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ABSTRACT

While COVID-19 has primarily been characterized by the respiratory impact of viral pneumonia, it affects every
organ system and carries a high consequent risk of death in critically ill patients. Higher sequential organ failure
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assessment (SOFA) scores have been associated with increased mortality in patients critically ill patients with

COVID-19. It is important that clinicians managing critically ill COVID-19 patients be aware of the multisystem
impact of the disease so that care can be focused on the prevention of end-organ injuries to potentially improve
clinical outcomes. We review the multisystem complications of COVID-19 and associated treatment strategies to

improve the care of critically ill COVID-19 patients.

Introduction

Coronavirus disease 2019 (COVID-19), the disease caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was first described in Wuhan, China in December 2019 and
rapidly evolved into a worldwide pandemic [1]. Of patients
affected with the virus, approximately 5% to 14% will become
critically ill [2-4]. While COVID-19 generally begins as
a respiratory tract infection, it can have damaging effects on
every organ system. When the virus does spread systemically,
the result is often multisystem critical illness associated with
a high risk of death. Higher sequential organ failure assessment
(SOFA) scores have been associated with increased mortality in
critically ill patients with COVID-19 [5]. It is important that clin-
icians managing these critically ill patients be aware of the multi-
system impact of the disease so that care can be focused on the
prevention of end-organ injuries to potentially improve clinical
outcomes. Here, we review the multisystem complications of
COVID-19 and treatment strategies to improve the care of criti-
cally ill COVID-19 patients.

General pathophysiology

The multisystem manifestations of COVID-19 (Figures 1-3) result
from a combination of the direct effects of the viral infection and
the indirect effects of the body's significant inflammatory response
to the virus. Post mortem findings in COVID-19 patients show viral
elements within endothelial cells, an accumulation of inflammatory
cells, and cellular apoptosis in multiple organs [6]. These widespread
effects largely reflect the virus' ability to use the angiotensin-
converting enzyme 2 (ACE2) receptors to gain entry into endothelial
cells [7]. ACE2 breaks down angiotensin II, a pro-inflammatory factor
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in the lung, and viral inhibition of this enzyme may also be
a contributing factor to the lung injury and multiorgan dysfunction
that result from SARS-CoV-2 infection [8]. The indirect effects of the
virus result from the host’s response to the viral infection, and are
associated with a cytokine storm characterized by very high circulat-
ing levels of pro-inflammatory cytokines, including tumor necrosis
factor (TNF)-q, interleukins, granulocyte-colony stimulating factor,
and chemokines [9]. This hyper-inflammatory response combined
with hypercoagulability [10] can lead to venous thromboembolism,
further increasing the risk of multisystem failure and mortality.

Respiratory

The severity of COVID-19-related respiratory disease varies signifi-
cantly, from mild symptoms requiring minimal oxygen support with
nasal cannula to acute hypoxemic respiratory failure requiring intu-
bation and mechanical ventilation. For about 80% of the patients,
the disease will be mild and mostly restricted to the upper airways.
The remaining 20% of the patients will develop pulmonary infiltrates
as the virus reaches the alveoli, where it preferentially infects the
peripheral and subpleural units [4].

In an earlier phase of the disease, patients often show
preserved lung mechanics with normal compliance, despite
having severely impaired oxygenation and increased minute
ventilation [11]. There have been a number of phenotypes
that have been proposed to characterize COVID-19 pneumo-
nia (i.e. ‘L’ vs ‘H’ phenotype), however, these phenotypes are
controversial [12]. On CT imaging, ground-glass opacities are
seen in up to 98% of the patients, which commonly suggests
interstitial, rather than alveolar, edema. These characteristics
have been categorized as ‘type L' and include a low lung
elastance, low recruitability, and a poor response to positive
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Figure 1. Neurological, respiratory, and cardiovascular system complications and their mechanism of injury and management.
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Figure 2. Gastrointestinal, renal, and hematologic system complications and their mechanism of injury and management.

end-expiratory pressure (PEEP). In some patients, the disease
progresses into a clinical scenario that resembles typical
acute respiratory distress syndrome (ARDS), which may be
due to the development of ventilator-induced lung injury,
worsening of COVID-19 disease, or bacterial superinfection
[13]. These patients are found to have high lung elastance,
extensive consolidations on CT imaging, and significant
response to higher PEEP. These lung findings are categorized
as ‘type H.” Standard lung-protective ventilation should be
used for all stages of the disease, despite the wide spectrum
of clinical characteristics.

