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By the End of this Presentation,

You Should: 

Discuss basic 
cardiovascular and 
pulmonary 
examination and 
treatment 
techniques.

Identify signs and 
symptoms of post-
intensive care unit 
syndrome during 
clinical examination. 

Understand the 
pathophysiology of 
SARS-CoV-2, 
including direct and 
indirect changes to 
the cardiovascular & 
pulmonary systems.
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SARS-CoV-2

Positive stranded RNA viruses

Betacoronavirus, which is in the same subgenus that causes severe acute respiratory syndrome (SARS)

The Coronavirus Study Group of the International Committee on Taxonomy of Viruses has proposed that this virus be designated 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-epidemiology-virology-and-prevention.
Image: https://www.cdc.gov/coronavirus/2019-ncov/downloads/2019-ncov-factsheet.pdf.
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Image:  Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HA. JAMA. 2020;324(8):782-793.
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-epidemiology-virology-and-prevention.

Yuki K, Fujiogi M, Koutsogiannaki S. Clin Immunol. 2020;215:108427.
Guzik TJ, Mohiddin SA, Dimarco A, et al. Cardiovascular Research. 2020.

• Angiotensin-converting enzyme 2 (ACE2) is the host receptor for SARS-COV-2.
• SARS-COV-2 binds to ACE2 through the receptor-binding gene region of its spike protein.
• SARS-CoV-2 enters the host cell through endocytosis or membrane fusion (penetration).
• Viral contents are released inside the host cell and viral RNA enters the nucleus for replication.
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Image: https://www.nhlbi.nih.gov/health-topics/pneumonia.
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Image:  Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HA. JAMA. 2020;324(8):782-793.
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Image:  Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HA. JAMA. 2020;324(8):782-793.
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Image: https://www.researchgate.net/figure/Mechanism-of-acute-respiratory-distress-syndrome-ARDS-in-the-alveoli-Image_fig4_342432932.
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https://www.svhlunghealth.com.au/conditions/pulmonary-oedema
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ACE-2 Receptors

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188049/
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Both direct and indirect 

involvement of other 

organs is common, 

with the CV system 

being particularly 

affected.

Image: https://khn.org/news/mysterious-heart-damage-not-just-lung-troubles-befalling-covid-19-patients/.
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Guzik TJ, Mohiddin SA, Dimarco A, et al. Cardiovascular Research. 2020.
Images: 

https://www.escardio.org/Education/COVID-19-and-Cardiology.
https://step1.medbullets.com/cardiovascular/108003/cardiac-output-and-variables.
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Medical Management of SARS-CoV-2

Medications
Prone Positioning

Supplemental Oxygen
Extracorporeal Membrane Oxygenation

15

https://www.covid19treatmentguidelines.nih.gov/therapeutic-management/
https://www.fda.gov/news-events/press-announcements/fda-approves-first-treatment-covid-19.

https://www.ema.europa.eu/en/medicines/human/EPAR/veklury.
https://jamanetwork.com/journals/jama/fullarticle/2770275.

https://www.who.int/publications/i/item/WHO-2019-nCoV-Corticosteroids-2020.1.

Remdesivir (Veklury):
- It is the first FDA approved treatment for COVID-19.
- It is an anti-viral and must be administered in a hospital or 

healthcare setting.

Dexamethasone (Decadron, Dexamethasone Intensol, Dexpak
Taperpak):
- It is a corticosteroid, with anti-inflammatory and immunosuppressant 

effects.
- For patients with severe and critical COVID-19, a 7-10 day course of 

corticosteroid therapy is recommended.

16
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Prone Positioning

The technique of placing a patient on the stomach to optimize ventilation

For management of SARS-CoV-2, prone positioning is occurring in patients with and without mechanical ventilation.

https://jamanetwork.com/journals/jama/fullarticle/2769872.
https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2767575.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7304963/.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7304954/

Images: Faculty of Intensive Care Medicine. Guidance for: Prone positioning in adult critical care. 2019.
.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188049/

Benefits of Prone Positioning

- Improves ventral-dorsal transpulmonary pressure difference
- Reduces dorsal lung compression
- Improves lung perfusion

18
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Noninvasive Ventilation

Delivered by a nasal of facial mask that attaches to a positive airway pressure machine

Continuous Positive Airway Pressure (CPAP) BiLevel Positive Airway Pressure (BiPap)

19

Noninvasive Ventilation

Patients who use NIMV may experience
• Headaches
• Eye irritation
• Sinus pain
• Sinus congestion
• Skin irritation
• Stomach bloating

If patient fails to improve or stabilize within 
a reasonable period on NIMV, 

the patient may need to be intubated. 

20
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In patients who are mechanically ventilated, consider influence of 

additional associated medical interventions – such as sedatives, paralytics, 

vasopressors, bed rest, etc. - on body systems.

Mechanical Ventilation

Purpose: to meet the physiological needs in acute respiratory failure

Image: https://www.infectiousdiseaseadvisor.com/home/topics/respiratory/pneumonia/updated-guidelines-for-management-of-hospital-acquired-ventilator-associated-pneumonia/.

21

Extracorporeal Membrane Oxygenation

Purpose: to provide life support that replaces the function of the patient’s heart and/or lungs

Image: https://www.aci.health.nsw.gov.au/__data/assets/pdf_file/0007/306583/ECMO_Learning_package.pdf.

