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1. Introduction

1. Introduction
1.1 Pseudomonas aeruginosa

1.1.1. Microbiology

Pseudomonas aeruginog®. aeruginosa)was first extracted from green pus and
described by French pharmacist Gessard in 1882THis bacterium belongs to the
family of Pseudomonadaceak is a gram-negative bacterium that appearsrivddike
shape, carrying a monotrichous flagella and sevmlialP. aeruginosaloes not derive
its energy from fermentation of glucose. It thriveesobically but can also grow under
anaerobic conditions in the presence of nitrateusTht is a facultative anaerobic
nonfermenter. It is not very fastidious concernitsgnutrition, making its identification
in the laboratory uncomplicate®. aeruginosastrains produce a variety of pigments
such as pyrubin, pyomelanin, pyoverdin and pyoayahipyoverdin and pyocyanin are
produced the colonies shows a characteristicattptaen discolouration. The latin word
aeruginosais translated into ,copper-rust® or verdigris atescribes its typical blue-
green color of laboratory cultures of the specigs Wound infections due t®.
aeruginosacan often be identified by its ,grapelike* odarich is produced by most
strains (3). The organism can survive temperatageBigh as 50°C and it can grow in
distilled water. Water with a pH of 4.5 or loweredonot allow the survival oP.
aeruginosa(3).

The pathogen causes a wide variety of infectionfiumans. Just as varied as the
diseased. aeruginosacauses, it produces and possesses a wide rangeuleince
factors, including endotoxins, exotoxins, type Becreted toxins, pili, flagella,
proteases, phospolipases, iron-binding proteingpaysaccharides, the ability to
produce biofilms and elaboration of pyocyanin (3).

Most strains are able to produce an extracelluygaccharide called alginate. It serves
to protect the bacterium in different environmentainditions but also from the
patient’s immune system. The production of theseadled biofilms plays a major role
in the pathogenesis of cystic fibrosis (CF) paserin CF-patientsP. aeruginosa
invades the thick mucus layers in the lungs. Dedpitited oxygen levels in the mucus,

the bacterium has the ability to produce an algind), consequently shielding itself
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1. Introduction

from the body’s immune system (5) and it protedie pathogen from antibiotic
treatment.

P. aeruginosais not the only species of the Pseudomonas genogirk to cause
infection in humans, albeit it is the most prominkacterium. Pseudomonas spp. other
than aeruginosa includeseudomonas fluorescens, Pseudomonas putida, Feende
cepacia, Pseudomonas stutzandPseudomonas putrefacierjgst to name a few (6).
They are occasionally isolated from human clinispecimens and can result in
opportunistic infections (7, 8). However, non-aénoga Pseudomonas spp. are
associated with a lower degree of virulence anéctidns and generally milder in
course (7, 9, 10).

1.1.2 Epidemiology

P. aeruginosais an opportunistic pathogen that primarily causegection in
immunocompromised hosts. It is a nosocomial pathdlgat mostly infects hospitalized
patients. It is also responsible for community-aeggliinfections in patients with severe
underlying diseases such as cystic fibrosis, clrabstructive pulmonary disease
(COPD) or a debilitated immune system (11). Evesugih it rarely causes disease in
healthy humans, it can lead to numerous diseasgscim a setting, especially when the
patient is exposed to moist environment.

Bathing in contaminated swimming pools, hot tubd arhirlpools may lead to skin
infections, referred to as folliculitis (12, 13)n® of the leading causes for acute otitis
externa, commonly known as ,swimmer’s earPisaeruginosg14). Patients who use
particularly extended-wear contact lenses aresktfar sight-threatening infections due
to P. aeruginosa When infected they may suffer from ulcerative atitis and
endophaltmitis (15, 16). The bacterium can be foumdontact lens solutions and it
adheres to the contact lens surface more easiydtier pathogens (17, 18). However,
P. aeruginosaalso plays a substantial role in the infectionpahcture wounds and
endocarditis linked to intravenous drug users (19).

Data from the National Nosocomial Infections Sullgace (NNIS) System recorded in

2003 has shown the distribution of gram-negative gram-positive bacilli in hospitals
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in the United States (USP. aeruginosas the second most common microorganism
isolated in nosocomial pneumonia (18.1% of casas}punts for 16.3% of cases of
urinary tract infections, is the fifth most commeewuse of surgical site infection (9.5%)
and has been isolated in blood stream infectionalnmost 4% of the cases (20
hospitals,P.aeruginosacan be found in numerous reservoirs: hospital ggant such
as cleaning solutions, mops, respiratory ventitatand surgical equipment.
Furthermore, it has been isolated from sinks, draioilets and showers and is also
reintroduced into the hospital's environment thilowgater used for flowers in patient’s
rooms and spreads by contact of unsanitized ha)ds\Npsocomial outbreaks due to
unclean medical equipment have been described 22)1, A severe outbreak d?.
aeruginosaoccurred during the winter of 2001-2002 in Norwayolving 231 patients
in 24 hospitals. Due to contaminated moist mouthisvand receipt of mechanical
ventilation, 71 patients (31%) with severe undedyi diseases died during
hospitalization (22).

Nosocomial infections are often associated witlpktakzation in the intensive care unit
(ICU), medical devices (e.g. mechanial ventilatioantral venous catheter), previous
antibiotic treatment and surgery (23).

Outside of the hospitaR. aeruginosdives ubiquitously in our environment: it can be
found in soil, plants and water and also colonizealthy animals and is part of the
normal human flora or so-called microbiota. Up # of healthy humans carry this
bacterium in the throat, nasal mucosa, or on tie §kansmission may occur through
various modes, such as from patient to patientnfir@servoir to patient and by
colonization with subsequent autoinfection with #loguired strain (24).

1.1.3 High-risk patients

P. aeruginosaist characterized as an opportunistic pathogenterra that is used to
describe organisms that may exist as part of threnalohuman flora and that are
“capable of causing disease only when the hostsstance is lowered” (25)P.
aeruginosais known to infect mostly immunocompromised pasenThe state of
impaired immune response may be either a consegqwéran underlying disease and of

the use of certain therapies that reduce or diepatients’ immune system. Classically,
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patients with neutropenic conditions were seen doab high risk forP. aeruginosa
bacteremia (26). Neutropenia is known as a comditrdh abnormally low neutrophile
granulocytes (neutrophile cousb00/ul). Neutrophile granulocytes play an important
role in the host defense against pathogéhsaeruginosaemploys a wide array of
virulence factors to invade the host and to evadenbst’s immunological defense. Not
only does it posses factors that inhibit phagoagtbg neutrophils (27), it also secretes
leukocidin that kills neutrophils (28). AlthougR. aeruginosainfections were not
frequently reported prior to 1960, cancer and imosuppressive treatments were
associated with an increased frequency of infed@®). In the late 1960s and the 1970s
when effective antipseudomonal antbiotics were aitable, P. aeruginosawas a
common cause for infection in neutropenic patievith incidence rates reaching 55%
(30). The incidence d?. aeruginosachanged after the introduction of carbenicillirdan
the pathogen spectrum in immunocompromised patsntted from gram-negative to
predominantly gram-positive microorganisms (31).rr€ntly, the epidemiological
situation seems to shift again, with several reportlicating a significant rise in gram-
negative infections in patients with underlying laatogical malignancies (31-33),
with high mortality rates reaching up to almost 4fi%P. aeruginosaacteremia (31).
Trecarichi et al. (25) prospectively analyzed 5iotstream infections in patients with
hematological malignancies and observed an increageam-negative infections with
P. aeruginosaEscherichia coli (E. Coliland Klebsiella pneumoniaéeing the most
prominent isolates.

A number of studies have identified several patignbups at high risk forP.
aeruginosabacteremia due to an impaired immune system. Bulall. reviewed risk
factors for acquisition of extensively drug-resmtgXDR) P. aeruginosastrains.
Patients with a debilitated immune function, preolid-organ transplantation and
hematological malignancies were prone to infectipnolonization (34).

Although effective infection control measures antpioved therapy procedures have
led to a decrease in incidence of bacteremia duB.taeruginosain burn wound
patients (35)P. aeruginosas still the most frequent cause for burn wourfdgtions in
many centers (36). Pathophysiological knowledge mgylain why this subgroup of
patients is at risk foP. aeruginosdacteremia. Pathogenesis of burn wound infection is

based on an impaired immune system and the lade akin’s barrier function. Studies
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have shown that patients with extensive burn wowstgse compromised neutrophile
functions and T-lymphocyte dysfunctions (37, 3&8)e3e mechanisms may predispose

the patient for serious infection.

1.1.4 Resistance

P. aeruginosas naturally (intrinsically) resistant to sevemitibiotics and it can also
develop resistance towards multiple classes obaaterial agents.

P. aeruginosas naturally resistant against the following amiizs: penicillin G, A,
M, 15t and 29 generation cephalosporins, somé& §eneration cephalosporins,
ertapenem, kanamycin, tetracyclines, macrolideincoxazole and glcopeptides (39).
Responsible for the pathogens intrinsic resistameanechanisms such as expression of
efflux pumps, low permeability of its outer membgaand naturally occurring Amp&
lactamases, only to name a few. Acquired resistaaceresult from mutation or from
exogenous resistance determinants and can be adhiyva number of mechanisms,
such as degrading enzymes (e.g. carbapenemaseassidi? and VIM (40)), reduced
permeability and active efflux (41).

While the prevalence of infections caused Byyaeruginosahas remained relatively
stable, the prevalence of resistant isolates hagased in 2003 compared with 1998
(42). Likewise, a national surveillance study oUl@atients identified an increase of
multidrug-resistant (MDRJP. aeruginosastrains from 4% in 1993 to 14% in 2002 (43).
In a survey of microbiological data from over 208spitals in the United States, the
incidence of MDR amon@. aeruginosgpneumonia isolates was found to be 22% and
15% among bloodstream isolates (44). The emergai®HEOR strains makes treatment
of P. aeruginosaven more difficult.

In order to create a uniformed and standardizedacherization of resistance pattern, a
joint-initiative by the ECDC and the CDC proposediefinition both for XDR and
MDR P. aeruginosastrains (45). Beforehand, it is important to rerbemthat the 17
available antipseudomonal agents can be cataloigiedhe following 8 antimicrobial
categories: antipseudomonal penicillins (+lactamase inhibitors, monobactams,
antipseudomonal cephalosporins, antipseudomonabapanems, antipseudomonal
fluorochinolones, aminoglycosides, phosphoric acaisd polymyxins. MDR P.
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aeruginosastrains are resistant to at least one agent leaat three out of the eight
categories. On the other hand, XPRaeruginosastrains show resistance to at least one
agent in the minimum of six out of the eight catégm

MDR P. aeruginosastrains show higher mortality rates when compaoechultidrug-
susceptible strains (46, 47) which associated initheased patient morbidity (48). Risk
factors associated with multidrug resist&ntaeruginosastrains include the following:
Bedridden status, ICU stay, presence of invasiwécds, prior use of certain antibiotics
(including  broad-spectrum  cephalosporins, aminamgides, carbapenems,
fluoroquinolones), Diabetes mellitus, malignantedise, undergoing surgery and HIV-
infection (48, 49).