There has been significant debate regarding the optimal form
of respiratory support for non-intubated patients with increasing
oxygen requirements and dyspnea. Early intubation has been
encouraged to reduce the risk of virus aerosolization and self-

induced lung injury. However, early intubation may result in
unnecessary intubation of patients who would have otherwise
improved with less invasive support [14]. Other strategies that
may improve ventilation in these patients include prone posi-
tioning and nitric oxide, which is being tested both as an antiviral
agent and for its benefits as a pulmonary vasodilator. While
prone positioning in awake spontaneously breathing patients is
generally well tolerated and has been shown to improve oxyge-
nation and reduce respiratory rate, the effects on clinical out-
comes is unclear [15]. The use of noninvasive ventilation and
high flow nasal cannula in COVID-19 patients is controversial
given the potential risk for aerosolization and exposure to health
care workers, and can be minimized when delivered in a negative
pressure environment. In-hospital airway management is chal-
lenging and we have previously described a practical, stepwise
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Figure 3. Endocrine, dermatologic, and musculoskeletal system complications and their mechanism of injury and management.

protocol for safe in-hospital airway management in COVID-19
patients [16].

Hematologic system

COVID-19 has profound effects on the hematologic system.
Lymphopenia is a characteristic laboratory finding in COVID-19
patients and has prognostic potential in determining severe
cases [17]. Throughout the disease course, serial monitoring of
lymphocyte count dynamics and inflammatory indices such as
lactate dehydrogenase, C-reactive protein, and interleukin-6,
may allow identification of patients with poor prognosis and
trigger timely intervention. Other biomarkers, including high
serum procalcitonin and ferritin, have emerged as poor prog-
nostic factors [5].

Patients with COVID-19 infection present a complicated
clinical paradigm as current research has suggested that they
are at risk of both impaired hemostasis as well as thrombotic
events. Elevated fibrinogen and D-dimer levels are the most
common coagulopathy seen in hospitalized COVID-19
patients. While patients with severe COVID-19 infection com-
monly meet the clinical criteria for disseminated intravascular
coagulopathy (DIC), their thrombocytopenia is generally mild,
and microangiopathy is often not present. However, given
that some patients can develop fulminant DIC with consump-
tion of coagulation factors, platelet count, PT/aPTT, D-dimer,
and fibrinogen should be monitored closely. While abnormal
coagulation parameters are common in patients with COVID-
19 infection, COVID-19 infection seems to be rarely associated
with bleeding. Correction of the coagulopathy should only be
pursued in patients with active bleeding or those requiring an
invasive procedure.

Patients with COVID-19 are also at an increased risk of
venous thromboembolic (VTE) disease. VTE disease is likely
due to the combined effects of systemic inflammation, abnor-
mal coagulation, multiorgan dysfunction, and critical illness

[18]. Multiple studies have shown the correlation between
elevated d-dimer and disease severity [5,19,20]. Clinically,
d-dimer levels have been followed in patients with COVID-19
infection to determine not only disease severity and clinical
progression but also risk of thromboembolic events. While
elevated serum d-dimer levels have been associated with
increased mortality in COVID-19 patients, there is no current
evidence supporting the use of d-dimer levels to guide antic-
oagulation. Pharmacologic VTE prophylaxis is generally recom-
mended in all hospitalized COVID-19 patients with no specific
contraindication. A prospective cohort study that examined
the rate of thromboembolic events in 184 ICU patients all
receiving standard dosing of VTE prophylaxis and found
a 31% incidence of thromboembolic events. Given this finding,
the authors suggest increased dosing of prophylaxis medica-
tions [21]. The current evidence is limited on the optimal
dosing of VTE prophylaxis medication in critically ill patients
with COVID-19 and studies to evaluate therapeutic anticoagu-
lation in critically ill patients with COVID-19 are currently
ongoing (NCT04359277). Furthermore, post-hospital discharge
VTE prophylaxis should be considered in these patients on
a case-by-case basis. Assessment for VTE is challenging in
these patients, and imaging should only be pursued when
clinical examination and condition support the laboratory stu-
dies. The decision for treatment with anticoagulation should
be made based on imaging findings when possible. A review
by Flaczyk et al. compares published guidelines for manage-
ment of COVID-19 associated coagulopathy in critically ill
patients and provides a framework for patient manage-
ment [22].

