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Abstract

Introduction Respiratory complications (RC) are a leading cause of death after spinal cord injury (SCI) due to compromised
immune function and respiratory muscle weakness. Thus, individuals with SCI are at high risk of developing COVID-19
related RC. Results of a SCI clinical trial showed a supervised respiratory muscle training (RMT) program decreased risk of
developing RC. The feasibility of conducting unsupervised RMT is not well documented. Four publications (n = 117) were
identified in which unsupervised RMT was performed. Significant improvements in respiratory outcomes were reported in
two studies: Maximal Inspiratory and Expiratory Pressure (MIP40% and MEP25%, respectively), Peak Expiratory Flow
(PEF9%), seated and supine Forced Vital Capacity (FVC23% and 26%, respectively), and Peak Cough Flow (28%). This
review and case report will attempt to show that an inspiratory muscle training (IMT) home exercise program (HEP) is
feasible and may prepare the respiratory system for RC associated with COVID-19 in patients with SCL

Case presentation A 23-year-old with tetraplegia (P1), history of mechanical ventilation, and hospitalization for RC,
completed 27 IMT HEP sessions in one month. MIP and sustained MIP (SMIP) increased from baseline by 28% and 26.5%,
respectively. Expiratory volumes and rates also improved (FVC, FEV1, and PEF: 11.7%, 8.3%, and 14.2%, respectively).
Discussion The effects of COVID-19 on patients with SCI remains inconclusive, but recent literature and the results
of this case suggest that unsupervised IMT is feasible and may limit the severity of RC in patients with SCI who contract
COVID-19.

Introduction

Respiratory complications are a leading cause of death for
people with spinal cord injury (SCI), and this rate is rising
[1-6]. A change in neurological input to the respiratory
system and a physical change in breathing mechanics after
SCI are the likely cause of respiratory muscle complications
including respiratory failure, atelectasis, aspiration, sputum
retention, and the need for mechanical ventilation (MV)
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[2, 7]. Pneumonia, a prevalent cause of death for individuals
with SCI, appears to be a common, and serious manifesta-
tion of COVID-19 [8-11]. As such, individuals with SCI
are at a high risk of developing complications secondary to
COVID-19 due to compromised immune function and
underlying respiratory weakness [12—14]. There have been
case reports of 16 individuals with SCI and concomitant
COVID-19 reported thus far. While one study reported an
asymptomatic case of an individual with acute SCI due to
the increased screening efforts found at many hospitals [15],
nine of these individuals had some form of imaging evi-
dence indicating pneumonia [14, 16-19]. Even though
pneumonia was a prevalent clinical feature of their illness,
clinical symptoms such as dyspnea and cough were not as
predominant as fever [14, 16-19]. Fever appears to be the
most prevalent, and often the first symptom of COVID-19
for individuals with SCI, followed by lymphocytopenia
[14, 16-19]. In addition, all individuals who were
tracheostomy-reliant prior to COVID-19 required aspiration
and hyperinflation techniques for secretion removal, when
only half of them required these maneuvers prior to
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COVID-19 diagnosis [14]. Interestingly, six of the 16
patients required some form of non-invasive oxygen therapy
during the course of the virus [14, 16-18], and only one
patient required intubation with successful extubation [19].
Three deaths have been reported in individuals with SCI and
a comorbid COVID-19 diagnosis [15, 18]. In one of these
cases, COVID-19 did not appear to be the cause of death for
an individual with acute SCI, but factors characteristic of
COVID-19 such as increased coagulopathy or cardiac issues
may have played a role in their death [18]. The other two
patients who did not survive had chronic SCI and were over
80 years old [15]. The relatively low death rate of individuals
with SCI due to COVID-19 may be related to a muted
immunoresponse limiting symptoms and severity of this
novel coronavirus in the SCI population [14, 16, 17]. It is still
recommended that these individuals receive close monitoring
and preventative therapies where available [14, 16-18].

In 14 of the 16 reported cases patients were already
admitted to a care facility when they contracted the virus and
were thus able to receive immediate care [16, 19]. This
forewarns that favorable outcomes associated with early
intervention may not continue to be the norm in this popu-
lation as one of these individuals required intubation [19].
Additionally, fifty-eight percent of participants in a global
survey of SCI clinicians stated that patients with SCI and
disease (SCI/D) in their care were given emergency room or
hospital level care due to COVID-19 [20]. About 60% of
practitioners also felt that their patients with SCI/D were not
given enough information about COVID-19. Over one third
(34.1%) of responding clinicians had been contacted by their
patients with COVID-19 related concerns [20]. The most
common anxiety reported by patients with SCI/D was vul-
nerability to infection (76.9%) [20]. Additional concerns
included the inability to obtain testing (28.5%) or transpor-
tation to medical appointments (21.3%) [20].

