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Introduction: This retrospective cohort analysis examines the impact of the COVID-19
pandemic in the prehospital setting in Germany. The data of two emergency physician
response units of a northern German region with 1.2 million citizens was analyzed
retrospectively.

Materials and Methods: We analyzed the period March 16 to April 16 for the year 2020
when the lockdown took place in Germany and compare the results for the same period for
the year 2019 and 2018. 1004 patients were included. Demographic data, the type of rescue
missions, the number of missions per day, the National Advisory Committee for Aeronautics
Score (NACA-score), the frequency of respiratory emergencies (COVID-19 and non-COVID
-19 associated), as well as the number of deaths were documented.

Results: Mean age was 62.3+£24.8 years and 576 (56.5%) were male. Number of missions
were 397, 403 and 333 in 2018, 2019 and 2020 respectively. The control room registered
a 22% reduction of rescue missions for the year 2020. Even the amount of emergency calls
via the emergency number 112 was reduced by 17.4% between 2018 and 2020. 150 (14.9%)
missions were due to respiratory emergencies. In 2020 10 missions (28.6% of respiratory
emergencies) were COVID-19 related. In 2020 the NACA score increased significantly.
Conclusion: We found a decreasing effect of the COVID-19 pandemic in Germany on the
number of emergency calls as well as missions, and an increase of the severity of cases in
preclinical care for a northern German region with 1.2 million citizens. The effect of these
findings caused by COVID-19 on the health care system remains to be seen.

Keywords: emergency medicine, SARS-CoV-2, COVID-19, prehospital care, emergency

physician response units, pandemic

Background

Since the COVID-19 pandemic'* started in China in December 2019, Europe has
become a center of this new disease by number of cases and deaths. Germany is less
affected with a case fatality proportion™® (CFP) of 0.041 compared to Italy
(0.137), Spain (0.102)” or France (0.148).” Germany is, with its absolute number
of cases (n=165,745) ranked 6 in Europe after Russia, Spain, UK, Italy, and France.
Some authors report during the pandemic of less patient treatments due to heart
disease or stroke,®® and that vaccination rates were lower than in former years
(Morbidity and Mortality Weekly Report 2020 [MMWR]).'"® The authors also
noticed fewer medical emergencies in the emergency room of our hospital as
well as a lower number of emergency calls for the hospital-based physician
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response unit (PRU) and air ambulance (HEMS [helicop-
ter emergency medical service]).

Objectives

This study compares during lockdown in Germany
while the COVID-19 pandemic six parameters (1-6)
in 2020 with the two previous years of 2018 and
2019 to identify the influence of the COVID-19 pan-
demic of the prehospital emergency system: (1) to
quantify for each year number of emergency calls and
(2) subsequent rescue missions, (3) number of respira-
tory diseases and (4) COVID-19-associated diseases, as
well as (5) the severity of the diseases and (6) number
of deaths. We suggest that the COVID-19 pandemic
has an impact on all of these aspects in the prehospital
emergency system.

Methods
Study Design and Setting

This retrospective single center cohort analysis included
all rescue missions of a physician response unit (PRU, 24/
7 on service) and air ambulance (HEMS, 07:00 a.m./sun-
rise to sunset on service) that were conducted from
March 16 to April 16, 2020, the time when the lockdown
took place in Germany and during the same period in 2018
and 2019. The PRU and HEMS are located at the Trauma
Department at Hannover Medical School (MHH), a level 1
trauma center, which is a university hospital in Lower
Saxony, Germany, with approximately 1600 inpatient
beds. Other PRUs and HEMS in lower Saxony were not
included.

Furthermore, a survey of all emergency calls and
rescue missions carried out in the city and region of

Hanover, an area with 1.2 million citizens, was con-
ducted by Hanover Fire Department. The control room,
run by Hanover Fire Department, coordinates overall
one primary HEMS (air ambulance [helicopter emer-
gency medical service]), five PRUs (physician response
unit) for the city and seven PRUs for the greater area of
Hannover. In addition, the control room coordinates
a second HEMS too, whose primary task is the physi-
cian assisted airborne secondary transport of critically ill
patients between hospitals.

