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BACKGROUND Ultrasound study significantly expanded the possibilities of bedside diagnosis in patients with respiratory failure. Using ultrasound, it is possible to 

determine the volume of lung damage in the form of collapsed alveoli and infiltration areas with preserved airness of the lung tissue. 

AIM OF STUDY To study the possibility of assessing the recruitment maneuver of the alveoli based on changes in the ultrasound signs of lung tissue damage. 

MATERIAL AND METHODS A prospective study was performed in the Clinic of Anesthesiology and Resuscitation of S.M. Kirov Military Medical Academy. The 

study included 36 patients who were treated in the period from 2010 to 2017 with a duration of respiratory support of at least 48 hours and oxygenation index less 

than 300 mmHg. For 36 patients, 48 alveoli recruitment maneuvers were performed according to a step-by-step method under the control of dynamic compliance 

and average tidal volume. Ultrasound determined the type and extent of destruction of lung tissue by signs of infiltration and consolidation. 

RESULTS In the studied patients, after carrying out a maneuver of recruitment of the alveoli, arterial blood oxygenation indices increased statistically significantly, 

PaCO2 level decreased, pulmonary tissue compliance improved, respiratory volume grew. All this confirmed the mobilization of the alveoli and improved lung 

ventilation. Ultrasonographic evaluation of lung tissue showed a significant decrease in the severity of the ultrasound sign of infiltration after recruitment maneuver 

from 46.5 (38; 57.5) to 37.5 (30.5; 49.5). However, recruitment had practically no effect on the volume of the consolidated area of lung tissue: the general consolidation 

index before (4 (3; 5)) and after (4 (3; 5)) the maneuver had no statistically significant differences. 

CONCLUSIONS The pneumonia-affected consolidated lung tissue has a low recruitment potential and the volume of consolidation does not change with the growth 

of PEEP. After the recruitment maneuver, the number of B-lines decreases, indicating a decrease in infiltration and an increase in lung airness. 

Keywords: recruitment maneuver, ultrasound of the lungs, PEEP, consolidation, infiltration, pneumonia, respiratory failure, ventilatory support 

For citation Lakhin RY, Zhirnova EA, Shustrov VV, Shulman SG, et al. Ultrasonography in the Assessment of Lung Recruitment in Patients with Severe Pneumonia. 

Russian Sklifosovsky Journal of Emergency Medical Care. 2019;8(4):418–422. https://doi.org/10.23934/2223-9022-2019-8-4-418-422 (in Russ.) 

Conflict of interest Authors declare lack of the conflicts of interests 

Acknowledgments The study had no sponsorship 

Affiliations 

Roman Y. Lakhin 

 

Dr. Med. Sci., Docent, Professor of the Department of Military Anesthesiology and Intensive Care, S.M. Kirov Military 

Medical Academy of the Ministry of Defense of the Russian Federation, https://orcid.org/0000-0001-6819-9691 

Ekaterina A. Zhirnova 

 

Anesthesiologist of the Department of Anesthesiology and Resuscitation, N.I. Pirogov Clinic of High Medical 

Technologies of St. Petersburg State University Hospital, https://orcid.org/0000-0003-1865-3838 

Vyacheslav V. Shustrov 

 

Senior Resident of the Department of Anesthesiology and Intensive Care of the Clinic of Military Anesthesiology and 

Resuscitation, S.M. Kirov Military Medical Academy of the Ministry of Defense of the Russian Federation, 

https://orcid.org/0000-0001-5144-3360 

Sergey G. Shulman 

 

Head of the Department of Anesthesiology and Intensive Care, 1602 Military Clinical Hospital of Russian Federation 

Defense Ministry, https://orcid.org/0000-0001-5889-9934 

Aleksandr A. Yemelyanov 

 

Resident of the Department of Anesthesiology and Intensive Care of the Clinic of Military Anesthesiology and 

Resuscitation, S.M. Kirov Military Medical Academy of the Ministry of Defense of the Russian Federation, 

https://orcid.org/0000-0001-9863-4754 

Boris N. Bogomolov 

 

Doctor of Medical Sciences, Associate Professor, Professor of the Department of Military Anesthesiology and Intensive 

