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INTRODUCTION

The coronavirus pandemic, caused by severe acute 
respiratory syndrome-coronavirus-2 (SARS-CoV-2) has 
affected more than 180 million lives and more than 3.8 
million people have died because of  the complications 
of  this highly contagious infection.[1] The virus was first 
identified in Wuhan, China, in December 2019.[2] The 
World Health Organization (WHO) declared the outbreak 
a public health emergency of  international concern on 
January 30th, 2020, and a pandemic on March11th, 2020. 
The WHO estimates that serious illness may occur in as 
many as 13.8% of  cases and 6.1% are critical.[3] 
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ABSTRACT

To review and summarize the health complications known to be caused by the coronavirus disease 2019 (COVID-19) and their 
pathophysiology. A thorough search was conducted for articles on the complications of COVID-19 from December 30th, 2019 
through November 20th, 2020. August using the PubMed, Google Scholar, and World Health Organization (WHO) databases. 
and it was supplemented with inclusion of pertinent articles till May 30th, 2021 Articles that did not have patient data, those 
which included data of patients < 18 years of age, studies limited to pregnant patients, and studies limited to only specific 
co-morbidities and organ dysfunctions were excluded to avoid selection bias and heterogeneity in study population. A total of 
108 studies were included in the narrative review. These studies reported numerous complications of COVID-19 with the most 
common being acute respiratory acute respiratory distress syndrome (ARDS) (19.5%–72%), myocardial injury (13.6%–36%), 
cytokine storm (5%–10%), acute kidney injury (AKI) (4%–54.7%), acute liver injury (14%–62.4%), and venous thromboembolism 
(VTE) (4%–20%). Our review extensively illustrates the incidence, predictors, and pathophysiology of respiratory, cardiovascular, 
immunological, hepatobiliary, coagulative, neurological, and renal complications of COVID-19. Enhancing the host immune 
responses against viral infection and modulating the inflammatory responses, along with appropriate support of respiratory 
function; as well as the management of complications involving multiple organ systems potential leading to multi-organ failure, 
are all important aspects to be considered for the recovery of critically ill patients with COVID-19.
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The illness caused by SARS-CoV-2 ranges from being 
asymptomatic to fulminant with relation to multiple risk 
factors which can result in a fatal outcome.[4,5] Though 
the virus primarily attacks the respiratory system, 
various case studies and systematic reviews have 
reported involvement of  neurological, cardiovascular, 
renal, hematological, gastrointestinal, psychiatric and 
immunological systems.[6-15] The immune system in 
particular becomes hyperactive and typically results in a 
cytokine storm which has been documented as one of  the 
main mechanisms that cause derangements in other body 
systems and lead to fulminant cases.[16] In addition, more 
severe cases can develop sepsis, shock and/or multiple 
organ failure.

Although targeting the virus to improve outcomes 
is an important ongoing endeavor, major emphasis 
is currently placed on managing the symptoms that 
develop as a consequence of  this infection.[17] In order 
to guide decision making for critical care and reduce 
mortality from COVID-19, comprehensive knowledge 
of  the complications, pathophysiology, and predisposing 
factors along with the key points in the treatment are 
of  utmost importance.[18-27] Currently, there are few 
studies that have covered complications and treatment 
guidelines regarding COVID-19 and therefore, our 
review aims to be a comprehensive summary of  
respiratory and other complications of  COVID-19, and 
the therapeutic approaches.

METHODS

Literature search
A thorough search was conducted for research articles 
on the complications of  COVID-19 and the treatment 
approach from December 2019 through May 8th, 
2020. Three primary databases were used, Pub-Med, 
Google Scholar, and WHO. The search strategy used 
the keywords, coronavirus, COVID-19, complication, 
treatment, therapy and was comprehensive with cross-
checking of  reference lists from the articles retrieved. 
Selected articles were independently reviewed by two 
authors (S.K. and I.G.). All disagreements were resolved 
with discussion between the two authors, or with input 
from a third independent reviewer (K.M.). The review 
protocol was formulated by a senior investigator (R.K.). 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) guidelines[28] were used 
(Figure 1). 

Inclusion criteria
The final review articles fulfilled the following criteria:
1.		 Reported complications in COVID-19 positive 

patients and treatment.
2.		 Full text, peer-reviewed articles (Meta-analysis, 

case-studies and case series, systematic reviews, 
randomized controlled trials).

Exclusion criteria
Articles which did not have patient data, those which 
included data of  patient <18 years, studies including 
the pregnant patients, and those limited to specific co-
morbidities and organ dysfunctions were excluded to avoid 
selection bias.

