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Abstract
Background As the COVID-19 pandemic swept across the globe at the beginning of 2020, healthcare systems were 
forced to rapidly adapt and expand to meet the sudden surge in demand for intensive care services. This study is 
the first systematic analysis of the strategies employed by German hospitals to recruit personnel and expand bed 
capacities during the first wave of the pandemic, and to evaluate the effectiveness of those recruitment measures.

Methods 152 German hospitals with intensive care capacities were selected and invited to participate in an online-
based retrospective survey. Factors like the geographic distribution, individual COVID burden and level of care were 
considered for inclusion in the sample. The data were analyzed descriptively.

Results A total of 41 hospitals participated in the survey. The additional demand for intensive care beds was met 
primarily by activating intensive care beds that were previously considered as non-operational in existing intensive 
care units (81% of respondents) and by upgrading recovery rooms (73%). The physician staffing requirements were 
met at approximately 75%, while the nursing staffing requirements were only met by about 45%. Staffing needs were 
met through reallocations/transfers (85%), staff recruitment from parental leave or retirement (49%), increased hours 
worked by internal staff (49%), new staff hiring (44%) and increased use of temporary staff (32%). Staff reallocations/
transfers to critical care within a hospital were rated as the most effective measure. In this context, specialized 
personnel mostly from anesthesiology departments were appointed to intensive care medicine.

Conclusions Despite multiple recruitment efforts, the pandemic has exacerbated the nursing staff shortage. The 
reallocation of existing staff within hospitals was a key element in covering the staffing needs. However, additional 
measures and efforts are required in order to ensure that critically ill patients can be cared for without compromise. 
The results of this study may have important implications for healthcare providers and policymakers, offering an 
evidence-based foundation for responding to future public health emergencies with agility, efficiency, and success.
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Background
The COVID-19 pandemic posed substantial challenges to 
the world and Germany in early 2020. Expanding inten-
sive care capacities and recruiting additional staff were 
two key issues for hospitals in coping with the crisis.

In Germany, the first case of a SARS-CoV-2 infection 
was reported at the end of January 2020 [1]. The first 
larger outbreaks then occurred as a result of local festivi-
ties (e.g., carnival) in mid-February, resulting in increased 
numbers of cases in individual counties (e.g., Heinsberg) 
and initiating the onset of the first COVID-19 wave (cal-
endar week 10/2020–20/2020) [2]. As a result of the 
infection incidence worldwide, the World Health Orga-
nization (WHO) declared the outbreak a pandemic on 
March 11, 2020.

In view of the expected increase in the number of 
infections, there was an urgent need to expand techni-
cal and personnel intensive care capacities as quickly as 
possible. The present study seeks to determine the strate-
gies that were used in German hospitals and to rate their 
effectiveness.

Due to the dynamics of the infectious event and the 
novel disease that hospitals were confronted with, the 
first wave is to be considered as particularly critical and 
required hospitals to quickly and constantly adjust their 
resources. The pandemic had a severe impact on staff 
capacities in all German hospitals and necessitated the 
mobilization of additional medical and nursing staff on a 
short-term (and temporary) basis to ensure/maintain the 
care of critically ill patients. This was particularly chal-
lenging due to the shortage of nursing staff that existed 
even before the pandemic. Approximately 28,000 spe-
cialists (2019) in geriatric, health and nursing care were 
lacking [3]. In intensive care, 53% of hospitals reported 
to have staffing problems (as of fall 2016), with an aver-
age of 4.7 full-time positions not being filled [4]. A total 
of 3,150 full-time positions in intensive care remained 
vacant nationwide with an increasing tendency. Hospi-
tals with staffing problems in the medical service of their 
intensive care units (ICUs) (29%) had a mean of 1.7 full-
time positions vacant. Understaffing of nursing staff in 
ICUs can have serious consequences for patient care and 
is associated with an increased risk of mortality, hospi-
tal-related infections and pressure wounds [5, 6]. Due to 
lack of child care, staff’s own illness, or quarantine, the 
pandemic led to additional staff absences. Consequently, 
alternative concepts for staff recruitment (and training) 
needed to be developed.

In the context of extending intensive care capacities, 
the Federal Ministry of Health addressed hospitals in an 

open letter on March 13, 2020, asking them to recruit 
additional staff. It also appealed to postpone scheduled 
surgeries and interventions to build up additional provi-
sional bed and treatment capacities [7]. At the same time, 
hospitals were assured of financial compensation for 
the resulting additional economic burden. In addition, a 
bonus was introduced for each additional intensive care 
bed provisionally placed or kept available. The relevant 
legal framework for this was laid down in the COVID-
19 Hospital Relief Act (COVID-19-Krankenhausentlas-
tungsgesetz), which came into force on March 27, 2020. 
Even before the pandemic, Germany had a very high den-
sity by international standards, with 33.9 intensive care 
beds per 100,000 inhabitants [8]. Capacities were signifi-
cantly lower, for example, in Spain and Italy, which were 
severely affected at the beginning of the pandemic, with 
9.7 and 8.6 per 100,000 inhabitants, respectively. In addi-
tion to measures to cushion the economic consequences, 
regulations were also enacted that allowed hospitals a 
greater scope of action in workforce planning, such as the 
suspension of the Nursing Staff Lower Limit Ordinance 
(Pflegepersonaluntergrenzen-Verordnung, PpUGV) [9] 
and the relaxation of the Working Hours Act for certain 
sectors with the introduction of the COVID-19 Work-
ing Hours Ordinance (COVID-19 Arbeitszeitverordnung, 
COVID-19-ArbZV) [10].

As a result of the acute information demand on the 
hospitals’ management of COVID-19, the WHO Regional 
Office for Europe and the German Society of Hospi-
tal Disaster Response Planning and Crisis Management 
(Deutsche Arbeitsgemeinschaft Krankenhaus Einsatzpla-
nung, DAKEP), among others, published comprehensive 
recommendations to support hospitals in the preparation 
and adjustment of emergency plans [11, 12]. Two recent 
cross-country comparisons of European countries, for 
example, show that all states used a variety of measures 
to create sufficient physical infrastructure and to increase 
workforce surge capacity at the beginning of the pan-
demic [13, 14]. All countries designated COVID-19 units 
and expanded hospital and surge capacities by setting-
up additional acute and ICU beds within existing facili-
ties [13]. In addition, Germany established a nationwide 
intensive care bed registry [15] and carried out inter-hos-
pital transport of COVID-19 patients, including patient 
uptakes from abroad [13, 16]. With respect to the recruit-
ment of additional staff, common strategies of countries 
were to augment the capacity of available health work-
ers and the recruitment of medical and nursing students 
[14]. For Germany, redeployment of personnel who have 
already retired, initiatives for trained foreign personnel 
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and calls for volunteers were also described. The cross-
country comparisons mentioned here report individual 
measures with reference to country examples but do not 
provide an overall view of the countries in detail. Site-
specific studies for Germany are rare thus far. The only 
published study in this context by Köppen et al. [17] ana-
lyzed pandemic preparedness planning and action at the 
federal and state level in Germany and found that mea-
sures to expand workforce capacity varied widely among 
the states. The analyses were based on data from websites 
of the German Federal and State Ministries for Health 
and of public health facilities. As with the cross-country 
comparisons, there is a lack of an overall overview here 
as well. In addition, we are not aware of any study that 
provides information on the extent to which measures 
described were actually applied and how their effective-
ness was assessed.

In this study, we therefore systematically evaluated 
local concepts for expansion for intensive care bed capac-
ity and staff recruitment during the first wave of the 
COVID-19 pandemic in Germany based on individual 
first-hand responses from hospitals themselves. The aims 
of our study were (1) to gain an overview of staffing in 
intensive care as well as the instruments/measures that 
were used to meet the increased staffing requirement 
during the first wave of the pandemic and (2) to assess 
how effective these strategies were perceived in practice, 
in order (3) to derive recommendations for future pan-
demics or crisis.

