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Abstract

Background: Localized lower respiratory tract infection including unilobar and round pneumonia
can be associated with hypoxia and oxygen requirements. This is unexplained. Hypothesis: Spread
of fluid absorption inhibiting cytokines in the alveolar spaces of the inflamed lung is cause of hypoxia
in localized lower respiratory tract infection by spread of CFTR dysfunction in alveolar epithelial
cells to more areas including those not infected. Evidence supporting the hypothesis: There is no
evidence of pulmonary shunting to explain hypoxia in localized pneumonia. Systemic inflammatory
response syndrome (SIRS) related generalized increase in alveolar capillary barrier or pulmonary
vasoconstriction not visible on a chest x-ray cannot explain the hypoxia detected. Testing the
hypothesis:Confirmation of the hypothesis could be achieved using pulmonary MRI or high
resolution CT to confirm spread of alveolar fluid accumulation from the localized pneumonia focus
as opposed to generalized SIRS related pulmonary oedema together with cytokine and chloride
measurement in bronchoalveolar lavage samples from the lung segments near the affected lung
segment and unaffected contralateral lung. Ventilation/perfusion scintigraphy could investigate for
involvement of vasoconstriction or microemboli from intravascular coagulation. Implications of a
confirmation of the hypothesis: Should the posed hypothesis be confirmed adjuvant strategies
including small molecule CFTR activators and CFTR activating combination of beta-agonists,
phosphodiesterase inhibitors and steroids could be used to treat hypoxia.
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Introduction

Hypoxia in Radiologically Localized Pneumonia is Unexplained

Death in lower respiratory tract infections is due to hypoxia secondary to pulmonary fluid
accumulation caused by acute lung injury [1-3]. Globally the median prevalence of hypoxaemia in
WHO-defined pneumonia requiring hospitalisation (severe and very severe classifications) was 13%,
but prevalence varied widely. This corresponds to at least 1-5 to 2-7 million annual cases of
hypoxaemic pneumonia presenting to health-care facilities. Many more people do not access health
care. Hypoxemia is a recognized risk factor for death in pneumonia [2,3].

An understanding of the pathophysiology leading to hypoxia in acute lung injury (ALI) is
therefore pivotal as it provides the basis for interventions to prevent and treat this condition in
addition to vaccines which are not available for all bacterial and viral pathogens involved in the
pathogenesis. Lobar pneumonia is limited to lung lobes because the infection and inflammation
spreads from one affected alveolus to another through connective passages including pores of Kohn
and canals of Lambert rather than through the larger airways. The spread is effectively contained at
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the boundaries of the lobes by pleural connective tissue planes. A further key features of lobar
pneumonia is that the airways contained in the affected lobes remain air filled.

Lobar pneumonia, which constitutes 29 to 47% of cases can be associated with oxygen
requirements due to lower saturations than patients with lower respiratory tract infection and no
lobar consolidation [4,5]. Round pneumonia has been defined as an oval or round-shaped
consolidation distributed in a nonsegmental pattern and is regarded as more common in children
with their less developed small connecting passages (pores of Kohn and canals of Lambert) [6]. In
round pneumonia hypoxia had been documented in 4 published case reports previously (for patient
characteristics see Table 1) [7-10].

Table 1. Clinical features of patients with round pneumonia and hypoxia.

. . Features of
Age and gender Radiological features Oxygen levels - Reference
sepsis

Septic shock

requiring Saline
PaO2=5Imm Hg in
) boluses and
Round density in left air, saturation 80%

37 years, male ) dopamine [7]
upper lobe in 100% oxygen by . .
infusion
face mask
followed by
death with ARDS
None,

3cm round PaO2=42mmHg and pulrmonary

46 years, male homogeneous opacity O2 saturation 82% embolus ruled [8]
in left lower lung field in air out by CT
angiography
4cm round
o PaO2 58mmHg in
58 years, female consolidation in left ] None [9]
lower lobe o
6 cm round
70 years, female consolidation in right ~ “hypoxaemic” None [10]
upper lobe on CT

! Requirement of fluid bolus and/or inotrope infusion for hypotension, features of renal failure,

reduced level of consciousness, features of coagulopathy or disseminated intravascular coagulation.

Hypoxia in unilobar or round pneumonia cannot be explained by a whole or part of a lung lobe
being unable to participate in gas exchange: Operative removal of half of an entire lung may not cause
oxygen requirements [11].

Previously Posed Hypotheses and Theories Explaining Hypoxia in Localized Lower Respiratory Tract
Infection

Systemic inflammatory response in pneumonia causes pulmonary fluid accumulation in parts
of the lung distant from the infected lung lobe

Almost 80% of patients with ARDS have sepsis, with 46% resulting from a direct pulmonary
infection and others from extrapulmonary sources [12-14].

The fact that extrapulmonary infection can result in pulmonary fluid accumulation points to a
role of proinflammatory cytokines in the peripheral blood causing increased capillary and
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subsequent pulmonary alveolar epithelial permeability leading the alveolar edema. The association
of systemic cytokine levels with pulmonary fluid accumulation has been demonstrated for IL-6 and
IL-8 levels [15]. The progression from a localized (round) pneumonia focus through a systemic
inflammatory response leading to generalized pulmonary fluid accumulation in ARDS is illustrated
in the first case [7] listed in Table 1.

