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Abstract

Purpose The effects of the first pandemic wave on a German Level I Trauma Center should be evaluated to find ways to
redistribute structural, personnel, and financial resources in a targeted manner in preparation for the assumed second pan-
demic wave.

Methods We examined the repercussions of the first wave of the pandemic on the trauma surgery clinic of a Level I Trauma
Center and compared the data with data from 58 other trauma clinics. The results could aid in orientating the distribution of
structural, financial, and human resources (HR) during the second wave. The period between March 16 and April 30, 2020
was compared with the data over the same period during 2019. Information was collected from the HR department, central
revenue management, and internal documentation.

Results The proportion of trauma surgical patients in the emergency room decreased by 22%. The number of polytrauma
cases increased by 53%. Hospital days of trauma surgery patients in the intensive and intermediate care wards increased by
90%. The number of operations decreased by 15%, although the operating time outside of normal working hours increased
by 44%. Clinics with more than 600 beds recorded a decrease in cases and emergencies by 8 and 9%, respectively, while
the Trauma Center showed an increase of 19 and 12%. The results reflect the importance of level I trauma centers in the
lockdown phase.

Conclusion To reduce the risk of an increased burden on the healthcare infrastructure, it suggests the care of trauma and
COVID-19 patients should be separated locally, when possible.
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Background SARS outbreak in 2003 and represents a major health crisis

for the world population [1].

With more than 78 million infected persons and over 1.7
million deaths worldwide the infected population with
COVID-19 has surpassed the number reported during the
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The virus was first detected in Germany at the end of Jan-
uary 2020. The measures to contain the spread of the virus
have had direct and indirect impacts on all hospitals [2].
The Ministry of Health announced on March 12 2020, that
elective and non-urgent operations in hospitals throughout
Germany were to be postponed indefinitely. The aim was to
accommodate strains on personnel and intensive care capaci-
ties for the treatment of seriously ill COVID-19 patients [3].

During this time, the trauma surgery clinics and in par-
ticular, the Level I Trauma Centers, with their care man-
date for severely injured patients were facing a dilemma,
between having to reduce surgical and intensive care capaci-
ties to ensure adequate emergency care [4—6]. Considering
the dynamics of the pandemic and the current second wave
of the disease, all available data and resources need to be
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used to prevent overloading and collapse of the health care
system.

The already acquired and growing knowledge about
COVID-19 should be used to achieve optimized prevention
measures and efficient control of the supply routes. For this
reason, the effects of the first pandemic wave should be eval-
uated to find ways to redistribute structural, personnel, and
financial resources in a targeted manner during the second
wave. The aim of this study was to examine the effects of
the first wave of the pandemic on the trauma surgery clinic
of a German Level I Trauma Center and to compare them
with data from 58 other clinics. The Level I Trauma Center
of a hospital with a total of 1750 beds, a catchment area
of approximately 2.06 million inhabitants. On average, 140
polytrauma patients with a mean injury severity score of 26,
are treated here annually.

Materials and methods

For the analysis, the data of a German Level I Trauma Center
for the period of March 16-April 30, 2020 (lockdown) were
compared with data during the same period in 2019. Data
from the human resources department, central revenue man-
agement and internal documentation were included in the
analysis. To estimate the burden on hospital personnel, the
total overtime of the clinic’s nursing staff as well as doc-
tors on the cut-off dates (29.02.2020 vs. 30.04.2020) were
compared. Furthermore, patient contact for general and
trauma visits in the central emergency room were evaluated
as well as the number of polytrauma patients. The num-
ber of bed days of trauma surgery patients was evaluated
for the station, intensive care unit (ICU), and intermediate
care (IMC). The number of operations performed (outpa-
tient and inpatient) with reference to urgency (based on the
Timing of Acute Care Surgery classification TACS [7]) and
time taken (within or outside the regular working hours)
was also recorded. In addition, the performance figures (e.g.
Case Mix [CM], Case Mix Index [CMI], and Day Mix Index
[DMI]) of the clinic were also evaluated.

