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Abstract
Background

The second wave of Corona-Pandemic posed the German Healthcare system to a major challenge. Due to the fast and wide spreading of SARS-CoV-2 in
November 2020, the number of COVID-19-patients needing intensive care treatment was rapidly growing. Transferring patients between hospitals was
necessary to prevent an overflow of treatment capacities within the ambulance district of Augsburg. 

This project aimed to create a coordination structure that ensures an efficient guiding of all hospitals within the ambulance district Augsburg.

Material and methods

An executive order of the Bavarian ministries of health and internal affairs1 lead to the appointment of a Medical Director of Hospital Coordination (MDHC)
within each ambulance district. Each hospital had to nominate a pandemic officer (PO). Based on the executive order and the “disaster management manual
100”2 we established a hospital coordination structure for the ambulance district Augsburg.

Results

Between October 18th 2020, and February 14th 2021, the staff of the MDHC coordinated 407 transfers of patients. 223 patients were treated on a general ward,
184 on intensive care units. The transfers prevented several impending triage situations. Using the coordination structure, the urgent reduction of a COVID-19
intensive care unit of a level 1 hospital from 7 to 2 beds was managed within 4 hours after alarm.

Conclusions

Based on the “disaster management manual 100”2 we were able to establish a hospital coordination structure that can withstand high pressure and ensured
that impending triage situations were prevented. Urgent shortages of treatment capacities were balanced through the transfer of patients. The major problem
was the lack of intensive care personnel.

Background
In early December 2019, a local cluster of pneumonia was first reported in China in connection with a fish market in Wuhan3. Within the next few months, the
initially localized outbreak of the previously unknown pathogen later termed SARS-CoV-2 developed into a global pandemic that poses an extreme challenge
to healthcare systems worldwide.

Like other European countries, the pandemic has affected Germany in three waves so far. The first wave was relatively mild. The 14-day case notification rate
per 100’000 population never exceeded 85 and the capacities of the intensive care units were not at risk at any time. After a phase of relaxation in the summer
of 2020, the number of cases rose again at the beginning of October, reaching the highest 14-day case rates in January 2021 with 393 cases per 100’000
inhabitants4. The Free State of Bavaria was one of the most affected within Germany. The city of Augsburg was one of the first within Bavaria to get hit by the
second wave. The 14-day case rate summited on the 6th of November with 764 cases/100’000 inhabitants5. This development was reflected from mid-October
onwards in a continuously rising number of COVID-19 intensive care patients. 

The emergency medical care in Bavaria is organized within 26 ambulance districts. Each ambulance district includes several counties. Within each ambulance
district, the ambulance services and hospitals are organized to ensure the 24/7 medical care of the respective county residents.

On the 2nd of November 2020, the Free State of Bavaria published a general order, establishing a higher-level coordination of the hospitals within each
ambulance district. The main task of the “Medical Directors of Hospital Coordination” (MDHCs) was to ensure the care of both COVID-19 and non-COVID-19
patients. For this purpose, the medical directors were given comprehensive authority to issue instructions to the subordinate hospitals in the respective
ambulance district1.

The situation in the ambulance district Augsburg
The ambulance district Augsburg consists of the five counties Augsburg, Aichach-Friedberg, Dillingen, Donau-Ries, and the city of Augsburg and covers a
population of approximately 915,000 residents (Figure 1).

There is a total of 16 hospitals in this ambulance district, which were placed under the management of the MDHC. The Augsburg University Hospital is the
only tertiary care provider for the entire administrative district of Swabia.

