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Summary
Background Nationwide, unbiased, and unselected data of hospitalised patients with COVID-19 are scarce. Our aim 
was to provide a detailed account of case characteristics, resource use, and outcomes of hospitalised patients with 
COVID-19 in Germany, where the health-care system has not been overwhelmed by the pandemic.

Methods In this observational study, adult patients with a confirmed COVID-19 diagnosis, who were admitted to 
hospital in Germany between Feb 26 and April 19, 2020, and for whom a complete hospital course was available (ie, 
the patient was discharged or died in hospital) were included in the study cohort. Claims data from the German Local 
Health Care Funds were analysed. The data set included detailed information on patient characteristics, duration of 
hospital stay, type and duration of ventilation, and survival status. Patients with adjacent completed hospital stays 
were grouped into one case. Patients were grouped according to whether or not they had received any form of 
mechanical ventilation. To account for comorbidities, we used the Charlson comorbidity index.

Findings Of 10 021 hospitalised patients being treated in 920 different hospitals, 1727 (17%) received mechanical 
ventilation (of whom 422 [24%] were aged 18–59 years, 382 [22%] were aged 60–69 years, 535 [31%] were aged 
70–79 years, and 388 [23%] were aged ≥80 years). The median age was 72 years (IQR 57–82). Men and women were 
equally represented in the non-ventilated group, whereas twice as many men than women were in the ventilated 
group. The likelihood of being ventilated was 12% for women (580 of 4822) and 22% for men (1147 of 5199). The 
most common comorbidities were hypertension (5575 [56%] of 10 021), diabetes (2791 [28%]), cardiac arrhythmia 
(2699 [27%]), renal failure (2287 [23%]), heart failure (1963 [20%]), and chronic pulmonary disease (1358 [14%]). 
Dialysis was required in 599 (6%) of all patients and in 469 (27%) of 1727 ventilated patients. The Charlson 
comorbidity index was 0 for 3237 (39%) of 8294 patients without ventilation, but only 374 (22%) of 1727 ventilated 
patients. The mean duration of ventilation was 13·5 days (SD 12·1). In-hospital mortality was 22% overall 
(2229 of 10 021), with wide variation between patients without ventilation (1323 [16%] of 8294) and with ventilation 
(906 [53%] of 1727; 65 [45%] of 145 for non-invasive ventilation only, 70 [50%] of 141 for non-invasive ventilation 
failure, and 696 [53%] of 1318 for invasive mechanical ventilation). In-hospital mortality in ventilated patients 
requiring dialysis was 73% (342 of 469). In-hospital mortality for patients with ventilation by age ranged from 28% 
(117 of 422) in patients aged 18–59 years to 72% (280 of 388) in patients aged 80 years or older.

Interpretation In the German health-care system, in which hospital capacities have not been overwhelmed by the 
COVID-19 pandemic, mortality has been high for patients receiving mechanical ventilation, particularly for patients 
aged 80 years or older and those requiring dialysis, and has been considerably lower for patients younger than 60 years.

Funding None.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
The COVID-19 pandemic has affected more than 
13 million people worldwide. In Germany, the peak 
incidence of more than seven cases per 100 000 population 
per day was reached in March 31–April 3, 2020,1 after 
lockdown measures were introduced on March 21. As of 
July 15, 2020, 199 700 patients in Germany had tested 
positive for severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2).1 The number of COVID-19-
related deaths is 10·9 per 100 000 population,1 which is 

low compared with other health-care systems that have, at 
least in part, been overburdened.

First reports from China indicated mild symptoms in 
80% of all patients with SARS-CoV-2 infection; approx-
imately 20% had to be admitted to hospital, of whom 
25% needed to be treated in the intensive care unit 
(ICU).2–5 However, the impact on the total population 
of patients with COVID-19 could vary considerably, as 
register data suggest. The cumulative proportion of 
patients who were hospitalised was 26% in Belgium, 
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30% in the Netherlands, 53% in Spain, and 69% in 
France,6–9 whereas Germany reported 17% by July 2, 2020.1

In-hospital mortality of patients with COVID-19 varies 
widely between regions, ranging from 20% to more 
than 50%.10–15 Because the duration of mechanical 
ventilation and recovery from COVID-19 often takes 
several weeks, recent publications include a substantial 
subset of patients who are still in the ICU, and little is 
known about outcomes of a nationwide cohort of patients 
discharged from hospital.16

