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Antimicrobial resistance (AMR) has been
defined as a major threat to healthcare
and to humanity by the World Health
Organization (WHO 2015). The level of
evidence for the association between AMR
and hospital deaths, hospital length of stay
and healthcare-associated costs is growing.
Cassini et al. (2019) reported an increas-
ing and substantial estimated burden of
AMR-related infections compared with
other infectious diseases, in children,
in the elderly, and in the countries of
Southern Europe (Italy and Greece) for
16 pathogen-antibiotic combinations. A
systematic analysis showed that the global
burden associated with AMR infections in
88 pathogen-antibiotic combinations was
estimated to be 4.95 million (95% uncer-
tainty intervals (UI) 3.62—6.57) deaths
including 1.27 million (95% U1 0.91-1.71)
deaths that were directly attributable to
AMR (Murray et al. 2022). Of note, the
highest rates of death were located in sub-
Saharan Africa and South Asia.

While the AMR burden on hospital
length of stay and costs of hospitalisation
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Does Antimicrobial Resis-
tance Affect Clinical Qut-
comes in the [CU?

An overview of antimicrobial resistance and its impact on clinical outcomes in

the ICU.

is not a matter of debate, the relationship
between AMR and hospital mortality rates
remains controversial, particularly in the
intensive care unit (ICU) setting. It is unclear
if death should be attributed to the direct
effect of AMR bacteria or the patient-related
factors. Several studies found that the only
independent predictor of hospital mortal-
ity was severity of sepsis, irrespective of
the AMR status of the causative bacteria
(Karvouniaris et al. 2022; Razazi et al.
2017). Lambert et al. (2011) published
the largest prospective European ICU study
(n=119,699 patients). They defined 20
different exposures according to infec-
tion site, pathogen, and resistance status,
and then compared outcomes between
patients exposed and unexposed. They
found a modest, but significant, effect of
AMR bacteria on the mortality rate. Risk
of death associated with AMR bacteria
was 1.2 (1.1-1.4) for pneumonia and
1.2 (0.9-1.5) for bloodstream infections.
Interestingly, Pseudomonas aeruginosa had
the highest burden of healthcare-acquired
infections, independently of its resistance
profile. Likewise, Paramythiotou et al.
(2016) did not conclude a direct associa-
tion between infections caused by resistant
gram-negative bacteria and ICU mortality
rates. One limitation is that most studies
were conducted in single centres and
included a small number of patients. In
addition, they were characterised by a high
degree of heterogeneity that prevented
definitive conclusions from being made
(Paramythiotou et al. 2016). Finally, the
definitions of resistance are highly variable
from one study to another.

A scoping review covering a broad
time period from database inception to
2018 showed inconsistencies in AMR
detection, AMR definitions and methods
for measuring its attributable effect on
outcomes (McDonald et al. 2021). On
the contrary, three studies suggested that
antibiotic resistance led to an increase in
crude mortality, even after adjusting for
two of them (Razazi et al. 2017; Bottazzi
etal. 2018; Barbier et al. 2016). Further-
more, in a retrospective study based on
a national database, our team found an
association between ICU mortality and
the occurrence of an infection due to AMR
bacteria in case of ICU-acquired pneumo-
nia (Lakbar et al. 2021). In this study, we
assessed the association between pneumonia
caused by highly AMR bacteria (including
Staphylococcus aureus, Enterobacteriaceae, P.
aeruginosa, or Acinetobacter baumanii) and
ICU mortality on the whole sample and a
1:2 matched sample. We found that 3,081
(16.4%) out of 18,497 patients developed
pneumonia due to highly AMR bacteria. The
ICU mortality was higher in the patients
infected with highly AMR bacteria than in
those infected by non-highly AMR bacteria
in the whole cohort (odds ratio (OR) 1.57
95% confidence interval (CI) [1.45-1.70],
P < 0.001) and the matched cohort (OR
1.39 95% CI [1.27-1.52], P < 0.001).
However, in this study, severity of patients
was poorly detailed, which represents a bias
for the assessment of outcomes. Indeed,
examining the relationship between AMR
and outcome is challenging, as it is diffi-
cult to discriminate the confounders and
determinants of this relationship. Patients
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at the highest risk of death are also likely
to be those at the highest risk of infection
by AMR bacteria (Bottazzi etal. 2018). In
addition, the ICU patients infected with
AMR bacteria could be those in whom
treatments may be limited or withdrawn
because considered as futile, increasing
per se their mortality rates.