Benchmark (Organized Management Information,
InMed GmbH, Hamburg, Germany)

For comparison, InMed GmbH evaluated its database and
made the anonymized results available to us. Therefore, in
2020, 166 German hospitals sent their data to the InMed
GmbH. Taking into account the criteria listed below, data
from 58 clinics can be included in the study. All cases of
admission in the period from March 16 to April 30, 2019 and
2020 and discharge by May 31, 2019 and 2020 that had the
characteristic of “trauma surgery” at discharge were exam-
ined. Furthermore, Chapter 19 (Injury, poisoning and certain
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other consequences of external causes) of the International
Classification of Diseases (ICD)-10 Clinical Modification as
well as Major Diagnostic Category (MDC) 08, 21A, 21B,
22 and PRE were used to filter the diagnoses. Hospitals have
been distinguished by their size (< 600 and > 600 beds). This
is the maximum size that can be set to ensure anonymity.
The mean number of beds in the group of hospitals < 600
beds was 485 beds. For the group > 600 beds, it was 1.031
beds. The data evaluation was purely descriptive.

Results

The results are summarized in Table 1.

Personnel

The workload of the staff decreased, as measured by over-
time during the lockdown. The nursing staff of the general
wards were able to reduce their overtime by 34%, and the
doctors, by 17%.

Bed days

The cumulative number of ICU and IMC beds occupied by
trauma surgery patients increased by 90% during the lock-
down period compared to the same period last year. In con-
trast, the number of bed days of trauma patients in the gen-
eral ward fell by 22%. None of the trauma surgery patients
during the study period were positive on admission or have
been tested positive during hospital stay for COVID-19.

Clinic—emergency department

In the central emergency department, the total number of
patient contacts fell by 24% and the number of trauma sur-
gery contacts, by 22%. Inpatient admissions from the emer-
gency department decreased by only 9%. In contrast, the
number of polytrauma cases increased by 53% (mean ISS
2019: 32, 2020: 30).

Clinic—operating theater

The number of operations performed fell by 15% in 2020,
whereas outpatient operations were strongly affected
(— 53%). The time spent in surgery (beginning to end of
surgical procedures) during regular working hours decreased
by 16% in 2020 but increased by 44% outside regular work-
ing hours.
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Table 1 Summary of the results

. . Bed days trauma surgery patients Observation period %-change
for the periods March 16th until
April 30th in 2019 and 2020 2019 2020
with details of the percentage
change between 2020 and 2019 ICU+IMC 201 382 +90
General ward 1913 1485 —-22
Emergency department
Cases overall 2481 1889 -24
Cases trauma surgery 690 536 -22
Cases trauma outpatient 477 336 -30
Cases trauma inpatient 173 153 —-12
Cases polytrauma (ISS > 16) 15 23 +53
Mean ISS polytrauma 32 30 -6
Surgeries
Number trauma surgeries 276 235 - 15
Surgical time (h) 443.485 388.764 - 12
Number surgeries inpatient 242 219 - 10
Number surgeries outpatient 34 16 -53
Surgical time—regular working hours 73.2% 61.3% - 16
Surgical time—outside regular working hours 17.3% 24.8% +43
Surgical time—weekends + public holidays 9.5% 13.9% +46
Surgery—elective 77.2% 50.2% -35
Surgery—urgent (within 24-48 h) 5.1% 22.1% +333
N3 (surgery same day) 11.2% 16.6% +48
N2 (surgery in next available trauma theater) 4.7% 5.5% +17
N1 (surgery in any next available theater) 1.4% 51% +264
NO (surgery immediately) 0.4% 0.4% 0
Department for trauma surgery and orthopedics
Number of cases 286 236 -17
Case mix 403.746 316.668 -22
Case mix index 1.412 1.342 -5
Day mix index 0.207 0.223 +7
Patient clinical complexity level (PCCL) 0.8 0.9 +8
Age 57.6 58.0 -
Length of stay 6.8 6.0 -12

Clinic—total

The total number of cases at the clinic decreased by 17%,
due to a 50% reduction in elective admissions by the hos-
pital. The number of emergency cases fell by only 2%. The
CMI fell by 5%, whereas the DMI and Patient Clinical Com-
plexity Level (PCCL) increased by 7 and 8%, respectively.

