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Abstract

Purpose This executive summary of a German national guideline aims to provide the most relevant evidence-based recom-
mendations on the diagnosis and treatment of nosocomial pneumonia.

Methods The guideline made use of a systematic assessment and decision process using evidence to decision framework
(GRADE). Recommendations were consented by an interdisciplinary panel. Evidence analysis and interpretation was sup-
ported by the German innovation fund providing extensive literature searches and (meta-) analyses by an independent
methodologist. For this executive summary, selected key recommendations are presented including the quality of evidence
and rationale for the level of recommendation.

Results The original guideline contains 26 recommendations for the diagnosis and treatment of adults with nosocomial
pneumonia, thirteen of which are based on systematic review and/or meta-analysis, while the other 13 represent consensus
expert opinion. For this key summary, we present 11 most relevant for everyday clinical practice key recommendations with
evidence overview and rationale, of which two are expert consensus and 9 evidence-based (4 strong, 5 weak and 2 open
recommendations). For the management of nosocomial pneumonia patients should be divided in those with and without risk
factors for multidrug-resistant pathogens and/or Pseudomonas aeruginosa. Bacterial multiplex-polymerase chain reaction
(PCR) should not be used routinely. Bronchoscopic diagnosis is not considered superior to ‘non-bronchoscopic sampling in
terms of main outcomes. Only patients with septic shock and the presence of an additional risk factor for multidrug-resistant
pathogens (MDRP) should receive empiric combination therapy. In clinically stabilized patients, antibiotic therapy should
be de-escalated and focused. In critically ill patients, prolonged application of suitable beta-lactam antibiotics should be
preferred. Therapy duration is suggested for 7-8 days. Procalcitonin (PCT) based algorithm might be used to shorten the
duration of antibiotic treatment. Patients on the intensive care unit (ICU) are at risk for invasive pulmonary aspergillosis
(IPA). Diagnostics for Aspergillus should be performed with an antigen test from bronchial lavage fluid.

Conclusion The current guideline focuses on German epidemiology and standards of care. It should be a guide for the cur-
rent treatment and management of nosocomial pneumonia in Germany.

Keywords Nosocomial pneumonia - Ventilator-associated pneumonia - German guideline - Antimicrobial stewardship -
Septic shock

Background

Nosocomial pneumonia is one of the most common nosoco-
mial infections in Europe. According to data from the first
European prevalence survey in 2011, pneumonia or lower
Extended author information available on the last page of the article respiratory tract infection accounts for 26% of all infections
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that develop during an inpatient stay [1]. In epidemiological
studies, such as the European prevalence survey, pneumonia
and lower respiratory tract infections are usually combined,
as the information available in the survey does not always
allow an exact distinction to be made. In intensive care units
(ICU), pneumonia/lower respiratory tract infections even
account for more than 40% of all nosocomial infections [2].
The new prevalence survey in 2016 confirmed pneumonia/
lower respiratory tract infection as the most common noso-
comial infection in Germany [3]. Thirty-three percent [4]
and 35% [5] of nosocomial pneumonias are associated with
mechanical ventilation in Europe and Germany, respectively.

A study on the relevance of nosocomial infections, which
used European prevalence data and data on the consequences
of nosocomial infections from the international literature,
also identified nosocomial pneumonia as the most conse-
quential type of infection [6]. For this purpose, disability-
adjusted life years (DALY's) were calculated. According to
this, nosocomial pneumonia alone causes 169 DALY per
100,000 inhabitants in Europe and is therefore responsible
for a third of the "disability-adjusted life-year losses" caused
by nosocomial infections.

To provide a clinical treatment guideline that includes
a profound evaluation of changing evidence, the scientific
medical societies involved in the care of nosocomial pneu-
monia conducted an update of the guideline from 2017 [7].
Here, we present 11 key recommendations, that are most
important for everyday clinical practice. The full-length
guideline and evidence report are available in German lan-
guage. https://register.awmf.org/de/leitlinien/detail/020-013

Methods
Aims of the guideline

The AMWF S3 guideline aims to provide a comprehensive
overview of evidence-based recommendations on diagnos-
tic and treatment of nosocomial pneumonia. The guideline
addresses physicians involved in the inpatient care of adult
patients with nosocomial pneumonia. This compendium
highlights the key diagnostic and treatment recommenda-
tions of the guideline that are most important for clinical
care.

Determination of guideline questions

The guideline group comprised 26 delegates from 14 par-
ticipating scientific medical societies and organizations, as
well as a patient representative (appendix 1). The methodol-
ogy used to create this guideline based on the current ver-
sion of the AWMEF guidelines https://www.awmf.org/regel
werk/. For all evidence-based recommendations, systematic
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searches for evidence-based guidelines, systematic reviews
and primary studies were carried out based on 11 clinically
relevant questions (appendix 2).