Furthermore, differences in outcomes could be attri-
buted to availability and access to health-care system 
resources. The number of ICU beds varies greatly in 
different health-care systems, with pre-COVID-19 levels 
within Europe ranging from 5·0 per 100 000 population in 
Ireland to 33·9 per 100 000 population in Germany, with 
intermediate capacities in countries such as the 
Netherlands (6·7), Spain (9·7), England (10·5), France 
(16·3), and Belgium (16·6).17 In the current pandemic, the 
availability of ICU beds might affect the long-term 
outcome for patients with COVID-19. To date, Germany 
has always had enough free ICU beds, as reported by the 
national registry.

The aim of this study was to identify detailed baseline 
characteristics and outcomes of a large, unselected, and 
unbiased cohort of hospitalised patients with COVID-19 
with completed hospital treatments in one of the 
least resource-limited health-care systems, particularly 
focusing on patients requiring mechanical ventilation.

Methods
Study design
For this observational study, we used anonymised nation-
 wide administrative claims data from the German Local 

Health Care Funds (Allgemeine Ortskrankenkassen 
[AOK]), the largest sickness fund group within Germany’s 
statutory health insurance system. The study was app-
roved by the Ethics Committee of the Witten/Herdecke 
University (research ethics board number 92/2020; 
May, 2020).

Participants and data collection
AOK provides statutory health insurance for around 
32% of the German population.18 Membership is open 
to anyone regardless of factors such as professional 
affiliation, income, age, or comorbidities.19 Of note, 
almost every inhabitant of Germany has obligatory 
health-care insurance. According to the German acc-
ounting method for the health-care system, all 
diagnoses, out comes, and procedures must be reported 
to the sickness funds, as required by law. Hence, the 
data set includes detailed information on patient 
characteristics, such as age, sex, length of hospital stay, 
diagnoses and procedure codes, and discharge type 
(survival status). Diagnoses were coded according to 
the tenth revision of the International Classification of 
Diseases and procedures were coded according to the 
International Classification of Procedures in Medicine, 
the Operationen- und Prozedurenschlüssel (2020 
version).

For the analyses, we included only patients with a 
confirmed SARS-CoV-2 infection by RT-PCR (diagnosis 
code U07.1) who were at least 18 years old at admission 
and were admitted to hospital between Feb 26, 2020, 
and April 19, 2020, inclusive. We included only patients 
for whom the complete hospital course was available 
(ie, patients were discharged or died in hospital during 
the study period). Based on experiences from the first 

Research in context

Evidence before this study
The proportion of patients with COVID-19 requiring 
hospitalisation, internsive care unit (ICU) admission, and 
mechanical ventilation differs widely between countries 
affected by the pandemic. The in-hospital mortality of patients 
with COVID-19 is not well known because most studies report 
incomplete data, with a large group of patients still hospitalised 
or in the ICU. We searched PubMed on April 22, 2020, for 
articles using the search terms “SARS-CoV-2” OR “COVID-19” 
AND “critical care” OR “intensive care” OR “ICU” AND 
“mortality”. We included articles for which at least the abstract 
was available in English. Our search identified 44 studies that 
included original clinical outcome data from patients admitted 
to the ICU with COVID-19. We found no studies of large cohorts 
that reported only discharged patients.

Added value of this study
To our knowledge, this is the first large case series describing 
characteristics, resource use, and outcomes in patients with 

COVID-19 in an unselected and unbiased cohort of already 
discharged patients within a health-care system without 
major resource limitations. The study cohort included 
10 021 patients, 1727 of whom were mechanically ventilated, 
in 920 hospitals across Germany, representing all treatment 
levels.

Implications of all the available evidence
In the German health-care system, in which capacities were not 
overwhelmed by the COVID-19 pandemic, mortality was high 
for patients receiving mechanical ventilation, reaching almost 
75% in patients aged 80 years or older or in those requiring 
dialysis, but was considerably lower for patients younger than 
60 years. From a European perspective, the study shows that 
the overall in-hospital mortality is similar to that in other 
countries, such as France. However, the age distribution 
of patients on mechanical ventilation differs between countries. 
The use of mechanical ventilation was comparatively high in 
Germany, particularly among older people.

