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Christian Karagiannidis on behalf of the National COVID-19 Treatment Guideline Group*

C ases of infection with the novel coronavirus SARS-
CoV-2 were first described in China in December 
2019. Since then, the virus has spread worldwide to 

become a pandemic. This novel coronavirus was given 
the official name “SARS-CoV-2,” while the symptoms 
and disease it causes are referred to as “COVID-19.” 

In March 2020, the first S1 guideline was drawn up 
on critical care for patients with COVID-19 (1). This 
was subsequently updated and has now been ex-
tended, in the form of an S2k guideline, to encompass 
the entire inpatient setting. The present article pro-
vides an overview of this new S2k guideline and its 
key recommendations. The complete, long version is 
freely available on the portal of the Association of the 
Scientific Medical Societies in Germany (Arbeitsge-
meinschaft der Wissenschaftlichen Medizinischen 
Fachgesellschaften, AWMF) (https://www.awmf.org/
leitlinien/detail/ll/113–001.html).

Summary
Background: Since the first known cases in December 2019, the disease COVID-19, caused by the novel coronavirus SARS-
CoV-2 (severe acute respiratory syndrome coronavirus 2), has spread to become a worldwide pandemic.

Methods: The literature in PubMed was surveyed using search terms defined by the authors. Topics important for the 
 management of patients with COVID-19 were identified and discussed. In a structured consensus framework, recommendations 
and statements on these topics were formulated.

Results: Whether hospital admission is indicated for patients with COVID-19 should be decided on the basis of age, comorbid-
ities, respiratory rate, and oxygen saturation. For every patient admitted to the hospital, a polymerase chain reaction (PCR) test 
shortly beforehand or immediately thereafter is mandatory. Admission to the intensive care unit is recommended for COVID-19 
patients with hypoxemia (oxygen saturation < 90%) despite administration of oxygen, dyspnea, or a high respiratory rate. A 
treatment trial of high-flow oxygen or non-invasive ventilation is suggested in hypoxemic respiratory insufficiency, while intu-
bation and invasive ventilation is proposed for patients with more severe hypoxemia/high respiratory rate. If additional risk fac-
tors (such as obesity, known thrombophilia, intensive care treatment, or elevated D-dimers) are present, measures to prevent 
thromboembolism can be intensified. Treatment with dexamethasone reduces the mortality in patients with severe COVID-19. 
The important protection measures are observation of hygiene and the correct wearing of personal protective equipment.

Conclusion: The most important elements of treatment in severe cases of COVID-19 are adequate oxygenation, pharmaceutical 
prevention of thrombosis, and administration of dexamethasone.
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Method
The guideline group was made up of 21 mandate holders 
from the 12 participating specialty societies, the ARDS 
Network (ARDS, acute respiratory distress syndrome), 
as well as one patient representative. This S2K guideline 
was drawn up in accordance with AWMF criteria to pro-
vide the user with evidence-based criteria for rational 
decision-making. It is based on a PubMed literature 
search. Recommendations were graded according to the 
AWMF three-grade classification system: 
● 1. ↑↑ = Strong recommendation (should/should 

not). 
● 2. ↑ = Recommendation (ought/ought not). 
● 3. ↔ = Recommendation open (may be 

considered/no specific 
recommendation). 

The guideline is supported by the German Robert Koch 
Institute.
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Clinical picture
COVID-19 generally manifests as a respiratory tract in-
fection. Common symptoms include cough, fever, and 
respiratory symptoms. The only symptom that is almost 
pathognomonic of COVID-19 is the loss of smell and 
taste, which occurs in approximately 21% of patients 
(2). The need for inpatient care depends very strongly 
on age. In April 2020, the average age of new infections 
in Germany was 52 years, while the percentage of 
 hospitalized patients in this total group was 20%. After 
a decline in age to 32 years, the average age is now 45 
years, and the hospitalization rate is 7%  (3).

