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Abstract

:

Patients with COVID-19 show a high prevalence of liver injury. The pattern of this liver damage is still not fully understood. Different etiopathogenetic factors may concur; from a direct cytopathic effect, once the virus binds to the ACE-2 receptors, to the immune-mediated collateral damage, due to cytokine storm. The presence of pre-existing chronic liver disease is a contributing factor for acute organ damage during SARS-CoV2 infection. Last but not least, treatments probably play a role, also, in determining hepatotoxicity: many of the drugs we have used or are still using to treat COVID-19, combined with non-invasive ventilation, are known to sometimes determine acute liver injury. Although liver damage associated with COVID-19 is often transient and can resolve without any special treatment, it is important to understand the underlying mechanisms, particularly to better treat its more severe forms.
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1. Introduction


COVID-19 is caused by SARS-CoV-2, a virus belonging to the same family as SARS-CoV-1 and MERS-CoV [1,2,3]. These agents share genomic characteristic and mainly cause respiratory symptoms, even as severe as acute respiratory distress syndrome (ARDS) [2].



SARS-CoV-2 infection is associated with several extra-respiratory symptoms: neurologic, renal, ocular, dermatologic, gastrointestinal, and hepatic [4].



About 3 to 5% of subjects with confirmed SARS-CoV2 infection are admitted to hospital within 14 days due to pneumonia or extra-respiratory complications [5].



In particular, regarding liver involvement, a systematic review and meta-analysis of 128 studies showed that, in COVID-19 patients admitted to hospital, the most common liver abnormalities consisted of elevations of gamma-glutamyl-transferase (GGT, 28%) alanine aminotransferase (ALT, 23%), and aspartate aminotransferase (AST, 23%). In addition, these abnormalities were significantly more common in severe cases when compared with non-severe COVID-19 and are associated with a worse outcome [6].



Liver involvement rises not only in the case of multi-organ failure (MOF), as would be expected, but also in the early stages of the disease [7]. Luckily, most patients recover without the need for specific care [8].



The etiopathogenesis of liver damage in this context is not entirely clear. The increase in cytonecrosis enzymes suggests a direct hepatocellular damage mechanism, possibly through angiotensin converting enzyme 2 (ACE-2), expressed in bile ducts cells and acting as a gateway for the virus [9]. Biopsies showing the presence of viral RNA in liver tissue [10] and signs of hepatocyte apoptosis also strongly support the thesis of direct viral damage [11]. However, ACE-2 expression in normal liver tissue is generally low. A large number of conditions can hijack the expression of ACE-2 receptors, such as hypoxia and fatty liver disease [12,13]. In addition, cytokine storm may play a role in liver damage associated with SARS-CoV2 infection [14].



While the above mechanisms could explain hepatotoxicity through a direct viral damage mechanism, many treatments for COVID-19 also have a high potential for inducing liver injury. This is particularly relevant for patients with comorbidities [15].



Aims of the present article were:




	
to review the potential liver injury associated with pharmacological and non-pharmacological treatments currently in use for hospitalized COVID-19 patients;



	
to assess a reasoned approach to the diagnosis and management of DILI in COVID-19 patients.









2. Drugs and Liver Injury


Several drugs can, at least theoretically, cause liver damage (drug-induced liver injury, DILI). DILI is defined by an increase in liver enzymes (hepatocellular necrosis, cholestasis, or both) with and without associated symptoms [16]. According to the updated Roussel Uclaf Causality Assessment Method (RUCAM), the cut-offs for the diagnosis of DILI are as follows: alanine aminotransferase (ALT) > 5 times the upper limit of normal (ULN) and/or alkaline phosphatase (ALP) > 2 times ULN [16,17]. Based on the ratio of serum ALT to ALP values (R-value), DILI pattern may be hepatocellular (≥5), cholestatic (≤2), or mixed (>2 and <5).



Hepatocellular pattern is the most common (>50%) [16,17]. Total bilirubin > 2 times ULN without initial cholestasis is considered a prognostic and not diagnostic criteria since hepatocellular DILI with jaundice is associated to a higher mortality [17].