For the German intensive care 
register see https://www.

intensivregister.de
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weeks of the pandemic, the total number of patients 
could increase by up to 2% because of subsequent 
completion of claims after patient discharge. For billing 
purposes, COVID-19 cannot be coded as a main diag-
nosis, which is defined as the main reason for hospitali-
sation. Hence, we could not distinguish bet ween 

patients who were hospitalised for COVID-19 or for any 
other reason. Furthermore, because one insured person 
might have had several hospital stays during the 
observation period due to a transfer from one hospital 
to another, we grouped patients with adjacent completed 
hospital stays into one case.

All patients Patients without 
ventilation

Patients with ventilation

All types of 
ventilation

Non-invasive 
ventilation only

Invasive 
ventilation only

Non-invasive 
ventilation failure

Ventilation for 
1–6 h

Number of patients 10 021 8294 1727 145 1318 141 65

Number of hospitals 920 894 563 107 492 93 59

Age, years

Mean (SD) 68·3 (17·3) 68·3 (18·0) 68·4 (13·1) 72·4 (12·2) 67·9 (13·1) 67·6 (12·9) 74·0 (14·1)

Median (IQR) 72·0  
(57·0–82·0)

73·0  
(56·0–83·0)

71·0 
(60·0–79·0)

75·0 
(64·0–82·0)

70·0 
(59·0–78·0)

70·0  
(59·0–78·0)

77·0 
(67·0–84·0)

Age group, years

18–59 2896 (28·9%) 2474 (29·8%) 422 (24·4%) 22 (15·2%) 337 (25·6%) 37 (26·2%) 9 (13·8%)

60–69 1621 (16·2%) 1239 (14·9%) 382 (22·1%) 23 (15·9%) 305 (23·1%) 32 (22·7%) 9 (13·8%)

70–79 2158 (21·5%) 1623 (19·6%) 535 (31·0%) 45 (31·0%) 413 (31·3%) 45 (31·9%) 20 (30·8%)

≥80 3346 (33·4%) 2958 (35·7%) 388 (22·5%) 55 (37·9%) 263 (20·0%) 27 (19·1%) 27 (41·5%)

Sex

Female 4822 (48·1%) 4242 (51·1%) 580 (33·6%) 56 (38·6%) 442 (33·5%) 42 (29·8%) 25 (38·5%)

Male 5199 (51·9%) 4052 (48·9%) 1147 (66·4%) 89 (61·4%) 876 (66·5%) 99 (70·2%) 40 (61·5%)

Elixhauser comorbidities

Hypertension 5575 (55·6%) 4498 (54·2%) 1077 (62·4%) 97 (66·9%) 816 (61·9%) 91 (64·5%) 37 (56·9%)

Diabetes 2791 (27·9%) 2120 (25·6%) 671 (38·9%) 56 (38·6%) 520 (39·5%) 60 (42·6%) 15 (23·1%)

Cardiac arrhythmia 2699 (26·9%) 1960 (23·6%) 739 (42·8%) 55 (37·9%) 574 (43·6%) 64 (45·4%) 24 (36·9%)

Renal failure 2287 (22·8%) 1870 (22·5%) 417 (24·1%) 45 (31·0%) 306 (23·2%) 28 (19·9%) 21 (32·3%)

Congestive heart failure 1963 (19·6%) 1436 (17·3%) 527 (30·5%) 58 (40·0%) 385 (29·2%) 45 (31·9%) 21 (32·3%)

Chronic pulmonary 
disease

1358 (13·6%) 1025 (12·4%) 333 (19·3%) 43 (29·7%) 234 (17·8%) 29 (20·6%) 13 (20·0%)

Obesity 590 (5·9%) 361 (4·4%) 229 (13·3%) 17 (11·7%) 182 (13·8%) 23 (16·3%) ··

Obesity category by BMI, kg/m²

≥30 and <35 211 (2·1%) 148 (1·8%) 63 (3·6%) ·· 52 (3·9%) ·· ··

≥35 and <40 139 (1·4%) 87 (1·0%) 52 (3·0%) ·· 39 (3·0%) ·· ··

≥40 163 (1·6%) 81 (1·0%) 82 (4·7%) ·· 64 (4·9%) ·· ··

Unknown 77 (0·8%) 45 (0·5%) 32 (1·9%) ·· 27 (2·0%) ·· ··

Patients transferred 
between hospitals

1089 (10·9%) 628 (7·6%) 461 (26·7%) 23 (15·9%) 371 (28·1%) 44 (31·2%) 11 (16·9%)

