

[image: image1]
Impact of the COVID-19 pandemic and COVID vaccination campaign on imaging case volumes and medicolegal aspects












	
	TYPE Original Research

PUBLISHED 29 February 2024
DOI 10.3389/frhs.2024.1253905






[image: image2]

Impact of the COVID-19 pandemic and COVID vaccination campaign on imaging case volumes and medicolegal aspects

Caterina Battaglia1*†, Francesco Manti1†, Daniela Mazzuca2, Antonio Cutruzzolà1, Marcello Della Corte2, Fiorella Caputo2, Santo Gratteri2 and Domenico Laganà1

1Department of Experimental and Clinical Medicine, “Magna Graecia” University, Catanzaro, Italy

2Department of Surgical and Medical Sciences, University “Magna Græcia” of Catanzaro, Catanzaro, Italy

EDITED BY
Rui Medeiros, Portuguese Oncology Institute of Porto (IPO Porto)/Porto Comprehensive Cancer Centre (Porto.CCC), Portugal

REVIEWED BY
Ashley M. Hughes, University of Illinois Chicago, United States
Laith Abualigah, Al al-Bayt University, Jordan

*CORRESPONDENCE Caterina Battaglia caterina.battaglia@unicz.it

†These authors have contributed equally to this work

RECEIVED 11 July 2023
ACCEPTED 14 February 2024
PUBLISHED 29 February 2024

CITATION Battaglia C, Manti F, Mazzuca D, Cutruzzolà A, Corte MD, Caputo F, Gratteri S and Laganà D (2024) Impact of the COVID-19 pandemic and COVID vaccination campaign on imaging case volumes and medicolegal aspects.
Front. Health Serv. 4:1253905.
doi: 10.3389/frhs.2024.1253905

COPYRIGHT © 2024 Battaglia, Manti, Mazzuca, Cutruzzolà, Corte, Caputo, Gratteri and Laganà. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Purpose: The coronavirus pandemic (COVID-19) significantly impacted the global economy and health. Italy was one of the first and most affected countries. The objective of our study was to assess the impact of the pandemic and the vaccination campaign on the radiological examinations performed in a radiology department of a tertiary center in Southern Italy.



Materials and methods: We analyzed weekly and retrospectively electronic medical records of case volumes performed at the Radiology Department of “Mater Domini” University Hospital of Catanzaro from March 2020 to March 2022, comparing them with the volumes in the same period of the year 2019. We considered the origin of patients (outpatient, inpatient) and the type of examinations carried out (x-ray, mammography, CT, MRI, and ultrasound). A non-parametric test (Wilcoxon Signed Rank test) was applied to evaluate the average volumes.



Results: Total flows in the pandemic period from COVID-19 were lower than in the same pre-pandemic period with values of 552 (120) vs. 427 (149) median (IQR) (p < 0.001). The vaccination campaign allowed the resumption of the pre-vaccination pandemic with total flows 563 (113) vs. 427 (149) median (IQR) p < 0.001. In the post-vaccination period, the number of examinations was found to overlap with the pre-COVID period.



Conclusion: The pandemic impacted the volume of radiological examinations performed, particularly with the reduction of tests in outpatients. The vaccination allowed the return to the pre-COVID period imaging case volumes.
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Introduction

