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The application of lung ultrasound in the evaluation and management of patients with suspected Covid-19 

infection (coronavirus 2019 associated disease) is based on the I-AIM approach (Indication, Acquisition, 

Interpretation and Management). [1] 

The following recommendations are drawn from a consensus of experts, correlated with the clinical and 

ultrasound presentation of about a hundred of cases. 

There is limited evidence on this subject, thus these recommendations are equally based upon the ultrasound 

findings in other types of interstitial lung diseases and on CT findings of Covid-19 patients. 

This guideline will be modified and improved according to new evidence.  

 

 

INDICATIONS 
 

Thoracic ultrasound is indicated in patients with suspected Covid-19 infection for the following purposes: 

- Diagnosis 
- Monitoring 
- Prognostic evaluation 

Thoracic ultrasound should be complementary to cardiovascular imaging in the evaluation of volume status, 

right ventricular strain and other complications (myocarditis, venous thrombo-embolic disease). 

 

 

ACQUISITION 
 

CHEST 

Probe → Convex (medium frequency), may be integrated by linear probe (high frequency). Convex probe is 

sufficient in the majority of cases. 



 

Scan → acquisition of 6 different chest zones for each hemithorax (2 anterior, 2 lateral, 2 posterior) – Probe 

oriented both perpendicular and parallel to the intercostal space  

Aim → evaluation of the pleural lining (sliding and morphology) and parenchymal features (artefacts or high-

density tissue-like images); evaluation of pleural content (virtual space, air or fluid) 

 

 
 

HEART 

Probe → phase array (lower frequency) 

Scan → standard views (parasternal, apical, sub-costal) 

Aim → right and left ventricular size and function; pleural effusion; size and respiratory variations of the 

inferior vena cava (IVC) 

 

VENOUS SYSTEM 

Probe →linear (high frequency) 

Scan → groin and popliteal fossa views and other views at different levels of thigh and leg, arms and neck 

Aim → collapsibility of veins and identification of any hypoechoic matter within the vascular lumen 

 

The examination may be performed with ultrasound machines of different technological levels (high, medium 

and even low-resolution) since it does not require high resolution. Bidimensional (2D) acquisition is sufficient, 

i.e. M-mode or Doppler are not mandatory. 

If available, adequate pre-set for lung parenchyma is advisable in order to increase the quality of the images.  

Avoidance of probe contamination is recommended/mandatory and it can be achieved by placing the probe 

into plastic gloves or in a probe cover or by sheathing the probe with cling film. 

Probe covers must be opportunely disposed of between different patients, and probes must be appropriately 

cleaned and sanitized (according to product instructions and published scientific evidence). [2] 

When available, wireless probes or palmar ultrasound machines should be preferred since they are space-

saving and easier to protect and to sanitize than traditional machines.  

Multi-function and multi-frequency probes allow the examination of different body parts with a single probe.  

If available, the recording, storing and transmission of images or video clips is advised in order to allow data 

collection, remote consultation/reporting and further revision of cases. 



 

INTERPRETATION OF PATHOLOGICAL FINDINGS 
 

CHEST and LUNG FINDINGS 

 

Typical presentation [3-10] 

- Multiple (more than 3) or merging (white lung) vertical artefacts (B lines), more typically at the bases 
or posterior fields, with uneven distribution and lung sparing (normal parenchyma interposed) 

- Peripheral lung consolidations of different width (large consolidation can occur) concordant with B 
lines distribution 

- Irregular pleural lining, with interruptions and thickening. Small, subpleural consolidations of variable 
shapes; reduced pleural sliding, especially with extensive parenchymal involvement (heavy lung)   

- The degree of involvement of the lung parenchyma can be evaluated in a semi-quantitative fashion, 
assigning a 0-3 score for each one of the 12 zones scanned (6 on the left and 6 on the right 
hemithorax) 

o 0 – normal lung 
o 1 – more than 3 B lines per field 
o 2 – merging B lines (“white lung”) 
o 3 – consolidation 