Neurological system

Neurologic manifestations have been reported in more than
one-third of patients hospitalized with COVID-19 [23].
Potential mechanisms of neurologic injury from COVID-19
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include direct viral damage of nervous tissue, injury resulting
from the excessive inflammatory response, unintended host
immune response effects after the acute infection (e.qg.
Guillain-Barré syndrome as reported in a case series of four
patients [24]), and injury resulting from the effects of systemic
iliness. Most COVID-related neurologic complications in criti-
cally ill patients fall into this latter category, and manifest as
encephalopathy, delirium, and critical illness myopathy.

A variety of neurological manifestations have been
reported, including headache, encephalitis, stroke, seizures,
hyposmia, and hypogeusia [25]. The prevalence of hyposmia
and hypogeusia suggests direct viral infection of the olfactory
nerve [23] and SARS-CoV 2 has been detected in human
neuronal cells on postmortem analysis [26,27]. Several studies
have also reported meningoencephalitis manifested by head-
ache, fever, altered mental status, and signs of meningeal
irritation as a presenting symptom of COVID-19 that may be
secondary to the indirect inflammatory effects of the virus
[28-32]. A case of COVID-associated acute necrotizing hemor-
rhagic encephalitis within the temporal lobes and thalami has
also been reported [30]. SARS-CoV-2 has been detected in the
CSF of a patient with encephalitis [29]. There have been
several cases of young patients presenting with large-vessel
strokes [33] and 5.7% of a hospitalized cohort in Wuhan had
an acute stroke (80% ischemic, 20% hemorrhagic) [23]. Given
the prevalence of hypercoagulability, neurologic thromboem-
bolic events should be strongly considered in a patient with
a fluctuating neurologic examination [34]. Careful clinical
assessment in conjunction with imaging and cerebrospinal
fluid examination may be essential for diagnosing COVID-
related neurological disorders.

A significant proportion of patients receive high amounts of
sedation to ensure comfort and facilitate ventilator synchrony
[35]. Neuromuscular blockade has also been utilized when the
effects of sedation are inadequate. Spontaneous awakening trials
are vital to alert clinicians to neurologic changes and enable
them to take appropriate action. This neurologic assessment is
especially important before initiating therapeutic anticoagula-
tion, given the significant morbidity in patients with unidentified
intracranial hemorrhage. A growing body of literature is report-
ing high rates of acute encephalopathy and agitated delirium in
critically ill COVID-19 patients [36-39]. Delirium management
strategies should be routinely employed, given the prevalence
of the disorder in COVID-19 patients.

Cardiovascular system

Between 5% and 25% of the hospitalized COVID-19 patients will
have evidence of myocardial involvement [40,41], and preexist-
ing cardiovascular disease has been linked to more severe infec-
tions [42]. Cardiovascular complications include infarction,
myocarditis, heart failure, and dysrhythmias. There are multiple
proposed etiologies for adverse cardiovascular outcomes, includ-
ing an increased metabolic demand, a hyperinflammatory state,
and increased procoagulant activity [42]. There is also evidence
that the virus may cause direct damage to the heart via ACE2
receptors located within the cardiac tissue.

Angiotensin Il is converted to angiotensin (1-7) by ACE2,
and the downregulation of ACE2 among COVID-19 patients

has been correlated with increased viral load [43]. Since angio-
tensin (1-7) has anti-inflammatory and anti-fibrotic effects that
counter the pro-inflammatory effects of angiotensin Il, there
has been concern that patients taking angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers might be
more susceptible to viral infection and propagation [44,45].
However, the reduction in angiotensin Il activity and upregu-
lation of the anti-inflammatory ACE2 effects from these drugs
may be beneficial in COVID-19 infection [46]. Many use the
lack of evidence of harm in COVID-19 to support the continua-
tion of such medications [45], given the risk of heart failure
exacerbation with their withdrawal [47].

