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Fysiologi av lung cirkulation



Enhet



Lung ventilation och perfusion



Gas innehållet



Blodflöde



The MIGET
Multiple Inert Gas Elimination Technique





Granularity 
A fine-grained description of a system is a detailed, exhaustive, low-level model of it. 

A coarse-grained description is a model where some of this fine detail has been smoothed 

over or averaged out. 

Botha & Sheppard. Mapping permeability in low-resolution micro-CT images: A multiscale statistical approach.  Water Resources Research 2016; 52(6): 4377-98.



Recruitability



Temporal förändring av den 
regionala lungperfusionen

”spatially clustered”



Dunham-Snary et al. Hypoxic Pulmonary Vasoconstriction: From Molecular Mechanisms to Medicine. Chest 2017;151:181–192.

Hypoxic Pulmonary Vasoconstriction

Mitochondria in pulmonary artery 
smooth muscle cells from a normal 
patient 

Bovine pulmonary artery endothelial cells 
stained for mitochondria



Hlastala et al. Spatial distribution of hypoxic pulmonary vasoconstriction in the supine pig. J Appl Physiol 2004;96:1589–1599.

Spatial distribution of hypoxic pulmonary vasoconstriction



Teoretisk:



Vägen från Asbaugh till Wuhan

HECTOR RETAMAL/AFP



Oudkerk et al. The vascular nature of COVID-19. Br J Radiol 2020;93: 20200718.



Williams GW, et al. Acute Respiratory Distress Syndrome. Anesthesiology. 2021 Feb 1;134(2):270-282

Discussion:
alveolo-centric vs 

vaso-centric disease



Lang et al. Hypoxaemia related to COVID-19: vascular and perfusion abnormalities on dual-energy CT. Lancet Infect Dis 2020;20:1365–1366.



Venous admixture



Vad orsakar viruset? 



COVID-19:
- Severe endotelial injury
- Vascular trombosis, microangiopathy ,  occlusion of 

capillary
- New vessel growth



Resting Activated

Mediators of inflammation OR 
damage-associated molecular 
patterns derived from dead or 
dying cells





McGonagle et al.  A tricompartmental model of lung oxygenation disruption to explain pulmonary and systemic pathology in severe COVID-19.  Lancet Respir Med 2021;9:665–672.

Pulmonary vascular territory 
immunothrombosis

The clot composition in
severe COVID-19 is rich in 
megakaryocytes, platelets, 
neutrophils including NETotic
neutrophils, and other immune

….something local….



McGonagle et al.  A tricompartmental model of lung oxygenation disruption to explain pulmonary and systemic pathology in severe COVID-19.  Lancet Respir Med 2021;9:665–672.

The lung parenchyma receives oxygen
input from a triad of sources: 
dual blood supply from the pulmonary and 
bronchial arteries, 
and a third supply directly from the alveoli

They are all involved in the local
immunothrombosis

The classical embolic occlusion of the 
pulmonary artery removes only one 
component of the tri compartmental 
model—the one that supplies 
deoxygenated blood and therefore little 
oxygenation to the parenchyma 

while the remaining two sources (the 
bronchial artery and direct oxygenation 
from the alveoli) remain unscathed and 
provide sufficient oxygenation to prevent 
infarction



McGonagle et al.  A tricompartmental model of lung oxygenation disruption to explain pulmonary and systemic pathology in severe COVID-19.  Lancet Respir Med 2021;9:665–672.



COMPUTED

TOMOGRAPHY



Gattinoni L, Caironi P, Pelosi P, et al.: State of the Art What Has Computed Tomography Taught Us about the Acute 
Respiratory Distress Syndrome ? 2001; 164:1701–1711



Software:

MatLab ver. 7
Image Processing Toolbox



By using matrix mathematics, it is possible to 
calculate and present the gas volume map of the 
lung

manual outlining of the lung

calculation of gas content 
voxel-by-voxel

[ml]

Volume map of the lung





Johnson TRC, et al.: Material differentiation by dual energy CT: initial experience. Eur Radiol 2007; 
17:1510–1517

DUAL ENERGY COMPUTED TOMOGRAPHY





Kan man ”behandla” V/Q?
(och när?)



Robba C et al. Respir Physiol Neurobiol. 2020 May 10:103455

Gattinoni’s

L-type

Gattinoni’s

H-type



Prone in Covid-19

as solution for perfusion mismatch?



Favours the re-expansion of collapsed lung in dorsal lung regions & 
reduction in aeration in ventral ones,
leading to lung recruitment and more homogenous lung aeration. 

Distribution of ventilation is influenced by the postural change, lung 
perfusion is usually considered less dependent on gravity. 

The net effect is usually a better ventilation-perfusion and improved 
gas exchange. 

Moreover the more homogenous distribution of ventilation should 
reduce the risk of ventilator-induced lung injury.

Gierhardt M, et al. Eur Respir Rev 2021;30:



Behandling med Kvävemonoxid, NO





Abou-Arab O et al. Inhaled nitric oxide for 
critically ill Covid-19 patients: a prospective 
study. Crit Care 2020;24:1–3.

Ferrari M et al. Inhaled nitric oxide in mechanically 
ventilated patients with COVID-19. J Crit Care
2020;60:159–160.

We administered 10 ppm of iNO through the inspiratory 
limb of the ventilator tubing when PaO2/FiO2 ratio was 
under 150

We found a response rate of 65% to iNO administration.



Safaee Fakhr B, et al. Inhaled high dose nitric oxide is a safe and effective respiratory treatment in spontaneous breathing hospitalized patients with 
COVID-19 pneumonia.  Nitric Oxide - Biol Chem 2021;116:7–13.

Twenty-nine COVID-19 patients received intermittent inhaled NO treatments for 30 min at 160 ppm 
Breathing NO acutely decreased the respiratory rate of tachypneic patients and improved oxygenation in hypoxemic 
patients.
The maximum level of nitrogen dioxide delivered was 1.5 ppm.
The maximum level of methemoglobin (MetHb) during the treatments was 4.7%.



PRONMED & Respiration fokusgrupp (AnOpIVA, UU):

Steroids affect the distribution of lung perfusion in 
COVID-19 ARDS. Evidences from a dual-energy 
computed tomography study

Preliminary data
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Figure 2. HU distribution for Gas Volume (above) and Blood Volume (below) maps, in the whole lung parenchyma, for two gropus of patiens: 1) patients not 

exposed to steroids (Left, n = 17) and 2) patients exposed to steroids treatment (Right, n = 43).  x-axis: HU values. y-axis: percent of total voxel. (median ± SEM); 

kurtosis indicated as median (IQR). * to mark significant differences between the N-Steroids and the Steroids groups. 

kurtosis = 3.09 (1.31)  *kurtosis = 2.41 (0.88) *

*

*

*
*

N-Steroids Group (n = 17) Steroids Group (n = 43)



Thank you!


