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Pathogenesis of acute lung damage

The new corona virus pneumonia caused by COVID-19 having begun in China, has now reached almost all countries of the 
world, affecting more than 500,000 people, of which more than 25,000 people have died. Unfortunately, specific measures for both 
preventing and treating this infection, which has pandemic status, are still lacking, which makes this problem very urgent. In severe 
pneumonia, acute respiratory distress syndrome (ARDS) develops - toxic pulmonary edema with severe and difficult to correct 
respiratory failure, which requires an extracorporeal membrane oxygenation (ECMO). Since endotoxemia is the basis for ARDS 
development, extracorporeal detoxification methods should play a leading role in the treatment of this complication. Moreover, with 
help of hemosorption, not only detoxification is achieved, but also decontamination (delay and removal of pathogens), and with 
plasma exchange, the body's immune defense system is restored.

The pathogenetic mechanisms of the corona viral pneumonia 
are common to all types of acute respiratory distress syndrome, 
which occurs in other diseases - sepsis, peritonitis, eclampsia of 
pregnant women and many others. They consist in development 
of toxic interstitial and then alveolar pulmonary edema due to im-
paired permeability of the cell membranes on the basis of endotox-
emia [1,2].

To verify this, as early as in the 90s, a series of experimental 
clinical trials were conducted at our University. Both with endotra-
cheal and intravenous administration of pneumococci in rabbits, a 
pattern of endotoxemia developed associated with development of 
toxic pulmonary edema - ARDS [3].

The experiments showed that in development of the lung respi-
ratory parenchyma lesions that occur on the background of acute 
pneumonia, it is not the spread of the primary pathological process 
through the airways, but endotoxemia playing the leading role due 
to the release of both living microbes and inflammation products 
into the circulation, resulting in impaired permeability of the endo-
thelial cell membranes with access of not only fluid but also protein 
to the interstitium and then to the alveoli.

It should be considered that the protein penetrating through the 
porous endothelium promotes formation of hyaline membranes in 
alveoli, which even after cure determine the picture of chronic re-

spiratory failure in such patients [4]. No less severe injuries occur 
in the renal parenchyma, leading to acute renal failure, up to anuria. 
And such changes are still left even after the recovery, leading to 
development of chronic renal failure [5,6]. 

Thus, in patients with acute pneumonia, a double type of lung 
lesion develops - the primary one, depending on the spread of the 
pathogens through the respiratory tract, and the secondary one, 
resulting from penetration of microbes and inflammatory products 
from the primary focus into the bloodstream with toxemia develop-
ment. Moreover, it is not the epithelium of the respiratory tract that 
threatens the pulmonary parenchyma, but the blood through the 
vascular endothelium [7].

All types of these toxic substances damage the permeability of 
the cell membranes, and not only the lungs, but also almost all oth-
er internal organs and tissue structures with disorder of their func-
tional state and of multiple organ failure syndrome development.

Moreover, a number of vicious circles appear when toxic pulmo-
nary edema and hypoxemia stimulate hypoxic disturbances in the 
membrane permeability; damage to the kidneys contributes to ad-
ditional fluid retention in the body (edema is stimulated) and toxins 
(toxemia is increasing); damage to the liver with the suppression of 
its detoxification function also deepens toxemia; toxic myocardi-
opathy exacerbates microcirculation disorders in the organs; toxic 
encephalopathy also leads to the brain disorders, and the released 
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neuropeptides stimulate neurogenic pulmonary edema. It is this 
“summation” of lesions in multiple organ failure that determines 
the extremely high mortality rate - up to 80% [8]. This syndrome 
of multiple organ failure reflects a biological catastrophe, a type of 
biological suicide that occurs in a wide range of clinical situations.

Interstitial and alveolar toxic pulmonary edema blocks the gas 
exchange at the alveolar level due to the thickening of the airborne 
barrier (alveoli-capillary membrane). This leads to severe and dif-
ficult to correct parenchymal respiratory failure, which is a leading 
factor in thanatogenesis.

Toxic products circulating in the blood have a damaging effect 
not only on the endothelium of the blood vessels, but also on the 
ingredients of the blood itself, mainly on its cells. In particular, 
activation of platelets contributes to their adhesion and produc-
tion of their micro-aggregates, which become a kind of foci for the 
subsequent formation of DIC reactions cascade, stimulating micro-
thrombosis and bleeding.