The 14-day case rate in the city of Augsburg exceeded the value of 100 new cases/100’000 inhabitants for the first time on October 14th, 2020. At this point,
the maximum from spring 2020 (71,8 cases/100’000 inhabitants) had already been exceeded5. Shortly thereafter, the increase in COVID-19 patients began. At
first, an increased burden on the normal ward became noticeable. From October 27th on, the need for COVID-19 intensive care beds at the university hospital
increased rapidly. On the following day, transfers of COVID-19 intensive care patients to surrounding hospitals had to be started to prevent overloading of the
existing capacities. The maximum 14-day case rate was reached in Augsburg on November 6th with 764 cases/100’000 inhabitants. At this point, the city of
Augsburg was the most affected one in Germany. Subsequently, the 14-day case rate remained above 400 cases/100’000 inhabitants until December 26th,
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20205. This led to sustained pressure on COVID-19 intensive care units. On December 13th and 25th, the maximum number of concurrent COVID-19 ICU
patients in the ambulance district Augsburg was reached with 59 patients, representing approximately 45% of all intensive care beds.

At Augsburg University Hospital, a maximum of 43 intensive care beds could be provided for COVID-19 patients at the same time. Numerous transfers to
surrounding hospitals prevented these capacities from becoming overloaded. At the beginning of February 2021, the situation in the COVID-19 intensive care
units at ambulance district Augsburg eased considerably for the first time.

Methods

Management and personnel structure 
The basic structures and principles for coordinating the hospitals were closely based on the german “disaster management manual 100” (DM100)2. The staff
work is correspondingly divided into six subject areas (S1-S6): Personnel / Internal Service (S 1); - Situation (S 2); - Operations (S 3); Supply (S 4) Press and
Media Relations (S 5); - Information and Communications (S 6). Also, care was taken to use already existing everyday structures. Using the usual division of
the counties into command areas for major incidents, the counties of Donau-Ries and Dillingen were combined to form the coordination group north. The
counties of Augsburg, Aichach-Friedberg, and the city of Augsburg were combined to form the coordination group south (Figure 1). A pandemic officer (PO)
was nominated by each hospital or hospital-association as a member of the respective coordination group. From the group of POs, one coordination group
leader north and south was appointed respectively. These were directly subordinate to the MDHC. Also, a coordinator for intensive care transfers was
appointed for each coordination group (Figure 2).

A district coordinator at the level of the administrative district of Swabia was appointed for the superordinate coordination of the three ambulance districts.

Close coordination of the MDHC, the ambulance dispatch center Augsburg and the medical director of ambulance service took place. The staff of MDHC was
provided by anesthetists with disaster medical background from the University Hospital Augsburg, the Augsburg Fire Department, and last-year medical
students from the University Hospital Augsburg.

Situation monitoring
The daily situation monitoring was mainly carried out via IVENA6. This web-based software is used in some regions of Germany in the regular ambulance
service for the distribution of pre-hospital emergency patients. Herein all hospitals in Bavaria report at least once a day their current occupancy with COVID-19
patients, non-COVID-19 patients, as well as the available capacities separated into regular ward, IMC, and ICU. In urgent emergencies, the situation was queried
by telephone. For the long-term assessment of the situation development, reports from the State Office for Health and the Government of Swabia were used.
Also, the 14-day case rates of the assigned counties were continuously monitored and included in long-term planning. A bed utilization forecasting tool was
developed by our group during the first COVID wave7 and was incorporated into the situation assessment and action planning.

Operational tactics
The operational structure described above served as the basic framework for the operational tactics. The communication and command paths were directed
along with this structure. Each hospital in the ambulance district had to treat COVID-19 patients if necessary. As far as the situation permitted, a COVID-19
focal hospital was designated within each hospital association. These were primarily responsible for treating COVID-19 patients. This enabled the CEOs of the
hospital associations to concentrate resources and expertise in one of their hospitals. If the capacities of individual hospitals were fully occupied, transfer
options were first sought within the coordination group. If there were no options, the search would continue within the second coordination group, then the
neighboring ambulance districts Donau-Iller and Allgaeu, and then outside the administrative district of Swabia (Figure 3). If no intensive care bed within
Bavaria could have been provided, the transfer would have been coordinated between clusters of several federal states 8. However, this situation never
occurred.

