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« Key Question

For patients with pseudomonas infection after confirming the
culture result, should be considered for combination antibiotics?



 Proportion & resistance of Pseudomonas in HAP/VAP

* Role of combination therapy versus monotherapy in definitive
therapy for pseudomonas
- HAP/VAP
 Bacteremia
« MDR
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A prospective surveillance study

73 hospitals in 10 Asian countries from
2008-20009.

A total of 2,554 cases with HAP or VAP
in adults were enrolled and 2,445
bacterial isolates were collected from
1,897 cases

Am J Respir Crit Care Med Vol 184. pp 1409-1417, 2011
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« MH 17%
e Gram (-) = 21.6%

from June 1 to December 31, 2019 13
hospitals

Table 3. Bacterial pathogen identified in patients with
hospital-acquired and ventilator-associated pneumonia

Variable [ (nfgl n
Gram-positive pathogens
Staphylococcus aureus 24
Streptococcus pneumaonia 7
Enterococcus faecium 5
Nonstaphylococeus aureus
Staphylococcus species
Others* 5
iram-negative pathogens
[t
Pseudomonas aeruginosa 36
Klebsiella pneumoniae 35
Escherichia coli 11
Sternotrophomonas maltophilia 11
Enterobacter doacae 10
Serratia marcescens 5
Proteus species )
Klebsiella aerogenes a
Moraxella catarrhalis 2
Burkholderia cephacia 2
Citrobacter species 2
Others' 2
MDR pathogen identified*, n (%) 138 (70.4)
Acinetobacter species 67
Pseudomonas aeruginosa 30
Enterobacteriaceae 27
Staphylococcus aureus 19
Enterococcus species 4

“Others included one Streptococcus pyogenes, one Streptococcus
mitis, one Streptococcus agalactiae, one Streptococcus angiosus,
and one Listeria monocytogenes. 'Others included one Klebsiella
oxytoca and one Raoultella planticola. "Data were available for 196
patients.

MDR: multidrug resistance.

Tuberc Respir Dis 2021;84:317-325
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In vitro activity of ceftolozane/tazobactam against Gram-negative M)
isolates collected from ICU patients with lower respiratory tract S
infections in seven Asian countries—SMART 2017-2019
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Table 1
Species distribution of Gram-negative isolates collected from ICU patients with lower respiratory tract infections.

n (%), rank order

Speci
pecies All Hong Kong South Korea Malaysia Philippines Taiwan Thailand Vietnam

Klebsiella pneumoniae 898 (27.3). 1 14 (15.6), 2 97 (20.9), 3 141 (36.8), 1 47 (27.5), 1 201 (22.0), 2 182 (31.5), 1 216 (31.4),
Acinetobacter baumannii com 3(33), 7 157 . 1 85(22.2), 3 18 (10.5), 3 141 \ 135 (23.4), 2 \
24 (26.7), 1 102 (22.0), 2 96 (25.1), 2 41 (24.0), 2 267 (29.2),1 126 (21.8), 3 105 (15.3),

B a4 14(15.0), ), 10 (260, TR (10.5), o) 9). 4 30,
Escherichia coli 172 (5.2), 5 11 (12.2), 4 16 (3.4), 6 10 (2.6}, 5 13 (7.6), 5 60 (6.6), 5 24 (4.2), 5 38 (5.5), 4
Klebsiella aerogenes 78 (24), 6 5(5.6), 6 25(54), 4 7(1.8),7 5(29), 7 14 (1.5), 9 8(14), 8 14 (2.0), 6
Serratia marcescens 75(23), 7 7(78), 5 12 (2.6), 7 3(0.8),9 o0 30(3.3), 7 13(2.2), 6 10 (1.5), 7
Acinetobacter nosocomialis 67 (2.0), 8 2(22), 8 4(0.9),9 6(1.6), 8 1(06), 8 31(34), 6 6(1.0), 9 17 (2.5), 5
Enterobacter cloacae 66 (2.0), 9 2(22), 8 5(1.1), 8 13 (34) 4 7(4.1), 6 23(25), 8 13(2.2), 6 3(04)9
Proteus mirabilis 21 (0.6), 10 0 2 (04), 10 2 (05), 10 0 9(1.0), 10 4 (0.7), 10 4 (0.6), 8
Other species 189 (5.7) B (8.9) 19 (4.1) 10 (2.6) 21(12.3) 60 (6.6) 33 (5.7) 38 (5.5)
Total 3288 (100) 90 (100) 464 (100) 383 (100) 171 (100) 914 (100) 578 (100) 688 (100)

* Defined as isolates of A. baumannii and isolates assigned to the complex based on the matrix-assisted laser desorptionfionisation-time of flight (MALDI-TOF) score.

In 2017-2019, up to 100 consecutive, aerobic Gram-negative LRTI isolates were collected per
year at each of 37 hospitals

Journal of Global Antimicrobial Resistance 29 (2022) 527-533
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Different microbiological and clinical aspects of lower respiratory
tract infections between China and European/American countries
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Figure 2 Regional incidence (%) of pathogens isolated from patients with hospital-acquired pneumonia (HAP).

J Thorac Dis 2014;6(2):134-142
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Fig. 1. Annual antimicrobial susceptibility trends in P. aeruginosa bacteremia.
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Fig. 2. Results of antimicrobial susceptibility in P. aeruginosa bacteremia for 2009-2012, 2013-2016, and 2017-2020. The P value was a comparison between
susceptible and non-susceptible.
NA = not applicable, S = susceptible, | = intermediate, R = resistant.
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Table 1. Antimicrobial susceptibility rates in P. aeruginosa bacteremia

Characteristics Total (n = 295) 2009-2012 (n = 87) 2013-2016 (n = 94) me?—QDEO (n= 114ﬁ P
Amikacin 9269 (91.9) 77 (88.5) 89 (94.7) 103 (90.4) 0.316
Gentamicin 246 (83.4) 75 (86.2) 82 (87.9) 89 (78.1) 0.147
Imipenem 290 (74.6) 71(81.6) 65 (69.1) 84 (73.7) 0.151
Meropenem 9299 (75.3) 79 (82.8) 66 (70.2) 84 (73.7) 0131
cefepime 998 (77.3) 68 (78.9) 76 (80.9) 85 (74.6) 0.551
Ceftazidime 9296 (76.6) 67 (77.0) 73 (77.7) 86 (75.4) 0.926
Piperacillin-tazobactam 193 (65.4) 57 (65.5) 64 (68.1) 72 (63.2) 0.758
Ticarcillin-clavulanate 99 (33.6) 93 (26.4) 37 (39.4) 39 (34.2) 0181
Ciprofloxacin 9211 (71.5) 70 (80.5) 63 (67.0) 78 (68.4) 0.087
Aztreanam 167 (56.6) 57 (65.5) 59 (55.3) 58 (50.8) 041