22



4/26/21

12

ECMO Cannulation

Images: 
https://www.researchgate.net/figure/Central-cannulation-for-V-A-ECMO_fig3_258207487.

http://www.cumc.columbia.edu/pulmonary/clinical-centers/center-acute-respiratory-failure.
https://www.sciencedirect.com/science/article/pii/S0022346810005609.
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Physical Therapy Implication of Medical Management

Medications
Prone Positioning

Supplemental Oxygen
Extracorporeal Membrane Oxygenation
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Remdesivir (Veklury):
- The most common side effect in healthy people is elevated liver 

enzymes. Monitor for signs and symptoms of liver disease.
- The most common side effect in people with COVID-19 is nausea.

Dexamethasone (Decadron, Dexamethasone Intensol, 
Dexpak Taperpak):
- Common side effects of long-term corticosteroid use may include 

muscle wasting. Link to functional deficits.
- If a patient has diabetes, it may increase the blood sugar level. 

Monitor for signs and symptoms related to hyperglycemia.

https://www.covid19treatmentguidelines.nih.gov/therapeutic-management/.
https://www.ema.europa.eu/en/medicines/human/EPAR/veklury.

https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-dexamethasone.

25

- Ask questions pertaining to medical management during hospitalization.

- Consider strength and sensation testing.

- Compare bilaterally.

Prone Positioning & Peripheral Nerve Injuries

Of 83 patients s/p SARs-CoV-2 admitted to a single rehabilitation hospital, 12 were diagnosed with a peripheral nerve injury.

21 focal peripheral nerve injury sites across these 12 patients.
• 28.6%: ulnar nerve
• 14.3%: radial nerve
• 14.3% sciatic nerve
• 9.5%: brachial plexus
• 9.5% median nerve

Malik GR, Wolfe AR, Soriano R, et al. BJA. 2020.
Other references: 

O’Sullivan J, Miller C, Jeffrey J, Power D. PTJ. 2020.
Brugliera L, Filippi M, Del Carro U, et al. Archives of Physical Medicine & Rehabilitation. 2021;102:359-62.
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Prone Positioning & Pressure Injuries

Images: National Pressure Injury Advisory Panel. Pressure Injury Prevention – PIPS Tips for Prone Positioning.  

- Ask questions pertaining to medical management – including lines / tubes / 

drains – during hospitalization. 

- Perform an integumentary screen.

27

ICU Delirium

20% - 80% of ICU patients develop delirium at any points

Typical onset in ICU patients: Day 2 +/- 2 days

Typical duration in ICU patients: 4 +/- 2 days

50% and 10% of ARDS patients are delirious at ICU and hospital discharge.

Ely et al. JAMA. 2001;286: 2703-10.; Ely et al. CCM. 2001;9:1370-9.
Paterson et al. JAGS. 2006;54:479-84.; McNicoll et al. JAGS. 2003;51:591-98.

Fan et al. CCM. 2008;94-9.

Hypoactive 
delirium

Mixed 
delirium

Hyperactive 
delirium

44% 55% 1%
• Sleepy, inattentive
• Decreased motor 

activity

• Agitated
• Increased motor 

activity

28
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prolonged bed rest associated with critical illness leads to
decreased muscle protein synthesis, increased urinary
nitrogen excretion (indicating muscle catabolism), and
decreased muscle mass, especially in the lower extremities
[14]. These changes lead to deleterious effects on muscle
weakness, with 1% to 1.5% of quadriceps muscle strength
lost for each day of bed rest in healthy individuals [15,16].
Both preclinical and clinical studies suggest a more profound
effect of immobilization in the elderly, with a greater loss of
lean body mass [14,17]. Additionally, the interaction of bed
rest and critical illness appears to result in more significant
muscle loss than bed rest alone [18-21].

Disuse atrophy is associated with specific structural and
metabolic changes in muscle. Specifically, animal studies
have demonstrated that proteolysis occurs during immobility
through three major pathways: calcium-dependent calpains
[22], lysosomal cathepsins [23], and the ubiquitin-protea-
some system [24]. Further muscle loss is mediated through
decreased protein synthesis by inhibition of initiation factors
by inhibitory 4E-BP-1 mRNA [25,26]. Modulation of these
pathways during immobility leads to a net loss in muscle
mass and cross-sectional muscle area, reduced contractile
strength, and a general shift from slow twitch (type I) to fast
twitch (type II) muscle fibers [26-29].

In addition to its direct effects on muscle, immobility can lead
to a pro-inflammatory state caused by increased systemic
inflammation via increases in pro-inflammatory cytokines

[30,31]. Long-term immobility may result in increased levels
of IL-1!, which plays an important role in muscle loss in other
conditions, such as the cachexia associated with chronic
obstructive pulmonary disease [32,33]. Levels of IL-2 and
interferon-" pro-inflammatory cytokines are also elevated after
prolonged bed rest [33]. This cytokine shift may potentiate
the systemic inflammatory milieu that is commonly observed
during critical illness, leading to further muscle damage and
loss [34]. However, the exact role that that cytokines play in
muscle loss during immobilization must still be more fully
elucidated.

