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This case series reviews four critically ill patients infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [coronavirus disease 2019 (COVID-19)] suffering from pneumatosis intestinalis (PI) during their hospital admission. All patients received the biological agent tocilizumab (TCZ), an interleukin (IL)-6 antagonist, as an experimental treatment for COVID-19 before developing PI. COVID-19 and TCZ have been independently linked to PI risk, yet the cause of this relationship is unknown and under speculation. PI is a rare condition, defined as the presence of gas in the intestinal wall, and although its pathogenesis is poorly understood, intestinal ischemia is one of its causative agents. Based on COVID-19's association with vasculopathic and ischemic insults, and IL-6's protective role in intestinal epithelial ischemia–reperfusion injury, an adverse synergistic association of COVID-19 and TCZ can be proposed in the setting of PI. To our knowledge, this is the first published, single center, case series of pneumatosis intestinalis in COVID-19 patients who received tocilizumab therapy.
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INTRODUCTION

Pneumatosis intestinalis (PI) is a rare condition (prevalence ~0.03%) defined as the presence of gas in the wall of the small or large intestine (1–3). PI can represent an incidental, benign finding (primary or idiopathic PI, 15% of cases) or a potentially life-threatening gastrointestinal disease (secondary PI, 85% of cases) (4). Secondary PI is frequently associated with chronic obstructive pulmonary disease (COPD) as well as ischemic, necrotic, and obstructive gastrointestinal insults (5, 6). PI is a radiographic sign characterized by linear and/or curvilinear gas collections in the intestinal wall and is often indicative of systemic or local pathological processes affecting the bowel wall (7, 8). Secondary PI is frequently associated with different clinical scenarios, such as premature newborns with necrotizing enterocolitis, adults with obstructive pulmonary diseases as well as ischemic, necrotic, infectious, and obstructive gastrointestinal insults, celiac disease, amyloidosis, AIDS, rheumatic diseases, and certain drugs, particularly steroids, chemotherapeutics, glucosidase inhibitors, laxatives (lactulose), and molecular targeted agents such as tocilizumab (TCZ) (5, 7, 9–13). The clinical manifestations of PI depend on the bowel segments involved. When PI affects the small intestine, vomiting, abdominal distension, weight loss, and abdominal discomfort/pain are the most common manifestations. Less frequently, diarrhea, anorexia, and constipation can be present. When PI involves the large intestine, diarrhea, hematochezia, abdominal discomfort/pain, and distension are the most common signs and symptoms. Less frequently, constipation, weight loss, and tenesmus may occur (1, 14, 15). The pathogenesis of PI is poorly understood; however, clinical and preclinical studies suggest that PI results from a complex combination of abnormal biochemical, microbiological, and mechanical aspects of intestinal functioning (16).

In December 2019, a novel coronavirus [severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)] was identified in Wuhan, China as the primary cause of a potentially fatal and multisystemic disease [coronavirus disease 2019 (COVID-19)] (17–19). Since then, three meta-analyses reported that ~15% of COVID-19 patients had GI symptoms, most commonly diarrhea (20–22). GI manifestations in COVID-19 have been acknowledged as early signs of severe/critical disease, usually preceding respiratory symptoms (23, 24). How COVID-19 affects the GI tract is still an open question. Nonetheless, a growing body of evidence suggests that the interaction between SARS-CoV-2 and angiotensin-converting enzyme 2 (ACE2) receptors may result in impaired gut microbiome and immunity (24–26). Furthermore, hypoxia, which putatively has a physiological role in intestinal homeostasis, can be altered as a consequence of COVID-19-induced hypoxia (24, 27).

Systematic reviews and other large observational studies have discussed the association of GI complications in patients undergoing TCZ treatment; however, PI after TCZ use has been recognized by a small number of reports (9, 28, 29). Intestinal perforation is particularly an infrequent but feared complication during TCZ therapy. The exact mechanism of TCZ and GI insults is unknown, but interleukin (IL)-6 antagonism, the primary mechanism of action of TCZ, may impair intestinal homeostasis and recovery capacity after intestinal ischemia (9, 30–33). Remarkably, a history of diverticulitis, non-steroidal anti-inflammatory drugs (NSAIDs), and glucocorticoids use has also been recognized as a risk factor for GI perforation during TCZ treatment (30, 34).