DILI may occur either through intrinsic or idiosyncratic mechanisms. Intrinsic DILI is predictable and dose-dependent, generally after a brief latency period. The typical drug involved in this kind of DILI is paracetamol (or acetaminophen). Idiosyncratic DILI, the most common form, is unpredictable and its latency period is variable (up to several months) [17,18,19].



DILI ranges from mild to more severe forms, which in 10% of cases require a liver transplant [17,20,21]. A pre-existing chronic liver disease is associated to a worse prognosis, with a mortality three times higher than in those with no pre-existing liver condition [22].



The most commonly involved drugs are acetaminophen and antibiotics [17,23,24]. However, given the complexity of the mechanisms underlying the development of hepatotoxicity, potentially any drug could lead to liver disease [24].



In the present article, we will discuss potential hepatotoxicity of therapies with evidence of efficacy against COVID-19, both pharmacological and not. Table 1 shows the list of all medications approved for COVID-19, the contraindications based on coexisting liver disease, and the risk level of DILI.



2.1. Systemic Corticosteroids


Systemic corticosteroids are widely prescribed to outpatients with COVID-19, although there is a lack of data in terms of safety and efficacy in this population. Yet, several trials are available concerning hospitalized patients, the most important being the RECOVERY trial [25]. This large, multicentre study enrolled about 6500 patients admitted to the hospital for COVID-19 infection, randomizing them to receive up to 10 days of dexamethasone (6 mg) or standard of care. Corticosteroid treatment reduced mortality in mechanically ventilated patients and in those requiring oxygen supplementation at enrolment. Systemic corticosteroids other than dexamethasone have been tested in randomized controlled trials as well, but with a much smaller sample size than the one in the RECOVERY trial, and were not sufficient to assess efficacy [26]. When dexamethasone is not available, alternative systemic corticosteroids are methylprednisolone or hydrocortisone, respecting the equivalent total daily dose [27]. Corticosteroids used in combination with immunomodulators such as tocilizumab (see below) showed clinical benefit in some subsets of hospitalized patients with COVID-19 [28].



Prolonged steroid treatment can lead to several adverse events, the most common being hyperglycaemia and secondary infections. DILI is rarely associated with systemic corticosteroid treatment. Conversely, they are commonly administered in the treatment of severe drug-induced liver toxicity [29], even though some authors raise concerns on the safety of corticosteroids in this context [30].



Since hepatotoxicity is uncommon with these drugs, only few case reports are available [31,32,33].



As concerning, specifically, the COVID-19 population, a retrospective study carried out in Hong Kong showed that, in a cohort of 1040 patients, the use of corticosteroids was independently associated with acute liver injury (adjusted OR 3.9, 95% CI 2.1–7.2) [34]. This potential corticosteroids-associated hepatotoxicity could have different possible explanations. First, they are generally administered to patients with severe or critical COVID-19, in which several factors may affect liver function (i.e., several other concomitant drugs with a well-known potential liver toxicity—see below—such as cytokines storm, systemic hypoxia, direct SARS-CoV2 induced liver damage). Second, non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation of metabolic syndrome, whose essential constituents are among the main risk factors for severe COVID-19 [35]. In this subgroup, corticosteroids may promote non-alcoholic steatohepatitis (NASH), exacerbating insulin resistance, central obesity, diabetes, and hypertriglyceridemia [36].



Unfortunately, RECOVERY and other trials assessing the efficacy of corticosteroid in patients with COVID-19 either did not report drug-related adverse events or showed the most common ones, not mentioning liver damage, thus extensive data in this population is still missing.




2.2. Other Immunomodulant Therapies: Anti-IL6, Anti-IL1, Anti-JAK


Patients developing severe forms of COVID-19 generally show strong systemic inflammation associated with increased cytokine release, as suggested by elevated concentration of interleukin (IL)-6, C-reactive protein (CRP), D-dimer, and ferritin [37]. This condition is known as a “cytokine storm” and is able to induce multi-organ damage and long-term consequences [38,39].