Thus, ARDS is a secondary toxic lesion of the respiratory paren-
chyma that occurs in diseases not only of the lungs, but also in a 
number of other pathological conditions that have common patho-
genetic mechanisms. The main one is the toxic disorder of the cell 
membranes permeability.

ARDS treatment
Traditional approaches to the treatment are largely determined 

by the above mentioned diagnoses and resulting in inadequate as-
sessment of this complication causes. When only the inflammatory 
component of pathogenesis is considered to be the cause, efforts 
are directed towards providing antibiotic therapy, and the search 
for new, more powerful antibiotics of “super-wide” action. It is be-
lieved that the process progression is associated only with the low 
sensitivity of pathogens to antibiotics.

Naturally, it would be unreasonable to reject the use of anti-
biotics in cases where the microbial flora is the main etiological 
factor. It is also necessary to increase the body’s resistance using 
vitamins, immunostimulating drugs, as well as cardiotonics, mem-
brane stabilizers, antioxidants, and antiplatelet agents.

However, even the most effective antibiotics, killing microbes, 
are not able to eliminate microbial toxins, and even the micro-
bial bodies themselves require a special elimination system, and 
in conditions of reduced phagocytic activity, they are retained in 
the body and continue their harmful effects. The fact of addition 
and activation of a microbial infection already indicates weakening 
of the body’s defenses, its inability to cope with the pathological 
condition on its own. Respiratory viral infection contributes even 
more to immunosuppression, especially in patients weakened by 
previous chronic diseases, and intoxications.

Since no specific treatment methods for ARDS have been found 
so far, there is a hope left only for prolonged mechanical ventila-
tion (PMV) [9,10]. Oxygen therapy does not cause any doubts and 
objections, since the expansion of the alveolo-capillary membrane 
during edema dramatically slows the diffusion of oxygen through it. 
However, the hope to restore the gas exchange function of the lungs 
using PMV seems rather illusory, since it is indeed able to correct 
ventilation respiratory failure, but diffusion disorders at the alveoli 
level make it unsuccessful in case of parenchymal respiratory fail-
ure. Resuscitators worldwide still hope to adjust some special ven-
tilation conditions, in particular, to increase airway pressure at the 
end of exhalation (PEEP).

Maintaining such a pressure at the level of 5 - 10 cmH2O at some 
point proves to be effective due to the over-inflation of the alveoli 
not yet completely filled with effusion, improving the gas exchange 
[11]. However, special physiological studies show that the volume 
of the intravascular fluid of the lungs does not only decreases, but 
even increases due to the greater porosity of the overgrown alveo-
locapillary membrane, increased filtration area and the affected 
lymphatic drainage from the pulmonary parenchyma in the result 
of increasing intrathoracic pressure. It is known that PMV even 
with ventilation disorders itself stimulates fluid retention in the 
lungs, inhibits diuresis, and promotes lung barotrauma.

In addition, pneumonia and sepsis, which develop not only in 
the result of microbial insemination of the respiratory tract, but 
also in systemic inflammatory response syndrome (septic shock) 
with release of cytokines such as interleukins 6 and 8 (IL-6, IL-8), 
as well as tumor necrosis factor α (TNF-α). It was noted that their 
level increase occurs 3 - 4 days before of pneumonia developed 
[12,13]. The onset of pneumonia on the background of ARDS is dif-
ficult to diagnose, since its signs such as leukocytosis, high fever 
and radiologically determined changes (lung infiltration) already 
exist in ARDS with no concomitant infection. On the other hand, 
endobronchial and pathomorphological studies show the presence 
of respiratory tract infection on days 2 - 6, and signs of pneumonia 
on days 5 - 12 of ARDS development.

These facts made scientists back in the seventies of the XX cen-
tury to turn to the use of extracorporeal gas exchange with the 
help of ECMO. In animal experiments, it was possible and safe to 
maintain gas exchange for up to three weeks with membrane oxy-
genators. This gave reason to use them for auxiliary ECMO in acute 
parenchymal respiratory failure.