The pro-inflammatory state associated with bed rest also may
cause increased production of reactive oxygen species
(ROS), with a concomitant decrease in anti-oxidative defenses
[35,36]. ROS may play a role in tumor necrosis factor (TNF)-#
induced oxidization of myofilaments, resulting in contractile
dysfunction and atrophy [37-39]. Additionally, ROS may
trigger activation of both nuclear factor-$B and FOXO
signaling pathways, resulting in protein loss, possibly through
the ubiquitin-proteasome pathway [40]. This increase in ROS
and imbalance in the cytokine profile can further disrupt the
balance between muscle synthesis and proteolysis, with a net
loss of muscle protein and subsequent muscle weakness
[38,39].

In addition to immobility, critically ill patients commonly
experience protein-energy malnutrition, both before hospitali-
zation and during their ICU stay. Up to 40% of all hospitalized

Figure 1

Mechanisms and outcomes of neuromuscular weakness in critical illness. ICU, intensive care unit; ROS, reactive oxygen species.
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Abstract
As the mortality from critical illness has improved in recent years,
there has been increasing focus on patient outcomes after hospital
discharge. Neuromuscular weakness acquired in the intensive care
unit (ICU) is common, persistent, and often severe. Immobility due
to prolonged bed rest in the ICU may play an important role in the
development of ICU-acquired weakness. Studies in other patient
populations have demonstrated that moderate exercise is bene-
ficial in altering the inflammatory milieu associated with immobility,
and in improving muscle strength and physical function. Recent
studies have demonstrated that early mobility in the ICU is safe and
feasible, with a potential reduction in short-term physical impair-
ment. However, early mobility requires a significant change in ICU
practice, with reductions in heavy sedation and bed rest. Further
research is required to determine whether early mobility in the ICU
can improve patients’ short-term and long-term outcomes.

Introduction
Bed rest has been prescribed for a wide range of conditions,
from acute medical illnesses to postoperative convalescence.
In intensive care units (ICUs) bed rest is especially common
[1,2]. However, a meta-analysis of 39 randomized trials
examining the effect of bed rest on 15 different medical
conditions and procedures demonstrated that bed rest was
not beneficial and may be associated with harm [3].
Immobility from prolonged bed rest is associated with many
complications, including muscle atrophy, pressure ulcers,
atelectasis, and bone demineralization [4].

With improving short-term survival among critically ill patients
[5], there is a growing appreciation of the neuromuscular
sequelae experienced by patients after hospital discharge. In
some ICU survivors, weakness can persist for years after
hospital discharge [6,7]. Although the etiology of this
weakness is multifactorial, early mobilization of ICU patients
may help to reduce the muscle atrophy, weakness, and
deconditioning associated with bed rest. Exercise is effective

in decreasing inflammation and all-cause mortality in healthy
individuals and patients with chronic disease [8,9]. This
review outlines the etiology and potential mechanisms of ICU-
acquired weakness. Furthermore, we highlight the potential
risks, benefits, and challenges of early mobility in the critically
ill to reduce ICU-acquired weakness and improve patient
outcomes.

Risk factors for critical illness associated
neuromuscular abnormalities
The etiology of ICU-acquired weakness is multifactorial, with
a number of studies establishing independent risk factors for
its development. Overall, disease severity (for instance, Acute
Physiology and Chronic Health Evaluation II score), the
presence of the systemic inflammatory response syndrome,
and organ failure are associated with neuromuscular abnor-
malities on electromyography/nerve conduction studies [10,11].
Moreover, the presence of clinically detectable muscle weak-
ness was positively associated with the number of days with
two or more organ dysfunctions in a multivariate analysis [12].
Other risk factors include the duration of mechanical
ventilation [12] and ICU length of stay [13], as well as serum
glucose levels [13], hyperosmolality [11], and use of paren-
teral nutrition [11]. Use of potentially myotoxic or neurotoxic
medications, such as corticosteroids [12] and nondepolarizing
neuromuscular blocking agents [11], has been associated
with neuromuscular abnormalities, although these findings
have not consistently been reported in other studies [10].

Immobility and muscle loss
The mechanisms by which critical illness leads to muscle
weakness are complex and involve several inter-related
processes (Figure 1). Pathophysiologically important mecha-
nisms for weakness include immobility, as well as local and
systemic inflammation, which act synergistically to promote
significant muscle loss in the critically ill patient. Importantly,

Review
Bench-to-bedside review: Mobilizing patients in the intensive
care unit – from pathophysiology to clinical trials
Alex D Truong1, Eddy Fan1, Roy G Brower1 and Dale M Needham1,2
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Published: 13 July 2009 Critical Care 2009, 13:216 (doi:10.1186/cc7885)
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ICU Acquired Weakness

Syndrome of generalized limb weakness that develops while the patient is critical ill and for which there is no alternative 
explanation other than the critical illness itself

Critical Illness Polyneuropathy

Critical Illness Myopathy

Critical Illness Neuromyopathy

Stevens RD, et al. Crit Care Med 2009;37:299-308 
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Vanhorebeek I, Latronio N, Van den Berghe G. Intensive Care Med. 2020;46:637-653.

31

Needham, et al. Crit Care Med. 2012; 40(2).  