The World Health Organization (WHO) declared the COVID-19 pandemic in March 2020 (1, 2). Around the world, 3,502,956 cases and 245,081 deaths have been reported as of 3 May 2020 (3). The latest WHO report of May 8, 2022, confirmed more than 514 million positive cases, with 6 million deaths (4). Italy was one of the first countries to be involved and one of the most affected (5). The effects of lockdown and the impossibility of moving from our own houses, except for emergencies, contributed to the discouragement of the examinations (6). In particular, pandemic had a significant impact on imaging case volumes in hospitals (7). Due to social distancing measures and a decrease in overall hospital activity, many imaging departments have seen a decrease in case volumes. This has been particularly true for elective procedures, which have been put on hold to prioritize urgent and emergent cases related to COVID-19. In addition to the decrease in case volumes, the pandemic has also led to changes in the composition of imaging volumes. For example, there has been an increase in the use of telemedicine and remote monitoring. Furthermore, the COVID-19 pandemic has greatly impacted the functioning of imaging departments in hospitals. It has led to a decrease in case volumes and revenue, as well as changes in the composition of imaging volumes. These effects are likely to be felt for some time, and hospitals needed to adapt and find new ways to maintain revenue and support the education of radiology residents in the face of these challenges (8). The vaccination campaign implemented in Italy allowed a decrease in infections and, above all, a reduction in mortality associated with the virus. This led to the economy's recovery and access to treatment that had been drastically slowed down during the pandemic period (9, 10). From a forensic point of view, the reduction in the volume of diagnostic tests due to poor accessibility and infectious risk may, in some cases, pose problems in the area of delay in diagnosis and medical malpractise (11). The aims of the present research were two: the first one was to evaluate the impact of containment measures, adopted during the COVID-19 pandemic, on imaging case volumes in a tertiary center of south Italy; the second one was to assess the effect of large-scale vaccination on the same volumes in this center.



Material and methods

A retrospective analysis of the imaging examination volumes of the Radiology Department at the “Mater Domini” University Hospital of Catanzaro was performed from March 2019 to March 2022 to assess the impact of the COVID-19 pandemic. Imaging case volumes were assessed as number of exams performed weekly (from Sunday to Saturday) from March 2019 to March 2022 (156 weeks). We considered three distinct period interval: (1) the period affected by COVID-19 lockdown measurement (COVID-preVax) that went from the first week of March 2020 to the last week of February 2021(52 weeks); (2) The period in which we expected a significant impact from COVID vaccination campaign (COVID-postVax), from the first week of March 2021 to the last week of February 2022 (52 weeks); (3) The reference period before COVID pandemic occurred (pre-COVID), that went from the first week of March 2019 to the last week of February 2020 (52 weeks). Infact, the first cases of COVID-19 were reported in Italy as of March 2020. We chose to start considering the COVID-postVax period as of March 2021, as the vaccination campaign began on January 2021 at our hospital, and by assuming a protective effect of the vaccine after the second shot (one month later). We analyzed and compared the case volumes between the three time intervals as total number of exams performed weekly, and also as number of exams divided by the patient's type (inpatient, outpatient) and by the type of imaging used (x-rays, mammography exams, Computed Tomography, Magnetic Resonance, Ultrasound). Data of the case volumes were traced separately to demonstrate the trend of weekly volumes of imaging cases in 2020. The analysis in imaging volumes between time periods were matching the same weeks, in order to consider the monthly or seasonal variation within the same calendar year. No significant changes in the imaging devices or staff during the study period occurred in our radiology department that could have impacted the number of radiological procedures. The normality distribution of vascular parameters collected during the study was assessed graphically and with the Shapiro–Wilk test. According to the distribution, continuous variables were expressed as median (IQR). A non-parametric test (Wilcoxon Signed Rank test) was performed, due to a skew negative distribution, by comparing the average weekly volumes of imaging cases from 2019 to 2022 for pre-COVID-19 and post-COVID-19 (COVID-preVax and COVID-post-Vax) periods. Statistical significance was considered for values of p < 0.05. Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp. The study was conducted in accordance with the Declaration of Helsinki. For the first aim, our null hypothesis was that the number of weekly exams during the COVID-preVax period was not different from that of the pre-COVID period. The alternative hypothesis was that the number of weekly exams during the COVID-PrevVax period was reduced from that of the pre-COVID period. By assuming of number of exams of 400 ± 150, from our preliminary data, and considering as statistical significant a reduction of at least 12%, i.e., 48 exams (7) we calculate our sample size with the formula: n = (Zα/2 + Zβ)2 × 2 × σ2/d2 = 154 where Zα/2 for a confidence level of 95%, α is 0.05 and the critical value is 1.96, Zβ for a power of 80%, β is 0.2 and the critical value is 0.84, σ2 is the population variance and it is 22,500, and d is the difference we would like to detect, i.e., 48. Therefore, our sample size calculation was of at least 154 exams per week. For the second aim, we assumed an alternative hypothesis where that number of exams per week during the COVID-postVax period increased of at least 12% compared to the COVID-preVax. Thefore the sample size was the same as the first aim.



