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1. Introduction 

1.1 Outline of the thesis  

The process of regionalizing inpatient perinatal care has been observed in healthcare systems of 

numerous countries for an extended period. One primary objective of regionalization in perinatal care 

is to concentrate perinatal services in a smaller number of more specialized and high-level hospitals. 

This approach is intended to improve patient outcomes and utilize resources more efficiently. 

Regionalization of perinatal care is a highly complex process that affects numerous stakeholders. 

Therefore, it is crucial to study the impact of regionalization on healthcare systems. 

The objective of this PhD thesis is to examine the individual elements of regionalization in perinatal 

care in Germany through three distinct research projects. The first research project will investigate the 

closure of obstetrics departments in Germany over a five-year period and its impact on accessibility. 

The former aspect will demonstrate that regionalization in perinatal care is also applicable to Germany. 

The latter aspect will address a common concern regarding regionalization of care: accessibility. The 

second research project addresses the allocation process of neonates to different care level facilities 

and thereby shows patient flows in a regionalized system. Finally, in the third research project, it is 

analyzed if technologies to bridge spatial distances caused by regionalization, such as webcams, are 

supported by medical staff on Neonatal Intensive Care Units (NICUs). 

For this purpose, the thesis is organized in five chapters: The initial chapter offers a concise 

introduction to the concept of regionalization and defines the terminology associated with perinatal 

care. It then delves into three primary perspectives that inform the regionalization process, namely 

the medical, the parental, and the economic perspective. In the context of perinatal care, parents 

represent a crucial stakeholder group that plays a pivotal role in determining the utilization of 

healthcare for their child. Additionally, in the case of mothers, they receive healthcare services 

themselves. It is therefore essential to consider the parental perspective. The first chapter concludes 

with the presentation of the research questions examined in this PhD thesis. The second chapter 
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presents the findings of each research project in the form of a synopsis. The full scientific publications 

can be found in the Appendix. The findings will then be discussed in the third chapter. Limitations to 

the research are provided before the chapter concludes with an outlook. The fourth chapter (in 

English) and the fifth chapter (in German) provide a summary of the content of the thesis.     

1.2 Regionalization in perinatal care 

1.2.1 Perinatal care in Germany 

The perinatal period, as defined in the International Statistical Classification of Diseases and Related 

Health Problems (ICD-10), commences at the 22nd week of pregnancy and concludes at the 7th day 

postpartum [1]. Consequently, perinatal care encompasses health concerns pertaining to the pregnant 

woman, the fetus, and the neonate, and encompasses the period preceding, during, and following 

birth. Pregnancy and birth are generally considered physiological processes, not pathological ones [2]. 

Therefore, in the absence of complications, no medical interventions are required. The goal of 

perinatal care is to provide high-quality health care throughout the continuum of care for both the 

mother and the newborn. However, perinatal care involves different medical disciplines, which must 

be distinguished (see Figure 1). The disciplines involved in perinatal care include nursing, gynecology, 

obstetrics, midwifery, pediatrics, pediatric surgery, and neonatology [3]. 

At this juncture, it is pertinent to elucidate and differentiate the various healthcare levels in general 

and within the inpatient sector. In most developed countries, healthcare is divided into distinct care 

levels, namely primary, secondary, tertiary, and occasionally quaternary care. The different care levels 

typically indicate the level of specialization and access to health care. Primary care is most often 

delivered by primary care physicians or general practitioners in the outpatient sector with a low 

threshold of access to the patient. As primary care is patient-centered and not disease-centered, 

physicians must be able to care for a vast patient clientele with a wide range of indications [4]. 

Therefore, the degree of specialization in primary care is relatively low. In many health systems, the 

primary care sector serves as a gatekeeper to secondary, tertiary, and quaternary care. Secondary care 

refers to health care delivered by specialists. This can be delivered by specialist physicians, such as 
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gynecologists, oncologists, or cardiologists, or by allied health professionals, such as physiotherapists. 

Secondary care can be delivered in the outpatient setting, in a medical practice, or in the inpatient 

setting in a hospital. In many cases, patients are transferred to secondary care by their primary care 

physicians. In Germany, secondary care is most often delivered in private medical practices in the 

outpatient setting. Tertiary care is delivered in a limited number of hospitals and refers to a facility 

where special equipment and staff expertise is available for a certain medical condition. Quaternary 

care constitutes an even more specialized level of care. It is considered an extension of tertiary care, 

with care facilities limited to a national or even international level [4, 5].  

In addition to the differentiation of healthcare levels between the inpatient and outpatient sectors, 

specialization of care within the inpatient sector is also differentiated into different care levels. Both 

the outpatient and inpatient sectors, as well as all healthcare levels within the inpatient sector, are 

involved in perinatal care. As illustrated in Figure 1, the trajectory of care for perinatal patients typically 

commences with regular visits to the obstetrician-gynecologist and midwife. In Germany, this phase of 

care is provided in the outpatient sector. According to German legislation, the site of birth may be a 

hospital, a birth house operated by midwives, a facility managed by a physician, a midwife practice, or 

the patient's home [6]. Consequently, there is the potential for a pregnant woman to avoid visiting the 

inpatient sector altogether. While the proportion of births occurring outside of a hospital increased 

from 1.12% in 2001 to 1.89% in 2021 [7] in Germany, the majority of births still take place in hospitals 

[6]. The entirety of the perinatal patient journey may differ across countries due to variations in their 

healthcare systems. This study will concentrate on the regionalization of perinatal care in the inpatient 

sector in Germany, as illustrated in Figure 1.
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Figure 1: Perinatal care: The trajectory of care for pregnant women in Germany
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1.2.2 Defining regionalization in perinatal care 

The World Health Organization´s (WHO) regional office for Europe defines perinatal regionalization as 

“an approach intended to rationalize existing health care services to ensure that each mother and baby 

is cared for in an appropriate facility, with clear criteria for where different risk categories should give 

birth and indicators for monitoring results” [8](p.6). In accordance with this definition, the Federal 

Joint Committee (Gemeinsamer Bundesausschuss [G-BA]) has provided a legal guideline since 2006 

that organizes regionalized perinatal healthcare in Germany and thus serves as an allocation 

instrument [8]. The guideline stipulates that, based on the risk profile of the pregnant woman and 

fetus (Figure 2), birth must be provided in one of the four levels of care, which are detailed in Figures 

1 and 2. 

The fundamental objective of regionalization is to consolidate medical expertise and equipment in 

perinatal centers, with the dual aim of enhancing patient outcomes and delivering cost-effective 

healthcare [8]. 

The concept of regionalization in perinatal care is not a novel one. The earliest documented instances 

of regionalization in perinatal care can be traced back to the late 1960s. At that time, the majority of 

research on regionalization in healthcare originated from the United States and concentrated on the 

medical fields of obstetrics and neonatal care [9–16], surgical care [17], and general trauma care (i.e., 

injuries from accidents) [18]. A fundamental aspect of regionalization is the volume-outcome 

relationship, which was first described by Luft and colleagues in their seminal article published in 1979 

[17]. This relationship posits that the frequency with which medical staff perform a specific procedure 

is directly correlated with improved patient outcomes. From an economic standpoint, the transition 

towards a system with fewer hospitals and high-volume procedures has enabled economies of scale 

[8]. 

Over time, as research interest in regionalization of perinatal care has grown, a number of different 

definitions of the process of regionalization have emerged, each focusing on a different aspect. In 
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2000, the WHO defined regionalization in perinatal care as a "rational distribution of medical services 

across the territory, ensuring that services and facilities at all three levels (primary, secondary, and 

tertiary) are located in such a way as to offer both easy access to the population and cost-effective 

care" [19](p.11). Similarly, Ramos and colleagues identify accessibility as a crucial aspect of 

regionalization, noting that "health regionalization has been adopted by several countries to improve 

population access to healthcare services" [20](p.1). 

 

 

Figure 2: Perinatal levels and risk profiles of pregnant woman and fetus in Germany 

 

Bywood and colleagues introduce the concept of integration between disparate health care sectors as 

a further dimension of regionalization in health care [21]. In the German context, this element can be 

understood as a coordination of health care services between the various levels and sectors of the 

health care system. In 2010, Lorch and colleagues defined regionalization as 

the development of a structured system of care to improve patient outcome by directing 

patients to facilities with optimal capabilities for a given type of illness or injury. The 
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development of a regionalized system is typically driven by economic factors, such as the 

infeasibility of all hospitals to maintain the equipment and personnel to treat specific medical 

conditions, or by interhospital variations in patient outcomes within a geographic region 

[22](p.1).  

In accordance with the viewpoint expressed by Lorch and colleagues, Lumpkin asserts that “the terms 

regionalization and centralization have both been used to describe the population-level consolidation 

of procedures at high-volume hospitals” [23](p.1-2). 

In conclusion, the definitions of regionalization in healthcare, both in general and in perinatal care, can 

be distilled into five key elements: the improvement of patient outcomes, the consolidation of medical 

services, cost-effectiveness, accessibility, and the coordination of healthcare services between 

healthcare levels. 

1.2.3 Regionalization in perinatal care: Different perspectives  

In alignment with the overarching concept of regionalization in healthcare, the concept of 

regionalization in perinatal care has its roots in the provision of high-quality specialized healthcare for 

sick neonates and children in the field of neonatal intensive and surgical care [22]. The objective is to 

enhance patient outcomes and cost-effectiveness by consolidating medical expertise and equipment 

in perinatal centers or perinatal hubs. Nevertheless, the regionalization of a single element of the care 

continuum, such as neonatal intensive care, affects the care continuum throughout the entire perinatal 

period and consequently necessitates a restructuring of perinatal health care. Lorch and colleagues 

conducted a study on the regionalization of perinatal care in the United States and proposed several 

moderating factors that can determine the overall degree of regionalization [22] (Figure 3). In the 

following sections, factors such as hospital characteristics, financial incentives, and patient preferences 

are elaborated and transferred to the German healthcare system, considering the perspectives of 

various stakeholders. Additionally, the thesis presents the advantages and disadvantages of 

regionalization. 
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Figure 3. Conceptual framework for the development of regional systems. 

1.2.3.1 The medical perspective 

From a medical perspective, the most promising benefit of consolidating perinatal services is the 

potential for enhanced patient outcomes. In a systematic review, Ramos and colleagues posit that a 

reduction in in-hospital mortality rates can be attributed to the concentration of procedures in high-

volume hospitals [20]. However, studies in the field of perinatal care have yielded inconclusive results, 

with findings varying depending on the patient population, hospital level of care, and hospital volume 

[9, 22, 24–28]. Therefore, it is essential to differentiate between low-risk pregnancies and births and 

high-risk pregnancies and births. Infants with very low birth weight (VLBW) or neonates with congenital 

malformations in need of treatment have distinct care requirements compared to low-risk births. 

In a recent study, Albrecht and colleagues examined the relationship between the number of births at 

the hospital level and maternal and neonatal outcomes in low-risk births. The authors conclude that 

the literature on the relationship between the number of low-risk births per hospital and patient 

outcomes is inconclusive, with studies reporting either a negative, positive, or no association between 

the two variables [24]. In contrast, numerous studies have demonstrated a positive impact of neonatal 

care level and volume on patient outcomes in the context of high-risk births. A synthesis of evidence 
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from the United States indicates an elevated risk of mortality for premature infants delivered at NICUs 

with a lower level or a lower volume of births [22]. The findings of a meta-analysis conducted by 

Lasswell and colleagues (2010) indicated that for VLBW and very preterm infants, birth outside the 

highest-level NICU was significantly associated with an increased likelihood of neonatal or pre-

discharge death [25]. A review of the literature from Taiwan indicates that mortality rates for 

extremely low birth weight infants are higher in hospitals with a lower patient volume [29]. 

Furthermore, an elevated mortality rate for VLBW infants was observed in hospitals with low levels of 

care in comparison to those with high levels of care [30]. These findings are corroborated by further 

research indicating that the lowest mortalities for high-risk deliveries occurred in hospitals with high-

volume and high-level care [26, 27, 31–34]. Holmstrom and colleagues supplement these findings, 

indicating that mortality in high-risk births is even lower when delivered in any NICU, even a low-level, 

low-volume NICU, in comparison to a hospital with no NICU at all [26].  

A similar trend is observed in the field of pediatric surgery, where studies have demonstrated a 

significantly lower mortality in high-volume hospitals compared to low-volume hospitals [35–37]. In 

accordance with these findings, Welke and colleagues discovered an inferior performance of low-

volume hospitals in comparison to high-volume hospitals as case complexity increased in pediatric 

heart surgery. However, no significant association was observed between volume and mortality for 

low-complexity cases [28]. Davies and colleagues assert that for pediatric heart transplantation 

patients aged one year or younger, postoperative mortality was lower in high-volume hospitals 

compared to low-volume hospitals [38]. Additionally, Salazar and colleagues conclude that there is a 

trend of regionalization to high-volume centers in the United States for noncardiac pediatric surgery 

[39].  

However, in contrast with one of the objectives of regionalization in healthcare, namely to facilitate 

the continuum of healthcare and the integration of medical services between healthcare levels, 

Lumpkin and Stitzenberg posit that the consolidation of medical services may potentially disrupt the 

coordination of multidisciplinary care [23]. With regard to cancer care, the authors posit that the high 
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degree of specialization inherent to this field may result in the spatial dispersion of subspecialties 

across multiple high-level hospitals. This, in turn, may impede accessibility. A similar phenomenon may 

be observed in the context of regionalization in perinatal care, where specialists for diaphragmatic 

hernia, for instance, are situated in only a few high-level hospitals in Germany.  