Colistin 294 (99.7) 87 (100) 94 (100) \ 113 (99.1) / 1.000

Values are presented as number of patients (%).
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Fig. 3. Antimicrobial resistance trends in P. aeruginosa bacteremia. (A) Antimicrobial resistance rates in P. aeruginosa bacteremia. (B) Comparison of antibiotic

resistance rates of the ICUs vs. the non-ICUs setting.
CRPA = carbapenem-resistant P. aeruginosa, MDRPA = multidrug-resistant P. aeruginosa, XDRPA = extensively drug-resistant P. aeruginosa, ICU = intensive care unit.
*Comparison between 2009-2013 and 2017-2020; **Comparison of the three groups.
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A multicenter prospective
observational cohort study was
conducted among patients
with HAP/VAP admitted to the

medical

intensive care unit of 5

tertiary referral centers between
August 2012 and June 2015
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Fig. 1. Ratio of MDR bacteria in each major group of bacterial pathogens.
MDR = multidrug-resistant.
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An international multicenter retrospective study
of Pseudomonas aeruginosa nosocomial
pneumonia: impact of multidrug resistance

Scott T Micek”, Richard G Wunderink?, Marin H Kollef’, Catherine Chen’, Jordi Rello®, Jean Chastre®,
Massimo Antonelli®, Tobias Welte’, Bernard Clair®, Helmut Ostermann®, Esther Calbo'®, Antoni Torres'”,
Francesco Menichetti'?, Garrett E Schramm'® and Vandana Menon'*

Table 3 Antibiotic susceptibility by country

Antibiotic class France Germany Italy Spain United States
Aminoglycosides 141(76.6) 120 (583) 101 (752) 112 (589) 257 (802)
Antipseudomonal carbapenems 139 (604) 119 (52.1) 107 (579) 112 (47.3) 257 (79.0)
Antipseudomonal cephalosporing A0 (77.1) 120 (60.8) 101 (74.3) 111 (59.5) 258 (814)
Antipseudomonal fluoroguinolones 138 (B6.7) 118 (61.0) 100 (75.0) 111 (52.3) 257(759)
Antipseudomonal penicillins + 141 (64.5) 118 (46.5) 108 (70.3) 110 (63.6) 253 (B26)
B-lactamase inhibitors

Multidrug-resistant 141 (333) 120 (442) 108 (222) 113 (434) 258 (205)
Extensively drug-resistant 141 (1 ?_?']l 12[?[_Mj 1GSTE.8]I 113 (133) 258 (35)

Data presented as number of isolates tested (% susceptible). Multidrug-resistant: non-susceptible to one or more agents in three or more antibiotic classes.
Extensively drug-resistant: non-susceptible to one or more agents in all but two or fewer antibiotic classes.

Micek et al. Critical Care (2015) 19:219
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Empiric/Definitive -VAP

Optimal management therapy for Pseudomonas aeruginosa
ventilator-associated pneumonia: An observational, multicenter study

comparing monotherapy with combination antibiotic therapy™

Objective: To evaluate whether one antibiotic achieves equal
outcomes compared with combination antibiotic therapy in pa-
tients with Pseudomonas aeruginosa ventilator-associated pneu-

Jose Garnacho-Montero, MD, PhD; Marcio Sa-Borges, MD; Jordi Sole-Violan, MD; Femando Barcenilla, MD; m°gi;m_ A retrospective, multicenter, observational, cohort
Ana Escoresca-0Ortega, MD; Miriam Ochoa, MD; Aurelio Cayuela, MD, PhD, MPH; Jordi Rello, MD, PhD study.

Setting: Five intensive care units in Spanish university hospi-
tals.

Patients: Adult patients identified to have monomicrobial epi-
sodes of ventilator-associated pneumonia with significant quan-

titative respiratory cultures for P. aeruginosa.

1,0
1 combination
therapy
0.8 monotherapy 2002 - 2005
® inadequate
E . therapy
E 0.64 Table 5. Variables independently associated with mortality using Cox proportional regression analysis
o
2 aHR 95% CI p
% 0,4
£ Age 1.02 1.01-1.04 005
6 ' i ' i 104347 K
0,2+ Effective empirical therapy .
Combined therapy
Monotherapy
0.0 Inappropriate therapy
| | T T |
0,00 50,00 100,00 150,00 200,00

Hospital stay (days)

aHR, adjusted hazard ratio; CI, confidence interval.

Figure 1. Cumulative survival curves of patients with inappropriate empirical antibiotic therapy compared
with patients with effective monotherapy or effective combined therapy in the empirical therapy.

Crit Care Med 2007 Vol. 35, No. 8
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Impact of combination therapy and early de-escalation on outcome of
ventilator-associated pneumonia caused by Pseudomonas aeruginosa

Laurene Deconinck®, Agnes Meybeck?, Pierre Patoz®, Nicolas Van Grunderbeeck®, Nicolas Boussekey*,
Arnaud Chiche, Pierre-Yves Delannoy®, Hugues Georges® and Olivier Leroy®

2Service Universitaire des Maladies Infectieuses et du Voyageur, Centre Hospitalier de Tourcoing, Tourcoing, France; ®Laboratoire de
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Table 3. Risk factors for ICU mortality.

De-escalation — VAP

Univariate analysis

Multivariate analysis

HR (95% Cl) P HR (95% Cl) i)
Characteristics at ICU admission
Female sex 0.91 (0.41-2.04) 0.83
Age (/5 years) 1.12 (0.98-1.29) 0.09
Comorbidities 1.12 (0.27-4.68) 0.88
Characteristics upon PAVM onset
SAPS [l =40 versus <40 3.08 (1.36-6.99) <0.01 2.58 (1.13-5.88) 0.02
Shock 471 (2.03-10.89) <0.01 4.31 (1.74-10.71) <0.01
Multiresistant strains 1.15 (0.55-2.39) 0.71
Empirical antibiotherapy
Start <24h 1.08 (0.44-2.62) 0.87
Guided by previous endotracheal aspirate 0.89 (0.43-1.86 0.76

Combination versus monotherapy

0.84 (0.34-2.03)

Use of fluoroquinolone

£ LU USL=415] U85

1.02 (0.44-2.36) 0.96

Approprigte initial antibiotherany 081 (028-232) 070
De-escalation 0.72 (0.33-1.56) 0.41 0.71 (0.31-1.62) 041 |

Between 1994 and 2014, all 100 patients with VAP
caused by P aeruginosa in our intensive care unit (ICU)
were included in a retrospective cohort study to
evaluate the prognostic impact of initial combination

antibiotic therapy, France Infectious diseases, 2017, vol 49, no.5, 396-404
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Results from a 13-Year Prospective
Cohort Study Show Increased Mortality
Associated with Bloodstream Infections
Caused by Pseudomonas aeruginosa
Compared to Other Bacteria

Joshua T. Thaden,? Lawrence P. Park,> Stacey A. Maskarinec, Felicia Ruffin,»
Vance G. Fowler, Jr.,» David van Duin®

Duke University Division of Infectious Diseases, Durham, North Carolina, USA; University of North Carolina
Chapel Hill Division of Infectious Diseases, Chapel Hill, North Carolina, USA®

EPIDEMIOLOGY AND SURVEILLANCE

f.)

