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Abstract. Background: Feedback is essential for personal and professional 

development, also in emergency services. However, EMS usually ends at the 
interface with the emergency department, thus, the long-term effect of initiated 

emergency measures often remains unclear for emergency personnel. Digital, data-

driven tools providing systematic feedback on patients' outcome may be valuable to 
improve emergency service quality and patient safety. Objectives: To provide an 

overview about current approaches for cross-sectoral digital feedback systems in 

EMS. Methods: Literature review in PubMed/MEDLINE and Google Scholar in 
accordance with the PRISMA statement. Results: The search resulted in 567 articles 

out of which only three were identified as eligible. In only one study cross-sectoral 

feedback was used to improve quality. Conclusion: Although feedback is described 
as a method for improving the quality of the rescue service and feedback is also 

considered in the description of the requirements for digitization, there seems to be 

no technical implementation of a cross-sectoral feedback system so far. 
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1. Introduction 

Quality of care is important in health – especially in emergency medicine service (EMS) 

[1]. High quality in emergency medical service (EMS) and patient safety are ensured by 

a high level of continuous professional training and education of rescue service staff 

together with regular exchange of personal experiences. This experience also comprise 

knowledge about the long-term effect of initiated emergency measures. Thus, gathering 

more experience also includes learning about the diagnosis and further progress of 

patients brought to hospital by EMS [2]. Currently, mortality and morbidity (M&M) 

conferences are one of the few recognized opportunities for gaining knowledge and 

receiving personal feedback on actions carried-out [3]. However, M&M conferences 
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rarely take place and often only deal with special cases. A continuous feedback is not 

delivered, though, it could help to improve the advanced education of rescue staff [4–6]. 

Digitalisation in healthcare is growing, including the use of digital tools for 

documentation and decision-support in both emergency medical services and emergency 

departments. This progress could be a chance for implementing automated digital, data-

driven feedback systems for rescue service and hospital staff facilitating information 

exchange across these sectors [7]. 

In this article, we present the results of a literature review focusing digital feedback 

systems in the cross-sectoral field of EMS. 

2. Methods 

2.1. Protocol 

The systematic review was based on the preferred reporting items for systematic reviews 

and meta-analyses (PRISMA) statement.  

2.2. Search Strategy 

Relevant articles were retrieved through searching international literature in 

PubMed/MEDLINE. There were no restrictions to language, publication type, state, and 

date. Since there are differences between the European EMS [8-9] we decided to add 

another search in Google Scholar to identify new studies (last five years) specifically 

originating from German-speaking countries and only published in German language.  

 

Our search terms comprise three “AND”-concatenations representing (1) the 

functionality of the searched approaches (feedback), (2) the type of implementation 

(digital technologies) and (3) the care domain (emergency). MeSH-Terms were used 

because to ensure current and relevant papers were found. The following terms were 

used: 

 

PubMed/MEDLINE: ((feedback) AND ("information systems"[Mesh] OR "computing 
methodologies"[Mesh])) AND ("emergency medical services"[Mesh] OR "emergency 
medicine"[Mesh] OR "emergency service, hospital"[Mesh]) 
 
Google Scholar (not supporting MeSH term search): ((Rückmeldung OR Feedback OR 
Kontrolle OR Reflexion) AND (Software OR System OR Qualitätsmanagementsysteme) 
AND sektorenübergreifend)) AND (Rettungsdienst OR Notfallaufnahme) 

2.3. Selection Process and Eligibility Criteria 

Identified articles were assessed independently by two reviewers (AK, KS) according to 

pre-defined eligibility criteria (see Table 1). Literature was first screened by title and 

abstract. Afterwards, full-texts were retrieved and evaluated for relevance and inclusion. 

In case of disagreement, a third author (AW) was consulted.  
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Table 1. Eligibility criteria

Category Criteria
inclusing criteria � feedback from hospital or emergency department to EMS

� digitalising of the rescue chain used for implementation of feedback systems

� improvement of quality of preclinical care by cross-sectoral feedback

exclusing criteria � studies or research projects without feedback on patient’s outcome to the EMS 

� description of requirements without application for feedback

� description of feedback as a method of quality improvement without a project 

or study

� no cross-sectoral feedback

3. Results

3.1. Study Selection

The initial search resulted in 567 articles (see Figure 1). 206 papers were found in 

PubMed/MEDLINE and 361 results were found in scholar. 551 were excluded by

title/abstract screening: 65 articles focus quality improvement without reference to 

feedback systems. 76 publications examine software or technical solutions without 

reference to feedback. 112 articles only describe simulation and training situations. 8

studies described requirements for data solutions. 285 results of Scholar and 5 of PubMed

were excluded cause there was no reference to the topic “Improving emergency service 

quality and patient safety through the use of cross-sectoral digital feedback systems”. 