Methods
The survey on recruitment was part of the nationwide 
survey study “ICU-Response”, which used a cross-sec-
tional design and aimed to systematically assess local 
approaches to staff recruitment, training and safety man-
agement in the context of the first wave of the COVID-19 
pandemic. This publication concentrates on the analy-
sis of recruitment strategies; the results on training and 
safety management are reported elsewhere (e.g., [18]). 
ICU-Response was conducted as part of the national col-
laborative project egePan Unimed “Development, Test-
ing and Implementation of regionally adaptive health 
care structures and processes for pandemic management 
guided by evidence and led by university clinics” in the 
University Medicine Network (Netzwerk Universitäts-
medizin, NUM).

The study was approved by the Ethics Committee (EK 
459/20) of the University Hospital RWTH Aachen.

Sampling
The national intensive care register of the German 
Interdisciplinary Association for Intensive Care and 
Emergency Medicine (Deutsche Interdisziplinäre Ver-
einigung für Intensiv- und Notfallmedizin, DIVI; www.

intensivregister.de) was used to identify all hospitals 
with intensive care capacities in Germany (> 1,200). Of 
those, a representative sample of 152 hospitals in total 
was formed. At first, an equal number of hospitals was 
selected from three regions (50 North, 48 Central, 54 
South), each representing about one third of the nation’s 
population. While the North included the federal states 
of Lower Saxony, Schleswig-Holstein, Mecklenburg-
Western Pomerania, Berlin, Hamburg, Bremen, Bran-
denburg, Saxony and Saxony-Anhalt, the central region 
comprised Thuringia, Hesse and North-Rhine Westpha-
lia. The federal states of Bavaria, Baden-Wuerttemberg, 
Rhineland-Palatinate and Saarland belonged to the 
southern region.

Then, the hospitals’ level of care and COVID-19 bur-
den were taken into consideration: Hospitals in Germany 
are assigned to different levels of care according to their 
specialization and the services they offer [19]. Depending 
on the federal state, three or four levels are distinguished. 
We attempted to map the proportions of hospital types 
and included 41 university hospitals or tertiary care hos-
pitals, 40 secondary care hospitals, and 71 primary or 
basic care hospitals/hospitals with narrow specialization. 
To identify different levels of COVID-19 patient load, 
registry data from the Robert Koch Institute (RKI) for 
the period from January 1 to June 30, 2020, which were 
made available upon request, were used. Based on these, 
hospitals were grouped into hospitals with low (0–19), 
medium (20–59), or high (≥ 60) COVID-19 ICU patient 
burden. As hospitals with a high volume of COVID-19 
patients (N = 52) were of particular interest, all of them 
were included in the survey without exception. The sam-
ple was supplemented by 49 hospitals with medium and 
51 hospitals with low COVID-19 patient volumes.

Online survey
The hospitals selected were invited to participate in the 
ICU-Response Survey via email with a personal letter in 
late March/early April 2021. They were asked to provide 
the name of a central contact person from their hospital’s 
critical care department for further correspondence. The 
central contacts were then contacted by email, provided 
with the questionnaire on recruitment for preview and 
asked to complete it online via SoSci Survey [20, 21]. Hos-
pitals that had not responded after the initial invitation 
were reminded by email and/or contacted via telephone. 
Data collection was conducted between March 24 and 
June 20, 2021.

Outcome parameters / study variables
The questionnaire was developed purely empirically by 
the authors based on their COVID-19/clinical experi-
ence, their experience in human resource management 
and in dialogue with further project collaborators. It was 
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provided in German language and comprised a total of 
24 questions on the intensive care bed situation (5 items), 
critical care staffing situation (6 items), recruitment strat-
egies (6 items) and reallocation/shifting of personnel, 

that were closed-ended or semi-closed. The types of 
closed-ended questions used included trichotomous, 
single-choice and multiple-choice questions, as well as 
a Likert scaled question assessing recruitment methods. 
The structure of the questionnaire and outcome param-
eters are presented in Table 1; for the complete question-
naire (German original version and English translated 
version), please see Additional file 1.

Data analysis
Data analysis was performed using MS Excel 2019; fig-
ures were prepared with GraphPad Prism 5 (GraphPad 
Software, San Diego, CA, USA). Due to the exploratory 
nature of our study and research questions, we mainly 
performed descriptive data analysis. For hospitals that 
had called up the questionnaire several times, only the 
completed data set was included in the analysis. Data 
sets that had not been completed by the central con-
tact persons were excluded. Questions that had been 
answered by less than 50% of participating clinics were 
also excluded from the analysis.

For reasons of comparison, the ratio of the number of 
full-time positions and the number of intensive care beds 
was calculated for each occupational group and hospital. 
To present the situation regarding personnel before the 
pandemic, the staffing data were related to the number 
of ICU beds set up (as of January 1, 2020); for the addi-
tional staffing requirements during the pandemic, the 
total number of currently operable ICU beds (low-care 
and high-care; as of April 24, 2020) served as reference 
value. The key data on the number of intensive care beds 
were derived from the DIVI Intensive Care Bed Registry 
and were made available by the RKI.

Data on full-time positions, number of employees and 
duration of deployment are given as medians, since this 
parameter better reflects the majority of hospitals in our 
data set compared to the mean.

Results
Of a total of 152 hospitals requested, 41 participated in 
the survey (response rate 27.0%). One main question and 
8 sub-questions (“if yes” questions) could not be evalu-
ated since the response rates or number of data sets were 
too low.

An overview of the participating hospitals in terms of 
geographic location, level of care and Covid-19 patient 
volume is shown in Table 2.

Intensive care bed capacity
Even before the pandemic (January and February 2020), 
bed closures due to staff shortages in intensive care 
occurred in 80.5% of the hospitals surveyed (see Fig. 1a). 
On median, four beds per day had to be closed.

Table 1 Outcome parameters assessed in the web-based 
questionnaire
Intensive 
care bed 
capacity

Items covered occurrence of bed closures due to staff 
shortages before the pandemic (Jan./Feb. 2020), activa-
tion of intensive care beds in existing ICUs considered 
as non-operational as of February 2020, preparation of 
new ICUs by upgrading recovery rooms and operating 
rooms as well as outside the hospital.
Hospitals who answered the questions on prepar-
ing new ICUs with “Yes” were asked to provide more 
detailed information for each on number of beds 
prepared, maximum number of beds occupied and 
duration (in days) of bed occupancy.

Personnel 
situation in 
intensive care 
medicine

Hospitals were asked to provide information for differ-
ent health care professional groups on the following 
items: total number of full-time positions (FTP) allocated 
to critical care in your hospital BEFORE the pandemic, 
number of vacancies in critical care medicine in your 
hospital BEFORE the pandemic, number of positions 
regularly filled with temporary workers in your hospital 
BEFORE the pandemic, additional staffing requirements 
(in FTP) that had arisen in your hospital in critical care 
medicine in the context of the pandemic, number of 
additional positions that were actually filled at your 
hospital during the pandemic.
Furthermore, they were asked to indicate whether 
changes of the nurse-to-patient ratio (patients per 
nurse) or the nursing-skill-mix (ratio of specialists to 
assistants) of the staff in intensive care medicine had 
occurred in their hospital. Hospitals who answered with 
“Yes” were asked to specify this in more detail on the 
basis of type and scope as well as duration.