Myocardial injury and myocarditis

Elevated troponins have been found in many patients with
COVID-19, which may be secondary to increased cardiac phy-
siologic demand, hypoxia, and/or direct myocardial injury.
Myocarditis has also been identified on autopsy of some
patients with COVID-19 [48,49] and presents with variable
clinical severity in COVID-19 patients. Fulminant viral myocar-
ditis [48,50] or diffuse lymphocytic infiltrates characteristic of
viral myocarditis [43,51] are uncommon findings in COVID-19
patients. The patients who have developed COVID-19 myocar-
ditis are typically younger and healthier, often without under-
lying cardiovascular disease. Myocarditis may result from
a cytokine storm in patients who mount a vigorous immune
response to the virus.

Differentiating myocarditis from acute coronary syndrome
(ACS) can be challenging [52]. Serum troponin values will be
elevated in both conditions, and electrocardiogram (ECG) in
patients with myocarditis can demonstrate a range of find-
ings, in some cases mimicking ACS. Echocardiographic evalua-
tion is more likely to show global dysfunction with
myocarditis, while a focal wall motion abnormality is more
suggestive of ACS. ECG and echocardiographic abnormalities
are markers of severity in COVID-19 patients, and are corre-
lated with worse outcomes; moreover, troponin elevations in
severe COVID-19 patients have been directly associated with
an increased risk of mortality. Diagnostic confirmation of
COVID-19 myocarditis via biopsy is unlikely to change man-
agement and therefore is not generally recommended.
Instead, it may be reasonable to empirically treat COVID-19
patients with suspected myocarditis with a course of
corticosteroids.

Acute myocardial infarction

Given the hyperinflammatory and hypercoagulable state,
COVID-19 patients may be at increased risk for acute myocar-
dial infarction. Patients should be directed toward appropriate
standard of care therapy [53] while also avoiding unnecessary
and costly procedures that can both lead to morbidity and
increase the risk of infectious exposure to staff.

Acute heart failure and cardiomyopathy

Approximately a quarter of patients presenting with COVID-19
will develop acute heart failure, with the majority lacking



a prior diagnosis of hypertension or cardiovascular disease. It
is unclear if heart failure in these patients is a new cardiomyo-
pathy or an exacerbation of an undiagnosed condition. Given
the high prevalence of cardiac dysfunction and concern for
causing pulmonary edema, fluids should be administered judi-
ciously in COVID-19 patients.

A diagnosis of stress cardiomyopathy should be considered
in any critically ill COVID-19 patient with an abrupt decline in
cardiac function. Focused echocardiography can be performed
at the bedside to allow for rapid evaluation while minimizing
exposure to additional staff. Typical echocardiographic find-
ings include impaired systolic function with global hypokinesis
or regional wall motion abnormalities that are not limited to
a coronary distribution [54]. In stress cardiomyopathy, systolic
dysfunction is typically transient, with most patients recover-
ing within days to weeks. However, due to ongoing infection
and respiratory compromise, the prognosis for COVID-19
patients who develop stress cardiomyopathy is often poor.
Management is mostly supportive, and the use of mechanical
circulatory support should be considered for patients in whom
myocardial recovery is likely.

Pediatric multi-system inflammatory syndrome

A ‘pediatric multi-system inflammatory syndrome temporally
associated with COVID-19" (PIM-TS) syndrome has been described
in children, which shares certain features of toxic shock syndrome
and atypical Kawasaki disease and has been linked to a number of
deaths and rapid decompensation in children [55]. Common fea-
tures include rash, fever, gastrointestinal symptoms, and severe
cardiac dysfunction from myocarditis and cardiogenic shock.
Repeat echocardiography, cardiac catheterization, supportive
treatment, steroids, and IVIG may be required.

Gastrointestinal system

Gastrointestinal (Gl) manifestations of COVID-19 are common
and include diarrhea, vomiting, and abdominal pain. The
SARS-CoV-2 RNA can be readily detected in stool specimens,
even where respiratory tests are negative [56]. SARS-CoV-2 has
a tropism for the Gl tract, with the viral ACE2 receptor found
on gastrointestinal epithelial cells. Critically ill patients with
COVID-19 are at high risk of hepatobiliary, hypomotility, and
ischemic Gl complications [57], with small vessel thrombosis
and viral enteroneuropathy as likely etiologic factors.
Consequently, serial abdominal exams with limited sedation
are required when there is clinical suspicion of intra-
abdominal pathology.