Benchmark

The results of the benchmark analysis are summarized in
Table 2. For the clinics with < 600 beds, the lockdown had
no significant impact on case numbers, but the length of
stay and PCCL decreased by 9 and 7%, respectively. The
clinics with > 600 beds recorded an average decrease in
cases and emergencies of 8% and 9%, respectively, due
to the lockdown. The PCCL fell by 5%, while the length

of stay increased by 13%. The evaluated Trauma Center
recorded an increase in cases and emergencies of 19 and
12%, respectively; the PCCL increased by 20% and the
length of stay, by 38%.

Compensation payment

The overall financial impact and impact on the compensa-
tion payment were considered according to the method of
Dercks et al. [8]. There was an underfunding of €1954.51
per case for the evaluated Trauma Center and thus a deficit
of €97,725.49 for the period of the lockdown. After adjust-
ment for non-accruing material costs, the shortfall was
€526.09 per case and €26,304.63 for the entire lockdown
period.
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Table 2 Benchmark analysis of 58 trauma clinics compared with the evaluated Level I trauma center

Hospitals < 600 beds Hospitals > 600 beds Level I trauma center
(MW per clinic) (MW per clinic) (1750 Bettenbeds)
2019 2020 %-change 2019 2020 %-change 2019 2020 %-change
Cases 68 69 1 105 96 -8 95 113 19
Emergency cases 67 68 1 102 93 -9 91 102 12
CM 107.89 91.48 Not comparable due  207.64 175.87 Not comparable due  181.46 289.06 Not comparable due

CMI 1.58 1.33 to change in DRG 1.99 1.83 to change in DRG 1.91 2.56 to change in DRG
DMI 0.20 019 algorithm 0.20 016 algorithm 0.24 023 algorithm

Length of stay 7.84 712 -9 9.97 11.27 13 7.91 1095 38

Age 64.44 6565 2 6424 6571 2 5693 5788 2

PCCL 0.82 076 -7 1.11 1.06 -5 1.11 1.33 20

Grouping according to bed size, presentation as mean value (MW) per clinic

Discussion

The global COVID-19 pandemic is having a profound
impact on all areas of life. Social restrictions are necessary
to contain the transmission of the virus. Hospitals, in terms
of both outpatient and inpatient care, must face the new chal-
lenges in the short term and develop interdisciplinary solu-
tions to find a balance between emergency care and the eco-
nomically important elective care. Given the unpredictable
dynamics of the event and the risk of a second pandemic
wave, it is important to evaluate hospital data recorded in
the first wave to be able to take appropriate measures in the
future.

The early German governmental interventions in the form
of a lockdown in the first pandemic wave made it possible to
control the overload on health care system. Considering that
accidents and serious injuries are not subject to pandemic-
related restrictions on health care [5, 6], a second wave with
increasing case numbers and a confusing infection situation
in the population would most likely lead to an intensification
of the effects described here. Accidental injuries are impor-
tant social and health issues and major causes of death and
disability [6]. While Trauma Centers care for patients with
polytrauma and serious injuries, they also have to undertake
additional tasks of accident prevention and education, as
well as innovation and research [6].