Critical evaluation of the evidence

All references from the systematic search until August 2023
and additional studies (e.g. major RCTs that appeared after
pre-defined search period deadline, see below) provided
by the guideline group were screened on the basis of title,
abstract and keywords by the methodologist (SU). The selec-
tion criteria for the target population, study design, compari-
sons and endpoints were agreed with the guideline group.
Only studies in full text in English or German with the high-
est available level of evidence (systematic reviews, evidence-
based guidelines, RCTs or cohort studies with confounder
adjustment) were included. The methodological quality of
the included studies was assessed using validated instru-
ments depending on respective study designs [8, 9].

Evidence tables were created in accordance with the
AWMF guidelines for summarizing study characteristics
and results, and main information on all identified system-
atic reviews and meta-analyses as well as evidence-based
guidelines were extracted. In addition, the authors’ conclu-
sions were extracted, whereby it was checked whether the
conclusion could be derived from the results. This was fol-
lowed by an overall assessment by the reviewer, from which
the evidence level of the individual systematic reviews was
derived on the basis of the Oxford criteria [10]. The level of
evidence was based on the study design and was downgraded
by half a category (e.g. from 1 to 1-) in the case of moderate
limitations in study quality, low precision of effect estimates,
inconsistencies and indirectness and by one category (e.g.
from 1 to 2) in the case of serious limitations or several
limitations. Systematic reviews based on non-randomized
studies were downgraded by one level of evidence (from 1 to
2). For each extracted study, a summarized assessment was
performed, which included the conclusions of the study and
the reviewer on the methodological quality of the studies.

The assessment of the quality of the evidence is based on
the Cochrane Handbook [11] modified according to GRADE
[12]. For all research questions, the evidence for all critical
outcomes from all identified studies was summarized in an
evidence profile and the quality of the evidence was assessed.
This first describes the confidence in the results for each end-
point and across studies and then summarizes the results for
the research question and is based on the design of the included
studies, study limitations, the risk of publication bias, the pre-
cision and consistency of the effects and the transferability
to the specified research question. Confidence in the results
decreases from high to very low and reflect the confidence
that the effect estimates are adequate to support a particular
recommendation.


https://register.awmf.org/de/leitlinien/detail/020-013
https://www.awmf.org/regelwerk/
https://www.awmf.org/regelwerk/

Key summary of German national guideline for adult patients with nosocomial pneumonia- Update... 2533

Preparation of recommendations

All members of the panel had access to the evidence profiles
in preparation for the consensus conferences. During three
consensus conferences, evidence profiles were presented by
a methodologist (SU) responsible for the respective evidence
profile before results were discussed in plenary under neutral
moderation. Based on the evidence profiles a structured evalu-
ation of the respective diagnostic and treatment strategy was
performed that included an appraisal of the following criteria
by the guideline group: balance of desirable and undesirable
effects, patient preferences, resources, equity, acceptabil-
ity, and feasibility. Based on the evidence profile and over-
all assessment, recommendations were written and graded
according to the AWMEF standards (Strong recommendation-
we recommend, conditional recommendation- we suggest, and
recommendation open)https://www.awmf.org/regelwerk/.

For each recommendation delegates per medical society
and organization had to vote (agree, disagree, abstention).
Guideline group members with conflicts of interest were
excluded from the respective voting. A strong consensus
(agreement >95%) was achieved for 10 out of 11 key recom-
mendations presented in this executive summary while a con-
sensus (agreement>75%, but<95%) was achieved for 1 of
them. For each recommendation, background information was
summarized by working groups within the guideline group
to describe available evidence and rationale for the chosen
grading to make the decision process as transparent as pos-
sible. Contents were finally reviewed by all members of the
guideline group and officially validated by the participating
medical societies and organizations.

Expert consensus

Statements/recommendations for which the guideline group
decided to work on the basis of expert consensus were labelled
as expert consensus. No systematic literature search or assess-
ment of the quality of the evidence was carried out for these
recommendations. The studies cited in the background texts
were selected by the participating experts. In the case of rec-
ommendations based on expert consensus, no quality levels or
letters to describe the quality of the evidence and the level of
recommendation were specified.

Key recommendations

Pathogen spectrum and resistance

Risk factors for multidrug-resistant pathogens and/or Pseu-
domonas aeruginosa

For the initial, empiric antimicrobial therapy of noso-
comial pneumonia, we recommend a distinction between

patients with and without risk factors for multidrug-resistant
pathogens and/or Pseudomonas aeruginosa (Table 1).

The pathogen spectrum and the resistance situation of the
respective ward/facility should be recorded and presented at
intervals of 6-12 months and decisions on empiric antibiotic
therapy should be based on these data.

Strong recommendation, expert opinion, strong consensus

Evidence overview and rationale: the frequency of infec-
tions with multidrug-resistant pathogens (MDRP) and/or
Pseudomonas aeruginosa (PA) depends on the presence of
risk factors (Table 1). Due to the diverse intrinsic resistances
of Pseudomonas aeruginosa, particularly against many beta-
lactams, and the alignment of its risk factors for selection
with those of pathogens with acquired multi-resistances, it is
classified into the group "patients at risk for multi-resistant
pathogens”. For pragmatic reasons, no distinction is made
between wild-type Pseudomonas aeruginosa and Pseu-
domonas aeruginosa with additional acquired resistances.