Different therapeutic options have been suggested to try to prevent it. Among these, tocilizumab, a recombinant humanized anti-interleukin-6 receptor (IL-6R) monoclonal antibody, is among the most studied [40]. Tocilizumab, combined with dexamethasone, has an indication in hospitalized patients showing a rapid respiratory decompensation due to COVID-19 [28,41]. Indeed, in this subgroup, the use of tocilizumab was associated with a reduction both in mortality and need for intubation [28,41].



The drug has been thoroughly analysed, to evaluate its safety profile. Unsurprisingly, the main reported side effect was immune suppression, yet hepatotoxicity has also been reported [42]. The most common laboratory abnormality is, indeed, elevation of transaminase concentration, which is dose-dependent and generally transient, without significant liver injury or severe complications [42]. Placebo-controlled trials on COVID-19 patients showed a similar safety profile: an increase in liver function tests occurred in 8% with respect to 3% in standard care groups [43]. Evidence of alanine aminotransferase >5 times the upper normal limit is considered a contraindication to the use of tocilizumab, as written in the drug data sheet.



Based on the available evidence, sarilumab, another anti- IL-6R monoclonal antibody, is an alternative to tocilizumab. The safety profile, including liver abnormalities, is comparable to that of tocilizumab [44].



Anakinra, an IL-1 inhibitor, showed significant clinical benefits in patients with COVID-19 and hyperinflammation, and was approved in many countries for the treatment of severe and critical COVID-19, alone or in combination with corticosteroids [45]. Liver damage is not a potential adverse event related to anakinra administration. Increase of liver function tests had a similar incidence in anakinra and placebo groups, in patients either treated for rheumatoid arthritis or receiving the treatment for severe COVID-19 [46,47].



Janus kinase (JAK) inhibitors (baricitinib, tofacitinib, imatinib) showed promising results for reducing mortality and intubation rates and have been approved in many countries for the treatment of the same population of COVID-19 patients as for IL-6 and IL-1 antagonists [48].



Dose-dependent increases in liver enzymes and bilirubin during treatment with JAK-inhibitors have been reported in less than 1% of patients in clinical studies in patients with an indication other than COVID-19. In addition, no severe DILI cases were reported. It should be underlined that many of the patients with evidence of liver function test abnormalities were receiving concomitant hepatotoxic drugs, the most common being methotrexate or isoniazid [49]. Randomized-controlled trials on COVID-19 patients showed a similar incidence of adverse events between groups. In addition, they did not report liver damage among safety outcomes [50].




2.3. Antivirals: Remdesivir


Several antiviral agents have been used to treat SARS-CoV-2 infection, with variable degrees of success. The only drug of this class approved and recommended at present is remdesivir. It is an active inhibitor of viral RNA-dependent RNA polymerases. Dose to treat COVID-19 was 200 mg on day 1, then 100 mg daily from a minimum of 4 to a maximum of 9 days. Remdesivir appears to be effective within 10 days from symptom onset in patients admitted to the hospital for COVID-19, who require oxygen supplementation. No benefit was observed in more severe cases, such as patients on high-flow oxygen, non-invasive ventilation (NIV), and mechanical ventilation [51,52].



Adverse effects of remdesivir include serum aminotransferase elevation among others. Liver function tests should be obtained before and during remdesivir administration. The drug should be discontinued if ALT levels increase to >10 times the upper normal limit or there is ALT elevation associated with signs or symptoms of liver inflammation [53].



The elevation of serum aminotransferase without other significant symptoms was reported in up to 9% of patients. It is generally asymptomatic, fully reversible, and not associated with jaundice [18].



Interestingly, as for randomized placebo-controlled trials on the use of remdesivir in COVID-19 patients, serious adverse events were significantly less common in patients treated with the drug when compared with the placebo group. In particular, remdesivir was associated with a lower occurrence of serum aminotransferase elevation (OR 0.76, CI 0.60–0.96) [53]. This suggests that the risk of liver damage is not a real cause of concern for remdesivir use in COVID-19 patients, for whom the drug is indicated.