Check for
| updates

prospectively ascertained cohort of 2,659
hospitalized patients with BSI
over a 13-year period from a single center in USA

Fraction survival

-
o
th

P <0.0001

= Staphylococcus aureus
= Other non-lactose fermenters
Psaudomonas agruginosa

0.00 .
0 10

20 30
Days

TABLE 4 Multivariable Cox regression analysis of clinical and bacterial factors influencing
Staphylococcus aureus and Gram-negative bloodstream infection mortality in inpatients at

Duke University Medical Center from 2002 to 2015¢

Parameter Hazard ratio 95% Cl P
Age 1.376 1.286-1.475 <0.0001
Female gender 1.129 0.936-1.359 0.203
Racef

Black 1.223 0.991-1.501 0.058

Other 0.804 0.485-1.253 0.366
Pseudomonas aeruginosa BSI 1435 1.043-1.933 0.021
APACHE-Il chronic health score 1.168 1.101-1.244 <0.0001
MDR 1.051 0.869-1.269 0.609
Appropriate antibiotic therapy® 1435 0.967-2.202 0.085
Days to line removal?

1 0.537 0.192-1.305 0.194

2 0.606 0.232-1.424 0.271

=3 0.904 0.259-2.468 0.857
No line-associated infection 7.227 0.392-37.881 0.060
BSI era (2005-2015)¢ 2581 1.863-3.690 <0.0001
BS| sourcef

il Vi A A0T [l m'l 105 0127

Pneumonia 2.264 1.628-3.160 <0.0007

Line 5411 0.299-26.650 0.103

Skin/soft tissue 0.531 0.322-0.847 0.010

Abscess 0721 0.387-1.254 0.273

Other 1.035 0.726-1.476 0.850

Source not identified 2073 1.549-2.810 <0.0001

aAbbreviations: B5l, bloodstream infection; Cl, confidence interval; MDR, multidrug resistant. Statistically

significant values are indicated in boldface.

tThe reference group was composed of white patients.

“This is a time-dependent variable in which “no appropriate antibiotic therapy” is the reference.

dThe reference group is compesed of patients with line-associated infections and line removal on day 0.
“The reference group is composed of BS| from 2002 to 2004.

The reference group is BSl from a urine/pyelonephritis source.

Antimicrob Agents Chemother 2017; 61: e02671-16
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retrospectively reviewed the medical records of patients with P. aeruginosa bacteremia

admitted to Inje University Busan Paik Hospital, Busan

from January 2009 to October 2020

Characteristics Non-survivor Survivor Univariable HR P Multivariable HR P
. . - (n =80 (p =915) (9800 O} (9B0/m )
Bacteremia: 12-Year Experience in a = ! S D o —" S p—r
. . . Devices during time at risk
Tertia ry Hos P ital in Korea Central veﬁous catheter 35 (43.8) 79 (33.5) 1.2 (0.8-1.9) 0.342
Ventilator 17 (21.3) 12 (5.6) 2.6 (1.5-4.5)  <0.001
Indwelling urinary catheter 34 (42.5) 66 (30.7) 1.4 (0.9-2.9) 0132
Table 4. Risk factors for 30-day mortality in patients with P. aeruginosa bacteremia Antimicrobial resistance
Characteristics Non-survivor Survivor Univariable HR P Multivariable HR P CRPA 22 (27.5) 51(23.7) 11(0.7-1.8) 0774
(n=80) (n =215) (95% C) (95% Cl) MDRPA 98 (35.0) 78 (36.3) 0.9 (0.6-1.4) 0.669
Age> 65 49 (61.3) 128 (59.5) 1.2 (0.8-1.9) 0.418 XDRPA ; Em) 33 (15.3) 10(06-18) 0.904
PEs)  me  oeew  ows i )
Underl_w‘ng candu:mr?s Primary site of infection
Cardiovascular disease 9 (1.3) 21(9.8) 1.0 (0.5-1.9) 0.892 Hepato-biliary tract 15 (18.8) 54 (20.8) 0.6 (0.4-11) 0.096
Cerebrovascular accident 5(6.3) 35(16.3) 0.3 (0.2-0.9) 0.021 el e 7 (8.8) 12 (5.6) 1.2 (0.7-3.3) 0.983
Chronic kidney disease 10 (12.5) 14 (6.5) 1.5 (0.8-3.0) 0.206 m - - e —— )
COPD or chronic lung disease 2 (2.5) 5(2.3) 1.0 (0.3-4.2) 0.967 AR e —
Dementia 1(1.3) 13(6.0) 0.3(01-2.5) 0.294 Central venous catheter 7 (8.8) 32 (14.9) 0.5 (0.2-11) 0.088
Diabetes 26 (32.5) 58 (27.0) 1.2 (0.8-2.0) 0.384 Skin and soft tissue 2 (2.5) 10 (4.7) 0.5 (0.1-2.1) 0.372
Heart failure 5(6.3) 9(4.2) 1.9 (0.7-4.8) 0.183 Surgical site 1(1.3) 1(0.5) 3.3(0.5-23.7) 0.239
Hypertension 27 (33.8) 85 (39.5) 0.8 (0.5-1.2) 0.270 Primary bloodstream 6(7.5) 19(8.8) 0.9 (0.4-2.1) 0.824
Liver disease 3(3.8) 9(4.2) 0.9 (0.3-2.9) 0.889 Invasive drainage procedures 9 (1.3) 53(24.7) 0.5 (0.2-0.9) 0.024
i LY Wi 0 /o1 oy et =L Active antimicrobial therapy 67 (83.8) 177 (82.3) 0.7 (0.4-1.3) 0.292
Hematologic malignancy 16 (20.0) 10 (4.7) 2.8(1.6-4.9)  <0.001 2.3(1.3-4.0) 0.005 I Concordant empirical antimicrobial therapy 56 (70.0) 125 (58.1) 1.4 (0.9-2.3) 0.141
LR A R ey o Single antibiotics 42 (52.5) 109 (50.7)
Neutropenia 28 (35.0) 26 (12.1) 27(17-43)  <0.001 Aminoglycoside _ 0(0) 6(2.8)
Transplantation 2(2.5) 5(2.3) 11(03-43)  0.931 Anti-pseudomanal cephalosporing 12 (15.0) 23(107)
CClscore 25 49 (61.3) 121 (56.3) 1.2 (0.8-1.9) 0.439 Anti-pseudomonal penicillin 5(63) 39(18.)
. . . Carbapenem 17 (21.3) 31(14.4)
Healthcare-associated infection 65 (81.3) 180 (83.7) 0.8 (0.5-1.4) 0.400 Fluoroquinolone 10.3) 8(37)
Prevlou§ slur‘gery within QC? d‘ays 20 (25.0) 46 (21.4) 1.1 (0.7-1.9) 0.587 Colistin 7 (.8) 2 (0.9)
Any antibiotic exposure within 90 days 65 (81.3) 156 (72.6) 1.3(0.7-2.2) 0.397 Combination antibiotics 14 (17.5) 16 (7.4)
Colonization with MDROs Anti-pseudomonal cephalosporine + aminoglycoside 1(1.3) 2(0.9)
CRE 1(13) 3(0.4) 1.6 (0.2-11.6) 0.638 Anti-pseudomonal cephalosporine + fluoroguinolone 10.3) 1(0.5)
ESBL 4 (5.0) 23 (10.7) 0.5(0.2-1.2) 0.126 Anti-pseudomonal penicillin + fluoroguinolone 9(n.3) 12 (5.6)
MRAB 9 (1.3) 7(3.3) 2.0 (1.0-4.1) 0.049 Carbapenem + aminoglycoside 2 (2.5) 0 (0)
MRSA 2 (2.5) 3(1.4) 1.2 (0.3-5.2) 0.738 Carbapenem + fluoroquinolone 1(1.3) 1(0.5)
VRE 9 (n.3) 10 (4.7) 1.8 (0.9-3.6) 0.095 values are presented as number (%).