Intrapulmonary shunting of deoxygenated blood and hypoxia in lobar pneumonia.

Investigations into the role of intrapulmonary shunting in lower respiratory tract infection used
the same pulmonary vascular investigation used in the diagnosis of pulmonary embolism: Dual
energy computer tomography to check for changes in pulmonary perfusion distribution as cause for
hypoxia by increased blood flow through poorly ventilated lung areas and various methods of
ventilation/perfusion scanning using radioisotope labelled markers and inert gas elimination [16,17].
. Other investigations employed the vaso-active gas nitric oxide to check for supportive findings.
Inhaled nitric oxide given in pneumonia should vaso-dilate ventilated and therefore oxygenated
areas of the lung more than fluid filled areas. In a trial of inhaled nitric oxide in 8 patients with
unilateral pneumonia arterial PaO2 improved dose dependent after NO application through the
endotracheal tube in those mechanically ventilated (4 patients) [18]. This was seen as support for
intrapulmonary shunting causing hypoxia.

The hypothesis that blood flow distribution changes observed in those experiments lead to
hypoxia rests on the following assumptions:

a) In areas of the lung with fluid accumulation due to infection, blood flow is directed to poorly
ventilated areas, leading to a mismatch in ventilation and perfusion

b) Inhaled NO improves oxygenation by acting as a selective pulmonary vasodilator, relaxing
blood vessels only in the well-ventilated regions of the lung where the gas can reach. Inhaled nitric
oxide hereby redirects blood flow to areas where gas exchange is efficient, thereby improving overall
blood oxygenation.

Against a) is that in areas of lung inflammation blood flow is in fact diminished as evident from
worsening of oxygenation in Chronic Obstructive pulmonary disease [17].

Dominant cytokines associated with worsening of outcome in pulmonary inflammation include
the vasoconstriction causing cytokines TNF and IL-1 [19-21].

Detailed investigation of pulmonary perfusion in and around areas of lobar pneumonia in
COVID-19 lung disease used dual energy CT and found evidence of vasoconstriction in areas on lung
consolidation [22].

Against b) is that inhaled nitric oxide cannot improve oxygenation from well ventilated lungs
[23].

Hypoxia in lobar pneumonia is correctable by supplementary oxygen given to the patient which
is against shunting being the most important cause.

The Hypothesis

Spread of fluid absorption inhibiting cytokines in the alveolar spaces of the inflamed lung is
cause of hypoxia in lower respiratory tract infection by spread of CFTR dysfunction in the alveolar
epithelial cells to more areas including those not infected.

Explanation of the Hypothesis

The hypothesis implies that cytokines, which can reduce CFTR function are transported in the
airway surface liquid out of the inflamed lung lobe up bronchioli and the bronchial tree where they
can via diffusion reach other parts of the same lung and the contralateral lung half and there reduce
CF1IR function and thus increase the depth of the alveolar fluid film slightly causing an increase in
the alveolar-capillary barrier leading to hypoxia.
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Evidence Supporting the Hypothesis

It has previously been established that features of dysfunction of the Cystic Fibrosis
Conductance Regulator chloride channel on the surface of respiratory epithelial cells correlate with
pulmonary fluid accumulation in the alveolar space [24]. Cytokines including transforming growth
factor-1, interleukin-1, interleukin-8 and tumor necrosis factor which reduce fluid absorption by
causing a down regulation of CFTR expression on alveolar epithelial cells have been found in
bronchioalveolar lavage samples of patients with acute lung injury in levels which strongly correlate
with severity of hypoxia. In three of the four case reports of round pneumonia listed in Table 1 there
was no evidence of a systemic inflammatory response severe enough to cause diffuse pulmonary
oedema or pulmonary arterial vasospasm as explanation of the hypoxia observed.

There is evidence for rapid convectional fluid movement out of the fluid filled alveoli to the
surrounding alveolar spaces [25].

Testing the Hypothesis

Confirmation of the hypothesis could be achieved using pulmonary MRI or high resolution CT
to confirm spread of alveolar fluid accumulation from the localized pneumonia focus as opposed to
generalized SIRS related pulmonary oedema together with cytokine and chloride measurement in
bronchoalveolar lavage samples from the lung segments near the affected lung segment and
unaffected contralateral lung. During bronchio-alveolar lavage gamma ray emitting radiolabelled
anti-cytokine (IL-1, IL-8, TGF beta and TNF) antibodies could be instilled into the affected lung lobe
and then the pattern of emitted gamma rays in sequential gamma camera recordings documented.
One could also attempt to investigate the influence on CFTR dysfunction in different parts of the lung
away from the inflamed lobe by selective sampling of exhaled breath condensate (EBC) from briefly
bronchoscopically intubated bronchi in the affected and the contralateral radiologically unaffected
side and compared to healthy control subjects. Congenital CFTR dysfunction has previously been
associated with reduced chloride concentration in EBC [26].

Ventilation/perfusion scintigraphy could investigate for involvement of vasoconstriction or
micro-emboli from intravascular coagulation.

Implications of a Confirmation of the Hypothesis

Should the posed hypothesis be confirmed adjuvant strategies including small molecule CFTR
activators and CFTR activating combination of beta-agonists, phosphodiesterase inhibitors and
steroids could be used to treat hypoxia as explained previously [24].
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