Length of hospital stay, days

Mean (SD) 14·3 (13·8) 12·0 (11·3) 25·2 (18·5) 18·1 (13·3) 26·5 (18·7) 29·9 (19·7) 11·9 (14·3)

Median (IQR) 10·0  
(5·0–19·0)

9·0  
(5·0–15·0)

21·0  
(10·0–37·0)

15·0  
(8·0–25·0)

23·0  
(11·0–39·0)

26·0  
(14·0–44·0)

6·0  
(1·0–14·0)

Ventilation, days

Mean (SD) 13·5 (12·1) ·· 13·5 (12·1) 3·6 (4·2) 15·1 (12·1) 17·1 (12·7) 0·1 (0·1)

Median (IQR) 10·1  
(4·3–19·3)

·· 10·1  
(4·3–19·3)

2·2  
(0·9–4·3)

11·8  
(5·9–21·5)

13·0  
(8·0–24·0)

0·1  
(0·1–0·2)

Tracheostomy 445 (4·4%) ·· 445 (25·8%) ·· 406 (30·8%) 39 (27·7%) ··

Extracorporeal membrane 
oxygenation

119 (1·2%) ·· 119 (6·9%) ·· 104 (7·9%) 12 (8·5%) ··

Dialysis 599 (6·0%) 130 (1·6%) 469 (27·2%) 7 (4·8%) 404 (30·7%) 41 (29·1%) ··

Deaths 2229 (22·2%) 1323 (16·0%) 906 (52·5%) 65 (44·8%) 696 (52·8%) 70 (49·6%) 42 (64·6%)

Data are n (%), unless otherwise indicated. Data are not shown in cells that contain fewer than five patients. BMI=body-mass index.

Table 1: Patient characteristics by type of ventilation
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Procedures
Patients were grouped according to whether or not 
they received any form of mechanical ventilation. Mechan-
ical ventilation was defined as ventilation for more than 
1 h. Patients who received mechanical ventilation for more 
than 6 h were grouped into three subgroups: patients with 
only non-invasive mechanical ventilation; patients with 
only invasive mechanical ventilation; and patients with 
non-invasive mechanical ventilation failure. If non-inva-
sive ventilation and invasive venti lation occurred during 

the same day, patients were assigned to the invasive 
mechanical ventilation group, because non-invasive venti-
lation is often used for a short period to bridge patients to 
intubation. If non-invasive ventilation was coded at least 
1 day before invasive ventilation, patients were assigned 
to the non-invasive mechanical ventilation failure group. 
We did not include patients with more than 6 h of 
ventilation for whom a procedure code for invasive or non-
invasive ventilation was missing (n=58). Patients who were 
ventilated for 1–6 h were reported as a single group, regard-
less of the type of ventilation. Continuous positive airway 
pressure is not encoded in the German diagnosis-related 
group system in conjunction with ICU medicine (it is 
encoded only in sleep medicine), so it was not available 
for analysis. Moreover, in contrast to non-invasive venti-
lation or invasive mechanical ventilation, high-flow oxygen 
therapy is not reimbursed; therefore, the data quality 
is low, and patients could not be separately analysed. 
To account for comorbidities, we used the Charlson 
comorbidity index and Elixhauser comorbidities.20,21

Statistical analysis
For continuous variables, we report means with SDs and 
medians with IQRs. For categorical variables, we report 
absolute numbers and percentages. All variables are 
reported for patients with and without mechanical venti-
lation and for the different ventilation groups. Addi-
tionally, we show descriptive statistics for patients with 
and without ventilation by age group (18–59 years, 
60–69 years, 70–79 years, and ≥80 years) and sex. All 
analyses were done using Oracle Database (version 12c) 
and R (version 3.5.3).

Role of the funding source
There was no funding source for this study. All authors 
had full access to all the data in the study and had 
responsibility for the decision to submit for publication.