Staff recruit-
ment and 
evaluation of 
recruitment 
measures

Instruments to cover the staffing needs during the 
pandemic, types of reallocation/shifting of person-
nel, strategies and instruments used in the context 
of recruiting new employees were assessed by using 
multiple-choice questions.
Hospitals were asked to evaluate the effectiveness of 
recruitment measures in the context of the pandemic 
in a matrix format, in which several strategies were 
listed. Ratings were carried out on a 5-point-Likert scale, 
ranging from 1 (not effective at all) to 5 (very effective). 
Additionally, the answer categories “Type of recruitment 
did not take place” and “No information possible” were 
offered for selection for each item.
Hospitals were also asked to report on the use of special 
incentives and whether it has been possible to attract 
new employees on a permanent basis as a result of the 
recruiting measures (by indicating the numbers for dif-
ferent health care professional groups).

Reallocation/
shifting of 
personnel

In this section, the hospitals were asked to indicate 
which medical and nursing staff were shifted to inten-
sive care. If the questions about staff from specific de-
partments or with specific qualifications were answered 
with “Yes”, more detailed information was requested in 
each case about the maximum number of full-time po-
sitions and staff as well as the length of the assignment.
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The additional need for intensive care beds in the 
course of the pandemic was mainly met by activating 
intensive care beds previously (February 2020) consid-
ered as non-operational in existing ICUs (80.5% of the 
participating hospitals) and by upgrading recovery rooms 
(73.2% of the participating hospitals). A median of 8 
intensive care beds were prepared in recovery rooms, but 
they were not occupied. Other measures, such as upgrad-
ing operating rooms (17.1%) and preparing external ICUs 
(7.3%), were taken by a comparatively lower proportion 
of the participating hospitals (see Fig. 1b-c). Due to their 
low occurrence, there are only a few data sets on the 
number of prepared ICU beds, occupancy rate and dura-
tion of occupancy, which do not allow any valid state-
ments to be made.

Personnel situation in intensive care medicine before and 
during the pandemic
A median of 42 full-time positions for healthcare and 
nursing staff, 12 full-time positions for physicians, 1 full-
time position for physiotherapists (PT)/respiratory thera-
pists (RT) and 1.5 full-time positions for ward assistants 
were provided for intensive care per hospital before the 
pandemic (absolute numbers). After standardization, at 
median 1.68 full-time positions per ICU bed set up were 
planned for the occupational group of healthcare and 
nursing staff. Of these, 0.16 positions could not be filled 
(vacancy rate 9.5%). In the occupational group of physi-
cians, a median of 0.4 full-time positions per ICU bed set 
up were included in the staffing plan, all of which could 
be filled (vacancy rate 0%). In the occupational groups of 
PT/RT and ward assistants, 0.05 full-time positions per 
ICU bed set up were planned, which were also filled at 
median (vacancy rate 0%) (see Fig. 2a).

Table 2 Basic characteristics of participating hospitals
%; n/N

Hospital location (region)
 North 44%; 18/41
 Middle 10%; 4/41
 South 46%; 19/41
Level of care1

 Primary care hospitals2 / hospitals with narrow 
specialization5

44%; 18/41

 Secondary care hospitals3 17%; 7/41
 University and tertiary care hospitals4 39%; 16/41
Level of Covid-19 patient load (number of Covid-19 
ICU patients)
 Low (0–19) 39%; 16/41
 Middle (20–59) 34%; 14/41
 High (≥ 60) 27%; 11/41
Professional affiliation central contact person
 Physicians 95%; 39/41
 Healthcare and nursing staff 2%; 1/41
 Others 2%; 1/41
1 In Germany, general hospitals can be assigned to different levels of care 
according to their specialization and the services they offer. With variations 
between the federal states, the hospital laws regulate three or four levels of 
care [22, 23]:
2 The term summarizes basic and regular care hospitals. Hospitals for basic 
care ensure care in the fields of internal medicine and general surgery 
(corresponding in Germany to Grundversorgung). Hospitals providing standard/
regular care must also operate other specialized departments, mostly for 
gynecology and obstetrics as well as otolaryngology, ophthalmology or 
orthopedics (Regelversorgung)
3 Secondary care hospitals cover an even broader spectrum, including specialist 
departments for pediatrics and neurology (Schwerpunktversorgung)
4 Tertiary care hospitals, such as university hospitals, have all specialties 
available and offer services for the treatment of rare or severe diseases as well 
(Maximalversorgung)
5 Hospitals with narrow specialization are specialized in certain fields of 
medicine (Fachkliniken), e.g. children’s hospitals and pulmonary clinics. They are 
not assigned to any level of care

Fig. 1 Measures to expand intensive care capacities during the first wave of the COVID-19 pandemic. (a) Hospitals were asked whether bed closures due 
to critical care staffing shortages occurred prior to the pandemic in their hospital (in January and February 2020). Answers are given in percentage terms. 
n = 41, N.s./n.a. Not specified/not answered. The median number of beds blocked per day was 4 (data not shown in the graph). (b) Hospitals were asked 
if intensive care beds had been activated in their hospital during the pandemic which were still considered inoperable as of February 2020. Answers are 
given in percentage terms. n = 41, N.s./n.a. Not specified/not answered. (c) Hospitals were asked whether they were preparing to run new ICUs in recovery 
rooms (RR), operating rooms (OR) and outside the hospital (e.g., in mess halls). Answers are shown as percentages for each area. n = 40–41, N.s./N.a. Not 
specified/not answered
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When asked for temporary staff, approximately one 
third of the hospitals that provided information on this 
(9/29; 31.0%) had employed temporary staff primarily in 
the nursing service of their ICUs (median 9.3 full-time 
positions). Temporary staff was employed to a much 
lesser extent in the PT/RT group (median 3.0 full-time 
positions) and in the medical service (median 1 full-time 
position) (data not shown).

The increased demand for intensive care beds due to 
the pandemic also led to an increase in the demand for 
nursing and medical staff. In the occupational group of 
healthcare and nursing staff, a median demand of 0.26 
additional full-time positions per operable ICU bed (as 
of April 24, 2020) had developed. Regarding the occu-
pational group of physicians, a median demand of addi-
tional 0.10 full-time positions per operable ICU bed was 
found. While the majority of the additional positions 
required in the medical service (0.07 full-time posi-
tions per operable ICU bed) could be filled by reallocat-
ing/shifting staff and by recruiting/employing new staff, 
only 42% of the nursing staff (0.11 full-time positions per 
operable ICU bed) could be done so (see Fig. 2b). Addi-
tional demand for the staff groups of PT/RT and ward 
assistants could not be identified (data not shown).

In addition to increasing the number of personnel, 
changes of the staffing ratios were also used. Slightly 
more than half of the hospitals (56.1%) reported a change 
in the nurse-to-patient ratio or nursing-skill-mix (see 
Fig. 2c). Since further data on this are partly incomplete, 
no more precise statements can be made with regard to 
how and to what extent the ratio(s) had changed.

Staff recruitment
When asked what measures were used to meet staffing 
needs during the pandemic, reallocation/shifting of staff 
was cited most often (85.4%), followed by requesting for-
mer staff retired or currently on parental leave (48.8%), 
increasing the working hours of internal staff (48.8%) and 
new recruits (incl. temporary contracts; 43.9%). Tempo-
rary staffing increased in 31.7% of the participating hos-
pitals (see Fig. 3a).

The reallocation/transfer of staff played a central role 
in covering the personnel requirements. Shifts of staff 
between different disciplines within a hospital occurred 
in 80.5% of participating hospitals. Moreover, 39% indi-
cated that they had transferred staff between different 
ICUs within their hospital. The transfer of staff between 
different facilities within a group and between different 
facilities in a region took place only in a small proportion 
of hospitals (7.3%) and in none of them, respectively (see 
Fig. 3b).

Furthermore, hospitals were asked which strategies and 
instruments they used as part of the recruitment of new 
staff. In addition to calls on clinic homepages (36.6%) and 
in other media, e.g. social media (41.5%), 36.6% of the 
hospitals reported that they had established an internal 
office to manage pandemic-related staff recruitment. The 
involvement of an external personnel recruiter took place 
in only 7% of participating hospitals (see Fig. 3c).

