upper
limbs) and active training (various diaphragmatic facilitation techniques) were applied
for inspiratory muscle training. The patient was successfully weaned from mechanical
ventilation and discharged from the hospital. The individualization of rehabilitation
program was demonstrated before, during, and after weaning for the SCI patient.
Rehabilitation program especially targeting the respiratory muscles would facilitate the
weaning process for complete spinal cord injury.
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1. Introduction

Mechanical ventilation is used to save lives in the intensive
care units (ICU). However, it could also cause serious compli-
cations such as ventilator-induced lung injury and diaphragm
atrophy. Successful weaning from mechanical ventilation is
crucial since patients with prolonged weaning from mechanical
ventilation are often associated with a higher mortality rate,
especially for patients with complete spinal cord injury (SCI)
[1]. Different causes might be accountable for weaning failure.
For patients with cervical SCI, the main causes are partial
denervation of the diaphragm, paralysis of the thoracic and
abdominal walls [2]. Respiratory complications are the leading
cause of morbidity and mortality in patients with cervical SCI
[3].

In this report, we presented a case in which a rehabilita-
tion program was developed to facilitate the weaning process
specifically targeting the respiratory muscles.

2. Case reports

A 48-year old male had a car accident on 25 May 2019 and
his limb muscle strengths were severely impaired (right upper
limb graded 3, left upper limb graded 1, and lower limbs
graded 0 according to the ordinal Medical Research Council

scale [4]). X-ray and CT examination indicated C5 vertebral
slippage, vertebral appendices fracture and spinal stenosis;
T12 vertebral body and appendices and L1 vertebral body
fracture. The surgery was performed two days after the ac-
cident (front and rear cervical fusion and internal fixation,
lumbar fracture reduction and bone graft fusion and inter-
nal fixation). Extubation was performed after surgery when
he passed the spontaneous breathing trial (SBT). However,
the muscle strength of both upper limbs was reduced to 0
three days after surgery, accompanied by chest tightness and
shortness of breath. Chest CT showed atelectasis and pleural
effusion at the lower lobes of both lungs (Fig. 1A). Due to
sudden dyspnea and loss of consciousness occurred 8 days after
the surgery, the patient was transferred to our department in
Beijing Rehabilitation Hospital of Capital Medical University.

The patient was conscious but uncooperative to physical
examinations, limb muscle strength graded 0 at the admission.
His body temperature was 36.6°C, heart rate 80 beats/min,
respiratory rate 28 beats/min, blood pressure 92/55 mmHg,
SaOy 80%. Blood gasses analysis indicated a type 2 respira-
tory failure (pH 7.17, PaOy 74 mmHg with FiOs 0.6, PaCO4
92 mmHg, HCO3~ 33.9 mmol/L). The thickness of the di-
aphragm measured with ultrasound at the end of expiration was
0.17 cm and diaphragmatic activity 4 cm. The neurological
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FIGURE 1. CT and EIT measurements of the patient.

time [s]

(A) Chest CT before admission indicated atelectasis and pleural effusion at the lower lobes of both lungs. (B) EIT images showing
tidal variation during actively deep breathing (left) and resting tidal breathing (right) period. Light blue depicted regions with
high ventilation. Percentage indicated ventilation distribution in ventral and dorsal regions along the gravity axis. Actively deep
breathing improved end-expiratory lung volume (bottom figure, red dashed line). (C) CT image after weaning demonstrated

significant improvement of atelectasis and pleural effusion.

level of injury was C4, American Spinal Injury Association
Impairment Scale graded A. Paradoxical breathing was ob-
served. The maximal inspiratory pressure (MIP) was 13.88
cmH2O. Although the patient’s condition improved after treat-
ment with anti-infection, nebulization and eliminating phlegm,

SBT failed repeatedly. Re-examination of the documents we
suspected that the causes of acute respiratory failure were
a progression of respiratory muscle weakness, poor sputum
drainage, and postoperative spinal cord edema.
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FIGURE 2. Time course of the case highlighting the time points of the major events.

Based on the examination with electrical impedance tomog-
raphy (EIT), it was noted that although the ventilation was
mainly distributed to the non-dependent regions, actively deep
breathing improved end-expiratory lung volume and ventila-
tion redistributed towards the dorsal regions (Fig. 1B). We
considered that the patient would benefit from an individu-
alized pulmonary rehabilitation program. Respiratory muscle
training consists of passive activities and active training, which
were conducted sequentially. The passive activities of the res-
piratory muscles included stretching of the intercostal muscles,
bed tilting 50 degree and passive movement of the scapula and
the proximal end of the upper limbs, twice daily for 10 minutes
each time (MOTOmed viva2, RECK-Technik, Betzenweiler,
Germany). Strength and endurance training on the diaphragm
were performed afterward with various diaphragmatic facil-
itation techniques [5]. The initial maneuver was to use the
thumbs of the therapist to slide outward from the sternum stem
along the lower edge of the tenth rib and to apply pressure
during exhalation. Pressure was applied to the outside of the
abdomen with the other fingers during inhalation to improve
the rebound ability of the diaphragm (8-10 times/group, 3
groups, 3 minutes rest between groups; once every morning
and afternoon). When the patient’s diaphragm rebound ability
improved and he began to wean, the maneuver was slightly
modified: the therapist pressed down along the lower edge of
the tenth rib with the thumbs to produce appropriate resistance
when the patient inhaled. The intensity of the applied resis-
tance was subjective and increased gradually: The patient was
able to complete deep inhalations but would feel tired after one
group of breathing (10-12 times/group) and was able to recover
within the given resting time (3 groups, 3 minutes rest be-
tween groups; once every morning and afternoon). Inspiratory
muscle training (IMT) was conducted using POWERDreathe
K35 with live feedback and adaptation to training requirements
(POWERbreathe International Limited, Warwickshire, UK).
The rehabilitation program was performed during the whole
hospitalization period (from admission 2019-6-13 to discharge
2019-7-20).