Buhl et al. reviewed the impact of therapeutic dest patient-related factors,
environmental factors and medical devices on rakaquisition and colonization of
XDR P. aeruginosa strains. Prior exposure to certain antibiotics hsuas
fluorochinolones, carbapenem and amikacin were tiftlssh as a risk factor for
acquisition for XDRP. aeruginosa leading the authors to suggest that antibiotic
therapy may lead to the selection of resistanirgtrdurthermore, the use of medical
devices (e.g. urinary catheter, mechanical verdilatcentral venous catheter) were
found to be independent risk factors for acquisit@nd colonization of XDRP.
aeruginosa Wet hospital reservoirs such as sinks were cftEpected to be the source
of exposition for patients (34).

Available clinical data suggests that the emergerfcBIDR P. aeruginosaresults in
greater risk of death, longer duration of hosption (50) and an increase in surgery
required for treatment (51), which consequently dasirdensome impact on healthcare
costs (52).

1.2 Bacteremia due tdP. aeruginosa

1.2.1 Epidemiology and clinical characteristics

Incidence of bacteremia d®. aeruginosahas changed considerably over the past
decades. Kerby et al. noted 91 cases of bacterdn@aoP. aeruginosan the world
literature (53). Before 1950 only 1% of bacterecases were caused by this pathogen.
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After 1950 the incidence increased to 7%-18%, causiortality rates from 37%-77%
(26). Numbers published in the 1970s have showntaimyr rates of pseudomonas
bloodstream infections surpassing 50% (54). A Usnwide prospective surveillance
study (Surveillance and Control of Pathogens otdEmiiologic Importance (SCOPE))
analyzed 24.179 cases of BSI in 49 hospitals dusingyear period (1995-2002) and
concluded that 4% of the bloodstream infectionsewassociated t®. aeruginosa
making it the 3' leading cause of gram-negative infections (55ye®a risk factors for
BSI due to P. aeruginosa have been identified as neutropenia or other
immunodeficiency (e.g. HIV and bone marrow transfip severe burns,
pancreatobiliary tract disease, urinary catheterseotral venous lines, advanced age
and recent hospitalization (56, 57). Typically, inepenic and burn wound patients
have been considered to be affected the most hydBs®nas infection. However, most
recent data has shown that the most frequent soofdeacteremia are the urinary and
respiratory tract. This may be due to the use dfwelling urinary catheters and
respiratory ventilators. Also, nosocomial outbrakdéise to contaminated medical
equipment used for ERCP (endoscopic retrogradeang@pancreaticography) have
been described (58, 59).

BSI due toP. aeruginosamay present itself as benign transient bacterer@)a (
Transient bacteremia may lead to fever; howeves tiypically asymptomatic and first
and foremost describes bacteria circulating inktloed system without any pathogenic
value. Tachypnea, Tachykardia, mental disoriemtatind high fever may suggest
development of sepsis. Common complications arg@ragsry failure due to pneumonia
or acute respiratory distress syndrom (ARDS), dgwekent of DIC (disseminated
vascular coagulation), renal failure and acute gha®pathia (60). Sepsis due Fo
aeruginosadoes not differ from sepsis due to other gram-tregidacteria in its clinical
manifestation (28). Additional symptoms vary frome sof infection. Certain patients
with P. aeruginosabacteremia develop a skin lesion known as Ecthgamgraenosum
(EQ). Eg is not pathognomic f&. aeruginosahowever, it is most frequently described
in the setting ofP. aeruginosabacteremia in neutropenic patients. These patients
present skin lesions as portal of entry. In itdyestiages the edema can be found around
the lesion, progressing to a painful erythematoasuta. Eventually, the macula turns

into a necrotic ulcer. The lesion is a consequentediffuse invasion of the
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microorganism, particularly in the media and aditenf the blood vessels. Eg is
rarely occurs in mucosal areas and is usually foaortde axilla, the gluteal and perianal

region (28).

1.2.2 Therapy of bloodstream infection

Antibiotic therapy is the mainstay in the treatmentP. aeruginosainfections. The

following antibiotics serve as therapy fer aeruginosanfections(Tab.1):

Table 1 - Antipseudomonal agents

Class Agent/(Abbr.)

Penicillins PiperacillifPIP)
Piperacillin/TazobactarfPIP/TAZ)
Ticarcillin-Clavulanate (not available in Germany)

Cephalosporins Ceftazidil{€EF)
Cefepime

Monobactam AztreonarfAZ)

Fluorochinolones Ciprofloxaci(CIP)

Levofloxacin

Carbapenems MeropendMER)
Doripenem

Imipenem(IMP)

Aminoglycosides GentamicifGM)
Tobramycin
Amikacin (AMK)

Polymyxins ColistinCOL)
Polymyxin B

When P. aeruginosa bloodstream infection (BSI) is suspected, antinbab
susceptibility testing should be initiated afteawding of blood cultures. Initial therapy

is typically given as empiric therapy. Adequate emgherapy should include agents
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that coverP. aeruginosashow the lowest local resistance rates withimantution, are

in accordance to patient allergy history and hasgtidelines and have to be chosen
depending on site of infection. It is also impottém apply the antibiotic in a timely
manner. A study has shown that a delay of more &famours of administering the
appropriate drug from the time the blood cultureliawn has at least doubled the 30-
day mortality (61). Thus, for successful therapy ititerval between first positive blood
culture and administration of the antibiotic neddsbe kept as short as possible.
Typically, a combination of an anitpseudomofidactam (penicillin, cephalosporin or
carbapenem) with either an aminoglycoside or arflclinolone is chosen as first-line
empirical treatment (62, 63). Once laboratory rssafte available, antibiotic treatment
shall be adjusted according to susceptibility nasulhe clinician also needs to take
optimal dosing intervals into consideration. Duetheir time-dependent activity3-
lactam antibiotics should be applied frequenthbgrcontinuous infusion (64). Agents
with concentration-dependent activity (e.g. amigogkides) shall be given as a single
total daily dose (65). In addition to systemic bidic therapy, the primary site of
infection needs to be addressed and infected eathethould be removed and
obstructions and abscesses drained.

Due to poor penetration into the central nervoustesy, lungs and abscesses,
aminoglycosides are commonly avoided when infestiomvolve these sites.
Aminoglycosides are often combined witlf3-lactam antibiotics in order to enhance
their antibacterial activityp-lactam antibiotics work by inhibiting cell wall sthesis,
consequently leading to open pores in the bactead] allowing the aminoglycoside to
penetrate more effectively (66).

Fluorochinolones prevent the bacterial cell frompldating by inhibiting certain
enzymes (e.g. gyrase) and are the only antipseudanatass of antibiotics that can be
given orally (67).

In the past, colistin and polymyxin B were typigatigents of last resort due to fear of
nephro- und neurotoxicity (68-70jowever, it is suggested that colistin is effective
against multidrug resistant bacteria (71, 72) dretafore may be administered when
choices are limited. Moreover, nephrotoxicity ideof reversible and neurotoxicity

occurs rarely (73).
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1.2.3 Combination versus monotherapy

There has been controversial debate on whether inatidn therapy is superior to
monotherapy. Around 1972, the outcome for neutrmppatients presenting witR.
aeruginosabacteremia was dismal due to scarceness of antipseonal agents. At that
time, the common antipseudomonal agents were gé&itarand polymyxins (74).
During that time two studies revealed that therapth carbenicillin improved the
outcome in neutropenic patients with aeruginosabacteremia (74, 75). Several
retrospective analyses suggested that a combinafiegnergistic antibacterial agents
for gram-negative pathogens would lead to bettécaynes in neutropenic patients (76,
77). Thus, combination therapy was set as the atdrapproach for the treatmentrf
aeruginosa infections. At a time when ceftazidime was argyalthe best
antipseudomonal agent, a study conducted in 198&exh successful treatment with
ceftazidime monotherapy (78). In the following yeaeveral studies addressed this
issue and compared monotherapy to combinationgkiersP. aeruginosagatients (79-
81). However, no clear conclusion could be drawomfrthe wide range of studies
conducted in the past 20-30 years due to the pao€itvell-controlled studies using
clinically important end points. Experts today faviee use of combination therapy for
P. aeruginosaThe IDSA (Infectious Diseases Society of Americapcluded in 2002
that empirical monotherapy in high-risk patientsffeing from P. aeruginosa
bacteremia present the same efficiency as empraabination therapy (82). It is also
important to acknowledge that the drawbacks of doatlon therapy are linked to
higher costs and an increase of toxicity. For eXxamg systematic review and meta-
analysis of randomized trials found nephrotoxi¢dybe more common in combination
therapy (83).

1.2.4 Prognosis of bloodstream infections due & aeruginosa

Prognosis foP. aeruginosaBSI infections remains poor despite advances émagby

over the past decades. Wisplinghoff et al. analy24d79 cases of nosocomial BSI in
US hospitals. The authors found crude mortalitesatf 27.6% for non-ICU patients
and 47% for ICU patients with BSI due R aeruginosa(55). A prospective study

conducted in 2001-2002 compared hospital mortalitploodstream infections due to

10
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Staphyloccocus aurewndP. aeruginosaThey found mortality witHP. aeruginosao
be significantly higher in contrast to mortality eduto Methicillin-sensitive
Staphylococcus aureugMSSA) and Methicillin-resistantStaphylococcus aureus
(MRSA) (30.6%, 16.2%, 13.5% respectively) (84).

Investigation has shown that several risk factoesassociated with higher mortality in
patients with P. aeruginosabacteremia. In a study where 133 patients with
aeruginosa bacteremia were examined, four variables influggcbutcome were
defined as development of septic shock, granulocgteint under 500/mma3,
inappropriate antibiotic therapy and developmergegtic metastasis (85). Furthermore,
drug resistance also negatively influences sur(i8@l 87). A study of 100 episodes of
P. aeruginosademonstrated that underlying host disease is ttireelated to the

patient’s survival (88).

1.3 Other types ofP. aeruginosa infections

1.3.1 Respiratory tract infections

P. aeruginosahas been reported to cause infections in variotes 9f the body.
However, its role in lung diseases is of particutaportance.

P. aeruginosais a common pathogen causing hospital-acquiredirppaia (HAP),
where the incidence has almost doubled in the yfeans 1975 to 2003, from 9.6% to
18.1% respectively (20). Mode of transmission ietigh aspiration of endogenous oral
flora, via aspiration of the pathogens through aomnhated ventilator tubing and other
medical devices or through hematogenous disseraméiio, 90).