The first results of ARDS treatment using ECMO were quite en-
couraging. Indeed, immediately after connection of membrane oxy-
genators the gas exchange was restored, and the patients’ condition 
was stabilized. However, there was no inverse significant dynamics 
of pathological changes in the lungs observed. After the procedure, 
inflammatory and destructive processes continued to progress. 
In recent years, ECMO effectiveness has increased up to 47 - 60% 
[14,15]. 
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Positive results require up to 16 and even 120 days of ECMO 
[16,17]. During this period, it was necessary to transfuse signifi-
cant amounts of donated plasma, platelet concentrates, to perform 
parenteral nutrition, round-the-clock monitoring and maintenance 
by highly qualified specialists, which required considerable finan-
cial costs, well exceeding $ 100,000. Given such difficulties and 
ECMO operations complexity, they are not widely used. However, 
ECMO has taken a definite place among ARDS treatment methods.

Nevertheless, conventional methods of intensive care with vari-
ous options for mechanical ventilation are still most often used 
[18].

The presented analysis shows the complexity of ARDS treat-
ment, but at the same time there is almost no pathogenetic ap-
proach to its therapy that is ignoring the fact of the endotoxic 
nature of the lungs and other organs damage and, as a result, de-
toxification methods are not used.

Our own initial attempts to use ECMO in ARDS did not give the 
expected results due to the inability to suspend the progression 
of pathological processes in the lungs and multiple organ failure, 
despite the correction of the impaired gas exchange during the op-
eration.

These failures, on the one hand, and the results of experimental 
studies that showed the toxic nature of the lesions of the lungs and 
other organs, on the other hand, convinced us to consider the use 
of detoxification methods to be necessary. Under these conditions, 
only direct blood extracorporeal detoxification methods can stop 
the process progression and break many formed vicious circles.

Extracorporeal detoxification methods in ARDS
During hemosorption when up to 3 - 4 circulating blood volume 

(CBV) passes through a column with carbon sorbents there was 
quite a complete elimination of many pathological products and 
even live bacteria were retained and fixed, which was the only truly 
effective treatment due to the inadequacy of the antibiotic therapy. 
The level of medium molecular oligopeptides, blood toxicity as a 
whole (considering the survival time of protozoa) decreased, the 
general condition improved, the changes in the lungs visualized by 
the X-ray examination underwent reverse development [3,7].

Nevertheless, in an advanced lung damage only ECMO with 25 
- 30% speed of the minute volume of the blood flow and lasting 
up to two days made it possible to gain time, i.e. to maintain the 
gas exchange at a minimum adequate level and during this time 
to provide more active detoxification. Only such a combination of 
massive detoxification (up to three hemosorption procedures per 
day) on the background of ECMO made it possible to ensure the re-
verse the organ lesions development in extremely severe stages of 
ARDS. Of the ten such completely hopeless patients they managed 
to save seven [7].

It should be noted that it usually takes 2 - 3 weeks to treat ARDS 
with ECMO, while in our cases it took only 15 to 44 hours to stop 
ARDS of the same extremely severe degree. And the difference in 
treatment tactics is only in one thing: we have conducted intensive 
detoxification with hemosorption on the background of ECMO, 
which is still ignored. 

There is a review of the treatment of another 44 patients with 
severe ARDS treated during the period 1998-2015, of whom 15 
patients being treated with conventional methods of drug therapy, 
and 29 patients with comparable severity of ARDS being detoxified 
by hemosorption or plasmapheresis.

Hemosorption was carried out with 1 - 2 volumes of the circu-
lating blood passing through the columns. Membrane plasmapher-
esis was performed using Russian PFM-800 or “Rosa” plasma filters 
on the “Hemofenix” device (Trekpor Technology, Moscow) in the 
plasma exchange mode with removal of 1.2 - 2.5 L or 0.5 - 1,0 of 
the circulating plasma volumes (CPV) and replacing freshly frozen 
donor plasma. At the same time, laser irradiation of blood was per-
formed.

All the patients received traditional drug therapy, and in case 
of respiratory failure developing - PMV, in severe cases with PEEP. 
Moreover, if in the main group of 29 patients 21 were saved (72.4%), 
in the control group of 19 patients only 6 survived (31.6%).