Results
The study cohort included 10 021 patients with confirmed 
COVID-19 diagnosis who were admitted as inpatients to 
920 German hospitals between Feb 26, 2020, and 
April 19, 2020, and who had a closed hospital course. 
563 (61%) hospitals treated patients with mechanical 
ventilation. 95·2% of AOK-insured patients with coded 
COVID-19 infection at admission were included in the 
analysis; 4·8% could not be reported because they were 
still in hospital (1·0%) or their claims were not yet 
completed (3·8%).

Baseline characteristics are presented in tables 1 and 2 
and in the appendix (p 4). 8294 (83%) patients were treated 
without ventilation and 1727 (17%) were treated with 
ventilation, of whom 145 received non-invasive ventilation 
only, 1318 received invasive mechanical ventilation only, 
and 141 had non-invasive ventilation failure.

The median age was 72 years (IQR 57–82), with a similar 
median age for patients with and without ventilation 

Patients with ventilation Patients without ventilation

Female Male Female Male

Number of patients 580 1147 4242 4052

Number of hospitals 315 467 787 765

Age, years

Mean (SD) 70·7 (12·9) 67·3 (13·1) 69·6 (18·7) 67·0 (17·2)

Median (IQR) 73·0  
(63·0–80·0)

69·0  
(59·0–78·0)

76·0  
(57·0–84·0)

70·0  
(55·0–81·0)

Age group, years

18–59 109 (18·8%) 313 (27·3%) 1192 (28·1%) 1282 (31·6%)

60–69 107 (18·4%) 275 (24·0%) 554 (13·1%) 685 (16·9%)

70–79 202 (34·8%) 333 (29·0%) 769 (18·1%) 854 (21·1%)

≥80 162 (27·9%) 226 (19·7%) 1727 (40·7%) 1231 (30·4%)

Elixhauser comorbidities

Hypertension 379 (65·3%) 698 (60·9%) 2321 (54·7%) 2177 (53·7%)

Diabetes 245 (42·2%) 426 (37·1%) 1,015 (23·9%) 1105 (27·3%)

Cardiac arrhythmia 256 (44·1%) 483 (42·1%) 961 (22·7%) 999 (24·7%)

Renal failure 157 (27·1%) 260 (22·7%) 985 (23·2%) 885 (21·8%)

Congestive heart failure 193 (33·3%) 334 (29·1%) 739 (17·4%) 697 (17·2%)

Chronic pulmonary 
disease

118 (20·3%) 215 (18·7%) 522 (12·3%) 503 (12·4%)

Obesity 105 (18·1%) 124 (10·8%) 207 (4·9%) 154 (3·8%)

Obesity category by BMI, kg/m²

≥30 and <35 32 (5·5%) 31 (2·7%) 82 (1·9%) 66 (1·6%)

≥35 and <40 17 (2·9%) 35 (3·1%) 51 (1·2%) 36 (0·9%)

≥40 42 (7·2%) 40 (3·5%) 49 (1·2%) 32 (0·8%)

Unknown 14 (2·4%) 18 (1·6%) 25 (0·6%) 20 (0·5%)

Patients transferred 
between hospitals

152 (26·2%) 309 (26·9%) 327 (7·7%) 301 (7·4%)

Length of hospital stay, days

Mean (SD) 26·4 (18·7) 24·6 (18·4) 12·3 (11·8) 11·7 (10·8)

Median (IQR) 23·0  
(11·0–39·0)

20·0  
(10·0–36·0)

9·0  
(4·0–16·0)

8·0  
(5·0–15·0)

Ventilation (days)

Mean (SD) 13·0 (11·8) 13·8 (12·3) ·· ··

Median (IQR) 10·1  
(4·3–18·3)

10·0  
(4·3–20·2)

·· ··

Tracheostomy 132 (22·8%) 313 (27·3%) ·· ··

Extracorporeal membrane 
oxygenation

30 (5·2%) 89 (7·8%) ·· ··

Dialysis 115 (19·8%) 354 (30·9%) 57 (1·3%) 73 (1·8%)

Deaths 289 (49·8%) 617 (53·8%) 644 (15·2%) 679 (16·8%)

Data are n (%), unless otherwise indicated. BMI=body-mass index.