A potential confounder of this study could be the
varying number of emergency physicians assigned dur-
ing this time period with different levels of medical
education and

individual experience in emergency

medicine.

Participants and Data Assessment
For the above-mentioned period, age, gender and emer-
gency characteristics (traumatology, internal medicine,
neurology, psychiatry, pediatrics or gynecology, Table
1) of all patients as well as the number of emergency
calls per day were obtained. We looked at disease
severity with the National Advisory Committee for
Aeronautics (NACA) score (07, 0= no injury or illness,
7=death, detailed information is shown in supplementary
material), respiratory emergencies and the likelihood of
association with COVID-19, and deaths. The NACA
score was prospectively documented in the medical
reports. Data assessment was performed anonymously
by two of the authors.

Additionally, we documented the number of emer-
gency calls received by Hanover Fire Department.
Considering the total number of infections and deaths

Table | Percentage Distribution of the Emergency Physician Missions

Type of Rescue PRU* HEMS#** PRU + HEMS
Mission n (%)
2018 2019 2020 Total 2018 2019 2020 Total
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Traumatology 19 (8.2) 28 (11.9) | 26 (12.9) 73 (10.9) | 53 (41.1) | 45 (39.1) | 46 (48.7) | 144 (42.6) 217 (22.6)
Internal Medicine 169 (72.8) | 162 (68.6) | 148 (73.6) | 479 (71.6) | 62 (51.8) | 56 (47.1) | 41 (46.0) | 159 (48.5) 638 (63.1)
Neurology 30 (12.9) 36 (15.3) | 22(10.9) | 88(13.2) 8 (6.4) 15 (12.3) 3(2.7) 26 (7.4) 114 (11.0)
Psychiatric 6 (2.6) 52.1) 2 (1.0) 13 (1.3) 0 (0.0) 0 (0.0) I (1.8) I (1.0) 14 (1.2)
Pediatric 4 (1.7) 3(1.3) 2 (1.0 9 (1.9 1 (0.7) 1 (0.7) 2(0.9) 4 (0.3) 13 (1.3)
Gynecology 4(1.7) 2 (0.8) | (0.5) 7 (1.0 0 (0.0) 1 (0.7) 0 (0.0 I (0.3) 8 (0.8)

Abbreviations: *PRU, physician response unit; **HEMS, air ambulance (helicopter emergency medical service).
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Table 2 COVID-19 Suspected Patients Treated by the Emergency Services PRU* and HEMS**
Sex | Age COVID-19- Initial Symptoms COVvID Treatment Death | Emergency
Infection Confirmed Services
Identified
Prehospitally
Patient | a8 54 No Dyspnea, oxygen saturation Positive Oxygen and volume No PRU*
<90%, cough, fever >38.5°C supply, admitted to
ICU
Patient 2 Q 53 No Dyspnea, oxygen saturation Negative Oxygen and volume No PRU*
<90%, cough, fever >38.5°C supply, admitted to
ICU
Patient 3 Q 89 No Dyspnea, oxygen saturation Negative Oxygen and volume Yes PRU*
>90%, cough, no fever supply, admitted to
a normal ward
Patient 4 Q 83 No Dyspnea, oxygen saturation Positive NIV, volume supply, Yes PRU*
<90%, cough, fever >38.5°C admitted to ICU
Patient 5 3 58 No Dyspnea, oxygen saturation Negative Resuscitation, Yes PRU*
<90%, cough, fever >38.5°C, admitted to ICU
cardiovascular arrest
Patient 6 3 83 Yes Dyspnea, oxygen saturation Positive Oxygen and volume Yes PRU*
<90%, cough, fever >38.5°C supply, admitted to
ICU
Patient 7 3 80 No Dyspnea, oxygen saturation Positive Oxygen and volume No PRU*
<90%, cough, fever >38.5°C supply, admitted to
ICU
Patient 8 3 45 No Dyspnea, oxygen saturation Positive Oxygen and volume No PRU*
<90%, cough, no fever supply, admitted to
ICU
Patient 9 Q 8l No No Dyspnea, oxygen Positive Oxygen and volume No PRU*
saturation >90%, fever >38.5° supply, admitted to
C a normal ward
Patient 10 Q 93 No Dyspnea, oxygen saturation Positive Oxygen and volume Yes PRU*
<90%, cough, no fever <38°C supply, admitted to
a normal ward
Patient || 3 96 No Bradycardia and Negative Resuscitation Yes HEMS**
cardiovascular arrest
Patient 12 | & 95 No Dyspnea, oxygen saturation Negative Oxygen and volume No HEMS**
<90%, cough, fever >38.5°C supply, admitted to
a normal ward
Notes: 9= female, J= male.