HR = hazard ratio, Cl = confidence interval, COPD = chronic obstructive pulmonary disease, CCl = Charlson comorbidity index, MDRO = multidrug-resistant
organism, CRE = carbapenem-resistant Enterobacteriaceae, ESBL = extended-spectrum beta-lactamase-producing bacteria, MRAB = multi-drug resistant
Acinetobacter baumannii, MRSA = methicillin-resistant Staphylococcus aureus, VRE = vancomycin-resistant Enterococcus, ICU = intensive care unit, CRPA =
carbapenem-resistant P. aeruginosa, MDRPA = multidrug-resistant P. aeruginosa, XDRPA = extensively drug-resistant P. aeruginosa.

J Korean Med Sci. 2021 Nov 8;36(43):e273
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Empiric/Definitive -bacteremia

Effect of Adequate Single-Drug vs Combination
Antimicrobial Therapy on Mortality in
Pseudomonas aeruginosa Bloodstream

Infections: A Post Hoc Analysis of a Prospective A pOSt hOC anal.ySIS of Patlents Wlth PA
Cohort bacteremia carried out in 10 public
e o et o hospitals located in 4 areas of Spain

Antonio Oliver,” and Luis Martinez-Martinez*""; for the Spanish Network for Research in Infectious Diseases (REIPI)

'Servicio de Enfermedades Infecciosas, Hospital Universitario de Bellvitge—IDIBELL, Barcelona; “Servicio de Microbiologia, Hospital Universitario b t n J a n a r 2 O O 8 a n d D e C e m b e r
Marqués de Valdecilla-IFIMAV, Santander; “Servicio de Microbiologia y Unidad de F I Hospital | itario de Son Espases, e We e U y

Palma de Mallorca; *Servicio de Enfermedades Infecciosas, Hospital Universitario Vall d’Hebron, *Unidad de Enfermedades Infecciosas, Hospital Santa

Creu i Sant Pau, Barcelona; ®Servicio de Enfermedades Infecciosas, Hospital Universitario Virgen del Rocio, Sevilla; "Seccion de Enfermedades

Infecciosas, Consorci Hospitalari Parc Tauli, Sabadell; ®Seccidn de Enfermedades Infecciosas, Hospital Mutua de Terrasa; *Secci6n de Enfermedades 2 O O 9

Infecciosas, Hospital Universitario Virgen Macarena, Sevilla; ""Servicio de Microbiologia Infecciosas, Hospital Universitario Reina Sofia—IMIBIC,

Cérdaba; and ' Departamento de Biologia Molecular, Universidad de Cantabria, Santander, Spain

Table3. Cox Regression Analysis of Relation Between Empirical
and Definitive Antimicrobial Therapy and 30-Day Mortality

Charactaristic AHR 95% ClI FPWalue
Empirical antimicrobial
therapy
AECT 1.0 (refarence)
AESD 1.17 70=1.96 54
[ET 1.70 0.7 97 052

finitive antimicrobial
therapy

ADCT 1.0 (rafarence)
ADSD 1.34 T3=2.47 35
IoT 086 A8-2.02 73

dbbravigtions: ADCT, adequate definitve combination therapy; ADSD,
pdequate  definitive  single-drug  therapy; AECT, adequete empirical
combination therapy; AESD, sdeguate empincal single-drug therspy; AHR,
gdjusted hazerd ratio; Cl, confidence imterval;, 10T, inedeguate definithe

therapy; IET, inadequate empirical therapy. CID 2013;57(2):208-16
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http//www.biomedcentral.com/1471-2334/12/308 BMC
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Impact of adequate empirical combination
therapy on mortality from bacteremic
Pseudomonas aeruginosa pneumonia

So-Youn Park’, Hyun Jung Park’, Song Mi Moon', Ki-Ho Park’, Yong Pil Chong', Mi-Na Kim?, Sung-Han Kim',
Sang-Oh Lee', Yang Soo Kim', Jun Hee Woo' and Sang-Ho Choi'”

Infectious Diseases

« The 28-day mortality was significantly higher in the inadequate therapy group than the
adequate therapy group (68.6% [24/35] vs. 41.5% [27/65], p =0.01)

« Multivariate logistic regression analysis identified the absence of septic shock at the time
of bacteremia (AOR, 0.07; 95% CI, 0.01-0.49; p = 0.008), and combination therapy (AOR,
0.05; 95% CI, 0.01-0.34; p = 0.002, univariate OR 0.38 (0.14-1.06)) as variables that were
independently associated with decreased all-cause 28-day mortality