CURRENT KNOWLEDGE OF 
COMPLICATIONS OF COVID-19

Respiratory complications
Incidence
Acute respiratory distress syndrome (ARDS) is one of  
the most common complications of  COVID-19 infection 
with more than 3000 reported PubMed indexed articles 
to its credit. Patients diagnosed with ARDS have a poor 
prognosis and higher mortality. In a case-series by Wang 
et al., the time from disease onset to development of  
dyspnea and development of  ARDS was 8 and 10.5 days, 
respectively.[17]

Two smaller studies reported the incidence of  ARDS in 
COVID-19 as 29%[17] and 41.8%[29] whereas a larger study 
of  3,062 COVID-19 patients by Zhu et al. reported a 19.5% 
incidence rate of  ARDS in hospitalized patients.[30] The 
fatality rate in these patients that developed ARDS in the 
larger study was 5.5%[30] and others reported a high fatality 
rate in the range of  52.4%-65%[31,32] Among intensive care 
unit (ICU) patients, 30% of  cases had severe lung edema, 
dyspnea, hypoxemia or ARDS.[32] In a COVID-19 positive 
population in Wuhan, China, 71% of  patients required 
mechanical ventilation[33] and the estimated mortality is as 
high as 66% in these patients.[29] 

Predisposing factors
Wu et al. found that factors associated with an increased 
risk of  ARDS development in COVID-19 patients were 
age ≥65 years old), fever ≥39 °C, comorbidities, and lab 
abnormalities including neutrophilia, lymphocytopenia, 
elevated organ-specific function tests such as AST and urea, 
elevated acute phase reactants and elevated coagulation 
hypercoagulability tests.[29] 

Pathophysiology
SARS-CoV-2 belongs to the coronavirus family whose 
mechanism of  infection has been studied for several 
years. The coronavirus spike protein uses the angiotensin 
converting enzyme 2 (ACE2) receptor found on the surface 
of  many tissues including the lung, which simultaneously 
suppresses the ACE2 function and allows entry of  the 
virus into the host, causing lung inflammation.[34,35] Lung 
inflammation is characterized by leukocyte and neutrophil 
infiltrates which results in lung endothelial barrier 
dysfunction characterized by tissue edema, and tissue injury 
by alveolar wall damage. 

Additionally, this inflammation is thought to be a result 
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Figure 1. Consort diagram of included studies in review. WHO: World Health Organization.

of  the overproduction of  inflammatory factors which 
cause increased vascular permeability and worsening 
hypoxemia.[32] A clear picture of  the pathophysiological 
changes associated with COVID-19 was demonstrated 
with the post-mortem lung findings of  a 50 years old 
patient which showed alveolar damage characterized 
by desquamation of  pneumocytes, pulmonary edema, 
hyaline membranes, and fibromyxoid exudates.[36]

Treatment
Some studies have postulated that the treatment of  
ARDS with angiotensin Ⅱ will theoretically disrupt 
angiotensin converting enzyme function, preventing 
binding of  Sars-CoV-2 to receptors.[37] Additionally, 
stimulation of  ACE2 receptors can induce an anti-
inflammatory response, cause vasodilation, and reduce 
oxidative stress in the pulmonary system.[32] Tocilizumab 
has been shown to be associated with reduction in the 
biomarkers of  COVID-19.[38] Antivirals like Lopinavir/
ritonavir were initially thought to be potentially effective, 
but their efficacy has not been documented clearly as 
the supportive evidence is lacking.[39] 

More recently, the RECOVERY trial showed a mortality 
benefit with the use of  oral/iv dexamethasone in patients 
receiving ventilatory support or receiving oxygen without 
mechanical ventilation; along with a decrease in hospital 
length of  stay- especially in mechanically ventilated 
patients.[40] smaller observational study reports that a 
prolonged course of  low-dose methylprednisolone initiated 
early in the clinical course showed a reduction in mortality 
and ventilatory dependence.[41] A cohort study of  201 
COVID-19 patients also found a statistically significant 
decreased risk of  death in those who had developed ARDS 
and were treated with methylprednisolone as compared to 
those not treated with methylprednisolone (hazard ratio 
[HR], 0.38).[29] 