It is also one of the most common bacteria causimgtilator-associated pneumonia
(VAP) (91), with attributal mortality rates as higis 13% (92). Per definition VAP is a
pneumonia that develops 48 to 72 hours after intoba where the patient’s
oropharyngeal tract is in direct contact with resary devices.

Eventhough community-acquired pneumonia (CAP) @ul.taeruginosan otherwise
healthy patients is rar®,. aeruginosanfection in this setting is not neglectable doe t
high crude mortality rates reaching up to 61.199 (98onetheless?. aeruginosaCAP

does occur more frequently in patients with undedyrisk factors such as chronic

11
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obstructive pulmonary lung diseases (COPD), HIVeatbn and structural lung
diseases such as cystic fibrosis (94, 95).

P. aeruginosas also the key bacterial agent of cystic fibrg€i6). Most patients get
chronically infected withP. aeruginosastrains during childhood. The Cystic Fibrosis
Foundation’s 2015 Patient Registry Annual Data Refound prevalence of patients
cultured positive fofP. aeruginosato have declined over the past ten years. In 1995
50.7% of CF-patients showed positive blood cultdoesd”. aeruginosacompared to a
30.4% in the year of 2015 (97).

Pneumonia due t®. aeruginosais clinically not clearly distinguishable from eth
pathogens and infected patients typically preseiht f@ver and purulent cough (23).
Generally, diagnosis of pneumonia is based on legical findings, identification of
clinical symptoms and results from microbiologigathogen testingP. aeruginosa
pneumonia does not display a specific feature asthadiology (98). In order to obtain
cultures from the lung it is suggested to perfomvasive procedures such as
bronchoalveolar lavage (23[P. aeruginosais rarely isolated in blood cultures from
pneumonia patients (98).

The American Thoracic Society and the Infectiouseases Society of America
advocates the use of combination therapy with eith@-lactam or carbapenem in
combination with either a fluorochinolone oder amirgoglycoside (99). Parenteral
monotherapy with an aminoglycoside is not recommedndbecause these agents
perform poorly in the acidic environment of the gur§23). Inhaled antibiotics may be
useful to treat resistant strains. Despite the éédoxic side effects, pneumonia due to

MDR P. aeruginosaas been successfully treated with aerosolizaedtco(99).

1.3.2 Burn wound infections

In the 1960s and 70B. aeruginosgposed one of the most significant threats in burn
wound infections. At that time and in contrastdddy, as many as 10% of burn wound
patients suffered fron. aeruginosabacteremia (100). Today, the occurrencePof
aeruginosain burn wound patients has decreased. In a laxgly sL1400 burn wound
patients were examined and showed that roughly L% eopatients suffered fror.

aerugnosa sepsis (101). HoweverP. aeruginosaremains the most frequent
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migroorganism isolated from burn wounds, followitsgnobacterandEscherichia coli
(102).

Typically, 48 hours after thermal injury, gram-gos pathogens like staphylococci
that have survived colonize the burn wound. Subeseityy other gram-negative
pathogens and yeast infect the avascularized netnatn eschar (103, 104). After such
invasion, microorganisms can proliferate in necraisue and invade the blood system,
leading to secondary bacteremia.

Diagnosis of burn wound infection is achieved tlgioiexamination of clinical signs
and of burn wound swabs in the laboratory. In ongedistinguish between human
bacterial flora and infection, a colony count>fl10° organisms per gram tissue is
indicative of burn wound infection. Urinary samplesspiratory and blood cultures may
also be used for diagnosis (105).

Treatment ofP. aeruginosaburn wound infections includes topical and systemi
application of antimicrobial agents and aggresswgical debridement of the necrotic
tissue. Topical agents such as silver nitrate hsx@ng bacteriostatic activity against
gram-negative bacteria suchRsaeruginosg106).

Although incidence rates fd?. aeruginosan burn wound patients have considerably
decreased, mortality remains alarmingly high, reaghates up to 77% in some burn
centers (100, 102).

1.3.3 Ear infections

P. aeruginosas known to cause acute otitis externa (“swimme@s’) and the most
frequent pathogen in malignant otitis externa (26).

Swimmer’s ear typically occurs in children and unaist or humid conditions. Pain,
itchiness, mucoid discharge and hearing loss griedl clinical signs (107). Therapy
consists of local application of solutions contaghen aminoglycoside (23).

Malignant otitis externa is a more dreaded infettiaitially affecting the ear canal and
cartilage of the ear (23). Subsequently, the indaecproceeds to the soft tissue of the
retromandibular area and cranial nerves. Nerveypatgeomyelitis, brain abscesses and

dural vein thrombosis are typical complications)(28
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Diagnosis consists of isolation of the pathogemfiear exsudate and a nuclear imaging
technique with technetium 99 of the bone. Treatnmmonisists mainly of antibiotic
treatment; nonetheless débridement or abscess adgeinmay be required.
Antipseudomonal agents such as penicillins, amyuugides or cephalosporins are
applied intravenously for a duration of 6 to 8 weeklternatively, ciprofloxacin can be
applied orally (108).

1.3.4 Urinary tract infections

Urinary tract infections (UTI) caused 1B/ aeruginosaare generally hospital-acquired.
P. aeruginosaaccounts for approximately 7% of UTI in this s&gtiand ranks third in
causes for hospital-acquired UT], followiggcherichia ColiandEnterococci (109).
These infections typically occur in male patierster longer stays in other hospitals
and are associated with prior penicillin use artielling urinary catheters (110).
Typical clinical features for UTI such as dysuhamaturia, fever, suprapubic and flank
pain are not any different when caused”byeruginosa

During the course of treatment, foreign bodies.(@dwelling catheters, stents and
stones) should be removed and an antibiotic suctipaefloxacin (23) for systemic
treatment should be applied.

Due toP. aeruginosas propensity to form a biofilm on the cathetersface, UTI due

to P. aeruginosas often associated with persistent and recuepistodes (111).

1.3.5 Infections of the central nervous system

Primary infections of the central nervous systemN$C due toP. aeruginosaare
uncommon. This pathogen is mostly involved in seéeoy infections — infections that
occur in connection to head trauma and in the eowofssurgical procedures (112).
Typical clinical syndromes are meningitis, brainsedsses, subdural and epidural
infections (23).

The profile of the cerebrospinal fluid d&. aeruginosais similar to that of other
bacterial meningitis. Symptoms of this entity irdduneck stiffness, fever and altered

mental status and are not any different to thosmledr gram-negative pathogens (113).
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Once the pathogen has been identified, an intraxeaatimicrobial therapy with either
cefepim or ceftazidim is suggested. Alternativelgztreonam, ciprofloxacin or
meropenem can be applied (114). It is occasiomadlessary to install an antimicrobial
agent by the intraventricular route (114) in pasenvith difficult or persistent
infections. In addition, it is required to drainsgbsses and empyemas and to remove
foreign bodies such as ventriculostomy tubes.

1.4 Objectives of the thesis

P. aeruginosas one of the most common causes for nosoconfattions, and despite

advances in treatment options, mortality for BSé da P. aeruginosaremains high

(115). P. aeruginosaseldom causes infections in otherwise healthyepttj however,

immunocompromised patients, patients carrying nadievices and ICU patients are

at high risk for BSI due t®. aeruginosg116-118).

P. aeruginoseemploys a wide array of virulence factors, whicaynm part explain the

deleterious impact on survival. In addition tohigh intrinsic resistance towards many

antibiotics, P. aeruginosahas the capacity to rapidly develop resistance nduri

antimicrobial therapy (23). Rates of antipseudorhomsistance continue to rise

worldwide (20, 119), limiting the choices of effeet therapeutic options.

In order to adequately treat patients with susge®8I| due toP. aeruginosathe

physician needs to determine who is at risk foedtibn with this pathogen. To date,

experts have not reached consensus on how to ddbqueeat BSI due toP.

aeruginosa(120-122). In addition, the clinician must findbalance between choosing

the best treatment options for improved outcome diuthe same time limiting the

spread and increase in resistance and drug toxicity

In this regard, our study aimed to examine:

1. All-cause hospital mortality among patients withlBiBe toP. aeruginosaand risk
factors associated with increased mortality,

2. Impact of appropriate and inappropriate antipseumt@ahtherapy on mortality,

3. Whether antipseudomonal combination therapy isrsup@ monotherapy,

4. Impact of carbapenem resistance on mortality.iaeruginosaSI.
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2. Material & Methods

2.1 Study design

We conducted a study as part of an internationalticenter, retrospective, cohort-
study in 19 hospitals in 10 countri€Bab. 2) (project leadersDr. Dafna Yahav and
Prof. Leonard Leobovici in Tel-Aviv/lsrael). Aim ahe international study was to
compare treatment options fer aeruginosaacteremia. A preliminary summary of the
study has been presented at the European CongfeStin@al Microbiology and
Infectious Diseases (ECCMID) in April 2018 in SéwjlSpain. We obtained written
permission to use the data for our own analysis.

The institutional review board in Germany approtea study. Informed consent of the
patients was not required due to the retrospectatare of the study. Patient data was
extracted in a pseudonymised form.

We reviewed medical records and microbiologicalofakbory results of patients
hospitalized during the1of January 2009 until the Sbf October 2015. We included
patients aged 18 years old and who had a positive blood culfareP. aeruginosa
Polymicrobial infections and recurrent episodethsame patient were excluded from
the study.

Table 2 - List of participants of the internationalulticenter study

Country Centre

Australia The University of Queensland, Centre for
Clincial Research, Brisba

England North Bristol NHS Trust, Southmead
Hospita

France Centre Hospitalier Regional Universitaire
de Nancy, Nanc

German University Hospital Tubingen, Tubing

Greec: Univelsity Hospital Heraklion, Irakli

Israel HaEmek Medical Center, Afula

Rambam Health Care Campus, Haifa
Sourasky Medical Center, Tel Aviv
Soroka Medical Center, Beersh

Italy Bolzano Central Hospital, Bolza
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Sloveni: University Medical Centre, Ljubljal

Spain Hospitales Universitario Virgen
Macarena, Sevilla
Hospital De Sant Pau, Barcelona
Hospitales Universitario Virgen del
Rocio, Sevilla
Hospital Universitario Son Espases,
Palma de Mallorca
Hospital Universitario Reina Sofia,
Cordoba
Hospital Universitario Marqués de
Valdecilla, Santander
Hospital Universitario y Politecnico de La
Fe,Valencit

Swede! Karolinska University Hospital, Sol

2.2 Setting

University Hospital Tabingen is a 1,500-bed hogdpiteat provides specialized and
general treatment in all medical specialties inicilgdmedical, surgical and intensive
care. It serves both as teaching hospital of Tidnrigniversity and District Hospital for
the Town and the Administrative District of Tubimge

2.3 Data collection

Demographic, clinical and microbiological data weo#lected from electronic medical
and archived records for all patients. Patientsewaentified by positive blood culture
for P. aeruginosain microbiological laboratory records. Microbiologl data was
extracted from SAP-sytem, Lauris-system and in farn swisslab-system. Clinical
and demographical data were collected from SAPesysind Lauris-System. The data
was then entered into an Excel-table. When spedifia could not be obtained from the
electronic records, the cell in the Excel-table vedsblank. Variables were encoded as
binary variables (e.g. no=0, yes=1), except théabtes ‘age’, ‘date of hospitalization’
and ‘date of death’.
Following variables were collected for each patient

- Age

- Gender

- Date of hospital admission

- Department of hospitalization
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* Medical
e Surgical
« ICU

- Place of acquisition (of infection)
* Nosocomial
» Community-acquired
- Previous hospitalization in the previous 90 days
- Medical devices upon admission:
* Endotracheal tube
» Central venous line
* Nasogastric tube
* Prosthesis
- Predisposing conditions at admission:
* Neutropenia
* Organ transplant
» Chemotherapy
» Corticosteroid use
e Surgery
- Microbiological susceptibility data:
* Gentamicin (GM)
* Piperacillin (PIP)
» Piperacillin/tazobactam (PIP/TAZ)
» Ceftazidime (CEF)
» Ciprofloxacin (CIP)
* Meropenem (MER),
* Fosfomycin (FOS)
* Aztreonam (AZ)
* Colistin (COL)
* Amikacin (AMK)
* Imipienem (IMP)

- Antipseudomonal agents for empirical therapy
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2.4 Definitions

Table 3 - Variable definitions

Variable

Definition

Pseudomonas aeruginobacteremia

Isolation of the pathogen in a blood

culture.