Results

A total of 47.787 examinations were evaluated. The total amount of radiological examinations performed during the COVID-preVax period were significantly lower than those executed during the pre-pandemic period, with 552 (120) vs. 427 (149) weekly exams [median (IQR), 95% confidence interval, p < 0.001]. However, the reduction of the exams performed during the COVID-preVax period compared to the pre-COVID-19 period was statistically significant only for outpatients (242 (87) vs. 171 (114), 95% confidence interval, p < 0.001), but not for inpatients, (282 (60) vs. 268(87), p = 0.42). The vaccination campaign allowed a rise in flows compared to the COVID-preVax period, with 563 (113) vs. 427 (149) exams, 95% confidence interval, p < 0.001. The increase in flows was statistically significant in both inpatient and outpatient patients, with 333 (73) vs. 268 (87) COVID-preVax median (IQR), 95% confidence interval, p < 0.001 and 229 (62) vs. 171 (114) median (IQR), 95% confidence interval, p < 0.001 (Figure 1).
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FIGURE 1
The change in the number of radiological exams divided into three categories of provenience: total (blue), outpatients (red), and inpatients (green) performed at mater Domini, Magna Græcia University of Catanzaro (UMG), in each study period: pre-COVID, COVID-preVax, and COVID-postVax.


In the COVID-postVax period, a resumption overlapped with the pre-COVID period (Figure 2).
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FIGURE 2
Representation of the change in the number of radiological exams divided into three periods: pre-COVID (green bars), COVID-preVax (red bars), and COVID-postVax (yellow bars) performed at mater Domini, Magna Græcia University of Catanzaro (UMG).


Concerning data divided by method, ultrasound, conventional radiology, breast imaging, Computed tomography, and MRI, all suffered a statistically significant reduction. Table 1 compares the post-COVID 19 and pre-COVID-19 period mean weekly imaging case volumes for the imaging modality types stratified by patient service locations with statistically significant values.


TABLE 1 Data was divided by radiological examination method with weekly acquired values among pre-COVID, COVID-preVax, and COVID-postVax periods.
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Discussion