In Germany, the proportion of preterm infants among all births is relatively high (7.99% of births had 

a gestational age of less than 37 weeks in 2020 [40]), compared to other countries with high developed 

health care systems, and this figure is on the rise [3]. Consequently, there is a growing need for 

specialized healthcare services for preterm births. 

In conclusion, from a medical perspective a robust body of evidence indicates that regionalization of 

perinatal care in high-level, high-volume hospitals is the most beneficial approach for high-risk 

pregnancies and specialized critical care of children. However, the evidence for low-risk pregnancies 

and births concerning patient outcomes is inconclusive. A high degree of specialization may present 

challenges to the coordination of multidisciplinary care. 

1.2.3.2 The parental perspective  

In the context of perinatal care, it is essential to consider two distinct perspectives in order to ensure 

the delivery of satisfactory healthcare. On the one hand, there is the neonate, the actual patient who 

receives at least initial standard care. On the other hand, there are the parents, whereas in some cases 

also the mother receives medical treatment, but who are always the legal representatives of their child 

and need to decide what is in its best interest. The early bonding between parents and child is crucial 

for the well-being of both the child and the parents [41–43]. It is therefore imperative that a separation 

of parents and child after giving birth is prevented. As Lorch and colleagues have indicated in their 

conceptual framework for the development of regional systems (Figure 3), the parent perspective also 

encompasses patient preferences, including the choice of hospital, associated travel times, and costs. 

Lumpkin and Stitzenberg posit that the degree of regionalization in surgical care is directly correlated 

with patient travel times [23]. Furthermore, they posit that an increase in travel times also results in 
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higher out-of-pocket expenses for fuel, parking, accommodation, and childcare, which can act as a 

barrier to care for some patients and lead to lower adherence rates [23]. These factors collectively 

contribute to the perpetuation of health inequalities. A further disadvantage of regionalization in 

perinatal care is the increased travel time required by patients [44]. Holmstrom and Phibbs conclude 

from their research that as regionalization in a healthcare system increases, specialized care becomes 

concentrated in a few high-volume hospitals, resulting in longer driving times and reduced accessibility 

for the general population [26]. The duration of travel can have a negative impact on patient outcomes, 

depending on the extent [8, 45, 46]. In 2019 and 2020, several media articles were published in 

Germany addressing the closure of obstetrics departments in rural areas and the associated increase 

in travel times [47–49]. In alignment with these reports from Germany, Kroelinger and colleagues 

conclude that in the United States 

rurality is associated with limited access to a range of healthcare services and resource 

resulting in potential care receipt in low-volume hospitals and increased risks of maternal 

morbidities, such as postpartum hemorrhage, severe perineal lacerations, and wound 

infections and out-of-hospital preterm births (i.e., preterm births that occur in birth centers or 

home births). […] In addition, provision of maternity care in rural areas is affected by hospital 

closures, shortages of specialty physicians, and lack of transportation options [50](p. 9). 

In an analysis of driving times to obstetric facilities in Germany, Mennicken and colleagues 

demonstrated that the actual driving times to obstetric hospitals were significantly longer than the 

shortest possible driving time in 2007 [45]. These results suggest that patient preferences may be an 

important factor to consider from the perspective of parents. It is in the best interest of parents to 

have their child cared for in a facility that can provide the optimal overall patient experience, which 

may exceed the quality of medical treatment or the convenience of choosing the closest hospital. 

Although survey data from a large German health insurance company indicated that, in 2013, 60% of 

pregnant women selected the closest hospital for childbirth, 14% of pregnant women were willing to 

drive twice as long to choose an appropriate hospital [51]. There are several reasons why one might 
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choose a hospital that is not the closest. These include the concept of care, including visiting hours, 

the level of care provided, and differences in the quality of care between hospitals. 

In conclusion, parents stand to gain from regionalization in terms of enhanced patient outcomes for 

their child. However, longer travel times due to regionalization may result in negative patient 

outcomes in the event of an emergency. For non-emergency cases, longer travel times to a specialized 

high-level hospital are linked with higher out-of-pocket payments and may serve to reinforce health 

care inequalities.   

1.2.3.3 The organizational and economic perspectives 

In addition to the medical perspective, the organizational and economic perspectives are pivotal 

factors in the decision to regionalize perinatal care. Initially, the rationale for regionalizing perinatal 

care was to improve the management of very preterm neonates and ensure the safety of in-hospital 

care [8]. It was soon recognized that there were economic advantages to be gained from consolidating 

medical services. Two major aspects needed to be considered in this regard: Firstly, the availability of 

qualified personnel must be considered, and secondly, the remuneration of cases and the financial 

feasibility of the hospital must be taken into account. With regard to the aforementioned point, it is 

notable that Germany faces a shortage of qualified personnel in the field of perinatal care. Albrecht 

and colleagues observed that 54% of hospitals with an obstetrics department reported a shortage of 

midwives, while 44% reported a shortage of physicians. In several cases, this resulted in the temporary 

closure of the obstetrics department [24]. A shortage of neonatal staff in NICUs resulted in a temporary 

suspension of admissions, thereby preventing women from delivering their babies at their preferred 

hospitals [24]. In particular, with regard to premature and very premature births, an admission stop 

was reported in Germany during the year 2017 [24]. The closures were necessitated by legal 

requirements that required the removal of hospital beds from service due to an insufficient number of 

adequately qualified staff to attend to them. The shortage of personnel can be attributed, in part, to 

unfavorable working conditions, an increase in the number of perinatal care professionals seeking 

part-time employment [52], and a rise in the number of births in Germany in recent years [53]. For 



 13 

midwives employed in German hospitals, as part of the perinatal care workforce, there is a 

considerable discrepancy in workload, ranging from overload to idle status. In particular, midwives in 

rural areas and smaller obstetric facilities often face low utilization of their services [24]. 

In examining the financial viability of obstetrics departments, Augurzky and colleagues conducted an 

analysis of German hospital data from 2007, revealing that particularly those with low case volumes 

may face challenges in achieving cost coverage. In order to be cost-covering, it was demonstrated that 

German obstetrics departments require the treatment of more than 2,000 cases per year [54]. The 

primary reason is the high fixed costs associated with personnel [54] and the remuneration structure 

of the German Diagnosis Related Groups (DRG) system, which is based on the severity of cases. 

Consequently, cases with a high number of interventions receive a higher remuneration than those 

with a low number of interventions, such as vaginal birth. A review of German hospital data from 2018 

revealed that the specialist department of neonatology exhibited one of the highest case mix indexes, 

with a value of 3.28, in comparison to the department of obstetrics, which demonstrated one of the 

lowest case mix indexes, with a value of 0.68 [55]. The case mix index is a measure of the complexity 

of cases and is directly correlated with revenue generation. Augurzky and colleagues posit that 

obstetrics departments with low case numbers would require cross-subsidization from more profitable 

departments to remain viable [54]. Furthermore, the potential for compromised quality of care in 

these obstetrics departments is heightened by the combination of low case numbers and staff 

shortages [54, 56]. Interrante and colleagues have documented that in the United States, obstetrics 

departments are often the first to face closure when hospitals encounter financial difficulties, due to 

the perception that they are not profitable. This phenomenon is particularly prevalent in rural hospitals 

with low birth rates [57].  

The operation of a NICU in conjunction with an obstetrics department may offer a number of potential 

benefits. Firstly, this can reinforce the hospital's reputation and potentially increase the overall patient 

volume across all perinatal services [26]. Secondly, in Germany, there are instances where the 

necessity for specialized healthcare services can only be met in facilities equipped with a NICU, 



 14 

consequently leading to an increase in case numbers. Third, more complex cases are treated in NICUs, 

and due to the German DRG system, remuneration per case is higher than in obstetrics, as indicated 

above. Generally, as profitability and specialization of a hospital correlate positively, small hospitals 

offering a relatively narrow but highly specialized portfolio of medical services are more profitable than 

small hospitals offering a wide variety of medical services [45].  

Consequently, from an economic and organizational perspective, it is more advantageous to 

concentrate on obstetric units with a NICU integrated into their structure rather than standalone 

obstetric units. In Germany, the number of live births in hospitals increased by 13.4% from 2010 

(666,920) to 2020 (756,391) [58, 59]. Conversely, the number of hospitals with an obstetrics and 

gynecology department decreased by 19.6% between 2010 (925) and 2020 (744) [58, 59].  

In conclusion, from an organizational and economic perspective, regionalization of perinatal care can 

be beneficial in consolidating qualified personnel in fewer locations and mitigating fixed costs with 

larger patient numbers. 

This chapter commenced with an explication of the concept of perinatal care and an examination of 

its organization within the German healthcare system. It then proceeded to define the term 

"regionalization" and to further elucidate its applicability to the regionalization of perinatal care. The 

chapter concluded with an introduction to three principal perspectives in perinatal care: the medical, 

the parental, and the economic and organizational. The subsequent chapter will present the research 

conducted in support of this thesis. 

1.3 Conducted Research 

The present thesis has thus far concentrated on an introduction to the field of regionalization in 

perinatal care. In the following section, the research conducted will be briefly presented and situated 

within the context of regionalization. Figure 4 provides a summary of the research items conducted. 
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Figure 4: Research items carried out within the framework of the thesis. 

1.3.1 Research item 1: Accessibility as a disadvantage to regionalization  

In a 2019 published report, the Bertelsmann Stiftung advocates for the regionalization of health care 

and the concomitant closure of numerous hospitals in Germany [60]. This recommendation also 

applies to hospitals with an obstetrics department [61]. The primary objective of research item One is 

to examine the consolidation of obstetric services by analyzing the factors associated with the closure 

of obstetrics departments. In the period between 2019 and 2021, a number of German media articles 

reported on the closure of obstetrics clinics, particularly in rural areas, and the potential consequences 

for the accessibility of obstetric care [47–49]. A negative association between travel time to maternity 

wards and health outcomes has been identified in international studies [8, 44, 46, 62]. Consequently, 

the second aim of research item one is to demonstrate the differences in accessibility between 2014 

and 2019 and to investigate the impact of further regionalization in perinatal care on accessibility.   

1.3.2 Research item 2: Allocation of newborns by level of perinatal care in Germany  

The fundamental concept underlying perinatal care regionalization is to ensure that neonates receive 

optimal healthcare tailored to their specific health needs. In the case of sick newborns, this entails 
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delivering a high level of specialized care, whereas healthy newborns typically do not require such 

specialized attention. There is a substantial body of evidence supporting the notion that postnatal 

neonatal transfers should be minimized and that priority should be given to antenatal transfers in the 

case of ill newborns [3, 26, 63, 64].  

Furthermore, Holmstrom and colleagues posit that the quality of care and the patient volume at the 

delivery hospital are of greater significance than the ultimate level of care received [26]. The legal 

guideline on measures to ensure the quality of care for premature and mature infants 

(Qualitätssicherungs-Richtlinie Früh- und Reifgeborene [QFR-R]), established by the G-BA on the 

allocation of newborns to appropriate levels of care based on their risk profiles, addresses this concern 

[65].  

The second research objective is to elucidate the practical implementation of the G-BA's legal 

guideline. This will be achieved by firstly presenting the allocation of all newborns in Germany to 

different levels of perinatal care. Secondly, the focus will be on newborns who have been allocated to 

a lower level of perinatal care than recommended by the G-BA's guideline. 

1.3.3 Research item 3: NICUs staff perspective on the use of Webcams to overcome spatial distances 

between parent and child  

The third research item aims to address the negative impact of increasing spatial distances between 

parents and neonates, which is sometimes a consequence of regionalization (see 1.3.1). It also seeks 

to identify potential technological solutions that could mitigate this negative effect. The concept of 

webcam use in NICUs is introduced. The earliest documented efforts to mitigate the spatial divide 

between mother and child can be traced back to the 1980s, when telephone video transmission was 

employed to facilitate communication between mothers and their hospitalized neonates who had 

been transferred to other facilities [66]. In the 2000s, an increased utilization of video technology and 

webcam usage in NICUs was documented in numerous research articles [67–70]. The rationale behind 

the technology is to provide parents with the ability to view their sick neonates when they are unable 
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to be present at the NICU. One essential aspect of successful webcam use in NICUs is the support the 

staff working in the NICUs. This third research item investigates the readiness towards a webcam use 

from the perspective of leading staff of all NICUs in Germany. 
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2. Original Publications 

The results of the research are presented as follows: First, the complete references for all publications 

that form the basis of this cumulative thesis are provided. Second, a synopsis of each publication is 

given, including the main content. The synopses include the sections on objectives, methods, results, 

and conclusions. Finally, the contributions of the first author and co-authors are outlined. All full papers 

can be found in the appendix.  

2.1 List of original publications  

This cumulative thesis is based on the following publications: 

Hoffmann J, Dresbach T, Hagenbeck C, Scholten N. Factors associated with the closure of obstetric 

units in German hospitals and its effects on accessibility. BMC Health Serv Res 2023. 

doi:10.1186/s12913-023-09204-1. 

Hoffmann J, Kribs A, Dübbers M, Hagenbeck C, Scholten N. Implementation of the Joint Federal 

Committee’s quality assurance guideline for premature and full-term neonates – the allocation of 

newborn infants by hospital care level in Germany. Dtsch Arztebl Int 2024; 121: 608–9. DOI: 

10.3238/arztebl.m2024.0108 

Hoffmann J, Reimer A, Mause L, Müller A, Neo-CamCare, Dresbach T, Scholten N. Driving new 

technologies in hospitals: association of organizational and personal factors with the readiness of 

neonatal intensive care unit staff toward webcam implementation. BMC Health Serv Res. 2022;22:787. 

doi:10.1186/s12913-022-08072-5. 

