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As the COVID-19 pandemic unfolds, emergency department (ED) personnel will

living with spinal cord injuries and disorders (SCI/D). Individuals with SCI/D who

develop COVID-19 are at higher risk for rapid decompensation and development
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of acute respiratory failure during respiratory infections due to the combination of

restrictive/obstructive lung disease and chronic immune dysfunction. Often, acute

SCI/D, and aggressive secretion management is an important component of successful
medical treatment. Secretion management techniques include nebulized bronchodila-
tors, chest percussion/drainage techniques, manually assisted coughing techniques,

nasotracheal suctioning, and mechanical insufflation-exsufflation. ED professionals,

including respiratory therapists, should be familiar with the significant comorbidities
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1 | INTRODUCTION

During the COVID-19 pandemic, emergency department (ED) person-
nel are facing higher caseloads, including those with special medical
needs. Persons with spinal cord injuries and disorders (SCI/D) present-
ing to the ED with respiratory complaints require special consideration
if diagnosed with COVID-19 because they are at higher risk for rapid
decompensation and progression to acute respiratory failure due to
the combination of chronic respiratory muscle weakness and auto-
nomic dysregulation, which cause neurogenic restrictive/obstructive
lung disease and chronic immune dysfunction. In this review, we
highlight the greater susceptibility of persons with SCI/D to death
from respiratory infections, describe methods to aide in recogni-
tion of respiratory infections including COVID-19 in persons with
SCI/D, and discuss treatment strategies to better manage respiratory

complications of COVID-19 infections in this population.

2 | EPIDEMIOLOGY

Almost 300,000 persons in the United States are living with SCI/D.!
The most common cause of death in this population is pneumonia and
respiratory diseases. Persons with SCI/D have greater mortality from
pneumonia and influenza compared to the general population with the
standardized mortality ratio for pneumonia and influenza for all types
of SCI/D calculated approximately 40.22 Here, the standardized mor-
tality ratio estimates the ratio between the observed number of deaths
in SCI/D patients, or subgroups of SCI/D patients, compared to the
expected number of deaths based on age- and sex-specific rates in the
general population. The finding that the ratio of observed-expected
deaths (the standardized mortality ratio) far exceeds 1.0 indicates that
SCI/D patients experience a manyfold higher rate of “excess deaths”
from pneumonia and influenza compared to their counterparts without
SCI/D. For individuals with complete tetraplegia, and therefore greater
respiratory muscle paralysis and secondary respiratory compromise,
the risk of death is considerably higher with standardized mortality
ratio = 143.2 Compared to those with incomplete tetraplegia who
ambulate, non-ambulators with C1-C4 tetraplegia are 6 times more
likely to die from pneumonia or influenza.* Persons with complete
paraplegia, preservation of full diaphragm innervation, and at least
partial maintenance of accessory muscles of respiration and abdominal
musculature, have a lower standardized mortality ratio of 15.2. Those

who have been injured for >20 years have standardized mortality
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associated with SCI/D and the customized secretion management procedures and
techniques required for optimal medical management and prevention of respiratory
failure. Importantly, protocols should also be implemented to minimize potential
COVID-19 spread during aerosol-generating procedures.

COQOVID-19, paraplegia, pneumonia, quadriplegia, respiratory failure, spinal cord injury

ratio = 60.2° Additionally, persons with SCI/D are at higher risk of
developing venous thromboembolism and pulmonary embolism, with
the standardized mortality ratio for pulmonary embolism = 45.3
Individuals with other neuromuscular diseases causing respiratory
muscle weakness such as multiple sclerosis, amyotrophic lateral
sclerosis, muscular dystrophies, myotonic dystrophies, spinal muscular
atrophies, myasthenia, inflammatory demyelinating polyradiculoneu-
ropathies, and spino-cerebellar ataxias may be at higher risk of respi-
ratory infection complications and benefit from similar management
strategies.