Abbreviations: ICU, intensive care unit; *PRU, physician response unit; **HEMS, air ambulance (helicopter emergency medical service).

related to COVID-19 the case fatality proportion™® was
calculated for Germany, its selected states and counties
as well as cities (Tables 2 and 3) and compared to the
other countries (USA, Spain, Italy and France).

COVID-19 Disease in Hannover

We assessed publicly available data from local authorities, and
from the Robert Koch-Institut (RKI)'! in Hamburg. For com-
parison of CFP (case fatality proportion) values of European
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Table 3 Demographic Figures Related to COVID-19 Infections
and Deaths for the International Comparison Based on Data
from the Johns Hopkins University' (as of March 3, 2020)

Countries Death (n) Infections (n) CFp#%?
USA 68,957 1,192,906 0.058
Italy 28,884 210,717 0.137
Spain 25,428 248,301 0.102
France 24,895 168,693 0.148
Germany 6,866 165,745 0.041

Abbreviation: *CFP, case fatality proportion.

countries and the USA, data from Johns Hopkins University &
Medicine Coronavirus Resource Center'” was used.

Statistical Methods

Statistical analysis was performed using SPSS 26 (IBM,
SPSS Inc., Chicago, IL). For dichotomous variables, the
Fisher’s exact test was used. For mean variables, the
Mann—Whitney U-test was used after checking for normal
distribution. Significance value was set to p<0.05.

Results

Participants

From March 16 to April 16 in 2018, 2019 and 2020
n=1133 rescue missions were recorded. 1004 patients
were included for evaluation of patient data (Figure 1).
The only exclusion criterion for patient data was a mission
being canceled before arrival at the scene. All included
patients had complete data sets. Figure 1 shows a flow
chart of the study design.

All emergency missions
March 16 - April 16
2018, 2019, 2020
n=1,133

Exclusion criterion for
patient data: mission
»  being canceled before
arrival at the scene
Y n=129*
Included patient data for
analysis n=1,004

v
Included data set for
number of all missions
and missions per day
n=1,133

A 4

Figure | Flow chart of the inclusion and exclusion criteria for the cohort. *The
proportion of 10% cancelled missions is comparable throughout the years (data not
shown).

Main Results

The average age of the total cohort was 62.3+24.8 years.
Patients treated by HEMS (air ambulance [helicopter
emergency medical service]) were on average 3.5 years
younger (HEMS: 59.94£25.5 vs PRU: 63.6+£24.3, p=0.027).
Comparing 2018 to 2019 and 2020 respectively, patients
treated by HEMS became also significantly younger over
the years (2018: 63.4+25.8; 2019: 60.1+£25.9, p=0.131;
2020: 54.9+23.9, p=0.011; both compared to 2018). The
age of patients treated by PRUs (physician response unit)
increased significantly compared to 2018 and 2019 (2018:
61.5£25.3; 2019: 634249, p=0.118; 2020: 66.6+22.1,
p=0.029; both compared to 2018).

Five hundred and seventy-six (56.5%) of the 1004
patients were male. The subgroup analysis of HEMS and
PRU showed that significantly more men than women
were treated by HEMS (228 (65.3%) vs 121 (34.7%),
p<0.001). The gender distribution within the subgroups
did not vary significantly (PRU 2018-2020: men: 46.4—
56.2%, women: 43.8-53.6%; p=0.09; HEMS 2018-2020:
men: 61.7-72.2%, women: 27.8-38.3%; p=0.237). Figure
2 shows the gender distribution within PRUs and HEMS
cumulated for 2018 to 2020.

