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When the first cases of COVID-19 infection started to be detected the profound difference between
patients in terms of severity of disease quickly became evident. A vast majority of patients remained
asymptomatic and eventually healed while some, despite lacking initial symptom, eventually worsen
and a few fell ill quite rapidly. While facing a new disease, COVID-19 pneumonia was approached
based on medical knowledge translated from the most similar illness but, a year later since the
beginning of the outbreak in Northern Italy, knowledge has evolved. This text has the intent to offer
a comprehensive view of COVID-19 pneumonia and its treatment options as a continuum of the same

but complex disease, from the early to the late phase.

To give our contribution to the everyday care of these patients we released a first Italian version of
this document in November, for knowledge has evolved since, we decided to release a second

version, this time in English.

Contrary to our usual work, this has not been submitted to a journal and peer reviewed as we

consider it more of a practical summary.
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News, opinions, and statement about COVID-19 have dominated public discussion since the start of
the pandemic. Unfortunately, public media communications are often reduced to a few words.
Sentences are taken out of context and forced into catchy headlines. Experts from different medical
fields have argued extensively and given different, often contrasting, point of view.

We believe that at least part of the disagreement comes from the fact that each physician is not
necessarily referring to the same patient in the same phase of the disease: expertise in a specific field
gives a really good view but with a narrow-angle.

When someone is infected with SARS-CoV-2 a wide spectrum of symptoms and manifestations may
develop: from completely asymptomatic to severe respiratory impairment and multi-organ failure.
So, being able to look at the whole picture, becomes more important than ever to understand the
pathology and avoid drawing the wrong conclusions.

Thanks to the constant exchange of information with colleagues from different medical fields we
conceptualized COVID-19 as a progressive disease with different stages. Depending on the virus-host
interaction, the disease may progress to multi-organ failure, or may be self-limiting like the common
cold. The reason why is yet not known. Consequently, the only weapon in our hands is to identify

correctly each stage of the disease and treat each patient accordingly.

This is a summary of our view on the most severe manifestation of COVID-19: pneumonia. For
educational purposes, we will divide the evolution of the disease into three stages or phases: early,
intermediate, and late. It is important to remember that progression is a continuous process and

features may merge and overlap.

Early phase

Of all patients that contract SARS-CoV-2 (i.e., patients with a positive test) a small fraction will develop
symptoms that require medical attention. There is no explanation as to why, in general, the severity

of a disease may depend on the load of infectious agent and the intensity of the host’s reaction (1).

Most common early symptoms are fever, cough and fatigue (2). From the airway the virus enters into
the lungs and through the bloodstream it can spread to other organs. However, the main target of

the virus is the lung: Computer Tomography (CT) shows bilateral ground-glass density (3)(Figure 1).
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Figure 1. Three examples of COVID-19 pneumonia on Computer Tomography in the early phase.

What is distinctively peculiar of COVID-19 pneumonia is hypoxemia - which, in the early phase, is
accompanied with only minor radiological signs. CT scan often indicates interstitial alterations that
are out of proportion with the severity of the observed hypoxemia (4). Many patients present deeply
hypoxemic but without any other respiratory symptoms such as dyspnea. What was defined as silent

hypoxia (5).

Gas exchange, so oxygenation and CO2 removal, is determined with mathematical precision by the
ratio between ventilation and perfusion: if the lung has nearly normal gas content (as observed in
COVID-19 patients) and oxygenation is profoundly reduced, the only possible explanation is a altered
perfusion (6)(7). This was repeatedly confirmed in COVID-19 patients by direct measures (8)(9). In
other words, the distinctive trait of this disease is that the first target of the virus is not so much the
alveolar side of the lung parenchyma but its vascular component — and therefore its perfusion (10).
Hypercoagulability (11) and alterations of endothelium (12) and pericytes were also observed (13).

In physiological conditions, the ratio between ventilation and perfusion (VA/Q) is close to 1 and this
allows for adequate gas exchange. In COVID-19, due to both an altered perfusion and
microembolization of pulmonary vessels (14)(15), in some alveoli ventilation exceeds perfusion,
altering CO2 elimination. In other perfusion exceed ventilation, the blood is only partially oxygenated,
and, considering the extreme case of absence of ventilation, blood may leave the pulmonary capillary

with the same oxygen content of the mixed venous blood.