Department of hospitalization

Clinical departmetiene blood for the
initial blood cultures was taken. ,ICU’
included the ICU of surgical and medical

department.

Nosocomial infection

Onset of bacteremiB hours after

hospitalization.

Community-acquired infection

Cases that were nakethas ,nosocomial
infection” were considered community-

acquired.

Source of bacteremia

Sources were determined byhtyscian
responsible for data extraction based on the
information from the medical records.

When a localized infection could not be
determined, the source of bacteremia was
categorized as ,unknown’. In many cases
the treating physician did not document the
source. Bacteremia in the presence of any
central line and in the absence of another
source where categorized as ,line-

associated’.

Neutropenia

Absolute neutrophile count below 500

cells/mn?

Organ transplant

Included solid organ transpladt an
autologous/allogeinic hematopoetic stem
cell transplant in the previous 30 days.

Chemotherapy

Any type of cytotoxic therapy in the

19



2. Material & Methods

previous 30 days.

Corticosteroid use

Administration f10 mg/d prednisone in

the previous 30 days.

Surgery

Any type of surgery - except percutaneous
procedures and angiography - in the

previous 30 days.

Previous hospitalization

Hospitalization in thepoeis 90 days as
an in-patient before the current
hospitalization.

Multidrug resistance

Resistance to two or more

antipseudomonal drugs.

Carbapenem resistance

P. aeruginosavas considered as
carbapenem resistant if the strain was

resistant to either imipenem or meropenem

Empirical therapy

Administration of antipseudomonal
treatment within 24h of first positive blood

culture.

Antipseudomonal monotherapy

Administration of ohéhe following
agents: gentamicin, amikacin, ceftazidim,
ciprofloxacin, levofloxacin, ofloxacin,
piperacillin, piperacillin/tazobactam,
imipenem, meropenem, doripenem,
aztreonam, cefepim, tobramycin and

fosfomycin.

Appropriate monotherapy

At least one prescribedantic had to
match the in vitro susceptibility of the

respectiveP. aeruginosasolate.

Antipseudomonal combination therapy

Administratodrone of the following
combination options:
() piperacillin, piperacillin/tazobactam,
meropenem, ceftazidim, doripenem,

colistin, cefepim was combined with either
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a fluorchinolone (levofloxacin,
ciprofloxacin) or an aminoglycoside
(amikacin, gentamicin, tobramycin),

(1) meropenem and
piperacillin/tazobactam,

(111) cefepim and meropenem,

(IV) colistin and piperacillin/tazobactam,
(V) colistin and cefepim,

(VI) meropenem and ceftazidim,

(VII) colistin and doripenem.

Appropriate combination therapy Both antipseudorhagants had to match
in vitro susceptibility of the respective

aeruginosasolate.

Inappropriate therapy Administration of an antip@uonal
agent to which the pathogen was tested

resistant in vitro.

2.5 Microbiological testing

Blood was obtained from every patient and inocdlat¢o a two-bottle set. Although it
is recommended to follow standard protocol andeotllblood from at least two
locations (123, 124), in practice the microbiol@jitaboratory may also receive one
blood culture set.

In University Hospital of Tubingen blood cultureseaested usindD BACTEC™
Instrumented Blood Culture Systems (Becton, Diokinend CompanyNew Jersey,
USA). Gram staining and subculture was performed. Sulesgly microorganisms
were examined according to routine bacteriologicatedures. Species were identified
by the means of a linear MALDI-TOF mass spectroméimadzu, Kyoto, Japan).
Antimicrobial resistance was routinely tested bymibroth method on Yitek 2 system
(bioMérieux Marcy I'Etoile, France). The following antimicials were tested in our
center: gentamicin, amikacin, piperacillin, pipeltadtazobactam, ceftazidim,

ciprofloxacin, meropenem, fosfomycin, colistin, pgphem and aminoglycoside. We
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considered intermediate suscpeptibility testedhiesl to be resistant. Susceptibility was
interpreted following EUCAST (European Committee Amimicrobial Susceptibility
Testing) guidelines with the exception of coligiinwhich susceptibility was evaluated
according to CLSI (Clinical and Laboratory Standalktitute) recommendations (125,
126).

In the microbiological institute in Tlbingen bloedlture bottles are examined during
the week 7.30 a.m. to 5.30 p.m. and on weekendsa/8. to 3 p.m. Laboratory results
are transferred into the hospital computer syst8AP¢system), which is accessible to

the physician. However, the laboratory also prowide-call service for the physician.

2.6 Statistical analysis

Data were analyzed using STATA 14.2 for Windowsat&Forp, College Station, TX,
USA) Software. Descriptive analysis of the studypyiation is presented as proportion
for categorical variables and as mean with standaxdation for continuous variables.
Factors associated with risk of mortality amonggras admitted to the hospital wikh
aeruginosainfection were assessed using survival Cox propuat hazard model,
wherein the total person-time at risk was calcualats the total days under surveillance
(time from the day patient tested positive f8r aeruginosain blood culture until
discharge/death). Factors identified in the unataranalysis at the significance level of
0.30 and clinically relevant variables were consde for inclusion in the full
multivariate models. Multivariate analysis was peried using backward stepwise
method. The risk is presented as hazard ratio (MB) 95% confidence interval (CI).
Kaplan-Meier estimates of median survival time weedculated and compared for
patients who received appropriate and inappropéeatgirical and definitive therapy.
Significance was assumed at a 5% level.

Survival analysis is commonly used for statist@ailysis of clinical trials. In survival
analysis, time-to-event is recorded, whereas tlemtefoutcome) may be death, time to
hospitalization, relapse, recovery etc. This metbbdnalysis includes patients who
reach the chosen outcome and those who fail to lsdenthe trial (censored data). This
allows us to take into consideration as much indran as possible, in order to
optimize the power or validity of the study. Datarh the survival analysis may then be
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depicted in Kaplan-Meier curves. There are sevaralels that can be used for time-to-
event analysis, such as log-rank test and Cox ptiopal hazard model (127). Cox
proportional hazard model is a survival regressiwdel that identifies differences in
survival with respect to treatment and prognosiidrs. This model gives an estimate
of the hazard ratio (128). Hazard ratio is seem &gpe of relative risk that compares

survival times between two groups of patients (129)
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3. Results

3.1 Study population

A total of 104 patients presentiri® aeruginosabacteremia during a hospitalization
from the £' of January 2009 until the Sbf October 2015 were included in the study.
The mean age was 63t714 (standard deviation). In our cohort 68 patiemse male
and 36 were female. Most frequent department apitalization was the medical
department (67 patients, 64.4%), followed by th& 129 patients, 27.9%) and the
surgical department (8 patients, 7.7%). A total Bf (71.2%) infections were
nosocomially acquired, whereas the remainder cases considered as community-
acquired (28.8%). The presumed sources of bactarerare pulmonary (21 patients,
20.6%), urinary (11 patients, 10.8%), line-assedla(10 patients, 9.8%) and in 45
(58.5%) cases the source of infection was unkndumknown’ source of infection was
determined during data extraction when the treapihgsician did not document the
source or could not determine a source of infectibnour cohort 20 patients (19.2%)
were neutropenic, 13 patients (12.5%) had undergomeorgan transplant and 19
patients (18.3%) had surgery in the previous 30sd&f 101 patients, 19 patients
(18.8%) had received corticosteroid therapy ingrevious 30 days and of 102 patients,
19 patients (18.6%) had received chemotherapyeamptavious 30 days. Of 103 patients
67 patients (64.4%) had been hospitalized in tleeipus 90 days. In the last three cases
and in further cases below, data could not be pbtadue to missing medical records,
thus reducing the sample size. Furthermore, werdedomedical devices that patients
were carrying upon admission. 10 (9.6%) patient$ dra endotracheal tube, 36 (34.6)
patients had a central venous line (CVL), 6 (5.8%) a nasogastric tube, 15 (14.4%)
had an indwelling urinary catheter and 32 (31.1%}l la prosthesis. Clinical and
epidemiological characteristics are showT ab. 4.

Empiral therapy was analysed in 92 patients; ipat2ents data was incomplete. Of 71
patients who received appropriate empirical therapy patients (51.1%) received
appropriate empirical monotherapy and 24 patie@8.106) received appropriate

empirical combination therapy. Of the 21 patient®weceived inappropriate empirical
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therapy, 13 patients (14.1%) received monotherapy & patients (8.7%) received
combination therapy.

Table 4 - Clinical and epidemiological charactérsbf the study population

Characteristics (n=104) Patients

Age, years (meatSD) 63. 414
Sex

Male 68 (65.4)

Female 36 (34.6)
Department of hospitalization

Surgical 8 (7.7)

Medical 67(64.4)

ICU 29 (27.9)
Place of acquisition

Community-acquired 30 (28.8)

Nosocomial 74 (71.2)
Source of bacteremign=101)*

Unknown 50 (49.5)

Line-associated 10 (9.9)

Pulmonary 27 (26.7)

Urinary 14 (13.9)
Predisposing condition

Neutropenia 20 (19.2)

Organ transplant 13 (12.5)

Chemotherapy within previous 30 days (n=102)* 19 (18.6)

Corticosteroid use within previous 30 days (n=101)* 19 (18.8)

Surgery within previous 30 days 19 (18.3)

Hospitalization within previous 90 days (n=103)* 67 (64.4)
Invasiv devices upon admission

Endotracheal device 10 (9.6)

Central venous line 36 (34.6)
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Nasogastric tube 6 (5.8)

Urinary catheter 15 (14.4)

Any prosthesis (n=103)* 32 (31.1)
Treatment

Empirical therapy (n=92)*

Appropriate empirical therapy 71 (77.2)
Appropriate empirical monotherapy 47 (51.1)
Appropriate empirical combination therapy 24 (26.1)

Inappropriate empirical therapy 21 (22.8)
Inappropriate empirical monotherapy 13 (14.1)
Inappropriate empirical combination therapy 8 (8.7)

SD=standard deviation. ICU=intensive care unit. G&éntral venous line.