Also, approximately four COVID-19 ICU beds were always kept available at the University Hospital Augsburg for acute shortages of capacities. During the
phase of maximum load from the beginning of December, all hospitals were required to maintain emergency respirator capacities. In the event of an acute
shortage of intensive care beds, these were intended to provide a fallback level for a few hours, so that the staff MDHC was able to organize transfers.

Two transfer ambulances were kept ready by the dispatch center for the increased volume of transfers.

Weekly conference calls were held with the coordination groups for general situation briefings. Video conferences were held twice a week with the district
coordinator and the MDHCs of the neighboring ambulance districts Allgaeu and Donau-Iller.

Communication strategy
Each subordinate hospital provided a 24-hour contact number to the staff of MDHC. The staff itself also set up a telephone number that could be reached
24/7. However, the primary communication channel was a designated e-mail address of the staff. Also, a fax connection was provided. The e-mail address, as
well as the fax, was controlled Mon-Fri from 07:15 to 16:00 o’clock. Time-critical matters were communicated via the central phone number of the staff.
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Press releases from the MDHC were made in consultation with the acting mayor of Augsburg.

Determination of additional beds required
To determine the impact of transfers on bed occupancy, the number of additional beds required in the absence of transfers to external hospitals was
examined retrospectively. Here, the transferred patients were given an additional length of stay (LOS) drawn from a stochastic distribution function and thus
further listed in the system. After drawing a length of stay from this distribution function 10,000 times for each non-displaced patient, a confidence interval of
additional bed occupancy per day could be obtained.

Results
In the period from October 28th 2020, to February 14th 2021, a total of 407 transfers of COVID-19 patients were organized via the staff of MDHC. Of these, 223
were for normal ward patients and 184 intensive care patients. With 342 transfers (122 ICU, 220 ward), the vast majority could be realized within the
ambulance district Augsburg. 65 transfers (62 ICU, 3 ward) were made to a hospital outside Augsburg's ambulance district. Of these, 26 intensive care patients
and 3 normal care patients were transferred to a neighboring administrative district.

The need for transfers to balance capacity varied significantly over time from 6 transfers in calendar week 06/2021 to 47 transfers (both ward and ICU total)
in calendar week 50/2020. The weeks with the highest need for transfers (week 47, week 50-51) each corresponded to a 2-week lag to peaks in 14-day case
rates in the city of Augsburg5.

Influence of transfers on the assurance of intensive care using the example of the
University Hospital Augsburg.
The impact on the occupancy of additional COVID-19 patients in the ICU without transfers to other hospitals from November 2020 to January 2021 can be
seen in Figure 4. The left vertical axis shows the number of additional COVID-19 beds needed in the ICU (without transfers between hospitals). The secondary
vertical axis maps the number of transfers to other hospitals. The 90% confidence interval of the retrospective analysis is shown in gray. Additional occupancy
peaks can be seen from mid to late November 2020 as well as mid-December 2020. During this period, there was also a high level of transfer to external
hospitals (green diagram line). 

Within the ambulance district Augsburg, the COVID-19 intensive care capacities of the level one and two hospitals were permanently utilized. At the university
hospital, four to six intensive care beds were kept available as an emergency reserve for time-critical transfers. This made it possible to achieve rapid relief
when the capacities of the surrounding hospitals were overloaded, and triage situations were impending within the next few hours. This happened several
times in the period from November 2020 to January 2021. 

Just before Christmas, an ICU of a level one hospital had to abruptly reduce bed capacity from seven to two beds due to a massive corona outbreak among
nursing staff. Through the efficient use of the established command structure, the close cooperation with the ambulance dispatch center Augsburg and the
provision of transfer physicians by the affected hospital, this operation could be handled within 4 hours.

A further increase in COVID-19 intensive care capacity was achieved in Augsburg through the cooperation of four hospitals. Two hospitals provided
respirators, one hospital provided the necessary personnel and the fourth hospital provided the premises. This made it possible to provide an additional six
COVID-19 intensive care beds in the ambulance district.

