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Abstract
Lung ultrasound (LUS) is widely used as a diagnostic and monitoring tool in critically ill patients. Lung ultrasound score 
(LUSS) based on the examination of twelve thoracic regions has been extensively validated for pulmonary assessment. 
However, it has revealed significant limitations: when applied to heterogeneous lung diseases with intermediate LUSS 
pattern (LUSS 1 and 2), for instance, intra-observer consistency is relatively low. In addition, LUSS is time-consuming 
and a more rapid overview of the extent of lung pathology and residual lung aeration is often required, especially in 
emergency setting. We propose a Visual Lung Ultrasound Protocol (VLUP) as a rapid monitoring tool for patients with 
acute respiratory failure. It consists of a probe sliding along the mid-clavicular, mid-axillary and scapular lines in trans-
versal scan. VLUP allows a visualization of a large portion of the antero-lateral and/or posterior pleural surface. Serial 
assessments of two clinical cases are recorded and visually compared, enabling rapid understanding of lung damage and 
its evolution over time. VLUP allows a semi-quantitative and qualitative point-of-care assessment of lung injury. Through 
this standardized approach it is possible to accurately compare subsequent scans and to monitor the evolution of regional 
parenchymal damage. VLUP enables a quick estimation of the quantitative-LUSS (qLUSS) as the percentage of pleura 
occupied by artifacts, more suitable than LUSS in inhomogeneous diseases. VLUP is designed as a standardized, point-
of-care lung aeration assessment and monitoring tool. The purpose of the paper is to illustrate this new technique and to 
describe its applications.
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1 Introduction

Bedside lung ultrasound (LUS) is widely used as a diagnos-
tic and monitoring tool in critically ill patients [1, 2]. LUS 
score (LUSS), based on examination of twelve chest areas, 
has been extensively validated for lung aeration assessment 
but has shown essential limitations. For instance, when used 
to quantify heterogeneously distributed lung diseases such 
as acute respiratory distress syndrome (ARDS), pulmonary 
contusion or ventilator-associated pneumonia (VAP), LUSS 
can generate different scores due to the high dependency 
of the operator in evaluating the intermediate LUS scores 
pattern (LUSS 1 and 2) [3, 4]. Some authors also suggest 
that the coalescence of B lines (LUSS score 2) is inappro-
priate, as it overestimates pulmonary aeration loss [5–7]. 
Furthermore, in inhomogeneous lung pathology, the inter-
costal space chosen within the same thoracic area and the 
score assigned when different pathological patterns coex-
ist can lead to high-scoring variability, affecting the results’ 
reproducibility.

A non-standardized approach (e.g. different intercostal 
spaces analyzed from the same thoracic area), the presence 
of confounding factors (e.g. different imaging parameters 
and types of probe) and the subjectivity of the analysis can 
increase inter- and intra-observer variability [8].

Finally, LUSS is time-consuming and not strictly suitable 
in emergency contexts or in uncooperative patients.

2 Aims

Considering the need for a standardized, quick, and easily 
repeatable lung evaluation tool, we propose a Visual Lung 
Ultrasound Protocol (VLUP). It consists of a continuous 
transverse scan along all explorable intercostal spaces of the 
anterior, lateral and posterior thoracic region (Fig. 1; Video 
1).

We designed VLUP as a lung point-of-care ultrasound 
(POCUS) assessment. So, we described two exemplary 
clinical cases to test the utility of the VLUP protocol to 
monitor pulmonary pathology and solve significant patient 
management issues quickly.

3 Methods

3.1 Ultrasound technique

VLUP evaluates a wide pleural surface using an intercostal 
ultrasound scan with a standardized transversal approach. 
The linear probe is slid on the thoracic wall from one inter-
costal space to the other, in anterior, lateral and posterior 
thoracic regions. The continuous sliding transversal scan is 
performed from the first intercostal space to the last view-
able, along the mid-clavicular and the mid-axillary lines. 
(Fig. 1) The scapular line is used as a scan guide in evaluat-
ing the posterior chest wall.

Each intercostal space is displayed for 1–2 s at least. A 
video clip is then recorded for each patient noting the date 
and region scanned [Video 1]. Comparative visualization of 
the clips performed on different days allows a quick evalu-
ation of the pulmonary pathology development [Video 2].

We suggest to use a linear probe in normal weight patients 
and a convex probe in obese ones, due to its greater pen-
etration capacity. The depth must be set greater than twice 
the depth of the pleura in order to see the first A-line and 
quickly identify airy regions.