So, in the early phase of COVID-19 pneumonia we can observe the following phenomena:
- The patient is deeply hypoxic
- Lungs present with ground glass opacities

- Patients are not necessarily dyspneic
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It is mandatory to remember that dyspnea is — by definition - a subjective sensation. The patient is
dyspneic when the tidal volume which follows an inspiratory effort does not match the tidal volume
desired by the brain. This unbalance between expected and effective tidal volume generates
dyspnea. Silent hypoxemia is then explained by the fact that, if the lung has nearly normal
compliance, the patient receives an adequate tidal volume in relationship to its inspiratory effort.

With progression of the disease the lung parenchyma becomes more altered. Radiologic opacities,
including both collapsed alveoli and units filled with fluid, cells, and products of inflammation, occupy
a place normally full of aerated tissue hence lowering the gas content and the lungs become heavier.
The decrease of gas content causes the lung to become less compliant. Consequently, a certain

inspiratory effort does not match with the expected tidal volume and generates dyspnea.

Treatment
In general, the treatment of every disease can be broken down to three principles.
- Etiological: treating the cause of the disease, the virus.
- Pathophysiological: intervening in the process, that, from the cause of the disease, leads to
the anatomical and physiological damage of the target organ. It means modulation of the
inflammatory response and the enhanced coagulability associated with COVID-19.

- Symptomatic: treating the symptoms such as reversing hypoxemia.

When SARS-CoV-2 started to spread, many attempts were made to find etiological and
pathophysiological treatment. Leading to the use of various drugs and their combination. Most of

these were, at best useless (16)(17)(18)(19).

Etiological treatment
No drug proved to be effective concerning etiological treatment: Remdesivir showed a slight
decrease in hospital length of stay but results on the benefits on mortality are conflicting (20)(21).

Monoclonal antibodies, theoretically able to neutralize the virus, are still undergoing evaluation (22).

Pathophysiological treatment
Concerning pathophysiological treatments, steroids, in particular, dexamethasone 6 mg/day for 10
days was able to significantly lower the mortality in patients hospitalized for COVID-19 (23) and a

higher dose of 20 mg for 5 days followed by 10 mg for another 5 day reduced ventilation requirement
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in moderate/severe ARDS patients (24). Low-molecular weight heparin in anticoagulant dose has
allowed for a reduction in thrombosis (25) and there are anecdotal reports of its use as an aerosol
(26). It was recently announced by the ATTACC/ACTIV4/REMAP-CAP network that interim analysis of
their data seams to show that full blood thinners in hospitalized moderately ill COVID-19 patients
reduced requirements for vital organ support whereas anticoagulation was stopped in severe COVID-
19 patients for futility. In order to correctly interpret these data, it will be necessary to wait for
publication, one possible explanation, however, is that the start of anticoagulation when the patient
is already critically ill may present little advantage for the damage to pulmonary perfusion has already
occurred.

Tocilizumab, used to counteract ILs storm, did not showed survival benefit in early phases (27) but a

recent analysis by REMAP-CAP show its efficacy in the most severe patients treated in the ICU (28).

Symptomatic treatment

Symptomatic treatment consists of correcting hypoxia: low oxygen delivery, especially if associated
with other organ dysfunction, may lead to multi-organ dysfunction and death. Interventions of
increasing complexity at the worsening of the condition are therefore necessary.

In general, there are two possible reasons for hypoxemia to develop in a patient: VA/Q mismatch and
right to left shunt. In the first case the blood runs through alveoli that have a low VA/Q ratio and
therefore is not sufficiently oxygenated. In the second case, the blood runs through a region of the
lung that is not aerated and remains venous. In COVID-19 the first mechanism is predominant in the
early phase. This type of hypoxemia is responsive to a higher inspired fraction of oxygen. Right to left

shunt, on the other hand, requires closed pulmonary units to be reopened via recruitment (29).