At the bedside, AMR may affect the
patient outcomes by three mechanisms.
First, inadequate empirical antimicrobial
therapy, i.e., giving antibiotics that are not
efficient against the bacteria responsible for
the current infection, is constantly associ-
ated with increased mortality (Retamar et
al. 2012; Chen et al. 2013). In real life, the
patients infected by AMR bacteria are at
high risk to receive inadequate empirical
treatment (Rottier et al. 2012). In addition,
AMR can be associated with changes in
pharmacokinetics, requiring for example
higher doses of antibiotics (Mohd Sazlly et
al. 2019).This may also explain failure to
treat the patients infected by AMR. Second,
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bacterial virulence may be increased in
AMR bacteria (Guillard et al. 2016).This
hypothesis was tested in a murine model
of infection due to P. aeruginosa (Roux et
al. 2015). Acquisition of AMR resulted in
improved fitness of the bacteria, promoting
its survival and virulence. However, this
hypothesis remains controversial since
previous experimental models suggested
a loss of virulence in multidrug resistant
bacteria (Hraiech et al. 2013; Andersson
and Hughes 2010).The third determinant
is the patient themselves. The old, frail or
immunosuppressed patients often required
recurrent hospitalisations to conventional
wards before ICU admission, exposure to
repeated antibiotic treatments, and invasive
procedures. Thus, they are at high risk of
colonisation and/or infection by AMR
bacteria (Giarratano et al. 2018). These
patients are intrinsically at high risk of
death, and infection by AMR bacteria
could be considered as a symptom of
their frailty. Finally, the effects of antibi-

Previous
hospitalisation
Invasive devices
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otics themselves could be deleterious, as
suggested previously (Jensen et al. 2011).
A recent experimental study suggests
that antibiotic exposure could result in a
decreased immune response (Silva Lagos
etal. 2022).

Antimicrobial Resistance During
COVID-19 Pandemic

The COVID-19 pandemic seems to have
potentiated the development of AMR
bacteria. Reports from Europe and the
U.S. suggested increasing AMR infec-
tion rates in the ICU during COVID-19
waves, especially due to ESKAPE multidrug
resistant infections (Cogliati Dezza et al.
2022; Serapide et al. 2022; CDC 2022).
In a systematic review and meta-analysis,
Kariyawasam et al. (2022) identified
38 out of 1331 articles and found that
prevalence of co-infection with resistant
bacteria pathogens was 24% (95% CI
8-40%). Analyses suggested higher rates
of AMR bacteria outside Europe and in

Mortality outcomes

Figure 1. Determinants of mortality outcomes related to MDR infections

Infection severity
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ICUs. Among 58 (> 50%) non-survivors,
all but six patients were infected with an
AMR pathogen.

Of note, during the ICU stay, COVID-
19 patients were at high risk of hospital-
acquired infections (bloodstream and
respiratory tract infections mostly) (Amarsy
etal. 2022; Westblade et al. 2021) as they
were subject to invasive devices, exposed
to multiple antimicrobial treatments and
potentially colonised with AMR bacteria.
In addition, the inflammatory response
they experienced exposed them to a risk
of relative immunosuppression (Mehta
et al. 2020; Vitte et al. 2020). Further-
more, the early stages of the pandemic
were accompanied by the use of large
amounts of antibiotics as prophylaxis
while immunosuppressive therapy was
an integral part of the therapeutic arse-
nal in COVID-19 patients. This certainly
intensified the threat of antimicrobial
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a bacterial infection, using rapid diagnostic
tests to avoid hazardous empirical treatments.

Conclusion

In conclusion, AMR seems associated
with increased ICU mortality rate, but the
causality of this association remains unclear
(Figure 1). Indeed, to our knowledge,
no clinical study provided the required
level of details making it impossible to
discriminate the factors associated with
the bacteria and those associated with the
host. Whatever the nature of this associa-
tion, this underlines the need to provide
adequate antimicrobial therapy without
delay, promoting the development of rapid
diagnostic tests.
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