=l Park et al. BMC Infectious Diseases 2012, 12:308



International Journal of Antimicrobial Agents 59 (2022) 106512

Contents lists available at ScienceDirect

Definitive — bacteremia or pneumonia

Antimicrobial
Agents

International Journal of Antimicrobial Agents

journal homepage: www.elsevier.com/locate/ijantimicag

Study og
L ID RR (95% CI) Weight
Beta-lactam monotherapy or combination therapy for bloodstream )
infections or pneumonia due to Pseudomonas aeruginosa: a ol 30-day ]:
meta-analysis Kuikka. 1998 1.06 (0.46, 2.48) 4.03
Lorenzo Onorato?, Margherita Macera®, Federica Cald?, Paolo Cirillo® Giovanni Di Caprio®, Chamot, 2003 —_— 1.25(0.57, 2.74) 4.49
Nicola Coppola* Tan, 2014 ; > 8.36 (0.53, 130.88) 0.52
g f etk ol o S of e D bty of ootk Paulsson, 2017 H—————  187(089,392) 482
Bowers, 2013 —— 0.86 (0.54. 1.36) 810
Park, 2012 _,._T:__._ 1.75(0.95,3.23) 6.10
' Yoon, 2017 0.67 (0.37,1.21) 6.34
gl e TUSTr, Taz] oo
Subtotal (I-squared = 33.6%, p = 0.158) ‘(.:>‘ 1.12 (0.85, 1.48) 44 44
. ]
In hospital :
Hilf, 1989 : —_—— 1.75(1.15, 2.67) 8.66
Mendelson, 1994 — 1.25(0.47, 3.33) 3.24
Leibovici, 1997 ——— 1.01 (0.56, 1.82) 5.40
Siegman-Igra, 1998 : 0.36(0.15,0.85) 3.89
Micek, 2006 —_— 0.69(0.35,1.36) 537
Garnacho-Montero, 2007 ——0——+— 0.57(0.28,1.19) 4.95
Bliziotis, 2011 — - 0.46 (0.19,1.12) 3.73
Pena, 2013 —_— 1.13(0.66,192) 7.03
Samonis, 2014 —* 1.55 (0.67, 3.58) 4.07
Tschudin-Sutter, 2018 — 1.44 (0.51, 4.06) 2.98
Subtotal {I-squared = 56.2%, p = 0.015) "C'IJ-'-‘-‘ 0.93 (0.67.1.31) 50.32
- 1
14-day :
Kim, 2014 1.32(0.62,2.79) 474
gmm ) Emmm‘l T2 :
. ]
Overall (I-squared = 42.2%, p = 0.028) <> 1.05 (0.86, 1.28) 100.00
NOTE: Weights are from random effects analysis 'l
| |
.05 1 5
favours monotherapy favours combination

Figure 3. Forest plot of RRs of mortality in patients treated with definitive combination or monotherapy

International Journal of Antimicrobial Agents 59 (2022) 106512
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aminoglycoside

Table 2
Risk factors associated with 30-day mortality in patients given appropriate empiric therapy (n=>58).
Variable Univariate analysis Pvalue Multivariate analysis® P value
OR (95% ClI) OR (95% CI)
Age 1.05 (1.00-1.12) 0.06 1.11(1.02-1.20) 0.02
Total length of hospital stay 1.00 (099-1.02) 0.62
Length of hospital stay before culture 1.01 (099-1.03) 024"
Comorbidities
Congestive heart failure 3.00(0.74-12.18) 012
COPD 2,51 (0.52-12.09) 0.25
Diabetes mellitus 1.53 (0.39-5.99) 0.55
APACHE 11 109 (D.99-1.19] 0.07
l Functional aminoglycoside monotherapy* 3.33 (0.76-14.58) 0.11 12.54 (1.51-103.99) 0.02 ]
Source of bacteremia
Line 1.22 (0.12-12.26) 0.87
Urinary tract 0.30 {(0.03-2.60) 027
Abdomen 4,67 (1.01-21.49) 0.05

* Receiver operating characteristic area under the curve = 0.784.
b pvalue = 0.17 with the variable log-transformed (0 day assigned a value of 1).
E Comnared to heta-lactams.

single-center, retrospective, cohort study conducted from January 2002 through December 2015
in an 850-bed academic teaching hospital in Houston, Texas

Diagnostic Microbiology and Infectious Disease 93 (2019) 346-348
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carbapenem

Carbapenems vs. alternative f-lactams for the treatment of m

nosocomial pneumonia: A systematic review and meta-analysis =y

J Nicholas 0'Donnell, PharmD, MSc, BCPS, Assistant Professor of Pharmacy Practice®,

Nathaniel ] Rhodes, PharmD, MSe, BCPS, AQID, Assistant Professor of Pharmacy Practice"”,

Jenna Lopez, PharmD, Clinical Pharmacist”, Rebecca Jett, PharmD*,

Marc H Scheetz, PharmD, MSc, BCPS AQ-ID, Professor of Pharmacy Practice“®"

Carbapenem B-lactam 0Odds Ratio 0Odds Ratio

Study or Subgroup Events Total BEvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jaccard 1998 12 24 2 21 255% 950(1.80,5008] L
Zanetti 2003 9 32 4 27 745%  2.25[0.61,0.36] —1—
Total (95% CI) 56 48 100.0% 4.10[1.51, 11.12] —aBE e
Total events 21 a
Heterogeneity, Chi®=1.79,df=1 (F=0.18);, F= 44% 0.01 01 ] 10 100

Testfor overall effect. Z= 2.77 (P = 0.008) Favours [Carbapenem] Favours [B-lactam]

Fig. 3. Forest plot of odds ratios for clinical failure in patients with nosocomial pneumonia caused by P. aeruginosa

Patients treated with imipenem were more than twice as likely to experience clinical failure in
pneumonia caused by P. aeruginosa (Fig. 3; OR 2.64, 95% Cl 1.51-11.12, | 2=44%)

Carbapenem B-lactam Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Jaccard 1998 3] 24 1 21 127%  BAET[0.73 60.81] lﬁ o
Joshi 2006 5 17 g 18 54.4% 1.08[0.25, 4.70]
Zanetti 2003 E] 27 3 25 32.9% 367 (0.86,15.59] =
Total (95% Cl) 68 64 100.0%  2.64[1.08, 6.44] B
Total events 20 9

it Chiz= = = ‘B= I i } i
Heterogeneity: Chi*=229 df=2 (P=032) F=13% 0.01 01 10 100

Testfor overall effect: 2=2.14 (P=0.03) Favours [experimental] Favours [control]

Fig. 5. Forest plot of odds ratios for development of resistance to the study drug in patients with nosocomial pneumonia caused by P. aeruginosa

Among patients infected with P. aeruginosa, resistance was more likely to develop in patients treated with imipenem
compared with those treated with TZP or cefepime (Figure 5; OR 2.64, 95% Cl 1.08-6.44, | 2=0%)
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)SA Carbapenem - bacteremia

Ceftazidime, Carbapenems, or Piperacillin-tazobactam

as Single Definitive Therapy for Pseudomonas aeruginosa

Bloodstream Infection: A Multisite Retrospective Study retrospective, observational, multinational, and multicenter cohort study
TangraBabich'antusNaucleernhnKarlssun\'alikzl'.:hri;tianﬁ Giske,® Natividad Benito," Ruben Cardona,® Alba Rivera,® Celine Pulcini,”* Manal from 25 Centers in 9 Countries across Europel AUStralla and |Srae|

Abdel Fattah,® Justine Haquin,® Alasdair Macgowan,’ Sally Grier,’ Julie Gibbs,® Bibiana Chazan,”” Anna Yanovskay," Ronen Ben Ami,"" Michal Landes," h oS plta I IZed patl e ntS frO m 1 Ja nua ry 2009 u ntl I 3 1 OCtO be r 20 1 5
Lior Nesher,” Adi Zaidman-Shimshovitz,2 Kate Mccarthy,” David L. Paterson,” Evelina Tacconelli," Michael Buhl," Susanna Mauer," Jesus Rodriguez-