Diagnosis
Virological diagnosis
Under the current pandemic conditions, all patients 
should have, or undergo, an up-to-date PCR (polyme-
rase chain reaction) test on admission (↑↑). If SARS-
CoV-2 antigen detection is initially carried out on 
 hospital admission, parallel PCR testing should be per-
formed (↑↑). The sensitivity of antigen testing is lower 
compared to PCR testing, and there are significant dif-
ferences in terms of performance between the various 
commercially available tests. A negative antigen test 
does not rule out infection, particularly in the case of 
low viral load. Also, in the case of a negative SARS-
CoV-2 PCR and strong clinical suspicion, a second 
sample should be tested  (↑↑). 

Indication for inpatient admission
The indication for the hospital admission of patients 
with COVID-19 should be made by a physician accord-
ing to clinical criteria, taking into particular account pa-
tient age, comorbidities, respiratory rate, and oxygen 
saturation (↑↑). Mildly affected patients with no risk 
factors for complications (for example, immune 
 suppression, relevant chronic underlying diseases, 
 advanced age) can remain in the home setting if appro-
priate outpatient care is ensured. The commonest 
 comorbidities on hospital admission include cardiovascular 
diseases (in particular arterial hypertension), diabetes 
mellitus, chronic lung diseases, and obesity (4–7).

Indication for admission to an intensive care unit
COVID-19 patients should be admitted to an intensive 
care unit in the case of hypoxemia (oxygen saturation 
< 90% below 2–4 liters oxygen/min in the absence of 
previous oxygen therapy) and dyspnea or increased re-
spiratory rate (> 25/min) (↑). The disease may progress 
to acute respiratory distress syndrome (ARDS). One 
distinctive feature of this is widespread microthrombi 
and structural vascular changes in the pulmonary 
 capillary bed (8). Other complications that have been 
described include cardiac arrhythmias, myocardial 
 damage, thrombosis, pulmonary embolism, as well as 
acute kidney and multi-organ failure. The time from 
symptom onset to intensive care admission is 
 approximately 10 days, while the average length of stay 
on an intensive care unit with invasive ventilation is 18 
days  (2).

Organ involvement
An analysis of 10,021 patients in German hospitals re-
vealed that 6% of COVID-19 patients had acute kidney 
failure requiring dialysis; this rate was 27% for patients 
on mechanical ventilation (9). An abnormal urine 
sample in the emergency department is associated with 
an increased risk for requiring treatment on an intensive 
care unit (10). Therefore, in the case of proven “SARS-
CoV-2 infection” and hospitalization, urinalysis 
 (repeated where necessary) including determination of 
albuminuria, hematuria, and leukocyturia should be 
performed (↑). Acute cardiac involvement is common 
in critically ill patients with COVID-19. Echo -
cardiography should be performed to investigate 
 differential diagnoses in COVID-19 patients with 
markedly elevated troponin levels in the absence of 
ECG changes typical for type-1 myocardial infarction  
(↑). A prospective study found severe neurological 
complications (encephalopathy, epilepsy, stroke) in 
13.5% of 4491 patients with COVID-19. These compli-
cations were associated with significantly increased in-
hospital mortality (hazard ratio: 1.38) (11). In the case 
of suspected cerebral or spinal involvement (for 
example, hemorrhage or ischemia) due to COVID-19, 
computed tomography (CT) or magnetic resonance 
 imaging (MRI) should be performed  (↑).

Laboratory investigations
In hospitalized COVID-19 patients, the following in-
vestigations should form part of the initial diagnostic 
laboratory work-up and be regularly checked as 
required  (↑):
● Determination of C-reactive protein (CRP), 

L-lactate dehydrogenase (LDH), and aspartate 
aminotransferase (AST/GOT)

●  Differential blood count
● D-dimer determination.
 A systematic review article analyzed 19 studies 

with 2874 patients, the majority of which received 
inpatient care (12). Laboratory tests frequently 
 revealed elevated CRP (58%), LDH (57%), and AST 
(33%). Most patients had normal procalcitonin 
 levels, and these levels correlated with the severity 
of disease (13). The most frequent change in blood 
count was lymphocytopenia, which was present in 
up to 83% of patients on hospital admission (14). 
Elevated D-dimer levels were found in 43–60% 
of patients and were  associated with increased 
 mortality  (15).