 

 
 

 

 

 

 

 

 

 

 

Occasional findings 

- Pleural effusions 
- Pneumothorax 

 

DX SN

POST POST

LAT

ANT ANT
LAT

DX SN

POST POST

LAT

ANT ANT
LAT



 

The following findings on chest CT in patients with Covid-19 infection have been consistently reported: 

ground glass consolidations, pleural lining thickening, multiple consolidations, vascular engorgement with 

greater involvement of the posterior and basal fields. [11-15] 

Ultrasound findings show high concordance with chest CT images, even though the accuracy of ultrasound 

images are greatly superior as compared to chest X-Ray [16-19], but CT scan remains the gold standard.  

Pathological findings on ultrasound correlate with CT scans in terms of distribution.  

Multiple or merging vertical artefacts (B lines/white lung) represent the infectious/inflammatory interstitial 

involvement (with maximal peripheral distribution) and reflect the ground glass images seen on CT scan. 

Consolidations underlie/are the expression of alveolar involvement. The degree of alveolar and interstitial 

involvement correlates with functional compromise. Lung ultrasound is highly sensitive for alveolar 

pathological findings (superior than chest X-Ray and as sensitive as CT scan), but imaging (including CT scan) 

can be falsely negative in a great number of patients (up to 50%) with early-stage or minimal lung 

involvement. [13, 20-22] 

On the other hand, pathological findings may also be found in mildly symptomatic patients, as it is the case 

of CT scans. [23-26] 

Pneumothorax is a rare complication of positive pressure ventilatory support; its typical ultrasound findings 

are: absent pleural sliding, no vertical artefacts (high positive predictive value) and presence of lung point 

(pathognomonic feature). 

 

CARDIAC FINDINGS 

- Initially, in patients with no previous cardiac issues, the heart is normal or hyperkinetic 
- Possible complications, in advanced and severe cases, are compromised right ventricular function 

and dilatation or reduced left ventricular function (generally without dilatation)  
- IVC is usually shows normal or reduced caliber, with a possible subsequent dilation with reduced 

respiratory variation 
- Increased right ventricular mass is also occasionally seen 

The initial findings in the heart and IVC are usually secondary to reduced pre-load as the consequence of 

fever, dehydration and hyperventilation. 

Right ventricular dysfunction, namely acute cor pulmonale (i.e. dilated and hypokinetic right chambers, with 

greater involvement of medial segments) is secondary to the pathological increase in right ventricular after-

load (impending ARDS); in some cases acute cor pulmonale is due to pulmonary embolism (sometimes with 

visible, in-transient thrombi in the right chambers) or to ventilation modality (elevated PEEP). IVC dilation, 

with reduced respiratory variations, is often associated with dilatation of the right ventricle. 

IVC findings must be interpreted according to the ventilatory support in use (NIV, CPAP, invasive ventilation). 

Left ventricular dysfunction with severe hypokinesia, often without dilatation, is a typical finding in fulminant 

myocarditis, often associated with arrhythmias (atrial fibrillation) and markedly increased cardiac markers 

(troponin). [27, 28] 

 

VENOUS FINDINGS 

- Non-compressible veins 



 

- Hypoechogenic matter in the vascular lumen 
Such findings in the veins draining the upper/lower limbs or the neck are secondary to venous thrombosis.  

 

 

MANAGEMENT 
 

Ultrasound findings ensure a tailored approach to the patient (diagnosis, intensity of care on admission, 

therapeutic approach, prognostication and monitoring of the course of the disease), but has also a great 

impact on the organization of the health care system and other general aspects (reduction of viral 

transmission, time-effective management, allocation of critical resources), which are fundamental in the fight 

against Covid-19 infection. 