- Consider impact of SARS-CoV-2 in 

multiple domains on patients, but also 

families.
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approach to acute events as well as implications for
chronic disease remain uncertain.32

Acute Treatment

In addition to supportive therapy, individuals with
COVID-19 have received antiviral agents,
immunomodulatory agents, and convalescent plasma
as part of their care.33-35 Remdesivir shortens
recovery in severely ill hospitalized adults, received
emergency authorization by the US Food and Drug
Administration, and has been used extensively in
patients with COVID-19.36 Similarly, as of late June
2020, the National Institutes of Health guidelines
recommend corticosteroids, speci!cally
dexamethasone when available, in patients with
COVID-19 who are mechanically ventilated or
require supplemental oxygen.37 A number of other
immunomodulatory therapies are under investigation
for treatment of the hyperin"ammatory response in
severely ill patients, and potential adverse effects of
these therapies must be a consideration in the care
of COVID-19 survivors.

Outcomes of Acute Infection

Data regarding COVID-19 outcomes are evolving,
signi!cantly impacted by both methodologic

variability and access to con!rmatory testing. Of 1.3
million laboratory-con!rmed US cases as of May 30,
2020, 14% required hospitalization, 2% required ICU
care, and 5% died.8 Protracted hospitalizations and
prolonged convalescence have been noted. A Seattle-
based study of hospitalized patients demonstrated a
median length of ICU stay of 14 days and a median
length of hospital stay of 17 days.38 Preexisting lung
disease may increase risk for poor COVID-19
outcomes. In a meta-analysis of seven studies with
1,592 patients, individuals with COPD demonstrated
a nearly sixfold increased risk for ICU care,
mechanical ventilation, or death.39 Although patients
with asthma have not consistently demonstrated an
increased risk of SARS-CoV-2 infection or severe
disease, a recent review of 10,926 COVID-19-related
deaths identi!ed an increased risk of death (hazard
ratio, 1.55) among patients with asthma requiring
oral corticosteroids in the past year.40,41 Current
evidence suggests that patients with cystic !brosis
are not at increased risk for COVID-19 or for
increased disease severity.42 Patients with preexisting
underlying interstitial lung disease are at increased
risk of death from COVID-19 and may be at
particularly high risk for the thromboembolic
complications associated with COVID-19.43,44

Acute Complications of COVID-19
Neuropsychiatric
   • Cerebrovascular accident
   • Large vessel disease
   • Encephalopathy, delirium
   • Anosmia, ageusia
Respiratory
   • Pneumonia
   • Hypoxemic respiratory failure, ARDS
Cardiovascular
   • Arrhythmia
   • Myocarditis
Hematologic, Vascular
   • Coagulopathy
   • Thrombotic events
Renal
   • Acute kidney injury
Gastrointestinal, Hepatobiliary
   • Diarrhea
   • Acute liver injury
Musculoskeletal
   • Rhabdomyolysis
Dermatologic
   • Livedo reticularis
   • Maculopapular or urticarial rash

Post-COVID Symptoms, Sequelae
Neuropsychiatric
   • Neurocognitive de!cits
   • Mood changes
   • Sensory & motor de!cits
   • Chronic fatigue and sleep disruption
Respiratory
   • Persistent dyspnea
   • Chronic cough
Cardiovascular
   • Chest pain
   • Palpitations
Hematologic, Vascular
   • Persistent or recurrent thrombosis
Renal
   • Chronic kidney disease
Gastrointestinal, Hepatobiliary
   • Persistent liver dysfunction
Musculoskeletal
   • Muscle wasting
   • Weakness
   • Deconditioning
Dermatologic
   • Hair loss

S

Figure 1 – Model of acute pulmonary and extrapulmonary complications of coronavirus disease 2019 (COVID-19) with projected post-COVID-19
symptoms and end-organ sequelae.

chestjournal.org 951

Lutchmansingh DD, Knauert MP, Antin-Ozerkis DE, et al. CHEST. 2021;159(3):949-958.
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Post-Acute COVID-19 by Organ System

FOCUS | REVIEW ARTICLENATURE MEDICINE

were noted in approximately 30% or more study participants at the 
time of follow-up.

In a prospective cohort study from Wuhan, China, long-term 
consequences of acute COVID-19 were evaluated by compre-
hensive in-person evaluation of 1,733 patients at 6 months from 
symptom onset (hereby referred to as the post-acute COVID-19 
Chinese study)5. The study utilized survey questionnaires, physi-
cal examination, 6-min walk tests (6MWT) and blood tests and, 
in selected cases, pulmonary function tests (PFTs), high-resolution 
computed tomography of the chest and ultrasonography to evaluate 
post-acute COVID-19 end organ injury. A majority of the patients 
(76%) reported at least one symptom. Similar to other studies, 
fatigue/muscular weakness was the most commonly reported 
symptom (63%), followed by sleep difficulties (26%) and anxiety/
depression (23%).

These studies provide early evidence to aid the identification of 
people at high risk for post-acute COVID-19. The severity of illness 

during acute COVID-19 (measured, for example, by admission to an 
intensive care unit (ICU) and/or requirement for non-invasive and/
or invasive mechanical ventilation) has been significantly associ-
ated with the presence or persistence of symptoms (such as dyspnea, 
fatigue/muscular weakness and PTSD), reduction in health-related 
quality of life scores, pulmonary function abnormalities and radio-
graphic abnormalities in the post-acute COVID-19 setting5,22,24. 
Furthermore, Halpin et al.24 reported additional associations 
between pre-existing respiratory disease, higher body mass index, 
older age and Black, Asian and minority ethnic (BAME) and dyspnea 
at 4–8 weeks follow-up. The post-acute COVID-19 Chinese study 
also suggested sex differences, with women more likely to experi-
ence fatigue and anxiety/depression at 6 months follow-up5, similar 
to SARS survivors15. While other comorbidities, such as diabetes, 
obesity, chronic cardiovascular or kidney disease, cancer and organ 
transplantation, are well-recognized determinants of increased 
severity and mortality related to acute COVID-19 (refs. 2,27),  