Table 2: Patient characteristics by sex

See Online for appendix
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(table 1). The proportion of patients who were ventilated 
was 15% (422 of 2896) of those aged 18–59 years, 24% 
(382 of 1621) of those aged 60–69 years, 25% (535 of 2158) 
of those aged 70–79 years, and 12% (388 of 3346) of those 
aged 80 years and older (figure 1A).

The proportion of men was 49% (4052 of 8294) among 
patients who did not receive ventilation and 66% 
(1147 of 1727) among patients who did receive ventilation 
(table 2). Thus, the probability of being ventilated was 12% 
(580 of 4822) for women and 22% (1147 of 5199) for men.

The most common comorbidities were hypertension 
(5575 [56%] of 10 021), diabetes (2791 [28%]), cardiac 
arrythmia (2699 [27%]), renal failure (2287 [23%]), heart 
failure (1963 [20%]), and chronic obstructive pulmonary 
disease (COPD; 1358 [14%]; table 1). 6% (590 of 10 021) of 
the patients were obese. Furthermore, 6% (599 of 10 021) 
of all patients received dialysis during hospitalisation. 
All comorbidities, as well as the number of patients 
receiving dialysis, were higher in the ventilated group 
compared with the non-ventilated group. 39% (3237 of 
8294) of patients in the non-ventilated group and 22% 
(374 of 1727) of patients in the ventilated group had a 

Charlson comorbidity index of 0. In the ventilated group, 
more than 50% had an index of 2 or higher (figure 1B).

The mean length of hospital stay was 14·3 days 
(SD 13·8) overall, with a mean of 12·0 days (11·3) in the 
non-ventilated group and 25·2 days (18·5) in the 
ventilated group (table 1, appendix pp 2, 4). 27% 
(461 of 1727) of all ventilated patients were transferred 
between hospitals.

In the ventilated group, mean ventilation duration was 
13·5 days (SD 12·1), ranging from 3·6 days (4·2) in 
patients receiving non-invasive ventilation only to 17·1 
(12·7) in patients with non-invasive ventilation failure 
(table 1). The differences in duration of mechanical 
ventilation between patients who survived and those who 
did not were modest (figure 2A). Additionally, figure 2B 
shows the distribution of mechanical ventilation duration 
by type of ventilation. 26% (445 of 1727) of all patients 
with ventilation were tracheostomised (table 1).

Overall, in-hospital mortality was 22% (2229 of 10 021), 
with wide variation between groups (table 1, figure 3A). 
In-hospital mortality was 16% (1323 of 8294) for patients 
without mechanical ventilation, and 53% (906 of 1727) 

Figure 1: Age distribution (A) and Charlson comorbidity index (B)
Only adult patients aged 18 years or older were included in the analysis.
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with mechanical ventilation (non-invasive ventilation 
45% [65 of 145], non-invasive ventilation failure 50% 
[70 of 141], and invasive mechanical ventilation 53% 
[696 of 1318]; appendix p 3). Disaggregating by age, in-
hospital mortality in the ventilated group was 28% 
(117 of 422) in patients aged 18–59 years, 46% (174 of 382) 
in patients aged 60–69 years, 63% (335 of 535) in patients 
aged 70–79 years, and 72% (280 of 388) in patients aged 
80 years or older (figure 3B). In the same age groups, in-
hospital mortality was lower in patients without 
mechanical ventilation: 1% (18 of 2474) in patients aged 
18–59 years, 5% (67 of 1239) in patients aged 60–69 years, 
15% (237 of 1623) in patients aged 70–79 years, and 34% 
(1001 of 2958) in patients aged 80 years or older (figure 3B, 
appendix p 4). In-hospital mortality in ventilated patients 
who were also treated with dialysis was particularly high 
at 73% (342 of 469), and 71% (84 of 119) of patients 
on extracorporeal membrane oxygenation died (appendix 
p 4). Furthermore, mortality did not change considerably 

over the study period (appendix p 5). Because most 
patients were not ventilated, in absolute terms, more 
patients died without ventilation (n=1323) than with 
ventilation (n=906).

Stratifying the group of ventilated patients by length of 
hospital stay (figure 4A) and duration of ventilation 
(figure 4B) shows that the probability of dying was 
particularly high in the first 10 days of hospitalisation. A 
length of stay of more than 18 days was associated with 
survival (figure 4A), whereas no such association was 
seen for duration of ventilation (figure 4B).