2.2 Research item 1: Factors associated with the closure of obstetric units in German hospitals 

and its effects on accessibility 

Objectives: As previously stated in section 1.3.1, the objective of this article is to examine the 

development of the availability of hospitals with an obstetrics department in Germany over a five-year 

period. The specific objectives were to first determine how organizational factors (ownership, 
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academic teaching status, annual number of live births), regional factors (population density, fertility 

rate), competitive factors (minimal travel time between two hospital sites with an obstetrics 

department), and quality factors (the availability of a pediatrics department) were associated with the 

closure of obstetrics departments in Germany. Secondly, in order to address the concern that the 

closure of obstetrics departments may result in reduced accessibility to obstetric care, this study 

examined the effect of such closures on accessibility to obstetric care. 

Methods: The data set was comprised of quality reports from German hospitals for the years 2014 and 

2019. The quality reports contain a variety of information and key figures for individual hospital sites 

in Germany. This includes details such as the address, ownership of the hospital site, case numbers, 

operation and procedure codes (Operationen- und Prozedurenschlüssel [OPS]), International 

Statistical Classification of Diseases and Related Health Problems (ICD), and information on the 

specialty departments available at each hospital site. To obtain data on population density and fertility 

rate, external data provided by the German Federal Statistical Office and the Federal Institute for 

Research on Building, Urban Affairs and Spatial Development in Germany were utilized. A multivariate 

logistic regression was conducted to ascertain the factors associated with the closure of obstetrics 

departments. To evaluate the accessibility to obstetric facilities in 2014 and 2019, a model was 

developed to estimate travel times to the nearest obstetrics department. Subsequently, maps were 

created to illustrate the travel times. 

Results: In 2014, an analysis of the data revealed that there were 747 hospital sites with an obstetrics 

department. Of these, 85 obstetrics departments were closed by 2019, leaving 662 hospitals with an 

obstetrics department in 2019. The mean annual number of live births at each hospital site exhibited 

a statistically significant increase from 2014 to 2019 (2014 = 910.5; 2019 = 1127.2; p < 0.001). 

Multivariate logistic regression showed that the annual number of live births in a hospital site (OR = 

0.995; 95% CI = 0.993–0.996), minimal travel time between two hospital sites with an obstetrics 

department (OR = 0.95; 95% CI =  0.915–0.985), availability of a pediatrics department (OR = 0.357; 

95% CI = 0.126 – 0.863), and population density (low vs. medium OR = 0.24; 95% CI = 0.09-0.648, low 
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vs. high OR = 0.251; 95% CI = 0.077-0.822) were factors significantly associated with the closure of 

obstetrics departments. The results of the accessibility analysis are as follows. First, the mean minimal 

travel time between two hospital sites with an obstetrics department exhibited a slight increase, from 

18.1 minutes in 2014 to 19 minutes in 2019. Additionally, the proportion of areas with travel times 

exceeding the 30- and 40-minute thresholds exhibited a slight increase from 2014 to 2019. 

Regionalization scenarios in which only hospital sites with an obstetrics department and an additional 

pediatrics department or hospitals sites with an annual birth volume of at least 600 were considered 

resulted in extensive areas in which the driving times would exceed the 30- and 40-minute thresholds, 

thereby impeding accessibility to obstetric facilities. 

Practical implications: Obstetrics departments with a low birth volume are at an elevated risk of 

closure. The number of children delivered in a smaller number of facilities has increased. Despite the 

closure of many obstetrics departments, accessibility remains high in most regions of Germany. 

Impeded access to obstetrics departments is primarily observed in rural areas. Further regionalization 

will have an impact on accessibility. To guarantee that everyone benefits from the merits of 

regionalization (high-quality care and efficiency), an equal spatial distribution of large perinatal centers 

needs to be considered.   

Author´s contribution: This article was not a component of any external project. The research question 

was designed and conceptualized by Jan Hoffmann (the principal investigator), Till Dresbach, and 

Nadine Scholten (the senior author). The study outline was proposed by Jan Hoffmann, who also 

engaged in discussions and revisions of the research question with Till Dresbach and Nadine Scholten. 

In order to pursue the two stated objectives, data were gathered from the quality reports of all 

hospitals in Germany. Jan Hoffmann tidied and transformed all data. Till Dresbach and Nadine Scholten 

contributed to the plausibility of the data. For the initial target of the article, Jan Hoffmann constructed 

preliminary regression models, which were then discussed and refined with Nadine Scholten. In order 

to address the second research question, Jan Hoffmann computed and visualized driving times, 

thereby demonstrating the impact of obstetrics department closures on the accessibility of obstetric 
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care. Furthermore, he created an online dashboard that displays a range of scenarios pertaining to 

driving times and hospital metrics. Nadine Scholten provided a critical review of the visualizations, 

offering suggestions for enhancements. Jan Hoffmann prepared tables and figures and drafted the 

initial version of the paper, which was then revised and refined by Nadine Scholten. She also assisted 

in interpreting the data. 

2.3 Research item 2: Implementation of the Joint Federal Committee’s quality assurance 

guideline for premature and full-term neonates – the allocation of newborn infants by 

hospital care level in Germany (original title: Die Umsetzung der G-BA Qualitätssicherungs-Richtlinie 

Früh- und Reifgeborene: Die Allokation Neugeborener nach Versorgungsstufe in Deutschland) 

Objectives: In Germany, perinatal care for inpatients is categorized into four distinct levels, each 

characterized by variations in structural conditions and the specialization of medical personnel. In 

order to guarantee comprehensive healthcare for all newborns, the G-BA introduced a quality 

assurance guideline in 2006 that is specifically oriented towards the care of both premature and 

mature infants [65]. The guideline establishes the minimum level of care that is required, based on the 

newborn's risk profile. This study was conducted with three primary objectives in mind. The initial 

objective was to provide an overview of the distribution of annual inpatient newborn admissions in 

Germany across the four levels of perinatal care. This data is essential for understanding the current 

landscape and establishing a baseline. Secondly, the study sought to identify which newborns were 

placed in a lower level of care in accordance with the G-BA guideline, thereby elucidating instances 

where infants may not receive the highest level of care recommended by the guideline. Lastly, the 

research delved into the timeliness of transferring newborns with lower-level care assignments to 

other hospitals. 

Methods: This study is based on data obtained from the 2020 DRG statistics, which were kindly 

provided by the research center of the Federal Statistical Office [71]. The DRG statistics comprise 

detailed hospital reimbursement data, offering a comprehensive case-by-case breakdown of all 

inpatient patients. To effectively operationalize the criteria for classifying newborns into specific 
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perinatal care levels in accordance with the G-BA guideline, the study leveraged critical information 

from the DRG statistics. This included data such as diagnosis codes (ICD-10-GM-2020), the infant's 

weight upon admission, length of hospital stay (in days), reason for admission, and reason for 

discharge. The study then proceeded to present the data descriptively. 

Results: In the year 2020, our analysis identified a total of 728,234 newborns who received care across 

659 distinct hospitals, as revealed by the DRG statistics. The majority of infants, representing 45.19% 

and 32.2% of the total, were born in hospitals classified as level 1 (the highest level) and level 4 (the 

lowest level) perinatal care facilities, respectively. The vast majority of newborns (n=720,104, 98.88%) 

were correctly assigned to a perinatal care level in accordance with the G-BA guideline. Nevertheless, 

1.12% of the newborns (n=8,130) were born in facilities offering a lower level of perinatal care than 

that prescribed by the G-BA guideline. One aspect of our findings pertains to the timing of transfers 

for newborns who were born in facilities with a lower level of care, as per the G-BA guideline. It is 

noteworthy that infants born in level 4 facilities experienced a relatively expeditious transfer, with an 

average transfer time of 1.34 days. In contrast, those born in level 3 facilities had an average transfer 

time of 3.14 days, while those in level 2 facilities faced a longer average transfer time of 5.35 days. 

Practical implications: In the year 2020, it is notable that the majority of newborns received care in 

accordance with the perinatal care levels delineated by the G-BA guideline. This indicates that the 

allocation mechanism, in most cases, is functioning effectively and as intended. In instances where 

newborns were erroneously assigned to level 4 hospitals, there is evidence of prompt and necessary 

transfers when required. It is also noteworthy that over two-thirds of all newborns were born in either 

level 1 or level 4 facilities. This distribution highlights the prominence of one highly specialized and one 

basic level of care. 

Author´s contribution: This article was not a component of any external project. Jan Hoffmann, the 

principal investigator, and Nadine Scholten, the senior author, designed and conceptualized the 

research question. The study outline was proposed by Jan Hoffmann and subsequently discussed and 

revised with Angela Kribs, Martin Dübbers, and Nadine Scholten. The entire analysis was based on data 
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from the DRG statistics, provided by the research center of the Federal Statistical Office [71]. Jan 

Hoffmann also prepared tables and figures and wrote the first draft, which was then revised and 

refined by Angela Kribs, Carsten Hagenbeck, Martin Dübbers, and Nadine Scholten. All authors 

contributed to the interpretation of the data. 

2.4 Research item 3: Driving new technologies in hospitals: association of organizational and 

personal factors with the readiness of neonatal intensive care unit staff toward webcam 

implementation 

Objectives: The utilization of webcam technology in German NICUs has witnessed a notable surge over 

the past decade. The use of webcams in NICUs allows parents to view their sick neonates when they 

are unable to be present in the NICU. In order to implement a webcam system in a NICU, the physician 

and nursing staff must be in favor of the technology. The objective of this study was to identify the 

factors that may influence the willingness of staff to adopt webcams in their ward. In particular, the 

study examined the relationship between personal factors (technology acceptance) and organizational 

factors (innovation climate) on the readiness for implementing a webcam system in NICUs from the 

perspective of lead nurses and physicians. 

Methods: This study was conducted as part of the Neo-CamCare project, which was publicly funded 

and aimed to evaluate the use of webcams in NICUs. The project considered the advantages and 

disadvantages of webcam use from the perspectives of both parents and healthcare workers. The 

objective of the project is to enhance the evidence base regarding the efficacy and appropriateness of 

webcam use in NICUs [67]. A cross-sectional design was employed, whereby a questionnaire was 

mailed to the lead physician and the lead nurse of each NICU in Germany. In total, staff of 208 NICUs 

were contacted. The data were collected between December 1, 2020, and March 31, 2021. To gauge 

the readiness towards a webcam system, technology acceptance, and innovation climate, validated 

scales from the Organizational Change Questionnaire by Bouckenooghe and colleagues [72], the 

Technology Commitment scale by Neyer and colleagues [73] and the Innovation Climate scale from 

the German version of the Team Climate Inventory [74] were employed, respectively. Separate 
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multiple linear regression models were constructed for the physician and nurse groups to demonstrate 

the association between readiness towards a webcam system (dependent variable) and technology 

acceptance and innovation climate (independent variables). 

Results: A total of 217 of the 416 participants completed the questionnaire, yielding a response rate 

of 66.59% (145 physicians and 132 nurses). Both groups demonstrated a moderate level of readiness 

towards a webcam system. For the nursing group, regression analysis revealed no significant 

association between readiness towards a webcam system and technology acceptance or innovation 

climate. In contrast, for the physician group, technology acceptance was significantly and positively 

associated with readiness towards a webcam system (p = 0.049). 

Practical implications: The findings indicate that the innovation climate is not associated with the 

readiness to implement a webcam system in the NICU, regardless of the professional background of 

the respondents. Additionally, age and gender were not identified as associated factors. For leading 

physicians, it is essential to consider technology acceptance as a crucial aspect prior to the 

implementation of webcams in NICUs. It is important to note that other factors, not investigated in 

this study, may also play a significant role in the implementation of webcams.  

Author´s contribution: The article presents findings based on data collected in the Neo-CamCare 

project. The Neo-CamCare project was publicly funded by the Innovation Fund and conducted by the 

Institute of Medical Sociology, Health Services Research and Rehabilitation Science (Institut für 

Medizinsoziologie, Versorgungsforschung und Rehabilitationswissenschaft [IMVR]). The objective of 

the Neo-CamCare project was to evaluate the utilization of webcam technology in four NICUs in 

Germany. The project is structured into distinct work packages, each focusing on a specific aspect of 

webcam utilization in NICUs. Jan Hoffmann was responsible for conducting a nationwide postal survey 

with leading neonatal staff, which was one of the work packages of the Neo-CamCare study. In order 

to gain insight into the attitudes of staff towards the webcam system and their perceptions of its use, 

Jan Hoffmann, the principal investigator for this work package, devised the initial questionnaire. In 

order to develop the questionnaire, Jan Hoffmann conducted an extensive review of the literature in 
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order to identify suitable frameworks and metrics that could be employed in order to investigate the 

underlying research question. The questionnaire was then revised by Nadine Scholten, the senior 

author. Moreover, as part of the Neo-CamCare study group, Alinda Reimer, Laura Mause, Till Dresbach, 

and Andreas Müller engaged in a discussion and subsequent revision of the questionnaire. To obtain 

the contact details of all leading neonatal staff in Germany, Jan Hoffmann conducted a comprehensive 

online search of the websites of all NICUs in Germany. Assistance in the search was provided by Alinda 

Reimer and Laura Mause. Jan Hoffmann, Alinda Reimer, and Laura Mause were responsible for the 

preparation, packaging, and dispatching of all survey documents. Following the data collection period, 

Jan Hoffmann tidied, transformed, modelled, and visualized the data for the underlying paper. Alinda 

Reimer, Laura Mause, and Nadine Scholten contributed to the interpretation of the data and the 

refinements of the regression model employed in the article. Jan Hoffmann also prepared tables and 

figures and wrote the initial draft. Alinda Reimer, Laura Mause, and Nadine Scholten conducted a 

critical review of the manuscript until it was ready for submission. 
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3. Discussion 

The findings of this research indicate that Germany is undergoing a process of regionalization in 

perinatal care. This regionalization manifests in three key ways: Firstly, there has been a consolidation 

of obstetric services, with higher numbers of births occurring in fewer facilities (research item 1); 

secondly, there have been closures of facilities with lower case numbers and lower specialization, 

which have not included additional pediatric departments for example (research item 1); and thirdly, 

there has been the introduction of an effective allocation system that distributes neonates to 

appropriate facilities according to their risk profile (research item 2). The results also indicate that, thus 

far, the regionalization of perinatal care in Germany has had a limited impact on the accessibility of 

obstetric facilities (research item 1). 