A large number of studies [13—15] have examined the
significance of individual risk factors for the detection of
MDREP, primarily in ventilator-associated pneumonia (VAP).
Previous antibiotic treatment (OR 13.5) and mechanical ven-
tilation duration of > 7 days (OR 6.0) [13] were the strongest
risk factor for MDRP according to a multivariate analysis
[13]. Another study identified the highest MDRP risk for
patients who had been treated with two different classes
of antibiotics prior to pneumonia [14]. Others found that
"potentially resistant bacteria" (P. aeruginosa, Acinetobac-
ter spp., S. maltophilia, MRSA) were detected in 61.5% of
cases and resistant bacteria in 30.3% of cases treated with
intravenous antibiotics in the last month since onset of pneu-
monia compared to 17.8% and 6.7% in patients without prior
antibiotic therapy [15]. In some studies, the severity of the
disease (septic shock, acute organ dysfunction, ARDS) was
only univariately associated with the detection of MDRP in
VAP [13, 16]. The European guideline emphasizes serious
illnesses such as septic shock, ARDS and a high local rate

Table 1 Therapy-relevant risk factors for multi-resistant infectious
pathogens in nosocomial pneumonia

Antimicrobial therapy (> 24 h) in the last 30 days
Hospitalization > 5 days before onset of pneumonia
Colonization by gram-negative MDRP or MRSA
Septic shock

ARDS

Hemodialysis

Medical care in a high-prevalence country for Gram-negative MDRP
and MRSA within the last 12 months

Additional risk factors for P. aeruginosa
Structural lung disease (advanced COPD, bronchiectasis)

Known colonization by P. aeruginosa
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of MDRP (>25%) as well as individual factors as risk fac-
tors for MDRP [17]. Pre-existing colonization with MDRP
or a high local rate, regionally or in hospitals, is a further
risk factor for pneumonia with MDRP. Accordingly, 5-25%
of patients in intensive care units were carriers of ESBL-
positive enterobacterales; 5-20% of patients colonized with
ESBL developed pneumonia due to ESBL-forming bacteria
(VAP) [18]. The presence of severe structural lung disease
(severe COPD, bronchiectasis) was identified as a specific
risk factor for nosocomial pneumonia caused by P. aerugi-
nosa in addition to a proven chronic respiratory tract infec-
tion [19-22]. In another study, intensive care hospitalization
of more than 29 days was also a major risk factor [23]. When
MRSA colonization was detected, the positive predictive
value for MRSA pneumonia in studies was between 18 and
35% [24-26].

The weighting of these factors cannot be precisely quanti-
fied. The risk depends on the susceptibility of the patient,
the duration and intensity of exposure to individual risk fac-
tors, the interaction of several factors and the local pathogen
epidemiology (probability of acquiring MDRP from the hos-
pital environment). For this reason, local susceptibility data
should be used for treatment planning. Ideally, the survey
should be based on the pathogens detected in HAP, but at
least on those detected in respiratory materials.

Diagnostic approach
Microbiology

The regular use of bacterial multiplex PCR systems in
patients with suspected nosocomial pneumonia cannot be
recommended

Quality of evidence for impact on mortality, ventilation
duration, antibiotic days, time until de-escalation: very low;
recommendation open, Strong consensus

Evidence overview and rationale: to date, there are only
a few studies that have prospectively investigated the impact
of molecular biological diagnostics with regard to antibi-
otic consumption, ventilation/recovery time and mortality.
Three RCTs with overall 1004 patients were included in the
assessment [27-29]. In a monocentric, prospective study,
605 unselected non-intubated patients with radiologically
diagnosed pneumonia were examined to determine whether
the results of the Curetis unyvero P50 assay from bronchoal-
veolar lavage fluid (BALF) have an influence on the length
of hospital stay and the use of antibiotics. Fifty four percent
of the patients were immunocompromised, most of them
with a post lung transplant condition. Although the detec-
tion frequency of the molecular biological method was sig-
nificantly higher than that of the cultural analysis (82% vs.
56%, especially H. influenzae, A. baumannii), the molecular
biological results had no influence on the length of hospital
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stay and the administration (duration and number) of antibi-
otics [29]. Another multicenter, randomized controlled trial
including 23% patients with nosocomial pneumonia showed
a relevant reduction in the duration of antibiotic treatment
by 34 h [27], which could not be confirmed in another study
with critically ill ventilated SARS-Cov2 pneumonia patients
[28]. Differences in mortality could not be shown in any
of these studies. Information on de-escalation was only
available from the PCR group of one study [27]. Based on
available evidence to date, the guideline group recommends
against routinely use of bacterial multiplex PCR systems.
Potential harms of the use of multiplex PCR assays include
cost and the potential for inappropriate escalation of anti-
biotics based on a false-positive PCR result. The results of
PCR for resistance genes were not reliable.

Mycological diagnostics

We suggest rapid and targeted diagnostics for Aspergil-
lus in patients with nosocomial pneumonia on the ICU with
risk factors for invasive pulmonary aspergillosis (IPA) (e.g.
steroid therapy, COPD, liver cirrhosis, malnutrition, burns,
diabetes, severe influenza or COVID-19 infection), even in
the absence of severe immunosuppression such as neutro-
penia, if IPA is suspected.