In light of the recent increases in COVID-19 infections in
both the SCI and non-SCI populations, and still limited
information on risk mitigation and infection outcomes, it is
important to provide as much education and preventative
therapies as possible. A home-based inspiratory muscle
training (IMT) program has been proposed as an option for
COVID-19 and pandemic preparation [21]. Respiratory
muscle training (RMT) has shown benefits in pulmonary
function in people with SCI but its feasibility to be con-
ducted in the home setting is not well documented [22, 23].
IMT will not prevent COVID-19 contraction but may limit
the need for supplemental oxygen therapy or decrease the
impact of pneumonia on this vulnerable population if
completed before or early after diagnosis. A home-based
RMT program would also limit the transportation needed to
attend multiple appointments and limit unnecessary expo-
sure for patients.
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This article reviews home-based RMT programs com-
pleted by individuals with SCI that have been published
since January 1, 2019 and incorporates data from a single
case study to show the respiratory improvements that are
possible for this population. The purpose of this brief
review and case report is to show that a home-based IMT
program is both feasible and may be an effective therapy to
prepare the respiratory system of patients with SCI for
COVID-19 and its secondary impacts, first postulated by
Sanchez-Raya and Sampol [20].

Review of recent literature

The term “Spinal Cord Injury” was paired with “Respiratory
Muscle Training,” “Inspiratory Muscle Training,” and
“Expiratory Muscle Training” as search criteria in PubMed
and Google Scholar. Results were limited to articles pub-
lished no earlier than January 1, 2019. These search criteria
identified 28 articles. An additional case study known to the
author was added. Articles were included if they (a) spe-
cifically stated that the respiratory interventions were not
supervised or (b) provided evidence of a logbook or training
diary. Four publications met all inclusion criteria (Table 1)
[24-27].

One hundred-seventeen individuals in these four pub-
lications completed a variant of RMT as a home exercise
program (HEP). The largest study, enrolling 104 partici-
pants, was conducted in a tertiary hospital but patients
were instructed to complete the IMT-based HEP on their
own with a weekly check-in [27]. All other studies
appeared to have participants training in their homes and
reporting compliance with a training log or diary [24-26].
Only one study reported treatment compliance (98%) [24].
Repecki et al. reported on a case of a 29 year-old-male
who was completing a community-based exercise program
in addition to undergoing an IMT HEP, but did not return
his training diary [26].

Table 1 describes the diverse interventions reported by
these four studies and provides examples of the multiple
options available for individuals with SCI to improve pul-
monary function in the home setting. The Repecki case
study and the Leatham et al. publication described similar
study interventions, with participants completing both an
IMT HEP and a weekly or bi-weekly community fitness
class [25, 26]. The patients included in the article by Shin
and colleagues were instructed on a multistep program
including glossopharyngeal breathing, IMT with an incen-
tive spirometer, and air stacking [27]. While the athletes in
the study conducted by Gee et al. completed RMT, by
jointly performing both IMT and expiratory muscle training
(EMT) [24]. The authors reported goal frequencies of about
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Table 2 PO1 respiratory

performance throughout MIP SMIP ID FVC FVC % FEV1 FEV.I %  PEF PEF.% MEP

the study. predicted predicted predicted
Baseline 50 196 99 171 28% 1.68 33% 351 31% 50
Week 2 59 208 91 19 32% 1.87 37% 422 38% 46
Week 3 61 244 89 1.8 31% 1.73  35% 397 36% 45
Week 4 60 235 10.7 1.85 31% 1.82  36% 335 30% 48
Follow-up 64 248 10 191 32% 1.82  36% 401 36% 50
Actual change 14 52 0.1 02 4% 0.14 3% 0.5 5% 0
Percent change 28% 26.5% 1% 11.7% 8.3% 14.2% 0%

MIP maximal inspiratory pressure measured in cmH20, SMIP sustained MIP measured in pressure time
units, /D inspiratory duration measured in seconds, FVC forced vital capacity measured in liters, FVC %
Predicted percent of predicted FVC based on NHANES criteria, FEVI forced expiratory volume in one
second measured in liters, FEVI % Predicted percent of predicted FEV1 based on NHANES criteria, PEF
peak expiratory flow measured in liters/second, PEF % Predicted percent of predicted PEF based on
NHANES criteria, MEP maximal expiratory pressure.

5 days per week with treatment durations ranging from four
to fourteen weeks.