Discussion
This study describes the characteristics of hospitalised 
patients with COVID-19 in a large, unselected, and 
unbiased nationwide cohort of 10 021 patients admitted to 
920 hospitals in Germany, including during the peak of 
admissions at the end of March, 2020, and in the first half 
of April (ie, up to 2 weeks after the peak of new infections). 

Figure 2: Duration of mechanical ventilation by ventilation type
(A) Duration of mechanical ventilation by type of ventilation and survival status. Box plots show medians and IQRs. Means are shown with large circles. Outliers are 
shown with small circles. (B) Distribution of the duration of mechanical ventilation.
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To the best of our knowledge, this is the first report of in-
hospital mortality in a large group of patients with 
COVID-19 in Germany. The main findings of our study 
were that most patients were aged 70 years or older, that 
patients on mechanical ventilation had more comorbidities 
than patients without mechanical ventilation, and that 
mortality was high, with a mortality of 53% in patients 
being mechanically ventilated and 73% in patients 
requiring both ventilation and dialysis. Overall, in-hospital 
mortality was 22%, which is similar to that reported in 
France,9 but considerably lower than in the UK where in-
hospital mortality was reported to be 39%, if only patients 
who were discharged or died in hospital are taken into 
account.15 However, the age distribution of patients, 
particularly of patients admitted to hospital and of those 
on mechanical ventilation, generally differs between the 
European countries.

Mortality was particularly high for patients on 
mechanical ventilation (53%), reaching 63% in patients 
aged 70–79 years and 72% in patients aged 80 years and 
older. These mortality rates are higher than those for 
severe acute respiratory distress syndrome (ARDS).22 In 
the New York cohort reported by Richardson and collea-
gues,14 mortality was 24·5%, including patients remaining 
in the ICU. However, if only patients discharged from the 
ICU were included in the analysis, as done in our cohort, 
mortality among patients aged 18–65 years and those older 
than 65 years would be substantially higher. Of note, the 
smaller proportion of patients receiving mechanical 
ventilation and the higher in-hospital mortality in New 
York could reflect an overburdened health-care system. 
The Intensive Care National Audit & Research Centre23 
reports an ICU mortality for England, Wales, and Northern 
Ireland of slightly less than 30% in patients younger than 
60 years, consistent with our data, and of 60–80% in 
patients aged 60 years and older. In patients aged 60 years 
or older in particular, mortality is nearly 75% in those 
receiving renal replacement therapy.23

Our data indicate that half of all deaths among 
ventilated patients occurred in the first 12 days after 
hospital admission. Furthermore, patients requiring 
both ventilation and dialysis had the highest in-hospital 
mortality of 73%, possibly due to multiorgan failure or 
renal tropism of the virus.24

In general, our data show the high morbidity and 
mortality in older patients, with a considerably lower 
mortality for patients younger than 60 years. In particular, 
mortality is very high in patients older than 70 years, 
reaching 72% in patients aged 80 years or older with 
ventilation, which is in line with data reported from 
the UK23 and from patients undergoing surgery.25 Of 
note, mortality also reached 34% in patients aged 80 years 
and older without mechanical ventilation. These results 
provide new information relevant to patient allocation 
during the pandemic, especially in times of high ICU 
demand.26 Countries such as Italy,11 the UK, and France, 
which had limited ICU bed resources, high infection 

rates, and particularly high COVID-19-related deaths 
during the first wave of the pandemic, admitted fewer 
older patients to high-care ICU treatment, including 
invasive mechanical ventilation. In England, Wales, and 
Northern Ireland, only 20·3% of patients with COVID-19 
being treated in ICUs were older than 70 years (and only 
2·6% were older than 80 years),23 compared with 54% 
(and 23%) in our patient population. Data from the 
German ICU registry shows that there was sufficient 
ICU capacity throughout the study period, which could 
be a major explanation for the large number of older 
patients being mechanically ventilated in Germany.