 

DIAGNOSIS 

Typical presentation 

- During the epidemic phase, when patients present with acute respiratory symptoms (cough and/or 
shortness of breath) and/or fever, the typical ultrasound findings of interstitial lung involvement with 
or without consolidations, in the absence of left ventricular dysfunction, are highly predictive or 
Covd-19 infection 

- Sensitivity of clinical picture along with the typical findings on imaging are superior to nasal-
pharyngeal swabs for viral detection, as demonstrated for chest CT  

- The absence of pleuro-parenchymal involvement on chest imaging can occur in the initial stages of 
the disease and cannot be used to rule out Covid-19 infection, as demonstrated for CT scan [1, 20 -
22] 

- In the minority of patients presenting with central involvement, the sensitivity of ultrasound is 
inferior to that of chest CT and may underestimate the degree of lung parenchymal involvement  

 

Complications 

 

PE and pulmonary infarction 

Pulmonary embolism should be suspected in patients presenting with rapid/sudden deterioration of 

respiratory or cardiocirculatory function and can be confirmed on ultrasound with the detection of deep 

venous thrombosis or in-transient thrombi through the right heart chambers and/or pulmonary arteries. 

Right ventricular strain (dilation and hypo-/akinesia of the myocardium) is predictive of pulmonary embolism 

only in the case of new- and hyperacute-onset. 

Hypo-/anechoic, angular-shaped consolidations with pleural implant and no bronchogram are suspicious for 

pulmonary infarction, warranting an emergent CTPA evaluation. 

 

Pneumothorax 

Pneumothorax can be suspected in patients with worsening gas exchange on positive pressure ventilatory 

support (CPAP, NIV, invasive mechanical ventilation); absence of pleural sliding and presence of “lung point” 

(pathognomonic) are the typical ultrasound findings. 



 

 

Myocarditis 

Fulminant myocarditis complicates up to 1/3 of cases of severe Covid-19 infection [28] and is associated with 

a marked increase in serum troponin, presenting with severe left ventricular dysfunction on ultrasound, 

usually without acute ventricular dilation.  

 

PATIENTS’ MANAGEMENT 

 

In patients with suspected Covid-19 infection with minimal or mild symptoms and without respiratory failure 

(both at rest and after a walking test), the identification on minor interstitial involvement on ultrasound does 

not contraindicate the out-of-hospital management with active monitoring (i.e. daily oxygen saturation). 

In case of extensive interstitial-alveolar involvement (merging B lines or consolidations), prolonged 

monitoring (24-48 hours in the clinical decision unit) before discharge, even in the absence of respiratory 

failure, is advisable.  

Decisions on admission or discharge should not be based solely on ultrasound assessment, especially when 

moderate parenchymal involvement is detected: correlation with the comprehensive clinical picture is 

fundamental. Lung function, performance status (including comorbidities) and estimation of the risk of 

unfavorable clinical evolution, according to course of the disease, are superior to imaging alone in estimating 

the need of monitoring and patients’ allocation.  

 

MONITORING 

 

Monitoring of parenchymal involvement through the ultrasound-based scoring system, along with the 

assessment of ventilatory function, should be performed once or twice daily in order to ensure an accurate 

clinical and functional evaluation. 

Left and right ventricular systolic function and pre-load status should also be monitored. 

 

PROGNOSTIC EVALUATION 

 

The degree of lung involvement (which can be assessed in a semi-quantitative fashion with the scoring system 

illustrated above) correlates with prognosis, with extensive interstitial (merging b lines, “white lung”) and 

alveolar involvement (consolidations) predicting a worse outcome. 

Other negative prognostic parameters are the spread to the antero-superior lung fields and signs of right 

ventricular overload. 

On the other end, a reduction in terms of parenchymal involvement is predictive of positive outcome. 

 

 

 

 



 

THERAPY 

 

- The detection of extensive parenchymal involvement (interstitial-alveolar), progressively broader 
and/or spreading to the antero-superior lung fields, may prompt the initiation of ventilatory support 
(CAPA, NIV or mechanical ventilation) and anti-inflammatory therapy (steroids, tocilizumab, etc.). 

