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VENTILATION CONTROL THROUGH PRESSURE  

CONTROL, WHAT IS NECESSARY FOR   

THE OPENING OF THE ALVEOLI  

  

Background. Extensive multicenter studies show that among patients who urgently 

admitted to intensive care units (ISU), the frequency of acute respiratory distress syndrome 

(ARDS) reaches 10% [1]. One of the serious reasons for the development of acute respiratory 

failure and ARDS is a pulmonary contusion [1, 2]. Lung contusion is one of the most frequent 

injuries in blunt chest injuries. In various studies, the prevalence of pulmonary contusion in 

blunt thoracic trauma ranges from 25 to 75%. Pulmonary contusion primarily causes by damage 

to alveolar vessels without rupture of lung tissue. The condition of the patients slowly 

deteriorates during the first 24-48 hours after receiving the injury and leads to leakage of blood 

and fluid into the alveolar space adjacent to the damaged parenchyma. Subsequent edema is a 

result of inflammation and activation of capillary leakage by hypoxia increases the damage to 

the lung structure, which leads to impaired ventilation, perfusion, and gas exchange. Mortality 

among patients with pulmonary contusion ranges from 10 to 35% [3]. The main component of 

intensive care for patients with pulmonary contusion and ARDS is respiratory support. With 

ARDS, specialists in intensive therapy for respiratory support most often use invasive forced 

mechanical ventilation with the creation of constant positive pressure in the airways. Positive 

end expiratory pressure (PEEP) is necessary to open the alveoli and to improve the respiratory-

perfusion ratio, thereby reducing shunting and arterial hypoxemia [4]. The opening of the 

alveoli occurs under driving pressure. The driving pressure is the difference between the plateau 

pressure and the PEEP. Many modern respirators have regulation of ventilation according to 

driving pressure [5, 6]. The purpose of our research is to establish the effectiveness of 

respiratory support based on driving pressure in patients with pulmonary contusion based on 

own observations and analysis of information on websites for professionals on the Internet.  

Materials and methods. We used our experience of conducting intensive therapy in 100 

patients with pulmonary contusion and ARDS in the conditions of a multidisciplinary city 

hospital of emergency medical care and compared it with the results of modern foreign research 

on this problem.  

Results. According to Murray's lung damage severity scale, there are 4 gradations of 

reduction in the value of the oxygenation index (PaO2/FiO2): 1) 225-299; 2) 175-224; 3) 100-

174; and 4) <100. According to the severity of the lung’s lesion, in order to improve the 

ventilationperfusion ratio and eliminate hypoxemia, during respiratory support, the PEEP level 

will be needed, which is: 1) 6-8 cm H2O; 2) 9-11 cm H2O; 3) 12-14 cm H2O; 4) 15 or more cm 

H2O. Gradations of decrease in lung compliance according to the severity of the lesion are: 1) 

60-79 ml/cm H2O; 2) 40-59 ml/cm H2O; 3) 20-39 ml/cm H2O; 4)19 ml/cm H2O and less. We 



 

 

have never observed a decrease in pulmonary compliance to 19 cm H2O or less, but we note 

that in 42% of our patients with pulmonary contusion and ARDS, the level of pulmonary 

compliance was within 20-39 ml/cm H2O. The value of pulmonary compliance fully 

corresponded to the severity of ARDS and the indicators of the oxygenation index in such 

patients. We have never had a need to use РEEP value greater than 14 cm H2O [4]. With 

controlled mechanical ventilation, the plateau pressure is the pressure exerted at the end of 

inspiration on the small airways and alveoli. It measure during a pause at the end of inhalation 

on the ventilator. Plateau pressure is a pressure that generate in the alveoli by the elastic return 

of the respiratory system. PEEP and driving pressure is a considering constituent parts of the P 

plateau. The more severe the damage to the lungs and the more pronounced the alveolar 

collapse, the greater the P plateau value will needed for effective lung inflation and decrease of 

the venous-arterial shunt in the lungs. The P value of the plateau during the most severe ARDS 

flow can reach 25-30 cm H2O. It is not recommend use P plateau higher than 30 cm H2O, as 

this threatens barotrauma of the lungs. We use the maximum value of P plateau in the range of 

25-27 cm H2O. ARDS patients receiving low tidal volume ventilation often have Р plateau that 

exceed Acute Respiratory Distress Syndrome Network targets. Race, body mass index, and 

severity of lung injury are independently associated with the need for elevated P plateau. 