The COVID-19 pandemic showed unprecedented and unpredictable circumstances for radiology practices. The impact observed in all over the world was severe in terms of health care (12). Our study showed how this devastating situation has impacted on imaging case volumes in a tertiary hospital center in South Italy. In particular, we observed a reduction of 23% during the COVID-19 pandemic compared with the pre-COVID period, mainly due to the decline in the number of exams performed on outpatients. Our findings align with many other studies, which have demonstrated that radiology practices decreased by up to 40%–50% in imaging volumes, depending on the location of work and the severity of the COVID-19 pandemic in every region (7, 13). In our center, the reduction of radiologic examinations was probably driven by the limited access to the radiology department by chronic patients lacking our center of an emergency unit. For the first time to our knowledge, we have observed a recovery in the imaging case volumes after the vaccination campaign compared to the pre-vaccination period (+32%), with a return to the volumes registered in the pre-pandemic period. Vaccines have been a fundamental tool for reducing mortality and morbidity of COVID patients (14). Our findings demonstrated that the vaccines have also allowed the restart of public health systems, thus guaranteeing access to care for patients again. This reduction of examinations caused diagnostic delay with associated medical-legal disputes. Especially in the case of specific pathologies, such as cancer, where timely diagnosis significantly impacts the prognosis (15, 16). The lack of access to radiological examinations could configure what is defined as a loss of chances (17–19). The reduction of imaging case volume was justified by the absolute need to protect healthcare personnel and patients from infectious risk. For avoiding this issues technology and science plaied a significant part in particular innovative tools as teleradiology and artificial intelligence (AI) were implemented and for a better care for affected patients all over the world (20, 21). AI is made to act and think like a human brain, automating many tasks by imitating its thought processes. In preparation for COVID-19's eventual cross-country accessibility, machine learning (ML) and deep learning (DL) techniques have been utilized to track typical behavior using open data sources from real-time applications. These techniques could forecast the immediate future and aid in minimizing the negative impacts of COVID-19 (22). For example in a study of Alaiad et al. they applied Deep Learning, called Resnet101, on CT images in hospitals to complement the work, giving them high confidence in the uses of AI, especially deep learning on images in their hospital (23, 24). Regarding teleradiology although it offers the benefits of saving patient's time and safety, it is necessary to make known limitations, including the absence of physical examinations, the possibility of transmission failure and risks of violations of privacy. In term of regulation, in Italy, the first provision dedicated to the implementation of Telemedicine services is represented by the Agreement between the Government and the Regions on the document containing “Telemedicine-National Guidelines”. guidelines are intended to respond to the need to standardize the experimental initiatives activated (25). According to a review by Solimini et al., the ethical and legal issues related to telemedicine services still need specific rules for the application to guarantee equitable access, quality of care and respect of patient privacy, data protection, and data protection sustainable costs (26). In the future the use of telemedicine and AI in clinical will be used in common clinical practice (27, 28).



Limitations and further studies

The study is limited by its retrospective design. The economic effects of this decline in imaging case volumes and the effects on the radiology residency program were not investigated. These limitations could serve as an avenue for future research.



Conclusion

The pandemic had a negative impact on the volume of radiological examinations performed, notably by limiting access to care for outpatients. According to this report, the total imaging volume across all patient care locations and imaging modalities decreased by 23% during the COVID-19 pandemic. The vaccination campaign allowed the return to the imaging flow of the pre-COVID period. Effective strategies must be adopted to avoid the mentioned effect on the healthcare system in future pandemics.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The study was approved by the Ethics Committee of University “Magna Graecia” of Catanzaro and was conducted in accordance with the Declaration of Helsinki. Informed consent was obtained from all subjects and/or their legal guardian(s).



Author contributions

CB: Writing – original draft, Writing – review & editing, Conceptualization, Data curation, Supervision, Validation. FM: Supervision, Writing – original draft. DM: Conceptualization, Data curation, Validation, Writing – original draft, Writing – review & editing. AC: Formal Analysis, Methodology, Validation, Writing – review & editing. MC: Methodology, Validation, Writing – original draft. FC: Validation, Writing – original draft. SG: Supervision, Validation, Visualization, Writing – review & editing. DL: Supervision, Validation, Visualization, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Bio Med. (2020) 91:157. doi: 10.23750/abm.v91i1.9397

2. Nadimi-Shahraki M, Taghian S, Mirjalili S, Abualigah L. Binary aquila optimizer for selecting effective features from medical data: a COVID-19 case study. Mathematics. (2022) 10:1929. doi: 10.3390/math10111929

3. Ethiopia Coronavirus. 13,968 cases and 223 deaths. (2020). Available online at: https://www.worldometers.info/coronavirus/country/ethiopia (accessed January 1, 2023).

4. World Health Organization. Available online at: https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---11-may-2022 (accessed May 11, 2023).