Only four independent case reports have described PI in COVID-19 patients (35–38). Importantly, although TCZ is being utilized as an experimental treatment for COVID-19, the two together may have adverse synergistic effects resulting in increased risk for PI and other related complications. This is the first case series presenting the detailed clinical course of four COVID-19 patients who all received TCZ and developed PI.



CASE PRESENTATION 1

A 65-year-old man with a past medical history (PMH) of asthma, hypertension (HTN), hyperlipidemia (HLD), insulin resistance, and obstructive sleep apnea (OSA) was admitted to the hospital due to dyspnea, tachypnea [respiratory rate (RR), 22/min], cough, fever (103°F), and hypoxia [blood oxygen saturation levels (SpO2), 81%] after having a 2-week period of fever, chills, and body aches. Symptoms had worsened in the last 72 h before admission. On admission, the patient was placed on a non-rebreather mask (NRB) at 11 L/min (LPM) due to respiratory distress, which partially improved hypoxia from SpO2 81 to 91%. Three days after admission, the respiratory status worsened revealing diffuse bilateral ground-glass opacification on chest CT scan, along with increased counts of neutrophils in plasma, lymphopenia, and transaminitis. Labs showed increased ferritin and C-reactive protein (CRP) levels (Table 1), features compatible with the cytokine release-like syndrome associated with COVID-19 (39, 40). Based on his clinical condition with pending COVID-19 testing results, the patient was started on albuterol, meropenem, hydroxychloroquine, ascorbic acid, thiamine, TCZ, and enoxaparin prophylaxis. One day later, due to decreased oxygen saturation, the patient was placed in pronation. Upon worsening hypoxia, severe dyspnea, positive polymerase chain reaction (PCR) COVID-19 swab testing, and meeting the criteria for acute respiratory distress syndrome (ARDS), the patient was intubated. Furthermore, prophylactic enoxaparin was switched to intravenous (IV) heparin 1,500 U/h, and an IL-1 inhibitor (anakinra) was started. Shortly, a vasoplegic shock refractory to adjustments in sedative medications prompted onset of vasopressors (norepinephrine). Since admission, the patient had no bowel movements despite the use of laxatives (lactulose), prokinetics (metoclopramide), and enemas (saline laxative). Progressive abdominal distension warranted a CT scan demonstrating extensive colon and small bowel pneumatosis with mesenteric and portal venous gas, raising suspicions of bowel ischemia (Figures 1A–D). Based on the patient's clinical and pathological characteristics, lactate levels of 2.0 mmol/L, and no increased vasopressor requirement, surgical resection was not considered the best course of action at the time. Laxative regimen was enhanced with polyethylene glycol and senna. Monitoring of intra-abdominal pressure ranged from 13 to 19 mmHg, which suggested a likely abdominal compartment syndrome (41). Six days after initiation of mechanical ventilation, the patient developed non-oliguric acute kidney injury (AKI) likely secondary to COVID-19 sepsis and acute tubular necrosis (ATN) from hemodynamic instability. The patient was approached in a conservative, non-surgical fashion including switching propofol to ketamine, adjusting IV fluids, using piperacillin–tazobactam for enteric bacteria, and holding potential nephrotoxic agents. A repeated CT scan 12 days after the initial scan showed changes consistent with bowel ischemia, as well as signs suggestive of peritonitis, complicated by bowel perforation, pneumoperitoneum, small bowel obstruction (SBO), enterocutaneous fistulas, and abscess formation. Additionally, the patient developed hematochezia and melena, requiring aggressive resuscitation, including multiple blood and frozen plasma transfusions, as well as repeated drainage procedures to address the intra-abdominal collections. Noteworthy, a CT angiogram ruled out active bleeding at the time of melena and hematochezia. The patient slowly and progressively recovered and was finally discharged for rehabilitation, 90 days after admission. In a delayed fashion, he underwent a right colectomy. Currently, he is alive and well.


Table 1. Pneumatosis intestinalis in the setting of COVID-19: case series summary.

[image: Table 1]


[image: Figure 1]
FIGURE 1. (A–D) Case presentation of 65-year-old male patient with COVID-19, 5 days after tocilizumab (TCZ), non-contrast abdominal CT. (A,B) Axial, (C) coronal, and (D) 3D reconstruction, pneumatosis intestinalis (PI) involving ascending colon (yellow arrows), with dilated multiple right lower quadrant small bowel loops with mesenteric and portal venous gas (yellow arrowheads).