Special incentives for staff recruitment were used by 
17.1% of the hospitals (data not shown). Those came in 
form of cash benefits and/or additional leave.

Fig. 2 Staffing situation in critical care before and during the first wave of the COVID-19 pandemic. (a) Number of designated and vacant positions (full-
time) for critical care medicine before the pandemic. Hospitals were asked to provide corresponding information on the specified professional groups 
in their hospital. The number of positions was related to the number of ICU beds set up (as of January 1, 2020); the medians of the hospitals are shown 
(n = 24–29). PT/RT Physiotherapists/respiratory therapists. (b) Additional staff requirements (full-time) in intensive care medicine during the pandemic 
and actual filling of the additional positions (through reallocation/shifting and through recruitment/new hires). The hospitals were asked to provide 
corresponding information on the specified occupational groups in their hospital. The number of positions was related to the total number of currently 
operable intensive care beds (as of April 24, 2020); the medians of the hospitals are shown (n = 26–29). No additional demand was identified for the staff 
groups of physiotherapists/respiratory therapists, ward assistants and others (data not shown). (c) The hospitals were asked whether the nurse-to-patient 
ratio or nursing-skill-mix of the staff in intensive care medicine had changed at their hospital. Answers are given in percentage terms. n = 39, N.s./n.a. Not 
specified/not answered
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Reallocation/shift of personnel
In 82.9% of hospitals, physicians from anesthesiology 
departments, who are normally assigned to the operat-
ing room, were appointed to the ICU (Fig. 4a). A median 

of five full-time positions or five anesthesiologists were 
deployed over a period of about 8 weeks. In about one 
in two hospitals (48.9%), also physicians from other dis-
ciplines, in which intensive care medicine is part of the 
specialist training, were transferred to the ICU. In this 
case, the number of data sets was too small to make a 
valid statement regarding the number and corresponding 
duration of deployment of the respective staff members.

The reallocation of doctors without intensive care 
training was negated by 80.5% of participating hospitals 
(see Fig. 4a).

Among nursing staff, particularly anesthesia nurses or 
anesthesia technicians were deployed in the ICU (85% 
of participating hospitals) (see Fig. 4b). A median of five 
full-time positions or six staff members at maximum 
were assigned over a period of 6 weeks.

In about every second hospital, surgical nurses or 
surgical technicians (53.7%) as well as nursing staff 
from normal wards or intervention units (51.2%) were 
assigned to intensive care medicine (see. Fig.  4b). Here 
again, the data sets were too small to make a valid state-
ment regarding the number and corresponding duration 
of deployment of the respective staff members. The real-
location of other personnel was negated by 73.2% of par-
ticipating hospitals (see Fig. 4b).

Evaluation of recruitment measures
Reallocations/transfers between different disciplines 
within a hospital and between different ICUs emerged 
as the most effective measures in the pandemic (Fig. 5). 
On a scale from 1 to 5, with 1 being not effective at all 
and 5 being very effective, both instruments were rated 
4 or 5 by 53.7% (shifting between different disciplines) 
and 39% (shifting between different ICUs) of the partici-
pating hospitals, whereby transfer of personnel between 
different disciplines took place in nearly every hospi-
tal. Expanding the use of temporary staff and increas-
ing the hours of internal staff were each rated at 4 or 5 
by approximately one third of the clinics, followed by 
inquiring of former staff retired or currently on paren-
tal leave (29.3%), recruiting/new staff (26.8%), and using 
an internal position to manage pandemic-related staff 
recruitment (22.0%). Conventional strategies such as 
appeals on homepages or through other media (including 
social media) were rated 1 or 2 by 29.3% of participating 
hospitals. In comparison, only 12.2% of the clinics rated 
these as 4 or 5.

Other measures such as reallocation between differ-
ent facilities of a group or between different facilities of a 
region as well as the engagement of a professional exter-
nal personnel recruiting were not used by the majority of 
the participating hospitals, the significance with regard to 
their efficiency is therefore very limited.

Fig. 3 Recruitment efforts in the first wave of the COVID-19 pandemic. (a) 
Instruments and strategies used to meet staffing needs that were indicat-
ed by participating hospitals. Answers are given in percentage terms; mul-
tiple answers were possible. n = 38, N.s./n.a. Not specified/not answered. 
(b) Types of reallocation/shifts of medical personnel in the participating 
hospitals. Answers are given in percentage terms; multiple answers were 
possible. n = 35, N.s./n.a. Not specified/not answered, ICUs intensive care 
units. (c) Strategies and instruments used in the context of recruiting new 
employees that were reported by participating hospitals. Answers are 
given in percentage terms; multiple answers were possible. n = 39, N.s./n.a. 
Not specified/not answered
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Discussion
In this study, we assessed the staffing situation as well as 
local concepts for staff recruitment and their effective-
ness throughout German ICUs during the first wave of 
the COVID-19 pandemic. The results from this nation-
wide analysis showed that the activation of ICU beds, 
which were previously considered non-operational (due 
to staff shortages), and the preparation of recovery rooms 
played a central role in expanding pandemic-related ICU 
bed capacity. In preparation of the expected rise in infec-
tions at the beginning of the pandemic, the federal and 
state governments had decided to double the number of 
intensive care beds by building up temporary intensive 
care capacity [24]. The preparation of recovery rooms 
to increase intensive care capacities is also listed among 
the recommendations on “Hospital Operational Planning 
and Crisis Management”, which was released by the Fed-
eral Office of Civil Protection and Disaster Assistance [11, 
25]. Also, by international standards, upgrading recovery 
rooms appears to be a key element in rapidly increasing 
intensive care capacity in times of crisis [26–29].

According to our data, the construction of external 
ICUs and the preparation of operating rooms was, in 
comparison, of minor importance. Only 3 out of the 41 
hospitals surveyed confirmed the operation/construc-
tion of external ICUs. These hospitals represent uni-
versity or tertiary care hospitals that were classified as 
hospitals with middle (1) and high COVID-load (2) and/

or hospitals that were located in highly affected regions 
during the first wave of the pandemic. Only one (high 
COVID-load) of these three hospitals actually used their 
external ICU for COVID patients.

From a global perspective, the conversion of facilities 
to external ICUs depends on regional infrastructure and 
politics. While for Israel, for example, the use of external 
ICUs was reported through repurposing existing infra-
structure, such as an underground parking lot that was 
otherwise used as an emergency shelter hospital in times 
of war [30], this would not have been conceivable in Ger-
many. Here, for example, exhibition halls and sports halls 
were rebuilt in COVID-19 centers [31]. The preparation 
of operating rooms was a key element in enhancing ICU 
capacity in other countries as well. Lefrant et al. reported 
that 32% of new ICU beds were created by upgrad-
ing operating rooms in France [29]. Likewise, in Italy, 
Carenzo et al. [28] described that ICU capacity had been 
increased substantially by converting operating rooms.