Here is our clinical observation, which is an example of such a 
leading role of endotoxemia and immunosuppression in the onset 
and development of life-threatening ARDS condition and the effec-
tiveness of detoxification.

A total lung lesion with severe multiple organ failure devel-
oped in a 40-year-old patient S. with sarcoidosis who had been 
using hormonal drugs for a long time. Gradually increasing immu-
nosuppression determined the scale and speed of progression of 
viral respiratory infection. By the beginning of apheresis therapy, 
the patient was in an extremely serious condition. PMV with PEEP 
did not correct parenchymal respiratory failure and hypoxic coma. 
An X-ray examination revealed intense and almost total shading 
(“hepatization”) of the lungs. Hepatic-renal failure was manifested 
by significant fluid retention in the body with an increase in creati-
nine, bilirubin and transaminases. Central hemodynamics was sup-
ported by sympathomimetics, frequent group polytopic ventricular 
extrasystoles were detected.

At the first stage of extracorporeal detoxification, hemosorp-
tion with blood laser irradiation was performed. The very next day, 
the condition stabilized somewhat. Received 500 ml of urine. An 
X-ray examination showed signs of airiness in the upper parts of 
the lungs. The normal rhythm with isolated extrasystoles was prac-
tically restored, sympathomimetics were canceled.
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Against this background, a second session of extracorporeal 
detoxification was performed - membrane plasmapheresis with 
the exchange of 2000 ml of freshly frozen donor plasma, also with 
blood laser irradiation. The next day, there was a restoration of 
consciousness and independent breathing, followed by a more 
rapid restoration of the functional state of the lungs and other vital 
organs and a complete recovery.

Discussion
As the above mentioned findings show in severe ARDS stages 

the use of extracorporeal detoxification methods affects the over-
all outcome of the disease. It should be noted that the earlier the 
detoxification methods are used, the more pronounced is their ef-
fectiveness. In this case, as a rule, only one hemosorption or plas-
mapheresis procedure with blood laser irradiation is sufficient to 
improve the course of the disease dramatically, so that the body 
itself can further cope with the complications even having a lower 
level of drug support. In a severe degree of ARDS, it is often re-
quired to repeat another two or three detoxification procedures to 
achieve stabilization and reverse development of the lung lesions, 
but if their use is delayed, not all the patients can be saved.

In an extremely severe degree of ARDS with almost total lung 
damage, severe parenchymal respiratory failure develops that 
cannot be stopped by any means using PMV. In these cases ECMO 
provides faster normalization of the gas exchange, and simultane-
ous intensive detoxification (up to three procedures per day) helps 
eliminate toxic pulmonary parenchyma edema with restoration of 
the lungs “airiness” degree during X-ray examination after 7 - 15 
hours. And by the time ECMO is completed it is possible to restore a 
completely satisfactory level of gas exchange function of the lungs 
[7]. 

Nevertheless, detoxification alone, achievable by hemosorp-
tion, is also not enough for a full therapeutic effect, since the body 
remains in a state of immunosuppression, due to which there is a 
possibility of developing this serious complication. A more stable 
result is achieved by plasma exchange with replacement of the 
patient’s removed plasma with “incompetent” antibodies, im-
munoglobulins, complement, opsonins with freshly frozen donor 
plasma. These immune components immediately begin to fight 
pathogens and other pathological products.

It should be noted that this approach improves not only the hu-
moral, but also cellular immunity, since without complementation 
there is no opsonization of macrophage receptors, without which 
the capture and subsequent destruction of pathogens is impossi-
ble. This provides a more reliable result, especially when replacing 
plasma in a volume that is almost equal the patient’s CPV.

Massive plasma exchange leads to a more rapid improvement 
of homeostasis. To compare with hemosorption there is not only 
a more reliable and complete removal of all the pathological prod-
ucts, regardless of their electrochemical activity, but also a more 
complete restoration of all plasma components such as proteins 

with normalized oncotic pressure and volemic balance, hormonal-
enzymatic activity with restoration of autoregulation mechanisms. 
All this enables to completely prevent the dramatic scenario of 
ARDS development and provides a faster and more complete re-
verse development of toxic pulmonary edema, and other organ 
disorders, a more complete restoration of their functions and, ulti-
mately, the recovery [19].