5. Norbash AM, Moore AV, Recht MP, Brink JA, Hess CP, Won JJ, et al. Early-stage radiology volume effects and considerations with the coronavirus disease 2019 (COVID-19) pandemic: adaptations, risks, and lessons learned. J Am Coll Radiol. (2020) 17(9):1086–95. doi: 10.1016/j.jacr.2020.07.001

6. Rehani B, Rodriguez JA, Nguyen JK, Patel MM, Ammanuel SG, Winford E, et al. COVID-19 radiology preparedness, challenges & opportunities: responses from 18 countries. Curr Probl Diagn Radiol. (2022) 51(2):196–203. doi: 10.1067/j.cpradiol.2021.03.017

7. Naidich JJ, Boltyenkov A, Wang JJ, Chusid J, Hughes D, Sanelli PC. Impact of the coronavirus disease 2019 (COVID-19) pandemic on imaging case volumes. J Am Coll Radiol. (2020) 17(7):865–72. doi: 10.1016/j.jacr.2020.05.004

8. Gharaibeh M, El-Obeid E, Khasawneh R, Karrar M, Salman M, Farah A, et al. Impact of the COVID-19 pandemic on imaging case volumes in king Abdullah university hospitals (KAUH). Front Med (Lausanne). (2023) 10:1103083. doi: 10.3389/fmed.2023.1103083

9. Vitiello A, Ferrara F, Troiano V, La Porta R. COVID-19 vaccines and decreased transmission of SARS-CoV-2. Inflammopharmacol. (2021) 29(5):1357–60. doi: 10.1007/s10787-021-00847-2

10. Oliu-Barton M, Pradelski BSR, Woloszko N, Guetta-Jeanrenaud L, Aghion P, Artus P, et al. The effect of COVID certificates on vaccine uptake, health outcomes, and the economy. Nat Commun. (2022) 13(1):3942. doi: 10.1038/s41467-022-31394-1

11. Siegal D, Stratchko LM, DeRoo C. The role of radiology in diagnostic error: a medical malpractice claims review. Diagnosis (Berlin, Germany). (2017) 4(3):125–31. doi: 10.1515/dx-2017-0025

12. Cavallo JJ, Forman HP. The economic impact of the COVID-19 pandemic on radiology practices. Radiology. (2020) 296:E141–4. doi: 10.1148/radiol.2020201495

13. Parikh KD, Ramaiya NH, Kikano EG, Tirumani SH, Pandya H, Stovicek B, et al. COVID-19 pandemic impact on decreased imaging utilization: a single institutional experience. Acad Radiol. (2020) 27(9):1204–13. doi: 10.1016/j.acra.2020.06.024

14. Mascellino MT, Di Timoteo F, De Angelis M, Oliva A. Overview of the main anti-SARS-CoV-2 vaccines: mechanism of action, efficacy and safety. Infect Drug Resist. (2021) 14:3459–76. doi: 10.2147/IDR.S315727

15. Figueroa JD, Gray E, Pashayan N, Deandrea S, Karch A, Vale DB, et al. The impact of the COVID-19 pandemic on breast cancer early detection and screening. Prev Med. (2021) 151:106585. doi: 10.1016/j.ypmed.2021.106585

16. Del Vecchio Blanco G, Calabrese E, Biancone L, Monteleone G, Paoluzi OA. The impact of the COVID-19 pandemic on colorectal cancer prevention. Int J Colorectal Dis. (2020) 35(10):1951–4. doi: 10.1007/s00384-020-03635-6

17. Leslie K, Bramley D, Shulman M, Kennedy E. Loss of chance in medical negligence. Anaesth Intensive Care. (2014) 42(3):298–302. doi: 10.1177/0310057X1404200304

18. Cannavale A, Santoni M, Mancarella P, Passariello R, Arbarello P. Malpractice in radiology: what should you worry about? (2013):219259. doi: 10.1155/2013/219259

19. Bal BS, Brenner LH. Medicolegal sidebar: the law and social values: loss of chance. Clin Orthop Relat Res. (2014) 472(10):2923–6. doi: 10.1007/s11999-014-3847-8

20. Ferorelli D, Nardelli L, Spagnolo L, Corradi S, Silvestre M, Misceo F, et al. Medical legal aspects of telemedicine in Italy: application fields, professional liability and focus on care services during the COVID-19 health emergency. J Prim Care Community Health. (2020) 11:215013272098505. doi: 10.1177/2150132720985055