COVID-19 has infected at least 25,248,595 persons worldwide
through August 31, 2020, causing 846,877 deaths. In the United
States, as of August 31, 2020, at least 5,997,622 persons have been
infected with the virus and 183,068 have died from complications of
COVID-19.6

The epidemiology of COVID-19 in persons with SCI/D is incom-
pletely understood but appears to be similar to the general popula-
tion; there have been a range of presentations from mild to severe
disease.” 11 In addition to respiratory weakness, the SCI/D population
has a high prevalence of hypertension, coronary artery disease, dia-
betes, and obesity, which are recognized to increase risk of COVID-19
complications.'213 Of 25 cases of COVID-19 infection reported thus
far, one sudden death has been described in a patient with new trau-
matic SCI/D and mild COVID-19, 5 cases were described as severe
with Modified Early Warning Scale (MEWS) score >3 and <5, and the
remainder were non-severe.”” 11 Recovery courses have ranged from
10 days to a few months, with older patients with high tetraplegia, tra-
cheostomy, and severe COVID-19 courses having the slowest recov-
ery. In the general population, deaths from COVID-19 are associated
with the development of acute respiratory infections, sepsis, throm-
boembolic events, and acute respiratory failure that may be compli-
cated by the acute respiratory distress syndrome (ARDS).12 A study
of COVID-19 case-fatality rates in the United States in veterans with
traumatic or non-traumatic SCI/D (not including multiple sclerosis or
amyotrophic lateral sclerosis) identified 140 veterans who were pos-
itive for COVID-19 among the 17,452 veterans in the SCI/D Reg-
istry. Of these, 26 died, all within 30 days of testing positive. The
case-fatality rate of 19% for veterans with SCI/D was 2.4 times that
of 7.7% in non-SCI/D veterans. However, this rate is falsely elevated
due to inability to capture COVID-19 infections that go undetected if
patients are asymptomatic or if mild symptoms are attributed to other
common conditions causing fever in the SCI/D population (eg, urinary

tract infections).1*
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TABLE 1 Respiratory muscles and SCI/D-related dysfunction

Muscle(s)

Inspiratory musculature
Diaphragm
External intercostals

Accessory inspiratory muscles
Scalenes C4-C6
Trapezius
Sternocleidomastoid

Expiratory musculature
Internal intercostals
Transversus abdominus
Internal oblique

External oblique

3 | PERTINENT PATHOPHYSIOLOGY OF SCI/D

3.1 | Aging with SCI/D

Individuals with SCI/D often develop respiratory complications due to
age-related alveolar changes and reductions in vital capacity super-
imposed on baseline neuromuscular weakness; lung and chest wall
compliance changes due to respiratory muscle weakness, spasticity,
or hypotonia; obesity; kyphoscoliosis; and sleep-disordered breath-
ing, including both central and obstructive sleep apnea. These issues
increase the baseline risk of acute respiratory failure in persons with
SCI/D, particularly those with underlying respiratory or cardiovascular
disease, neoplastic conditions, or immune dysfunction. Consequently,
respiratory infections such as COVID-19 may increase morbidity and

mortality in the SCI/D population.

3.2 | Immune compromise
Individuals with chronic SCI/D are immunocompromised for sev-
eral reasons: maladaptive sympathetic—neuroendocrine adrenal

reflexes,®

immune suppression with secondary immune deficiency
syndrome, ¢ obesity-related inflammation with reduced natural killer
cell expression,’” and increased lung inflammation similar to mild

asthma.18

3.3 | Neurogenic respiratory muscle paralysis
(restrictive lung defect)

Various degrees of respiratory muscle paralysis are present in
most individuals with tetraplegia and many with paraplegia due to
inspiratory and expiratory muscle weakness (Table 1).17 Level and com-
pleteness of injury dictate the likelihood of restrictive and obstructive
lung dysfunction.

Innervation

C3-C5, phrenic nerve

T1-T11 spinal nerves
T6-T11 spinal nerves

Dysfunction

Inspiratory weakness

T1-T11 spinal nerves

Inspiratory weakness

Spinal accessory nerve, C4

Spinal accessory nerve, C4

Expiratory weakness

Decreased cough force

T6-T11 spinal nerves
T6-T11 spinal nerves

Paralysis of a major portion of the expiratory muscles used to gen-
erate an effective cough results from SCI at or above the Té spinal
level. Weakened expiratory muscles lead to decreased peak cough
flow, 20 tenacious secretions, and atelectasis. Reduced alveolar expan-
sion decreases surfactant production, increases alveolar surface ten-
sion, and markedly increases the work of breathing.