Imaging
Chest CT should be performed in patients with 
COVID-19 if there is uncertainty in the differential 
 diagnosis, including, e.g., suspected pulmonary 
 embolism (↑). Very early on in the course of disease, 
CT reveals bilateral subpleural ground-glass opacities 
and segmental consolidation of the lung (16, 17). 
 However, the findings on CT are not specific for 
COVID-19 and can be found in other forms of viral 
pneumonia.
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Protective measures
Hygiene
The transmission of infection by affected individuals 
generally occurs via droplets and aerosols, with close 
contact being conducive to transmission. Therefore, it 
is essential to ensure that basic hygiene practices (in-
cluding hand hygiene), as well as protective measures 
for personnel, are strictly implemented. According to 
the Robert Koch Institute (RKI), personal protective 
equipment consists of:
● Protective gown
● Disposable gloves
● Tight-fitting respirator (FFP2 or FFP3, 

for example when performing intubation, 
bronchoscopy, or other activities in which 
aerosols may be formed) 

● Safety glasses.

Treatment 
Measures in acute respiratory failure with hypoxia
An oxygen saturation ≥ 90% (in patients with chronic 
obstructive pulmonary disease [COPD] > 88%) or a 
PaO2 > 55 mm Hg should be achieved (e2) (↑). The in-
itial focus of treatment is on oxygen administration via 
a nasal cannula, a Venturi mask, and high-flow nasal 
cannula (HFNC) oxygen therapy (Figure). The latter 
can reduce the need for intubation compared with 
 conventional oxygen therapy without significantly 
 affecting mortality (18). In the case of progressive de-
terioration of gas exchange and increased oxygen 
requirements, the indication for CPAP (continuous 
 positive airway pressure) therapy, noninvasive ventilation 
(NIV), or invasive ventilation needs to be assessed. 

In patients with COVID-19 and hypoxemic 
 respiratory failure (PaO2/FiO2 = 100–300 mm Hg), 
we suggest attempting treatment with high-flow nasal 
cannula (HFNC) oxygen therapy or noninvasive 
ventilation under continuous monitoring and constant 
intubation (↑). The use of NIV in moderate and severe 
ARDS results in treatment failure in over 50% of 
cases. Continuous monitoring and constant readiness 
for intubation need to be ensured in these patients. 

In patients with COVID-19 and severe hypoxemia 
(oxygenation index/Horovitz index: 
PaO2/FiO2 < 150 mm Hg) and a respiratory rate 
> 30/min, we suggest considering intubation and in-
vasive ventilation; at a PaO2/FiO2 of < 100 mm Hg, 
intubation and invasive ventilation should, as a rule, 
be performed  (↑).

Endotracheal intubation in patients with suspected 
or confirmed SARS-CoV-2 infection constitutes a 
high-risk intervention (19). Instrumentation of the air-
way in patients with COVID-19 should only be per-
formed wearing full personal protective equipment 
(↑↑). This also applies to other airway procedures 
(bronchoscopy, open suctioning, manual ventilation, 
tracheostomy), which, due to the formation of aero-
sols, should only be performed if absolutely indicated 
and while implementing appropriate protective 
measures for the safety of medical personnel (Table).