We found that personnel burdens on the trauma sur-
gery sector were reduced during the first lockdown due to
the fall in the numbers of elective consultation hours and
elective surgery patients. This fact is contrasted by a 50%
increase in the number of polytrauma patients. There was a
90% increase in the number of bed days of trauma surgery
patients in the ICU and IMC during the first lockdown as
compared to the same period last year. Thus, in addition to
the care of COVID-19 patients, there was also the additional
burden of trauma patients on intensive care and monitoring
capacities.
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In addition, the combination of the increased number of
trauma patients and the reduction in surgical contingency
resources in the daily operations of the hospitals led to an
increase in surgical activities outside of regular working
hours. Additionally, the increase in urgent surgery cases
is mainly due to the fact that every fracture with the indi-
cation of surgical treatment becomes an urgent operation
after a few days. Working hours had increased by 46% on
weekends and public holidays and by 43% on regular days.

These data are specific to the situation of Germany and
are not transferable. However, they do show a trend that
should be taken into account in personnel planning in the
future.

In their international study, Greenhalg et al. showed that
in a British national Trauma Center, the number of trauma
surgery patients fell by 51% during the lockdown. Further-
more, the number of trauma surgeries performed fell by
43% and the number of polytrauma cases fell by 35% com-
pared to in the same period last year [9]. This trend was
also confirmed by Park et al., who investigated the effects
of the COVID-19 pandemic on a Level I Trauma Center
in London; there was a reduction of approximately 46 and
37% in trauma surgery cases and surgical interventions.
However, the number of polytrauma cases was found to be
constant with 18 cases in 2019 and 17 cases in 2020 [10].

A study by Lubbe et al. on the effects of “social distanc-
ing” on a Level I Trauma Center in the southwest of the
USA showed that the number of patients in the lockdown
period fell significantly compared to the corresponding
periods in 2018 and 2019. The number of polytrauma
cases did not show any significant difference. However, in
2020, the authors found a significant increase in the wait-
ing time until hospital visit and a significant decrease in
the length of stay [11]. The results from a regional trauma
center in the USA also showed a significant decrease in
trauma surgery patient contact by 45% [12].
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Wong et al. analyzed the trauma surgery/orthopedic
treatments in 43 public hospitals and 122 outpatient clin-
ics in Hong Kong and compared data from January 25
to March 27, 2020 (COVID-19 cohort) with data from
the same period from 2016 to 2019; they found a 73.5%
decline in elective surgery and 21.2% decline in emer-
gency surgery numbers. One study on accident and emer-
gency contacts showed a significant reduction in 2020 in
all areas: sports accidents (— 59.3%), accidents at work
(— 45.6%), household accidents (— 38.2%), and traffic
accidents (— 26.4%). However, there no further differen-
tiation according to injury severity was made [13].

Accidents and injuries, especially polytrauma, can only
be influenced to a small extent. Reductions from 0 to 35%
have been reported. Locking at the results of 58 German
trauma clinics the decrease in cases (8%) and emergency
cases (9%) more or less reflects the available literature. In
contrast, the length of stay increased in the hospitals > 600
beds by 13%, whereas the PCCL decreased by 5%. Lubbe
et al. described a significant decrease in the length of stay
comparing the lockdown 2020 with the same period in
2018 [11]. There was a significant increase in the number
of polytrauma cases in the German Trauma Center inves-
tigated, which may be due to local peculiarities (e.g. the
only supraregional trauma center in the region, COVID
staff shortages in surrounding clinics). In the observation
period of 2020, the number of polytrauma cases was above
average, whereas the number in 2019 was average.

Another important aspect to consider is how the
COVID-19 pandemic will affect trauma centers finan-
cially. Maintaining the structure of the trauma centers is
a personnel and cost-intensive task. If a decrease in the
number of polytrauma patients as shown in the above-men-
tioned studies, should become apparent in the long term
throughout Germany and if compensation through elective
interventions is not possible due to the pandemic, trauma
centers will face a considerable financial shortfall [6].

The results of this study reflect the special position of
Level I Trauma Centers during the lockdown and pan-
demic. There is a risk of increased burden on the infra-
structure, especially in the central emergency departments,
intensive care, anesthesia, and surgical units. Finding the
balance between treating patients with confirmed or sus-
pect COVID-19 infection and ensuring the provision of
sufficient trauma care is difficult, and thus pushing the
personnel resources of a clinic to their limits. The data
presented here should be taken into account in the plan-
ning of future pandemic periods.