Box 1 | Summary of post-acute COVID-19 by organ system

Pulmonary
t� Dyspnea, decreased exercise capacity and hypoxia are com-

monly persistent symptoms and signs
t� Reduced di!usion capacity, restrictive pulmonary physiology, 

and ground-glass opacities and "brotic changes on imaging 
have been noted at follow-up of COVID-19 survivors

t� Assessment of progression or recovery of pulmonary disease 
and function may include home pulse oximetry, 6MWTs, 
PFTs, high-resolution computed tomography of the chest and 
computed tomography pulmonary angiogram as clinically 
appropriate

Hematologic
t� #romboembolic events have been noted to be <5% in 

post-acute COVID-19 in retrospective studies
t� #e duration of the hyperin$ammatory state induced by infec-

tion with SARS-CoV-2 is unknown
t� Direct oral anticoagulants and low-molecular-weight hepa-

rin may be considered for extended thromboprophylaxis 
a%er risk–bene"t discussion in patients with predisposing 
risk factors for immobility, persistently elevated &-dimer lev-
els (greater than twice the upper limit of normal) and other 
high-risk comorbidities such as cancer

Cardiovascular
t� Persistent symptoms may include palpitations, dyspnea and 

chest pain
t� Long-term sequelae may include increased cardiometabolic 

demand, myocardial "brosis or scarring (detectable via cardiac 
MRI), arrhythmias, tachycardia and autonomic dysfunction

t� Patients with cardiovascular complications during acute infec-
tion or those experiencing persistent cardiac symptoms may 
be monitored with serial clinical, echocardiogram and electro-
cardiogram follow-up

Neuropsychiatric
t� Persistent abnormalities may include fatigue, myalgia, head-

ache, dysautonomia and cognitive impairment (brain fog)
t� Anxiety, depression, sleep disturbances and PTSD have been 

reported in 30–40% of COVID-19 survivors, similar to survi-
vors of other pathogenic coronaviruses

t� #e pathophysiology of neuropsychiatric complications is 
mechanistically diverse and entails immune dysregulation, 

in$ammation, microvascular thrombosis, iatrogenic e!ects of 
medications and psychosocial impacts of infection

Renal
t� Resolution of AKI during acute COVID-19 occurs in the 

majority of patients; however, reduced eGFR has been reported 
at 6 months follow-up

t� COVAN may be the predominant pattern of renal injury in 
individuals of African descent

t� COVID-19 survivors with persistent impaired renal function 
may bene"t from early and close follow-up in AKI survivor 
clinics

Endocrine
t� Endocrine sequelae may include new or worsening control 

of existing diabetes mellitus, subacute thyroiditis and bone 
demineralization

t� Patients with newly diagnosed diabetes in the absence of tra-
ditional risk factors for type 2 diabetes, suspected hypotha-
lamic–pituitary–adrenal axis suppression or hyperthyroidism 
should undergo the appropriate laboratory testing and should 
be referred to endocrinology

Gastrointestinal and hepatobiliary
t� Prolonged viral fecal shedding can occur in COVID-19 even 

a%er negative nasopharyngeal swab testing
t� COVID-19 has the potential to alter the gut microbiome, 

including enrichment of opportunistic organisms and deple-
tion of bene"cial commensals

Dermatologic
t� Hair loss is the predominant symptom and has been reported 

in approximately 20% of COVID-19 survivors

MIS-C
t� Diagnostic criteria: <21 years old with fever, elevated in$am-

matory markers, multiple organ dysfunction, current or 
recent SARS-CoV-2 infection and exclusion of other plausible 
diagnoses

t� Typically a!ects children >7 years and disproportionately of 
African, Afro-Caribbean or Hispanic origin

t� Cardiovascular (coronary artery aneurysm) and neurologic 
(headache, encephalopathy, stroke and seizure) complications 
can occur
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were noted in approximately 30% or more study participants at the 
time of follow-up.

In a prospective cohort study from Wuhan, China, long-term 
consequences of acute COVID-19 were evaluated by compre-
hensive in-person evaluation of 1,733 patients at 6 months from 
symptom onset (hereby referred to as the post-acute COVID-19 
Chinese study)5. The study utilized survey questionnaires, physi-
cal examination, 6-min walk tests (6MWT) and blood tests and, 
in selected cases, pulmonary function tests (PFTs), high-resolution 
computed tomography of the chest and ultrasonography to evaluate 
post-acute COVID-19 end organ injury. A majority of the patients 
(76%) reported at least one symptom. Similar to other studies, 
fatigue/muscular weakness was the most commonly reported 
symptom (63%), followed by sleep difficulties (26%) and anxiety/
depression (23%).