The extension of intensive care capacity is accompa-
nied by an increasing need for medical and nursing staff. 
The results of the present study show that in particular, 
the shortage of nursing staff, which was already present 
before the pandemic, exacerbated during the pandemic, 
despite various recruitment efforts. A similar picture 
emerges in other countries, e.g. Australia [32]. Despite the 
activation of ICU beds, the quality of intensive care treat-
ment in many places does not meet the pre-pandemic 

Fig. 4 Reallocation of personnel to intensive care units during the first wave of the COVID-19 pandemic. (a) Reallocation of physicians according to their 
professional qualification. Hospitals were asked whether physicians of anesthesiology departments, physicians of other departments where intensive 
care medicine is part of the specialist training and physicians of other departments in which intensive care medicine is not part of the specialist training 
were deployed to ICUs in their hospital. Answers are given in percentage terms for each group. n = 39, N.s./n.a. Not specified/not answered. (b) Real-
location of nursing staff according to their professional qualification and of other employees. Analogously, the hospitals were asked whether anesthe-
sia nurses and anesthesia technicians (corresponding in Germany to Anästhesie-Fachpflegekräfte bzw. Anästhesie-Technische Assistenten (ATAs)), surgical 
nurses and surgical technicians (in Germany OP-Fachpflegekräfte bzw. Operationstechnische Assistenten (OTAs)) as well as nursing personnel from normal 
wards or intervention units (e.g., cardiac catheterization lab) were deployed to ICUs in their hospital. Answers are given in percentage terms for each 
group. n = 39, N.s./n.a. Not specified/not answered
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standards. Impairments in the quality of care are due to 
staff shortages, high workloads, inadequate provision of 
protective equipment for staff, shortage of medication 
and ventilation equipment, as well as knowledge defi-
cits due to the novelty of the disease and lack of experi-
ence/routines [33, 34]. Nursing staff reported improvised 
conditions, situations that put patients at risk and the 
fear of making mistakes [34]. The enormous workload, 
the new and challenging working conditions and the 
fear of infecting oneself and loved ones such as fam-
ily and friends have also led to an increased susceptibil-
ity of healthcare professionals to psychological stress, 
which has resulted in higher prevalence rates for anxiety, 
depression, burn-out, acute stress disorder and post-
traumatic stress disorder [35]. According to a study by 
Lai et al. [36], nursing staff, women and front-line work-
ers have a higher risk of developing psychological stress, 
presumably due to more intensive patient contact, a 
higher risk of infection and fewer opportunities for code-
termination. Women are also disproportionately repre-
sented in the nursing profession. The enhanced wearing 
of protective equipment is of particular importance, as 
it is also experienced as physically very stressful [34] and 
described in connection with communication difficulties, 

a negative impact on personal performance and on physi-
cal health (e.g., exhaustion, headache, breathlessness) 
[37]. In the subsequent COVID waves, persistent psycho-
logical stress was identified [35, 38]. In addition to efforts 
to recruit additional staff, efforts to relieve the burden on 
nursing staff should therefore include offers of peer psy-
chosocial support, the implementation of team concepts 
to strengthen cohesion, resilience and appreciation, as 
well as other measures.

To cover the increased personnel requirements in the 
short-term, various measures and strategies were taken 
by German hospitals. The reallocation/shifting of per-
sonnel, primarily between different disciplines within 
hospitals, played a central role and was used in almost 
all of the participating hospitals in our survey. Further 
measures that were implemented, albeit less frequently, 
included inquiring of former employees who had already 
retired or were currently on parental leave, extending 
the working hours of internal forces, recruiting new staff 
(incl. short-term contracts) and expanding the share of 
temporary employment. For the implementation of some 
measures, a change or suspension of the existing legisla-
tion was necessary. The change in the nurse-to-patient 
ratio or the nursing-skill-mix, for example, was enabled 

Fig. 5 Assessing the effectiveness of recruitment interventions and strategies. Hospitals were asked to rate the effectiveness of various recruitment 
measures and strategies during the first wave of the pandemic using a scale of 1 (not very effective at all) to 5 (very effective). Data sets from 39 of the 41 
participating hospitals were included in the analysis. Only those participating hospitals that provided a rating (from 1 to 5) were considered in determin-
ing the median

 



Page 10 of 13Stroth et al. BMC Health Services Research          (2024) 24:407 

by a temporary suspension of the PpUGV [9] and took 
place in every second of the participating hospitals. 
The aim was to enable hospitals to adjust their work-
flows at very short notice and to briefly relieve them of 
the requirements for nursing staff deployment in care-
sensitive areas. Effective August 1, 2020, the regulations 
for critical care and geriatrics were reinstated to avoid 
understaffing in nursing and jeopardizing the particularly 
vulnerable patients to be treated in these two areas. The 
nurse-to-patient ratio defines the maximum number of 
patients per nurse, while the nursing-skill-mix represents 
the ratio of nursing and auxiliary staff. Until January 31, 
2021, the PpUGV provided a maximum of 2.5 patients 
per nurse during day shifts or 3.5 patients per nurse dur-
ing night shifts in intensive care [9].

The measures reported here are in line with previous 
reports using information from websites of Federal and 
State Ministries of Health and public health facilities or 
data from the COVID-19 Health System and Response 
Monitor platform [13, 14, 17]. These studies also list fur-
ther strategies for Germany, such as the recruitment of 
trained foreign personnel and support by medical per-
sonnel from the military, which, however, have not been 
explicitly asked for in our study. Countries in the Euro-
pean region and Canada adopted at least two or more 
measures in combination [14].

With regard to the reallocation of staff, personnel 
from anesthesiology departments (physicians and nurs-
ing staff) have been primarily deployed in ICUs. This is 
mainly due to the fact that intensive care is a prominent 
part of training for both anesthesiologists as well as anes-
thesia nurses and that at the same time elective surger-
ies and interventions had been cancelled at a very early 
stage of the pandemic in Germany (with a low number 
of COVID patients), leading to a freeing of personnel 
resources. Additionally, medical staff trained in inten-
sive care medicine from other specialties as well as surgi-
cal nurses/surgical technicians and nurses from general 
wards and intervention units were temporarily shifted to 
ICUs in one out of two participating hospitals. Realloca-
tion, however, is not entirely unproblematic, as patients 
and tasks in ICUs require specific expertise, incl. han-
dling of a variety of medical equipment, and experiences. 
Takeover of tasks by non-specialist nurses and physicians 
should therefore only be applied with appropriate train-
ing in intensive care. In Germany, working on an ICU 
formally requires a completed 3-year vocational train-
ing as a general nurse [39] or, equivalently, a Bachelor’s 
degree in nursing/nursing science. This can be supple-
mented by a 2-year specialist further training in “Inten-
sive Care” or “Intensive and Anesthesia Care”. According 
to legal regulations [40, 41] and recommendations by the 
DIVI [42], a certain minimum proportion of nurses with 

additional specialist further training must be available in 
the nursing team in ICUs on each shift.

While previous studies on expanding and securing 
staff capacity mainly concentrated on qualitative analy-
ses of the measures used, our study also evaluated their 
efficiency in practice based on individual ratings of par-
ticipating hospitals. The findings on this reflect subjective 
perceptions which are presumably geared more towards 
the professional group of physicians as 95% of the central 
contacts were doctors in management positions in the 
field of intensive care medicine (see Table 2). Our results 
uncover that the reallocation of staff between different 
disciplines within a hospital and between different ICUs 
within a hospital were rated as the most effective recruit-
ing measures, whereby reallocation between different 
disciplines was used by the majority of participating hos-
pitals. Compared to this, reallocation of staff between 
different ICUs occurred somewhat less, probably indicat-
ing some specialization of ICUs in the care for COVID 
patients. However, when comparing those findings with 
the data in Fig. 2b providing a more objective assessment, 
it becomes apparent that the reallocation alone is not suf-
ficient to cover the additional demand for personnel. This 
is particularly visible in the nursing staff group.

Measures like “expansion of temporary employment”, 
“increase working hours of internal staff”, “inquiry with 
former employees who have retired or are currently on 
parental leave” and “new recruitments”, however, were 
perceived as less effective; reasons could be administra-
tive efforts which are linked to these but also limited 
availability of former and new personnel as well as lim-
ited capacities for increasing working hours. Initiatives 
such as appeals on websites and social media were rated 
least effective. Target persons may not have felt person-
ally addressed or have not used these communication 
tools.