Comorbidities are a major risk factor for requiring 
mechanical ventilation in COVID-19, with mortality of 
women and men on ventilation being equal. The high 
in-hospital mortality for ventilated patients is lower if 
patients can be treated with non-invasive ventilation 
alone, although 60% of such patients had a Charlson 
comorbidity index of 2 or more. Our data cannot 
distinguish whether the treatment or the severity of the 
disease accounts for this more preferential outcome. On 
the one hand, if patients can be treated with non-invasive 
ventilation alone, mortality is low, as has been shown for 
other diseases, such as acute exacerbated COPD.27 On the 

Figure 3: In-hospital mortality
(A) In-hospital survival with and without mechanical ventilation. (B) In-hospital mortality with and without 
mechanical ventilation by age.
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other hand, non-invasive ventilation failure is associated 
with mortality almost as high as invasive mechanical 
ventilation, highlighting that the indications and limits 
of non-invasive ventilation in COVID-19 need to be 
determined. Moreover, 27% of patients on mechanical 
ventilation required dialysis. In-hospital mortality in this 
group of patients was very high at 73%, indicating that 
acute renal failure must be prevented in patients with 
COVID-19 as far as possible.28 Extracorporeal membrane 
oxygenation was used in 7% of all patients on mechanical 
ventilation, with a high mortality of 71%. These data 
might show the hetero geneity of treatment and 
widespread use of extracorporeal membrane oxygenation 
in Germany because data from the EuroELSO show a 
more preferential outcome in dedicated centres.29

One key factor in containing the pandemic is access to 
and availability of ICU beds. Therefore, prognostic models 
have been established which could guide patient allocation 
and lockdown measures.26,30 In this context, the duration 
of mechanical ventilation is an important factor; the mean 
duration in this cohort was 13·5 days (SD 12·1); median 
10 days [IQR 5–19]). However, a substantial number of 
patients were on long-term invasive mechanical 
ventilation above the upper limit of the IQR, which has a 
considerable impact on accessible ICU beds in a severe 

phase of the pandemic. Therefore, long-term care facilities 
might have a substantial effect in generating free ICU 
capacity.

One limitation of our study is the data source, which 
includes only patients from the largest group of German 
sickness funds. However, they account for around a third 
of the total population, giving a large sample representative 
for the German population, even if the very old (≥80 years) 
are over-represented. Hospital data are of high quality 
because disease codes and procedure codes are relevant 
for the amount of remuneration and are therefore verified 
by hospitals and sickness funds. Nevertheless, codes can 
be missing if there is no impact on remu neration. Second, 
patient-specific data are limited to diagnoses, procedures, 
and initial characteristics. Third, with respect to 
mechanical ventilation, this observational study cannot 
distinguish between treatment effects and severity of the 
disease, particularly with regard to the use of non-invasive 
ventilation in COVID-19. Fourth, we stratified by 
mechanical ventilation but not by ICU treatment, which 
sometimes includes high-flow oxygen therapy without 
mechanical ventilation. Due to the absence of codes, the 
absence of incentives for coding, or both, continuous 
positive airway pressure and high-flow oxygen therapy 
could not be analysed. Fifth, we could not differentiate 

Figure 4: Duration of hospital stay and mechanical ventilation by survival status in ventilated patients
Distribution of length of hospital stay (A) and duration of mechanical ventilation (B) in survivors and non-survivors.
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between patients who had been hospitalised for COVID-19 
or for any other reason, or similarly for mortality, whether 
mortality was related to COVID-19 or an underlying 
medical condition. Sixth, we do not currently have 
outpatient data available, and therefore we cannot 
distinguish between acute and chronic comor bidities, 
particularly with regard to renal failure.

In the German health-care system, in which capacity 
limits were not reached during the first wave of COVID-19 
cases, in-hospital mortality was 22%, similar to that in 
France where the hospitalisation rate was much higher.30 
In-hospital mortality was considerably lower for patients 
younger than 60 years than those aged 80 years or older, 
and was even lower than expected for more severe forms 
of ARDS.22 Older patients and those requiring dialysis 
had the worst prognosis, with an in-hospital mortality of 
almost 75%. Furthermore, men had a higher severity of 
disease than women, but have similar outcomes when 
ventilated. With unrestrained resources, a small but 
considerable number of older patients and patients with 
comorbidities can survive severe forms of COVID-19, but 
in the event of a strong second wave of the pandemic, 
longer treatment times could limit hospital capacities.
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