For Aspergillus detection, at least one antigen test for
galactomannan (GM) (limit value ODI> = 1.0) from bron-
choalveolar lavage (BAL) and, if necessary, additional
microbiological procedures should be performed.

Quality of evidence for mortality: very low; conditional
recommendation, strong consensus

Evidence overview and rationale: two systematic reviews
on diagnostic quality as well as two systematic reviews and
two randomized studies on treatment strategies were identi-
fied [30-35]. Laboratory tests consistently indicated a better
diagnostic performance of BALF GM than serum GM, and
a suboptimal specificity of BALF 1,3 beta-D-glucan (BDG)
and serum BDG. Only indirect evidence was available from
critically ill organ transplant patients or neutropenic adults
with haematological malignancies [30, 35]. The efficacy and
safety of prompt adequate treatment with antifungal agents
in adult patients with nosocomial pneumonia and invasive
aspergillosis was found in two systematic reviews [32, 34]
and two additional new randomized controlled trials [31,
33]. Effective treatment strategies can reduce mortality but
existing data are limited to target populations only. Due to
indirectness, insufficient precision and other limitations, the
evidence was summarized as very low. The authors’ aim in
making this recommendation was to raise the awareness for
invasive Aspergillosis in patients with nosocomial pneumo-
nia, given that the according risk factors are not identical to
‘classical’ risk factors such as neutropenia.

Diagnosis of nosocomial pneumonia

A bronchoscopic microbiological sampling is not superior
to a non-bronchoscopic microbiological sampling in VAP in



Key summary of German national guideline for adult patients with nosocomial pneumonia- Update... 2535

terms of important outcomes. Therefore, the decision about
a bronchoscopic sampling should be made depending on
local logistics, differential diagnostic considerations, and
possible therapeutic aspects of an endoscopic examination.

Quality of evidence for mortality, adequate anti-infective
therapy: high; for antibiotic days, ventilator days: moderate;
strong recommendation, strong consensus

Evidence overview and rationale: an evaluation of the
evidence comparing the efficacy and safety of bronchoscopic
sampling versus tracheobronchial aspirates for the diagno-
sis of nosocomial pneumonia (VAP) in terms of important
outcomes such as the rate of adequate treatment, duration
of antibiotic therapy, duration of ventilation and mortality
was performed. A systematic review and five randomized
primary studies comparing results after invasive and non-
invasive diagnostics were identified [36—41]. All studies
were published between 1998 and 2006 and included in the
systematic review of Benton et al. published in 2014. There
was no evidence that the use of invasive strategies compared
to non-invasive results in reduced mortality, reduced time in
ICU and on mechanical ventilation, or higher rates of anti-
biotic change when compared to quantitative cultures of tra-
cheobronchial aspirates in patients with VAP. Nevertheless,
the importance of quantitative culture of BALF has recently
been affirmed [42]. The lack of neutrophilia in the BALF has
a high negative predictive value. The number of intracellu-
lar pathogens also provides important information [42]. The
visualization of distal purulent secretions and the persistence
of distal secretions during expiration have been described as
independent predictors of pneumonia [43]. Finally, BALF
enables additional testing for viruses (most recently SARS-
CoV-2, but also influenza and RSV) and fungi (especially
Aspergillus spp., here also by determining the galactoman-
nan), which have recently become more important in the
context of nosocomial pneumonia.

Overall, non-invasively obtained and usually readily
available tracheobronchial aspirates remain an equally valid
material for the diagnosis of VAP, while in selected patients
bronchoscopic sampling with (semi)quantitative cultures
may provide an advantage.

Therapy
Antibacterial therapy

We suggest the use of aminopenicillins with beta-lactamase
inhibitors or group 3a cephalosporins (i.e. ceftriaxone or
cefotaxime) in patients without an increased risk of MDRP/
PA (Table 1). Fluoroquinolones with pneumococcal activity
(i.e. moxifloxacin or levofloxacin) can be used as a second-
ary option.

Piperacillin/tazobactam, cefepime or meropenem should
be used in patients with an increased risk of MDRP/

PA (Table 1). Potential combination substances (see 3.2)
include antipseudomonal fluoroquinolones, fosfomycin or
aminoglycosides.

The choice of substance -or combination in selected
patients- should be made based on local pathogen spectrum
and resistance profiles.

Strong recommendation, expert opinion, strong consensus

Evidence overview and rationale: Data on pathogen spec-
trum and treatment of nosocomial pneumonia in patients
without invasive ventilation and MDRP/PA risk factors is
very limited. The patient population is more heterogeneous
and the pathogen detection rate is significantly lower than
for VAP. Piperacillin/tazobactam, cephalosporins of groups
3a (i.e. ceftriaxone, cefotaxime) and 3b (i.e. ceftazidime),
carbapenems and moxifloxacin have been tested and were
not found to be superior in terms of mortality or clinical
treatment success [44—46]. Thus, in patients with low risk
of MDRP/PA (Table 1), treatment with a limited spectrum
antibiotic is recommended (Fig. 1). The local pathogen spec-
trum and resistance data should be taken into account when
selecting the substance. The combination with macrolides as
anti-inflammatory strategy has not been sufficiently investi-
gated in HAP or VAP. Regular coverage of Legionella pneu-
mophila, Mycoplasma pneumoniae and Chlamydophilia spp.
is not required [47].