The following is a description of the structure of the discussion chapter: First, it emphasizes and 

examines the positive elements of perinatal care regionalization in Germany, focusing on the aspects 

that have proven successful. Subsequently, the chapter identifies and discusses the negative elements 

of the current perinatal care system, specifically addressing the disadvantages of regionalization in 

Germany and areas where improvements are needed. Following this, a comprehensive presentation 

of solutions to address negative side effects and enhance underperforming aspects will be provided. 

Finally, the chapter will address the limitations of this thesis and conclude with a brief outlook on the 

potential future developments in perinatal care regionalization in Germany. 

3.1 Opportunities of regionalization in perinatal care 

From a medical and economical perspective, there are two major downsides to obstetric hospitals with 

low annual case numbers. Firstly, there is a potential risk to patient safety due to the performance of 

medical procedures that are not regularly carried out [75]. Secondly, the operation of obstetric units 

with low annual case numbers is costly and frequently inefficient [54]. A review of the current situation 

in Germany indicates that gynecology and obstetrics departments require a minimum number of 

annual cases to ensure financial viability [45]. In the majority of cases, small and medium-sized 
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hospitals are unable to generate sufficient revenue to cover their fixed costs [54]. For example, 

ensuring continuous readiness for operations such as emergency Caesarean sections, which is essential 

for patient safety, is particularly expensive for facilities with a low number of births per year [75]. The 

consolidation of perinatal services in high-level, high-volume centers represents a potential solution 

to these issues. Handley and Lorch posit that the provision of care in high-volume, specialty centers 

represents a crucial mechanism of regionalized care [76]. The consolidation of staff expertise in a 

smaller number of high-volume facilities allows for greater familiarity with complex cases and an 

increase in institutional experience [77]. Albrecht and colleagues showed that the consolidation of 

perinatal services in less facilities with more annual live births can lead to a more efficient staff 

utilization and therefore has the potential to reduce the overall demand of midwives [24]. Another 

advantage of consolidation is the enhancement of interprofessional collaboration. The German Society 

for Perinatal Medicine (Deutsche Gesellschaft für Perinatale Medizin [DGPM]) emphasizes the 

significance of interprofessional collaboration between midwives, gynecologists, nurses, pediatricians, 

and pediatric surgeons [3]. The practice of risky neonatal transports to more specialized facilities could 

be eliminated if specialized care is already available in the same facility. Furthermore, the DGPM has 

questioned whether hospitals with an obstetrics department and no additional pediatric departments 

are, even in the case of optimal cooperation, able to provide maximal security for mother and child, 

especially in the event of complications [3].  

The research conducted within the framework of this thesis addresses these aspects and yields three 

findings. First, obstetrics departments with higher case numbers and more specialized care (availability 

of a pediatrics department) are less likely to close compared to obstetrics departments with lower case 

numbers and no additional pediatrics department [78]. Although mandatory minimum case numbers 

for VLBW infants are already in place in Germany, there is still an ongoing debate surrounding the 

question of general minimum case numbers in obstetrics. For example, the Finnish authorities are 

currently discussing the introduction of a minimum threshold of 1,000 annual births, with the objective 

of guaranteeing the necessary quality and cost-covering of obstetric facilities with 24-hour 
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preparedness [75]. One argument against the introduction of minimum case numbers is the protection 

of care in regions with structural deficiencies, where timely care must be guaranteed. Nevertheless, 

Germany has already established exceptions to these cases. Secondly, the allocation of pregnant 

women with a high-risk birth to a facility with appropriate care in accordance with the QFR-RL is 

effective in the majority of cases (98.88% of newborns in 2020) [79]. This allocation system serves the 

purpose of controlling patient flows to appropriate care facilities. The majority of high-risk neonates 

are delivered and cared for in hospitals with an appropriate level of specialization, enabling the 

provision of healthcare according to the individual neonatal needs. As outlined in section 1.2.3.1, there 

is a substantial body of evidence indicating that high-risk deliveries result in superior outcomes in high-

level facilities.  

Overall, the regionalization of perinatal care in Germany aligns with the criteria established by Leung 

and colleagues for successful regionalization: heterogeneity in quality, scarce resources, identifiable 

centers of excellence, and identifiable patients [77]. They state that 

Regionalization of care becomes part of the dynamics of change in medicine and a byproduct 

of highly specialized care delivery.  Regionalization has been defined as the systematic 

concentration of selected patients in a subset of “centers of excellence” through the 

establishment of a network of resources that deliver specific care to a defined population of 

patients, with the principle that these dedicated centers will increase institutional experience 

and volume, leading to higher value and more cost-effective care [77](p.2). 

3.2 Negative aspects in the regionalization of perinatal care 

The preceding section has examined opportunities of regionalized perinatal care in Germany with a 

particular focus on the existing mechanisms that facilitate this approach. As previously noted, 

regionalization of perinatal care may also present certain drawbacks. Consequently, this chapter will 

examine the negative aspects associated with regionalization in perinatal care in Germany.  
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One of the most frequently discussed barriers to regionalized perinatal care is its impact on 

accessibility. In particular, in rural regions where the number of hospitals is limited, the closure of an 

obstetrics department can have a severe impact on accessibility. 

Contrary to expectations, the research conducted as part of this thesis indicates that despite the 

closure of numerous obstetric facilities, the overall accessibility to obstetric facilities in Germany 

remains satisfactory, with local variations [78]. It is not in rural areas that obstetrics departments are 

most likely to close. The majority of closures occurred in areas with a medium population density. 

Nevertheless, the closure of obstetrics departments in rural areas, where hospital density is low, has a 

more pronounced impact on accessibility than the closure of departments in more densely populated 

areas, where hospital density is also higher (see research item 2, Figure 2). This phenomenon is 

particularly evident in the federal states of Schleswig-Holstein, Saxony-Anhalt, and Rhineland-

Palatinate [78]. In comparison to international studies on accessibility from the United States, 

Australia, or France, Germany exhibits a high population density with a paucity of remote areas. 

Furthermore, Germany boasts a relatively high number of hospitals offering obstetric services (see 

research item 2, Figure 2). Consequently, the closure of obstetric hospitals has not yet had a substantial 

impact on accessibility in the majority of areas. Nevertheless, the implementation of additional health 

policy measures aimed at enhancing perinatal regionalization, such as the establishment of minimum 

case numbers in obstetrics or the introduction of a mandatory additional pediatrics department, may 

eventually result in a notable decline in accessibility in numerous German regions [78]. Moreover, 

hospitals exert a considerable influence on the communities they serve, extending beyond the 

provision of healthcare. They offer employment opportunities and contribute to economic stability. 

Holmes and colleagues demonstrated that the closure of a hospital in a rural area is associated with a 

decline in per capita income and an increase in unemployment rates [80]. 

Impaired accessibility is only a health concern when it has a direct or indirect impact on patient 

outcomes. The existing evidence from the Netherlands, France, and Norway demonstrates that an 

extended duration of travel has a negative impact on patient outcomes [8, 44, 62]. In a study 
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conducted in France, Combier and colleagues demonstrated that travel times greater than or equal to 

30 minutes were associated with an increased risk of fetal heart rate anomalies, meconium-stained 

amniotic fluid, out-of-hospital births, and pregnancy hospitalizations [8]. In the Netherlands, Ravelli 

and colleagues demonstrated that travel times above 20 minutes by car were associated with an 

increased risk of intrapartum, early, and late neonatal mortality as well as adverse neonatal outcomes 

[62]. Moreover, Engjom and colleagues assert that Norwegian women residing outside a one-hour 

radius of an obstetric facility were more likely to deliver outside of such a facility and to experience 

maternal morbidity [44]. In a study from Finland, Huotari and colleagues posit that when a functional 

referral system for high-risk births is in place, the potential benefits of further regionalization of 

obstetric services must be weighed against the risks associated with longer travel times [75]. The 

results of these studies are derived from countries with highly developed healthcare systems. 

Consequently, it can be reasonably assumed that the observed association between travel duration 

and negative patient outcomes is applicable to Germany as well. However, further research is 

necessary to elucidate the relationship between travel times and patient outcomes in Germany. 

In recent years, Germany has witnessed a notable surge in the establishment of perinatal centers of 

the highest level. This trend has introduced an imbalance in the conventional healthcare structure, 

which is characterized by varying levels of facility specialization. Typically, there is a gradient of 

facilities, with a limited number of establishments that are extensively specialized, and a broader array 

of more general facilities. The underlying reasons behind this trend can be attributed to two key 

factors. 

The aforementioned shift is, to a large extent, a consequence of the guidelines outlined by the G-BA 

pertaining to the quality of care for prematurely born and mature infants. The minimum birth weight 

range for Level 2 centers is 1,250 to 1,499 grams, which distinguishes them from Level 3 centers. 

Secondly, a crucial and noteworthy factor driving this phenomenon is the financial incentive associated 

with operating a Level 1 facility as opposed to a Level 2 facility. The financial attractiveness stems from 

the fact that more complex cases, with more interventions, result in higher financial returns in the 
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German DRG system. Furthermore, the pool of potential patients to be treated at Level 1 facilities is 

considerably broader.  

In light of these circumstances, the German specialist societies in the field of perinatal care propose 

an expansion of the birth-weight criteria for level 2 facilities. The objective is to include patients with 

a birth weight ranging from 1,000 grams to 1,250 grams within the eligibility criteria [3]. In order to 

maintain a sustainable framework for perinatal facilities that encompasses facilities at the lowest level 

(comprising obstetrics departments without specialized perinatal care), it is imperative to ensure the 

viability of hospital operations. This is crucial for securing widespread and timely access to care for 

expectant mothers across the entire nation. 

Nevertheless, the existing healthcare landscape encounters difficulties in maintaining level 4 obstetrics 

departments, particularly in sparsely populated regions with low case volumes. This is further 

discussed in chapter 1.2.3.3, where the limitations of the DRG remuneration system are elucidated. 

The DRG system frequently fails to account for critical cost factors such as round-the-clock 

preparedness and essential infrastructure [61]. Consequently, the financial viability of operating level 

4 obstetrics departments in such areas is often compromised. 

While the consolidation of services may assist in addressing staffing shortages, these shortages in 

perinatal care in Germany remain a persistent challenge. While low utilization of staff is predominantly 

observed in small hospitals and rural areas, instances of overburdened perinatal facilities and staff 

shortages are most prevalent in high-level facilities situated in densely populated urban areas [24]. In 

a report on the situation of midwifery in Germany, over one-third of obstetric facilities surveyed 

reported that they had to reject pregnant women in labor due to a lack of midwife capacity or rooms 

in 2018 [24]. When the number of declined women is projected to the entire population of Germany, 

the authors conclude that a total of 8,790 cases (1.1% of total births) might have been rejected in 2018 

[24]. In the Munich area, where there were a considerable number of facilities experiencing 

overcrowding, it was demonstrated that other facilities could provide compensation for the 

overcrowding concerning term infants. However, for preterm infants, a guarantee of compensation 
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could not be provided [24], indicating that at least some of the high-level facilities lack the necessary 

capacities (staff, rooms, etc.) to care for patients with higher healthcare needs. A report by the Institute 

for Quality Assurance and Transparency in Healthcare in Germany (Institut für Qualitätssicherung und 

Transparenz im Gesundheitswesen [IQTIG]) corroborates these findings, indicating that particularly 

level 1 and level 2 facilities are experiencing challenges in meeting the demands for trained nursing 

staff [81]. In 2021, only 37% of all level 1 facilities were able to guarantee the staffing ratio in nursing 

(64% of all level 2 facilities, respectively) [81]. One of the factors contributing to the shortage of 

personnel is the disparate working conditions in the field of perinatal care, which vary considerably 

between midwives, nurses, and physicians. For instance, German midwives have indicated that their 

workload is disproportionate to their remuneration [24]. In particular, midwives in high-level facilities 

are frequently required to provide care for multiple women in labor simultaneously. Accordingly, 

midwives have indicated that in 28% of all shifts in level 1 facilities, they were required to provide care 

for three or more women simultaneously. This exceeds the recommended ratio of a maximum of 1:2 

midwives per birth [24]. The German Midwives Association posits that the closure of obstetrics 

departments results in an increased workload in larger obstetrics departments, which has a 

detrimental impact on the profession and is a contributing factor to the shortage of staff [2]. This 

challenges the assertion that a concentration of births in fewer facilities leads to a reduction in the 

demand for midwives and, consequently, a resolution of the staffing shortage. The German Midwives 

Association asserts that the current workload is compromising the safety of mothers and children. 

Furthermore, they posit that inadequate staffing ratios result in a brain drain of midwives, 

perpetuating a vicious cycle of workforce shortages and delivery room closures. [2]. Among physicians, 

a survey of German neonatologists revealed that 44% of those under 60 years of age intend to change 

their employer within the next five years, citing an increased need to work part-time [82]. 

Finally, a further negative aspect of the regionalization of perinatal care in Germany is the absence of 

a nationally coordinated regionalization process, which could mitigate the impact of accessibility issues 

resulting from facility closures. 
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3.3 Solutions to overcome negative aspects in the regionalization of perinatal care  

The preceding chapter identified three principal elements that must be enhanced to ensure the 

success of the regionalization process. These are: overcoming spatial barriers, improving care 

coordination (including the implementation of a coordinated intersectoral national plan for the 

regionalization of perinatal care), and mitigating staff shortages. This chapter presents solutions to all 

three elements. 