Bano," Isabel Morales,” Antonio Oliver," Enrique Ruiz De Gopegui,” Angela Cano,” Isabel Machuca,” Monica Gozalo-Marguello,” Luis Martinez

Martinez,' Eva M. Gonzalez-Barbera, Iris Gomez Alfaro," Miguel Salavert,® Bojana Beovic,2' Andreja Saie,’" Manica Mueller-Premru,Z Leonardo

Paganif’3 Virginie Vitrat,”* Diamantis Kofteridis,”> Maria Zacharioudaki,” Sofia Maraki,” Yulia Weissman,' Mical Paul,Z® Yaakov Dickstein,” Leonard

Leibovici,” and Dafna Yahav™

Table 3. Multivariate Analyses for Risk Factors for 30-day All-cause Mortality: Entire Cohort and Propensity Score—Adjusted Cohort

Odds Ratio (95% CI)

Multivariate Logistic Regression Multivariate Logistic Regression Analysis,
Variable Univariate Analysis Analysis (n = 767) Propensity Score Adjusted (n = 542
Definitive treatment (carbapenem as
reference)
Ceftazidime 0.84 (52-1.37) 0.92 (5-1.67) 1.14 (.52-2 48}
Piperacillin-tazobactam 0.76 (.48-1.18) 1.17 (.69-1.67) 1.3 (.67-2.51)

Clin Infect Dis . 2020 May 23;70(11):2270-2280.



Table 4. Secondary Outcomes According to Drug Group

Carbapenem - bacteremia

Piperacillin-Tazobactam

QOutcome Ceftazidime (n = 213) (n = 344) Carbapenem (n = 210)  Total Cohert (n = 767) P
ﬁinical outcomes \
7-day maortality, n (%) 13 (6.1) 17 (4.9) 16 (76) 46 (6) 435
Clinical failure, n/M (%) 78/170 (45.9) 114/306 (373} B0/180 (44.4) 272/656 (41.5) 119
Late septic shock, n (%) 11 (5.4) 10(3.1) 14 (7} 35(4.8) 110
Late need for respiratory support, n {%) 11 (5.6) 81(2.5) 10 (5.1) 29 (4.1) 167
Hospital duration, days
Entire cohort (N = 721) 13 (9-23) 13 (7-24) 14 (8-28) 13 (8-24) 363
Alive at day 30 (N = 687) 14 (9-31) 13 (8-275) 15 (19-38) 14 (9-31) 16
Microbiological failure (N = 727), n/N (%) 23/205 (11.2) 37/325 (11.4) 31/196 (15.7) 91/723 (12.5) 278
Fever duration, days
Entire cohort (N = 641) 1(1-3) 1(0.75-3) 1{1-4} 1(1-3) 14
\ Alive at day 30 (N = 528) 1(1-3) 1(1-2) 21(1-4) 1(1-3) (M

Adverse events

Renal failure, n (%) (N = 195) (N = 334) (N = 209) IN =738 217

No 169 (86.7) 289 (86.5) 181 (B6.6) 639 (B6.6)

Risk 14 (72) 22 (6.6) 8(3.8) 44 (6)

Injury 6{3.1) 812.4) 61(2.9) 20(2.7)

Failure 0 71(2.1) 9(4.3) 16 (2.2)

Loss 3(1.5) 2 (0.6) 31(1.4) 8(1.1)
ESKD, n (%) 3(1.5) 6(1.8) 21) 11 (1.5)
Any diarrhea, n/N (%) 26/204 12.7) 55/333 (16.5) 26/209 (12.4) 107/746 (14.3) 313
Clostridium difficile infection, n/M (%) 3/205 (1.5) 8/339 (2.4) 21209 (1) 13/7653 (1.7) 446
Anaphylactic shock 0 0 0 0
Any rash, n/N (%) 4/190 (2.1) 9/330 (2.7) 4/207 (1.8) 17/727 12.3) B13
Seizures, nfN (%) 41191 (2.1) 5/330 (1.5) 1/207 (0.5) 10/728 (1.4) 369
Drug discontinuation due to adverse 21191 (1) 3/330 (0.9) 4/207 (1.9) 9/72811.2) .bb8
events, n/N (%)

Mew resistance profile, n/N (%)

[ Resistant PA 25/201 (12.4) 28/332 (8.4) 36/206 (172.5) 89/739 (12) 007 )
Resistant GNRs® 15/204 (74) 29/333 (8.7} 22/208 (10.7) 66/743 (8.9) 491
MRSA 6/200 (3) 7/323 (2.2) 44205 (2) 17/728(2.3) 756
VRE 3/202 (1.5) 4/323 (1.2) 5/206 (2.4) 12/731 (1.6} 565

Continuous variables are presented as median (IQR) or mean + SD according to distribution of variable; categorical variables are presented as no. (%). Definitions of secondary outcomes,
including new resistance profile are presented in Appendix 3.
Abbreviations: ESKD, end-stage kidney disease; IQR, interquartile range; GNR, gram-negative rod; MRSA, methicillin-resistant Staphylococcus aureus; PA, Pseudomonas aeruginoss; SD,

standard deviation; VRE, vancomycin-resistant enterococci.

*Gram-negative bacteria other than Pseudomonas.

Clin Infect Dis . 2020 May 23;70(11):2270-2280.



Pseudomonas aeruginosa
Ventilator-associated Pneumonia
Predictive Factors of Treatment Failure

Benjamin Planquette’, Jean-Francois Timsit23, Benoit Y. Misset?, Carole Schwebel?, Elie Azoulays, Christophe Adrie3>,
Aurélien Vesin?, Samir Jamali®, Jean-Ralph Zahar®, Bernard Allaouchiche®, Bertrand Souweine'!, Michael Darmon'2,

Anne-Sylvie Dumenil', Dany Goldgran-Toledano', Bruno H. Mourvillier's, and Jean-Pierre Bédos'; on behalf of the

OUTCOMEREA Study Group*

"Medical Surgical ICU, André Mignot Hospital, Versailles-Le Chesnay, France; 2Un\'verslty Grenoble 1, Polyvalent ICU, Albert Michallon Hospital,
Grenoble, France; *ICU, Saint Joseph Hospital, Paris, France; *Medical ICU, Saint Louis Hospital, Paris, France; *ICU, Delafontaine Hospital, Saint
Denis, France; “Physiology, Cochin Hospital, Paris, France; “University Grenoble 1, Integrated Research Center U823, Grenoble, France; *ICU,
Dourdan Hospital, Dourdan, France; *Microbiology Department, Necker Hospital, Paris, France; '°ICU, Edouard Herriot Hospital, Lyon, France;
"ICU, Gabriel Montpied Hospital, Clermont-Ferrand, France; '?Medical ICU, Saint Etienne University Hospital, St Etienne, France; '*Antoine Béclére
Hospital, Clamart, France; '“Gonesse Hospital, Gonesse, France; and '*University Paris Diderot, Medical and Infectious Diseases ICU, Bichat Claude
Bernard University Hospital, Paris, France