CASE PRESENTATION 2

A 61-year-old man with a PMH of HTN, HLD, diabetes mellitus (DM), and OSA was admitted to the hospital after presenting with dyspnea, tachypnea (RR, 40/min), hypoxia (SpO2, 76%), worsening cough (productive, non-bloody), fever (103.9°F), chills, myalgias, hyporexia, and chest pain. Symptoms began 4 weeks prior, and 2 weeks prior to admission, he received a course of azithromycin and oseltamivir. One week prior to admission, the patient visited the ED for myalgias, chills, and cough but was discharged with a normal chest X-ray (CXR). The physical examination during the second ED visit was remarkable for severe respiratory distress and bilateral basilar crackles. His hypoxia initially improved with 6 LPM nasal cannula (NC) from SpO2 of 76–91%, albeit later requiring 6 L NRB (SpO2, 76–95%). CXR revealed bilateral infiltrates, and a CT angiogram with contrast confirmed lung parenchyma compromise with extensive bilateral ground-glass opacities in both lungs. Pulmonary embolism (PE) could not be excluded due to motion associated with the hyperdynamic state. Lab workup revealed positive COVID-19 PCR test through nasal swabbing, lymphopenia, increased D-dimer (453 ng/mL), brain-derived natriuretic peptide (BNP) (1,164 pg/mL), and procalcitonin (0.20 ng/mL) (Table 1). During the first night of admission, the patient became severely hypoxic (PaO2, 51%), with improvement in SpO2 from 80 to 88% after aggressive resuscitation with steroids (IV methylprednisolone, 100 mg), diuretics (IV furosemide, 40 mg), oxygen (15 LPM NRB), and pronation. On second day of admission, the patient was transferred to the ICU, received one dose of TCZ, and was started on IV methylprednisolone, 50 mg twice daily, IV furosemide, 40 mg daily, inhaled albuterol every 6 h, prophylactic enoxaparin, and non-invasive ventilation (BiLevel 18/14). On the second day of ICU admission, the patient received convalescent plasma (plasma from recovered COVID-19 patients). One week after admission, upon worsening hypoxia and hemodynamic instability, the patient underwent endotracheal intubation for mechanical ventilation and was started on a double regimen of vasopressors (vasopressin, 0.04 U/min and norepinephrine, 0.9 mcg/kg/min). The patient suffered two episodes of arterial thrombosis despite proper anticoagulation with argatroban. Five days after initiating mechanical ventilation, physical examination revealed a protuberant abdomen and dark output from the nasogastric tube (NGT). Further workup showed increased lactate and leukocytosis, hyperkalemia (5.8 mEq/L), increased creatinine (2.01 mg/dL), and oliguria. Abdominal CT scan reported gas in the portal vein and superior mesenteric artery, as well as cecal and small bowel pneumatosis (Figures 2A–D). The benefit of a surgical intervention was considered very low in the setting of an unstable patient with multiorgan failure; hence, it was approached conservatively, including antibiotics (metronidazole and vancomycin), proton-pump inhibitors (pantoprazole), renal replacement therapy [continuous veno-venous hemofiltration (CVVH)], fluid optimization, and metabolic support. On the 10th day of ICU admission, the patient developed refractory cardiopulmonary arrest associated with metabolic acidosis and lactate levels of 24 mmol/L.
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FIGURE 2. (A–D) Case presentation of a 61-year-old male COVID-19 patient with respiratory failure on TCZ with rising lactate, abdominal ileus, abdominal CT with intravenous and oral contrast, (A) axial, (B) coronal, (C) sagittal, and (D) 3D reconstruction, with ileus and small and large bowel dilatation, with small bowel and cecal pneumatosis (yellow arrows) with portal gas (yellow arrowheads), and splenic and mesenteric vein gas.