As previously indicated in section 3.2, the research conducted as part of this thesis demonstrated that 

the current overall accessibility to obstetric facilities in Germany is satisfactory. However, it was also 

observed that Germany maintains a relatively high number of obstetric facilities in comparison to other 

countries [61], which could be perceived as an inefficiently high number of facilities. In light of the 

potential for further regionalization in terms of minimum case volume or mandatory additional 

pediatric care, it is probable that an increased number of facilities will cease operations, thereby 

exacerbating concerns regarding accessibility (see research item 2, Figure 3). It is not uncommon for 

sick neonates to remain in the hospital for a longer period of time than healthy neonates, who are 

typically discharged shortly after birth. In the majority of cases, one parent is required to resume work 

or assume responsibility for the care of other siblings at home, or a combination of both. In instances 

when parents are unable to be present at the NICU, as highlighted in research item 3, webcam 

technology provides them with the opportunity to see their child from a distance. It is of the utmost 

importance that perinatal infrastructure be created to avoid the separation of parents and their 

children and to guarantee physical and emotional closeness, which is especially applicable to preterm 

infants [3, 43]. Prior studies have indicated that early parent-child bonding, as exemplified by Kangaroo 

Mother Care, has been associated with reduced mortality and severe infection rates [83] as well as a 

positive impact on the child's long-term development [41, 43]. Lester and colleagues demonstrated 

that infants in a single-family room NICU exhibited enhanced neurobehavioral and medical outcomes 

at discharge compared to infants in non-single family room NICUs [42]. In conclusion, it can be stated 

that the use of webcam technology does not replace the physical presence of parents in the hospital. 
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Rather, it can be considered a technology that facilitates the feeling of closeness between parents and 

their children at all times. Research item 3 revealed that 33 survey participants indicated that in their 

NICUs webcam system were already used in 2020 and 2021. A survey of nursing and physician staff 

from all German NICUs revealed a moderate readiness (median = 3 on a rating scale from 1 = strongly 

disagree to 5 = strongly agree) towards the implementation of a webcam system on their ward [84]. In 

light of the research findings on webcam technology presented in this thesis and the evidence on the 

importance of physical closeness between parents and their children, it is recommended that funding 

bodies prioritize expenditures that facilitate family-centered perinatal care. However, in instances 

where parents or relatives are unable to visit their children in person, webcams can serve as an 

effective alternative for virtual visitations. 

A considerable number of elements pertaining to the regionalization of perinatal care are centered 

upon the matter of care coordination, with the objective of facilitating efficient healthcare. The 

following section addresses the majority of the aforementioned elements pertaining to care 

coordination, and offers suggestions for enhancements to these elements. 

Initially, two fundamental aspects of regionalization—optimal accessibility and the consolidation of 

medical services—appear to be mutually exclusive. On occasion, consolidation of medical services may 

impede accessibility. This contradiction has the potential to disrupt the coordination of 

multidisciplinary care [23]. For example, midwife-led birthing centers rely on the capacity to transfer 

women in labor or newborns to a hospital with an obstetrics department in the event of an emergency 

[85]. Consequently, the establishment of birthing centers is only viable in regions where hospitals with 

obstetrics departments are in close proximity [85] and they cannot serve as a substitute for inpatient 

obstetric facilities. This presents a challenge in regions where no obstetric facilities are available. 

However, in Germany in 2019, there were 662 hospital sites offering obstetric services [78]. From an 

accessibility standpoint, Augurzky and colleagues (2010) argued that 350 hospital sites in Germany 

would suffice to guarantee accessibility within 30 minutes by car in the event of an optimal spatial 

distribution [86].  
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One proposal for reorganizing the inpatient perinatal infrastructure in Germany is to implement a two-

tiered system comprising a basic level (corresponding to the current level 4) and specialized hubs 

(corresponding to the current level 1). The basic level would be designed to ensure nationwide 

obstetric care, including in remote areas, while the specialized hubs would offer more advanced care. 

Given that pregnancy and birth are fundamentally physiological processes, rather than pathological 

ones (in the absence of complications), it is imperative that pregnant women have access to 

comprehensive, low-intervention care on a nationwide scale [2]. The provision of midwife-led care in 

midwife-led birthing centers or midwife-led obstetric facilities could facilitate the delivery of this 

particular care and should support the infrastructure of level 4 and level 1 facilities. Another advantage 

of this infrastructure is that it allows for the creation of capacity for low-risk pregnancies, thereby 

ensuring that level 1 capacity remains available for those who require it [2]. Nevertheless, it is essential 

that a nationwide system of care coordination allows for the timely transfer of patients in the event of 

an emergency or complications. In terms of efficiency, the remuneration structure of cases in Germany 

renders hospitals with an obstetrics department lacking in perinatal specialization (i.e., an additional 

pediatrics department) and a low case volume uneconomical. In the German DRG system, cases of low 

complexity (e.g., the care of a healthy neonate) are remunerated at a lower rate than cases of high 

complexity (e.g., the care of a VLBW neonate). The rationale behind this remuneration system is to 

provide adequate compensation for the effort expended on each individual case. In order to ensure 

economic viability, the G-BA provides supplementary financing for small obstetrics departments 

situated in rural regions within Germany. In 2023, 56 obstetrics departments received funding to 

guarantee the provision of obstetric care on a nationwide basis [61]. It is imperative that intervention-

free obstetric care for women with low-risk pregnancies be compensated in an appropriate manner. 

Given that the support provided during a complication-free birth is often time-consuming but does not 

entail any interventions, it is necessary to adjust the remuneration for such support in the future. 

Additional solutions to overcome spatial barriers are maternity waiting homes. In France, Norway, and 

Finland, maternity waiting homes exist for pregnant women who do not live in the catchment areas of 

obstetric facilities [8]. In Germany, the government offers special boarding programs, in which 
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pregnant women who live on the German islands receive paid housing on the mainland two weeks 

prior to the calculated date of birth [87].  

From an accessibility standpoint, the consolidation of obstetric facilities may be a viable option. 

However, when consolidating services in fewer facilities, it is essential to avoid any constraints on 

capacity. This is particularly pertinent in the context of Germany, where there is currently a rise in 

annual birth numbers. Albrecht and colleagues demonstrated that overloading was predominantly 

observed in high-level facilities. It was demonstrated that healthcare for at least some preterm infants 

could not be compensated for by other high-level facilities [24]. It is imperative that the capacity in 

these facilities be expanded or, as previously stated, allocated to other suitable facilities. It is crucial to 

guarantee that high-risk births can be successfully delivered in high-level facilities. In the years 2023 

and 2024, the German government has allocated 120 million euros for obstetric facilities [61]. In 

allocating these funds to obstetric facilities, priority should be given to those with relatively high annual 

birth rates in densely populated areas and those that ensure nationwide accessibility in sparsely 

populated areas [61]. The establishment of facilities in sparsely populated areas provides the 

opportunity to monitor obstetric conditions among pregnant women in these regions and to promptly 

identify those who require more specialized care [50]. By monitoring pregnant women in these low-

level facilities, it is possible to contribute to the objective of delivering high-risk births in high-level, 

high-volume facilities and ensuring that women with low-risk pregnancies receive care that is free of 

unnecessary interventions. 

Finally, this chapter addresses the issue of staff shortages and presents potential solutions. One of the 

primary causes of overloading is the lack of sufficient personnel. The proposition that augmented 

efficiencies through the operation of larger units can diminish the necessity for personnel [26] is not 

yet fully implementable in Germany. In Germany, nursing staff are also affected by staff shortages in 

inpatient perinatal care. In 2020, the German government enacted legislation to reform the nursing 

profession, formally known as the Nursing Professions Reform Act (Pflegeberufereformgesetz) [88]. A 

principal component of the reform is the implementation of a generalist educational program, which 
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will enable nurses to practice in a variety of nursing specialties. The objective of the legislation is to 

foster a more flexible workforce and to encourage individuals to pursue a career in nursing, thereby 

addressing the issue of staffing shortages. However, the resolution of staff shortages in NICUs, as 

outlined in the quality assurance guideline for premature and mature infants (QFR-RL [65]) , hinges on 

the availability of specialized pediatric nursing personnel. This viewpoint is also endorsed by the 

German Society for Perinatal Medicine [3]. The recently enacted reform of the nursing profession will 

prolong the process of obtaining specialized pediatric training, thereby initially exacerbating staffing 

shortages in NICUs. In addition to the introduction of a new law for the nursing profession, it is crucial 

to enhance the recognition and value of professions in perinatal care, particularly the roles of midwives 

and nursing staff, to ensure the maintenance of a healthy and sufficient workforce. 

3.4 Limitations 

It should be noted that the research presented in this thesis is not without certain limitations. A crucial 

element to take into account when examining the regionalization of perinatal care and its subsequent 

implications is the evaluation of the quality of care provided. In the field of healthcare, the overarching 

goal is to improve patient outcomes while simultaneously reducing healthcare costs. It is notable that 

none of the research components within this thesis directly addressed the quantification of patient 

outcomes. Instead, surrogate indicators were employed. For example, the hierarchical stratification of 

perinatal care levels corresponds to varying degrees of specialized equipment and personnel, exerting 

a direct impact on care quality and, subsequently, patient outcomes. Furthermore, sourcing relevant 

data concerning the quality of care across various perinatal levels in Germany proved to be challenging. 

Additional limitations inherent to each research item are detailed in the original publications provided 

in the appendix. 

3.5 Outlook  

The preceding discussion chapter delineated the potential benefits and challenges associated with the 

regionalization of perinatal care in Germany. It also presented possible strategies to mitigate the 
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identified drawbacks in the future. This chapter provides a succinct overview of the prospective 

evolution of perinatal care in Germany. 

The current discourse among stakeholders in the fields of medicine and politics in Germany reveals the 

emergence of two contrasting perspectives on the future of perinatal care. On the one hand, medical 

societies involved in perinatal care tend to advocate for a greater degree of regionalization in perinatal 

care, with a particular emphasis on highly specialized facilities. They advocate for a reduction in risky 

neonatal transports by providing specialized care in a single facility. They further argue that even in 

cases of optimal cooperation, obstetrics departments without an additional pediatrics department can 

impede optimal care in the event of complications. Conversely, midwives are particularly critical of the 

trend towards highly regionalized perinatal care. The criticism primarily concerns the lack of a 

nationally structured regionalization process, which has resulted in an overload of services, the 

potential for the deterioration of care close to home, and a narrow focus on economic factors to the 

exclusion of medical considerations [2]. The German Midwives Association has called for the 

establishment of midwife-led delivery rooms in level 4 facilities [2]. An example of a scenario that is 

already in practice in some regions is the establishment of obstetrics departments within level 1 

facilities, led by skilled midwives [89]. As proposed by the German Midwives Association [2], the 

optimal structure would be a combination of basic level and highly specialized inpatient care (see 3.3), 

supported by outpatient facilities such as birthing homes. The objective is to screen pregnant women 

as effectively as possible to identify low-risk and high-risk pregnancies. 

It is probable that the shortage of personnel in perinatal care will persist in the near future, as predicted 

by the German Interdisciplinary Association for Intensive Care and Emergency Medicine [90]. To 

mitigate the impact of anticipated staff shortages in perinatal care, it is essential to enhance and adapt 

hospital work conditions to align with the principles of "new work." A study of German neonatal 

physicians and nursing staff revealed that 74% of physicians are employed on a full-time basis, despite 

the fact that only 49% of physicians express a preference for this working arrangement. Furthermore, 

56% of physicians and 52% of nursing staff indicate a low level of well-being. Similarly, midwives have 
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also reported low levels of satisfaction with their working conditions [24]. It is imperative that 

innovative concepts of work be implemented, such as a lifetime work account that can be tailored to 

the specific needs of employees [82]. This is especially important given that staff burnout influences 

patient safety [91]. A focus should remain on staff training and education. It is imperative to prioritize 

staff training and education. The proposal to reduce training and education in favor of a more readily 

available workforce, as outlined in the Nursing Profession Reform Act (Pflegeberufereformgesetz) [88] 

should be avoided. Additionally, non-directly professional tasks should be delegated to other 

personnel, such as cleaning staff or administrative assistance [24]. 

With regard to the financing of the inpatient sector in Germany, the future hospital reform appears to 

be pursuing a path of increasing regionalization, entailing a reduction in the number of hospital sites 

and a concentration on the inpatient sector [92]. In contrast to the current DRG remuneration system, 

hospitals will receive fixed payments (Vorhaltvergütung) that are not directly linked to performance or 

case numbers. The budget will be derived from the overall DRG remuneration, resulting in a reduction 

in per-case remuneration. This payment is intended to ensure structural quality for hospitals, 

irrespective of case volumes, and may address the issue of underfinanced small obstetric facilities. 

Additional allowances are provided for pediatrics and obstetrics [93]. The German Midwives 

Association has proposed payments for midwife-led birth support, emphasizing the physiological 

aspects without the necessity for numerous interventions. [2].  