Per a recent trial involving 1062 participants, antiviral 
treatment with remdesivir in patients who were hospitalized 
and had a lower respiratory tract infection helped in 
shortening the time to recovery. They also had a lower 
incidence of  new invasive mechanical ventilation 
requirements with no significant mortality benefits as 
compared to placebo.[42] In addition to targeting the 
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virus, the hyperactive immune system and inflammatory 
mechanism should be counteracted. One such strategy 
includes neutralizing Interferon gamma (IFN-γ) since this 
inflammatory cytokine is present at high concentrations 
in the lung of  COVID-19 ARDS patients.[37] This can 
be done with the use of  multipotent stem cells with pre-
treated IFN-γ to repair damaged lung tissue and vitamin 
B3 for preventing lung tissue damage as trials have shown 
this to be beneficial in bleomycin-induced lung injury.[43] 
Additionally, secondary bacterial pneumonia has been 
reported in these patients and therefore high-dose vitamin 
C can be considered in addition to antibiotics.[44]

A study has reported higher levels of  tissue factor and 
plasminogen activator inhibitor-1 in the plasma in patients 
with ARDS, suggestive of  the role of  the coagulation system 
in the pathogenesis of  ARDS. Therefore, it is important to 
address the coagulation system when treating respiratory 
complications of  COVID-19. This is supported by a case 
series of  3 patients who received alteplase administration 
and subsequently developed an improvement of  Partial 
pressure of  oxygen (PaO2)/Fraction of  inspired oxygen 
(FiO2) ratio ranging from 38%-100% improvement.[45] 
These findings are similar to the results from a the study 
by Thachil et al.,  which showed a reduction of  the 7-day 
and 28-day mortalities by 48% and 37%, respectively in 
those treated with prophylactic dose of  low molecular 
weight heparin (LMWH) within the initial 7-day onset of  
ARDS.[46] Also, prone positioning has been recognized as 
a potential effective treatment for refractory hypoxemia.[47]

Another important aspect in the management of  ARDS in 
patients with COVID-19 infection is airway maintenance 
and management of  hypoxemia. Studies have shown that 
50%of  all COVID-19 patients required some form of  
oxygen therapy, including nasal catheter oxygen inhalation, 
invasive, or non-invasive mechanical ventilation (NIV), or 
extracorporeal membrane oxygenation (ECMO).[32] When 
considering oxygen supplementation for patients with 
hypoxemia, it is important to consider high-flow nasal 
oxygen which might avoid the need for more invasive 
ventilation methods as it provides sufficiently high 
concentrations of  humidified oxygen, and facilitates carbon 
dioxide elimination, also lowers the levels of  positive end-
expiratory pressure.[44] However, Wang et al. reported a 41% 
failure rate with high flow nasal cannula use.[48]

Initially, studies did not favor the use of  NIV, such as 
continuous positive airway pressure (CPAP) and bi-level 
positive airway pressure (BiPAP), in these patients due 
to increased risk of  aerosol generation and lung damage 
with high tidal volumes and pressures. However, more 
recent studies support the use of  NIV, claiming that 
50% of  patients who received CPAP did not require 
invasive ventilation.[49] NIV is reported to have a 29% 
failure rate.[48] ECMO can be considered in refractory 
hypoxemic cases using the inclusion and exclusion 

criteria of  the ECMO to Rescue Lung Injury in Severe 
ARDS (EOLIA) trial,[37] however, its role is not clear 
and patients must be referred to expert centers that can 
provide this form of  therapy.[50,51] 

If  the above ventilation therapies do not control 
hypoxemia, mechanical ventilation can be used, and the 
National Institute of  Health and Care Excellence (NICE) 
algorithm should be followed. It is recommended that 
when using mechanical ventilation, adults can receive 6 
mL/kg tidal volume with a maximum of  8 mL/kg if  the 
initial volume is not tolerated and children can receive 3-6 
mL/kg tidal volume which may be increased to 8 ml/kg if  
not tolerated. Also, plateau pressure <30 cmH2O in adults 
and <28 cmH2O in children should be targeted. Generally, 
positive end-expiratory pressure (PEEP) should be 
adjusted based on the Fraction of  Inspired Oxygen (FiO2) 
required to achieve the required arterial oxygen saturation 
(SpO2) and early airway pressure release ventilation should 
be considered in certain patients. Prone ventilation should 
last 12-16 hours a day and this should be considered early 
in patients who lack improvement after optimum ventilator 
settings of  PaO2/FiO2 < 150. Permissive hypercapnia 
may be considered if  hemodynamically satisfactory 
parameters are maintained as opposed to forms of  
ventilation which may cause further lung damage.[52,53] 
Razonable et al. proposed the neuromuscular blockade 
to decrease metabolic demand as well as to prevent 
ventilator asynchrony in the patients with moderate or 
severe ARDS.[6]

Additionally, plasma transfusion should be considered to 
decrease the need for ventilation and to improve respiratory 
complications in COVID-19. This is suggested in a case 
series of  critically ill patients by Shen et al. who noted that 
within 4 days of  Plasma transfusion, ARDS was resolved 
and 3 patients were weaned off  ventilation within 14 days 
of  treatment.[54] However, some studies have denied the 
beneficial effect of  convalescent and further studies are 
needed to prove its efficacy.[55]