CASE PRESENTATION 3

A 64-year-old man with a PMH of HTN was admitted for 1 week history of dyspnea, cough, fever (100.9°F), and fatigue. Pulse oximetry revealed hypoxia (SpO2, 85%), which initially improved to SpO2 of 90% with NC at 6 LPM, and later on to SpO2 of 92–94% with 10 LPM NRB. A CXR showed bilateral ground-glass opacities. On the second day of admission, the patient developed non-bloody diarrhea. With pending results from PCR COVID-19 nasal swabbing, a presumptive diagnosis of COVID-19 pneumonia was established, and the patient was started on a regimen of PO hydroxychloroquine 200 mg twice daily, IV methylprednisolone 50 mg twice daily, SC prophylactic enoxaparin 40 mg daily, anakinra (IL-1 inhibitor, SC 100 mg every 6 h), and inhaled albuterol. Lab work revealed neutrophilia, lymphopenia, respiratory alkalosis, hypoalbuminemia, transaminitis, as well as increased d-dimer, CRP, lactate dehydrogenase (LDH), and ferritin (Table 1). Despite initial improvement, 5 days after admission, he presented with a nocturnal crisis of hypoxia (SpO2, ~60%), which improved after pronation. Four hours later, the patient (without any relevant psychiatric/neurological history) developed intermittent episodes of delirium, agitation, and altered mental status, which was treated with haloperidol. Subsequently, due to worsening hypoxia, the patient underwent sedation, endotracheal intubation, and mechanical ventilation. At this point, the patient was transferred to another ICU and, upon arrival, was found to have an unsecure airway, raising concern for potential aspiration. Based on this, the patient was started on a regimen of IV piperacillin–tazobactam and one dose of vancomycin. Nine days after initial hospital admission, the patient developed septic shock and prerenal acute kidney injury, which prompted hemodynamic support with a norepinephrine drip (0.02 mcg/kg/min). Enoxaparin was switched to IV sodium heparin due to a D-dimer of 987 ng/mL. Additionally, the patient received a single dose of TCZ. Three days after TCZ administration, routine physical examination showed abdominal distension and tympanism with digital percussion. An abdominal X-ray revealed features compatible with colonic ileus or pseudo-obstruction. Subsequent CT scan showed diffuse small and large bowel pneumatosis (Figures 3A–D). This was found in the setting of worsening kidney and liver function, increased ventilation requirements, acidosis (pH 7.17), and leukocytosis (35,000 WBC/mL). Due to broad multiorgan failure, the patient was not deemed a good surgical candidate for segmental resection. CXR showed additional bilateral consolidations in the lower lobes, along with worsening respiratory status, suggesting a superimposed pneumonia. At this point, with the diagnosis of septic shock and multiorgan failure, and considering the ominous prognosis, the family decided to prioritize comfort over other aggressive measures. The patient was withdrawn from mechanical ventilation and developed a cardiopulmonary arrest 4 min thereafter.


[image: Figure 3]
FIGURE 3. (A–D) Case presentation of a 63-year-old male patient, with dyspnea, cough, fever from COVID-19, with bloody diarrhea, and abdominal distention 3 days after receiving TCZ, abdominal CT with oral contrast only, (A) axial, (B) coronal, (C) sagittal, and (D) 3D reconstruction with consolidation seen along lung bases, and pneumatosis of small bowel loops (yellow arrows) with dilated small and large bowel loops consistent with ileus.




CASE PRESENTATION 4

A 64-year-old man with PMH of HTN, insulin-dependent type 2 DM, and stroke 3 years prior with no residual deficits was admitted to an out-of-network hospital due to altered mental status and acute kidney injury (serum creatinine, 2.2 mg/dL). The family reported upper respiratory symptoms 1 week before admission. No acute changes were observed in the patient's head CT scan. Due to concerns of a potential non-ST-segment elevation myocardial infarction (NSTEMI) in the setting of uncontrolled HTN, the patient was started on aspirin, clopidogrel, and a heparin drip. Based on a positive COVID-19 PCR nasal swabbing at admission and concerns for a potential bacterial pneumonia, hydroxychloroquine, remdesivir, ceftriaxone, and doxycycline were initiated. Worsening kidney function parameters (serum creatinine, 2.2–4.2 mg/dL) after antibiotic and antiviral treatment prompted suspension of these medications. One week after admission, the patient received a single dose of TCZ and was started on steroids (IV methylprednisolone, 40 mg every 8 h). By hospital day 10, despite non-invasive ventilation (BiPAP), the progressive worsening of the respiratory status required intubation and mechanical ventilation. One day later, the patient was transferred to our hospital upon family request. On initial assessment, the patient was found to be hypotensive, with oliguria (155 mL/24 h), mixed acidosis (pH 7.04, [image: image] 17 mEq/L, pCO2 56 mmHg), hyperkalemia (5.6 mEq/L), hyperglycemia (478 mg/dL), hypertriglyceridemia (918 mg/dL), hypoalbuminemia (3.1 g/dL), and uremia [serum creatinine 3.85 mg/dL, blood urea nitrogen (BUN) 150 mg/dL], which prompted continuous renal replacement therapy (Table 1). Intensive resuscitation with albumin, bicarbonate, insulin, norepinephrine, and vancomycin was initiated. Propofol was discontinued and switched to dexmedetomidine. The patient also received IV pantoprazole 40 mg, polyethylene glycol, lactulose, senna, and methylnaltrexone. Subsequently, the patient developed fever (101.4°F), leukocytosis (33.16 × 109/L), and low platelets (85 × 109/L). Due to concerns of potential heparin-induced thrombocytopenia, heparin was suspended and replaced with argatroban. Despite intensive supportive care, vasopressor requirements increased prompting the addition of vasopressin at 0.04 U/min. Leukocytes count and lactate further increased (33.16 × 109/L to 40 × 109/L; 2.7–8.6 mmol/L, respectively). One week after the hospital transfer, abdominal distension on physical exam prompted a CT scan that revealed gas in the portal vein and mesentery as well as extensive intestinal pneumatosis (Figures 4A–D). Surgical assessment dismissed a potential bowel resection since the risks were considered greater than any potential benefit. The patient developed refractory septic shock and, 1 day later, a cardiopulmonary arrest.