Liver injury occurs in 15% to 78% of COVID-19 patients,
with the most common finding being abnormal transaminase
levels [58,59]. Most liver injuries are mild and transient, but
more severe liver damage can occur and is more likely in
patients with severe COVID-19 infection. Mechanisms of liver
injury may include direct viral infection of hepatocytes,
immune-related injury, and drug hepatotoxicity. In patients
with transaminitis, medications with potential hepatotoxicity,
including acetaminophen, statins, and hydroxychloroquine,
should be adjusted or discontinued.
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Renal system

Acute kidney injury (AKI) is a common complication of COVID-
19 infection, occurring in 0.5-15% of hospitalized COVID-19
patients [5], and up to 23% of critically ill patients [60,61]. The
median onset of AKI from hospitalization ranges from 7 [62] to
15 days [5], and it has been identified as an independent risk
factor for morbidity and mortality [62]. AKI can occur through
several proposed mechanisms, including acute tubular necro-
sis induced by sepsis, fluid restriction, rhabdomyolysis, or
hypoxia. Furthermore, intrinsic tissue injury by direct viral
invasion of the renal tubular cells, interstitum, or glomeruli
has also been proposed. Varying degrees of acute tubular
necrosis, lymphocytic infiltration, and viral RNA have been
found on postmortem examination of COVID-19 patients, sug-
gesting the direct invasion of kidney tubules [63].

Management of AKI in COVID-19 patients must account for
classical and viral-specific risk factors of renal damage. In
a recent study, approximately 30-40% of critically ill patients
with AKI required renal replacement therapy (RRT) [34,61]. The
preferred modality is continuous RRT or sustained low-
efficiency dialysis, although the American Society of
Nephrology notes that whatever is available in these resource-
scarce times will suffice. If the AKI is secondary to cytokine
storm, some have questioned whether using high-volume
hemofiltration would be preferred to clear inflammatory mole-
cules, but current evidence shows no difference in outcome
compared to standard volume filtration [18].

Endocrine system

While the effects of COVID-19 on the endocrine system remain
largely unknown, given the expression of ACE2 on the major-
ity of endocrine glands, dysfunction of these systems should
be considered in critically ill patients.

Pancreas

The ACE2 receptor is expressed throughout the pancreas and
dysfunction of both the exocrine and endocrine systems is seen
in patients with COVID-19 infection. While pancreatitis is
uncommon, elevated lipase or amylase have been seen in up
to 17% of the patients with severe disease [64]. Similar to other
infections, patients with diabetes mellitus (DM) are more at risk
for COVID-19 than the general population and are more likely to
have a severe course due to compromised innate immunity and
downregulated ACE2 levels [18]. COVID-19 patients with DM
have higher serum levels of inflammatory biomarkers and are
more susceptible to cytokine storm [18]. Furthermore, infection
with SARS-CoV-1 was shown to cause new-onset diabetes in
approximately 8% of the patients during hospitalization that
may not be classic type 1 or type 2 diabetes but a new type of
diabetes [65,66]. In some patients, hyperglycemia persisted for
3 years after recovery from the virus. While a similar effect has
not yet been reported in COVID-19, close monitoring of blood
glucose during the acute and convalescent phase of the illness
is indicated.
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Obesity

Obesity is associated with severe COVID-19, which may be
explained by ACE2 expression in adipose tissue. Furthermore,
visceral and subcutaneous adipose tissue produces pro-
inflammatory cytokines that are found in greater abundance in
obese patients with COVID-19 as compared to non-obese
patients [67]. This may predispose obese patients with COVID
19 to an exaggerated cytokine response in the presence of SARS-
CoV-2, manifesting as more severe disease and ARDS [68].

Hypothalamus-pituitary-adrenal gland

Hypothalamic and pituitary tissues express ACE2 and given the
evidence of viral injury of nervous tissue, it is reasonable to
assume that SARS-CoV-2 may affect the hypothalamus-pituitary
as well, either directly or via immune-mediated hypophysitis [69].
Accordingly, central hypocortisolism should be suspected in
critically ill COVID-19 patients with unexplained hypotension or
shock. Diabetes insipidus is common in patients with pituitary—
hypothalamic disorders and, in conjunction with insensible
water loss from fever and the conservative fluid management
strategy employed in critically ill COVID patients, could result in
hypovolemia and hypernatremia.