The term Gram-negative MDRP has no standardized defi-
nition and refers to bacterial strains with resistance to several
classes of antibiotics, among others, the following bacterial
species: E. coli, Klebsiella pneumoniae, P. aeruginosa and
Acinetobacter baumanii. The clinical evidence for the use
of specific antibiotics VAP is low. Piperacillin/tazobactam,
pseudomonas-effective cephalosporins, pseudomonas-effec-
tive carbapenems and the fluoroquinolones ciprofloxacin and
levofloxacin were tested in monotherapy or combination
therapy in several studies without finding any superiority
of a substance or combination in terms of mortality [48].
Most of the data were collected as part of approval studies
with the aim of equivalence in well-selected cohorts. Due
to these limitations, no advantage of a substance or a regi-
men over another could be shown with regard to mortality.
With regard to treatment failure, also no significant differ-
ences were found in most studies and in a meta-analysis
that included over 7000 patients with VAP [49]. However,
ceftazidime monotherapy performed worse than meropenem
or piperacillin/tazobactam in terms of clinical response in
several studies [49, 50]. The substance has insufficient activ-
ity against S. aureus and pneumococci, the most frequent
Gram-positive pathogens in nosocomial pneumonia and
should therefore not be administered as empiric therapy.

If MRSA infection is suspected in the presence of sepsis
or septic shock, vancomycin or linezolid should be added. If
colonization with an ESBL producing and/or another mul-
tidrug-resistant Gram-negative strain (MRGN) is known, a
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Septic shock
no yes
) Addiotional risk factor
Risk of MDRP for MDRP
no yes no yes
Monotherapy i.v. Monotherapy i.v.* Monotherapy i.v. Combination therapy i.v.
Aminopenicillins/BLI Pseudomonas-effective Pseudomonas-effective
Ampicillin/Sulbactam betalactam Carbapenem betalactam
Piperacillin/tazobactam Meropenem
OR PLUS
OR
Cephalosporins group 3a Pseudomonas-

Cefotaxime Cefepime effective fluorquinolone
Ceftriaxone Levofloxacin

OR Ciprofloxacin

OR
Meropenem OR
Fluoroguinolones
Levofloxacin Aminoglycoside
Moxifloxacin Tobramycin
*antipseudomonal combination therapy OR
for high local resistance rates
Fosfomycin
Suspected MRSA: PLUS Vancomycin OR Linezolid

Fig. 1 Flow chart for empiric therapy of nosocomial pneumonia. MDRP multidrug-resistant pathogens

treatment regimen should be selected that also includes the
corresponding ESBL and/or MRGN. The recommendations
given in Fig. 1 take into account the current epidemiological
data in Germany.

Mono-versus combination therapy

We suggest an initial empiric combination therapy in
patients with septic shock AND the presence of at least one
additional risk factor for MDRP (Table 1 / Fig. 1).

In patients with septic shock and an increased risk of P.
aeruginosa (Table 1), P. aeruginosa-effective combination
therapy should be given until the results of the susceptibility
test are available.

Quality of evidence for mortality: very low; conditional
recommendation, strong consensus

Evidence overview and rationale: An evidence-based
guideline, 8 systematic reviews/meta-analyses, and an RCT
[51-58] evaluated combination therapies for nosocomial
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pneumonia. These studies covered various patient groups
and substances (pneumonia, MDRP infections, P. aerugi-
nosa bacteremia, septic shock presence, Carbapenem resist-
ant Gram-negative pathogens, tigecycline or colistin for
MDRP). One meta-analysis found no benefit in mortality or
other outcomes for severe sepsis combination therapy [58].
Another analysis of 50 studies indicated a survival benefit
for septic shock patients, but these studies had several meth-
odological limitations [54]. In non-severe cases, combina-
tion therapy correlated with higher mortality, possibly due
to direct toxicity, resistance, or Clostridioides difficile infec-
tions [59]. A study suggested an advantage of initial com-
bination therapy for VAP with P. aeruginosa when it pre-
vented ineffective monotherapy [60]. However, older studies
found no benefit for combination therapy for P. aeruginosa
bloodstream infections and pneumonia [53]. An observa-
tional study reported no survival benefit from adding amino-
glycoside to beta-lactam antibiotic therapy for P. aeruginosa
infections [61]. The CLSI argues against use of aminogly-
cosides for P. aeruginosa. No safe aminoglycoside-dosing
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regimen was predicted to achieve bacterial 1- or 2-log
killing, regardless of the breakpoint applied. Comparing
meropenem monotherapy to meropenem plus ciprofloxa-
cin showed no mortality difference, except in a subgroup
with better microbiological response for MDRP infections
[62]. Low-quality evidence indicates no general advantage
for combination therapy, but specific therapies and groups
may show lower mortality. Overall, disease severity, local
resistance rates, patient risk profiles, and potential toxicity
should guide the administration of combination therapy and
substance choice.