Although the establishment of an internal posi-
tion to manage the pandemic-related staff recruitment 
was reported by over a third of the respondents, it was 
comparably rated as ineffective by the majority. Maybe 
operating and communication processes need to be opti-
mized to make this measure more efficient and provide 
stronger support in recruitment and training matters for 
hospitals in crisis situations. The New York City (NYC) 
Health and Hospitals organization, for example, which 
operates NYC’s public hospitals, has been very success-
ful in implementing this tool with others as part of rede-
signed recruitment, onboarding, and training processes, 
and has been able to acquire a large number of additional 
staffing members [43].

When evaluating the recruitment strategy in this study, 
it should be noted that it only considers the increase in 
personnel, but does not take into account the quality of 
intensive care. Future studies should include this point 
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(e.g., by recording quality indicators) and involve it in the 
overall assessment, as this is the only way to make state-
ments about the actual effectiveness.

Special incentives (monetary and non-monetary) 
did not play a role in recruiting staff for the majority of 
respondents. Only a small proportion of respondents 
affirmed the use. How much additional staff could be 
recruited through this or whether the hospitals that 
used this measure were able to generate more staff is not 
answered by this study.

Limitations
The response rate to the survey is only 27%, despite 
sending reminders to the central contact persons. This 
fact limits the representativeness of the results. In addi-
tion, the online questionnaire was sometimes answered 
incompletely. As a consequence, some questions could 
not be evaluated due to only few available data sets. 
One reason for non-participation or non-response to 
individual questions might have been the challenge to 
report detailed numeric data with regard to the staffing 
situation and intensive care bed capacity, which might 
have required some internal inquiry. Additionally, the 
COVID-19-related tense situation in the hospitals at the 
time of the survey might have prevented participation in 
individual cases.

Furthermore, the low response rate did not allow us 
to run subgroup analyses and further differentiate the 
results between the level of care of the hospitals and the 
corresponding COVID burden. The selection of an initial 
larger sample and/or a modified implementation strategy 
might be useful tools for future online surveys.

Other limitations are the transferability of the results 
and the lack of testing validity and reliability on the ques-
tionnaire. The results should primarily be considered in 
the context of hospitals in Germany. Generalization or 
transferability to other healthcare systems is limited due 
to the existing differences between the healthcare sys-
tems, including different training concepts for medical 
and nursing staff. The choice of closed and semi-open 
item response options as well as precisely formulated and 
clearly defined questions for collecting information were 
intended to ensure valid and reliable data, although sta-
tistical tests on these quality criteria were not carried out 
in advance of the survey.

Nevertheless, compared to previous reports, the data 
of our study were collected directly from the hospitals 
themselves and thus provide not only a qualitative but 
also a quantitative insight into the strategies and mea-
sures used for workforce planning during the first wave 
of the COVID-19 pandemic in Germany. In addition, 
the study provides, to our knowledge, for the first time 
an evaluation of which of the measures were perceived 
effective in practice. Of equal interest would have been 

the recruitment processes/measures used in subsequent 
waves of the pandemic and resulting changes, which may 
be the subject of future studies.

Conclusions
The results of our study provide detailed insights into 
how hospitals in Germany managed the first Covid-19 
wave with regard to the bed and staffing situation. By 
activating intensive care beds that previously considered 
inoperable due to staff shortages and preparing recov-
ery rooms additional intensive care capacity has been 
made available. Furthermore, our findings reveal that the 
pandemic has exacerbated the existing shortage in nurs-
ing staff despite numerous recruitment efforts. This fact 
reflects a key issue that was and continues to be critical 
also in other settings.

Reallocation/shifting of staff within hospitals was a 
pivotal element in meeting staffing needs, although fur-
ther measures are required in addition. Number and type 
of those employed may depend on several factors (e.g., 
local, structural and/or financial). Our findings provide 
an important and valuable decision-making aid to sup-
port healthcare providers and policymakers in prepar-
ing for and responding to future crises involving acutely 
increasing patient numbers and the need for rapid expan-
sion of intensive care capacity.

Abbreviations
DIVI  Deutsche Interdisziplinäre Vereinigung für Intensiv- und Notfallmedizin, 

German Interdisciplinary Association for Intensive Care and 
Emergency Medicine

FTP  Full-Time Position
ICU(s)  Intensive Care Unit(s)
PpUGV  Pflegepersonaluntergrenzenverordnung, Nursing Staff Lower Limit 

Ordinance
PT  Physiotherapist
RKI  Robert Koch Institute
RT  Respiratory Therapist
WHO  World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-024-10848-w.

Supplementary Material 1

Acknowledgements
We are grateful to all participating hospitals, particularly the central contact 
persons who contributed to this study. We would also like to thank the RKI 
for providing the Intensive Care Registry data for sampling. Furthermore, we 
wish to thank Saša Sopka (Aachen University Hospital), Martin Klasen (Aachen 
University Hospital), Sophie Lambert (Aachen University Hospital) and Gunther 
Hempel (Leipzig University Hospital) for their input to this study.

Author contributions
CN, HB, BS, MSC, BB, LCS and FJ contributed to planning and realization of 
the study, including preparation of study material and communication with 
hospitals. Data evaluation and writing of the manuscript were conducted 
by LCS, FJ and MS. BB, HB, NE, BS and MSC critically reviewed the manuscript 
and made substantial contributions to it. CN scientifically supervised the 

https://doi.org/10.1186/s12913-024-10848-w
https://doi.org/10.1186/s12913-024-10848-w


Page 12 of 13Stroth et al. BMC Health Services Research          (2024) 24:407 

study, contributed to the interpretation of data and to the drafting of the 
manuscript. All the authors have read and approved the final manuscript.

Funding
The study was funded within the egePan Unimed project by the German 
Federal Ministry of Education and Research (BMBF) as part of the Netzwerk 
Universitätsmedizin (NUM) initiative (grant no. 01KX2021). Additional financial 
support was provided by the principal investigators’ institutions. The funders 
had no role in the design of the study, collection, analysis and interpretation of 
data or in writing the manuscript.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
The data sets generated and analyzed during the current study are not 
publicly available due to reasons of data protection but are available from the 
corresponding author, CN, on reasonable request. Acceptance is subject to 
approval from participating hospitals.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the Declaration of Helsinki 
and approved by the ethics committee of RWTH Aachen University (case 
no. 459/20). The clinics declared their participation in the study by naming a 
contact person from the field of intensive care medicine; by completing the 
voluntary questionnaire the clinics gave their informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Anaesthesiology and Intensive Care, University Medical 
Centre Schleswig-Holstein, Campus Lübeck, Ratzeburger Allee 160,  
23538 Lübeck, Germany
2Department of Anaesthesiology, Medical Faculty, University Hospital 
RWTH Aachen, Pauwelsstraße 30, 52074 Aachen, Germany
3AIXTRA-Competence Center for Training and Patient Safety, Medical 
Faculty, RWTH Aachen, Forckenbeckstraße 71, 52074 Aachen, Germany
4Institut für Notfallmedizin und Medizinmanagement (INM), Klinikum 
der Universität München, LMU München, Schillerstr. 53, 80336 Munich, 
Germany
5Institute for Medical Education, University Hospital, LMU Munich, 
Ziemssenstraße 5, 80336 Munich, Germany

Received: 23 August 2023 / Accepted: 11 March 2024

References
1. Gortana F, Klack M, Schröter A, Stahnke J, Stockrahm S, Tröger J. Sars-CoV-2: 

Wie das Coronavirus nach Deutschland kam. ZEIT ONLINE. 2020. https://
www.zeit.de/wissen/gesundheit/2020-03/coronavirus-ausbreitung-zeitver-
lauf-landkreise-staedte-karte?utm_referrer=https%3A%2F%2Fwww.google.
com%2F. Accessed 23 Aug 2022.