Impairment of the host's cortisol stress response was
a primary immunologic strategy utilized by SARS-CoV-1 for
facilitating viral spread [70]. The similarities between the two
viral strains suggest that SARS-CoV-2 may employ the same
strategy. Therefore, patients with severe COVID-19 may be
more prone to develop critical illness-related corticosteroid
insufficiency. The absence of lymphopenia in patients with
COVID-19 could be used as a marker of hypocortisolism (abso-
lute or relative) and clinicians may want to adopt a low thresh-
old for initiating glucocorticoid therapy in the presence of shock.

Thyroid

Data regarding the impact of COVID-19 on thyroid function are
limited. A case report suggests that COVID-19 may lead to sub-
acute thyroiditis in some patients, which is suspected to have
viral or postviral origin [71]. Recent guidelines advise patients
with underlying hypothyroidism or hyperthyroidism to continue
prescribed medications since uncontrolled thyroid disease may
increase the risk for viral infection and complications [72].

Dermatologic

A variety of cutaneous manifestations such as erythematous rash,
generalized urticaria, and chickenpox-like lesions have been asso-
ciated with COVID-19, and can present even before the onset of
symptoms and with an incidence of up to 36% of the patients
depending on the cutaneous manifestation [73,74]. Interestingly,
there was no association between cutaneous findings and disease
severity [74]. Urticarial eruptions typically preceded additional
symptoms of COVID-19 infection, were noted to occur even in
the absence of fevers, and tended to be consistent on histology
with a viral exanthem [53,75,76]. Acrocyanosis and limb ischemia
have been described in a cohort of critically ill patients with
elevated D-dimer, fibrinogen, and fibrinogen degradation

products [771. In this small cohort, 57% of the patients developed
DIC. Livedo reticularis, a cutaneous manifestation commonly asso-
ciated with DIC, was seen in two patients with only mild-moderate
disease [78]. The authors hypothesize that these findings may
represent microthrombosis of cutaneous vasculature, as similar
pathophysiology has been noted in other organ systems in
COVID-19 patients. Chilblains-like lesions, which are erythematous
areas on the feet, described colloquially as ‘COVID toes, may
represent endothelitis secondary to systemic COVID-19. In
a small cohort of patients with severe COVID-19 and purpuric
skin rash, biopsy demonstrated a thrombogenic vasculopathy of
both affected and normal-appearing skin as well as localization of
SARS-CoV-2 spike glycoprotein causing complement activation
[79]. These findings are consistent with a catastrophic microvas-
cular injury mediated by systemic viral spread and associated with
a procoagulant state.

Current evidence does not suggest that dermatologic find-
ings are associated with disease severity, but may reveal
microthrombosis, hypercoagulability, and DIC. In the correct
clinical setting, these findings may encourage providers to
consider therapeutic anticoagulation.

Musculoskeletal

Myalgias are a common presenting symptom of COVID-19 occur-
ring in more than one-third of patients [62,80-82]. Elevated crea-
tinine kinase levels are prevalent in hospitalized patients [80] and
are more common in patients with severe disease [3,80]. While
myositis and rhabdomyolysis was documented as a manifestation
of SARS-CoV-1 infection, RNA from SARS-CoV-2 has not been
found within myocytes to date [26]. Critically ill patients in general
are at risk of developing myopathy and neuropathy due to pro-
longed immobility, systemic inflammation, corticosteroids, and
the use of neuromuscular blocking agents [83,84]. Early mobiliza-
tion and initiation of physical therapy is important in these
patients to ensure the best functional outcome.

Conclusion

While COVID-19 generally starts as a local upper respiratory
tract infection, it can spread to affect multiple organ systems
with significant morbidity and mortality. Clinicians should
actively seek evidence of multiorgan system involvement in
these patients to guide early management to potentially
improve outcomes. The long-term implications of COVID-19
are only beginning to be appreciated, but will likely include
cognitive, physical, and psychological impairment.
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