Prolonged infusion of beta-lactams

We suggest prolonged application of suitable beta-lactam
antibiotics after the initial loading dose in critically ill
patients.

Quality of evidence for mortality, clinical cure: low; con-
ditional recommendation, strong consensus

Evidence overview and rationale: five recent systematic
reviews were identified that examined the efficacy and safety
of prolonged administration (3—4 h or continuous infusion)
with intermittent bolus administration of beta-lactam anti-
biotics on mortality, clinical recovery, side effects and the
occurrence of antibiotic-resistant bacteria [63—-67]. All
papers reported mortality and clinical cure, especially in
critically ill ICU patients with different underlying infec-
tions, but in the majority with a pulmonary focus. Only one
systematic review reported adverse events and antibiotic-
resistance [65]. Low-quality evidence shows reduced mor-
tality and improved clinical recovery with prolonged use of
beta-lactam antibiotics in critically ill patients. Therefore,
it is recommended that prolonged infusion of beta-lactam
should be used preferred in patients with sepsis and septic
shock. Due to the small number of studies, no statement
can be made regarding the occurrence of side effects and
antibiotic-resistant bacteria.

Inhaled antimicrobial therapy

We do not suggest routinely inhaled antibiotic therapy in
addition to systemic therapy.

Quality of evidence for mortality, antibiotic days: moder-
ate; conditional recommendation, strong consensus

In the presence of multi-resistant Gram-negative patho-
gens that are only sensitive to colistin and/or aminoglyco-
sides, supplementary inhalation therapy with suitable nebu-
lizers should be considered in addition to systemic antibiotic
therapy.

Quality of evidence for clinical response: very low; con-
ditional recommendation, strong consensus

Evidence overview and rationale: four reviews [68-71]
evaluating the evidence on the effectiveness of inhaled

antibiotic therapy in patients with VAP on mortality, eradi-
cation rate, length of stay and duration of ventilation were
identified. Moderate-quality evidence showed no effect on
mortality and duration of treatment, but improved eradica-
tion rates with inhaled antibiotic therapy. An increased inci-
dence of renal side effects was not seen. In one metaanalysis,
no survival benefit (relative risk (RR) 1.00, 95% confidence
interval (CI) 0.82—-1.21) but a higher clinical cure rate (RR
1.13, 95% CI 1.02-1.26) and more frequent microbiologi-
cal eradication (RR 1.45,95% CI 1.19-1.76) were observed
in therapy combined with inhaled antibiotics compared to
intravenous therapy alone [69].

The high local concentrations in the bronchial system
after inhalation of antibiotics could be particularly benefi-
cial for infections with MDRP. Local application reduces
the selection pressure on the intestinal microbiome and
may be beneficial in the case of pre-existing renal insuf-
ficiency. The penetration of aerosolized antibiotics into the
affected lung parenchyma is unsure, especially in ventilated
patients with severe lung infections, so that the deposition
of the inhaled drug may not be sufficient [72]. Furthermore,
inhaled antibiotics were associated with an increased risk
of bronchospasm.

An improved outcome (clinical response, microbiological
eradication and infection-associated mortality) was found
with additional inhaled colistin application, albeit with a low
level of evidence and no effect on overall mortality [70]. A
further meta-analysis based on 12 studies with 812 patients
found an advantage in terms of clinical response, however,
the analysis was underpowered [73].

The current IDSA/ATS guideline [74] recommends
inhaled antibiotic therapy in addition to systemic antibi-
otic therapy for HAP/VAP caused by carbapenem-resistant
Gram-negative pathogens that are only sensitive to amino-
glycosides and polymyxins, or if A. baumannii with sensitiv-
ity exclusively to polymyxins is detected.

Inhaled therapy may be particularly useful for patients
who cannot be treated adequately systemically or only at
the risk of considerable toxicity. In a prospective observa-
tional study, patients with VAP and evidence of sensitive P.
aeruginosa or A. baumannii and intravenous therapy were
compared with patients and evidence of multidrug-resistant
P. aeruginosa or A. baumannii with high-dose inhaled colis-
tin therapy (3 X5 million IU) with and without intravenous
aminoglycoside over 3 days in terms of clinical recovery and
mortality [75]. The group of multidrug-resistant pathogens
was not inferior to the systemic therapy when colistin was
inhaled.