3.2 Technical application

We have experienced the utility of the VLUP protocol in 
monitoring various pulmonary pathologies, such as ARDS, 
VAP, pulmonary edema and pulmonary contusion, both in 
adult and child patients.

In addition, we have verified the correlation with other 
diagnostic imaging tools, primarily computed tomography 
(CT) and radiography [Video 1].

Fig. 1 VLUP standardized transversal approach. The continuous slid-
ing transversal scan is performed from the first intercostal space to the 
last viewable, along the midclavicular and the mid-axillary lines. The 
scapular line is used as a scan guide in evaluating the posterior chest 
wall
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The following describes VLUP application in two clini-
cal cases of acute respiratory failure due to bilateral pneu-
monia in patients admitted to our Intensive Care Unit (ICU) 
at IRCCS S. Orsola-Malpighi Hospital, Bologna, in 2023.

This study was conducted following ethical guidelines 
of the World Medical Association’s Declaration of Helsinki 
and guidelines for Good Clinical Practice. Informed consent 
from each patient was obtained. Finally, we have attached 
more explanatory ultrasound images and videos of the two 
cases, performed and then compared by a single trained 
physician, with expertise on LUS. We use a General Electric 
LOGIQ S8 ultrasound machine with a L3-12-D linear probe 
to realize US exams.

3.3 Cases’ description

3.3.1 Case 1 [Video 2

A 57-year-old woman was hospitalized for acute on chronic 
liver failure secondary to alcoholic disease; there were no 
other diseases in the medical history. The hospitalization was 
complicated by a bilateral bacterial pneumonia requiring 
mechanical ventilation; the CT scan showed diffuse ground-
glass opacities, while the bronchial wash culture resulted 
positive for extended-spectrum beta-lactamase Escherichia 
Coli, so the patient began antimicrobial therapy with ertape-
nem. The first VLUP evaluation (day 1) was characterized 
by diffuse B-profile and bilateral confluent subpleural con-
solidations. The second VLUP assessment (day 2) showed 
the extent of right apical consolidations ( C-profile) despite 
a positive end-expiratory pressure (PEEP) > 10 cmH2O. We 
then performed guided LUS recruitment maneuvers, gradu-
ally increasing the insufflation pressure until the airway 
opening pressure was reached [Video 3] and increasing the 
PEEP following the ultrasound protocol proposed by Tus-
man et al. [9].

In this case, the day 1 and day 2 LUS scores remained 
unchanged (LUSS 24) due to a slight improvement in left 
lung ventilation. Considering alone, LUSS value underes-
timated the worsening of pulmonary regional aeration and 
the need for recruitment maneuvers. Conversely, apical con-
solidation was quickly identified by visually comparing the 
VLUP of day 1 with that of day 2 [Video 2], suggesting 
optimization of ventilation pressures.

The patient’s clinical conditions improved after the treat-
ment with the targeted antibiotic therapy, with progressive 
clinical improvement and weaning from mechanical venti-
lation within five days, so the ICU discharged the patient.

3.3.2 Case 2 [Video 4

A 62-year-old man was hospitalized for aspiration pneumo-
nia, with a predominantly perihilar involvement, as shown 
in the CT scan. The patient suffered from a liver alcoholic 
cirrhosis complicated with oesophageal varices, ascites and 
recurrent encephalopathy.

Aspiration pneumonia is a condition classically underes-
timated by LUS as the pathology does not reach the pleura. 
LUS showed separate B-lines and small areas of conflu-
ent B-lines ( B-profile), without any consolidation (Fig. 2; 
Video 4). Due to the non-homogeneous ultrasound pattern, 
LUSS assumed different values according to the operator 
who performed the exam (range from 8 to 14).

In this case, VLUP provided a more complete and pan-
oramic view of inhomogeneous lung disease and allowed us 
to monitor the pneumonia evolution accurately by visual-
izing the comparative extension of pleural injury. A chest 
CT scan confirmed the bilateral interstitial pneumonia with 
diffuse consolidations and pleural effusions.