One solution would be to separate trauma patients and
COVID-19 patients in larger cities with appropriate hospi-
tal infrastructure. In this way, personnel and infrastructure
resources could be bundled and used effectively.

Further studies can examine whether the tiered structure
of trauma networks (local, regional, supraregional) has led
to the increased use of higher levels of care during the pan-
demic [14].

This study is limited by the short observation period and
the local specificity of the network structures so the data
cannot be generalized to other networks. Furthermore, the
data evaluation was purely descriptive and the comparison
with the 58 clinics only allows a rough classification, as
more precise limitations are not applicable due to the anony-
mous data analysis.

Conclusion

To reduce the risk of an increased burden on the healthcare
infrastructure, it suggests the care of trauma and COVID-19
patients should be separated locally, when possible.

Author contributions DW, CC and TV: Conception of the study. GB,
MK and AK: Acquisition of data. DW, CC, GB and MK: Analysis and
interpretation of data. DW, CC and GB: Drafting the manuscript. MK,
AK and TV: Revising the manuscript. All authors read and approved
the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data availability The datasets used and/or analysed during the cur-
rent study are available from the corresponding author on reasonable
request.

Declarations

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval No formal ethical approval was required as these were
audit data.

Informed consent to participate No identifiable patient data have been
kept or reported.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


http://creativecommons.org/licenses/by/4.0/

846

D.Wahnert et al.

References

JohnsHopkinsUniversity. Coronavirus Resource Center. 2020.
https://coronavirus.jhu.edu/map.html. Accessed 16 Nov 2020.
Petersen W, Bierke S, Karpinski K, Héaner M. Coronavirus-Pand-
emie und ihre Auswirkungen auf Orthopidie und Unfallchirurgie:
Operationen, Risiken und Privention? Knie J. 2020. https://doi.
org/10.1007/s43205-020-00052-1.
Bundesgesundheitsministerium. Coronavirus SARS-CoV-2:
Chronik der bisherigen MaBnahmen. 2020. https://www.bunde
sgesundheitsministerium.de/coronavirus/chronik-coronavirus.
html. Accessed 16 Sept 2020.

DGU. Empfehlungen fiir den Umgang mit Unfallverletzten und
OP-Indikationen. 2020. https://www.dgu-online.de/news-detai
lansicht/empfehlungen-fuer-den-umgang-mit-unfallverletzten-
und-op-indikationen.html. Accessed 15 Sept 2020.

Coleman JR, Burlew CC, Platnick KB, Campion E, Pieracci
F, Lawless R, et al. Maintaining trauma care access during the
COVID-19 pandemic: an urban, level-1 trauma center’s experi-
ence. Ann Surg. 2020;272(2):e58-60. https://doi.org/10.1097/
SLA.0000000000004001.

Haut ER, Leeds I, Livingston DH. The Effect on trauma care
secondary to the COVID-19 pandemic: collateral damage from
diversion of resources. Ann Surg. 2020. https://doi.org/10.1097/
SLA.0000000000004105.

Kluger Y, Ben-Ishay O, Sartelli M, Ansaloni L, Abbas AE,
Agresta F, et al. World society of emergency surgery study group
initiative on Timing of Acute Care Surgery classification (TACS).
World J Emerg Surg. 2013;8(1):17. https://doi.org/10.1186/
1749-7922-8-17.

von Dercks N, Korner C, Heyde C-E, Theopold J. Wie stark
trifft die Corona-Pandemie die Kliniken fiir Orthopédie und

@ Springer

10.

11.

12.

13.

14.

Unfallchirurgie? Orthopade. 2020;49(6):494-501. https://doi.
org/10.1007/s00132-020-03926-4.