In general, when planning future perinatal care, it is advisable to adopt a more sophisticated approach 

to nationwide hospital planning. This should involve a detailed analysis of capacity, minimum case 

numbers, and minimum requirements for structure, process, and result quality. In addition, 

accessibility should be taken into account. It is recommended that representatives of all relevant 

stakeholders be included in decision-making bodies, such as citizens or members from rural and low-

volume hospitals [94, 95]. Furthermore, the sharing of data and the interoperability of electronic 

medical records can enhance collaboration and perinatal care [95]. For instance, prior to the closure 

of an obstetrics department, it is imperative to assess the potential impact on accessibility and whether 
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the closure may result in capacity constraints in neighboring hospitals. Nevertheless, it is inevitable 

that there will be a trade-off between accessibility and patient safety [26, 75]. This is exemplified by 

the current discourse surrounding the establishment of minimum case thresholds for neonates with a 

birth weight below 1,250 grams. The G-BA has stipulated that, as of 2024, a level 1 medical facility 

must handle a minimum of 25 cases annually below 1,250 grams to be authorized for the treatment of 

neonates with a birthweight under 1,250 grams [96]. This represents a departure from the initial 

criterion of 14 cases. The objective of increasing the number of cases is to improve patient safety and 

outcomes. The potential impact of an increase in case numbers on the quality of perinatal care is a 

topic of contention. On the one hand, mathematical calculations indicate that a considerable number 

of level 1 facilities are unable to meet the newly established case numbers, thereby rendering them 

incapable of providing care for neonates with a birth weight below 1,250 grams [97]. A further concern 

is that level 1 facilities that meet the new criteria may lack the capacity to compensate for those that 

do not, which could have an impact on accessibility. On the other hand, the implementation of new 

minimum case numbers does not inevitably lead to the closure of level 1 facilities (only neonates with 

a birth weight of less than 1,250 grams are affected). It can encourage more effective collaboration 

between different facilities, which may lead to enhanced perinatal care [98]. Ultimately, 

regionalization in perinatal care should strive to achieve a balance between access, proximity, 

resources, and quality of care [95], while also fostering a robust infrastructure between healthcare 

sectors and levels. 
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4. Summary 

In Germany, there has been a notable shift towards a regionalization of perinatal care in recent years. 

This regionalization has resulted in the closure of non-specialized obstetric facilities with low patient 

volumes and the effort to concentrate births in highly specialized hospitals with a high number of 

deliveries. One of the primary factors influencing this shift is the substantial body of evidence indicating 

that high-risk pregnancies and deliveries result in more favorable medical outcomes when managed in 

highly specialized hospitals with high case numbers. The evidence for low-risk pregnancies and 

deliveries is less conclusive in that regard. A further factor influencing the shift is the poor financial 

state of non-specialized obstetric facilities with low patient volumes. 

The ongoing process of regionalization in Germany has yielded both advantages and disadvantages. 

The current DRG reimbursement system for inpatient care in Germany provides a notable incentive to 

provide highly specialized care with a high number of medical interventions. As a result, the operation 

of low-intervention obstetric units with a low case volume is no longer economically viable. The 

consolidation of perinatal cases in major medical centers thus becomes an economically efficient 

strategy, for the time being. Furthermore, the shift towards a regionalization rests on the assumption 

that by reducing the number of obstetric inpatient locations, fewer staff are required for a smaller 

number of facilities and the existing shortage of healthcare personnel will be partially alleviated. At 

the same time, the reduction in the number of locations typically entails an increased risk of limited 

accessibility for certain segments of the German population.  

Evidence presented in this thesis indicates that longer travel times to hospitals can result in poorer 

medical outcomes. The research conducted as part of this thesis demonstrates that, as of 2019, the 

majority of regions in Germany continued to demonstrate excellent accessibility to obstetric care. The 

research findings also highlight that uncoordinated closures of obstetric facilities potentially 

compromise accessibility – particularly in rural regions. Additionally, the process of regionalization in 

Germany lacks sufficient differentiation between low-risk and high-risk pregnancies and deliveries, 

which require varying levels of care.  
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In conclusion, the findings of this thesis demonstrate that the allocation system established by the 

GBA, based on the risk profile of pregnant women and newborns, is an effective approach in the 

majority of cases. While the regionalized perinatal care model particularly benefits high-risk 

pregnancies and deliveries, it is imperative that a coordinated national process is established to ensure 

comprehensive intersectoral (inpatient and outpatient sectors) and interlevel (transfers of patients 

between different care levels) care. In doing so, it is essential to evaluate the specific care requirements 

of each individual and to determine the optimal means of providing such care with minimal 

intervention.  
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5. Zusammenfassung 

In Deutschland findet seit einigen Jahren eine Regionalisierung der perinatalen Versorgung statt. Diese 

zeigt sich vor allem durch die Schließung von nicht spezialisierten Geburtshilfen mit geringer Fallzahl 

und dem Bestreben Geburten in hoch spezialisierten Kliniken mit hohen Fallzahlen zu versorgen. Ein 

Grund für diese Entwicklung ist eine starke Evidenzlage, die zeigt, dass hoch-risiko Schwangerschaften 

und Geburten bessere medizinische Outcomes in hoch spezialisierten Kliniken mit hohen Fallzahlen 

haben. Für niedrig-risiko Schwangerschaften und Geburten besteht diese starke Evidenzlage nicht. Ein 

weiterer Grund ist die oft schlechte wirtschaftliche Situation von nicht spezialisierten Geburtshilfen 

mit geringer Fallzahl. Aus dem Prozess der Regionalisierung, wie er derzeit in Deutschland stattfindet, 

ergeben sich bestimmte Vorteile wie auch Nachteile. Im derzeitigen DRG-System zur Vergütung der 

stationären Versorgung in Deutschland besteht vor allem ein Anreiz, hochspezialisierte Versorgung mit 

vielen Interventionen durchzuführen. Dadurch wird der Betrieb interventionsarmer Geburtshilfen mit 

niedriger Fallzahl unwirtschaftlich. Die Konzentration von perinatalen Fällen in großen Zentren schafft 

somit zunächst eine gewisse Wirtschaftlichkeit. Zudem besteht die Idee, dass durch eine Reduzierung 

von geburtshilflichen stationären Standorten der bestehende Personalmangel teilweise gelöst werden 

kann, da insgesamt weniger Personal für größere aber weniger Standorte benötigt wird. Durch die 

Reduzierung von Standorten besteht allgemein die Gefahr einer schlechteren Erreichbarkeit für Teile 

der Bevölkerung in Deutschland. Forschungsergebnisse zeigen, dass längere Fahrzeiten zu Kliniken zu 

schlechteren medizinischen Outcomes führen können.  

Die in dieser Thesis durchgeführte Forschung zeigt für das Jahr 2019 eine immer noch sehr gute 

Erreichbarkeit für die meisten Gebiete in Deutschland. Gleichzeitig zeigen die Forschungsergebnisse 

auch, dass durch die unkoordinierte weitere Schließung von Geburtshilfen die Erreichbarkeit in vielen 

Gebieten, vor allem in ländlichen Gebieten, gefährdet ist. Zusätzlich besteht in dem Prozess der 

Regionalisierung in Deutschland eine unzureichende Differenzierung zwischen niedrig-risiko und hoch-

risiko Schwangerschaften und Geburten, die einen unterschiedlichen Versorgungsbedarf haben. 

Schlussfolgernd profitieren vor allem hoch-risiko Schwangerschaften und Geburten von einer 
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regionalisierten perinatalen Versorgung. Die Regionalisierung ist also per se kein schlechter Prozess. 

Notwendig ist jedoch ein koordinierter nationaler Prozess, der eine flächendeckende intersektorale 

(stationärer und ambulanter Sektor) und interlevel Versorgung (Verlegungen von Kindern zwischen 

verschiedenen Versorgungsleveln) sicherstellt. Hierbei ist es notwendig zu berücksichtigen, wer 

welche Versorgung benötigt und wie diese Versorgung möglichst interventionsarm gewährleistet 

werden kann. Die Forschungsergebnisse in dieser Thesis zeigen, dass das vom G-BA eingeführte System 

der Zuweisung zu einer geeigneten Versorgungsstufe von Schwangeren und Neugeborenen nach dem 

Risikoprofil in den meisten Fällen funktioniert. 

 

 

  



 45 

6. References 

1. Deutsches Institut für Medizinische Dokumentation und Information. ICD-10-WHO Version 2019: 
Definitionen [Internet] [cited 29.10.2020]. Available from: 
https://www.dimdi.de/static/de/klassifikationen/icd/icd-10-who/kode-suche/htmlamtl2019/zusatz-
11-definitionen.htm. 

2. Positionspapier des Deutschen Hebammenverbandes e. V. zur Zentralisierung der Versorgung mit 
stationärer Geburtshilfe im Rahmen der Krankenhausreform [Internet]: Deutscher Hebammen 
Verband; 19.01.2023 [cited 27.05.2024]. Available from: https://hebammenverband.de/wp-
content/uploads/2023/02/2023_01_19_DHV-Positionspapier_Zentralisierung_Geburtshilfe.pdf. 

3. Rossi R, Bauer NH, Becke-Jakob K, Grab D, Herting E, Kehl S, Mitschdörfer B, Olbertz D, Rösner B, 
Schlembach D, Tillig B, Trotter A. Empfehlungen für die strukturellen Voraussetzungen der 
perinatologischen Versorgung in Deutschland: S-2k [Internet]: Deutsche Gesellschaft für Perinatale 
Medizin e. V. (DGPM); 2021 [cited 21.10.2022]. Available from: 
https://www.awmf.org/uploads/tx_szleitlinien/087-001l_S2k_Empfehlungen-strukturelle-
Voraussetzungen-perinatologische-Versorgung-Deutschland__2021-04_01.pdf. 

4. Levels of Healthcare [Internet]: Physiopedia [cited 08.10.2022]. Available from: 
https://www.physio-pedia.com/Levels_of_Healthcare. 

5. Torrey T. Differences Between Primary, Secondary, Tertiary, and Quaternary Care: Levels of Care 
[Internet]; 06.06.2024 [cited 27.05.2024]. Available from: https://www.verywellhealth.com/primary-
secondary-tertiary-and-quaternary-care-2615354. 

6. Überblick über Versorgungsstrukturen in der Geburtshilfe: Deutschland, Dänemark, Schweden 
und Norwegen [Internet]: Deutscher Bundestag; 2021 [cited 27.05.2024]. Available from: 
https://www.bundestag.de/resource/blob/844764/ac656a16f259978b379e41f649f39865/WD-9-
012-21-pdf-data.pdf. 

7. Geburtenzahlen in Deutschland [Internet]: Gesellschaft für Qualität in der außerklinischen 
Geburtshilfe e.V. [cited 04.11.2022]. Available from: https://www.quag.de/quag/geburtenzahlen.htm. 

8. Combier E, Charreire H, Le Vaillant M, Michaut F, Ferdynus C, Amat-Roze J-M, Gouyon J-B, Quantin 
C, Zeitlin J. Perinatal health inequalities and accessibility of maternity services in a rural French region: 
closing maternity units in Burgundy. Health & place. 2013;24:225–33. 
doi:10.1016/j.healthplace.2013.09.006. 

9. Effer SB. Management of high-risk pregnancy: report of a combined obstetrical and neonatal 
intensive care unit. Canadian Medical Association Journal. 1969;101(7):55–63. 

10. Heins HC. A KAP (knowledge-attitude-practice) approach to the regionalization of perinatal health. 
The Journal of the Arkansas Medical Society. 1976;73(6):229–34. 

11. Swartz WH, Swartz JV. Family centered maternity care: its relationship to perinatal regionalization 
and neonatal intensive care. Clinics in perinatology. 1976;3(2):431–9. 

12. Merenstein GB, Pettett G, Woodall J, Hill JM. An analysis of air transport results in the sick 
newborn. American journal of obstetrics and gynecology. 1977;128(5):520–5. doi:10.1016/0002-
9378(77)90035-7. 

13. Shott RJ. Regionalization: A Time for New Solutions. Pediatric Clinics of North America. 
1977;24(3):651–7. doi:10.1016/s0031-3955(16)33473-3. 



 46 

14. Donahue CL, Pettigrew AH, Young K, Ryan GM. The closure of maternity services in Massachusetts. 
The causes, process, and hospital impact. Obstetrics and gynecology. 1977;50(3):280–4. 

15. Klein MC, Papageorgiou AN. Can perinatal regionalization be reconciled with family-centered 
maternal care? The Journal of family practice. 1977;5(6):969–74. 

16. MacGregor C, Karchmer S, López-García R. Concepto de regionalización del manejo obstétrico y 
neonatal. Gaceta medica de Mexico. 1979;115(4):161–6. 

17. Luft HS, Bunker JP, Enthoven AC. Should operations be regionalized? The empirical relation 
between surgical volume and mortality. The New England journal of medicine. 1979;301(25):1364–9. 
doi:10.1056/NEJM197912203012503. 

18. Boyd DR, Pizzano WA, Romano TL, van Stiegmann G, Nyhus LM. Regionalization of trauma patient 
care: the Illinois experience. Surgery annual. 1975;7:25–52. 

19. World Health Organization. Promoting effective perinatal care (PEPC) in the European Union 
[Internet]: World Health Organization Regional Office for Europe; 2000 [cited 07.10.2022]. Available 
from: https://apps.who.int/iris/bitstream/handle/10665/108550/WHO-EURO-2000-4052-43811-
61678-eng.pdf?sequence=1&isAllowed=y. 

20. Ramos MC, Barreto JOM, Shimizu HE, Moraes APG de, Da Silva EN. Regionalization for health 
improvement: A systematic review. PloS one. 2020;15(12):e0244078. 
doi:10.1371/journal.pone.0244078. 

21. Petra Bywood, Katrina Erny-Albrecht. Regionalisation of health services: Benefits and impact: 
PHCRIS Policy Issue Review. Adelaide: Primary Health Care Research & Information Service; 2016. 

22. Lorch SA, Myers S, Carr B. The regionalization of pediatric health care. Pediatrics. 
2010;126(6):1182–90. doi:10.1542/peds.2010-1119. 

23. Lumpkin S, Stitzenberg K. Regionalization and Its Alternatives. Surgical oncology clinics of North 
America. 2018;27(4):685–704. doi:10.1016/j.soc.2018.05.009. 