In the study period of 2018 n=21,008, 2019 n=18,946
and 2020 n=17,360 emergency calls (objective 1) were
registered, respectively. The assessment of the total num-
ber of rescue missions in the City and Region of Hanover
showed n=12,564 missions in the analyzed period for
2018, n=13,070 for 2019 and n=9,973 for 2020. This
amounts to a reduction of 22%.

The number of emergency missions (objective 2) in
2020 (n=333) decreased by about 17% compared to 2018
(n=403) and 2019 (n=397). The amount of missions

400 Gender

E Male
300
wo I .
0
PRU

M Female
HEMS
Figure 2 Bar chart for graphical representation of gender distribution, separated
into the subgroups PRU and HEMS.

Number of missions
~
s
8
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per day in 2020 declined significantly compared to pre-
vious years to 3.53 + 1.30 (2018: 4.41%1.60; p=0.019;
2019: 4.31£1.71; p=0.044) for HEMS and to 6.88+1.66
(2018: 8.19+1.66; p=0.002; 2019: 8.094+2.67; p=0.032) for
PRUs. However, medical reasons for emergency physician
missions did not change significantly over time (Table 1).

A total of n=150 (14.9%) missions were due to respira-
tory emergencies (objective 3), with HEMS (n=22, 5.6%)
treating significantly fewer respiratory emergencies than
PRU (n=128, 19.1%, p<0.001). However, there was no
difference in the number of respiratory emergencies in
2020 compared to previous years (2020: HEMS n=3
(3.1%), PRU n=35 (17.5%)).

In 2020 n=10 patients (28.6%) with COVID-19 (objec-
tive 4) associated complaints were treated by the PRU of
Hannover Medical School. None of the COVID-associated
cases died in the prehospital phase but in three cases severe
respiratory failure had to be managed by two times endotra-
cheal intubation and one times non-invasive ventilation
(NIV). When NIV was used for respiratory support in the
preclinical phase, a COVID-19 infection of the attending
physician occurred. In this case there was a relative indication
for an intubation. It was up to his/her experience and evalua-
tion of the situation. He/she made the decision for NIV. The
clinical findings of these ten patients are shown in Table 2.

The average NACA (National Advisory Committee for
Aecronautics) score (objective 5) of the total cohort was
3.52+1.36. The comparison of the complete NACA score
(PRU and HEMS) for both rescue services for the years
2018 and 2019 showed no significant difference (2018:
3.39+1.28, 2019: 3.44+1.32, p=0.625). However, for the
period under investigation in 2020, a significant increase
in the NACA score was found compared to the same
periods in 2018 and 2019 (3.76£1.47, p=0.004 compared
to 2019, p=0.001 compared to 2018).

The subgroup analysis showed that the NACA score
was significantly higher for HEMS than in the PRU group
(3.64+1.43 vs 3.46+1.32; p=0.048).

While in the PRU group the COVID-19 pandemic did
not have a significant impact on the NACA score (Figure
3,2018: 3.45+1.24; 2019: 3.39+1.32, p=0.632; 2020: 3.54
+1.40; p=0.450; each compared to 2018), the NACA score
for HEMS increased significantly in 2020 (2018: 3.30
+1.35; 2019: 3.54+1.34, p=0.155; 2020: 4.17+1.50,
p<0.001; each compared to 2018).

In total, prehospital deaths (objective 6) were recorded
in 78 (7.8%) patients. Mortality did not differ significantly
between years (2018 n=22, 6.2%; 2019 n=32, 9.1%; 2020

NACA Score

2018 2019 2020

B NACA Score total NACA Score PRU NACA Score HEMS

Figure 3 Graphical display of the NACA Score for PRU and HEMS as well as for
the whole cohort; *p=0.001 2020 vs 2018; #p=0.004 2020 vs 2019; +p<0.00| 2020
vs 2018, $p=0.001 2020 vs 2019.

n=24, 8.2%; p=0.332). There were also no differences in
rescue missions related to mortality for 2020, neither
between the years nor between HEMS (n=8, 8.6%) and
PRU (n=16, 8.0%, p=0.88). Data clarifying death by
COVID-19 was not available for these patients.