2. Schilling J, Tolksdorf K, Marquis A, Faber M, Pfoch T, Buda S, et al. Die verschie-
denen Phasen Der COVID-19-Pandemie in Deutschland: Eine Deskriptive 
Analyse Von Januar 2020 Bis Februar 2021. Bundesgesundheitsblatt Gesund-
heitsforschung Gesundheitsschutz. 2021;64:1093–106.

3. Statistik der Bundesagentur für Arbeit. Berichte: Blickpunkt Arbeitsmarkt– 
Arbeitsmarktsituation im Pflegebereich. Nürnberg; 2022.

4. Blum K. Personalsituation in der Intensivpflege und Intensivmedizin. 
Deutsches Krankenhausinstitut e.V. 2017. https://www.dki.de/forschungspro-
jekte/forschungsberichte. Accessed 16 Aug 2022.

5. Glette MK, Aase K, Wiig S. The relationship between understaffing of nurses 
and Patient Safety in Hospitals - A Literature Review with thematic analysis. 
Open J Nurs. 2017;07.

6. Simon M. Pflegenotstand auf Intensivstationen. Hans-Böckler-Stiftung, 
Düsseldorf. 2022. https://www.boeckler.de/de/faust-detail.htm?sync_
id=HBS-008331. Accessed 23 Feb 2023.

7. Bundesgesundheitsministerium. Chronik zum Coronavirus SARS-CoV-2| 
Maßnahmen– Bundesgesundheitsministerium. https://www.bundesgesund-
heitsministerium.de/coronavirus/chronik-coronavirus.html. Accessed 23 Aug 
2022.

8. OECD. Beyond Containment: Health systems responses to COVID-19 in the 
OECD. OECD Publishing, Paris. 2020. https://doi.org/10.1787/6ab740c0-en. 
Accessed 16 Aug 2022.

9. Bundesgesundheitsministerium, Pflege. Pflegepersonaluntergrenzen. https://
www.bundesgesundheitsministerium.de/themen/pflege/pflegepersonalun-
tergrenzen.html. Accessed 25 Aug 2022.

10. Deutscher Gewerkschaftsbund. Corona-Arbeitszeitverordnung - was bedeu-
tet sie konkret? 2020. https://www.dgb.de/themen/++co++93e8c514-7a89-
11ea-a50b-52540088cada. Accessed 5 Apr 2023.

11. Wurmb T, Scholtes K, Kolibay F, Schorscher N, Ertl G, Ernestus RI et al. Hospital 
preparedness for mass critical care during SARS-CoV-2 pandemic. Crit Care. 
2020;24.

12. Strengthening the health system response to COVID-19. Maintaining the 
delivery of essential health care services while mobilizing the health work-
force for the COVID-19 response. Technical working guidance #1. Copenha-
gen: WHO Regional Office for Europe; 2020.

13. Winkelmann J, Webb E, Williams GA, Hernández-Quevedo C, Maier CB, Panteli 
D. European countries’ responses in ensuring sufficient physical infrastructure 
and workforce capacity during the first COVID-19 wave. Health Policy (New 
York). 2022;126.

14. Williams GA, Maier CB, Scarpetti G, de Belvis AG, Fattore G, Morsella A, et al. 
What strategies are countries using to expand health workforce surge capac-
ity during the COVID-19 pandemic? Eurohealth (Lond). 2020;26:51–7.

15. DIVI-Intensivregister. Robert Koch-Institut und DIVI e.V. 2020. https://www.
intensivregister.de/#/index. Accessed 22 Aug 2022.

16. UKSH nimmt COVID-19-Patienten aus Frankreich auf. 2020. https://www.uksh.
de/Das+UKSH/Presse/Presseinformationen/2020/UKSH+nimmt+COVID_19_
Patienten+aus+Frankreich+auf-p-183887.html. Accessed 23 Mar 2023.

17. Köppen J, Hartl K, Maier CB. Health workforce response to Covid-19: what 
pandemic preparedness planning and action at the federal and state levels in 
Germany? Int J Health Plann Manage. 2021;36:71–91.

18. Schmidt M, Lambert S, Klasen M, Sandmeyer B, Lazarovici M, Jahns F, et al. 
Safety management in times of crisis: lessons learned from a nationwide 
status-analysis on German intensive care units during the COVID-19 pan-
demic. Front Med (Lausanne). 2022;9:988746.

19. Wagner C. Die Krankenhaustypen in Deutschland - Was ist das richtige 
Krankenhaus für mich? Klinikradar. 2022. https://klinikradar.de/magazin/die-
krankenhaustypen-in-deutschland-was-ist-das-richtige-krankenhaus-fuer-
mich/. Accessed 27 Mar 2023.

20. Leiner DJ. SoSci Survey (Version 3.2.23) [Computer software]. 2019. Available 
at https://www.soscisurvey.de.

21. SoSci Survey. https://www.soscisurvey.de. Accessed 7 Feb 2023.
22. Ratgeber Krankenhaus. 9. Aktualisierte Auflage. Bundesministerium für 

Gesundheit; 2023.
23. Bestandsaufnahme zur Krankenhausplanung und Investitionsfinanzierung in 

den Bundesländern. 2021. Deutsche Krankenhausgesellschaft. 2021. https://
www.dkgev.de/themen/versorgung-struktur/planung/. Accessed 27 Mar 
2023.

24. Hommel T. Notfallplan für Kliniken beschlossen. ÄrzteZeitung. 2020. https://
www.aerztezeitung.de/Politik/Notfallplan-fuer-Kliniken-beschlossen-407796.
html. Accessed 5 Dec 2022.

25. Handbuch, Krankenhausalarm. und–einsatzplanung (KAEP). Empfehlungen 
für die Praxis zur Erstellung eines individuellen Krankenhausalarm- und -ein-
satzplans. Bundesamt für Bevölkerungsschutz und Katastrophenhilfe. 2020.

26. Cammarota G, Ragazzoni L, Capuzzi F, Pulvirenti S, de Vita N, Santangelo E, et 
al. Critical care Surge Capacity to respond to the COVID-19 pandemic in Italy: 
a Rapid and Affordable Solution in the Novara Hospital. Prehosp Disaster 
Med. 2020;35:431–3.

27. Goh KJ, Wong J, Tien J-CC, Ng SY, Duu Wen S, Phua GC, et al. Preparing your 
intensive care unit for the COVID-19 pandemic: practical considerations and 
strategies. Crit Care. 2020;24:215.

28. Carenzo L, Costantini E, Greco M, Barra FL, Rendiniello V, Mainetti M, et al. 
Hospital surge capacity in a tertiary emergency referral centre during the 
COVID-19 outbreak in Italy. Anaesthesia. 2020;75:928–34.