[image: Figure 4]
FIGURE 4. (A–D) Case presentation of a 64-year-old male patient, with altered mental status, acute kidney injury, DM2, stroke, bacterial pneumonia with COVID-19, single-dose TCZ, hypotensive, oliguric, non-contrast abdominal CT only, (A) axial, (B) coronal, (C) sagittal, and (D) 3D reconstruction with pneumatosis of distal transverse colon, cecum, terminal ileum, and mesenteric venous gas adjacent to the terminal ileum (yellow arrows) concerning for bowel ischemia. There are foci of air in mesenteric vessels in the right lower quadrant, with portal venous gas (yellow arrowheads).




DISCUSSION

Pneumatosis intestinalis is thought to result from a complex combination of biochemical, microbiological, and mechanical insults to the intestine (16). The biochemical hypothesis argues that PI originates from excessive hydrogen production by enteric bacteria through chyme fermentation. Support of this hypothesis includes observational studies demonstrating that patients with PI have elevated levels of hydrogen in their breath compared with control patients (42, 43). The microbiological or bacterial hypothesis suggests that gas forming bacteria, such as Clostridium species, infringe upon the mucosa through breaches, reaching the submucosa and subsequently forming intramural gas collections (44). Experimental models supporting this hypothesis include the improvement and resolution of the aforementioned intramural gas collections by antibiotic treatment (45). An alternative mechanical hypothesis states that gas can reach the submucosal compartment of the intestinal wall either through breaks in the mucosa (intraluminal source) or the serosal surface (extraluminal source). Indeed, common conditions associated with mucosal disruption are consistently related with PI, such as necrotizing enterocolitis, inflammatory bowel disease, gastrointestinal (GI) tract infections, irritant ingestion, and intestinal ischemia (1). Gas originating extraluminally can be traced to conditions where air can diffuse through tissues, as occurs in COPD (46).

It should be acknowledged that PI is not a disease itself, but rather the imaging manifestation of an underlying pathology or combination of pathologies. As such, the underlying etiology (e.g., ischemia, drugs, infections) must always be addressed accordingly prior to specific treatments (47–49). When PI is accompanied with signs of peritonitis, pH <7.3, [image: image] <20 mEq/L, lactate >2.0 mmol/L, and/or portal venous gas, emergent exploratory laparotomy should be considered (50, 51). Treatment is usually based on the severity of symptoms and can range from repeated imaging in asymptomatic patients to elemental diet for mild symptoms, to antibiotics, oxygen therapy, and hospitalization for severe cases. Notably, clinical judgement is an instrumental component of the decision-making process (7, 45, 52–54).