The coloumn ,patients’ is expressed in total nural§esith percentages in brackets), while ,age’
as the only continuous variable is presented anraga (with standard deviation in brackets).
*With regard to certain charateristics, some déthe sample size n=104 was either missing in
the medical records or was not of relevance forstutdly and thus the sample size was smaller
(smaller than 104) in these cases.
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3.2 Microbiological characteristics

Susceptibility patterns of tHe. aeruginosa@lood isolates are shown kig. 1.

Of 103 isolates that were tested for the suscejpyilmf gentamcin, 21 (20.4%) were
resistant to gentamicin. Of the 31 isolates tedtadamikacin, 17 (54.8%) were
resistant. Of 104 isolates tested for piperacillifi,(31.7%). Of 104 isolates tested for
piperacillin/tazobactam, 31 (29.8%) were resista®f 103 isolates tested for
ceftazidim, 27 (26.2%) were resistant. Of 104 imsatested for ciprofloxacin, 31
(29.8%) were resistant. Of 102 isolates tested naropenem, 32 (31.4%) were
resistant. Of 27 isolates tested for fosfomycin(2®.3%) were resistant. Of 30 isolates
tested for colistin, 2 (6.7%) were resistant. Qsdlates tested for imipenem, 2 (50%)

were resistant.

Figure 1 - Percentage distribution of the susbéjtyi profile of P. aeruginosa
BSI
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Resistance rates for gentamicin, amikacin, pipBiragpiperacillin/tazobactam,
ceftazidim, ciprofloxacin, meropenem, fosfomycialigtin and imipenem were 20.4%,
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54.8%, 31.7%, 29.8%, 26.2%, 29.8%, 31.4%, 96.3¥8p6and 50%, respectively. The
x-axis shows the antibiotics and their respectaragge sizes.

The y-axis shows the percentage of the testedtiésotdnown as susceptible (black) and
resistant (grey).

Numbers in brackets describe the amourR.aderuginosastrains tested.

3.3 Univariate analysis of risk factors associatedith all-cause hospital mortality

Among all patients, the overall mortality was 37.5§3®/104). Among neutropenic
patients all-cause mortality was 60% (12/20) an@r@gnmnon-neutropenic patients 32%
(27/84). All-cause hospital mortality among patgenvith pulmonary-associated
infections was 47% (10/21) and if the source oédtibn was unknown, the all-cause
hospital mortality was 51% (23/45). In contrasttigras with line-associated infections
had a comparatively lower all-cause hospital maytaif 10% (1/10). Risk factors for
all-cause hospital mortality are presentedrab. 5. According to univariate analysis,
mortality was associated with chemotherapy (adgudtiR 2.12 [95% CI 1-4.5%;
p=0.04), neutropenia (adjusted HR 2./86% CI 1.25-5.1B p=0.01), an unknown
source of infection (adjusted HR 2.495% CIl 1.28-4.6p p=0.006), multi-drug
resistant strains (adjusted HR 3.095% CIl 1.53-6.0B p=0.001), inappropriate
empirical therapy (adjusted HR 2.285% CIl 1.12-4.4f p=0.02) and inappropriate
empirical monotherapy (adjusted HR 3[85% CI 1.16-8.4} p=0.02).

Table 5 - Risk factors for all-cause hospital midstan P. aeruginosaBSI based on

univariate analysis

Variable Survivors, Non- HR (95% ClI) p-value?
(%) survivors,
(%)
Age (n=104)
Age <55 years 15 (55.6) 12 (44.4) 1.0 (reference)
Age=>75 years 18 (90) 2 (10) 0.24 (0.05-1.07) 0.06
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Variabel Survivors, Non- HR (95% CI) p-value?
(%)°® survivors,
(%)°
Sex(n=104)
Male 44 (64.7) 24 (35.3) 1.0 (reference)
Female 21(58.3) 15(41.7) 1.25(0.66-2.40) 0.48
Devices upon admission
(n=104)
Endotracheal 7 (70) 3 (30) 1.33 (0.40-4.40) 0.64
CVL 23(63.9) 13(36.1) 1.02(0.52-1.99) 0.94
Nasogastric tube 4 (66.6) 2(33.3) 1.55(0.36-6.55) 0.55
Urinary catheter 12 (80) 3 (20) 0.58 (0.18-1.91) 0.38
Any prosthesis 25(78.1) 7(21.9) 0.61(0.26-1.40) 0.25
Predisposing condition
Chemotherapy in the las® (47.4) 10 (52.6) 2.12 81-4.5) 0.04
30 days (n=102)
Corticosteroid use in thelO (52.6) 9 (47.4) 1.83(0.84-3.97) 0.12
last 30 days (n=101)
Surgery in the last 30 dayd4 (73.7) 5(26.3) 0.59(0.23-1.53) 0.28
(n=104)
Non-neutropenic 57 (68) 27 (32) 1.0 (reference)
Neutropenia (n=104) 8 (40) 12 (60) 2.54 (1.25-5.18) 0.01
Organ transplant (n=104) 7 (53.8) 6 (46.2) 1.05(0.44-2.53) 0.9
Source of bacteremign=101)
Urinary 11 (78.6) 3(21.4) 1.0 (reference)
Unknown 23 (46.0) 27 (54.0) 2.45(1.28-4.69) 0.006
Line-associated 9 (90) 1 (10) 0.20 (0.03-1.48) 0.11
Pulmonary 12(44.5) 15(55.5) 1.05(0.51-2.18)
Place of acquisition(n=104)
Community-acquired 19 (29.2) 11 (28.2) 1.0 (reference)
infection
Nosocomial infection 46 (70.8) 28 (71.8) 0.68(0.33-1.40) 0.3
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Variabel Survivors, Non- HR (95% CI) p-
(%)® survivors, value?
(%)°

Antibiotic susceptibility
Gentamicin

Susceptible 58 (70) 24 (30) 1.0 (reference)

Resistant 6 (28.6) 15(71.4) 2.34 (1.22-4.46) 0.01
Amikacin

Susceptible 6 (42.9) 8 (57.1) 1.0 (reference)

Resistant 4 (23.5) 13 (76.5) 1.48 (0.60-3.64) 0.38
Piperacillin

Susceptible 52 (73) 19 (26) 1.0 (reference)

Resistant 13 (39.4) 20(60.6) 2.40(1.28-4.51) 0.006
Piperacillin /Tazobactam

Susceptible 55(77.5) 18 (22.5) 1.0 (reference)

Resistant 10 (32.3) 21 (67.7) 2.78(1.48-5.23) 0.001
Ceftazidim

Susceptible 53(69.7) 23(30.3) 1.0 (reference)

Resistant 11 (40.7) 16 (59.3) 1.88(1.0-3.56) 0.05
Ciprofloxacin

Susceptible 53 (72.6) 20 (27.4) 1.0 (reference)

Resistant 12 (38.7) 19(61.3) 1.98(1.05-3.72) 0.03
Meropenem

Susceptible 51(72.8) 19 (27.2) 1.0 (reference)

Resistant 12 (37.5) 20(62.5) 2.35(1.25-4.42) 0.008
Fosfomycin

Susceptible 0(-) 1 (100) - -

Resistant 7 (27) 19 (73) - -
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Variabel Survivors, Non- HR (95% ClI) p-
(%)® survivors, value?
(%)°
Colistin
Susceptible 10 (35.7) 18 (64.3) i
Resistant 0(-) 2 (100) - -
Imipenem
Susceptible 2 (100) ) i i
Resistant 1 (50) 1 (50) -
Resistancgn=104)
No drug resistance 40 (77) 12 (23) 1.0 (reference)
Any drug resistance 25 (48) 27 (52) 2.21 (1.12-4.37) 0.02
Single drug resistance 13 (86.7) 2 (13.7) 0.05(0.11-2.23) 0.36
Multi-drug resistance 12 (32.4) 25 (67.6) 3.05(1.53-6.08) 0.001
Treatment
Empirical therapy (n=92)
Appropriate empirical 50 (70.4) 21 (29.6) 1.0 (reference)
therapy
Inappropriate empirical 8 (38) 13 (62) 2.24 (1.12-4.49) 0.02
therapy
Appropriate empirical 37 (79) 10 (21) 1.0 (reference)
monotherapy
Inappropriate empirical 6 (46) 7 (54) 3.13(1.16-8.44) 0.02
monotherapy
Appropriate empirical 13 (55) 11 (45) 1.0 (reference)
combination therapy
Inappropriate empirical 2 (25) 6 (75) 1.67 (0.61-4.53) 0.31

combination therapy

HR=hazard ratio. Cl=confidence interval. CVL=cehtranous lineStatistically significant
values have been marked in boldf&eercentages in parentheses are based on theuothén

of each variabel.

Our overall study population included 104 patieBise to incomplete medical reconals

decreased in some cases.
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3.4 Multivariate analysis

Multivariate analysis using Cox hazard model, destrated that multi-drug resistance
(adjusted HR 3.4095% CI 1.28-9.0B p=0.01) is an independent risk factors for all-

cause mortalityTab.6).

Table 6 - Independent risk factors for all-causetaliby for 104 patients witle.
aeruginosaBSI according to multivariate analysis using Caxzdrd model

Risk factor HR (95%Cl) p-value
Drug resistance
No drug resistance 1.0 (reference)
Multi-drug resistance 3.40 (1.28-9.03) 0.01
Unknown source of infection 2.24 (0.94-5.30) 0.06

HR= hazard ratio. Cl= confidence interval. .

3.5 Impact of carbapenem resistance on mortality if. aeruginosa bacteremia

For a more comprehensible presentation, patients strains resistant to any drug
except carbapenem were marked as group A, patweitits strains resistant to only
carbapenem as group B and patients with straingstaes to at least two
antipseudomonal drugs and one carbapenem as grfLghC7).