Expiratory muscle paralysis also is associated with outward expan-
sion of the abdominal wall resulting in shortening of the diaphragm,
reducing its resting length, diminishing inspired volume, and alveolar
expansion. Diaphragm resting length can be easily restored through
appropriate use of an elastic abdominal binder, improving breathing

efficiency when upright (Figure 1).21:22

3.4 | Neurogenic obstructive lung disease
In individuals with SCI/D above Té, para-sympathetic predomi-
nance leads to bronchiolar constriction, hyper-reactive airways, and

increased mucus secretion.23

4 | DIAGNOSIS

4.1 | Confounding conditions in persons with SCI/D
It is important that ED personnel be aware of comorbidities in indi-
viduals with SCI/D which may thwart diagnosis of COVID-19 when
they present with potentially infectious complaints. In addition to obvi-
ous motor paralysis and sensory loss, persons with SCI/D may have
thermoregulatory dysfunction with lower baseline body temperatures
and blunted febrile responses, sympathetic blunting, autonomic dysre-
flexia, neurogenic bowel, neurogenic bladder, spasticity, and pressure
injuries.24

Other conditions can make it difficult to determine the cause of
symptoms. For example, poikilothermia—the inability to regulate body
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Where D: Diaphragm

TV: Tidal Volume

FIGURE 1

Paralyzed
Abdominals

D Rest
DRest TV
¢ v
DContracted DContracted

Abdominal
Binder

Resting diaphragm length under normal, paralyzed, and abdominal binder conditions

Diagnostic Considerations for Potentially-Infectious Complaint(s) in Symptomatic Persons with SCI/D
Fever, chills, respiratory symptoms, increased spasticity, autonomic dysreflexia (AD)*, lower than baseline BP,
urinary incontinence, syncope, altered mental status, seizures, fatigue, diarrhea, and wound(s).

Preliminary Lab Work-up

Urine Collection Practices to reduce polymicrobial overgrowth in urine culture:

- CBC/BMP .
« Urinalysis & Urine Culture >| .
+ Rapid COVID-19 (see Figure 2) .

If respiratory symptoms,

If indwelling catheter >48hrs old, change catheter before collection.
Collect urine from indwelling catheter tubing only.

For non-instrumented bladder, obtain urine from sterile CIC or clean catch.
» For urostomy, use fresh bag to collect urine.

« Immediately dispense urine into borate tubes or refrigerate.

« Sputum Culture, Rapid Influenza A/B, Legionella urine antigen

IF altered mental status, hypoxia, or seizures:

IF concern for sepsis:
« Blood culture

« Arterial blood gas

¢ Glucose

« Consider Lactate, Procalcitonin, CRP
« Consider Renal Ultrasound to evaluate for stones,
hydronephrosis, pyelonephritis.

« If SCl above T6 with BP elevated >20mmHg above baseline:
Needs to have Autonomic Dysreflexia protocol* & brain imaging for intracranial
bleed or posterior reversible encephalopathy. Keep SBP <150mmHg.

« Suspect occult renal failure if taking renally-cleared sedating medications.

IF potentially infected wounds:
« Ifdressing >1 day old, remove dressing & cleanse wound bed
before assessment for malodor or purulence.

+ MRSA wound swab may be helpful.
« Surgical deep wound or abscess cultures are helpful. .
» Chronic wound swabs are of little utility due to colonization.

« Consider CT or MRI with contrast to evaluate for
abscess/osteomyelitis.

ok

***CrCl/eGFR is not accurate with muscle atrophy.

IF Autonomic Dysreflexia with unclear etiology: :

Consider Abdominal Ultrasound, X-ray or CT to evaluate for stool
impaction/renal stones/gut distention/acute abdomen.

« |F AD + Altered Mental Status/Seizures: Needs brain imaging, BUT SBP needs
to be <150mmHg before supine imaging to protect the brain.

FIGURE 2 Approach to diagnostic workup for persons with SCI/D.2¢ *See Clinical Practice Guideline for details?”

temperature—can lead to temperature elevations if the patient is
bundled with multiple layers of fabric; and asymptomatic bacteriuria
with fever was mistaken for urinary tract infection in a person with
SCI/D infected with COVID-19.”