Care, S.M. Kirov Military Medical Academy of the Ministry of Defense of the Russian Federation, 

https://orcid.org/0000-0002-9587-766X 

ALV – artificial lung ventilation 

OI – oxygenation index 

PEEP – positive end expiratory pressure 

 
INTRODUCTION 

Today, respiratory support occupies a leading place in the complex of intensive care for respiratory failure [1, 2]. The more 

severe the damage to the lungs, the more aggressive respiratory support parameters have to be used. The modern concept of artificial 

lung ventilation (ALV), “open lungs”, implements a high level of positive pressure at the end of expiration (PEEP) and small tidal 
volumes, allowing to maximize gas exchange. “Protective ventilation” combines a small tidal volume, lower than the level of peak 



pressure than with “open lungs”, and a selected optimal value of PEEP [2, 3]. Both of these concepts were developed to prevent 

the collapse of the affected and the opening of collapsed alveoli [3–5]. However, the principle of “open lungs” and protective 

ventilation due to a number of factors, including the “monotony” of mechanical ventilation, lead to an inhomogeneous state of lung 
tissue: the collapsed alveoli are located near the ventilated ones, and the number of potentially recruited alveoli remains quite large 

[6]. The most widely used method of mobilization of collapsed alveoli is the maneuver of “lung opening” (recruitment) [7]. 

Recruiting alveoli can significantly increase the number of functioning alveoli, lung compliance, oxygenation index and reduce the 

shunt fraction [8]. Currently, such methods of mobilization of the alveoli are known as: 40x40 technique, a step-by-step technique, 
an artificial sigh, a slow maneuver of recruitment of the alveoli, mechanical ventilation in the prone-position [9, 10].  

The effect of the maneuver of mobilization of the alveoli is assessed indirectly using indicators of gas exchange and 

biomechanics of respiration, since they are the ultimate goal of recruitment. However , it is difficult to determine how much it was 

possible to mobilize collapsed and compressed alveoli directly at the patient’s bed, because traditional methods of examining the 
lungs are associated with radiation exposure, and the information content of such a method as chest X-ray in a patient in a supine 

position is not high. The ultrasound has become a new direction in visualizing the state of lung tissue and assessing the maneuver 

of recruitment of alveoli [11, 12]. While using ultrasound, it is possible to determine the volume of consolidated lung tissue with 

collapsed alveoli, areas of infiltration with preservation of airiness of lung tissue and areas with normal airiness without signs of 
damage [12, 13]. 

Aim of study: to analyze the possibility of ultrasound monitoring in assessing the recruitment maneuver of the lung alveoli. 
MATERIAL AND METHODS 

The prospective study was performed in the Clinic of Anesthesiology and Critical Care Medicine of S.M. Kirov Military 
Medical Academy. The study included 36 patients who were treated from 2012 to 2018. 

The criteria for inclusion in the study were: age of patients - 18–75 years; the development of nosocomial and community-

acquired pneumonia; duration of hardware respiratory support at least 48 hours; oxygenation index (OI) less than 300 mm Hg; 

recruitment maneuver .  
Exclusion criteria: the presence of pneumothorax; chest trauma; the presence of a specific background disease (tuberculosis, 

sarcoidosis); lung surgery. 

All patients were men, the average age was 31.5 (24; 42). Community-acquired pneumonia was observed in 25 patients, 

nosocomial pneumonia was observed in 11 patients. Thirty-six patients were underwent 48 maneuvers of recruitment of alveoli 
with staged procedure under the monitoring of the dynamic compliance and average tidal volume. The maneuver was performed 

with complete relaxation and sedation of the patient. After recruitment, PEEP was set 2-3 cm water column above the pressure of 

alveolar closure.   

Ultrasound examination of the lungs, analysis of PaO2, PaCO2 , OI (PaO2/FiO2), tidal volume (Vt), compliance (C) was 
performed immediately before initiation of the lung recruitment maneuver and 30 minutes after the end of the maneuver. 

Ultrasound evaluation of lung tissue during the maneuver of recruitment of the alveoli was carried out according to a modified 

method of Z. Jambrick, 2004 [14]. The patient in a supine position was scanned with the portable ultrasonic device SonoSite Edge 

with convex transducer (3-5 MHz) and 6-zone technique (Fig. 1). 

 

Fig. 1. Areas for untrosound. Numbers 1–6 indicate the scan area. By Z. Jambrick, 2004. [14] 

  

During scanning, ultrasonic signs of lung tissue lesion were determined: infiltration and consolidation (Fig. 2). 