2.4. Low-Molecular-Weight Heparins


Anticoagulants are widely used to treat patients with COVID-19. Low-molecular-weight heparins (LMWH) are by far the most commonly used ones, given the evidence in terms of significant impact on both morbidity and mortality. Literature of the last forty years has shown that the main side effects of these drugs are bleeding, thrombocytopenia, and hepatotoxicity [54]. The frequency of LMWH induced DILI ranges between 4.3–13%, thus representing the most common cause of hepatotoxicity among anticoagulants [55,56]. Risk factors for developing heparin-associated hepatotoxicity and the underlying mechanism are unknown. From a histopathological standpoint, there is an absence of serum plasma cells and eosinophils, suggesting either a direct toxic effect on the hepatocytes or hypersensitivity reactions as the most plausible pathogenic mechanism [57]. Liver enzyme elevation generally occurs between 5 and 8 days after initiation of heparin and normalizes or improves within 2 weeks of drug cessation [58].



No specific data are available about liver injury during heparin treatment in patients with COVID-19. Four large randomized-controlled trials on different dosages of heparin in patients admitted to hospital for COVID-19 are available. None of them included liver injury among safety outcomes [59,60,61,62].




2.5. Symptomatic Medications: NSAIDs and Paracetamol


At present, there is no strong evidence in favour or against the use of non-steroidal anti-inflammatory drugs (NSAIDs) in patients with COVID-19 [63]. For this reason, EMA did not give any strong recommendation against the use of these drugs, even though it suggests using paracetamol (acetaminophen) as a first line to treat fever and pain [64].



NSAIDs exert their properties through inhibition of cyclooxygenase (COX)-1 and -2 and the most common side effects of these drugs are primarily gastrointestinal and renal. Yet, literature reports cases of liver toxicity: in a retrospective cohort study, NSAIDs were deemed responsible of over a third of all DILIs reported in a single institution [65].



Paracetamol has both antipyretic and analgesic effects, probably due to inhibition of cyclooxygenases (COX-1, COX-2, and COX-3) and modulation of the endocannabinoid system and serotonergic pathways [66]. Paracetamol is a well-known cause of dose-dependent DILI; its overdose is not a rare event, it can sometimes be intentional, and it is difficult to manage, with potentially fatal consequences [23]. In adults, 12 g is the average dose for the onset of severe hepatotoxicity: peak toxicity usually occurs in about 48–96 h [67]. The underlying toxicity mechanism is a dose-dependent direct damage, through acetaminophen metabolite NAPQI. Studies also suggest that, even at lower doses than the ones necessary for an overdose, paracetamol carries a risk of hepatoxicity that is not inferior to that associated to therapeutic doses of NSAIDs [68]. It is unknown if it depends on metabolic differences, accumulation of paracetamol metabolites or immune-mediated mechanisms.



To date no specific data are available concerning hepatotoxicity or other adverse events associated with a symptomatic use of NSAIDs and paracetamol in patients with COVID-19.




2.6. Antibiotics


While using antivirals has a clear rationale in the context of COVID-19 infection, the rationale behind the use of antibiotics is not so obvious. About 75% of patients with COVID-19 receive antibiotics, which is surprising when compared to the estimated bacterial co-infection (8.6%). This phenomenon appears to affect both outpatient and hospitalized patients [69]. Several antibiotics are known to be able to induce hepatotoxicity, the most common being amoxicillin/clavulanate [70]. Other antibiotics potentially causing DILI are trimethoprim/sulphamethoxazole, tetracycline, and clindamycin [71].



Azithromycin deserves a separate discussion, since, particularly at the beginning of the pandemic, it was widely used. This antibiotic was met enthusiastically more for its antiviral and anti-inflammatory properties, rather than its microbicide effect. Azithromycin has, indeed, been demonstrated to reduce inflammatory cytokines (particularly IL-6, IL-8, TNF-α), modulate T-helper functions and reduce oxidative stress [71,72]. A French study suggested that azithromycin was useful in combination with hydroxychloroquine in reducing the burden of COVID-19 disease [73,74], but it was soon disputed [75]. To date no national or international drug regulating agency recommends using azithromycin during COVID-19 disease [76,77].



One of the main concerns in using azithromycin is its cardiac toxicity, particularly when used in association with hydroxychloroquine [78], yet it is interesting to underline that azithromycin is also associated to hepatotoxicity [79,80]. Different studies have concentrated on the characteristics of azithromycin-related hepatotoxicity and showed that patients who already suffered from liver disease were more at risk of developing serious complications [22].