ED staff may be unfamiliar with signs such as increased spastic-
ity, urinary incontinence, and autonomic dysreflexia that can be surro-
gates for pain or infection in persons with SCI/D who may be unable to

describe what is happening below their neurological level of injury.?
See Figure 2 for diagnostic workups and best practices to consider2®
depending on presentation. In addition to pulmonary/critical care spe-
cialists and respiratory therapists, consultation with physical medicine
and rehabilitation (PM&R) or SCI medicine specialists may be helpful
to assist with interpretation of signs and symptoms in the context of
SCI/D and formulation of the differential diagnosis and treatment plan.
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Person with SCI/D presents to ED

Non-Infectious Complaint
(e.g. trauma, social issue,

Potentially-Infectious Complaint

fracture, psychiatric)

I

I Relative Risk Screening |

(e.g. fever, chills, respiratory symptoms,
increased spasticity, urinary
incontinence, autonomic dysreflexia*,
lower than baseline BP, syncope,
altered mental status, fatigue, diarrhea)

Lower Risk Examples
Isolating at home with family
Only low risk activities

Higher Risk Examples
Not isolating at home

Lives in Skilled Nursing or Group Setting _.I Rapid COVID-19 Testing |

Stable to Discharge
Pneumonia & Influenza Vaccinations | Transfer to Higher

Level of Care

Social Work

Practicing masking & hand hygiene + Moderate-to-high risk activities
Practicing social distancing Not practicing masking & hand hygiene
No HCW visits Not practicing social distancing Positive
+ HCW visits -
Proceed with Assessment,
Proceed with A nent, | e Treatment & Disposition
Treatment & Disposition | Negative |

Stable to Discharge

Pneumonia & Influenza Vaccinations?

Social Work

FIGURE 3 Suggested COVID-19 testing algorithm for persons with SCI/D presenting to ED. HCW, health care worker

4.2 | Exposure risk

Persons with SCI/D who require home care assistance may be exposed
to multiple clinical or personal visitors per day. Therefore, it is critical
for ED personnel to take special precautions when evaluating this pop-
ulation due to ease of COVID-19 transmission in the home. Initial sus-
picion of COVID-19 infection may be low if the patient has an atypical
presentation of COVID-19 or mild COVID-19 with concurrent infec-
tion such as urinary tract infection. Figure 3 provides a suggested test-
ing algorithm for this patient population.

4.3 | Presentation of respiratory failure

The typical signs of acute respiratory failure such as dyspnea and
tachypnea may not be apparent in individuals with neuromuscu-
lar weakness associated with SCI/D. In fact, hypotension, severe
hypoxemia, hypercarbia, and altered mental status may be the only
presenting signs and symptoms. Therefore, despite a relatively “stable”
initial presentation, late-onset ventilatory failure may develop without
a previous ventilator dependence. For this reason, early hospitalization
is recommended in the setting of acute respiratory tract infections,
especially for those with high tetraplegia, SCI/D for >20 years, or
age-related comorbidities. 228

4.4 | COVID-19 presentation in SCI/D

Much of the published information on COVID-19 presentation in

persons with SCI/D comes from European SCI specialty and reha-

bilitation centers. Common presenting symptoms include prolonged
fever with varying severity that does not improve with antibiotics, dry
cough, fatigue/weakness, dyspnea, increased expectoration, diarrhea,
and anosmia.”"112? An international survey of 783 SCI/D clinicians
reported the most common presenting symptom of COVID-19 in
patients with SCI/D was fever (86.2%), followed by shortness of breath
(62.1%), body aches/worsening pain (20.7%), sweats (20.7%), and
chest pain (13.8%). Cough was not reported in this survey. Atypical
presentations reported include increased spasticity (10.3%), rigors
(6.9%), or no symptoms (6.9%).% Laboratory and radiographic findings
have been similar to COVID-19 in the general population. Multiple
articles described COVID-19 testing and diagnosis being delayed
because fever was initially attributed to urinary tract infection or
sepsis.” 810

A prospective case-cohort study of all SCI patients and health-
care workers in an ltalian rehabilitation center found that one-third
of infected SCI patients had asymptomatic COVID-19 infections com-
pared to 11% of the healthcare workers, despite higher age and
prevalence of comorbidities. Clinical courses, treatments, and out-
comes were also similar with the exception that 60% of SCI patients
required supplemental oxygen compared to 30% of healthcare work-
ers. However, the majority of the SCI patients had incomplete injuries
in this study and may not be representative of the entire SCI/D
population.?