- In severe cases with prevailing interstitial pattern, but with no significant consolidations, a positive 
ventilatory support - with PEEP not exceeding 10 cmH20 - is advisable, given the reduced need for 
alveolar recruitment and the risk of hemodynamic compromise 

- Higher rates of consolidations with irregular pleural lining as compared to interstitial involvement 
indicates a reduction in alveolar air content and compliance. In these cases ventilation applying a 
PEEP greater than 10 cm H2O and pronation may be beneficial [29] 

- During invasive ventilation, ultrasound has been proven useful to detect the degree of alveolar 
recruitment in correlation with the ventilation settings. During weaning, ultrasound may also help in 
predicting the likelihood of success of spontaneous breathing attempts  

- Pre-load and volume assessment through IVC and right chambers ultrasound evaluation may prove 
useful in guiding fluid management (fluid administration and diuresis) 

 

GENERAL ASPECTS and HEALTH CARE MANAGEMENT 

 

Ultrasound not only improves the management of patients with possible or proven Covid-19 infection, but 

also leads to some broader advantages in terms of management and organization of the health care system. 

Benefits are related to the access of the general population to hospital facilities, time-effective processing of 

patients, adequate allocation of resources and reduction of the likelihood of viral transmission. 

Ultrasound carries several positive aspects: 

- Feasible in multiple locations, both in- and out-of-hospital, as well as in remote areas with shortage 
of human and/or technical resources 

- Low-cost 
- Avoids the exposure to ionizing radiation 
- Ensures time-effective diagnosis 
- Lowers the number of health care providers involved, reducing the chances of Covid 19 transmission 
- Reduces the mobilization of infected patients, reducing the chances of Covid 19 transmission 
- Meets the criteria for mass casualty management (imbalance between available resourced and 

patients’ needs) [29] 
 

 

 

 

 

 

 

 



 

REFERENCES 
1. Kruisselbrink R, Chan V, Cibinel GA, Abrahamson S, Goffi A. I-AIM (Indication, Acquisition, 

Interpretation, Medical Decision-making) Framework for Point of Care Lung Ultrasound. 
Anesthesiology. 2017 Sep;127(3):568-582. doi: 10.1097/ALN.0000000000001779.  

2. Kampf G, Todt D, Pfaender S, Steinmann E. Persistence of coronaviruses on inanimate surfaces and 
their inactivation with biocidal agents. J Hosp Infect. 2020 Mar;104(3):246-251. 
doi:10.1016/j.jhin.2020.01.022. 

3. Peng Q, Wang X, Zhang L. and Chinese Critical Care Ultrasound Study Group, Findings of lung 

ultrasonography of novel corona virus pneumonia during the 2019–2020 epidemic. Intensive Care 

Med (2020). https://doi.org/10.1007/s00134-020-05996-6 

4. Poggiali E, Dacrema A, Bastoni D, Tinelli V, Demichele E, Mateo Ramos P, Marcianò T, Silva M, Vercelli 
A, Magnacavallo A. Can Lung US Help Critical Care Clinicians in the Early Diagnosis of Novel Coronavirus 
Pneumonia? Radiology. 2020 Mar 13:200847. doi: 10.1148/radiol.2020200847. 

5. Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T, Briganti DF, Perlini S, Torri E, Mariani A, 
Mossolani EE, Tursi F, Mento F, Demi L. Is there a role for lung ultrasound during the COVID-
19 pandemic? J Ultrasound Med. 2020 Mar 20. 

6. Yi Huang Y, Sihan W, Liu Y, et al. A Preliminary Study on the Ultrasonic Manifestations of Peripulmonary 
Lesions of Non-Critical Novel Coronavirus Pneumonia (COVID-19). Submitted paper 2020. 

7. Buonsenso D, Piano A, Raffaelli F, Bonadia N, de Gaetano Donati K, Franceschi F. Point-of-Care 
Lung Ultrasound findings in novel coronavirus disease-19 pnemoniae: a case report and potential 
applications during COVID-19 outbreak. Eur Rev Med Pharmacol Sci. 2020 Mar;24(5):2776-2780.  