The last resort for the management of  respiratory 
complications in COVID-19 patients is with surgical 
measures. Lang et al. and Chen et al. resorted to managing 
bilateral lung damage secondary to COVID-19 via a 
successful double lung transplant and therefore this can 
be considered in severe cases and with an experienced 
team.[56,57] (Table 1)

Cardiac complications
Incidence
One study defines cardiac injury as an elevated serum 
level of  high-sensitivity cardiac troponin I greater than 
28 ng/mL and results of  their research found cardiac 
injury in 28% of  non-survivors and 15% of  survivors 
with COVID-19. Similarly, another study reported cardiac 
injury in 46% of  non-survivors compared to 1% of  
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survivors.[31] These studies suggest that the presence of  
cardiac injury is associated with increased mortality.[58] 
Other cardiac complications reported in COVID-19 were 
heart failure, myocarditis which was reported in a few 
case studies, cardiac tamponade, myocardial infarction, 
arrythmias[59] and microangiopathy.[60] The most common 
arrhythmogenic mechanism is the QT prolongation leading 
to polymorphic ventricular tachycardia.61 Heart failure 
was found in 23% of  patients and also had a higher rate in 
non-survivors as compared to survivors (52% vs. 12%).[31]

Researchers have established that patients with known 
cardiovascular comorbidities were more likely to develop 
cardiac complications with COVID-19.[62,63] Also it has 
been reported that 35% of  COVID-19 patients had an 
underlying cardiovascular disease such as hypertension, 
coronary heart disease and cardiomyopathy.[64]

Pathophysiology
Viral infections are known to trigger many cardiac 
complications such as acute coronary syndromes, 
arrhythmias and heart failure as a result of  a systemic 
inflammatory response which can lead to vascular 
inflammation and atherosclerotic plaque dislodgement 
or rupture.[60,64] This systemic inflammatory response is 
supported by patients having higher levels of  troponin, 
myoglobin, C-reactive protein, serum ferritin, and 
interleukin-6.[58,64] Another mechanism of  cardiac damage 
is by direct invasion of  cardiomyocytes by SARS-CoV-2 
via the ACE2 receptor.[65] Additionally, considering that 
respiratory complications of  COVID-19 can induce 
hypoxia, a decreased supply of  oxygen to the cardiovascular 
system may result in its injury.[65]

Treatment
Treatment of  cardiovascular complications of  COVID-19 
should be based on the existing guidelines. As recommended 
by practice guidelines antiplatelet agents, β-blockers, ACE 
inhibitors, and statins should be used.[64,66] Additionally, 
antioxidants have been proposed for the management 
of  cardiac injuries in critically ill COVID-19-infected 
patients, however the clinical data is unavailable for the 
same.[67] the efficacy of  glucocorticoids and IL-6 inhibitors 
is debatable.[68] 

Guidelines from the European Society of  Cardiology[69] 
state that these steps should be taken in COVID-19 patients 
with cardiovascular complications:
1.		 Cardiovascular complications should not be 

overlooked due to a COVID-19 diagnosis and 
therefore requires rapid diagnosis and management.

2.		 Diagnostic testing modalities appropriate for 
monitoring cardiovascular complications such 
as electrocardiogram (ECG), echocardiography 
(ECHO) and coronary angiography may vary 
depending on local resources and providers should 
keep into account ways on how to minimize 

widespread nosocomial infections. A multidisciplinary 
evaluation should be done before taking the decision 
for procedures like coronary angiography based on 
the severity of  illness considering the risk and the 
benefit from coronary revascularization in patients 
with ST-segment elevation.[6] 

3.		 The advantage of  mechanical circulatory support 
should be carefully weighed against the risk of  
coagulopathy associated with COVID-19 infection.