One asymptomatic individual with new paraplegia, incidentally diag-
nosed with COVID-19, developed extensive bilateral lower extremity
venous thromboembolism while on chemoprophylaxis and, later, pleu-
ritic chest pain due to pulmonary embolism developed while receiving

therapeutic anticoagulation.!?
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TABLE 2 Respiratory management in SCI/D

Simple interventions Complex interventions

Moisten and loosen secretions
Combination bronchodilators Combination bronchodilators
Nebulized normal saline Nebulized hypertonic saline
Flutter valve Nebulized acetylcysteine

Percussion and postural drainage High frequency chest wall

oscillation vest
Remove secretions

Mechanical insufflation/
exsufflation

Airway suctioning with
directional catheter

Manually assisted cough (“quad Bronchoscopy

cough”)
Decrease atelectasis

Positive-expiratory pressure
devices?

Incentive spirometry’ and deep
breathing

Abdominal binder (used while
seated)

Positive airway pressure systems

’Patients with tetraplegia and limited hand function may need assistance
using the devices.

5 | TREATMENT

Many primary care and emergency clinicians are unfamiliar with both
the unique physiology associated with SCI/D3! and the specialized res-
piratory interventions and techniques to treat individuals with SCI/D.
The choice of treatments will depend on the person’s neurological
level of injury, functional status, and clinical presentation. Persons with
SCI/D at or above Té who present with infectious complaints, regard-
less of COVID-19 status, should receive treatments for atelectasis
prevention and treatment, because bed rest for illness can worsen
baseline lung function. If hypoxemic, oxygen supplementation should
be combined with nebulizers and atelectasis treatment. If increased
secretions are present, then additional treatments are needed to
loosen and mobilize secretions. Those with injuries below Té may
also need cough-assist due to impairment in expiratory strength and
ineffective peak cough flow. Techniques available in the ED may be lim-
ited, but ideally would include access to the methods described below
(Table 2).

5.1 | Hypoxemia management

In general, independent respiration should be maintained as long as
possible. Prolonged invasive ventilation can cause deconditioning of
already weak respiratory muscles, extended weaning, and/or long-term
ventilatordependency in persons with SCI/D, particularly those with
high tetraplegia. Provision of supplemental oxygen (O,) via low flow
nasal cannula to achieve appropriate oxygen saturation should be a
first-line intervention in the setting of hypoxia. High-flow nasal can-

nula O, (HFNO,) should be considered next but requires measures to

WILEY-2

reduce risk of spreading COVID-19 containing aerosols. Non-invasive
ventilation with face mask may be poorly tolerated if the patient is
unable to adjust their mask due to upper limb paralysis. Those who are
already ventilatordependent may require an increase in oxygen per-
centage compared to the usual. Details of when to choose which ven-
tilation modality is outside the scope of this article; however, frailty
scores based on physical function measures should not be used in per-
sons with SCI/D or other neurological deficits to judge who qualifies for

advanced care.??

5.2 | Atelectasis prevention

Persons with diaphragmatic and intercostal weakness due to SCI/D
have reduced inspiratory force and impaired ability to activate incen-
tive spirometry or use deep breathing alone to effectively open alveoli.
Taking successive deep breaths without exhaling in between, also
known as “breath stacking,” can be helpful in inflating the lungs fully,
but typically takes time to learn to perform effectively. These indi-
viduals may require positive expiratory pressure devices or positive-
airway pressure (PAP) treatments to prevent or reverse atelectasis,
which require systems modifications to ensure safety (see Safety
section).

5.3 | Secretion management

For individuals with SCI/D and significant airway secretions, aggressive
pulmonary management techniques are critical for successful treat-
ment of respiratory infections. Equally important is the early involve-
ment of skilled personnel, including certified/registered respiratory
therapists.

Due to preserved vagal innervation of the bronchial tree
and parasympathetic predominance, the use of a combined
anticholinergic/beta-2 adrenergic agonist agent (eg, ipratropium
bromide and albuterol sulfate), can be effective in reducing bronchial
tone, facilitating removal of secretions, and reducing the level of
dyspnea.®® Long-acting antimuscarinic agents (eg, tiotropium) may
also be helpful in the chronic management of these patients.