21. Al-Shourbaji I, Kachare PH, Abualigah L, Abdelhag ME, Elnaim B, Anter AM, et al. A deep batch normalized convolution approach for improving COVID-19 detection from chest x-ray images. Pathogens. (2022) 12(1):17. doi: 10.3390/pathogens12010017

22. Tarek Z, Shams MY, Towfek SK, Alkahtani HK, Ibrahim A, Abdelhamid AA, et al. An optimized model based on deep learning and gated recurrent unit for COVID-19 death prediction. Biomimetics (Basel). (2023) 8(7):552. doi: 10.3390/biomimetics8070552

23. Alaiad AI, Mugdadi EA, Hmeidi II, Obeidat N, Abualigah L. Predicting the severity of COVID-19 from lung CT images using novel deep learning. J Med Biol Eng. (2023) 43(2):135–46. doi: 10.1007/s40846-023-00783-2

24. Singh R, Rehman AU, Ahmed T, Ahmad K, Mahajan S, Pandit AK, et al. Mathematical modelling and analysis of COVID-19 and tuberculosis transmission dynamics. Inform Med Unlocked. (2023) 38:101235. doi: 10.1016/j.imu.2023.101235

25. Mazzuca D, Borselli M, Gratteri S, Zampogna G, Feola A, Della Corte M, et al. Applications and current medico-legal challenges of telemedicine in ophthalmology. IJERPH. (2022) 19(9):5614. doi: 10.3390/ijerph19095614

26. Solimini R, Busardò FP, Gibelli F, Sirignano A, Ricci G. Ethical and legal challenges of telemedicine in the era of the COVID-19 pandemic. Medicina (Kaunas). (2021) 57(12):1314. doi: 10.3390/medicina57121314

27. Vatele J, Gentile S, Thomson V, Devictor B, Cloux M, Girouin N, et al. Teleradiology as a relevant indicator of the impact of COVID-19 pandemic management on emergency room activities: a nationwide worrisome survey. Insights Imaging. (2021) 12(1):30. doi: 10.1186/s13244-021-00964-0

28. Postorino M, Treglia M, Giammatteo J, Pallocci M, Petroni G, Quintavalle G, et al. Telemedicine as a medical examination tool during the COVID-19 emergency: the experience of the onco-haematology center of tor Vergata hospital in Rome. IJERPH. (2020) 17(23):8834. doi: 10.3390/ijerph17238834



OPS/images/frhs-04-1253905-t001.jpg
Radiological
examination

Pre-COVI
9

D

us 138 (37) 100 (49) 133 39"
x-ray 235 (70) 188 (86)* 248 (53)°
Senology 37 (24) 17 (20" 42(27)°
cr 99 (19) 89 (28)" 105 27)°
MRI 30 (6) 27 (16)" 33"

“p <0.05 COVID-preVax vs. pre-COVID.
“p <0.05 COVID-postVax vs. COVID-preVax
'h < 0.05 COVID-postVax vs. pre-COVID.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of the COVID-19 pandemic and COVID vaccination campaign on imaging case volumes and medicolegal aspects

		Introduction



		Material and methods



		Results



		Discussion



		Limitations and further studies



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers Health Services

Impact of the COVID-19 pandemic
and COVID vaccination campaign
on imaging case volumes and
medicolegal aspects









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Health Services





OPS/images/frhs-04-1253905-g002.jpg
Pre-COVID Vs COVID-preVaccine ‘COVID preVaccine Vs postVaccine Pre-COVID Vs COVID-postVaccin

i
w :
1 4 7 10131619 22 25 28 31 34 37 40 43 46 49 52 L 14 7101316192225 2831343740 43 46 49 52 ¥ 619 22 25 28 31

Wesks






OPS/images/frhs-04-1253905-g001.jpg
‘weekly exams (n).

600

100

‘Trend of exams per weel

pre-CoviD

COVID-prevax
period

COVID-posivax

T outpatients
Tinpatients