To assess the severity of disease in the districts and
states as well as for international comparison, the CFP
values are shown in detail in Tables 3 and 4.

Discussion
Key Results

In summary, our study shows a significant reduction in the
number of PRU and HEMS missions per day and
a significant increase in the severity of the disease in
HEMS cases. The number of emergency missions handled
by the control room for the period under investigation in
2020 compared to the same period in 2018 and 2019
decreased by 17%. We observed no excessive increase of
interventions due to respiratory or COVID-19 associated
complaints. The number of respiratory non-COVID-19
associated emergencies did not change significantly com-
pared to 2018 and 2019. The same applies to the number
of deaths.

Strengths and Limitations

For the data assessment of the study, we decided to ana-
lyse the period when the lockdown took place in Germany.
At this time we expected the strongest impact of COVID-
19 on people. In addition, the quarantine measures were
carried out for this period and thus external disturbance
factors as sources of infection, such as an increased risk of
infection by

returning holidaymakers or foreigners

Open Access Emergency Medicine 2021:13
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Table 4 Demographic Figures Related to COVID-19 Infections and Deaths in the Individual Federal States and Districts as Well as for Germany Based on Data from the Robert Koch

Institute' (as of 03.05.2020)
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female, &'= male. **First major outbreak reported in Germany on February 25, 2020 after carnival party in Heinsberg.

Notes: *First reported patient with a COVID-19 infection; ¢

entering the country as well as increased social contacts,
were reduced.

The used cohort (n=1004) was made as a single center
study up from two of six physician staffed services of
Hanover city. Therefore, a selection bias could be possible.
The study size was derived from the calls processed in the
control room run by Hanover Fire Department for the
above mentioned period. In this context, it should be
mentioned that only certain keywords provide the indica-
tion for the deployment of a PRU (physician response
unit) or HEMS (air ambulance [helicopter emergency
medical service]). These are for example severe chest
pain, serious injuries, eg, in traffic accidents, but also
acute respiratory distress, eg, in COPD, as well as symp-
toms of a potential COVID-19 infection.

Nevertheless, as far as the selection of the data origin is
concerned, the only limiting factor is the affiliation of the
rescue services to the authors’ hospital. The control room
of Hanover Fire department is completely independent,
therefore the data are reliable and objective. Thus, neither
the reason for alerting nor the frequency of deployment or
the decision which emergency service was sent out could
be influenced. Within the scope of our investigation, the
detailed clinical pictures of the rescue operations could not
be analyzed separately. This is due to the fact that pre-
hospital diagnoses are made based on telephone informa-
tion only. It could neither be revised on scene or in
hospital, and could not be assessed by us later
Therefore, the missions are divided into six categories:
traumatology, internal medicine, neurology, psychiatric,
pediatric or gynecological, without further explanation of
clinical symptoms (Table 1).

For a better classification and objectivity of our results,
we calculated the CFP. CFP is evaluated in the literature as
a valid epidemiological parameter,”® and is a simple indi-
cator to assess the severity of the pandemic. The higher
this parameter is, the more severe is the impact of the
disease on the population. Thus, countries, states and
regions as well as cities can be easily compared.

In order to present data which are as objective as
possible, the selection of these three states as
a comparative cohort is justified by the fact that the wes-
tern (North Rhine-Westfalia with a major outbreak after
a carnival party in Heinsberg on February 27, 2020) and
southeastern parts of Germany (Bavaria with the first
COVID-19 patient in Germany on January 28, 2020)
showed a higher incidence and mortality compared to the
nationwide infection numbers. In addition, there is
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a geographical proximity between Bavaria and Northern
Italy, which had been badly affected by the COVID-19
pandemic. For international comparison, the infection and
death figures due to COVID-19 of the USA, Italy, Spain
and France were used. At the time of the data collection
these countries were seriously affected by the COVID-19
pandemic, although, with the exception of the USA, in
these European neighbouring countries, nearly comparable
health services and socio-economic standards as in
Germany, existed. Nevertheless, due to less ICU beds
and ventilators per 100,000 citizen the comparability
could be relatively limited and this has indeed an impact
on the CFP and leads to more worse CFP rates in Italy,
Spain and France than in Germany.