In the early phase, the amount of atelectasis is small, and therefore the potential recruitment is
limited. The most effective symptomatic treatment is to increase oxygen available by increasing FiO2.
If atelectasis becomes quantitively important it becomes useful to reopen those pulmonary units with
a positive pressure ventilation such as the application of Continuous Positive Airway Pressure (CPAP).
Another possibility to improve oxygenation is prone positioning. This technique, usually applied to
intubated patients, during the current pandemic has also been used in non-intubated patients, with

oxygen masks or helmet CPAP or non-invasive ventilation (30).
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During this phase is mandatory to check the inspiratory effort of patients: for reasons that are still
not clear some have an altered respiratory drive despite correction of hypoxemia. When the lung is
inflamed, a large tidal volume may lead to the damaging of lung tissue. This is what we referred to
when talking about p-SILI (patient Self Induced Lung Injury). The stretching due to increased tidal
volumes, worsen inflammation and worsens the edema. It is hence probable that in some patients,
the natural evolution of the disease is worsened by this mechanism (31). The esophageal pressure
swings, the pressure swinges of CVP, the ultrasound displacement of the diaphragm and the close
observation of inspiratory muscle action are all possible means to measure or estimate the inspiratory

effort.

Intermediate phase

In this phase the lung starts to lose its elasticity, gas content is reduced, and atelectasis expand (6).
Densities are especially enhanced in the dependent region of the lung (Figure 2). Edema and lung
weight increase, consequently dependent regions are pressed and gas content decreases. In this
phase hypoxia is determined by two factors: on top of ventilation/perfusion mismatch, due to the
developed atelectasis, right to left shunt starts to play a significant role. It is noteworthy that in prone
position, closed pulmonary units that are no longer suffering the weight of the whole lung, open up

again improving lung compliance and hypoxia (32).

Figure 2. One example of COVID-19 pneumonia on Computer Tomography in the intermediate phase.

Respiratory management requires increasing interventions. Mechanical ventilation is needed to
sustain muscles that are no longer able to move a heavy lung while positive pressure keeps
pulmonary units open. In this phase most patients become dependent on mechanical ventilation,

eighter invasive, or non-invasive.
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Late phase

This phase concerns a small portion of patients and is characterized by a profound alteration of the
structure of the lung. There is a considerable increase in fibrotic tissue (33) that is longer recruitable
and alters deeply the anatomy and function of the lung. Based on its extension it may determine the

irreversibility of the disease.

To summarize, depending on the observed phase of the disease, patients may present with a
condition ranging from nearly normal lung compliance and hypoxemia (mainly due to
ventilation/perfusion mismatch) to severely decreased compliance, increased lung weight, and

relevant right to left shunt (Figure 3).

lung damage progression

(Virus + P-3ILI)

STOP STOP STOP

Inspiratory effort -

Type L
Low elastance Non invastive Early intubation Late intubation _|_ H
Low VA/D mismatch Sppor ype
Low lung weight HFNC PEEP (5-10 cmH,0) Higher PEEP (10-15 cmH;0) High elastance
Low recruitability E CPAP E Sedation E Prone position High R-L shunt
NIV NMBA (ECMD)

High lung weight
High recruitability

Figure 3. Time course of COVID-19 ARDS.

With the surge of the pandemic, intensivists have been arguing about treatment options. To
understand this phenomenon, it should be remembered that Intensive Care was born addressing
respiratory conditions and intensivists have been discussing over the best treatment approach for
ARDS (Acute Respiratory Distress Syndrome) for the last 30 years. The reason is probably surprisingly
simple, ARDS is a term that was born to facilitate communication, but the undelaying conditions may
be profoundly different. The common denominators are hypoxemia and bilateral infiltration at X-ray

or CT. COVID-19 pneumonia falls under this wide umbrella, nevertheless, since at least in the early
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phase, despite the deep hypoxemia, we cannot see reduced compliance and increased lung weight,

it is sort of an atypical ARDS.

This matter is not without direct consequence on clinical approach and consequently has fueled a
heated debate (6)(34)(35)(36). In typical ARDS intensivist use high end-expiratory pressure to correct
atelectasis, together with low tidal volumes to minimize VILI. Whereas in COVID-19, at least in the
early phase, this approach could, in our opinion, be devastating: low tidal volume in a patient that
does not need it leads to hypoventilation and high end-expiratory pressure, when there is no

atelectasis to reopen, only impairs cardiovascular function.

Consequently, we firmly believe that the correct recognition of the stage of the disease may provide
a framework upon which optimal delivery of individualized treatment can be achieved for patients

with COVID-19.

Gottingen, 02/03/2021
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