Greenhalgh M, Dupley L, Unsworth R, Boden R. Where did all
the trauma go? A rapid review of the demands on orthopaedic
services at a U.K. Major Trauma Centre during the COVID-19
pandemic. Int J Clin Pract. 2020. https://doi.org/10.1111/ijcp.
13690.

Park C, Sugand K, Nathwani D, Bhattacharya R, Sarraf KM.
Impact of the COVID-19 pandemic on orthopedic trauma work-
load in a London level 1 trauma center: the “golden month.” Acta
Orthop. 2020. https://doi.org/10.1080/17453674.2020.1783621.
Lubbe RJ, Miller J, Roehr CA, Allenback G, Nelson KE, Bear
J, et al. Effect of statewide social distancing and stay-at-home
directives on orthopaedic trauma at a southwestern level 1
trauma center during the COVID-19 pandemic. J Orthop Trauma.
2020;34(9):e343-8. https://doi.org/10.1097/BOT.0000000000
001890.

Stoker S, McDaniel D, Crean T, Maddox J, Jawanda G, Krentz
N, et al. Effect of shelter-in-place orders and the COVID-19
pandemic on orthopaedic trauma at a community level ii trauma
center. J Orthop Trauma. 2020;34(9):e336—42. https://doi.org/10.
1097/BOT.0000000000001860.

Wong JSH, Cheung KMC. Impact of COVID-19 on orthopaedic
and trauma service: an epidemiological study. J Bone Joint Surg
Am. 2020;102(14):¢80. https://doi.org/10.2106/J1BJS.20.00775.
Ruchholtz S, Lewan U, Debus F, Mand C, Siebert H, Kuhne CA.
TraumaNetzwerk DGU((R)): optimizing patient flow and manage-
ment. Injury. 2014;45(Suppl 3):S89-92. https://doi.org/10.1016/j.
injury.2014.08.024.


https://coronavirus.jhu.edu/map.html
https://doi.org/10.1007/s43205-020-00052-1
https://doi.org/10.1007/s43205-020-00052-1
https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html
https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html
https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html
https://www.dgu-online.de/news-detailansicht/empfehlungen-fuer-den-umgang-mit-unfallverletzten-und-op-indikationen.html
https://www.dgu-online.de/news-detailansicht/empfehlungen-fuer-den-umgang-mit-unfallverletzten-und-op-indikationen.html
https://www.dgu-online.de/news-detailansicht/empfehlungen-fuer-den-umgang-mit-unfallverletzten-und-op-indikationen.html
https://doi.org/10.1097/SLA.0000000000004001
https://doi.org/10.1097/SLA.0000000000004001
https://doi.org/10.1097/SLA.0000000000004105
https://doi.org/10.1097/SLA.0000000000004105
https://doi.org/10.1186/1749-7922-8-17
https://doi.org/10.1186/1749-7922-8-17
https://doi.org/10.1007/s00132-020-03926-4
https://doi.org/10.1007/s00132-020-03926-4
https://doi.org/10.1111/ijcp.13690
https://doi.org/10.1111/ijcp.13690
https://doi.org/10.1080/17453674.2020.1783621
https://doi.org/10.1097/BOT.0000000000001890
https://doi.org/10.1097/BOT.0000000000001890
https://doi.org/10.1097/BOT.0000000000001860
https://doi.org/10.1097/BOT.0000000000001860
https://doi.org/10.2106/JBJS.20.00775
https://doi.org/10.1016/j.injury.2014.08.024
https://doi.org/10.1016/j.injury.2014.08.024

	Effects of the first lockdown of the COVID-19 pandemic on the trauma surgery clinic of a German Level I Trauma Center
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Benchmark (Organized Management Information, InMed GmbH, Hamburg, Germany)

	Results
	Personnel
	Bed days
	Clinic—emergency department
	Clinic—operating theater
	Clinic—total
	Benchmark
	Compensation payment

	Discussion
	Conclusion
	References