The patient required high flow nasal cannula and non-
invasive ventilation (NIV); the bronchial wash culture 
resulted positive for Escherichia Coli, Klebsiella Pneu-
moniae, and Enterobacter Cloacae. He was treated with 

Fig. 2 Transverse lung ultrasound 
approach in aspiration pneumonia 
with perihilar involvement. The 
scan was performed along the 
mid-axillary line (video 2 shows 
VLUP anterior scans from the 
same patient). Transverse ultra-
sound scan allows for visualiza-
tion of a larger pleural surface 
without rib interruption. The 
pleura is only partially involved 
and ultrasound underestimates 
the damage. VLUP showed 
separate B-lines and small areas 
of confluent B-lines, without any 
consolidation (non-homogeneous 
ultrasound pattern)
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In addition to longitudinal monitoring of lung disease, we 
also used VLUP to evaluate the patient with respiratory fail-
ure. Identifying A, B or C profiles allowed us to understand 
the cause of respiratory failure quickly and guide targeted 
therapies and procedures such as thoracentesis, fiberoptic 
bronchoscopy or diuretic therapy [12–14]. VLUP enables a 
quick estimation of the qLUSS as the percentage of pleura 
occupied by artifacts [7, 9]. qLUSS greater than 2/3 of the 
entire parenchyma (qLUSS ≥ 5/6) can predict NIV failure 
and the need for orotracheal intubation [9]. In this context, 
VLUP guided the patient’s admission to a ward with ade-
quate monitoring and ventilatory support. Finally, VLUP 
allowed us to rapidly detect the presence of non-ventilated 
lung areas, recruitable by positive pressure (as shown by 
case 1, video 3) or prone position [13, 15]. In some cases, 
VLUP has suggested the presence of hyperinflated areas, 
characterized by many A lines and a reduced pleural sliding 
[16], leading to more protective ventilation [Video 5].

VLUP required a continuous scan of the anterior, lat-
eral and posterior thoracic region, to provide a complete 
lung aeration assessment. Otherwise, considering known 
and ICU patients, even hard to mobilize as those described 
above, it is possible to reduce monitoring to the anterior and 
lateral regions only, aware of the limits of excluding the 
posterior scan.

Inter-operator variability was minimized by using 
the same sonographer for acquisition and comparative 
evaluations.

A VLUP limit is not to use a numerical quantification, 
which could be exceeded by automation and computer-
assisted algorithms [3, 5]. The use of automation and 
computer-assisted algorithms could reduce inter-operator 
variability by aligning different settings and by standardizing 
the quantification of lung pathology through computerized 
image analysis. Its potential implementation in lung ultra-
sound may be a valuable future resource capable of over-
coming many limitations and improving patient care [17]. 
The VLUP systematic, quick and well-defined approach 
could be helpful in further studies regarding a computer 
analysis of lung damage through artificial intelligence.

5 Conclusion

VLUP is a new approach to LUS for a POCUS evalua-
tion and monitoring of pulmonary disease. Its standardized 
approach allows a semi-quantitative and qualitative assess-
ment of lung injury. Estimating qLUSS, namely the percent-
age of pleura occupied by artifacts, may overcome the limits 
of LUSS in evaluating inhomogeneous lung diseases. More-
over, it permits to compare accurately subsequent scans and 
to monitor the evolution of regional parenchymal damage. 

steroids and targeted antimicrobial therapy with piperacil-
lin-tazobactam, linezolid and prophylactic anidulafungin 
for 6 days, until complete recovery.

4 Discussion

LUS is recommended to assess the severity and progression 
of lung disease over time [1, 2]. The most validated quanti-
tative evaluation tool is LUSS, which evaluate the regional 
aeration of twelve thoracic areas, graded between 0 and 3 
[1]. Nonetheless, it has demonstrated some limits over time 
and several modified scores have been proposed [7, 9]. Case 
2 shows how LUSS can generate variable scores if different 
pathological ultrasound patterns coexist in the same chest 
area or the same ultrasound scan, as in inhomogeneous lung 
disease (Video 6, Video 7). Furthermore, LUSS images are 
often not directly compared due to the difficulty of memo-
rizing and archiving the twelve images or to the limited time 
available, especially in emergencies. In these cases, the total 
LUSS value is used alone (without images), although it has 
a limited role in monitoring the regional evolution of lung 
damage, as shown in case 1.

The requirement for a rapid POCUS lung evaluation has 
grown and it has been recently recommended for pleural 
effusion, pneumonia, and interstitial syndrome diagnosis 
[10, 11]. We proposed VLUP as a qualitative, semi-quan-
titative, quick and repeatable lung aeration assessment and 
monitoring tool.

VLUP is based on intercostal ultrasound scanning with 
a transverse standardized approach. The transverse ultra-
sound scan allows visualization of a larger pleural surface 
than the longitudinal one which is limited by the width of 
the intercostal space (Fig. 2; Video 5). The transversal scan 
provides a more panoramic view of the pulmonary disease 
and the extent of lung damage [2, 5–7]. The continuous slid-
ing transversal scan from one intercostal space to the other 
expands the panoramic assessment to the entire chest wall.