When persons with SCI/D and respiratory infections present with
increased expectoration, nasotracheal suctioning, postural percussion,
and drainage (chest physiotherapy),3* flutter valves, chest wall oscilla-
tion vests, and use of mechanical insufflation/exsufflation devices are

useful mechanical methods of secretion clearance.

5.3.1 | Airway suctioning

Nasotracheal suctioning or tracheal suctioning in individuals with tra-
cheostomies are effective methods of removing upper airway secre-
tions. Directional catheters have the capacity to suction both the right
and left main stem bronchi and therefore may be much more effective

than the use of standard catheters.
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5.3.2 | Postural percussion/drainage

Patient positioning and percussion can be an extremely effective
method of secretion clearance and should be performed by qualified
personnel including respiratory therapists, physical therapists, and/or
trained nurses. Specific physician orders are typically needed for these
treatments to be implemented. Full prone positioning to improve lung
aeration may be difficult to accomplish in person with SCI/D having
joint contractures and/or limited cervical range of motion; modified

proning may be required.

5.3.3 | Mechanical insufflation-exsufflation

The use of a mechanical insufflator/exsufflator device, also known as
a “cough-assist,”3> has been shown to be extremely useful in patients
with SCI/D (Video 1, courtesy of Kessler Foundation) for both removal
of secretions and prevention and treatment of atelectasis. Mechanical
insufflation-exsufflation was also shown to mobilize a larger volume
of secretions than standard chest physiotherapy in adult mechanically
ventilated ICU patients.%¢ This device delivers a positive pressure
breath (+20 to +50 cmH,0), which is then switched to negative pres-
sure (—20 to —50 cmH,O) to clear respiratory secretions. Each change
from positive to negative pressure represents a cough cycle; a series
of 6-10 cycles provides a full treatment. This technique is minimally
invasive, can clear secretions not reachable via tracheal suction, and
may reduce the need for bronchoscopy to clear mucus plugging.28:3
Ideally, mechanical insufflation-exsufflation should be combined with
one of the manually assisted cough techniques described below to
optimize peak cough flow and clearance of secretions during the
expiratory phase of the cough cycle. Persons with SCI who are venti-
latordependent typically use mechanical insufflation-exsufflation as
part of their regular respiratory treatments and may have their own
device. Mechanical insufflation-exsufflation should not be used if
there is hemoptysis, pneumothorax, barotrauma, bullous emphysema,

nausea, or vomiting.

5.3.4 | Manually assisted cough
Another method for secretion clearance is “manual assist” or “quad
coughing,” that uses 1- or 2-handed abdominal thrust against a closed
glottis, similar to a Heimlich maneuver (Video 2, courtesy of Kessler
Foundation). This can also be used in combination with the exsuffla-
tion phase of mechanical insufflation-exsufflation. This technique can
be effective but is contraindicated in persons who have aninferior vena
caval filter (IVCF) in place for pulmonary embolus prophylaxis, as the
filter may be dislodged and migrate up or through the inferior vena
cava.’®

Hospital-wide preparations for the care of individuals with SCI/D
including obtaining needed equipment in advance and training respira-
tory and other medical staff on these techniques are necessary to pro-

vide optimal management.

6 | SAFETY

Although the above-mentioned respiratory techniques benefit persons
with SCI/D with heavy secretions and/or atelectasis, in the setting of
a highly transmissible virus, an important concern in emergency care
settings is the need for extreme caution during aerosol-generating pro-
cedures including bag valve mask ventilation, oropharyngeal suction-
ing, endotracheal intubation, nebulizer treatment, positive expiratory
pressure treatments, mechanical insufflation-exsufflation, percussive
and postural drainage therapies, HFNO,, CPAP and non-invasive ven-
tilation, sputum induction, bronchoscopy, and resuscitation involving
emergency intubation and/or CPR, among others. Therefore, there is
a high risk associated with potential of COVID-19 aerosol or droplet
spread if the individual with SCI/D who is undergoing these procedures
is not in isolation and/or the health care providers are not wearing
appropriate PPE.3?