Of the 104 patients, there were 17 patients (16.4%th strains resistant to any
antipseudomonal drug except carbapenem (group 3)pdients (31.7%) withP.
aeruginosastrains that were resistant only to carbapenemmipgB) and in 29 cases
(27.9%) strains were resistant to one carbapenerd anh least two other
antipseudomonal drugs (group C). All-cause hospiiaitality rate for patients in group
A was 35.3% (6/17), whereas mortality rates forugrdd and C were higher: 60.6%
(20/33) and 69% (20/29), respectively. In univarianalysis for all-cause mortality,
group A tended to be associated with mortality, &oev not statistically significant
(adjusted HR 1.47[95% CI 0.55-3.9B p=0.44). Compared to patients without

carbapenem resistance, patients in group B wergfisantly associated with mortality
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(adjusted HR 2.3195% CI 1.13-3.9B p=0.02). The same association was observed in
group C (adjusted HR 2.795% CI 1.36-5.7B p=0.005). When analyzing resistance

by various drug combinations, our results demotestitsat carbapenem resistance was

the driving force for mortality

Table 7 - Influence of carbapenem resistance onatitgrusing univariate analysis

Resistance by drug No. of No. of HR (95% ClI) p-
combination survivors non- value?
(%) survivors
(%)
No drug resistance 40 (38.5) 12 (11.5) 1.0 (reference)

Group A: Resistance to anyll (10.6) 6 (5.8) 1.47 (0.55-3.93) 0.44
antipseudomonal drug except

carbapenem

No carbapenem resistance 51 (49.0) 19 (18.3) 1.0 (reference)

Group B: Resistance t013(12.5) 20(19.2) 2.13(1.13-3.98) 0.02
carbapenems

No drug resistance 40 (38.5) 12 (11.4) 1.0 (reference)

Group C: Resistance to 19 (8.7) 20(19.2) 2.79 (1.36-5.73) 0.005

carbapenem and at least 2 other

antipseudomonal drugs

For a more comprehensible presentation drug resistawere categorized into three groups
(A-C). & Statistically significant values have been marikeloldface.
Percentages in brackets are based on our ovardyl pppulation of 104 patients.

3.6 Survival analysis

The association between inappropriate empiricatatine and resistance was further
explored by a survival curve.

Kaplan-Meier survival curve (log-rank p=0.0008) wied that patients receiving
inappropriate empiric therapy had a lower chancguofival when compared to patients

receiving appropriate empirical theraipyg. 1.
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Kaplan-Meier survival curve (long-rank p=0.5) faud resistance showed that patients
without any drug resistance had a higher chancaupnfival (median survival time=38
days), compared to patients with a single drugstasce (median survival time=37
days), followed by patients with multiple drug stance (median survival time=6 days)
Fig. 2.

Kaplan-Meier survival estimates - Appropriate vs Inappropriate Emprical Therapy
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The y-axis shows the survival percentage and theixshows survival time in days. n= 101,
median survival time for ‘appropriate empirical téugy’=30 days, median survival time for
‘inappropriate empirical therapy’'=13 days, mediarvival time for ‘no empirical therapy’=3
days; p=0.0014.

Blue= Appropriate empirical therapfec= Inappropriate empirical therapy.

Figure 2 - Kaplan-Meier survival analysis for elluse hospital mortality according to

the receipt of empirical antimicrobial therapy (82])
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Kaplan-Meier survival estimates
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Figure 3 - Kaplan-Meier analysis for all-cause gitzd mortality according to
antimicrobial resistance (n=104)
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4. Discussion

This retrospective study, analyzing patients withl Bue toP. aeruginosan the time
period of ' of January 2009 until the Sbf October 2015, sought to determine risk
factors for BSI due td®. aeruginosaand to investigate the impact of resistance and
antibiotic therapy on mortality.

Univariate analysis demonstrated that chemothernapytropenia, unknown source of
bacteremia, multidrug resistance, carbapenem aesistand inappropriate empirical
therapy was associated with increased all-causpitabsnortality. Resistance te2
agents (multidrug resistance) was an independgnfactors for worse outcome.

4.1 Risk factors for BSI due toP. aeruginosa

All-cause hospital mortality was found to be 37.5Phis could be corroborated with
mortality rates from recently published studieshwitortality ranging between 34% and
almost 60% (118, 130). It is also important to ndteat mortality rates may show
regional variation.

Identification of risk factors provides several adtages for clinical practice. First of
all, it helps the physician to identify potentialigfected patients more quickly and
initiate aggressive therapy. It also helps to usided epidemiology and pathogenesis
of the pathogen.

Our study did not conclude that older age is afaskor for mortality. In fact, according
to our results patients aged 75 or above had ahigfance of survival in comparison
to younger patients. This finding does not onlytcaxdtict other studies (118, 131) but
also clinical understanding that older patientsdsily bear preexisting comorbidities,
resulting in higher mortality. In our study, patigenn the age group75, out of 20
patients only 2 (5.1%) died. In comparison to tbanger age groups b5, 56-64 and
65-74, 30.7%, 33.3% and 30.7% died, respectivetys Suggests that this subgroup of
older patients in the study was comparatively IgalChamot et al. also unexpectedly
found older patients to be associated with bettievigal. The authors concluded that
lack of predisposing conditions (e.g. no neutropemo steroid treatment) of this

subgroup resulted in a better outcome when comptyegounger patients. (132).
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Indeed, this observation was also applicable tostbdy-subgroup of older patients, in
that the surviving older patients were neither repenic nor had they received
chemotherapy in the last 30 days.

Patients withP. aeruginosaBSI admitted to ICU had a non-statistically sigraht 1.56
fold greater likelihood of dying, when comparedpatients in medical and surgical
wards. Patients in the ICU are typically severéd|yhave a debilitated immune system,
often receive corticosteroids and cytotoxic agetitss making them more susceptible
to infections with opportunist pathogens suclPaaeruginosa

Results from our study also suggest that patiethis ad been hospitalized in the last
90 days had a greater risk of dying. This findihgast achieved statistical significance.
(p=0.06). Previously hospitalized patients may beranseverely ill and may have
received antipseudomonal antibiotics during previtiospital stays. Previous studies
have identified prior antibiotic therapy as a rifdctor for higher mortality inP.
aeruginosa(133-135). Kollef et al. suggest that prior adrsiration of an antibiotic
predisposes a patient to colonization with a stra@sistant against the previously
administered antibiotic, therefore leading to is@d mortality (136).

We sought to investigate the impact of medical cewvion mortality and concluded that
endotracheal devices, CVL and nasogastric tubeetend be associated with lower
survival, however not yielding statistically sigondnt results. Urinary catheters and
prosthesis tended to be associated with improvadome, albeit without statistical
significance.

Medical devices (e.g. mechanical ventilator, aaleand venous lines, urinary catheter
etc.) have been established as risk factorsPfomeruginosaBSI (57, 130). They
predispose to this type of infection, as they gisthe normal barrier of the human skin
and are adept to biofilm-formation on the surfatthe devices (137).

We could identify primary source of BSI in 42 casebereas in 45 cases the primary
source of BSI remained unknown. Of the known primsources of infection, the
respiratory tract was the most frequent sourcentdction. We could not determine
significant association with higher mortality iretlicases of pulmonary source, urinary
source and line-associated infections. This maa tesult of the small numbers of cases
that could be investigated. Moreover, if the souwténfection was unknown patients

had a 2.45 fold greater risk of dying (p=0.006)isTiesult is in accordance with other
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studies (118, 122). Patients with unknown sourcefefction and pulmonary source of
infection had higher mortality rates than patientth line-associated infections (51%
vs. 47% vs. 10% respectively). This may indicatat threatment options such as
removal of potentially infected venous lines arautvhost importance in BSI due B
aeruginosaAlthough unknown source of infection was found &dmn independent risk
factor associated with mortality, this needs tarterpreted with caution for our center.
In many cases physicians did not document the sowirénfection. These cases were
thus marked as ‘unknown source of infection’, sgjosatly leading to reporting-bias.
Chemotherapy and presence of neutropenia were digtiificantly associated with
increased mortality. Neutropenic patients had highertality in comparison to non-
neutropenic patients (60% vs. 32%, respectivelguthbpenic patients had a 2.54-fold
lower chance for survival (p=0.01). Thus, accordiagour data, neutropenia is a risk
factor for P. aeruginosaBSI. A previously published study yielded similasults.
Cattaneo et al. examined 441 episodes of BSltienia with underlying hematological
diseases and foun®. aeruginosato be the only pathogen to be independently
associated with mortality (138). Kim et al. studifethrile neutropenic adolescents and
children and noted high mortality of approximat8826 forP. aeruginosaSI (31). In
the past year®. aeruginosaand other gram-negative pathogens have been ngachi
high rates of incidence. Interestingly, MDR straih@/e also been rising alarmingly in
hematological wards. This may have resulted in eased mortality rates in
hematological patients (139). Cattaneo and colles@lso suggest the rise of MDR in
P. aeruginosanay be a result of the widespread use of fluoraabnes as prophylaxis
in hematological patients (138).

During extraction of data, the investigator couldyoevaluate nosocomial or hospital-
acquired infections, as community-acquired infedioand healthcare-acquired
infections are not marked in the patients’ filegaditionally, community-acquired
infections are defined as infections that occuhimi48 hours of hospital admission. In
addition, the patient may not have been in contaitt healthcare service. Healthcare-
acquired infections also occur within 48 hours dmassion. In this case, previous
contact to healthcare service (also including mgrshomes and long-term care
facilities) is included in the definition (140).
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4.2 Impact of appropriate versus inappropriate theapy on mortality

Our study demonstrated a statistically significasgociation between administration of
inappropriate initial antipseudomonal therapy anldcause hospital mortality and
clearly suggest a benefit in survival for patiemseiving appropriate empirical therapy.
When a bloodstream infection is suspected, an iatitib treatment must be
administrated within few hours and before the spisiodity profile is known. The
clinician has to balance preventing death fromané® and an unnecessary overuse of
antibiotics, which would increase resistance ratdsealthcare and community settings.
Superfluous use of antibiotics also increases iflefor adverse events. In addition it
may have an unfavorable economic impact. Despgé Iortality rates for patients
receiving inappropriate therapy (80, 136, 141)r¢heve been conflicting results on the
impact of empirical therapy on the outcome mainlg tb low quality studies.

In 1999, Kollef et al. published a study that inigested the effect of inappropriate
antimicrobial therapy on the outcome of critically patients. The authors found
inappropriate antimicrobial treatment to be the mogportant independent risk factor
for higher hospital mortality (adjusted OR 4.26 995CI 3.35-5.44], p=0.001).
However, this study did not evaluate the impactcsjpally for P. aeruginosaBSI
(136). Several other studies also suggest thatopppte therapy is associated with
improved survival (142-147). Leibovici et al. exa®d 3440 patients with bloodstream
infections in a single-center study and inapprdprempirical treatment was found to
be an independent risk factor for mortality in nuatiate analysis (OR=1.6 [95% CI
1.0-2.5]). Benefit for survival could be seen intigat groups with good (young, no
underlying disease) and bad (advanced age, withflmetional capacity) prognosis.
When treated with inappropriate empirical therapgk for fatality was highest for
Klebsellia pneumonia€OR=3.0 [95% CI 1.7-5.1]). Risk for fatality fét. aeruginosa
was lower in comparison (OR=1.2 [95% 0.7-1.9])tHrs study, empirical therapy was
deemed appropriate when the pathogen was founel sodxeptible in vitro to the agent.
The authors highlighted the importance of condgctuture studies with more specific
definitions, as more factors (e.g. route of adntiat®on, dosage) influence
appropriateness (145). Several other studies fannassociation between inappropriate
empirical therapy and mortality (142-144), howetley did not focus exclusively on
P. aeruginos@Sl.
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Micek et al. conducted a single-center study iadkand retrospectively examined the
impact of appropriate empirical therapy on 305@8 with BSI due t®. aeruginosa.
The authors of this large-scale study found inappate empirical treatment to be an
independent prognostic factor for hospital mornya(it46). Appropriate initial therapy
was defined as the antipseudomonal agent to whelstrain was susceptible in vitro.
Their analysis also showed that administering a lipation therapy as empirical
treatment increased the chance of receiving apatteptherapy.