8. Buonsenso D, Pata D, Chiaretti A. COVID-19 outbreak: less stethoscope, more ultrasound. Lancet 
Respir Med. 2020 Mar 20. pii: S2213-2600(20)30120-X. doi: 10.1016/S2213-2600(20)30120-X.  

9. Soldati G, Smargiassi A, Inchingolo R, Buonsenso D, Perrone T, Briganti DF, Perlini S, Torri E, Mariani A, 
Mossolani EE, Tursi F, Mento F, Demi L. Proposal for international standardization of the use of lung 
ultrasound for COVID-19 patients; a simple, quantitative, reproducible method. J Ultrasound 
Med. 2020 Mar 30. doi: 10.1002/jum.15285. 

10. Moro F, Buonsenso D, Moruzzi MC, Inchingolo R, Smargiassi A, Demi L, Larici AR, Scambia G, Lanzone 
A, Testa AC. How to perform lung ultrasound in pregnant women with suspected COVID-19 infection. 
Ultrasound Obstet Gynecol. 2020 Mar 24. doi: 10.1002/uog.22028. 

11. Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, Cui J, Xu W, Yang Y, Fayad ZA, Jacobi A, Li K, 
Li S, Shan H. CT Imaging Features of 2019 Novel Coronavirus (2019-nCoV). Radiology. 2020 Feb 
4:200230.  

12. Pan Y, Guan H, Zhou S, Wang Y, Li Q, Zhu T, Hu Q, Xia L. Initial CT findings and temporal changes in 
patients with the novel coronavirus pneumonia (2019-nCoV): a study of 63 patients in Wuhan, China. 
Eur Radiol. 2020 Feb 13. doi: 10.1007/s00330-020-06731-x. 

13. Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, Zhang N, Diao K, Lin B, Zhu X, Li K, Li S, Shan H, Jacobi 
A, Chung M. Chest CT Findings in Coronavirus Disease-19 (COVID-19): Relationship to Duration of 
Infection. Radiology. 2020 Feb 20:200463. doi: 10.1148/radiol.2020200463. 

14. Zhao W, Zhong Z, Xie X, Yu Q, Liu J. Relation Between Chest CT Findings and Clinical Conditions of 
Coronavirus Disease (COVID-19) Pneumonia: A Multicenter Study. AJR Am J Roentgenol. 2020 Mar 3:1-
6. doi: 10.2214/AJR.20.22976. 

15. Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran TML, Pan I, Shi LB, Wang DC, Mei J, Jiang XL, Zeng QH, 
Egglin TK, Hu PF, Agarwal S, Xie F, Li S, Healey T, Atalay MK, Liao WH. Performance of radiologists in 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=2800663
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=4022559


 

differentiating COVID-19 from viral pneumonia on chest CT. Radiology. 2020 Mar 10:200823. doi: 
10.1148/radiol.2020200823. 

16. Mayo PH, Copetti R, Feller-Kopman D, Mathis G, Maury E, Mongodi S, Mojoli F, Volpicelli G, Zanobetti 
M. Thoracic ultrasonography: a narrative review. Intensive Care Med. 2019 Sep;45(9):1200-1211. doi: 
10.1007/s00134-019-05725-8. 

17. Orso D, Guglielmo N, Copetti R. Lung ultrasound in diagnosing pneumonia in the emergency 
department: a systematic review and meta-analysis. Eur J Emerg Med. 2018 Oct;25(5):312-321. doi: 
10.1097/MEJ.0000000000000517. 

18. Winkler MH, Touw HR, van de Ven PM, Twisk J, Tuinman PR. Diagnostic Accuracy of Chest Radiograph, 
and When Concomitantly Studied Lung Ultrasound, in Critically Ill Patients With Respiratory 
Symptoms: A Systematic Review and Meta-Analysis. Crit Care Med. 2018 Jul;46(7):e707-e714. doi: 
10.1097/CCM.0000000000003129. 