Because individuals with SCI/D may require these aerosol generat-
ing procedures to adequately recover, rapid transition to a negative-
pressure room, higher level of care, or an isolated area within the
emergency facilities where these procedures can be safely performed
should be achieved whenever possible. In addition to the use of PPE
for airborne protection, medications should be given via metered
dose inhalers with spacers and at a higher dose to reach nebulizer
equivalence. If nebulizers, HFNO,, and/or non-invasive ventilation are
required, they should be administered in a negative pressure or sin-
gle room with contact, droplet, and airborne precautions, which should
be maintained for at least 30 minutes after completion of an aerosol-
generating procedure.*0-42

Positive expiratory pressure devices should be fitted with an anti-
viral filter. Those with tracheostomies who are not ventilatordepen-
dent should wear a heat and moisture exchanger and mask over their
nose, mouth, and tracheostomy tube. Tracheostomy tubes should pref-
erentially be cuffed with the cuff inflated during aerosol-generating
procedures.*3 Non-invasive ventilation set-ups should be converted
to a closed system with a dual lumen circuit with heat and moisture
exchanger/viral filter attached to exhaust systems, and a non-vented
full-face mask or helmet over nasal pillows. Mechanical insufflation-
exsufflation can be used with an anti-viral filter, tubing, and tra-
cheostomy adapter attached to filter protecting the machine. Pro-
longed negative pressure can be maintained afterward while sepa-
rating the adaptor or face mask from the patient in order to draw
aerosols and droplets into the filter. The circuit tubing and filter can
then be removed from the mechanical insufflation-exsufflation device
and joined into a circle using the trach adapter to avoid leakage of

exsufflated materials before disposal.

7 | LOGISTICAL CONCERNS

Many persons with SCI/D have limited mobility and may arrive in a
manual or power wheelchair, and with assistive devices and medical
equipment that may also be contaminated. Transfers to examination
tables will often require the assistance of additional medical personnel
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or special equipment, such as lifts. Personal protective equipment
(PPE) and airborne precautions must be employed, as well as ensur-
ing patient-handling equipment is sanitized before admission and
upon discharge. It should also be noted that these individuals are
also at high risk of pressure injuries, venous thromboembolism, and
pulmonary embolism at baseline. Some may already be ventilator-
or non-invasive ventilation-dependent. Additional staff may be
required to address unique care needs of patients with SCI/D, such
as turning and repositioning, management of neurogenic bowel and
bladder, feeding, drinking, and respiratory care during their time
inan ED.3!

8 | DISPOSITION

Even in mild to moderate-severe cases, due to the high acuity of nurs-
ing care required for activities of daily living, neurogenic bowel care,
and turning for pressure redistribution, or in the case of pre-morbid
ventilator dependence, the safest location for a person with SCI/D
and COVID-19 may be an intensive care unit or step-down unit with
a higher nurse-to-patient ratio than is available on a med-surg floor.
This is particularly true for those who may need specialized air mat-
tresses and frequent turning for pressure injury prevention. Goals of
care should be discussed with the patient and family as early as pos-
sible to ensure patients’ desires are respected particularly as they
relate to intubation and code status is appropriate; this may guide
disposition.

For those appropriate to discharge home (regardless of COVID-
19 diagnosis), social work should be involved to ensure adequate
home care is in place. Medical follow-up post ED visit should ideally
occur via telemedicine with home tele-monitoring when possible to
permit patients to remain isolated. Supplemental O, and monitoring
devices such as oximeters should be supplied when needed. For
those who are clinically suitable for and agreeable to vaccination,
influenza and pneumonia vaccines should be administered prior

to discharge.**

9 | CONCLUSIONS

In summary, the majority of individuals who become infected with
COVID-19 will develop only mild symptoms. However, individuals
with SCI/D are at much higher risk of complications of respiratory
infections including the more rapid onset of respiratory failure and
death due to respiratory muscle paralysis, other chronic respiratory or
cardiac conditions, and chronic immune dysfunction. When necessary,
aggressive secretion management techniques and a low threshold
for transfer to a higher level of care are warranted. The secretion
management techniques described above will likely be required for
individuals with high thoracic or cervical SCI/D. It cannot be empha-
sized enough that the proper personnel including PM&R/SCI medicine,
pulmonary/critical care physicians, and respiratory therapists be

involved early in the care of individuals with SCI/D to provide optimal

WILEY- 2

respiratory care for all respiratory infections to reduce an otherwise
high morbidity and mortality.
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Additional supporting information may be found online in the Support-

ing Information section at the end of the article.
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