3. Non-Pharmacological Treatments: Non-Invasive Ventilation


For the aim of this review, we will use the term non-invasive ventilation (NIV) to indicate both pressure support ventilation and continuous positive airway pressure. All around the world, also outside the intensive care unit, NIV has been largely employed to treat patients with acute respiratory failure due to SARS-CoV2 infection. It was effective in 74% of patients, whereas 26% were non-responders. This data is even of greater importance when remembering that about 23% of COVID-19 patients treated by NIV received ‘do-not-intubate’ orders [81]. In addition, NIV seems more effective than high-flow nasal cannula oxygenation, especially in patients with COVID-19 and moderate-to-severe respiratory failure (PaO2/FiO2 ≤ 200) [81,82].



Positive end-expiratory pressure (PEEP) is crucial in treating COVID-19 related acute respiratory failure. PEEP values between 5 and 15 cmH2O lead to oxygenation improvement not only increasing alveolar recruitment but also acting on abnormalities of the lung circulation [83]. At the beginning of the pandemic, the median level of PEEP was higher (mean 14, range 12–16 cmH2O) [84]. Later, particularly during the second wave, PEEP levels substantially decreased, because of a more accurate knowledge of the peculiar physiopathology of ARDS associated with COVID-19 [85].



Higher PEEP levels may determine liver damage through different mechanisms reduced hepatic venous outflow thus leading to hepatic congestion [86], and liver inflammation (as expressed by an increased number of neutrophils and lymphocytes in the liver sinusoids), in particular [87]. In addition, during septic shock, higher PEEP may affect cardiac output, decreasing the hepatic arterial flow, thus enhancing arterial dysfunction [88]. Higher PEEP values were associated to hepatic dysfunction both in animal models and in critically ill patients [87,89].



At present, no specific data are available about the impact of NIV on liver function, in patients with COVID-19. However, it is plausible that in severe or critical COVID-19, the systemic hyperinflammation per se affects liver function and acts as fuel for acute liver injury by multiple triggers as drugs and NIV [13].




4. Diagnosis and Management of DILI in COVID-19 Patients


The diagnosis of DILI is always challenging, even more so in patients admitted to hospital for COVID-19. However, even in this case, DILI remains a diagnosis by elimination [17,18,19,24].



A thorough patient history should be collected, including history of chronic liver disease or other comorbidities, alcohol abuse, either chronic or acute, and the full list of medications and their dosage assumed in the last 6 months [17,18,19,24]. The consultation of the web site LiverTox (https://www.ncbi.nlm.nih.gov/books/NBK547852/, accessed on 23 November 2021) is of great importance, since it describes the most common patterns of DILI for hundreds of different drugs [80]. We should always also ask also for herbal and dietary supplement use, which are typically self-prescribed and gained further popularity at the time of COVID-19. Many patients search the web in hopes of finding “something natural”, to protect themselves from the disease, and buy directly online several products, often of uncertain origin and not all always safe [90,91].



In addition, we should always make a differential diagnosis with other potential causes of liver damage, such as viral or autoimmune hepatitis, structural or hemodynamic disorders, and hereditary diseases (i.e., Wilson disease and alpha-1 antitrypsin deficiency) (see Figure 1a for details) [17,18,19,24].



However, in the specific case of COVID-19, we should first consider more plausible aetiologies, particularly acute liver damage associated to SARS-CoV2 infection [8,14]. Based on available literature data, it is probably due to the immune-inflammatory response against the virus, sometimes leading to a real cytokine storm, more than to direct entrance of the microorganism inside the liver [8,14].



Yet, when liver test abnormalities occur later during the hospitalization, we should consider two principal possibilities (see Figure 1b for details). If the patient has improved clinically and inflammatory parameters are decreasing, the most plausible aetiology is DILI, associated to at least one of the medications administered to treat COVID-19. In the case of presentation as (or clinical deterioration to) severe acute respiratory failure, it could be extremely complicated to identify a specific aetiology, because multiple possible mechanisms may play a role in determining the damage, from acute liver injury associated with COVID-19 to NIV, and DILI.