https://www.zeit.de/wissen/gesundheit/2020-03/coronavirus-ausbreitung-zeitverlauf-landkreise-staedte-karte?utm_referrer=https%3A%2F%2Fwww.google.com%2F
https://www.zeit.de/wissen/gesundheit/2020-03/coronavirus-ausbreitung-zeitverlauf-landkreise-staedte-karte?utm_referrer=https%3A%2F%2Fwww.google.com%2F
https://www.zeit.de/wissen/gesundheit/2020-03/coronavirus-ausbreitung-zeitverlauf-landkreise-staedte-karte?utm_referrer=https%3A%2F%2Fwww.google.com%2F
https://www.zeit.de/wissen/gesundheit/2020-03/coronavirus-ausbreitung-zeitverlauf-landkreise-staedte-karte?utm_referrer=https%3A%2F%2Fwww.google.com%2F
https://www.dki.de/forschungsprojekte/forschungsberichte
https://www.dki.de/forschungsprojekte/forschungsberichte
https://www.boeckler.de/de/faust-detail.htm?sync_id=HBS-008331
https://www.boeckler.de/de/faust-detail.htm?sync_id=HBS-008331
https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html
https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html
https://doi.org/10.1787/6ab740c0-en
https://www.bundesgesundheitsministerium.de/themen/pflege/pflegepersonaluntergrenzen.html
https://www.bundesgesundheitsministerium.de/themen/pflege/pflegepersonaluntergrenzen.html
https://www.bundesgesundheitsministerium.de/themen/pflege/pflegepersonaluntergrenzen.html
https://www.dgb.de/themen/++co++93e8c514-7a89-11ea-a50b-52540088cada
https://www.dgb.de/themen/++co++93e8c514-7a89-11ea-a50b-52540088cada
https://www.intensivregister.de/#/index
https://www.intensivregister.de/#/index
https://www.uksh.de/Das+UKSH/Presse/Presseinformationen/2020/UKSH+nimmt+COVID_19_Patienten+aus+Frankreich+auf-p-183887.html
https://www.uksh.de/Das+UKSH/Presse/Presseinformationen/2020/UKSH+nimmt+COVID_19_Patienten+aus+Frankreich+auf-p-183887.html
https://www.uksh.de/Das+UKSH/Presse/Presseinformationen/2020/UKSH+nimmt+COVID_19_Patienten+aus+Frankreich+auf-p-183887.html
https://klinikradar.de/magazin/die-krankenhaustypen-in-deutschland-was-ist-das-richtige-krankenhaus-fuer-mich/
https://klinikradar.de/magazin/die-krankenhaustypen-in-deutschland-was-ist-das-richtige-krankenhaus-fuer-mich/
https://klinikradar.de/magazin/die-krankenhaustypen-in-deutschland-was-ist-das-richtige-krankenhaus-fuer-mich/
https://www.soscisurvey.de
https://www.soscisurvey.de
https://www.dkgev.de/themen/versorgung-struktur/planung/
https://www.dkgev.de/themen/versorgung-struktur/planung/
https://www.aerztezeitung.de/Politik/Notfallplan-fuer-Kliniken-beschlossen-407796.html
https://www.aerztezeitung.de/Politik/Notfallplan-fuer-Kliniken-beschlossen-407796.html
https://www.aerztezeitung.de/Politik/Notfallplan-fuer-Kliniken-beschlossen-407796.html


Page 13 of 13Stroth et al. BMC Health Services Research          (2024) 24:407 

29. Lefrant J-Y, Pirracchio R, Benhamou D, Dureuil B, Pottecher J, Samain E, et 
al. ICU bed capacity during COVID-19 pandemic in France: from ephemeral 
beds to continuous and permanent adaptation. Anaesth Crit Care Pain Med. 
2021;40:100873.

30. Leshem E, Klein Y, Haviv Y, Berkenstadt H, Pessach IM. Enhancing intensive 
care capacity: COVID-19 experience from a Tertiary Center in Israel. Intensive 
Care Med. 2020;46:1640–1.

31. Heine H. Mix aus “Krankenhaus und Feldlazarett”: Umbau einer Messehalle zu 
Berlins Covid-19-Zentrum gestartet. Tagesspiegel. 2020. https://www.tagess-
piegel.de/berlin/umbau-einer-messehalle-zu-berlins-covid-19-zentrum-
gestartet-6866344.html. Accessed 24 Mar 2023.

32. Litton E, Huckson S, Chavan S, Bucci T, Holley A, Everest E, et al. Increasing ICU 
capacity to accommodate higher demand during the COVID-19 pandemic. 
Med J Aust. 2021;215:513–7.

33. Lele AV, Wahlster S, Alunpipachathai B, Awraris Gebrewold M, Chou SH-Y, 
Crabtree G, et al. Perceptions regarding the SARS-CoV-2 Pandemic’s impact 
on Neurocritical Care Delivery: results from a global survey. J Neurosurg 
Anesthesiol. 2022;34:209–20.

34. Begerow A, Michaelis U, Gaidys U. Wahrnehmungen Von Pflegenden Im 
Bereich Der Intensivpflege während Der COVID-19-Pandemie. Pflege. 
2020;33:229–36.

35. Huang J, Huang Z-T, Sun X-C, Chen T-T, Wu X-T. Mental health status and 
related factors influencing healthcare workers during the COVID-19 pan-
demic: a systematic review and meta-analysis. PLoS ONE. 2024;19:e0289454.

36. Lai J, Ma S, Wang Y, Cai Z, Hu J, Wei N, et al. Factors Associated with Mental 
Health Outcomes among Health Care workers exposed to Coronavirus 
Disease 2019. JAMA Netw Open. 2020;3:e203976.

37. Swaminathan R, Mukundadura BP, Prasad S. Impact of enhanced personal 
protective equipment on the physical and mental well-being of healthcare 
workers during COVID-19. Postgrad Med J. 2022;98:231–3.

38. Saeri M, Vaezi A, Tavakolifard N, Haghjooy Javanmard S. Mental Health of 
Healthcare workers during the Third Wave of the COVID-19 pandemic: did we 
forget them after the First Wave? Adv Biomed Res. 2023;12:266.

39. Bundesministerium für Gesundheit. Pflegeberufegesetz. https://www.
bundesgesundheitsministerium.de/pflegeberufegesetz. Accessed 24 Feb 
2024.

40. Gemeinsamer Bundesausschuss. Richtlinie zu minimalinvasiven Herzklappen-
interventionen. https://www.g-ba.de/richtlinien/84/. Accessed 22 Feb 2024.

41. Gemeinsamer Bundesausschuss. Qualitätssicherungs-Richtlinie zum Baucha-
ortenaneurysma. https://www.g-ba.de/richtlinien/65/. Accessed 22 Feb 2024.

42. Deutsche Interdisziplinäre Vereinigung für Intensiv- und Notfallmedizin 
(DIVI). Empfehlung zur Struktur und Ausstattung von Intensivstationen 
2022 (Erwachsene). https://www.divi.de/joomlatools-files/docman-files/
publikationen/intensivmedizin/230419-divi-strukturempfehlung-intensivsta-
tionen-langversion.pdf. Accessed 22 Feb 2024.

43. Keeley C, Jimenez J, Jackson H, Boudourakis L, Salway RJ, Cineas N, et al. Staff-
ing up for the Surge: expanding the New York City Public Hospital Workforce 
during the COVID-19 pandemic. Health Aff. 2020;39:1426–30.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.tagesspiegel.de/berlin/umbau-einer-messehalle-zu-berlins-covid-19-zentrum-gestartet-6866344.html
https://www.tagesspiegel.de/berlin/umbau-einer-messehalle-zu-berlins-covid-19-zentrum-gestartet-6866344.html
https://www.tagesspiegel.de/berlin/umbau-einer-messehalle-zu-berlins-covid-19-zentrum-gestartet-6866344.html
https://www.bundesgesundheitsministerium.de/pflegeberufegesetz
https://www.bundesgesundheitsministerium.de/pflegeberufegesetz
https://www.g-ba.de/richtlinien/84/
https://www.g-ba.de/richtlinien/65/
https://www.divi.de/joomlatools-files/docman-files/publikationen/intensivmedizin/230419-divi-strukturempfehlung-intensivstationen-langversion.pdf
https://www.divi.de/joomlatools-files/docman-files/publikationen/intensivmedizin/230419-divi-strukturempfehlung-intensivstationen-langversion.pdf
https://www.divi.de/joomlatools-files/docman-files/publikationen/intensivmedizin/230419-divi-strukturempfehlung-intensivstationen-langversion.pdf

	Workforce strategies during the first wave of the COVID-19 pandemic: a retrospective online survey at intensive care units in Germany
	Abstract
	Background
	Methods
	Sampling
	Online survey
	Outcome parameters / study variables
	Data analysis

	Results
	Intensive care bed capacity
	Personnel situation in intensive care medicine before and during the pandemic
	Staff recruitment
	Reallocation/shift of personnel
	Evaluation of recruitment measures

	Discussion
	Limitations

	Conclusions
	References