Invasive ventilation and adjuvant measures
The larger observational studies that have been pub-
lished showed that there were no significant differences 
between patients with COVID-19-related ARDS and 
ARDS of other causes in terms of respiratory system 
compliance, plateau pressure, and driving pressure (20, 
21). Due to the lack of randomized studies on 
 ventilation therapy in patients with COVID-19, the re-
spective recommendations are derived from the most 
recently published guidelines on invasive ventilation in 
acute respiratory failure (22, 23). In mechanically 
ventilated patients with COVID-19 and ARDS, the 
tidal volume should be ≤ 6 mL/kg standard body 
weight and the end-inspiratory pressure ≤ 30 cm H2O 
(↑). The ARDS Network’s FiO2/PEEP table should be 
consulted for the guide settings for end-expiratory 
pressure (PEEP) in COVID-19. By means of close 
monitoring, the PEEP can be adjusted to the individual 
patient’s condition (↑). In the case of ARDS and a 
PaO2/FiO2 < 150 mm Hg, prone positioning should be 
consistently implemented (22). In patients with severe 
ARDS and treatment-refractory hypoxemia (PaO2/FiO2 
quotient < 80 or 60 mm Hg), the use of veno-venous 
extracorporeal membrane oxygenization (ECMO) is a 
therapeutic option.

FIGURE 

Possible instrument-based treatment escalation in the case of acute respiratory 
insufficiency as a result of COVID-19 (40) (reprinted with kind permission from Thieme Verlag)
RR, respiratory rate; CPAP, continuous positive airway pressure; COPD, continuous positive 
airway pressure; DNI, do not intubate; NIV, noninvasive ventilation; PEEP, positive end-
 expiratory pressure; VT, tidal volume

Consider intubation
if PaO2 / FiO2 < 100 mm Hg → intubation,  

if no DNI order

Continue CPAP/NIV

Yes

Yes

No

No

PaO2 ≤ 55 mm Hg, or ≤ 7 kPa in ambient air 
RR ≥ 30/min

O2 / high-flow

Treatment attempt
CPAP (10 mbar) 

NIV (PEEP 5 –10 mbar + 6–10 mbar)
(target: VT < 9 mL/kg) for 1–2 h

Reevaluate 
every 1–2 h

Continue HFNC/O2Oxygen saturation < 92% (< 88% in COPD) 
RR ≥ 30/min

Clinical deterioration
Progression of infiltrates 

RR ≥ 30/min 
PaO2/FiO2 < 150 mm Hg

Reevaluate 
every 1–2 h
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Cardiac arrest and cardiopulmonary resuscitation
Cardiac arrest is a not uncommon complication in hos-
pitalized patients with COVID-19. The initial rhythm is 
usually electromechanical dissociation or asystole, and 
the likelihood of survival is correspondingly low. Since 
both chest compressions and airway management are 
likely to cause the release of aerosols, appropriate per-
sonal protective equipment is mandatory in cardiopul-
monary resuscitation  (24).

Thromboembolism prophylaxis/anticoagulation
Thromboembolic events are a frequent complication in 
COVID-19, affecting primarily the venous, but also the 
arterial, vascular system (25, 26). Therefore, hospital-
ized COVID-19 patients without contraindications 

should receive standard pharmacological prophylaxis 
for venous thromboembolism with low-molecular-
weight heparin. Alternatively, fondaparinux can be 
used (↑↑). In the case of additional risk factors for 
 venous thromboembolism (VTE), intensified throm-
boembolic prophylaxis, for example, with the half-
therapeutic dose of a low-molecular-weight heparin or 
unfractionated heparin, can be performed if the risk of 
bleeding is low (↔). These risk factors include, for 
example: 
●  Obesity  (BMI > 35 kg/m2) 
● Previous  VTE 
● Known thrombophilia 
● Intensive care treatment
● Markedly elevated D-dimers (> 2–3 mg/L).

Drug treatment
Prophylactic antibiotic administration in laboratory-
confirmed SARS-CoV-2 infection is not recommended, 
given that bacterial co-infections are comparatively 
rare at the early stage of disease (27). Numerous 
 pharmacological treatment approaches have been in-
vestigated in the course of the pandemic. The use of the 
following drugs is not recommended, since, among 
other reasons, randomized controlled studies 
 demonstrated no clinical benefit for patients: 
● Anakinra
● Azithromycin 
● Chloroquine/hydroxychloroquine
● Interferon ß-1b
● Lopinavir/ritonavir
● Tocilizumab. 
A recently published randomized controlled study 

also showed no benefit for the use of convalescent 
plasma  (28).