Quinolone -VAP
From January 1997 to August 2011

retrospective analysis of observational study using data

prospectively entered into a multicenter database
12 French ICUs

hAultivariate™

Alive without Recurrence Treatment Failure within Univariate

Characteristics within 14 Days (n = 202) 14 Days (n = 11.2) P Value SHR (95% CI) P Value

Between admission and the day of the first PA-VAP
Aminoghrcosides 93 (46) 57 (509) 0.4 —_— —
Penems 39 (19.3) 31 (27.7) 0.05 —_ —_
Fosfomycin & 2101.8) 0.5 —_ —_
mAacrolides A4 (21 8] 29 (2590 03 — —

' Fuoroguinolones 49 (24.3) 40 (35.7) 0,044 21 (1.4-3.2) 0.0007 |
Ceftanaime T6 (7.9 S 2.7] 0.09 p— p—
Ureido-carboxypenicillins FF(38.1) 40 (35.7) 0.8 —_— _—
Cefpirome/cefe pime 16 (7.9) 10 (8.9) 0.6 — —

On first PAVAP
Pa-bacteremia 2(1) 5 (4.5) 0.003 4.1 (1.6-10.4) 0.003
Delay to first PA-VAP onset = 12 d 9F (48) 54 (48.2) 0.9 — —
Susceptibility of pathogen, resistant/multiresistant’ 83 (41.1) 52 (46.4) 0.4 —_ —_
Prescribed treatments

Aminogbcosides 150 (74.3) 82 (73.2) 0.8 — —
Penems 69 (34.2) 49 (43.8) 0.09 — —
Fosformycin 17 (8.4) 9 (8) 0.9 —_— —
H = | |"‘Iu‘|. 1403 1 3% i |
mnm BR (43 6] 354313 002 0500307 o000s )
Ceftazidime 76 (37.6) 41 (36.6) 0.8 — —
Ureido-carboxypenicillins 114 (56.4) 55 (49.1) 0.3 —_ —_
Cefpirome/cefe pime 25 (12.4) Fi6.3) 0.11 —_— _—
Initial adequate treatment
Mone 33 (16.3) 20 (17.9) 0.6 — —
Monotherapy 55 (27.2) 35 (31.3) —_—
Bitherapy tritherapy 114 (56.4) 57 (509)
Timing of adequate treatment’
Delayed 73 (386) 21 (30.9) 0.8 —
Early 130 (64) 47 (69.1) —

Am J Respir Crit Care Med Vol 188, Iss. 1, pp 69-76, Jul 1, 2013
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Risk factors for hospitalized patients Ll )
with resistant or multidrug-resistant MDR Risk
Pseudomonas aeruginosa infections:

a systematic review and meta-analysis

Gowri Raman'"®, Esther E. Avendana’, Jeffrey Chan', Sanjay Merchant? and Laura Puzniak?

quinolone/carbapenem

{ )
Author Year Cass Controls Risk Adjusted OR (95% Cl)
Comorbid
Cao 2004 44 68 APACHE Il >=16 ; 1.00 (0.92, 1.09)
Montero (b) 2010 345 532 Severty index |—— 1.63 (1.08, 2.46)
Pena 2012 13 95 Sevenity (Charlson index>3) S —— 8.20 (1.34, 50.19)
Subtotal (-squared = 80.4%, p = 0.006) <> 1.47 (0.81, 2.66)
COPD
Cao 2004 44 68 COPDbronchiectass ——e— 2.96 (0.60, 14.56)
Montero (b) 2010 345 532 corPD e o 1.29 (0.85, 1.95)
Ohmagard 2005 18 3% COoPD 25.00 (1.30, 480.81)
Pena 2012 43 95 COPD morbidity o — 2.81(0.96,8.19)
Subtotal (-squared =49.9%, p =0.112) _ 227 (1.00,5.17)
Hospital stay
Eagye (a) 2009 58 125 More prior admissions (12 months) - 1.41(1.15,1.73)
Montero (b) 2010 113 B3 Previous hospitalization >= 3 (tlime NR) S—— 2.87(1.53,5.38)
Montero (b) 2010 59 112 Previous hospitalization=1 (time NR) f—— 157 (0.87,254)
Montero (b) 2010 54 54 Previous hospitalization=2 (time NR) —— 286 (1.53, 5.35)
Subtotal (-squared = 62.8%, p = 0.045) < 1.90 (1.31, 2.76)
-
’ Quinolones ‘
Cao 2004 44 88 Fluoroquinolones use (15 daysbefore PA islation) =t 2.75(0.81, 12.39)
Montero (b) 2010 345 532 Prior Quinolones (time NR) ———— 15.25 (3.01,77.28)
Pena 2012 43 95 Prior flucroquinolone (90 days before PA isolation) | — 2.80(1.02,7.69)
Subtotal (l-squared = 39.9%, p = 0.189) - 434 (159, 11.87)
Carbapenem
Cao 2004 44 68 Imipenem/meropenem use (15 daysbefore PA isolation) —e— 44,80 (9.16, 219.05)
Montero (b) 2010 345 532 Carbapenems (time NR) —— 353 (167,748)
Ohmagari 2005 18 36 Carbapenem use >= 7 days ——— 23.80 (3.45, 164.23)
Subtotal (--squared = 78.9%, p =0.007) —_— 13,68 (2.28, 82.07)
| I UL I I |
5 1 2 5 10 60 200 500
Increased Risk for MDR PA
Fig. 3 Forest plot of risk factors for MDR versus susceptible P. aeruginosa acquisition. APACHE Il = Acute Physiology And Chronic Health
Evaluation II; CI = confidence interval; COPD = Chronic obstructive pulmonary disease; NR = Not Reported; OR = Odds Ratio; PA = P. aeruginosa
. J/
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Antimicrobial combination treatment including ciprofloxacin
decreased the mortality rate of Pseudomonas aeruginosa
bacteraemia: a retrospective cohort study

M. Paulsson'(® - A. Granrot® - J. Ahl? - J. Tham? - F. Resman '~ « K. Riesbeck' -

F. Mansson’

All cases of P. aeruginosa bacteraemia (n = 292)
in southwest Skane County, Sweden (years
2005-2010, adult population 361,112) and the
whole county (2011-2012, 966,130) were
identified. Available medical and microbiological
records for persons aged 18 years or more were
reviewed (n = 235)

Ciprofloxacin combination - bacteremia

Table 3  The antimicrobial treatment choice influences 30-day mortality

Cefotaxime or cefuroxime
Benzylpenicillin

Imipenem or meropenem
Piperacillin-tazobactam
Ciprofloxacin

Combination including tobramycin
Any other combination

No empirical antibiotic treatment

Adequate antipseudomonal treatment

Cefotaxime or cefuroxime
Imipenem or meropenem
Piperacillin-tazobactam
Ceftazidime