Discussion
During the second wave of the Corona pandemic in Germany (Oct 2020-Feb 2021), the ambulance district succeeded in establishing a resilient management,
communication, and coordination system that withstood even considerable pressure situations. The capacities of the clinics were used effectively and acute
shortages were quickly compensated. Adequate care for both COVID-19 and non-COVID-19 patients was always ensured.

For efficient handling of this situation, a continuous accurate situation report was of utmost importance. In addition to the regular telephone and video
conferences, the IVENA6 database was the most important tool for monitoring the situation, as the hospitals reported their occupied and available bed
capacities on this platform daily. The problem here was that some hospitals had initially reported very high capacities, which, however, were not operable in
terms of personnel. This problem had to be solved very soon, as it was not possible to coordinate the capacities in this way. After only beds that could be
operated were reported, effective coordination of the hospitals could be ensured.

The biggest problem in the second wave, however, was the pronounced and widespread staff shortage, especially among nursing staff. The hospitals within
the ambulance district Augsburg could have provided significantly more COVID-19 intensive care beds if staffing levels had been better. This would
presumably have made some patient transports, which represent a clear risk for seriously ill COVID-19 patients, unnecessary.

During the first wave in spring 2020, auxiliary hospitals were frequently addressed by the government of Bavaria. Auxiliary hospitals were formerly used
hospital buildings, that had not been used for years but could have been reactivated within a few weeks. These buildings were not part of the operational plan
in the second wave. In our view, auxiliary hospitals have only a very limited operational value. In particular, the significant and widespread lack of staff would
make the operation of such facilities much more difficult and almost impossible. Staffing them purely by volunteers from aid organizations also does not
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appear to be expedient. On the one hand, many of these workers are already involved in the health sector on a full-time basis. On the other hand, only COVID-
19 patients with mild symptoms could have been treated in these facilities due to the medical qualification of the potential volunteer workers. However, there
has never been a comparable shortage in the COVID-19 normal wards as in the COVID-19 intensive care units.

An essential success factor of the second wave was efficient and appreciative communication between all involved parties in the ambulance district
Augsburg. Close contact between the pandemic officers of the hospitals and the staff of the MDHC is just as essential as close coordination with the
responsible shift leaders of the ambulance dispatch center and the medical director of the ambulance service. A close and appreciative exchange with the
MDHCs of the neighboring ambulance districts and the coordinator of the administrative district of Swabia is also indispensable for the overall management
of capacities. In addition, the close cooperation with the mayors, provincial councils and the district president was decisive in providing the political decision-
makers at the level of the Free State with a situation report and pointing out possible solutions. Also, proactive communication of the measures with the press
can prevent uncontrolled reporting and the spreading of rumors.

Conclusion
The second wave of the Corona pandemic posed a major challenge to the hospitals in the ambulance district Augsburg. An overload of intensive care
capacities could only be avoided by several hundreds of transfers between hospitals. The DM1002, which is used as a guideline for command structures for
major incidents in Germany, provides a good basic structure to coordinate hospitals effectively. Efficient, proactive, and close communication is one of the
most important factors for success.
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Figure 1

Map of the Ambulance District Augsburg in northern Svabia. The location of the hospitals under command of the MDHC is shown. The city of Augsburg and
the counties are marked accordingly to their belonging coordination groups.
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Figure 2

Command-and-control chart of MDHC Augsburg. The hospitals/hospital-associations with a black background were commissioned to designate a COVID-19
focal hospital.
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Figure 3

Communication scheme for arranging necessary transfers of intensive care patients due to capacity constraints.

Figure 4

Impact of ICU-transfers on the required ICU-capacities for COVID-19 patients. Additional number of ICU-beds required for COVID-19 patients compared to the
number of transfers to external hospitals (secondary axis) in the period from November 2020 to January 2021 at Augsburg University Hospital.