In general, liver biopsy is considered not necessary to establish a diagnosis of DILI [17,18,19,24]. This is even more true during COVID-19 infection, since liver biopsy may be associated with a significant higher risk of complications, due to treatment in some cases, particularly when the patient is being treated with intermediate-dose or therapeutic-dose heparin, and/or presents with COVID-19-associated coagulopathy [59,60,61,62,92].



Acute liver injury during hospitalization for COVID-19 is often mild and transient, and acute liver failure is a rare event. Indeed, in most cases it does not require specific therapy to recover [17,18,19,24].



There are no specific guidelines for the management of DILI in COVID-19. In general, the most effective treatment of suspected DILI is discontinuation of the medication, which leads to spontaneous recovery in about 90% of cases. The only available antidote remains N-acetylcysteine for paracetamol overdose. Treatment of acute liver failure follows the general well known flow charts for DILI, including support therapies and considering urgent transplantation [17,18,19,24].



Given to the importance of therapy with systemic corticosteroids and other immune-modulators, heparin, remdesivir, NIV, when indicated for ARDS or other complications, the decision to discontinue one or more of them should be thoroughly examined. The problem hardly arises in the case of drugs such as tocilizumab or sarilumab (generally one or two infusions) or remdesivir (generally 5 days). However, when the suspicion of DILI involves other treatments t need prolonged administration, their discontinuation is mandatory if acute liver failure occurs, and it should be evaluated if ALT levels increase to >10 times the upper normal limit or there is ALT elevation associated with clinical worsening attributable to liver inflammation.



Since COVID-19 patients, especially those hospitalized, are particularly prone to liver injury, symptomatic treatment with NSAIDs and/or paracetamol should be administered with caution. In addition, widespread administration of an “antibiotic coverage” should be avoided and considered only if there is strong suspicious of bacterial superinfection, also according to antibiotic stewardship rules [93]. In this case, if possible, we should choose antibiotic schemes recommended by guidelines for hospital-acquired pneumonia, possibly preferring those with lower incidence of liver injury [94].




5. Conclusions


While we still do not completely understand the ways through which liver damage takes place during COVID-19 infection, it is important to remember that liver damage can significantly affect the outcome of patients. There are different possible actions we can take to try to reduce liver damage during the infection. First, we need to screen patients for signs of liver dysfunction before starting therapy, to adjust if necessary. We also should avoid using not recommended therapies, given the potential liver damage they could induce. Lastly, we should continue to monitor liver functionality throughout the disease and the course of therapy, to be ready to take action if necessary.
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Figure 1. (a) Suggestion of a flow chart to assess DILI in patients with COVID-19 at admission. (b) Suggestion of a flow chart to assess DILI in patients with COVID-19 during hospitalization. 
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Table 1. List of all drugs approved for COVID-19, their liver contraindications, risk level of DILI and its most common pattern.
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	Drug
	Liver Contraindications
	Risk Level of DILI
	DILI Pattern





	systemic corticosteroids
	Generic caution in liver failure
	+
	hepatocellular or mixed



	tocilizumab
	ALT > 5 times URL
	++
	hepatocellular



	sarilumab
	ALT > 1.5 times URL
	++
	hepatocellular



	anakinra
	Not recommended in severe liver failure (Child-Pugh C)
	+
	hepatocellular



	baricitinib, tofacitinib, imatinib
	Not recommended in severe liver failure (Child-Pugh C)
	+
	hepatocellular



	remdesivir
	ALT > 5 times URL
	++
	hepatocellular



	low-molecular-weight heparins
	Generic caution in liver failure
	+
	hepatocellular



	NSAIDs
	Contraindicated in severe liver failure (Child-Pugh C), caution in mild or moderate liver failure (indication to use low dosage)
	++
	hepatocellular



	paracetamol
	Contraindicated in severe liver failure (Child-Pugh C), caution in mild or moderate liver failure (indication to use low dosage)
	++++
	hepatocellular



	antibiotics

amoxicillin-clavulanate

trimethoprim/sulfamethoxazole

azitromicin
	
	+++

++

++
	cholestatic

cholestatic

mixed
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