4.		 The risk-benefit ratio should also be considered 
because  compl ica t ions  l ike  dr ug- induced 
ventricular arrhythmias and sudden cardiac 
deaths associated with the administration of  
hydroxychloroquine.[70,71] (Table 1) 

Immunological complications
Incidence
The hallmark of  the pathophysiology of  immunological 
response to COVID-19 is the cytokine storm syndrome. 
5-10 % of  the COVID-19 patients develop the critical 
hyper inflammatory stage associated with end-organ 
damage, thus resulting as complication.[6,72] Cytokine storm 
is a crucial cause of  death in COVID-19 patients and the 
mortality resulting from cytokine storm precipitated by the 
viral infection (SARS-CoV 2) is nearly 27%.[73,74]

Pathophysiology
The coronavirus induced “cytokine storm” causing multi-
organ failure is a well-known phenomenon contributing 
to the high morbidity and mortality associated with the 
disease. This hyper-cytonemia is a result of  increased levels 
of  cytokines/chemokines like interleukins (IL)-1, IL-6, 
IL-8, IL-12, interferon (IFN)-γ, IFN-γ-induced protein 
10 (IP-10), and monocyte chemo-attractant protein-1 
(MCP-1) which are associated with inflammation and 
extensive damage in lungs and other organs. Elevated 
levels of  these inflammatory markers (e.g.: interleukins 
2,7, and 10, granulocyte colony stimulating factor 
[GCSF], MCP-1, macrophage inflammatory protein 
1α [MIP1A], and tumor necrosis factor [TNF]-α) are 
associated with severe COVID-19 infection causing 
critical illness in patients.[16,75] 

In addition to the cytokine storm, lymphocytopenia 
is another prominent finding in COVID-19 patients. 
Both T cells and Natural Killer (NK) cells in patients 
with COVID-19 were found to be reduced. In some 
critically ill patients, NK cells were extremely low, 
or even undetectable and T-cells including memory 
helper T cells and regulatory T cells were decreased in 
severe cases. Secondary lymphoid tissue destruction 
has also been noted in COVID patients. [33,76] The 
COVID-19 induced cytokine storm causes rapid clinical 
deterioration and can often be fatal, therefore, timely 
identification and appropriate management are key in 
attaining a favorable outcome. 
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Treatment
Commonly available anti-inflammatory agents , such as 
corticosteroids,  inflammatory cytokine antagonists (such 
as interleukins-6 receptor [IL-6R] monoclonal antibodies, 
TNF inhibitors, IL-1 antagonists, Janus kinase inhibitor 
inhibitors) and intravenous immunoglobulin (IVIG) can 
be employed to modulate the systemic inflammatory state 
and prevent multi-organ dysfunction.[77,78]

IL-6 was found to be one of  the most important 
cytokines involved in COVID-19-induced cytokine 
storms. A monoclonal antibody against the IL-6R, 
Tocilizumab was recently found to reduce the likelihood 
of  patients not requiring mechanical ventilation to 
further deteriorate and be placed on mechanical 
ventilation, however, it showed no mortality benefits 
when compared to placebo.[79,80] 

Some studies reported that the cytokine/chemokine 
clearance achieved by Artificial-liver blood-purification 
systems may be effective for treating severely ill patients. 
These artificial-liver blood-purification systems consist 
of  plasma exchange, plasma absorption, and hemo/
plasma filtration. A study done at the First hospital of  
Zhejiang University found that patients receiving Li’s 
artificial liver treatment showed shorter ICU stays in the 
case-series of  3 patients.[16,81] (Table 1)

Hepatobiliary complications
Incidence
It has been observed that patients infected with 
SARS-CoV-2 may develop different degrees of  liver 
injury, mainly indicated by abnormalities in Alanine 
Transaminase (ALT), Aspartate Transaminase (AST) 
and bilirubin. In one particular retrospective study by 
Xie et al., they found that 31.6%, 35.4% and 5.1% had 
elevated ALT, AST and bilirubin, respectively. They 
also concluded that males and those with elevated white 
blood cells, neutrophils, C-reactive protein (CRP) and 
having lesions on computed tomography (CT) were 
more likely to have liver injury and a longer admission 
period.82 This suggests that liver injury was more 
common in severe COVID-19 cases, which is consistent 
with an epidemiological study that reported 62% of  ICU 
patients developing liver injury as compared to 25% of  
non-ICU patients in the study.[17] In addition, another 
study found 78% of  patients who died of  COVID-19 
had developed liver injury.[83]

The degree of  liver injury may mirror the severity of  
COVID-19. A review article that aimed to understand 
livery injury in COVID-19 patients found that the incidence 
ranged from 14.8% to 53% in the COVID-19 patients 
studied.[84] They also found decreased albumin in severe 
cases around 26.3-30.9 g/L.[85] Wang et al. in their case series 
of  52 patients observed pancreatic injury defined as defined 
by amylase or lipase abnormality in 17 % of  patients.[86]

Pathophysiology
SARS-CoV-2 uses the ACE2 as its entry receptor, which 
is expressed in hepatocytes and cholangiocytes, with 
cholangiocytes having a higher concentration of  these 
receptors. One study that identified the expression 
of  ACE2 in liver tissue noted that there was specific 
expression in cholangiocytes, suggesting direct binding 
of  SARS-CoV2 to cholangiocytes and not hepatocytes 
could be the culprit of  liver damage.[87]

Considering that bile duct epithelial cells play an 
important role in liver regeneration and immune 
response, damage to these cells can lead to drastic effects 
on the liver because it would theoretically not be able 
to regenerate new cells and compensate for damage 
caused by the virus. 