Two recently published studies suggested that gplte empirical therapy only
significantly improved survival in specific subgpmiof patients. In a multicenter study
conducted in Israel, Schechner et al. examinedirtipact of therapy on in-hospital
mortality in patients withP. aeruginosaBSI| upon hospital admission. Multivariate
analysis showed that inappropriate initial thera@s associated with increased risk of
death only in patients with severe sepsis or segtiocck (OR= 1.8, p=0.051). In
univariate analysis, inappropriate initial treatmimded to be associated with mortality
in patients without severe sepsis of septic shdoyever without statistical
significance (122). Kang et al. examined a totak86 patients with BSI caused by
gram-negative resistant strains, including 74 padigvithP. aeruginosa8SI. Their data
showed an association between inappropriate emaptherapy and mortality in patients
with lung-associated bacteremia, peritoneum-astastizacteremia and when source of
bacteremia was unknown (high-risk source) and so@ation with pancreaticobiliary-
associated, urinary tract associated and cathel@ied bacteremia (low-risk source)
(133). Two studies yielded similar results (80, 14Results from another study
conducted by Kang et al. suggested that a delappropriate empirical therapy for
patients withP. aeruginosanfections of the pancreaticobiliary tract did migteriorate
survival significantly (147). Vidal et al. estalilexd that inappropriate empirical therapy
influenced outcome in patients with. aeruginosaBSI only when intravenous line-
associated infections were excluded from anal\a$3. (These reports not only highlight
the importance of treatment options such as surge@ompression of obstruction or
removal of infected venous lines, but also that ieicg) antipseudomonal therapy is
beneficial for patients presenting severe illnesg.(septic shock) and when high-risk

sources of bacteremia are involved.
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Other studies failed to find an association betwieappropriate empirical therapy and
lower survival (121, 148). In a single-center studgragoza and colleagues (148)
prospectively examined the impact of inappropretgpirical therapy on ICU-patients
with BSI due to various pathogens. Of the 166 padieonly two patients withP.
aeruginosainfections had received inappropriate emipiricaréipy. They could not
establish an association between inadequacy anthlhorNonetheless, the authors
emphasized the low prevalence of patients with pualany-associated infections and
abdominal-associated infections (high-risk sourtentection) that had been treated
inadequately. In addition, the study included vasipathogens. Osih et al. (121) also
examined the impact of adequate empirical therap{@¥ patients with BSI due t@.
aeruginosa They studied adequate empirical therapy at tdiferent time points, in
order to clearly distinguish between empirical aefinitive therapy. The authors
argued that it is difficult to clearly distinguisfetween empirical and definitive therapy
retrospectively, for in many cases the cliniciarargdes antimicrobial agents during
therapy according to preliminary blood culture tessutHowever, this therapy regimen
cannot be labeled as definitive therapy. This iy drue for agents that have been
applied according to final susceptibility resulfBherefore, the authors examined
therapies that were applied in the time frame pR28h and (ii)) 24h-48h after blood
cultures were drawn and (iii) after susceptibitggults were known. They also assessed
severity of illness at a time point 24h before fingt blood culture was collected, thus
assessing severity of illness at a time beforegmtesion of bacteremia. This allowed
them to properly control for severity of illnessagredictor for mortality. Their results
showed a non-statistical significant trend towaddsreasing mortality and length of
stay for appropriate empirical therapy but no cleanefit for survival could be found.
However, it is essential to point out that the awthdid not exclude polymicrobial
infections and could not assure that these infestivere appropriately treated as well,
subsequently influencing mortality.

Our study clearly suggests an association betweggppropriate empirical therapy and
increased mortality and these results are consistéih those of a meta-analysis
published in 2010. Paul et al. (149) reviewed pectipe studies that examined the
effect of appropriate empirical therapy on all-causortality in patients with sepsis.

Although the authors could determine an associatietween appropriate empirical
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therapy and improved outcome, the OR ranged frath,(aointing to a highly variable
effect on mortality. The studies were heterogenaoumture, in patient populations, in
types of infections and microorganisms. Most imgottly, definitions for adequacy of
empirical were not identical. The authors emphasitiee need for new studies
employing uniform methodologies. McGregor and ajiees examined study methods
used to assess the benefit of appropriate empitabpy (150). The authors made
several suggestions to improve designs of futuredies: i) Definition for
appropriateness should not only include in vitrecgytibility but also dosage, route and
pattern of administration. ii) Empirical and defineé treatment should be examined
separately. iii) To avoid confounding effects onrtatlity, severity of illness should be
assessed before onset of bacteremia. iv) Mortahtyuld be defined more specifically
(e.g. 30-day mortality (149)).

4.3 Monotherapy versus combination therapy

In our study, we also attempted to examine the anphantipseudomonal monotherapy
versus combination therapy on mortality. There saeeral arguments supporting the
administration of combination therapyab. 8). It is suggested that a higher killing rate
may be achieved by synergism between antibiotiés 181, 152). It has been shown
that bactericidal activity of antipseudomorfialactam agents may be enhanced by an
addition of an aminoglycoside (151). Additionalbgmbination therapy may lower the
risk of receiving inappropriate therapy (146). #ishalso been suggested that the use of
combination therapy may reduce the risk of emergearfcesistance (153). On the other
hand, monotherapy may be associated with lower foskadverse events, especially
when aminoglycosides are avoided (154). Also enmexgef fungal superinfections and

increased costs may be a disadvantage of combindwgoapy (155).
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Table 8 - Potential advantages and disadvantagesifobination therapy iR.

aeruginosaBSI

Advantages Disadvantages

Lower risk for administration of Increased costs
inappropriate empirical
Lower risk for emergence of resistance Increassddfar superinfection

Possible synergism Increased risk for drug toxicity

Patients receiving appropriate empirical combimatioerapy showed higher mortality
rates than the patients who received appropriag@reza monotherapy (45% vs. 21%,
n=24 vs. n=47, respectively). When considering aliyt rates, monotherapy is
favorable to combination therapy as empirical treatt. However, a comparison of
monotherapy to combination therapy may lead to skevesults, for clinicians may
treat severely ill patients with worse outcome mdmequently with combination
therapy. This may explain higher mortality rates émpirical combination therapy in
our study. Pefia and colleagues have highlighted #spect in displaying that
combination therapy was more frequently administere high-risk sources of
bacteremia and when clinical presentation was seil&6).

Observational studies examining the impact of comiidn therapy have yielded
conflicting results. To the best of my knowledgefi® et al. conducted the largest
cohort-study of 593 patients withP. aeruginosa bacteremia in regard to
antipseudomonal therapy. Antipseudomonal therapy chassified as appropriate when
the strain matched in vitro susceptibility and @attof administration and dosage were
in line with medical standards. The authors coubd identify a survival benefit for
combination therapy during empirical or definitiseatment. Howbeit, the authors
included different combination regimens (eflactam and aminoglycoside, colistin
and aminoglycoside). It is therefore not possibleexamine the impact of synergism,
for synergistic interactions might be class depanh@&56). Bowers et al. conducted an
international, multicenter study where 384 patiemése included in order to study the
impact of appropriate empirical combination therapy outcome (157). According to
their data, no survival difference for empiricalndaination or monotherapy could be

found. Chamot et al. included a cohort of 115 pdsiewith bacteremia due tB.
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aeruginosa, showing lower survival for patients receiving apprate empirical
monotherapy (adjusted HR, 3.7 [95% CI, 1.0-14.132).

It is difficult to compare results from observatbrstudies. First and foremost, authors
take different definitions for adequacy of treatmimo account. As mentioned before,
it is problematic to make predictions on synergghen different types of combination
therapies are included in one study. Some studiesptded aminoglycosides as an
appropriate therapy regimen (141, 158). Howevemagicoside monotherapy fd?.
aeruginosais not recommended except in the case of UTI. diditeon, study
populations are variable in comorbidities and s@wef underlying diseases and small
cohort sizes can lead to a diminished statistiedidity. In order to compensate for
small sample sizes, several authors have conduntéalanalyses to study the impact of
combination and monotherapy on survival. Paul et(B#9) reviewed 7863 sepsis
patients from various studies to examine whefakrctam-aminoglycoside combination
therapy was superior f&-lactam monotherapy. The authors did not find avaathge
for combination therapy. Moreover, they found acréase in renal damage when
combination therapy was administered. However, shabgroup ofP. aeruginosa
patients was underpowered to show an effect. Argkeoneta-analysis, conducted by
Vardakas and colleagues, investigated the effectB-tdctam-aminoglycoside or
fluorochinolone combination therapy and that Pflactam monotherapy inP.
aeruginosainfections on outcome. In total, 174 patients werduded. The authors
could not determine a benefit for combination tpgraneither for(-lactam and
fluorochinolone nor fof-lactam and aminoglycoside (120).

To date presumed advantages for combination theramain questionable. Several
investigators suggest in vitro synergism betweargsirfor improved outcome (151).
However, these results could not be confirmed imiwo studies (79). The assertion that
application of combination therapy increases thanck for appropriate therapy has
been examined by Micek and colleagues (146) andsnée be confirmed in future
studies. It is plausible to conclude that comboratiherapy may reduce the risk for
resistance, for this is true for other infectiousedses such as tuberculosis (160).
However, there is no clear evidence Roraeruginosanfections (161, 162). In contrast,
a recently published study suggested that combimatherapy forP. aeruginosa
infections might select for broad-spectrum resista(l63). As mentioned above, Paul
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and colleagues identified an increased risk foak@lamage for combination therapy
with an aminoglycoside in sepsis patients (161)othar meta-analysis examining
combination therapy in cancer patients with newdrog yielded similar results: drug
toxicity was associated with combination therapgdfically leading to an increase in
renal damage (164). In addition, antipseudomonaliecal therapy is also applied to
patients that may not be infected wkh aeruginosathus exposing this subgroup of
patients to an unnecessary risk for drug toxicity.