These studies provide early evidence to aid the identification of 
people at high risk for post-acute COVID-19. The severity of illness 

during acute COVID-19 (measured, for example, by admission to an 
intensive care unit (ICU) and/or requirement for non-invasive and/
or invasive mechanical ventilation) has been significantly associ-
ated with the presence or persistence of symptoms (such as dyspnea, 
fatigue/muscular weakness and PTSD), reduction in health-related 
quality of life scores, pulmonary function abnormalities and radio-
graphic abnormalities in the post-acute COVID-19 setting5,22,24. 
Furthermore, Halpin et al.24 reported additional associations 
between pre-existing respiratory disease, higher body mass index, 
older age and Black, Asian and minority ethnic (BAME) and dyspnea 
at 4–8 weeks follow-up. The post-acute COVID-19 Chinese study 
also suggested sex differences, with women more likely to experi-
ence fatigue and anxiety/depression at 6 months follow-up5, similar 
to SARS survivors15. While other comorbidities, such as diabetes, 
obesity, chronic cardiovascular or kidney disease, cancer and organ 
transplantation, are well-recognized determinants of increased 
severity and mortality related to acute COVID-19 (refs. 2,27),  

Box 1 | Summary of post-acute COVID-19 by organ system
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have been noted at follow-up of COVID-19 survivors
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appropriate
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post-acute COVID-19 in retrospective studies
t� #e duration of the hyperin$ammatory state induced by infec-

tion with SARS-CoV-2 is unknown
t� Direct oral anticoagulants and low-molecular-weight hepa-
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els (greater than twice the upper limit of normal) and other 
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Cardiovascular
t� Persistent symptoms may include palpitations, dyspnea and 

chest pain
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MRI), arrhythmias, tachycardia and autonomic dysfunction

t� Patients with cardiovascular complications during acute infec-
tion or those experiencing persistent cardiac symptoms may 
be monitored with serial clinical, echocardiogram and electro-
cardiogram follow-up

Neuropsychiatric
t� Persistent abnormalities may include fatigue, myalgia, head-

ache, dysautonomia and cognitive impairment (brain fog)
t� Anxiety, depression, sleep disturbances and PTSD have been 

reported in 30–40% of COVID-19 survivors, similar to survi-
vors of other pathogenic coronaviruses

t� #e pathophysiology of neuropsychiatric complications is 
mechanistically diverse and entails immune dysregulation, 

in$ammation, microvascular thrombosis, iatrogenic e!ects of 
medications and psychosocial impacts of infection

Renal
t� Resolution of AKI during acute COVID-19 occurs in the 

majority of patients; however, reduced eGFR has been reported 
at 6 months follow-up

t� COVAN may be the predominant pattern of renal injury in 
individuals of African descent

t� COVID-19 survivors with persistent impaired renal function 
may bene"t from early and close follow-up in AKI survivor 
clinics

Endocrine
t� Endocrine sequelae may include new or worsening control 

of existing diabetes mellitus, subacute thyroiditis and bone 
demineralization

t� Patients with newly diagnosed diabetes in the absence of tra-
ditional risk factors for type 2 diabetes, suspected hypotha-
lamic–pituitary–adrenal axis suppression or hyperthyroidism 
should undergo the appropriate laboratory testing and should 
be referred to endocrinology

Gastrointestinal and hepatobiliary
t� Prolonged viral fecal shedding can occur in COVID-19 even 

a%er negative nasopharyngeal swab testing
t� COVID-19 has the potential to alter the gut microbiome, 

including enrichment of opportunistic organisms and deple-
tion of bene"cial commensals

Dermatologic
t� Hair loss is the predominant symptom and has been reported 

in approximately 20% of COVID-19 survivors

MIS-C
t� Diagnostic criteria: <21 years old with fever, elevated in$am-

matory markers, multiple organ dysfunction, current or 
recent SARS-CoV-2 infection and exclusion of other plausible 
diagnoses

t� Typically a!ects children >7 years and disproportionately of 
African, Afro-Caribbean or Hispanic origin

t� Cardiovascular (coronary artery aneurysm) and neurologic 
(headache, encephalopathy, stroke and seizure) complications 
can occur
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Postural Orthostatic Tachycardia Syndrome

Blood circulation disorder characterized by
• A specific group of symptoms that frequently occur when standing upright
• A heart rate increase from horizontal to standing of > 30 bpm (adults) OR > 40 bpm (adolescents)
• Absence of orthostatic hypotension 

Pathophysiology
• Neuropathic
• Hypovolemic
• Hyperadrenergic 

Miglis MG, Prieto T, Shaik R, Muppidi S, Sinn D, Jaradeh S. Clin Auton Res. 2020;3:1-3.
Postural Orthostatic Tachycardia Syndrome (POTS). https://www.hopkinsmedicine.org/health/conditions-and-diseases/postural-orthostatic-tachycardia-syndrome-pots.

Coronavirus Information Page. https://www.dysautonomiainternational.org/page.php?ID=227.
Safavi-Naeini P, Razavi M. Texas Heart Inst J. 2020;47(1):57-59.   
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Postural Orthostatic Tachycardia Syndrome

Raj SR. Indian Pacing Electrophysiol J. 2006;6(2): 84-99.
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Postural Orthostatic Tachycardia Syndrome

Signs and symptoms
• Severe and/or long-lasting fatigue
• Lightheadedness with prolonged sitting and/or standing (can leading to fainting)
• Brain fog
• Heart palpitations
• Nausea / vomiting 
• Headaches
• Excessive sweating
• Shakiness
• Exercise intolerance
• Pale face and cyanosis

Miglis MG, Prieto T, Shaik R, Muppidi S, Sinn D, Jaradeh S. Clin Auton Res. 2020;3:1-3.
Postural Orthostatic Tachycardia Syndrome (POTS). https://www.hopkinsmedicine.org/health/conditions-and-diseases/postural-orthostatic-tachycardia-syndrome-pots.