Pathological changes in the liver were demonstrated in 
a liver biopsy of  a 50-year-old male COVID-19 patient 
which showed moderate microvesicular steatosis and 
mild lobular and portal activity. This was believed to be 
a result of  either direct viral infection or drug-induced 
liver injury.[36]

Treatment
Excessive reactive oxygen species (ROS) will oxidize 
cellular proteins and membrane lipids leading to 
hepatocyte damage. Thus, a proper dose of  antioxidants 
may ameliorate hepatic injuries in critically ill COVID-19 
patients. However, the definitive evidence is lacking.[67]

Guidelines established by the European Association for 
the Study of  the Liver (EASL) and the European Society 
of  Clinical Microbiology and Infectious Diseases (EASL/
ESCMID) [88] are as follow:
1. 	 Early admission should be considered if  there are 

additional risk factors present.
2. 	 Hepatic Cirrhosis-related complications like hepatic 

encephalopathy, portal hypertension, ascites, bacterial 
peritonitis, and others should be addressed and 
managed appropriately.

3. 	 In patients with Hepatocellular Carcinoma (HCC), 
loco-regional and immune-checkpoint inhibitor 
therapies should be postponed when possible and 
decisions on discontinuing kinase inhibitors in non-
severe COVID-19 patients should be addressed 
individually.

4. 	 Hydroxychloroquine, tocilizumab and sofosbuvir use 
should be preferred over remdesivir and lopinavir/
ritonavir use as they have fewer hepatic interactions. 
Additionally, baricitinib and anakinra are relatively 
safer.

5. 	 Dose adjustment of  calcineurin- and/or mammalian 
target of  rapamycin (mTOR) inhibitors post-liver 
transplant might be required depending on the 
antiviral therapy initiated. (Table 1)
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Coagulation complications
Incidence
Another hallmark of  severe COVID-19 is coagulopathy. 
71.4% of  patients who die of  COVID-19 meet International 
Society on Thrombosis and Hemostasis (ISTH) criteria for 
disseminated intravascular coagulation (DIC). COVID 
predisposes patients to a hypercoagulable and pro-
thrombotic state leading to the increased incidence of  
venous thrombo-embolism (VTE) and DIC in this select 
population. This can be monitored by elevated D-dimer 
levels, fibrin degradation products high fibrinogen levels 
and low anti thrombin levels, and can manifest clinically 
as  pulmonary congestion with microvascular thrombosis 
and occlusion along with other vaso-occlusive events (e.g. 
ischemic limbs, strokes, etc.) in critically ill COVID-19 
patients.[44,89]

In a review by Wang et al., the incidence of  thrombocytopenia 
was 5%-12%, the proportion of  prothrombin time (PT) 
prolongation is 5%, and the proportion of  D-dimer 
increase is 36%-60%. There has also been a statistically 
significant difference found between PT prolongation 
and D-dimer elevation in ICU patients as compared to 
non-ICU patients.[90]

Pathophysiology
DIC is based on many pathogenic factors including 
damage to the microvascular system resulting into the 
hyperactivation of  the coagulation cascade, systemic 
microvascular thrombosis, massive consumption of  
coagulation factors and secondary hyper-fibrinolysis.[91] This 
causes clinical syndromes characterized by hemorrhage 
and microcirculation failure. Patients with COVID 
pneumonia are immunocompromised and can quickly 
develop cytokine storms and secondary bacterial and 
fungal infections. These patients along with those who 
developed inflammatory factor storms are at higher risk 
for DIC.[90]

Many crit ical ly i l l  pat ients have vascul i t is- l ike 
manifestations including small vessel hyperplasia, vessel 
wall thickening, lumen stenosis, occlusion and focal 
hemorrhage. In some cases, gangrene of  the extremities 
has also been noted.[76] The acute inflammatory state 
induced by this viral illness, along with the prolonged 
immobilization during hospitalization are both risk 
factors for this complication. Other factors include 
dehydration and the presence of  other cardiovascular 
comorbidities. Moreover, Surgery, mechanical ventilation 
and central venous catheterization may further induce 
vascular endothelial damage, therefore increasing the 
risk for deep vein thrombosis (DVT) and eventually 
leading to pulmonary embolism.[76] 

Treatment
ISTH guidance on disseminated intravascular 
coagulation:[92,93]

1.		 In addition to platelet count, PT and D-dimers, 
it may be useful to measure fibrinogen in this 
scenario. It was proposed that using anticoagulation 
to inhibit thrombin generation in sepsis-associated 
coagulopathy may prove to be beneficial.[6] 

2.		 Keeping a low threshold of  suspicion for DIC (which 
can be diagnosed early by applying the ISTH score: 
platelet count, PT, fibrinogen, D-dimer, antithrombin 
and protein C activity monitoring) can help in curating 
an appropriate treatment plan for critically ill patients 
and could possibly also have prognostic value.