In regard to the factors mentioned above and takivegg results of my study into
consideration, there is no clear benefit for corabon therapy inP. aeruginosa
bacteremia. More observational studies with largéudy groups, precise and
concordant definitions are needed to examine whatbimbination therapy is superior
to monotherapy. Additionally, apart from mortalitputcomes should also include
emergence of resistance, adverse events and denatbpof bacterial and fungal

superinfections.

4.4 Carbapenem resistance

In our cohort of 104 patients witR. aeruginosaBSI, carbapenem resistance was
significantly associated with increased all-causetatity. Patients with a carbapenem-
resistant strain had a 2.13 fold higher chance yofigd (p=0.02) than patients with
carbapenem-susceptible strains. To further exploise association, we added further
resistances to the analysis of carbapenem resest@roup C) and found that the rates
for mortality were similar to those for carbapenegsistance and that the impact on
outcome did not differ substantiallfgb. 7). This observation emphasizes the impact
of carbapenem resistance on mortality for patients P. aeruginosaBSI. In contrast

to non-resistant strains, having any drug resigtaxcept carbapenem did not have a
significant impact on mortality. Our data therefockearly suggests a significant
influence of carbapenem resistance on mortality.

Carbapenems are potent drugs of choice againstusd?®i aeruginosanfections but
alarmingly high prevalence of carbapenem resistameldwide (165, 166) is
threatening their role as drug of choice for MPRaeruginosanfections (167). The

detrimental impact of antimicrobial resistance atignt outcomes such as length of
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hospital stay and rising economic costs have bst@blkshed (168). Nonetheless, the
impact of carbapenem resistance on mortality has beestioned (87, 169).

Suarez et al. retrospectively compared 88 episofiearbapenem-resistant strains to 33
episodes of carbapenem-susceptible strains inmpatigith P. aeruginosabacteremia
(169). The authors discovered similar attributahtatality (33% vs. 30%, p=0.69) and
interestingly, initial slower deaths for patientghwcarbapenem resistance. The authors
explained this association with a potential loweulence of resistant strains, for there
has been some in vitro evidence of a more damdgingune response when infection
with susceptibleP. aeurginosastrains occurred (170). As the former study is
retrospective in nature and the small cohort sizag mmave influenced lower statistical
power for attributal mortality, the results shoule treated with caution. In a
prospective multicenter study 638 episoded?ofaeruginosaBSI were analyzed and
although the authors could find a significant aggamn between carbapenem resistance
and mortality, this effect was not as detrimentathe first days of infection (87). To
date, the complex interactions between resistandebacterial fithess remain unclear
and need to be further explored (171).

A recently published meta-analysis that include@d(G@atients withP. aeruginosa
infections found a significant association betwearbapenem-resistaf aeruginosa
and higher mortality, in both univariate and mudtrate analysis.

In regard to our results there is evidence for amo@ation between carbapenem
resistance and increased mortalityPinaeruginosanfections.

Several studies have investigated risk factors darbapenem resistance in.
aeruginosaBSI. Prior carbapenem exposure and medical dewiae found to be
strong risk factors for carbapenem resistance (173). As incidence of MDRP.
aeruginosanfections is on the rise (43), MDR infections hdeen associated with an
increase in mortality, morbidity and economic cogt$4). Tumbarello et al. found
MDR to be an independent risk factor for mortalitypatients withP. aeruginosaBSI
and prior use of antibiotics as a risk factor foDRI (175). In a systematic review
Falagas and colleagues established prior carbapaseras one of the main risk factors
for MDR in P. aeruginosa (176).

It is also important to point out that mechanisrhsegistance of the clinical isolates of

P. aeruginosavere not available to us and our results may meoafplicable to other
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centers, as there can be differences in resistam@ehanisms leading to different
resitance phenotypes.

In light of these results it seems important thaspital stewardship programs target
usage of carbapenems to reduce the spread ofardsistrains and reduce overall

mortality associated with severe infections duMiDR gram negatives.

4.5 Conclusion

This retrospective study shows high mortality rdtegpatients withP. aeruginosaBSI.
Infection withP. aeruginosaesistant to two or more antipseudomonal agents
(multidrug resistance) was a risk factor for motyah BSI. We could not find a

survival benefit for combination therapy.

On the basis of the results of this study, emgditivarapy of BSI in patients with risk
factors for gram-negatives etiology needs to inelatlleast one antibiotic active against

P. aeruginosdased on local resistance rates and settings.
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Background:

Pseudomonas aeruginogaone of the most prevalent causes for bloodstrieéections
due to gram-negative bacteria, resulting in hightadity rates, especially in patients
with severe underlying disease. In addition toininsic resistance, this pathogen
acquires resistance rapidly. Currently the restamates irP. aeruginosaare rapidly
increasing in hospitalized patients worldwide. @& more concern, the increase in the
incidence of multidrug resistant strains leavey ¥ew treatment options.

Methods:

In our study we sought to define overall mortaliye and risk factors associated with
mortality in bloodstream infections due t®seudomonas aeruginos&econdary
outcomes were the mortality rates according to @mpateness of antipseudomonal
therapy, combination versus monotherapy, and poesehmultidrug resistance defined
as resistance to at least two antipseudomonal sigent

We conducted a retrospective cohort study in thevéssity Hospital of Tidbingen of
inpatients with bloodstream infections due Rseudomonas aeruginoshetween
January 2009 and October 2015. We collected epmlegical, medical and
microbiological data from medical records and apedl the data using survival
analysis. Univariate and multivariate analysis wasformed using Cox proportional
hazard model.

Results

The final cohort comprised 104 patients wiRseudomonas aeruginosdoodstream
infections Overall all-cause hospital mortality was 37.5 %.ivdnate risk factor
analysis showed factors, which significantly inse@d mortality: chemotherapy
(adjusted HR 2.12 [95% CI 1.0-4.5], p=0.04), nep¢rua (adjusted HR 2.54 [95% CI
1.25-5.18], p=0.01), unknown source of infectiodjgated HR 2.45 [95% CI 1.28-
4.69], p=0.006) and multidrug resistance (adjusttR’l 3.05 [95% CIl 1.53-6.08],
p=0.001). Empirical inappropriate treatment wasnidicantly associated with poor
outcome (adjusted HR 2.24 [95% CIl 1.12-4.49], p2D.All-cause mortality for

patients receiving appropriate empirical monothgrapnappropriate empirical
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monotherapy, appropriate empirical combination apgrand inappropriate empirical
combination therapy were 21% (10/47), 53% (7/13%4(11/24) and 75% (6/8)

respectively. Carbapenem resistance was significaagsociated with mortality in

univariate analysis (adjusted HR 2.13 [95% CI 131&8], p=0.02).

Multivariate analysis demonstrated that multidregistance (adjusted HR 3.40 [95%
Cl1 1.28-9.03], P=0.01) were independent risk fecctor mortality.

Conclusion

The data show that BSI due Ro aeruginosas still associated with mortality. Major

risk factor for mortality is infection with a strairesistant to two or more

antipseudomonal agents. The study does not shamefibfor combination therapy on

survival. These data contribute to the existinglente on impact of empirical therapy
on mortality of patients with BSI due t®. aeruginosaand provide important

information for hospital stewardship.
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Hintergrund:

Pseudomonas aeruginosadhlt zu den haufigsten Ursachen einer gram-negativ
bedingten bakteriellen Sepsis. Hohe Mortalitdtszalsind besonders bei Patienten mit
schweren Grunderkrankungen zu verzeichnen. Chaistideh fir das Bakterium ist
nicht nur die hohe intrinsiche Antibiotikaresistengondern auch die Fahigkeit
zusatzlich Resistenzmechanismen zu erlangen. Digveiesteigenden Resistenzraten,
insbesondere die der multiresistenten Stamme, weseh eine adaquate Therapie
hospitalisierter Patienten.

Methodik:

Im Rahmen dieser Dissertation wurden die Gesamaiitéitt und Risikofaktoren von
Patienten mit einer durch d&seudomonas aeruginogakterium verursachte Sepsis
untersucht. Als sekiindare Zielvariabeln wurde diertelitat in Bezug auf adaquate
antimikrobielle Therapie, antimikrobielle Kombinatis- bzw. Monotherapie und
Multiresistenz (definiert als Resistenz gegen msteles zwei Pseudomonas-wirksame
Antibiotika) untersucht.

In die retrospektive Kohortenstudie wurden Patienengeschlossen, die sich im
Zeitraum Januar 2009 bis Oktober 2015 in stationaBehandlung am
Universitatsklinikum in Tabingen befanden. Es wur@pidemiologische, medizinische
und mikrobiologische Daten aus den Patientenaktboben und im Rahmen einer
Ereigniszeitanalyse wurde das Cox-Regressionsmadell uni- und multivariaten
Analyse der Daten herangezogen.

Ergebnisse:

Insgesamt konnten Daten von 104 Patienten mit eRP®udomonas aeruginosa
Blutstrominfektion analysiert werden. Die Gesamtialitét der Kohorte betrug 37.5 %.
Die univariate Analyse zeigte einen signifikantems@mmenhang zwischen der
Mortalitdt und folgenden Risikofaktoren: Chemotlpéea(adjusted HR 2.12 [95% CI
1.0-4.5], p=0.04), Neutropenie (adjusted HR 2.54%9 Cl| 1.25-5.18], p=0.01),
unbekannte Infektionsquelle (adjusted HR 2.45 [9%%k 1.28-4.69], p=0.006),
Multiresistenz (adjusted HR 3.05 [95% CI 1.53-6,08F0.001) und inadaquate
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empirische Antibiotika-Therapie (adjusted HR 2.85% CIl 1.12-4.49], p=0.02). Die
Gesamtmortalitat fur Patienten mit einer adaquaepirischen Monotherapie, einer
inadaquaten  empirischen Monotherapie, einer adéqua empirischen
Kombinationstherapie und einer inadaquaten empieisdombinationstherapie waren
wie folgt: 21% (10/47), 53% (7/13), 45% (11/24) afwdo (6/8).

Die multivariate Datenanalyse konnte Multiresistéadjusted HR 3.40 [95% CI 1.28-
9.03], P=0.01) als einen unabhangigen Risikofakioerhdohte Mortalitat feststellen.
Zusammenfassung:

Die Ergebnisse der Analyse heben die hohe MortdlitdSepsis durciPseudomonas
aeruginosa hervor. Stamme mit mindestens zwei Resistenzenllersteden
Hauptrisikofaktor fur erhohte Mortalitat dar. DiguBie kann keine therapeutische
Uberlegenheit einer antimikrobiellen Kombinatiorestipie gegentiber einer
Monotherapie feststellen.

Die Ergebnisse unterstitzen die bisherige Bewessléiyy die Auswirkung von
empirischer Antibiotikatherapie auf die Mortalifat Patienten mit eindPseudomonas
aeruginosaSepsis und liefern wichtige Daten fur das Verstdmceiner rationalen

Antibiotikaanwendung (,Antibiotic Stewardship®).
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