Afterwards, 15 more papers were excluded after reading the full text. The content 

and reasons for exclusions of these 15 articles are listed in Table 2.

Figure 1. PRISMA flow chart for study selection. 
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Table 2. Overview of excluded articles, assessed by full text screening (1 to 7 found in PubMed/MEDLINE 

and 8 to 14 found in Google Scholar. 

Number Reference Summary 
results of the PubMed search 

1 [10] � congress paper with title and abstract only 

2 [11] � highlighted only the importance of using medical data in emergency 

cases 

3 [12] � described requirements on data management tools in emergency 

departments 

4 [13] � neuronal network to identify myocardial ischemia in patients having 

thoracic pain 

� feedback system was used to increase physician’s confidence in this 

neuronal network  

5 [14] � direct feedback to the emergency medical staff was given after 

interpretation a transmitted ecg.  

� feedback was given before transport to the hospital 

� assignment of patients with STEMI to hospitals with catheterization 

options 

6 [15] � analysed the first medical contact to balloon time in patients with 

myocardial ischemia 

� feedback was given by presenting interim results of the study at the f the 

end of each quarter  

� no individual feedback   

7 [16] � effect of the quality of a cardiac massage using a technical feedback 

system 

results of the Scholar search 
8 [17] � requirements in digitalisation in health care without reference to 

feedback  

o networking of all health care providers 

o secure exchange of information 

9 [18] � requirements of data in emergency care 

o enabling feedback mechanisms for the individual healthcare provider 

at the case level 
o outcome-oriented evaluation of emergency care is only possible by 

linking the care data of the different structures and sectors at the 

patient level 

10 [19] � cross-sectoral networking without reference on feedback 

o digitization in the healthcare sector enables networking of the 

various players 
o enables a better exchange of knowledge which can be a benefit for 

patients 

11 [20] � challenges for the management of the EMS  

o medical directors of the EMS are responsible for ensuring the 

medical supervision of the paramedics and for establishing suitable 

feedback and training instruments 

12 [21] � sectoral separation into emergency and acute care is a problem 

� the impossibility of rapid transfer of medical information from one 

sector to the other also poses a problem for patient safety in this context 

13 [22] � current status of quality assurance in EMS  

� EMS do not receive standardized feedback on patient's ongoing disease  

14 [23] � Quality management by implementation of a monthly report using the 

dataset mV2015.1 of the DIVI for emergency departments (AKTIN) 

� no cross-sectoral feedback system  

15 [24] � described an application for cross-sectoral networking 

� no reference on feedback 
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3.2. Synthesis of Results 

Finally, we identified only one article reporting on a cross-sectoral feedback system 

focused on improvement of quality and patient safety in EMS.   

Günther et al. presented a cross-sectoral feedback- and control system to improve 

the quality of the emergency medical service. But feedback was only given in very 

special situations: cases with death of patients who had EMS contact before but without 

an emergency physician and without transportation to an emergency department [25]. 

The authors did not describe if technical solutions were used for the feedback system. 

4. Discussion 

Although feedback is important for continuous quality improvement [26,27] and 

digitalisation in emergency care grows, the implementation of cross-sectoral digital 

feedback systems seems not to have been done now. Especially at interfaces of shared 

patient care, standards to improve communication but also to promote a feedback culture 

are important [28]. 

Currently, data produced in both the pre-clinical emergency and hospital setting is 

not efficiently used for implementing a comprehensive cross-sectoral feedback system. 

Actually, there is only a data transfer in one direction, from EMS to hospital. Transferring 

protocols digitally to hospitals is possible in less than 50% of EMS regions in Germany 

[29]. In the first place it is necessary to create infrastructure to transfer protocols digitally 

before building a digital feedback system.   

Further research is needed to investigate potentials and challenges of using 

innovative health informatics solutions for a cross-sectoral digital, data-driven feedback 

system to improve emergency service quality on patient safety. 