 



 

Fig. 2. Ultrasonic signs of lung tissue lesion. A is a sign of infiltration (B-line), B is a sign of consolidation (tissue sign) 

  

In each scanning zone, the maximum number of B lines was recorded. The total index of B-lines was determined by summing 

the obtained values of B-lines in each zone. Tissue trait was recorded in each zone, indexing: 0 — no consolidation, 1 — part of 
the zone consolidated, 2 — entire zone consolidated. The total consolidation index was determined by summing the obtained values 

in all zones.  
RESULTS 

The traditional assessment of the effectiveness of a recruitment maneuver is an improvement in gas exchange and 

biomechanical properties of the lungs. In the examined patients, after carrying out a maneuver of recruitment of the alveoli, the 
arterial blood oxygenation parameters, OI increased statistically significantly, PaCO2 level decreased, pulmonary tissue compliance 

improved, and tidal volume increased (p <0.00) (table). 

The sonographic evaluation of lung tissue showed a significant decrease in infiltration after the recruitment maneuver. This is 

evidenced by a statistically significant decrease in the total index of B-lines. However, the recruitment had practically no effect on 
the volume of the consolidated zone of lung tissue: the general consolidation index before and after the maneuver had no statistically 

significant differences (p=0.2) (see table). The volume of consolidation did not change with an increase in PEEP, indicating a low 

recruitment potential of this tissue. 

  
T a b l e  

Indicators of gas exchange, biomechanics of respiration, ultrasonic signs before and after the maneuver for alveoli recruitment 

 

Parameter 
 

Before recruitment After recruitment Wilcoxon test, Z, 
р 

Total index of B-lines 
 

46.5 (38; 57.5) 
 

37.5 (30.5; 49.5) 
 

-5.989 
0.000 

Total index of 
consolidation 

4 (3; 5) 
 

4 (3; 5) 
 

-1.333 
0.20 

Tisal volume (Vt), ml 
 

485 (425; 595) 
 

570 (512.5; 702.5) 
 

-3.520 
0.000 

PaO2, mm Hg 
 

84 (76.25; 89.25) 
 

97.5 (89.75; 112.25) 
 

-3.521 
0.000 

PaСO2, mm Hg 
 

43.05 (37.25; 47.98) 
 

37.4 (34.18; 42.0) 
 

-3.518 
0.000 

Oxygenation index 
(PaO2/FiO2) 
 

42.5 (35.08; 53.03) 
 

233 (196.65; 268.5) 
 

-3.464 
0.001 

Compliance (С) ml/cm 
water column 
 

29.65 (23.25; 42.25) 
 

42.5 (35.08; 53.03) 
 

-2.380 
0.017 

  
DISCUSSION 

Evaluation of the effectiveness of lung recruitment maneuvers, as a rule, is carried out to improve indicators of gas exchange 

and biomechanical indicators of the lungs. This indicates that the recruitment maneuver led to the mobilization of alveoli, 

previously shut off from gas exchange. According to studies by B. Lachmann (1992), with a “complete opening” of the alveoli, the 
level of PaO2 can exceed 450 mm Hg with inhalation of 100% oxygen [15].   

Ultrasound provides new possibilities for bedside lung examination. The areas of consolidation visualized by ultrasound as a 

tissue sign indicate the absence of ventilation of the alveoli in this zone [13]. In our study, with an increase in PEEP, the volume 

of consolidation did not significantly change, which indicates a low recruitment potential of this tissue. Similar data on the poor 
recruibility of consolidated tissue were revealed by A.I. Yaroshetsky et al. (2017), which showed that an increase in PEEP did not 

lead to a significant decrease in consolidation volume during computed tomography of the lungs and an increase in the end-

expiratory lung volume [6]. The departments of the lungs where the ultrasound infiltration sign was determined, on the contrary, 

showed a dynamics indicating a decrease in the amount of extravascular fluid in the interstitium of the lungs and an increase in 



airiness during recruitment. The results obtained indicate that the improvement of ventilation occurred due to lung departments 

with an infiltration sign, and not due to consolidated areas. The data of our study are consistent with the results of other researchers 

who also revealed improved ventilation in the less affected sections of the lungs, and consolidated alveoli were not recruited [16, 
17].  
CONCLUSION 

Ultrasound examination of the lungs makes it possible to assess changes in the lung tissue during the maneuver of recruitment 

of the alveoli. An increase in airiness during recruitment of the alveoli is determined by a decrease in the interstitial trait. Parts of 

the lungs, visualized by sonography as a consolidated sign, did not respond to recruitment. 
FINDINGS 

1. The pneumonia-affected consolidated pulmonary tissue has a low recruitment potential, and with increasing positive pressure 

at the end of exhalation, the volume of consolidation does not change. 

2. After the recruitment maneuver, the number of B-lines decreases, indicating a decrease in infiltration and an increase in lung 

airiness. 
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