For clearance of airway secretion, a manual vibration ma-
neuver was used at the beginning in the lateral position during
expiration. It involved a gentle, high-frequency force to pro-
duce a vibratory pressure to the chest wall over the involved
lung segment. The duration and number of replication de-
pended on the amount and texture of the patient’s secretions.
At a later stage after implementation of tracheostomy speaking

valve, the upper airway integrity was simulated and anatomical
end-expiratory pressure is recovered [6]. The active cycle of
breathing technique was then performed to remove tracheal
secretions.

Finally the patient passed SBT and weaned from ventila-
tor successfully. High-flow nasal cannula oxygen therapy
was applied subsequently to reduce the chance of respiratory
failure [7]. CT scans indicated significant improvement in
the respiratory system (Fig. 1C). The diaphragmatic muscle
showed a thickness of 0.22 cm and a diaphragmatic activity
of 2.22 cm. The MIP increased to 31.05 cmH5O. The patient
was able to maintain a sitting position in a wheelchair to
stay outdoors, to communicate with people for 30-40 minutes
without difficulties. The patient and relatives were educated
regarding the follow-up home-based rehabilitation activities
(e.g. respiratory muscle and cough training). The time course
of the case was briefly summarized in Fig. 2.

3. Discussion

Approximately two-thirds of patients with acute SCI experi-
ence complications such as atelectasis, pneumonia, and res-
piratory failure, which require mechanical ventilation [8, 9].
Mechanical ventilation can adversely affect the structure and
function of the diaphragm, so that weaning should start as
soon as possible. The conservative management of respiratory
dysfunction in SCI patients can be used to remove secretions
and increase ventilation by various techniques, including pos-
tural drainage, percussion and vibration, assisted coughing,
IMT, and noninvasive ventilatory support. IMT facilitates
weaning for patients in ICU [10], however, its utility for ven-
tilated SCI patients was rarely demonstrated. Different from
common ventilated patients who developed ventilator-induced
diaphragm dysfunction and lead to weaning difficulties, SCI
patients mainly suffered from motor impairment and prolonged
mechanical ventilation further impaired diaphragm function.
Shimizu et al. reported a case where a closed-loop ventilation
mode helped weaning from mechanical ventilation in an SCI
patient [11]. However, it was a choice due to shortness in medi-
cal staffs. For patients with weaning delay and failure, rehabil-
itation and home mechanical ventilation center demonstrated
favorable short-term and long-term clinical outcomes [12].
A comprehensive program requires cooperation of clinical
staff from various disciplines, including physiatrist, physical
and respiratory therapists, clinic psychologist, pulmonologist,
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intensivist and rehabilitation nurse [3].

In the present case, we demonstrated a tailored rehabilita-
tion program throughout the weaning process. Starting from
diagnosis and program design, we identified that patient’s
ventilation had a positive response to deep breaths with the
help of EIT (Fig. | B). Based on this information, we developed
a program that covered passive activities and active training.
Although EIT is a novel imaging technique and its potential
in guiding weaning strategies was proposed [13], the present
case is the first documented one (to our knowledge) using
EIT to facilitate a rehabilitation program. Given the real-
time visualization of the ventilation distribution, EIT may also
play a role as live feedback during respiratory muscle training
of lung function rehabilitation. Gundogdu et al. had imple-
mented a rehabilitation program for SCI patients on a much
large scale [3]. The program was developed by combining
various methods published previously. In the present study,
our therapy focused on airway clearance during the period of
acute respiratory failure (including assisted coughing, postu-
ral drainage, active cycle of breathing technique, vibration,
pat). At a later phase after pneumonia had been cured, the
therapy mainly focused on IMT. After successful weaning,
the therapy focused on increase cough peak flow, including
assisted coughing and vibration maneuver. In addition to
the rehabilitation program, more bedside tools were applied
(e.g. ultrasound and EIT) to monitor the improvement of
respiratory functions throughout the whole treatment period.
The length and intensity were individualized not only through
clinical personals but also through the patient himself via live
feedbacks (e.g. the IMT and EIT devices). Physical excises
might be useful at a later stage of rehabilitation treatment. We
have also implemented a large amount of physical excises into
our rehabilitation program and considered it helpful. Further
prospective clinical trial needs to be conducted to prove the
utility of such individual program.

4. Conclusion

Rehabilitation program specifically targeting the respiratory
muscles would facilitate the weaning process for complete
cervical spinal cord injury from the mechanical ventilator.

ABBREVIATIONS

SCI = spinal cord injury, C = cervical, T =thoracic, L = lumbar,
SBT = spontaneous breathing trial, PaOs = partial pressure
of oxygen, PaCO5 = partial pressure of carbon dioxide, FiOo
= fraction concentration of oxygen in inspired air, EIT =
electrical impedance tomography, IMT = inspiratory muscle
training, ICU = intensive care unit.
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