Remdesivir
In the randomized controlled double-blind study 
ACTT-1 with 1062 patients, 541 subjects received rem-
desivir and 521 received placebo. The administration of 
remdesivir reduced the time to recovery (primary 
 endpoint) from a median of 15 to 10 days compared to 
the administration of placebo (risk ratio for recovery: 
1.29; 95% confidence interval: [1.12; 1.49]; p < 0.001) 
(29). The effect was greatest in patients requiring 
 low-flow oxygen who did not require any form of 
ventilation; in the subgroup requiring mechanical 
ventilation, no positive effect was observed. 

In the remdesivir arm of the randomized SOLIDA-
RITY study, 2743 received remdesivir (30). Death oc-
curred in 11% of patients that received remdesivir and 
in 11.2% of the control group (hazard ratio 0.95; 
[0.81; 1.11]; p = 0.50). Thus, no benefit was seen in 
terms of mortality (primary endpoint). This also 
 applied to the secondary endpoints, initiation of venti-
lation and duration of hospital stay. 

Due to these divergent data, the guideline group 
made a “may be considered” recommendation: in 
hospitalized, non-ventilated patients with COVID-19 
pneumonia requiring oxygen therapy, remdesivir 

TABLE 

Measures to minimize aerosol generation and exposure*

*Modfied from (e1)
 CPAP, continuous positive airway pressure; HME, heat and moisture exchanger; 
NIV, noninvasive ventilation; PCR, polymerase chain reaction;  
PEEP, positive end-expiratory pressure

Aerosol formation

Endotracheal 
intubation

Preoxygenation

Fiberoptic 
intubation (FOI) 

Suction

Noninvasive 
ventilation (NIV) 

HFNC oxygen 
ctherapy

Bronchoscopy

Tracheostomy

Tube 
disconnection

Extubation

Risk minimization

– Avoid emergency intubation 
  – Intubation to be performed by an experienced physician 
  – Rapid sequence induction [RSI]) 
 – Avoid bag mask ventilation   
– Optimal preparation and briefing 
 –  Ideally, video laryngoscopy (at arm’s length)   
– Endotracheal tube with stylet 

–  Tight-fitting face mask 
 –  Bi-manual mask fixation 
 –  Always FiO2 1.0  
–  PEEP max +5 cm H2O  
–  3 Min spontaneous breathing with face mask 
  – Or 1 min, 8–12 deep breaths 
 –  Or CPAP/NIV 5/15 cm H2O 

– Avoid where possible (aerosols) 
  – Local anesthesia if necessary 
– Patient to wear oronasal mask

– Closed systems

– Only if unequivocally indicated   
– Non-vented mask, anti-virus filter 
– Ensure optimal fit of the mask 

– Only if absolutely indicated   
– Patient to wear oronasal mask  

–  Only if absolutely indicated 

– To be performed by an experienced physician 
  – Significant aerosol generation in all procedures 
  – Postpone until patient tests negative on PCR if necessary 

–  Leave HME filter on tube 
  – Clamp tube 
  – Place ventilator on stand-by 

– Avoid suction and inflation maneuvers during extubation 
 –  Place ventilator on standby 
 –  Leave HME filter on the tube  
–  Plastic sheet to cover patient’s face (ensure free airway) if 

necessary
 –  Tight-fitting O2 mask for oxygenation   
– Patient to wear oronasal mask if spontaneous breathing is 
adequate
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treatment can be administered, preferably in the early 
phase of the disease (≤ 10 days after symptom onset) 
and at a dosage of 200 mg intravenously (IV) on day 
1, and at a dosage of 100 mg IV from day 2 up to and 
including day 5 (↔). The WHO currently does not 
recommend the use of remdesivir, irrespective of the 
clinical stage of disease (weak or conditional WHO 
recommendation)  (31).