3.		 Early identification of  the at-risk patient population.

Low molecular weight heparins (LMWH) like Enoxaparin, 
heparin and direct oral anticoagulants (DOACs) are now 
extensively used in clinical practice to reduce the risk of  
in hospital VTE. A recent cohort study in December talks 
about similar mortality benefits of  apixaban and enoxaparin 
in moderate to severely ill COVID-19 patients.[94] Due to 
possible drug-drug interactions. In COVID 19 patients, the 
anti-inflammatory characteristics of  LMWH could be an 
added advantage and the potential need to integrate other 
anti-thrombotic therapies such as anti-thrombin as well as 
recombinant thrombomodulin could also be valuable in 
this dynamic phase of  ‘immunothrombosis’.[90,95] (Table 1)

Neurological complications
Incidence
Mao et al. evaluated patients infected with COVID-19 
and found that 36.4% had nervous system manifestations 
and they were more common in patients with severe 
infections. Similarly, Pooya et al. found the incidence 
of  neurological manifestations in 25% of  the patients 
with COVID-19.[96] The most common symptoms 
reported were, signs of  dizziness, headache, diminished 
consciousness, acute cerebrovascular disorder (either 
ischemic stroke or cerebral hemorrhage), ataxia and seizures 
in the central nervous system. Other manifestations were 
skeletal muscle injury and peripheral nervous system 
symptoms such as nerve pain, taste impairment, smell 
impairment and vision impairment. They found that on 
average, these manifestations occurred in the first two days 
of  the illness and, these neurological symptoms were the 
presenting complaints in some cases instead of  typical 
COVID-19 symptoms such as fever, cough and diarrhea.[97]

In addition to these, other studies also reported 
COVID-19 neurological complications. A retrospective 
study done by Tao Chen et al. found that 20% of  
patients who died of  coronavirus had developed hypoxic 
encephalopathy.[62] Sedaghat et al. reported Guillain-
Barre Syndrome symptoms in one infected patient with 
COVID-19, which began approximately two weeks after 
the onset of  respiratory symptoms.[98]

Pathophysiology
Although the mechanism of  neurological damage in 
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COVID-19 is unclear and requires further research, 
several logical mechanisms have been devised. Both SARS 
and COVID-19 attach to the ACE2 receptor which is 
expressed on the cell membrane of  numerous human 
organs, including lung, kidney, liver, nervous system and 
skeletal muscle. After attachment to the receptor, the virus 
stimulates an inflammatory process in the body which 
causes the production and hyper-activation of  various 
inflammatory cytokines, some that may target neurological 
tissues and cause damage.[98] During this inflammatory 
process, the coagulation system can also be damaged 
and lead to increased risk for cerebrovascular disease. 
Alternative route of  entry for SARS-COV-2 in the central 
nervous system is either hematogenous or retrograde 
neuronal route. Other researchers have postulated that 
although direct damage to neurological tissues is plausible, 
they believe that indirect damage secondary to underlying 
comorbidities in patients could also cause various 
neurological presentations of  COVID-19.[99]

As referenced previously, nervous system manifestations 
were significantly more common in patients with severe 
infection.[97] With this severe infection, it has been found 
that these patients can rapidly deteriorate and develop 
worsening symptoms which can lead to a stroke and 
contribute to a high mortality rate in these patients.

Treatment
Guidelines for neurological complications are as follow: 
During early symptomatology, prompt diagnosis of  
neurological cases of  COVID-19 and proper monitoring 
of  pre-existing neurological disease is crucial. Also, during 
this time, it is important to beware of  immunological 
exacerbation and secondary infections which must be 
addressed promptly to prevent further progression.