19. Tierney DM, Huelster JS, Overgaard JD, Plunkett MB, Boland LL, St Hill CA, Agboto VK, Smith CS, Mikel 
BF, Weise BE, Madigan KE, Doshi AP, Melamed RR. Comparative Performance of Pulmonary 
Ultrasound, Chest Radiograph, and CT Among Patients With Acute Respiratory Failure. Crit Care 
Med. 2020 Feb;48(2):151-157. doi: 10.1097/CCM.0000000000004124. 

20. Yang W, Yan F. Patients with RT-PCR Confirmed COVID-19 and Normal Chest CT. Radiology. 2020 Mar 
6:200702. doi: 10.1148/radiol.2020200702. 

21. Hao W, Li M. Clinical diagnostic value of CT imaging in COVID-19 with multiple negative RT-PCR testing. 
Travel Med Infect Dis. 2020 Mar 13:101627. doi: 10.1016/j.tmaid.2020.101627. 

22. Li K, Fang Y, Li W, Pan C, Qin P, Zhong Y, Liu X, Huang M, Liao Y, Li S.CT image visual quantitative 
evaluation and clinical classification of coronavirus disease (COVID-19). Eur Radiol. 2020 Mar 25. doi: 
10.1007/s00330-020-06817-6. 

23. Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J. Chest CT for Typical 2019-nCoV Pneumonia: 
Relationship to Negative RT-PCR Testing. Radiology. 2020 Feb 12:200343. doi: 
10.1148/radiol.2020200343.  

24. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, Ji W. Sensitivity of Chest CT for COVID-19: Comparison to 
RT-PCR. Radiology. 2020 Feb 19:200432. doi: 10.1148/radiol.2020200432. 

25. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, Tao Q, Sun Z, Xia L. Correlation of Chest CT and RT-PCR 
Testing in Coronavirus Disease 2019 (COVID-19) in China: A Report of 1014 Cases. Radiology. 2020 Feb 
26:200642. doi: 10.1148/radiol.2020200642.  

26. Li D, Wang D, Dong J, Wang N, Huang H, Xu H, Xia C. False-Negative Results of Real-Time Reverse-
Transcriptase Polymerase Chain Reaction for Severe Acute Respiratory Syndrome Coronavirus 2: Role 
of Deep-Learning-Based CT Diagnosis and Insights from Two Cases. Korean J Radiol. 2020 
Apr;21(4):505-508. doi: 10.3348/kjr.2020.0146. Epub 2020 Mar 5.  

27. Chen C, Zhou Y, Wang DW. SARS-CoV-2: a potential novel etiology of fulminant myocarditis. 
Herz. 2020 Mar 5. doi: 10.1007/s00059-020-04909-z. PMID:32140732 

28. Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M, Lee M. Characteristics and Outcomes of 
21 Critically Ill Patients With COVID-19 in Washington State. JAMA. 2020 Mar 19. doi: 
10.1001/jama.2020.4326. 

29. Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, Brazzi L, Camporota L. COVID-19 pneumonia: 
different respiratory treatment for different phenotypes. Intensive Care Med. 2020 Apr. doi: 
10.1007/s00134-020-06033-2. 

30. https://winfocus.org/2020/04/01/lung-ultrasound-in-covid-19-pandemic/ 

https://www-ncbi-nlm-nih-gov.bvsp.idm.oclc.org/pubmed/?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=32140732
https://www-ncbi-nlm-nih-gov.bvsp.idm.oclc.org/pubmed/?term=Zhou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=32140732
https://www-ncbi-nlm-nih-gov.bvsp.idm.oclc.org/pubmed/?term=Wang%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=32140732
https://www-ncbi-nlm-nih-gov.bvsp.idm.oclc.org/pubmed/?term=myocarditis+AND+covid-19