Steroids
In the RECOVERY study, hospitalized COVID-19 pa-
tients were treated with dexamethasone (6 mg once 
daily for 10 days) or with standard treatment (32). The 
primary endpoint was 28-day mortality. A total of 2104 
patients received dexamethasone and 4321 patients the 
standard treatment. Overall, 482 patients died, 22.9% in 
the dexamethasone group and 25.7% in the standard-
treatment group (p < 0.001). The greatest benefit was 
seen in ventilated intensive care patients with 
COVID-19 (mortality, 29.3 % versus 41.4%). This 
mortality-reducing effect is significantly less 
 pronounced in COVID-19 patients requiring oxygen 
therapy (with or without NIV) without invasive venti-
lation (mortality, 23.3% versus 26.2%). However, no 
benefit was seen in patients not requiring oxygen 
 therapy. 

A meta-analysis of seven randomized controlled 
studies on 1703 intensive care patients, in whom 
 steroid therapy in severe COVID-19 infection was 
compared with standard treatment or placebo, 
showed: the administration of systemic cortico -
steroids is associated with a significantly lower over-
all 28-day mortality in patients with COVID-19 (33). 
Therefore, patients with severe (oxygen satu-
ration < 90%, respiratory rate > 30/min) or critical 
(ARDS, sepsis, ventilation, vasopressor therapy) 
COVID-19 disease should be treated with dexametha-
sone (↑↑) (34). The dose is 6 mg dexamethasone per 
os (PO)/IV daily for 10 days. Alternatively, a different 
glucocorticoid can be used, such as hydrocortisone 
50 mg IV every 8 h for 10 days.

Prognosis
Mortality in a study on 10,021 German hospitalized 
COVID-19 patients insured with a German statu-
tory health insurance (AOK) was 22%, with sig-
nificant  differences seen between non-ventilated 
(16%) and ventilated patients (53%) (9). Mortality 
rose with age—for example, ventilated patients 
aged ≥ 80 years had an in-hospital mortality of 
72%. 

Another study analyzed the data of 1904 German 
patients that had been admitted to 86 hospitals with 
COVID-19 (35). The mortality rate was 17%, and in 
ventilated patients 33%. Risk factors for death 
 included male gender, pre-existing lung disease, and 
advanced patient age. 

According to recent figures, 87% of deaths in 
Germany were among those aged 70 years and older 
 (2).

Persistent symptoms
Follow-up studies of COVID-19 sufferers showed that 
a significant number of affected individuals remained 
symptomatic far beyond the period of actual viral ill-
ness. For example, an Italian working group described 
179 hospitalized patients that were followed-up at 60 
days, on average, after the onset of COVID-19 symp-
toms (36). Of these, 87.4% complained of persistent 
symptoms, with dyspnea and a fatigue syndrome pre-
dominating here (37). Therefore, patients treated in 
hospital for COVID-19 should be followed-up at 8–12 
weeks for long-term sequelae  (↑).

Special aspects in pediatric patients
Compared to adults, COVID-19 infection is signifi-
cantly milder in children, and severe disease is rare. In 
a review of 2914 pediatric patients, 47% had fever in 
the course of disease. The other most common symp-
toms included cough (48%), pharyngitis (29%), and in 
approximately 10% of cases also gastrointestinal symp-
toms involving diarrhea, nausea, and vomiting (38). 
From a treatment perspective, the same considerations 
and limitations apply to oxygen administration, high-
flow oxygen therapy, noninvasive ventilation, and en-
dotracheal intubation as in adult patients. Therapeutic 
approaches in childhood are based on study results and 
experience gained in adult medicine, given that no in-
terventional studies in children have been published to 
date.

Ethical aspects
Recommendations on the distribution of intensive care 
resources in the context of the COVID-19 pandemic 
have been drawn up for the eventuality that intensive 
care resources in Germany—despite optimal use of the 
increased intensive care capacity—become insufficient 
to serve all patients  (39).
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