Furthermore, the standardization of the sliding tech-
nique along the anatomical lines (mid-clavicular, mid-axil-
lary and scapular lines) allows us to compare subsequent 
scans accurately and monitor the evolution of regional 
parenchymal damage. Recording a video clip of the stan-
dardized continuous ultrasound scan facilitates visual 
comparison of the daily evolution of lung disease and pul-
monary aeration [Video 2]. A semi-quantitative and qualita-
tive visual assessment is therefore easily performed. It is 
possible to estimate the degree of variation in pulmonary 
aeration (increased, reduced, unchanged) based on the 
extent of lung damage and the type of ultrasound pattern ( 
A-profile > B-profile > C-profile).
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VLUP allows to overcome some limitations of LUSS and 
can become a useful tool for developing a computerized 
analysis of lung damage.

Further prospective studies are needed to assess its 
impact on diagnosing and managing patients with acute 
respiratory failure, particularly in specific populations and 
in different contexts.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s10877-
024-01144-3.

Acknowledgements Not applicable.

Author contributions AB conceived the presented idea and wrote the 
manuscript. CF, EZ and GV conceived the presented idea and encour-
aged AB to investigate this theme. IS, GN and FS wrote the manuscript 
and performed manuscript revision. AS supervised the findings of this 
work. All authors discussed the results and contributed to the final 
manuscript. All the authors read and approved the final manuscript.

Funding The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.
Open access funding provided by Alma Mater Studiorum - Università 
di Bologna within the CRUI-CARE Agreement.

Declarations

Ethical approval Ethics committee approval was not necessary be-
cause VLUP is used in daily clinical practice in our ICU. Informed 
consent from each patient was obtained for acquisition and publication 
of data and images.

Consent to participate Informed consent from each patient was ob-
tained.

Consent to publish Informed consent from each patient was obtained.

Competing interests The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis 
G, Kirkpatrick AW, International Liaison Committee on Lung 
Ultrasound (ILC-LUS) for International Consensus Conference 

1 3

https://doi.org/10.1016/j.ultrasmedbio.2022.07.007
https://doi.org/10.1016/j.ultrasmedbio.2022.07.007
https://doi.org/10.1183/20734735.004717
https://doi.org/10.1007/s10877-024-01144-3
https://doi.org/10.1007/s10877-024-01144-3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Journal of Clinical Monitoring and Computing

Amato MB, Rouby JJ. Costa Auler JO Jr. Intraoperative pulmo-
nary hyperdistention estimated by transthoracic lung ultrasound: 
a pilot study. Anaesth Crit Care Pain Med. 2020;39(6):825–31.

17. Nhat PTH, Van Hao N, Tho PV, Kerdegari H, Pisani L, Thu LNM, 
Phuong LT, Duong HTH, Thuy DB, McBride A, Xochicale M, 
Schultz MJ, Razavi R, King AP, Thwaites L, Van Vinh Chau N, 
Yacoub S. VITAL Consortium; Gomez A. Clinical benefit of AI-
assisted lung ultrasound in a resource-limited intensive care unit. 
Crit Care. 2023;27(1):257.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations. 

13. Bouhemad B, Mongodi S, Via G, Rouquette I. Ultrasound 
for lung monitoring of ventilated patients. Anesthesiology. 
2015;122(2):437–47.

14. Boccatonda A, Cocco G, D’Ardes D, Delli Pizzi A, Vidili G, De 
Molo C, Vicari S, Serra C, Cipollone F, Schiavone C, Guagnano 
MT. Infectious pneumonia and lung ultrasound: a review. J Clin 
Med. 2023;12(4):1402.

15. Bouhemad B, Brisson H, Le-Guen M, Arbelot C, Lu Q, Rouby 
JJ. Bedside ultrasound assessment of positive end-expiratory 
pressure-induced lung recruitment. Am J Respir Crit Care Med. 
2011;183(3):341–7.

16. Tonelotto B, Pereira SM, Tucci MR, Vaz DF, Vieira JE, Malbou-
isson LM, Gay F, Simões CM, Carvalho Carmona MJ, Monsel A, 

1 3


	Visual lung ultrasound protocol (VLUP) in acute respiratory failure: description and application in clinical cases
	Abstract
	1 Introduction
	2 Aims
	3 Methods
	3.1 Ultrasound technique
	3.2 Technical application
	3.3 Cases’ description
	3.3.1 Case 1 [Video 2
	3.3.2 Case 2 [Video 4


	4 Discussion
	5 Conclusion
	References