De-escalation and focusing

We recommend de-escalation in patients with clinical treat-
ment response even without pathogen detection.
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Table 2 Summary of recommendations with quality of evidence level

>

"

1. For the initial, empiric antimicrobial therapy of nosocomial pneumonia, we recommend a distinction between patients with and
without risk factors for multidrug-resistant pathogens and/or Pseudomonas aeruginosa (Table 1)

The pathogen spectrum and the resistance situation of the respective ward/facility should be recorded and presented at intervals of
6—12 months and decisions on empiric antibiotic therapy should be based on these data

2. The regular use of bacterial multiplex PCR systems in patients with suspected nosocomial pneumonia cannot be recommended

®OOO
0
® O OO 3.Wesuggest rapid and targeted diagnostics for Aspergillus in patients with nosocomial pneumonia on the ICU with risk factors
! for invasive pulmonary aspergillosis (IPA) (e.g. steroid therapy, COPD, liver cirrhosis, malnutrition, burns, diabetes, severe influ-
enza or COVID-19 infection), even in the absence of severe immunosuppression such as neutropenia, if IPA is suspected
For Aspergillus detection, at least one antigen test for galactomannan (GM) (limit value ODI> =1.0) from bronchoalveolar lavage
(BAL) and, if necessary, additional microbiological procedures should be performed
4. A bronchoscopic microbiological sampling is not superior to a non-bronchoscopic microbiological sampling in VAP in terms of

SRS NGNS
1

A

important outcomes. Therefore, the decision about a bronchoscopic sampling should be made depending on local logistics, differ-
ential diagnostic considerations, and possible therapeutic aspects of an endoscopic examination

5. We suggest the use of aminopenicillins with beta-lactamase inhibitors or group 3a cephalosporins (i.e. ceftriaxone or cefotax-
ime) in patients without an increased risk of MDRP/PA (Table 1). Fluoroquinolones with pneumococcal activity (i.e. moxifloxa-
cin or levofloxacin) can be used as a secondary option

Piperacillin/tazobactam, cefepime or meropenem should be used in patients with an increased risk of MDRP/PA (Table 1). Poten-
tial combination substances (see 3.2) include antipseudomonal fluoroquinolones, fosfomycin or aminoglycosides

The choice of substance -or combination in selected patients- should be made based on local pathogen spectrum and resistance
profiles

6. We suggest an initial empiric combination therapy in patients with septic shock AND the presence of at least one additional risk

OO0
! factor for MDRP (Table 1 / Fig. 1)
In patients with septic shock and an increased risk of P. aeruginosa (Table 1), P. aeruginosa-effective combination therapy should

be given until the results of the susceptibility test are available

DD OO 7. Wesuggest prolonged application of suitable beta-lactam antibiotics after the initial loading dose in critically ill patients

!

® O OO 8. Wedonot suggest routinely inhaled antibiotic therapy in addition to systemic therapy

! In the presence of multi-resistant Gram-negative pathogens that are only sensitive to colistin and/or aminoglycosides, supplemen-
tary inhalation therapy with suitable nebulizers should be considered in addition to systemic antibiotic therapy

DD DO 9. Werecommend de-escalation in patients with clinical treatment response even without pathogen detection

1 In patients with microbiological evidence of a relevant pathogen, therapy should be focused

DD DD 10. We suggest a therapy duration of 7-8 days if the patient responds well. In individual cases, longer treatment durations may be

! necessary (e.g. S. aureus bacteremia, non-remediable empyema, abscess)

®PD DO 11. APCT-based algorithm can be used in patients with nosocomial pneumonia to shorten the duration of antibiotic treatment

0

@ @ @ @ High quality of evidence
!Istrong recommendation

@ @ @ ©Moderate quality of evidence
! conditional recommendation

@ @ © ©Low quality of evidence

o recommendation open

@ © © © Very low quality of evidence

' Expert consensus

In patients with microbiological evidence of a relevant
pathogen, therapy should be focused.

Quality of evidence for mortality: moderate; eradication
rate, ventilator days, length of stay: very low; strong recom-
mendation, strong consensus

Evidence overview and rationale: Five systematic
reviews and eight cohort studies were identified to evaluate
the efficacy and safety of de-escalation and focusing ther-
apy [76-83]. The definition of de-escalation was applied

@ Springer

inconsistently in the studies. De-escalation from combina-
tion to monotherapy and from broad-spectrum to targeted
therapy according to microbiological results was best inves-
tigated. The different de-escalation options are not separated
in all studies. In a multicenter prospective observational
study, 244 critically ill patients with nosocomial pneumo-
nia in 24 intensive care units were included [77]. Focused
therapy could have been carried out in 94 patients on the
basis of the pathogen detected; in fact, it was carried out in
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56 patients. A comparison of the groups showed a reduced
mortality after focused therapy. In a second study from
Canada and the USA, focused therapy resulted in a better
outcome with a lower application density of broad-spectrum
antibiotics [82]. In VAP due to P. aeruginosa, de-escalation
to monotherapy after receipt of the antibiogram did not lead
to increased mortality in a monocentric retrospective study
[79]. Similar results were shown in a prospective cohort
analysis of patients with bacteremia with P. aeruginosa [84].

On the other hand, de-escalation to an effective mono-
therapy was not a disadvantage compared to continued
administration of a combination. It was also shown in sur-
gical intensive care units that de-escalation did not lead to
increased mortality in critically ill patients [78]. The main
focus was on de-escalation from combination to mono-
therapy. In another smaller retrospective study of patients
with VAP, de-escalation from broad-spectrum to narrower
therapy did not result in increased mortality [80]. A similar
study, also with a retrospective design, showed a reduction in
the duration of treatment [81]. Thus, there was no difference
in mortality both for de-escalation based on clinical response
and on the basis of available microbiological findings. There
was also no difference in ventilation duration, length of stay,
antibiotic days and the occurrence of recurrent infections.