Selecting a lower initial tidal volume for nonwhite patients and patients with higher disease 

severity may reduce the frequency of the need to increase P plateau [4, 7, 8]. Since the P plateau 

represents the sum of PEEP and driving pressure, both high PEEP and high driving pressure 

can be the cause of lung barotrauma. The need for high driving pressure has shown to be 

frequently associated with increased mortality in patients with ARDS. At first, a pressure above 

16 cm H2O considered a dangerous value of driving pressure. Somewhat later, experts began to 

consider the magnitude of the driving pressure at the level of 14 cm H2O as dangerous. So far, 

the research results are contradictory. In those who survived and those who did not survive 

severe ARDS, the drive pressure often differed by only 1 cm H2O. Therefore, we do not believe 

that the value of this indicator is the main tool for managing ventilation in patients with ARDS. 

Currently, intensive care specialists most often use a driving pressure value in the range of 8-

13 cm H2O [5, 6, 9].  

We performed invasive controlled ventilation using a tidal volume of 6  ml/predicted 

body weight (PBW). In our study, in 60 patients with pulmonary contusion and grade 1 ARDS, 

we used a PEEP value of 9-11 cm H2O and a driving pressure of 9-10 cm H2O. The P value of 

the plateau reached 18-21 cm H2O, respectively. The FiO2 value was 0.5-0.6. The value of the 

target peripheral arterial oxygen saturation (SpO2%) was 94-95%. FiO2 increase in dynamics 

was not required. The PMB calculation was as follows:  

For females: PBW (kg) = 45.5 + 0.91 * (height [cm] - 152.4)                     (1)  

For males: PBW (kg) = 50 + 0.91 * (height [cm] - 152.4)                         (2)  

As the oxygenation index increased and the condition of the patients improved, we 

decreased the PEEP and FiO2 values. At the same time, we did not change the values of the 

driving pressure. Pulmonary compliance increased and we could use a gradual increase in tidal 

volume. The condition of all patients improved. After the end of invasive ventilation, we 

transferred all our patients with ARDS-1 to spontaneous breathing without difficulty.  

In 40 patients with pulmonary contusion and signs of ARDS grade 2, we used invasive 

controlled ventilation with higher PEEP, driving pressure and P plateau. We gradually 

increased PEEP from 5 cm H2O to (10-12) cm H2O. This PEEP value did not require a 

reduction in tidal volume. Driving pressure initially reached 11-12 cm H2O. The P plateau 

reached 21-24 cm H2O. Peak pressure was limited to 30 cm H2O. In 5 patients who did not 

survive, we applied PEEP 14 cm H2O and a driving pressure of 13-14 cm H2O. The P plateau 

reached 26-27 cm H2O. These activities were not successful, despite the fact that FiO2 at a 

certain stage reached 0.8-1.0. The decrease in driving pressure in these patients to a level of 9-



 

 

10 cm H2O, as well as the P-plateau values with it, did not improve the oxygenation index. 

Thus, mortality in patients with signs of ARDS 2 severity was 12.5%. We found that it was no 

higher than that reported by our colleagues who are working on a similar problem [1, 3, 10].  

  

Conclusion. Controlled mechanical ventilation in patients with ARDS cannot perform 

using only one parameter. Specialists should adjust the values of tidal volume, PEEP, driving 

pressure, plateau pressure, focusing on changes in the oxygenation index, blood gas tension and 

pulmonary compliance. The Murray scale provides a reliable basis for the initial selection of 

the required ventilation parameters.  
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