Coronavirus Information Page. https://www.dysautonomiainternational.org/page.php?ID=227.
Safavi-Naeini P, Razavi M. Texas Heart Inst J. 2020;47(1):57-59.   
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Postural Orthostatic Tachycardia Syndrome

Safavi-Naeini P, Razavi M. Texas Heart Inst J. 2020;47(1):57-59.
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Cardiovascular and Pulmonary Examination

Vital Signs
Auscultation
Special Tests

39

Vital Signs

Why do we care about vital signs?
• Simplest, cheapest, and one of the most important pieces of data to collect
• Gives an indication of hemodynamic stability
• Can be a predictor of clinical deterioration 
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https://www.heart.org/-/media/files/professional/million-hearts/success-stories/7-simple-tips-to-get-accurate-blood-pressure-ucm_493556.pdf.

41

Blood Pressure

http://www.heart.org/HEARTORG/Conditions/HighBloodPressure/AboutHighBloodPressure/Understanding-Blood-Pressure-Readings_UCM_301764_Article.jsp#.VpVwkLTFnww.
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Blood Pressure, Mean Arterial Pressure

Average arterial pressure throughout one cardiac cycle (systole and diastole)

Influenced by cardiac output, systemic vascular resistance

MAP = DBP + 1/3 (SBP – DBP) 

MAP > 60 mmHg to perfuse vital organs

- If MAP < 60 mmHg for a prolonged period of time, end-organ 

manifestations such as ischemia and infarction can occur.

- Monitor for signs and symptoms of various end-organ failure.

https://www.ncbi.nlm.nih.gov/books/NBK538226/.
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Blood Pressure, Orthostatic Hypotension

http://www.heart.org/HEARTORG/Conditions/HighBloodPressure/AboutHighBloodPressure/Understanding-Blood-Pressure-Readings_UCM_301764_Article.jsp#.VpVwkLTFnww.

- SBP < 20 mmHg

- DBP < 10 mmHg
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Heart Rate

# of heart beats / minute

Adult Normal: 60 – 100 beats / min
• Bradycardia: < 60 beats / min
• Tachycardia: >100 beats / min

• Stroke Volume: the amount of blood ejected / beat (~ 70 mL / beat)
• Cardiac Output: the amount of blood ejected / minute (~ 5-6 L / minute)

Cardiac Output (CO) =  
Heart Rate (HR) x Stroke Volume (SV) 

Frownfelter & Dean.
https://www.ncbi.nlm.nih.gov/books/NBK470455/.

http://www.heart.org/HEARTORG/Conditions/More/MyHeartandStrokeNews/All-About-Heart-Rate-Pulse_UCM_438850_Article.jsp#.VpaTT_krKUk.
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Respiratory Rate

# of breaths / minute

Adult Normal: 12 – 16 breaths / min
• Apnea: lack of airflow to the lungs for > 15 seconds
• Bradypnea: < 12 breaths / min
• Tachypnea: > 20 breaths / min
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Oxygen Saturation

Measure of how much hemoglobin is current bound to oxygen compared to how much hemoglobin remains unbound

Hafen BB, Sharma S. Oxygen Saturation. 2019. https://www.ncbi.nlm.nih.gov/books/NBK525974/.
https://nationalmaglab.org/about/around-the-lab/what-goes-in-the-magnet/hemoglobin.

https://en.wikipedia.org/wiki/Oxygen–hemoglobin_dissociation_curve.

Hypoxia = deprivation of oxygen at the tissue level
Hypoxemia = low arterial oxygen supply

47

Oxygen Saturation

Pulse ox: measures oxygen saturation

Ways to improve pulse ox signals
• Warm and rub the skin
• Apply a topical vasodilator
• Try a different probe site
• Try a different probe
• Use a different machine

Factors that may reduce the accuracy of the pulse ox
• Nail polish
• High-intensity ambient lighting
• Excessive patient movement
• Decreased perfusion
• Presence of abnormal Hgb
• Intravascular dyes
• Sats < 83%

Hafen BB, Sharma S. Oxygen Saturation. 2019. https://www.ncbi.nlm.nih.gov/books/NBK525974/.
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Auscultation 

Purpose: to listen to internal sounds

Common errors
• Listening to breath sounds through the patient’s gown or clothes
• Allowing tubing to rub against bed rails or patient’s gown
• Attempting to auscultate in a noisy room
• Interpreting chest sounds as adventitious lung sounds
• Auscultating only the “convenient” areas

Correct technique
• Placing bell or diaphragm directly against the chest wall
• Keep tubing free from contact with any objects during auscultation
• Turning television and/or radio off
• Wetting chair hair before auscultation if thick
• Asking alert patient to sit up; roll comatose patient onto side to auscultate posterior lobes

49

Heart Sounds

S1: Closing of the atrioventricular valves
• Tricuspid valve: left sternal border, 4th and 5th intercostal space
• Bicuspid valve: left midclavicular line, 5th intercostal space
S2: Closing of the semilunar valves
• Aortic valve: right sternal border, 2nd intercostal space
• Pulmonary valve: left sternal border, 2nd to 4th intercostal space

