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ABSTRACT 

• Objectives—Worldwide, lung ultrasound (LUS) was utilized to assess coronavirus disease 2019 (COVID-19) 
patients. Often, imaging protocols were however defined arbitrarily and not following an evidence-based 
approach. Moreover, extensive studies on LUS in post-COVID-19 patients are currently lacking. This study 
analyses the impact of different LUS imaging protocols on the evaluation of COVID-19 and post-COVID-19 
LUS data. 

• Methods—LUS data from 220 patients were collected, 100 COVID-19 positive and 120 post-COVID-19. A 
validated and standardized imaging protocol based on 14 scanning areas and a 4-level scoring system was 
implemented. We utilized this dataset to compare the capability of 5 imaging protocols, respectively based 
on 4, 8, 10, 12, and 14 scanning areas, to intercept the most important LUS findings. This to evaluate the 
optimal trade-off between a time-efficient imaging protocol and an accurate LUS examination. We also 
performed a longitudinal study, aimed at investigating how to eventually simplify the protocol during 
follow-up. 

• Additionally, we present results on the agreement between AI models and LUS experts with respect to LUS 
data evaluation. 

• Results—A 12-areas protocol emerges as the optimal trade-off, for bothCOVID-19 and post-COVID-19 
patients. For what concerns follow-up studies, it appears not to be possible to reduce the number of 
scanning areas. Finally, COVID-19 and post-COVID-19 LUS data seem to show differences capable to confuse 
AI models that were not trained on post-COVID-19 data, supporting the hypothesis of the existence of LUS 
patterns specific to post-COVID-19. 

• Conclusions—A 12-areas acquisition protocol is recommended for both COVID-19 and post-COVID-19 
patients, also during follow-up. 
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Conclusion 
 

In conclusion, the proposed scoring system is applicable to assess 
COVID-19 and post-COVID-19 patients. For both COVID-19 and post-
COVID-19 patients, a 12-areas acquisition protocol is confirmed as the 
optimal trade-off between a time-efficient and accurate LUS 
examination procedure. Moreover, the worst scores are confirmed to 
be found in the basal posterior areas for both patients’ populations. As 
for what concerns follow-up studies, it appears not to be possible to 
simplify the acquisition process, as no clear correlation was found 
among the score evolution across different areas. Finally, LUS data 
obtained from COVID-19 and post-COVID-19 seem to display 
differences which are capable of confusing AI models that were not 
trained on post-COVID-19 data. This opens interesting questions on 
the existence of specific patterns associated to post-COVID-19 
patients. Research in this direction will be the focus of future studies. 

 
 





Abstract 
 • Introduction 

• Point-of-care ultrasound (POCUS) education is a requirement of graduate medical education in EM. Milestones have 
been established to assess resident US competency. However, the delivery of POCUS education has not been 
standardized. This study aims to evaluate the impact of implementing a longitudinal, structured POCUS curriculum 
during EM residency on trainee competency and confidence. 

• Methods 

• A prospective study of PGY-3 trainees before and after implementation of a novel POCUS curriculum was performed 
over an 18-month period at an EM residency training program. Curriculum design included longitudinal POCUS 
application–based monthly electronic content, bi-monthly residency conference sessions, and hands-on rotations. 
PGY-3 resident’s POCUS knowledge was assessed with a 38-question multiple-choice and image-based exam. Further, 
PGY-3 residents were surveyed regarding POCUS confidence. Survey results evaluated provider confidence, 
satisfaction with the novel curriculum, and overall perception of POCUS utility scored on a 1 (low) to 5 (high) scale. 
Results were evaluated using an unpaired t test for data analysis. 

• Results 

• Mean quiz scores of 8 pre-curriculum PGY-3 residents (84%; 95%CI 78.46–89.54) were not significantly different 
when compared with 13 post-curriculum PGY-3 residents (82%; 95%CI 77.11–86.89) (p = 0.6126). Survey results for 
pre-curriculum trainees across each section were 4.13 (95%CI 3.91–4.35), 3.68 (95%CI 3.32–4.04), and 4.33 (95%CI 
4.06–4.6). Results for post-curriculum trainees trended higher for each section at 4.22 (95%CI 4.04–4.40) 
(p = 0.4738), 3.84 (95%CI 3.52–4.16) (p = 0.5279), and 4.49 (95%CI 4.21–4.77) (p = 0.4534). 

• Conclusions 

• Implementation of a structured, longitudinal POCUS curriculum resulted in a trend towards improved trainee 
confidence, satisfaction, and perception of POCUS. Future studies are needed to identify the optimal structure for 
POCUS educational content delivery and competency assessment for EM resident providers. 

 











Conclusions  
Our multi-center survey results from Canadian internal medicine residents suggest that 
learners found POCUS highly applicable to the practice of internal medicine, especially for 
identifying ascites and cardiac findings and for guiding central line insertion, paracentesis, and 
thoracentesis. Significant gaps were reported in skills and knowledge. Development of POCUS 
education should take these results into consideration when deciding where to focus 
curriculum efforts.  









 
if only one patient had a shorter length of stay or was transferred to definitive 
care for trauma or aortic catastrophe based on POCUS training, then the 
training of mid to late career EM physicians in Basic POCUS may be worth the 
time and resource investment. 
 











 Conclusions 
Our retrospective analysis of 95 serial LUS assessments in a cohort of 28 patients with COVID-19 pneumonia 
demonstrates that findings correlate with PaO2:FiO2 ratio as a marker of disease severity and could provide 
useful information regarding prognostication. We believe this simple, safe, and inexpensive bedside 
investigation can contribute to the wider patient assessment and aid decision making during the global 
COVID-19 pandemic. The easily learnt simplified scoring system warrants validating in a larger cohort 




