Detoxification, which helps to eliminate vascular porosity, is a 
pathogenetically more justified method of ARDS treatment, since 
after the cessation of toxic substances penetration into the alveoli, 
reproduction of the natural surfactant is restored in the coming 
hours, which eliminates the need for its exogenous preparations 
administration. 

For a more complete restoration of the immune mechanisms, 
it is also advisable to combine both hemosorption and membrane 
plasmapheresis with methods of laser blood irradiation (photohe-
motherapy).

It seems that it is more reasonable to conduct an active detoxi-
fication therapy that is hemosorption or/and plasmapheresis. And 
indeed, almost always after the removal of the “toxic burden” from 
the kidneys, their excretory function is restored. The very next day 
diuresis is at least 500 - 700 ml. At the same time, the functional 
state of other vital organs such as the lungs, liver, heart, and brain 
is improved [19].

If an acute liver failure added, there is an increase in the level of 
bilirubin and transaminases such as ALT and AST. And the removal 
of the “toxic burden” from hepatocytes quickly normalizes the liver 
function. With an extreme degree of hypoxia, damage occurs to the 
brain structures up to a deep hypoxic coma. Disorders of both cen-
tral and peripheral circulation are increasing. 

In an extremely severe course of ARDS with addition of multiple 
organ failure hemodynamics disorders occur, which makes it dif-
ficult to carry out any extracorporeal detoxification procedures. 
However, the existing Russian “Hemofenix” devices, which make it 
possible to carry out both plasmapheresis with “Rosa” plasma fil-
ters and hemosorption with any available hemosorbents even in 
unstable hemodynamics. This became possible, given the small fill-
ing volume of the extracorporeal circuit of this device not exceed-
ing 65-70 ml, which makes it possible to carry out such treatment 
even in children.

Therefore, the treatment of such patients with ARDS in an ex-
tremely serious condition is a rather difficult task. Recently, we 
have developed treatment tactics taking into account all the aspects 
of ARDS and multiple organ failure pathogenesis.

Given the high probability of a number of pathogens circulating 
in the blood, at the first stage it is advisable to resort to massive 
hemosorption. It provides not only significant detoxification when 
1 - 2 CBV is passed through the sorption column, but also decon-
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tamination that is retention of pathogens, both living and dead on 
the sorbent. This leads to stabilization of the patients’ condition 
when the functions of not only the lungs, but of all other vital or-
gans are improved.

On the second stage, the very next day, you can start plasma-
pheresis removing at least 60-80% of the CPV and replacing with 
an equal volume of freshly frozen donor plasma. Moreover, in addi-
tion to detoxification, there is a correction of the immune defense 
system with restoration of not only humoral, but also cellular im-
munity. Very often these hemosorption and plasmapheresis pro-
cedures are enough for the body to restore its autoregulation sys-
tems and recover from the critical state.

It should only be taken into account that a high risk of bleeding 
requires special tactics to use anticoagulants. First of all, heparin is 
completely eliminated and prevention of blood clotting in the ex-
tracorporeal circuit is provided by sodium citrate solutions (ACD-
A).

Nevertheless, one should not wait for such extremely severe 
conditions to occur and conduct adequate treatment on the early 
stages of ARDS, when the negative dynamics of its development are 
already emerging. At the same time, in some cases it is necessary to 
take into account a rather rapid increase in ARDS severity, when in 
just a few hours you can “loose” such a patient.

Conclusion
Thus, both experimental and clinical studies convincingly evi-

dence the toxic nature of ARDS, which makes it reasonable to con-
duct various methods of extracorporeal detoxification. At the first 
stage, it is advisable to carry out sorption detoxification, which 
enables to remove not only toxic metabolites, but also pathogens. 
Then, during plasma exchange, the removal of toxic products is 
continued followed by replacement of freshly frozen donor plasma 
and restoration of the immunity. It is the only way that can help 
achieve favorable results, especially considering the ineffective-
ness of any drug therapy. In addition, it should be emphasized that 
such measures are necessary to be taken without waiting for the 
development of severe ARDS, which will provide a more complete 
recovery of the patients without the risk of residual effects aris-
ing in the hyaline membranes syndrome associated with chronic 
respiratory failure. All the above mentioned is fully useful in cases 
of ARDS in the new coronavirus infection.
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