Similar to the interventions detailed in this collection of
RMT studies, the outcomes reported in these four studies
were varied. Two of the four studies provided respiratory-
based results [24, 27], while the community-based pro-
gram studies reported positive findings in functional
outcomes including the T-shirt Test, Timed Transfer Test,
hand held dynamometry, and Modified Functional Reach
[25, 26]. The wheelchair athletes saw significant
improvement in maximal inspiratory pressure (MIP)
(40%), maximal expiratory pressure (MEP) (25%) and
peak expiratory flow rate (PEF) (9%), while forced vital
capacity (FVC) and forced expiratory volume in one
second (FEV1) did not change significantly (1.6 and
1.5%, respectively) [24]. The authors determined that
these highly trained athletes already possessed high pul-
monary function and thus did not experience further
improvement [24]. The less fit patients studied by Shin
et al. experienced significant improvements in FVC in the
seated (23%) and supine (26%) positions, as well as in
peak cough flow (PCF) (28%) [27]. The significant
improvements in pulmonary function measured during
expiratory maneuvers are especially interesting because
the HEP intervention used by these inpatients focused
heavily on IMT [27].

Overall, these studies show that individuals with SCI have
the ability to successfully perform RMT exercise in a non-
supervised setting. This review also highlights that varied
types of respiratory training can be completed and both IMT-
and RMT-based programs can improve pulmonary function.
These data provide evidence that education and initiation of
these types of training paradigms are valuable in the setting of
a current global pandemic to improve upon underlying
respiratory muscle weakness and bolster respiratory function
prior to and after COVID-19 infection.

SPRINGER NATURE

Case presentation

P1 is a 23-year-old male who sustained a SCI after a motor
vehicle accident (MVA) in August 2013. His current
International Standards Neurological Classification Spinal
Cord Injury (ISNCSCI) level of injury is C3 and the
American Spinal Injury Association Impairment Scale
(AIS) grade is B with a motor score of 4 at C5 bilaterally.
His past medical history includes multiple pulmonary
complications post-SCI. Initially, the MVA caused large
bilateral pneumothoraces requiring at least three chest tubes.
He was intubated and required mechanical ventilation for
about two months and then weaned to a tracheostomy. He
was decannulated after 2 years post-tracheostomy. P1 has a
more recent history of being hospitalized for sepsis and
bronchitis (April 2019).

Respiratory function testing, including inspiratory and
expiratory assessment, was completed prior to and upon
completion of four weeks of IMT. Inspiratory performance,
including MIP measured in cm H,O, sustained MIP (SMIP)
measured in pressure time units (PTU), and inspiratory
duration (ID) measured in seconds, were assessed using the
PrO2FIT device (Smithfield, RI). Pulmonary function tests
(PFT) were administered with the Micro I Spirometer
(Lewiston, ME) and maximal expiratory pressure (MEP)
was assessed with the MicroMPM (Lewiston, ME). All
initial PFT scores for Pl were at or below 33% of
the predicted values based on the NHANES III criteria
(Table 2).

P1 completed 27 sessions of IMT administered over
28 days using the PrO2FIT device, including four super-
vised in-person sessions occurring during a scheduled
weekly check-in. The PrO2FIT device is a resisted
inspiratory trainer with a 2 mm leak that transmits inspira-
tory information to the device application on a Bluetooth-
paired tablet to create a live graph of the user’s inspiratory
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Fig. 1 User interface during Inspiratory Muscle Training with the
PrO2FIT device and accompanying tablet application. The FIT
score is a measure created by the PrO2 manufacturer and was not
investigated in this case study.

function (Fig. 1). Each training session with the PrO2FIT
device began with a baseline test created by a maximal
effort breath where P1 was instructed to exhale to residual
volume and inhale as fast and strongly as possible and then
continue to inspire until total lung capacity was reached. P1
would then train at 80% of this maximum effort for 42
breaths as guided by the application, with visual and audi-
tory feedback provided to reinforce MIP and SMIP training
goals. The 42 breaths were performed in 7 sets of 6 breaths,
with a decreasing amount of rest time between each active
breath per set (i.e., Set 1 rest time: 40 s; Set 2 rest time: 30 s;
Set 3 rest time: 25s;...; Set 7 rest time: 5 s). Training ses-
sions occupied 26 min on average. Rate of Perceived
Exertion scores recorded in a logbook after each training
session ranged from 3 to 7 on a 0-10 Borg Categorical
Scale (mode: 6).