Frownfelter & Dean.
Image: Figure 15-9 from Frownfelter & Dean.  
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Lung Sounds

Image: Figure 3-12 from Frownfelter & Dean.  
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Lung Sounds

Image: Figure 3-12 from Frownfelter & Dean.  
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Lung Sounds

Image: Figure 15-7 from Frownfelter & Dean.  
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Lung Sounds

Sound Phase Auscultation Location

Bronchial High-pitched Inspiratory / Expiratory (+) pause 
between phases

- Heard over 
the trachea

Bronchovesicular High-pitched Inspiratory / Expiratory No pause between phases

- Heard best whenever the 
bronchi, or central lung 
tissue, are close to the 

surface

- Supraclavicular and 
suprascapular (the apices), 
as well as parasternal and 

interscapular 
(the bronchi)

Vesicular
Inspiratory, only the initial 1/3 

of the expiratory phase audible
- Heard over the remaining 

peripheral lung fields

https://www.youtube.com/watch?v=ON1r0Pxrk-g
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Peripheral Pulses

Purpose: to assess for circulation, heart rate, rhythm

Image: Acute Care Handbook for PT.
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Peripheral Pulses

Scale Degree Description

0 Absent pulse No pulse—no circulation

1+ Diminished pulse Reduced stroke volume and ejection fraction, 
increased vascular resistance

2+ Normal pulse Normal resting conditions, 
no pathologies

3+ Moderately increased Slightly increased stroke volume and ejection 
fraction

4+ Markedly increased 
(bounding)

Increased stroke volume and ejection fraction, 
can be diminished with vasoconstriction

Acute Care Handbook for PT.
Table 1-5. Pulse Amplitude Classification. 
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Peripheral Edema

SCALE 1+ Trace 2+ Mild 3+ Moderate 4+ Severe

DEGREE Slight 0-0.6 cm 0.6-1.3 cm 1.3-2.5 cm

DESCRIPTION
Barely perceptible 

depression

EID  
(rebounds in 

<15 sec)
EID 

(rebounds in  15-30 sec)

EID 
(rebounds in  

> 30 sec)

Acute Care Handbook for PT. Table 1-6. Pitting Edema Scale.
Image: http://www.med-health.net/Edema-Grading.html.
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Risk of Deep Vein Thrombosis

Interpretation:
- >2.0: High (probability 53%)
- 1.0 – 2.0: Moderate (probability 17%)
- < 2.0: Low (probability 5%)

D-dimer may be used in either case to rule in/out DVT.
Moderate to high risk warrants a vascular ultrasound.
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Shortness of Breath

Image: https://medicalrojak.wordpress.com/2015/09/30/modified-medical-research-council-mmrc-dyspnea-scale-illustrated/.
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Risk of Pulmonary Embolism

https://www.researchgate.net/figure/Modified-Wells-criteria_tbl1_309719130
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Cardiovascular and Pulmonary Treatment

Aerobic Training
Breathing Techniques

63

PT 
Interventions

Aerobic
Exercise

Breathing 
Techniques

Balance

Muscle 
Strength

Sensation

Cognition
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F.I.T.T. Principles for Aerobic Exercise - Inpatient

- Strength training may need to precede aerobic training.

- When continuous exercise duration = 10-15 minutes, increase intensity as 

tolerated within recommended RPE and HR limits.

ACSM, 9th edition.
Image: www.presentermedia.com.

F: 2-4x / day for the first 3 days

I: RPE = 13/20

T: begin with 3 – 5 minute bouts, increasing duration

T: Walking

65

F.I.T.T. Principles for Aerobic Exercise - Outpatient

- After a cardiac related even, patients may begin with 5’ – 10’ of aerobic 

conditioning with a gradual increase of aerobic exercise time of 1’ - 5’ / 

session or an increase in time per session of 10% - 20% / week.

ACSM, 9th edition.
Image: www.presentermedia.com.

F: 3-5x / wk

I: 40 – 80% of heart rate reserve, RPE = 11-16/20

T: 20 – 60 minutes / session

T: Involvement of large muscle groups 
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Diaphragmatic Breathing

Main inspiratory muscle

Core muscle
• Pressure regulator between thoracic and abdominal cavities

• Helps expel vomit, feces, urine
• Prevents acid reflux 

Image: https://en.wikipedia.org/wiki/Thoracic_diaphragm#/media/File:3D_Medical_Animation_Diaphragm_Structure.jpg.
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Diaphragmatic Breathing

Image: https://derangedphysiology.com/main/required-reading/neurology-and-neurosurgery/Chapter%202.1.0/physiological-consequences-spinal-cord-transection.
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Pursed Lip Breathing

Improves SpO2 by
• Increasing alveolar ventilation
• Increasing tidal volume
• Reducing respiratory rate
• Slowing expiratory flow
• Improves CO2 removal

Hillegass, 4th editiion. 
Image: https://basicmedicalkey.com/chest-inspection-palpation-and-percussion/.
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Take Home Points

SARS-CoV-2 is a multi-system disease with the potential for 
extensive cardiovascular and pulmonary involvement.

Medical management of SARS-CoV-2 can lead to cardiovascular, 
pulmonary, neurological, and musculoskeletal deficits.

A thorough subjective intake and objective examination much be 
performed to accurately identify signs and symptoms of PICS.

Physical therapy treatment should include aerobic training, as well 
as interventions to improve ventilation.
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