24. Albrecht M, Bock H, der Heiden I an, Loos S, Ochmann R, Sander M, Temizdemir E. Inpatient 
midwifery care: A report for the ministry of health [Internet]. Berlin; 2019 [cited 18.06.2021]. Available 
from: 
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/5_Publikationen/Gesundheit/Be
richte/stationaere_Hebammenversorgung_IGES-Gutachten.pdf. 

25. Lasswell SM, Barfield WD, Rochat RW, Blackmon L. Perinatal regionalization for very low-birth-
weight and very preterm infants: a meta-analysis. JAMA. 2010;304(9):992–1000. 
doi:10.1001/jama.2010.1226. 

26. Holmstrom ST, Phibbs CS. Regionalization and mortality in neonatal intensive care. Pediatric 
Clinics of North America. 2009;56(3):617-30. doi:10.1016/j.pcl.2009.04.006. 

27. Phibbs CS, Baker LC, Caughey AB, Danielsen B, Schmitt SK, Phibbs RH. Level and volume of neonatal 
intensive care and mortality in very-low-birth-weight infants. The New England journal of medicine. 
2007;356(21):2165–75. doi:10.1056/NEJMsa065029. 

28. Welke KF, O'Brien SM, Peterson ED, Ungerleider RM, Jacobs ML, Jacobs JP. The complex 
relationship between pediatric cardiac surgical case volumes and mortality rates in a national clinical 



 47 

database. The Journal of thoracic and cardiovascular surgery. 2009;137(5):1133–40. 
doi:10.1016/j.jtcvs.2008.12.012. 

29. Wu C-L, Chen C-H, Chang J-H, Peng C-C, Hsu C-H, Lin C-Y, Jim W-T, Chang H-Y. The effect of patient 
volume on mortality and morbidity of extremely low birth weight infants in Taiwan. Journal of the 
Formosan Medical Association. 2023. doi:10.1016/j.jfma.2023.05.024. 

30. Chang Y-S, Liang F-W, Lin Y-J, Lu T-H, Lin C-H. Neonatal and infant mortality of very-low-birth-
weight infants in Taiwan: Does the level of delivery hospital matter? Pediatrics and neonatology. 
2021;62(4):419–27. doi:10.1016/j.pedneo.2021.04.003. 

31. Chung JH, Phibbs CS, Boscardin WJ, Kominski GF, Ortega AN, Needleman J. The effect of neonatal 
intensive care level and hospital volume on mortality of very low birth weight infants. Medical care. 
2010;48(7):635–44. doi:10.1097/MLR.0b013e3181dbe887. 

32. Watson SI, Arulampalam W, Petrou S, Marlow N, Morgan AS, Draper ES, Santhakumaran S, Modi 
N. The effects of designation and volume of neonatal care on mortality and morbidity outcomes of 
very preterm infants in England: retrospective population-based cohort study. BMJ open. 
2014;4(7):e004856. doi:10.1136/bmjopen-2014-004856. 

33. Johansson S, Montgomery SM, Ekbom A, Olausson PO, Granath F, Norman M, Cnattingius S. 
Preterm delivery, level of care, and infant death in Sweden: a population-based study. Pediatrics. 
2004;113(5):1230–5. doi:10.1542/peds.113.5.1230. 

34. Desplanches T, Blondel B, Morgan AS, Burguet A, Kaminski M, Lecomte B, Marchand-Martin L, 
Rozé J-C, Sagot P, Truffert P, Zeitlin J, Ancel P-Y, Fresson J. Volume of Neonatal Care and Survival 
without Disability at 2 Years in Very Preterm Infants: Results of a French National Cohort Study. The 
Journal of pediatrics. 2019;213:22-29.e4. doi:10.1016/j.jpeds.2019.06.001. 

35. Sakai-Bizmark R, Mena LA, Kumamaru H, Kawachi I, Marr EH, Webber EJ, Seo HH, Friedlander SIM, 
Chang R-KR. Impact of pediatric cardiac surgery regionalization on health care utilization and mortality. 
Health services research. 2019;54(4):890–901. doi:10.1111/1475-6773.13137. 

36. Pasquali SK, Li JS, Burstein DS, Sheng S, O'Brien SM, Jacobs ML, Jaquiss RDB, Peterson ED, Gaynor 
JW, Jacobs JP. Association of center volume with mortality and complications in pediatric heart 
surgery. Pediatrics. 2012;129(2):370-6. doi:10.1542/peds.2011-1188. 

37. Jenkins KJ, Newburger JW, Lock JE, Davis RB, Coffman GA, Iezzoni LI. In-hospital mortality for 
surgical repair of congenital heart defects: preliminary observations of variation by hospital caseload. 
Pediatrics. 1995;95(3):323–30. 

38. Davies RR, Russo MJ, Hong KN, Mital S, Mosca RS, Quaegebeur JM, Chen JM. Increased short- and 
long-term mortality at low-volume pediatric heart transplant centers: should minimum standards be 
set? Retrospective data analysis. Annals of surgery. 2011;253(2):393–401. 
doi:10.1097/SLA.0b013e31820700cc. 

39. Salazar JH, Goldstein SD, Yang J, Gause C, Swarup A, Hsiung GE, Rangel SJ, Goldin AB, Abdullah F. 
Regionalization of Pediatric Surgery: Trends Already Underway. Annals of surgery. 2016;263(6):1062–
6. doi:10.1097/SLA.0000000000001666. 

40. Bundesauswertung zum Erfassungsjahr 2020 Geburtshilfe: Qualitätsindikatoren und Kennzahlen 
[Internet]. Berlin: Institut für Qualitätssicherung und Transparenz im Gesundheitswesen; 2021 [cited 
27.05.2024]. Available from: https://iqtig.org/downloads/auswertung/2020/16n1gebh/QSKH_16n1-
GEBH_2020_BUAW_V01_2021-08-10.pdf. 



 48 

41. Winston R, Chicot R. The importance of early bonding on the long-term mental health and 
resilience of children. London journal of primary care. 2016;8(1):12–4. 
doi:10.1080/17571472.2015.1133012. 

42. Lester BM, Hawes K, Abar B, Sullivan M, Miller R, Bigsby R, Laptook A, Salisbury A, Taub M, Lagasse 
LL, Padbury JF. Single-family room care and neurobehavioral and medical outcomes in preterm infants. 
Pediatrics. 2014;134(4):754–60. doi:10.1542/peds.2013-4252. 

43. Flacking R, Lehtonen L, Thomson G, Axelin A, Ahlqvist S, Moran VH, Ewald U, Dykes F. Closeness 
and separation in neonatal intensive care. Acta paediatrica. 2012;101(10):1032–7. doi:10.1111/j.1651-
2227.2012.02787.x. 

44. Engjom HM, Morken N-H, Norheim OF, Klungsøyr K. Availability and access in modern obstetric 
care: a retrospective population-based study. BJOG: an international journal of obstetrics and 
gynaecology. 2014;121(3):290–9. doi:10.1111/1471-0528.12510. 

45. Mennicken R, Kolodziej IWK, Augurzky B, Kreienberg R. Concentration of gynaecology and 
obstetrics in Germany: is comprehensive access at stake? Health policy. 2014;118(3):396–406. 
doi:10.1016/j.healthpol.2014.07.017. 

46. Grzybowski S, Stoll K, Kornelsen J. Distance matters: a population based study examining access 
to maternity services for rural women. BMC health services research. 2011;11:147. doi:10.1186/1472-
6963-11-147. 

47. Deutsches Ärzteblatt. Ein Drittel der Geburtsstationen seit 1998 weggefallen [Internet]; 
05.10.2020 [cited 26.01.2021]. Available from: https://www.aerzteblatt.de/nachrichten/117131/Ein-
Drittel-der-Geburtsstationen-seit-1998-weggefallen. 

48. Gynäkologie und Geburtshilfe in Crivitz schon ab Mitte Juni geschlossen [Internet]; 02.06.2020 
[cited 05.11.2020]. Available from: https://www.aerzteblatt.de/nachrichten/113351/Gynaekologie-
und-Geburtshilfe-in-Crivitz-schon-ab-Mitte-Juni-geschlossen. 

49. Schwesig nennt Schließung der Geburtenstation Crivitz falsche Entscheidung [Internet]; 
10.12.2019 [cited 05.11.2020]. Available from: 
https://www.aerzteblatt.de/nachrichten/108062/Schwesig-nennt-Schliessung-der-Geburtenstation-
Crivitz-falsche-Entscheidung. 

50. Kroelinger CD, Brantley MD, Fuller TR, Okoroh EM, Monsour MJ, Cox S, Barfield WD. Geographic 
access to critical care obstetrics for women of reproductive age by race and ethnicity. American journal 
of obstetrics and gynecology. 2021;224(3):304.e1-304.e11. doi:10.1016/j.ajog.2020.08.042. 

51. Klauber J, Geraedts M, Friedrich J, Wasem J, editors. Krankenhaus-Report 2018: Schwerpunkt: 
Bedarf und Bedarfsgerechtigkeit - Mit Online-Zugang. 1st ed. Stuttgart: Schattauer; 2017. 

52. Kohler S, Bärninghausen T. Entwicklung und aktuelle Versorgungssituation in der Geburtshilfe in 
Baden-Württemberg: Bericht für den Runden Tisch Geburtshilfe in Baden-Württemberg [Internet]. 
Heidelberg; 2018 [cited 27.05.2024]. Available from: https://sozialministerium.baden-
wuerttemberg.de/fileadmin/redaktion/m-sm/intern/downloads/Downloads_Runder-Tisch-
Geburtshilfe/Bericht_Entwicklung-Versorgungssituation-Geburtshilfe-BW_2018.pdf. 

53. Statistischer Bericht: Geburten 2021 [Internet]: Statistische Bundesamt (Destatis); 2023 [cited 
27.04.2023]. Available from: https://www.destatis.de/DE/Themen/Gesellschaft-
Umwelt/Bevoelkerung/Geburten/Publikationen/Downloads-Geburten/statistischer-bericht-
geburten-5126104217005.xlsx?__blob=publicationFile. 



 49 

54. Augurzky B, Krolop S, Römer K, Schwierz C, Kreienberg R. Allgemeine Gynäkologie. 
Frauenheilkunde und Geburtshilfe in Deutschland – Kosten und Erlöse. Geburtshilfe und 
Frauenheilkunde. 2009;69(06):560–3. doi:10.1055/s-0029-1185930. 

55. Spindler J. Fallpauschalenbezogene Krankenhausstatistik: Diagnosen und Prozeduren der 
Krankenhauspatienten auf Basis der Daten nach § 21 Krankenhausentgeltgesetz [Internet]. In: Klauber 
J, Geraedts M, Friedrich J, Wasem J, Beivers A, editors. Krankenhaus-Report 2020. Berlin, Heidelberg: 
Springer Berlin Heidelberg; 2020. p. 413–446. doi:10.1007/978-3-662-60487-8_21. 

56. Augurzky B, Krolop S, Römer K, Schwierz C, Kreienberg R. Allgemeine Gynäkologie. 
Frauenheilkunde und Geburtshilfe in Deutschland – eine Marktübersicht im akutstationären Sektor. 
Geburtshilfe und Frauenheilkunde. 2009;69(02):146–50. doi:10.1055/s-0029-1185431. 

57. Interrante JD, Tuttle MS, Basile IB, Admon LK, Kozhimannil KB. State and Regional Differences in 
Access to Hospital-Based Obstetric Services for Rural Residents, 2018. UMN Rural Health Research 
Center Policy Brief. 2021. 

58. Gesundheit - Grunddaten der Krankenhäuser 2010 [Internet]. Wiesbaden: Statistische Bundesamt 
(Destatis); 2012 [cited 23.01.2020]. Available from: 
https://www.destatis.de/GPStatistik/servlets/MCRFileNodeServlet/DEHeft_derivate_00010402/2120
611107004.pdf;jsessionid=E38CF46ED91921B5772B18F04208973D. 

59. Grunddaten der Krankenhäuser 2020 [Internet]. Wiesbaden: Statistische Bundesamt (Destatis); 
2022 [cited 27.05.2024]. Available from: https://www.destatis.de/DE/Themen/Gesellschaft-
Umwelt/Gesundheit/Krankenhaeuser/Publikationen/Downloads-Krankenhaeuser/grunddaten-
krankenhaeuser-2120611207004.html. 

60. Loos S, Albrecht M, Zich K. Zukunftsfähige Krankenhausversorgung [Internet]: Bertelsmann 
Stiftung; 2019 [cited 27.05.2024]. Available from: https://www.bertelsmann-
stiftung.de/de/publikationen/publikation/did/zukunftsfaehige-krankenhausversorgung. 

61. Osterloh F. Zu wenig Geld, zu wenig Ärzte [Internet]; 27.01.2023 [cited 31.01.2023]. Available 
from: https://www.aerzteblatt.de/archiv/229457/Geburtshilfe-Zu-wenig-Geld-zu-wenig-Aerzte. 

62. Ravelli ACJ, Jager KJ, Groot MH de, Erwich JJHM, Rijninks-van Driel GC, Tromp M, Eskes M, Abu-
Hanna A, Mol BWJ. Travel time from home to hospital and adverse perinatal outcomes in women at 
term in the Netherlands. BJOG: an international journal of obstetrics and gynaecology. 
2011;118(4):457–65. doi:10.1111/j.1471-0528.2010.02816.x. 

63. Harris TR, Isaman J, Giles HR. Improved neonatal survival through maternal transport. Obstetrics 
and gynecology. 1978;52(3):294–300. 