All respiratory measures except MEP improved after 27
treatment sessions. MIP and SMIP increased from baseline
by 28% and 26.5%, respectively. Even though training
emphasized inspiratory performance, improvements in
expiratory volumes and rates were observed (FVC:
+11.7%, FEV1: 4+-8.3%, PEF: +14.2%). 1t is likely that the
functional increase in FVC is clinically significant as the
change in percent predicted (4%) falls within the MCID
reported for individuals with scleroderma [28]. ID improved
by 1% and MEP did not change from baseline to follow-up
testing. The largest improvement came from Total Power
(TP), or the summation of SMIPs created during a training
period (Fig. 2). The TP of the first training session was
5,775 PTU, and the TP of the 27th session increased by
86% to 10,724 PTU. Improvements in MIP and SMIP are
observed in the highest pressures created per training ses-
sion, as sometimes P1 was able to improve upon the

Total Power (summed SMIPs) Created
Per Training Session
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Fig. 2 Total Power plotted throughout the training period. The
summed sustained maximal inspiratory pressures (SMIPs) created
during a training session with 42 breaths with a target of 80% of a
maximum effort baseline breath.

baseline score within the session (Fig. 3a, b). Functionally,
P1 stated that he and his mother noticed an improved ability
to sneeze which he attributed to the training.

We certify that all applicable institutional and govern-
mental regulations concerning the ethical use of human
volunteers were followed during the course of this research.

Discussion

This case presentation and review of recent publications
demonstrate both feasibility and respiratory system benefits
of a home-based IMT program for use by persons with SCIL.
Table 1 shows recent home-based RMT programs that
report similar home training paradigms (Table 1) [24-27].
Due to varied treatment intervals, interventions, and study
endpoints, it is difficult to compare the RMT HEPs to one
other. This case study, however, shows that a non-athlete
with cervical SCI can perform IMT and improve upon their
inspiratory and expiratory function.

In addition to providing evidence for feasibility, the
observed improvements in pulmonary function may provide
a preventive health benefit. IMT has been used to prepare
individuals for surgery and reduce instances of post-surgical
pulmonary compromise, including pneumonia [29-32].
Additionally, Boswell-Ruys et al. recently reported the
results of a 6-week supervised RMT randomized clinical
trial, which showed that individuals with SCI in the inter-
vention group experienced significantly fewer respiratory
complications in the following year than participants with
SCI undergoing sham treatment [33]. This study reported a
significantly higher MIP but not MEP in the intervention
group post-RMT, and found significant correlations

SPRINGER NATURE
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Fig. 3 The change in MIP and SMIP throughout the training period. Plots depicting the highest maximal inspiratory pressure (MIP) (a) and
sustained MIP (SMIP) (b) reached by P1 throughout each training session. These data may or may not include baseline measures.

between MIP and inspiratory capacity, vital capacity, and
PEF while coughing. No significant relationships between
MEP and these measures were observed [33]. These find-
ings could explain why P1 experienced increases in pul-
monary function but not MEP. This inspiratory driven
relationship more strongly associating improved cough,
vital capacity, and peak cough flow, to MIP than MEP has
been reported in multiple SCI-based studies, and is the
major reason IMT was not paired with EMT in this case
study [34-36].

While MIP has been extensively studied in SCI and other
populations, SMIP is a newer measure of respiratory health.
Fromiga et al. reported a stronger relationship among SMIP,
lung function, and symptom severity than with MIP in a
sample of veterans with COPD [37]. In addition, SMIP was
a more sensitive and specific predictor for successful extu-
bation outcome than MIP, further linking lung function and
SMIP [38]. Thus, patients with greater SMIP appear to
wean more easily from mechanical ventilation which would
be beneficial for patients with COVID-19 and other infec-
tious diseases. Furthermore, it is possible that greater levels
of SMIP may even prevent the need for mechanical venti-
lation in some patients with SCI, but investigation of this is
needed. While SMIP has not been previously reported in
patients with SCI, we report a 26.5% increase in SMIP, an
86% increase in TP, and a 28% increase in MIP in this case
subject. Furthermore, these inspiratory performance
improvements occurred following just four weeks of IMT in
the home setting.

The current case study, paired with recent SCI-based
RMT publications, provides support for the implementation
of preventative IMT HEPs to lessen the severity of
infection-related respiratory compromise in some patients
with SCI [20]. Additionally, P1 had a urinary tract infection
on the post-IMT testing day and it is unknown how this
may have impacted his respiratory performance. Lastly, the

SPRINGER NATURE

4-week time period of this study may not have allowed us to
fully capture improvements in respiratory function based on
the upward trends of the data found in the figures provided.

In conclusion, evidence to understand how COVID-19
will impact the SCI community remains incomplete. This
population may be at a great risk of developing significant
morbidity due to COVID-19, and anxieties related to
COVID-19 have already been reported to clinicians globally
by those living with SCI. This case study, along with the
recent literature of RMT HEPs provides evidence that a
home-based IMT program is feasible and may be an
effective prophylaxis to respiratory dysfunction in patients
with SCI who contract the COVID-19 virus.
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