5. References 

 

[1]  K. Hansen, A. Boyle, B. Holroyd, G. Phillips, J. Benger, L.B. Chartier, F. Lecky, S. Vaillancourt, P. 
Cameron, G. Waligora, L. Kurland, and M. Truesdale, Updated framework on quality and safety in 

emergency medicine. Emerg Med J 37 (2020), 437–442. 

[2]  C. Fernandez Branson, M. Williams, T.M. Chan, M.L. Graber, K.P. Lane, S. Grieser, Z. Landis-
Lewis, J. Cooke, D.K. Upadhyay, S. Mondoux, H. Singh, L. Zwaan, C. Friedman, and A.P.J. Olson, 

Improving diagnostic performance through feedback: the Diagnosis Learning Cycle. BMJ Qual Saf 

30 (2021), 1002–1009. 
[3]  G. Quiney and G. Colucci, Making the most of a Morbidity and Mortality meeting. Int J Risk Saf 

Med (2022). 

[4]  M. Taussig, A. Musick, S. Dondlinger, J. Tamas, J. Willhite, W. Pabon-Ramos, K. Johnson, and 
J.G. Martin, Learning from errors: Implementation of a resident-oriented radiology morbidity and 

mortality conference as an educational tool. Clin Imaging 84 (2022), 98–103. 

[5]  J. Benn, G. Arnold, D. D’Lima, I. Wei, J. Moore, F. Aleva, A. Smith, A. Bottle, and S. Brett, 
Evaluation of a continuous monitoring and feedback initiative to improve quality of anaesthetic 
care: a mixed-methods quasi-experimental study, Southampton (UK), 2015. 

[6]  P.J. McCormick, C. Yeoh, R.M. Vicario-Feliciano, K. Ervin, K.S. Tan, G. Yang, M. Mehta, and L. 
Tollinche, Improved Compliance With Anesthesia Quality Measures After Implementation of 

Automated Monthly Feedback. J Oncol Pract 15 (2019), e583-e592. 

[7]  J.Y. Tsang, B. Brown, N. Peek, S. Campbell, and T. Blakeman, Mixed methods evaluation of a 
computerised audit and feedback dashboard to improve patient safety through targeting acute kidney 

injury (AKI) in primary care. Int J Med Inform 145 (2021), 104299. 

A. Klausen et al. / Improving Emergency Service Quality and Patient Safety160



[8]  T. Fleischmann and G. Fulde, Emergency medicine in modern Europe. Emerg Med Australas 19 

(2007), 300–302. 

[9]  I.B.M. Tjelmeland, S. Masterson, J. Herlitz, J. Wnent, L. Bossaert, F. Rosell-Ortiz, K. Alm-Kruse, 
B. Bein, G. Lilja, and J.-T. Gräsner, Description of Emergency Medical Services, treatment of 

cardiac arrest patients and cardiac arrest registries in Europe. Scand J Trauma Resusc Emerg Med 28 

(2020), 103. 
[10]  D. Saini, H.F. Orthner, E.S. Berner, M. Mirza, C.J. Godwin, and T.B. Brown, Expert verification of 

the knowledge base of FEED--a feedback expert system for EMS documentation. AMIA Annu 

Symp Proc (2008), 1120. 
[11]  E.N. Barthell and K.R. Pemble, The National Emergency Medical Extranet project. J Emerg Med 24 

(2003), 95–100. 

[12]  M. Gillam, T. Rothenhaus, V. Smith, and M. Kanhouwa, Information technology principles for 
management, reporting, and research. Acad Emerg Med 11 (2004), 1155–1161. 

[13]  J.E. Hollander, K.L. Sease, D.M. Sparano, F.D. Sites, F.S. Shofer, and W.G. Baxt, Effects of neural 
network feedback to physicians on admit/discharge decision for emergency department patients with 

chest pain. Ann Emerg Med 44 (2004), 199–205. 

[14]  M.-T. Schneiders, S. Herbst, D. Schilberg, I. Isenhardt, S. Jeschke, H. Fischermann, S. Bergrath, R. 
Rossaint, and M. Skorning, Telenotarzt auf dem Prüfstand. Notfall Rettungsmed 15 (2012), 410–

415. 