There are no sufficient studies which adressed whether a
selection of multi-resistant pathogens can be prevented by
de-escalation.

Therapy duration

We suggest a therapy duration of 7-8 days if the patient
responds well. In individual cases, longer treatment dura-
tions may be necessary (e.g. S. aureus bacteremia, non-
remediable empyema, abscess).

Quality of evidence for mortality, length of stay, clinical
cure: high; selection MDRP: moderate; recommendation,
strong consensus

A PCT-based algorithm can be used in patients with
nosocomial pneumonia to shorten the duration of antibiotic
treatment.

Quality of evidence: mortality, antibiotic days: moderate;
recommendation open, consensus

Evidence overview and rationale: Over the past two
decades, several prospective, randomized, controlled trials
have been conducted in patients with ventilator-associated
pneumonia to compare shorter (7-8 days) versus longer
(10-15 days) duration of therapy [85-89]. In a recent meta-
analysis [90], which included these five studies with a total
of 1069 patients with ventilator-associated pneumonia,
a shorter duration of therapy did not differ from a longer
duration of therapy with regard to the endpoints mortality,
length of stay, relapse rate and the occurrence of multidrug-
resistant pathogens in the treatment of ventilator-associated

pneumonia. This also applies to the group of patients with
HAP due to gram-negative non-fermenters. In three of the
five included studies, a total of 340 patients with HAP due to
Gram-negative non-fermenters (most of them with evidence
of Pseudomonas aeruginosa) were examined using subgroup
analyses. No significant difference was found with regard to
the recurrence or relapse rate between the longer and shorter
treatment duration, nor was there a significant difference
when considering 28-day mortality.

There are no data on the duration of treatment of nosoco-
mial pneumonia in non-ventilated patients.

It should be noted that the number of patients included
who had severe ARDS or septic shock was low. Patients with
structural lung disease, such as bronchiectasis, as well as
those with lung abscess or empyema were regularly excluded
[91]. In the iDIAPASON study, patients with documented
cultural evidence of Pseudomonas aeruginosa in respiratory
materials before the start of HAP were excluded [85].

Nevertheless, treatment duration of seven to eight days
appears to be sufficient in patients with nosocomial pneu-
monia and treatment response. In patients with evidence of
P. aeruginosa as the causative agent of HAP, treatment dura-
tion of seven to eight days can also be considered.

In patients with structural lung disease (bronchiectasis) or
lung abscesses, as well as patients with severe ARDS and/
or septic shock, the duration of therapy should be deter-
mined individually. Another exception is HAP caused by
bacteriemic S.aureus. This is classified as complicated S.
aureus bacteremia and is usually treated for at least four
weeks [92, 93].

Procalcitonin- algorithm: several prospective, rand-
omized studies and two recent meta-analyses [94-99] have
adressed this question. Primary studies confirm that PCT-
based algorithms reduce antibiotic therapy duration within
a defined PCT determination and response protocol, even
including overruling by clinicans. Except for one study, who
reported median therapy durations of 5 days (3-9) for the
PCT-guided group versus 7 days (4—11) for the control [97],
no study achieved less than seven days in the intervention
group. In De Jong et al.’s study of 1575 sepsis and septic
shock patients, mostly with pulmonary infections, also found
lower mortality in the intervention group (20% vs. 27%,
6.6% difference, 95% CI 1.3-11.9) [97]. This difference per-
sisted after one year (36% vs. 43%, 7.4% difference, 95% CI
1.3-13.8), potentially due to earlier diagnosis and treatment
of non-bacterial infections and fewer adverse drug reactions
from shorter treatments. However, the study’s limitation is
that about half the patients had community-acquired infec-
tions, so results may not apply to nosocomial pneumonia.

Overall, PCT-based algorithms can reduce antibiotic
therapy duration, but this moderate evidence is mainly
based on older studies with treatment durations beyond
7-8 days. Consequently, the guideline group downgraded
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the recommendation from "suggest" to “may be considered
to use." For practitioners with already short therapy dura-
tions, PCT algorithms may not further reduce treatment
time. However, in clinics with traditionally longer treatments
(> 8 days), a predefined PCT algorithm may help shorten
therapy.

Conclusions

Several clinical practice guidelines have been published for
diagnosis and treatment of patients with nosocomial pneu-
monia. The most recent international guidelines are more
than 6 years old (74,100).

These recommendations are based on a multidiscipli-
nary approach, involving specialists from different health-
care systems and medical domains, and follow the GRADE
approach.

The current recommendations (summarized in Table 2)
is thought to benefit physicians dealing with the care of
patients and to help standardize the current treatment and
management of nosocomial pneumonia.

Implementation is obviously challenging, depending
on the healthcare systems and resources allocated; how-
ever, these guidelines provide clear, focused, and concise
recommendations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-024-02358-y.
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