Since March 11th of 2020, when the global COVID-19 pandemic was formally declared, a growing body of evidence has shown the systemic and extrapulmonary compromise that can potentially occur in the setting of COVID-19 (55). The involvement of neurological, cardiovascular, gastrointestinal, hematopoietic, endocrine, and immune systems have been described in many studies (56–59). Additionally, the ischemic damage seen during COVID-19 infection has also been described in several systematic reviews (60–63). Indeed, observational studies have shown the association of COVID-19 with abdominal ischemia; nonetheless, its pathophysiology remains unknown (64). Research has shown a clear association between high levels of proinflammatory cytokines and inflammatory markers with severe, critical, and fatal forms of COVID-19 (40). Under the logic of specifically targeting the COVID-19-associated “cytokine storm”, trials with specific cytokine inhibitors, such as TCZ, sarilumab, siltuximab (all anti-IL-6), and anakinra (anti-IL-1), have been conducted worldwide1. TCZ is an evidence-based treatment for rheumatoid arthritis; however, there are no clear benefits in the setting of COVID-19. At the time of writing, double-blind, randomized, clinical trials have failed to prove any benefit from these drugs in COVID-19 (65, 66). An observational study that included a cohort of 1,351 COVID-19 patients showed that patients receiving TCZ had a decreased risk of invasive mechanical ventilation and death compared to matched controls (67). Another study suggested that TCZ was associated with decreased vasopressor requirements (68). Although PI and gastrointestinal perforation have been recognized as potential adverse effects of TCZ, the mechanisms are completely unknown (9, 30).

Several hypotheses argue in favor of a prothrombotic, microangiopathic, and therefore ischemic effect of COVID-19: (1) SARS-CoV-2 virus can directly invade endothelial cells, resulting in endothelialitis, endothelial dysfunction, and thrombosis (69–72); (2) capillary viscometry showed hyperviscosity in critically ill COVID-19 patients (73); (3) platelet activation and platelet–monocyte aggregation formation in severe COVID-19 patients was documented (74); and (4) thromboelastography (TEG) parameters (decreased R and K values, increased K angle, and MA) consistent with a hypercoagulability state have been found in COVID-19 patients (75).

In short, this case series portrays four critically ill patients who, in the setting of ARDS due to severe COVID-19, received TCZ as an experimental treatment, and all developed complex clinical courses of PI, which subsequently resulted in perforation, sepsis, hemodynamic instability, multiorgan failure, and death in three out of four patients. Herein, we highlight a potential correlation between an infectious disease (COVID-19), an experimental drug in this setting (TCZ), and a rare GI complication (PI). COVID-19 and TCZ have been independently associated with PI (9, 36–38). Intestinal ischemia is a well-established cause of PI; however, the causative mechanism of PI during TCZ treatment is unknown. Preclinical studies suggested that IL-6 plays a critical role in intestinal epithelial proliferation and repair after ischemia–reperfusion, traumatic, and microbiological insults (30, 76). Clinical studies have shown IL-6's pivotal role in vascular endothelial growth factor production, as well as angiogenesis and wound healing (31–33).

Taken together, we venture to think that a possible negative and devastating synergy occurs between the microvascular insults from COVID-19, along with the lack of epithelial protection and vascular support from IL-6 blocking, ultimately resulting in intestinal wall damage, epithelium dysfunction, and intraluminal gas diffusion (Pneumatosis Intestinalis). However, it must be acknowledged that COVID-19 may affect intestinal homeostasis by other complex mechanisms involving gut microbiome and barrier functioning (24). To the best of our knowledge, this is the first case series of PI in COVID-19 patients, as well as the first reported from the same institution, and the first report of COVID-19 patients treated with TCZ who subsequently developed PI.

At the time of writing, COVID-19 is a novel entity with poorly understood pathology. Experimental, emergency, and compassionate use of drugs in COVID-19 has been the object of recent discussions. It should always be cautioned that deleterious interactions between drug-related adverse effects and intrinsic features of an infectious disease, in this case COVID-19, can lead to further complications (77, 78) “Primum non nocere”.



LIMITATIONS

Discussions regarding the causal relationship between COVID-19 and TCZ with PI are beyond the scope of this publication. However, it is important to acknowledge that some medications that patients received (methylprednisolone and lactulose) may be linked to PI development (1, 13, 79–81). Furthermore, these four critically-ill patients received intensive care support, which inherently adds numerous variables, including known and unknown interactions between each other and the host, resulting in an uncertain number of potential confounders. Additionally, two patients (Cases 3 and 4) received initial care at an outside hospital, and although the hospital course summary was accessible, the variability of clinical setting may hide unknown confounders. Therefore, it is complex and not possible for the authors to establish any definite cause–effect connection between the described variables (COVID-19 and TCZ) with the highlighted clinical outcome (PI). Further preclinical and clinical research addressing interactions between COVID-19 and TCZ with PI is warranted.
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FOOTNOTES
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