[15]  K.H. Scholz, R. Hilgers, D. Ahlersmann, H. Duwald, R. Nitsche, G. von Knobelsdorff, B. Volger, 
K. Möller, and F.K. Keating, Contact-to-balloon time and door-to-balloon time after initiation of a 

formalized data feedback in patients with acute ST-elevation myocardial infarction. Am J Cardiol 

101 (2008), 46–52. 
[16]  A. Hirakawa, T. Hatakeyama, D. Kobayashi, C. Nishiyama, A. Kada, T. Kiguchi, T. Kawamura, and 

T. Iwami, Real-time feedback, debriefing, and retraining system of cardiopulmonary resuscitation 

for out-of-hospital cardiac arrests: a study protocol for a cluster parallel-group randomized 
controlled trial. Trials 19 (2018), 510. 

[17]  H. Schirmer, Chancen und Grenzen der Digitalisierung im Gesundheitswesen zur nachhaltigen 

Förderung der Bevölkerungsgesundheit in Deutschland. In Controlling & Innovation 2022 Springer 
Gabler, Wiesbaden, 2022, pp. 281–334. 

[18]  D. Brammen, F. Greiner, A. Slagman, and S. Drynda, 11 Evaluation der Notfallversorgung–Welche 
Daten werden gebraucht?, Medizinisch Wissenschaftliche Verlagsgesellschaft, Berlin, 2020. 

[19]  S. D’Onofrio, Der digitale Wandel im Gesundheitswesen. HMD Praxis der Wirtschaftsinformatik 59 

(2022), 1448–1460. 

[20]  D. Lauer, S. Bandlow, M. Rathje, A. Seidl, and H. Karutz, Veränderungen und Entwicklungen in 
der präklinischen Notfallversorgung: Zentrale Herausforderungen für das 

Rettungsdienstmanagement. Bundesgesundheitsbl 65 (2022), 987–995. 

[21]  R. Somasundaram, D. Gümbel, S. Poloczek, H. Hasselmann, J. Seybold, and A. Ekkernkamp, 
Notfallversorgung in Berlin-heute und morgen:" It takes a system to save a life", Berlin-

Brandenburgische Akademie der Wissenschaften, 2021. 

[22]  S. Piedmont, D. Brammen, D. Branse, K. Focke, W. Kast, and B.-P. Robra, Auf dem Weg zur 
integrierten Qualitätssicherung im Rettungsdienst. Notfall Rettungsmed 21 (2018), 682–689. 

[23]  F. Greiner, B. Erdmann, V.S. Thiemann, M. Baacke, R. Grashey, K. Habbinga, A. Kombeiz, R.W. 

Majeed, R. Otto, K. Wedler, D. Brammen, and F. Walcher, Der AKTIN-Monatsbericht: Plädoyer für 
ein standardisiertes Reporting in der Notaufnahme. Notfall Rettungsmed (2021). 

[24]  C.Z. Fricke, Prozessoptimierung in der Notfallversorgung von Schlaganfallpatienten unter der 
Nutzung einer Kommunikationsapplikation im Rahmen des Projektes „Die innere Uhr (INU)“ im 
Programm DigiStrucMed, Hochschule Hannover, 2022. 

[25]  A. Günther, E. Swart, and S. Schmid, Rettungsdiensteinsätze am Lebensende: erste Ergebnisse eines 

sektorenübergreifenden Rückmelde- und Kontrollsystems. Der Notarzt 38 (2022), 22–27. 
[26]  E.C. Shenvi, S.F. Feupe, H. Yang, and R. El-Kareh, "Closing the loop": a mixed-methods study 

about resident learning from outcome feedback after patient handoffs. Diagnosis (Berl) 5 (2018), 

235–242. 
[27]  G. Altmiller, The role of constructive feedback in patient safety and continuous quality 

improvement. Nurs Clin North Am 47 (2012), 365–374. 

[28]  N. van Sluisveld, A. Oerlemans, G. Westert, J.G. van der Hoeven, H. Wollersheim, and M. Zegers, 
Barriers and facilitators to improve safety and efficiency of the ICU discharge process: a mixed 

methods study. BMC Health Serv Res 17 (2017), 251. 

[29]  C. Möllenhoff, P.A. Eder, A. Rashid, C. Möllenhoff, I. Römer, and B. Franczyk, Digitale Systeme 
zur Unterstützung von präklinischen Notfalleinsätzen : Deutschlandweite Querschnittserhebung zu 

Verfügbarkeit, Nutzung und bestehenden Herausforderungen. Anaesthesiologie 71 (2022), 518–525. 

A. Klausen et al. / Improving Emergency Service Quality and Patient Safety 161