Interpretation

COVID-19 takes on a special role, as it not only acts as
a final diagnosis in the sense of an upper respiratory tract
infection, but also as a secondary powerful contributor. In
addition to the primary effect of the disease, it can also
have a secondary effect, intensified by quarantine mea-
sures, on the avoidance behavior of patients in the sense
of fear of an increased risk of infection with COVID-19,
eg, through close contacts, especially in hospitals. The
closure of schools, pre-schools, day-care centers and
sports clubs has led to a reduction in everyday activities
and thus to a lower risk of acquiring infections at school,
during sports activities and on the daily commute.
Nevertheless, our data showed even a reduction across
all types of rescue missions, so that we could not confirm
this effect. Despite this, an increase in the severity of
illness of the NACA (National Advisory Committee for
Aeronautics) score could be shown for HEMS (air ambu-
lance [helicopter emergency medical service]). This could
be due to the fact that the patients with minor illnesses did
not call the emergency services out of fear and thus a shift
to higher NACA values occurred. However, it could also
be an expression of the time delay until the emergency call
is made since patients wait and only call when the symp-
toms are more severe. These circumstances could have led
to a reduction in the use of emergency medical services as
well as greatly delayed decision making until the emer-
gency consultation occurred. These facts could also
explain the reduction in the number of interventions.
This is also confirmed by the reduced number of emer-
gency calls. Nevertheless, the quarantine situation may
have led to a reduced stress situation in addition to

avoidance behavior, which could also explain the reduc-
tion of ambulance requests.

Whereas Marijon et al showed a significant increase in
out-of-hospital cardiac arrest incidence, coupled with
a reduction in survival during the specified time period
of the pandemic when compared with the equivalent time
period in previous years with no pandemic,"® Trabattoni
et al reported that there has been a demonstrable reduction
of about 25% in the treatment of heart attacks.® This would
be in line with our results, as we were also able to prove
a reduction in the number of treatments for the above-
mentioned period. But this is contradicted by a UK
(United Kingdom) study, which reports no changes in the
number of heart attacks and strokes.'* Also, Baldi et al
showed a cumulative incidence of diagnosed Covid-19 and
cases of out-of-hospital cardiac arrests in Italy.
Furthermore, the authors showed that the cumulative inci-
dence of out-of-hospital cardiac arrests in 2020 was
strongly associated with the cumulative incidence of
COVID-19. The number of cases of out-of-hospital car-
diac arrests compared to 2019 increased also.'> These
findings may be explained with different CFPs (case fatal-
ity proportion) in these regions. A region with comparably
low CFPs like ours may have a problem with avoidance
behavior of the general public, thus reducing the utiliza-
tion of medical services. Whereas regions with higher
CFPs as an expression of more severe courses of the
pandemic itself have to deal with COVID linked diseases
and deaths, clouding the reduction in utilization of medical
services and resulting in equivalent or even higher disease

and death rates.'®

Generalizability
In assessing external validity, it should be taken in mind
that our cohort was analyzed under special conditions
(emergency situations). The objectives 1, 2, 3, 4, 5 and 6
were confirmed. This suggests that the pandemic triggered
by the SARS-CoV-2 virus had and still has an impact on
prehospital care in the German health care system.
Equally, COVID-19 also has had an indirect (collateral)
impact on the health of citizens in other countries.®!'*"!
Based on the calculated CFP, a representative classifi-
cation of our results for the infection and death figures
available in Germany at the time of our study was possi-
ble. It was noticeable that 17% fewer emergency medical
interventions were carried out in the period under review
compared with the same periods in 2018 and 2019.
Nevertheless, the NACA score of the emergency medical
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interventions we analyzed increased, so that an effect of
the COVID-19 pandemic can until now only be shown
with regard to the number of rescue missions and emer-
gency calls.

Conclusion

We found a decreasing effect of the COVID-19 pandemic
in Germany on the number of emergency calls as well as
missions, and an increase of the severity of cases in pre-
clinical care for a northern German region with 1.2 million
citizens. The effect of these findings caused by COVID-19
on the health care system remains to be seen.
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