64. Shah KP, deRegnier R-AO, Grobman WA, Bennett AC. Neonatal Mortality After Interhospital 
Transfer of Pregnant Women for Imminent Very Preterm Birth in Illinois. JAMA pediatrics. 
2020;174(4):358–65. doi:10.1001/jamapediatrics.2019.6055. 

65. Richtlinie des Gemeinsamen Bundesausschusses über Maßnahmen zur Qualitätssicherung der 
Versorgung von Früh- und Reifgeborenen gemäß § 136 Absatz 1 Nummer 2 SGB V in Verbindung mit § 
92 Abs. 1 Satz 2 Nr. 13 SGB V: (Qualitätssicherungs-Richtlinie Früh- und Reifgeborene/QFR-RL) 
[Internet]: Gemeinsamer Bundesausschuss; 2020 [cited 27.11.2020]. Available from: https://www.g-
ba.de/downloads/62-492-2160/QFR-RL_2020-05-14_iK-2020-05-14.pdf. 

66. Piecuch RE, Roth RS, Clyman RI, Sniderman SH, Riedel PA, Ballard RA. Videophone use improves 
maternal interest in transported infants. Critical care medicine;11(8):655–6. 



 50 

67. Scholten N, Bretthauer S, Eilermann K, Hagemeier A, Hellmich M, Hoffmann J, Horenkamp-
Sonntag D, Jannes C, Kuntz L, Mantell P, Mause L, Müller A, Reimer A, Samel C, Spiecker Genannt 
Döhmann I, Wobbe-Ribinski S, Woopen C, Dresbach T. The effects of webcams on German neonatal 
intensive care units - study protocol of a randomised crossover trial (Neo-CamCare). BMC health 
services research. 2021;21(1):456. doi:10.1186/s12913-021-06387-3. 

68. Hawkes GA, Livingstone V, Ryan CA, Dempsey EM. Perceptions of webcams in the neonatal 
intensive care unit: here's looking at you kid! American journal of perinatology. 2015;30(2):131–6. 
doi:10.1055/s-0034-1376388. 

69. Kilcullen ML, Kandasamy Y, Evans M, Kanagasignam Y, Atkinson I, van der Valk S, Vignarajan J, 
Baxter M. Parents using live streaming video cameras to view infants in a regional NICU: Impacts upon 
bonding, anxiety and stress. Journal of Neonatal Nursing. 2022;28(1):42–50. 
doi:10.1016/j.jnn.2021.03.013. 

70. Kerr S, King C, Hogg R, McPherson K, Hanley J, Brierton M, Ainsworth S. Transition to parenthood 
in the neonatal care unit: a qualitative study and conceptual model designed to illuminate parent and 
professional views of the impact of webcam technology. BMC pediatrics. 2017;17(1):158. 
doi:10.1186/s12887-017-0917-6. 

71. Statistical Offices of the Federation and the Federal States: Metadata report. Part II: Product-
specific information on the use of the DRG statistic 2020 for on-site use (EVAS-Number: 23141). 
Version 1 [Internet]. Wiesbaden: Federal Statistical Office; 2021 [cited 27.05.2024]. Available from: 
https://www.forschungsdatenzentrum.de/sites/default/files/drg_2020_on-site_mdr-prod_v1_1.pdf. 

72. Bouckenooghe D, Devos G, van den Broeck H. Organizational Change Questionnaire-Climate of 
Change, Processes, and Readiness: development of a new instrument. The Journal of psychology. 
2009;143(6):559–99. doi:10.1080/00223980903218216. 

73. Neyer FJ, Felber J, Gebhardt C. Entwicklung und Validierung einer Kurzskala zur Erfassung von 
Technikbereitschaft. Diagnostica. 2012;58(2):87–99. doi:10.1026/0012-1924/a000067. 

74. Brodbeck FC, Maier GW. Das Teamklima-Inventar (TKI) für Innovation in Gruppen. Zeitschrift für 
Arbeits- und Organisationspsychologie A&O. 2001;45(2):59–73. doi:10.1026//0932-4089.45.2.59. 

75. Huotari T, Rusanen J, Keistinen T, Lähderanta T, Ruha L, Sillanpää MJ, Antikainen H. Effect of 
centralization on geographic accessibility of maternity hospitals in Finland. BMC health services 
research. 2020;20(1):337. doi:10.1186/s12913-020-05222-5. 

76. Handley SC, Lorch SA. Regionalization of neonatal care: benefits, barriers, and beyond. Journal of 
Perinatology. 2022;42(6):835–8. doi:10.1038/s41372-022-01404-7. 

77. Leung S, Pastores SM, Oropello JM, Lilly CM, Galvagno SM, Badjatia N, Jacobi J, Herr DL, Oliveira 
JD. Regionalization of Critical Care in the United States: Current State and Proposed Framework From 
the Academic Leaders in Critical Care Medicine Task Force of the Society of Critical Care Medicine. 
Critical care medicine. 2022;50(1):37–49. doi:10.1097/CCM.0000000000005147. 

78. Hoffmann J, Dresbach T, Hagenbeck C, Scholten N. Factors associated with the closure of obstetric 
units in German hospitals and its effects on accessibility. BMC health services research. 2023;23(1). 
doi:10.1186/s12913-023-09204-1. 

79. Hoffmann J, Kribs A, Dübbers M, Hagenbeck C, Scholten N. Implementation of the Joint Federal 
Committee’s quality assurance guideline for premature and full-term neonates—the allocation of 



 51 

newborn infants by hospital care level in Germany. Deutsches Ärzteblatt international. 2024. 
doi:10.3238/arztebl.m2024.0108. 

80. Holmes GM, Slifkin RT, Randolph RK, Poley S. The effect of rural hospital closures on community 
economic health. Health services research. 2006;41(2):467–85. doi:10.1111/j.1475-
6773.2005.00497.x. 

81. Strukturabfrage gem. QFR-RL: Ergebnisse zum Erfassungsjahr 2021 [Internet]. Berlin: Institut für 
Qualitätssicherung und Transparenz im Gesundheitswesen; 2022 [cited 12.05.2023]. Available from: 
https://perinatalzentren.org/fileadmin/strukturabfragen-berichte/IQTIG_Strukturabfrage-QFR-RL_EJ-
2021_2022-09-15.pdf. 

82. Dresbach T, Müller A, Trepels-Kottek S, Soff J, Hoffmann J, Scholten N. Die 
Neonatologie/Pädiatrische Intensivmedizin – ein attraktiver Arbeitsplatz? Monatsschrift 
Kinderheilkunde. 2023. doi:10.1007/s00112-023-01717-7. 

83. Sivanandan S, Sankar MJ. Kangaroo mother care for preterm or low birth weight infants: a 
systematic review and meta-analysis. BMJ global health. 2023;8(6). doi:10.1136/bmjgh-2022-010728. 

84. Hoffmann J, Reimer A, Mause L, Müller A, Neo-CamCare, Dresbach T, Scholten N. Driving new 
technologies in hospitals: association of organizational and personal factors with the readiness of 
neonatal intensive care unit staff toward webcam implementation. BMC health services research. 
2022;22(1):787. doi:10.1186/s12913-022-08072-5. 

85. Deutscher Hebammen Verband. Warum schließen so viele Kreißsäle in Deutschland? [Internet] 
[cited 03.05.2023]. Available from: https://www.unsere-hebammen.de/hintergruende/fragen-und-
antworten/warum-so-viele-kreisssaalschliessungen/. 

86. Augurzky B, Krolop S, Römer, Konstantin, Schwierz, Christopj, Kreienberg R. Frauenheilkunde und 
Geburtshilfe in Deutschland: Mindestgröße und Bedarf an Kliniken. Frauenheilkunde und Geburtshilfe. 
2010(70):402–5. 

87. Risky births due to delivery room closures [Internet] [cited 10.11.2021]. Available from: 
https://www.ndr.de/nachrichten/schleswig-holstein/Riskante-Geburten-wegen-Kreisssaal-
Schliessungen-,kreissaal100.html. 

88. Gesetz zur Reform der Pflegeberufe (Pflegeberufereformgesetz – PflBRefG): PflBRefG [Internet]: 
Bundesanzeiger; 2017 [cited 24.05.2024]. Available from: 
https://www.bgbl.de/xaver/bgbl/start.xav?startbk=Bundesanzeiger_BGBl&jumpTo=bgbl117s2581.pd
f#__bgbl__%2F%2F*%5B%40attr_id%3D%27bgbl117s2581.pdf%27%5D__1716565183844. 

89. Rheinland-Pfalz fördert Einrichtung von Hebammenkreißsälen [Internet]: Deutsches Ärzteblatt; 
07.07.2023 [cited 10.08.2023]. Available from: 
https://www.aerzteblatt.de/nachrichten/144471/Rheinland-Pfalz-foerdert-Einrichtung-von-
Hebammenkreisssaelen?rt=282930fea831e52a71b3dac5fd71799c. 

90. Intensivmediziner warnen vor Engpässen bei der Versorgung von Kindern [Internet]: Deutsches 
Ärzteblatt; 02.08.2023 [cited 16.08.2023]. Available from: 
https://www.aerzteblatt.de/nachrichten/145013/Intensivmediziner-warnen-vor-Engpaessen-bei-
der-Versorgung-von-Kindern?rt=282930fea831e52a71b3dac5fd71799c. 

91. Garcia CdL, Abreu LC de, Ramos JLS, Castro CFD de, Smiderle FRN, Santos JAD, Bezerra IMP. 
Influence of Burnout on Patient Safety: Systematic Review and Meta-Analysis. Medicina. 2019;55(9). 
doi:10.3390/medicina55090553. 



 52 

92. KBV-Vorsitzender Gassen erwartet Konzentration im Krankenhaussektor [Internet]: Deutsches 
Ärzteblatt; 15.05.2023 [cited 10.08.2023]. Available from: 
https://www.aerzteblatt.de/nachrichten/143166/KBV-Vorsitzender-Gassen-erwartet-Konzentration-
im-Krankenhaussektor?rt=282930fea831e52a71b3dac5fd71799c. 

93. Eckpunktepapier Krankenhausreform [Internet]: Bundesministerium für Gesundheit; 10.07.2023 
[cited 10.08.2023]. Available from: 
https://www.bundesgesundheitsministerium.de/fileadmin/Dateien/3_Downloads/K/Krankenhausref
orm/Eckpunktepapier_Krankenhausreform.pdf. 

94. Koike S, Matsumoto M, Ide H, Kashima S, Atarashi H, Yasunaga H. The effect of concentrating 
obstetrics services in fewer hospitals on patient access: a simulation. International journal of health 
geographics. 2016;15:4. doi:10.1186/s12942-016-0035-y. 

95. Handley SC, Passarella M, Herrick HM, Interrante JD, Lorch SA, Kozhimannil KB, Phibbs CS, Foglia 
EE. Birth Volume and Geographic Distribution of US Hospitals With Obstetric Services From 2010 to 
2018. JAMA network open. 2021;4(10):e2125373. doi:10.1001/jamanetworkopen.2021.25373. 

96. Beschluss des Gemeinsamen Bundesausschusses über die Erstfassung der Regelungen zu einem 
gestuften System von Notfallstrukturen in Krankenhäusern gemäß § 136c Absatz 4 SGB V [Internet]: 
Gemeinsamer Bundesausschuss; 2018 [cited 09.03.2021]. Available from: https://www.g-
ba.de/downloads/39-261-3301/2018-04-19_Not-Kra-R_Erstfassung.pdf. 

97. Pädiatrie-Chefärzte warnen vor Schließung vieler Frühgeborenenstationen [Internet]: Deutsches 
Ärzteblatt; 12.06.2023 [cited 10.08.2023]. Available from: 
https://www.aerzteblatt.de/nachrichten/143824/Paediatrie-Chefaerzte-warnen-vor-Schliessung-
vieler-Fruehgeborenenstationen?rt=282930fea831e52a71b3dac5fd71799c. 

98. G-BA lehnt Antrag der Länder zum Aussetzen der Mindestmengen bei Frühchen ab [Internet]: 
Deutsches Ärzteblatt; 20.07.2023 [cited 10.08.2023]. Available from: 
https://www.aerzteblatt.de/nachrichten/144616/G-BA-lehnt-Antrag-der-Laender-zum-Aussetzen-
der-Mindestmengen-bei-Fruehchen-ab?rt=282930fea831e52a71b3dac5fd71799c. 

  



 53 

7. Appendix 

  



 54 

7.1 Acknowledgements 

I am grateful to all those who supported me throughout the Ph.D. process. I would like to thank a 

few of them in particular. I would like to thank Nadine Scholten for providing me with the support 

and freedom I needed to learn how to work scientifically and to put it into practice. I would like to 

thank Alinda Reimer and Laura Mause, with whom I worked on several publications, for their 

perspectives, inputs, and discussions. I would also like to thank my tutors Angela Kribs and Martin 

Dübbers for contributing their clinical expertise and for their willingness to accompany me as tutors. I 

would like to thank Leander Kotzur for his unwavering support throughout the entire PhD process – 

as both a scientist and close friend. His motivation, knowledge, and support in data analysis were 

invaluable. Finally, I would like to thank my wife, Marina Hoffmann, and my mother, Ingrid Schulte-

Hoffmann, who both read the Ph.D. thesis, for their support.  

  



 55 

7.2 Original Publications 

7.2.1 Research item 1: Factors associated with the closure of obstetric units in German hospitals and 

its effects on accessibility 

 



 56 

 

 

 

 

 



 57 

 

  



 58 

 

  



 59 

 

  



 60 

 

  



 61 

 

  



 62 

 

  



 63 

 

  



 64 

 

  



 65 

 

  



 66 

7.2.2 Research item 2: Allocation of newborns by level of perinatal care in Germany 
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7.2.3 Research item 3: NICUs staff perspective on the use of Webcams to overcome spatial distances 

between parent and child  
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