Deterioration of  severely ill patients, associated with 
increased inflammatory response and blood coagulation 
abnormalities, can rapidly develop into neurological 
complications such as cerebrovascular disease. At this 
stage, treatment with methylprednisolone, gamma globulin, 
hemodialysis or preventive anticoagulation for stroke might 
be beneficial.[100] (Table 1)

Renal complications
Incidence
The kidney is another highly affected organ in severe 
COVID-19 patients. Acute kidney injury (AKI) in a 
COVID-19 patient is a risk factor for poor prognosis and it 
is more likely to occur in severely ill patients. The reported 
incidence by Cheng et al. of  AKI varied from 0.1%-29% 
in hospitalized patients, where among patients in ICU was 
found to be 8.3%, while the incidence of  AKI among 
non-ICU patients was 2%.[101] Adapa et al. reported the 
incidence of  acute kidney injury about 3-15% in patients 
with COVID-19 which significantly increased in patients 
in the intensive care unit to 15% to 50%. [102]

Pathophysiology
Studies have shown that coronavirus causes tubular damage 
in the kidney, leading to abnormalities in urinalysis. There is 
also impairment in glomerular filtration function, which is 
manifested by increased blood creatinine and urea nitrogen 
levels. At present, it is speculated that the mechanisms 
responsible are the direct attack by virus, immune mediated 
injury causing excessive inflammation and apoptosis, 
Angiotensin Ⅱ pathway activation and coagulopathy 
resulting in microvascular thrombosis leads to AKI.[6,101] 

Treatment
Yang et al. suggests that there should be a standardized 
approach to the prevention and treatment of  AKI. They 
have devised a “5R principle” which could be used to 
improve the prognosis of  these patients and it includes 
risk screening (Risk), early recognition (Recognition), timely 
treatment (Response), renal replacement therapy (Renal 
replacement therapy) and renal recovery (Recovery).

1.		 Risk screening: The incidence of  AKI in a study of  
710 COVID-19 patients was reported as 3.2. Out of  
these, 50% were diagnosed with AKI grade 2 and 40% 
were diagnosed with AKI grade 3. Therefore, risk 
screening can help early intervention and reduce the 
occurrence or progress of  AKI. The high-risk factors 
for AKI in COVID-19 include older age, history of  
hypertension, coronary heart disease, chronic kidney 
disease, hypovolemia, shock manifestations, and the 
use of  nephrotoxic drugs

2.		 Early recognition and action: the volume and 
hemodynamics should be optimized to ensure 
sufficient effective perfusion pressure of  the kidneys 
and avoid the use of  nephrotoxic drugs as much as 
possible.

3.		 Renal replacement therapy: the proportion of  
continuous renal replacement therapy (CRRT) in 
patients with COVID-19 ranges from 1.5% to 9%. 
Among them, CRRT is required for severe and 
critically ill patients admitted to the ICU. The ratio 
is 5.6% -23%. The mode is continuous veno-venous 
hemofiltration (CVVH) or continuous veno-venous 
hemodiafiltration (CVVHDF). Mainly, but since the 
fact that cytokine storm is the main cause of  organ 
damage in COVID-19, emphasizing the status of  
comprehensive blood purification treatment for 
severe COVID-19: CRRT is not just a kidney 
replacement during AKI. For severe COVID-19 
patients without AKI, when severe cytokine 
storms and multiple organ dysfunction syndromes 
(MODS) occur, CRRT may be started at the 
earliest.[103] (Table 1)

STRENGTH AND LIMITATION

Our work serves as a comprehensive and intense summary 
of  complications of  the disease which has laid foundation 
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to multiple narrowed research questions and studies on 
the management of  the particular systemic complications 
which are being submitted to various journals. The data of  
our study is a grain of  salt in the frenzy of  new discoveries 
and clinical trials in order to find the best treatment option 
for COVID-19.

The limitations of  our study are it predominantly describes 
the clinical data and incidence rates of  complications in 
hospitalized patients. Another limitation was we could 
not register the review. We tried to prospectively register 
our review but decided to go against it as it was taking 
unreasonably longer time than expected due to the 
increased pool of  COVID-19 related articles. Also, our 
study also relied on data from case-series and clinical trials 
in early phase, with low level of  evidence. Larger scale 
studies estimating the various systemic involvements are 
needed to confirm the findings.

CONCLUSION

The treatment protocols for the various systemic 
complications of  COVID-19 are indistinct  and need 
further evaluation. Further clinical research is needed 
on the efficacy and use of  the existing drugs for the 
treatment of  COVID-19 systemic complications. Global 
observational studies with a large sample size may shed 
some light on probable causal relationships and possible 
improved outcomes.[4,104,105] Along with enhancing the host 
immune responses against viral infection, Monitoring and 
support of  respiratory along with multi-organ function, 
modulating the inflammatory response individually, as well 
as the prophylaxis and treatment of  complications are be 
crucial for the recovery of  critically ill adult patients with 
COVID-19. 
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