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A case presentation…
• 31 yo male with no significant PMH who presents to the ED with
shortness of breath.

• 8 days prior to admission (PTA), he developed fevers and cough along with
intermittent nausea and vomiting
• 3 days PTA, his shortness of breath worsened and he developed associated
chest tightness
• Brother was known COVID-19+ / patient had a positive COVID-19 test 5 days
PTA (after 3 days of symptoms)
• Patient was febrile to 39.5 / HR 108 / RR 45 / SpO2 in the 60’s on RA
• WBC 6.9 (normal diff) / AST 132 / ALT 109 / Glucose 150
• D-dimer 573 (>500) / Fibrinogen 646 / CRP (several days later) 15.61

A case presentation – cont’d
• Patient admitted to ICU on Optiflow (100% FiO2 / 50L flow)
• Started on COVID-19 therapeutics
•
•
•
•

Dexamethasone (6 mg PO daily)
EUA Remdesivir (200 mg IV loading, followed by 100 mg IV daily)
“Level 2” anticoagulation (0.5 mg/kg enoxaparin SQ Q12h – if normal Cr)
Empiric treatment for bacterial pneumonia

Quick physiology lesson…
• ”Happy hypoxemia” – severe hypoxemia
without comparable dyspnea
• V/Q mismatch and intrapulmonary shunting:
pulmonary arterial blood flow to non-ventilated
alveoli

• Begins with lung edema (ground glass opacities on CT)
• Progresses to include alveolar collapse
• ultimately worsened by patient self-inflicted lung injury
(P-SILI)

• Worsened by increased circulating vasodilators
• Worsened by dysfunctional hypoxemic vasoconstriction

• Early on, there is relatively preserved lung
compliance and a lack of excessive dead space

• Lungs are not stiff / pCO2 is normal à dyspnea minimal

Dhont S et al. Respiratory Research 21: 198 (2020).

Disease progression…
• Some patients deteriorate – whether due to
disease severity, host response, suboptimal
management – or a combination thereof

• Must consider timely invasive ventilation support /
intubation
• Opening alveoli / improving oxygenation / avoiding PSILI – offering lungs a better chance to heal
Dhont S et al. Respiratory Research 21: 198 (2020).
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• More consolidation à loss of compliance à increased
WOB à higher transpulmonary pressure à more P-SILI
• Increased physiologic dead space (perhaps exacerbated
by intravascular thrombi) à increased shunt fraction
• All leads to increased dyspnea and increased RR

Our patient’s pCO2 trend
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Back to our patient…
• Persistent tachypnea and worsening hypercarbia as his shunt fraction
increased (probably due to lung injury worsened by virus-specific
effects, P-SILI, oxygen toxicity)
• RR was consistently 40-50’s and he demonstrated significant WOB
• Patient was intubated after 12 days on 100% FiO2
• ABG was NOT reassuring (low pO2 and high pCO2) despite substantial
mechanical ventilation support

• Increased intrathoracic pressure can lead to large increases in alveolar pressure in spared
regions of lung à increased vascular resistance à blood flow diverted to areas where
compliance is lower à worsening hypoxemia

• Transferred to Duke University Hospital
• Cannulated for VV-ECMO

ARDS secondary to COVID-19
• Acute Respiratory Distress Syndrome (ARDS) is the dominant finding among
patients who are critically ill
• Begins with viral entry into alveolar pneumocytes à diffuse alveolar damage
• Alveolar wall damage, capillary damage à impaired gas exchange

• Severity based upon P/F ratio (PaO2 / FiO2)
• Mild >200 - 300
• Moderate >100 - 200
• Severe <= 100

• Mainstay of management is lung protective ventilation (per well-established ARDSnet
protocols and guidelines)
• Give the lung time to heal without hurting it more
• Immune modulation (Clinical trials: mesenchymal stem cells, ruxolitinib, sevoflurane, etc)

• ICU LOS is typically 1-2 weeks (or longer) with a low proportion of patients undergoing
tracheostomy placement (likely given restrictions on open airway procedures)

The numbers: Pulmonary manifestations of COVID-19
• Up to 20% of patients infected with SARS-CoV-2 require
hospitalization
• Up to 25% require ICU admission (5-8% of total infected population)
• Mechanical ventilation required in 30-100% of critically ill patients

• Of the patients with ARDS secondary to COVID-19, mortality is
reported anywhere from 30% to >90%
• Pre-COVID-19 ARDS data reveals the following mortality rates (Ranieri 2012) :
• Mild: 27%
• Moderate: 32%
• Severe: 45%
Huang C et al. Lancet. 2020;395(10223):497.
Richardson et al. JAMA. 2020;323(20):2052-2059.
Wang et al. JAMA. 2020;323(11):1061-1069.

Long-term pulmonary abnormalities
• We are only beginning to figure this out!
• Pre-COVID-19, it was recognized that some patients develop a fibroproliferative
response to mechanical ventilation and ARDS
• We are not able to prospectively identify the patients who may have pathological
fibroproliferative responses

• Certainly some patients have required lung transplant after surviving
COVID-19, but this is still very rare.
• Post-COVID follow up clinics and larger studies such as the COVID-19
Observational Study (CORAL) (run through the NHLBI’s PETAL Clinical Trials
Network) will provide longitudinal data to answer these questions.

Extrapulmonary manifestations of COVID-19

Gupta et al. Nature Medicine. 26, 1017-1032 (2020).

Extrapulmonary manifestations of COVID-19
• Neurological manifestations
• Headache / Anosmia / Ageusia – common outpatient complaints
• Impaired consciousness
• Toxic-metabolic encephalopathy
• Delirium
• Inflammatory response of the CNS to viral infection
• Leads to impairment of BBB integrity à infiltration of renin-angiotensin
components à neuroinflammatory cascades
• Situational (isolation, inability to interact with family, ICU admission)

• Stroke
• 5% of hospitalized patients had stroke (the vast majority are ischemic)

• Guillain-Barre Syndrome
• Rare – reported in the literature
Kotfis K et al. Crit Care. 24:176 (2020)
Zubair A et al. JAMA Neurology. 77(8):1018-1027 (2020).

Extrapulmonary manifestations of COVID-19
• Kidney involvement

• Proteinuria common (40%) at presentation
• Volume depletion causes a pre-renal state
• AKI commonly occurs as a later
manifestation of critical illness
• Cause of AKI is multifactorial in COVID
• Direct viral infection and damage

• Endothelial damage
• Renal tubular epithelium damage (ATN)

• Secondary effects

• Ventilator induced hemodynamic effects
• ARDS and cytokine release
• Immune response dysregulation (cytokine
storm)
• Thrombosis

• An independent predictor of mortality

Ronco C et al. The Lancet Respiratory Medicine. 8(7):
738-742 (2020).

Back to our patient…
• He remains on VV ECMO – now day 18 since cannulation
• Transaminases fluctuating – were normal, now back to 2-3x ULN range; bilirubin
normal
• Mental status post-cannulation initially excellent; now requiring increased
sedatives àdelirious
• Patient has significant respiratory drive and he is at risk of ongoing P-SILI

• Renal function is still normal
• Remains on anticoagulation – heparin gtt while on VV ECMO
• No thrombotic complications

• No cardiac issues – intermittently on low dose levophed in setting of fever
• Completed remdesivir and dexamethasone courses
• not eligible for ARDS clinical trials given VV ECMO support

Questions?