Ciprofloxacin, monotherapy

30-Day mortality, empirical treatment (17 =219)

n Died (%) OR (95%)

100 23(23.0) 1.06 (0.56-2.00)
8 4 (50.0) 3.51 (0.85-14.42)
34 50147 0.55 (0.20-1.51)
37 7(189) 0.78 (0.32-1.90)
11 1(9.1) 0.33 (0.04-2.64)
40 10(25.0) 1.20 (0.54-2.66)
39 6(154) 0.58 (0.23-1.48)
15 8(533) 4,52 (1.55-13.20)
104 16(154) 0.45 (0.23-0.88)

30-Day mortality, definitive treatment (n=203)
n Died (%) OR (95% CI)

10 4 (40.0) 3.93(1.04-14.81)
43 5(11.6) 0.65(0.23-1.80)
67 11 (16.4) 1.05 (0.47-2.32)
21 1(4.8) 0.24 (0.03-1.88)
25 2 (8.0) 0.43(0.10-1.92)

e T PN TR RTINS )

Combination including tobramycin
Adequate antipseudomonal treatment

0.65 (0.21-1.97)
0.17 (0.07-0.41)

35 4(11.4)
174 20(11.5)

p-value  adj. OR (95% CI) adj. p-value
0.87 0.68 (0.31-1.49) 0.34

0.08 3.09(0.52-18.38) 022

0.25 0.84 (0.23-3.12) 0.79

0.58 0.61 (0.20-1.89) 0.39

0.30 0.57 (0.06-5.56) 0.63

0.66 1.10(0.39-3.11) 0.85

0.30 0.40(0.13-1.27) 0.12

0.007 5.84 (1.43-23.84) 0.01

0.02 0.37 (0.16-0.89) 0.03
p-value  adj. OR (95% CI) adj. p-value
0.043 5.59(0.94-33.35) 0.06

041 1.26 (0.35-4.49) 0.73

1.00 1.07 (0.40-2.87) 0.89

0.18 0.19(0.02-1.91) 0.16

0.27 0.32 (0.06-1.83) 0.20

0.44 1.23(0.31-491) 0.77
=0.001 0.17 (0.05-0.62) 0.007

The effect of empiric and definitive antimicrobial treatment on 30-day mortality. Correlations to 30-day mortality presented as odds ratio (OR) with 95%
confidence interval (95% CI) and p-values. The multivariable model contained age, sex, lung disease, vascular graft, peripheral vascular disease, chemotherapy
in the last 6 months, metastasis, haematological disease, diabetes mellitus and neurological paresis, coinfections, treatment in the intensive care unit, tracheal
intubation and urinary catheter. Significant adjusted p-values are in bold. Treatment regimens given to less than five patients are not shown in this table

Eur J Clin Microbiol Infect Dis (2017) 36:1187-1196
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Table 4

In vitro synergy of antibiotic combinations against Pseudomonas aeruginosa assessed by pharmacokinetic/pharmacodynamic (PK/PD) and
time-kill (TK) studies

Antibiotic regimen Assay Mo. of strains  NMo. of studies  Mo. of tests  ES 95% Cl Synergy rate
Ceftazidime/avibactam + amikacin PK/PD 3 1 1 0.33  0.06-0.79 Low

olistin + doripenem 2 6 . .03-1. oderate
Imipenem + amikacin PK/PD 1 1 2 1.00 0.21-1.00 High
Ceftolozane/tazobactam + colistin TK 4 1 1 0.50  0.15-0.85  Moderate
Ceftolozane/tazobactam + aztreonam  TK 4 1 1 0.00  0.00-049 Mo synergy
Ceftolozane/tazobactam + amikacin TK 4 1 1 0.00  0.00-0.49  No syner
Colistin + imipenem TK 2 1 2 0.67 0.08-1.00 Moderate
Colistin + meropenem TE 7 1 4 0.43 0.16-0.75 Moderate

' ikacin 1K 87 4 Z 035 0230
Imipenem + tobramycin TK 2 1 8 Moderate
ikaci TK 63 2 1

ES, effect size; Cl, confidence interval.

MNOTE: Pooled synergy or antagonism rate was defined based on the ES as follows: high, ES = 0.75; moderate, 0.35 = ES = 0.75; low, ES =
0.35; and absence of synergy, ES = 0. Positive trends were reported for synergistic combination regimens showing no significant 95% Cl.
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Network meta-analysis
could not be performed for
any of the selected
outcome given the
presence of too many
disconnected components
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)
e 2
& dp‘ (,'(\'*"i’:a «‘\’\‘$ o
Patients Vo 0
P C AT AR o

5
Undefined [SISEBEI 1,364 12,585 1,806 m

Single-antibiotic regimen

Aminoglycoside 174 39 96 39
BLBLIs 46 46
Carbapenem 97 97
Cefepime 88 88
Ceftazidime/avibactam 120 107 13
Ceftolozane/tazobactam 12 12

Fosfomycin 8 8
Meropenem g

Sulbactam 142 142
TMP-SMX 12 12
Tetracycline 21 21
416 221 179 16

Dual-antibiotic regimen

Aminoglycoside + Carbapenem 37 37
Aminoglycoside + Fosfomycin 11 11
Aminoglycoside + Polymyxin 42 42
Aminoglycoside + Sulbactam 8 8
Aminoglycoside + Tetracycline 20 20
Aminoglycoside + line 73 13 60
BLBLIs + Polymyxin 27 17 10
BLBLIs + Cefepime 24 24
Carbapenem + Ertapenem 73 73
o=
! Polvmyxin 134 50 36 J
—

Carbapenem + Rifampin
Carbapenem + Sulbactam = 180 180

Carbapenem + Tig . 48 28 20

Fosfomycin + Polymyxin 5 5

Fosfomycin + y 22 22
+ Polymyxin = 71 29 42

Polymyxin + Rifampin 12467 11246
nyxin + Sulbactam | 153" ' 153
olymyxin + Tetracycline 7 7
yxin + ‘ 210 88 103 19

Pol

Triple-antibiotic regimel

Aminoglycoside + Carbapenem + el 9 9
Aminoglycoside + Fosfomycin + =20 -
Aminoglycoside + Polymyxin + 6 6
Carbapenem + Ertapenem + Polymyxin [ 14 14
Carbapenem + Fosfomycin + Polymyxin [[I2SHN
Carbapenem + Fosfomycin + line 8 8
Carbapenem + + Polymyxin 4 4
Carbapenem + Polymyxin + Rifampin [ISSEN il
Carbapenem + Polymyxin + Tigecycline || IR [
Carbapenem + Polymyxin + ycline S 15
Polymyxin 4 Rifampin + ecycl Jus: i & |

Fig. 1 Antibiotic regimens assessed in the included studies stratified by bacterial phenotype and number of patients. Legend: The antibiotics
belonging to same classes are grouped. Carbapenem classes includes Group A carbapenem (doripenem, imipenem, meropenem). Tigecycline is
the only agent belongs to the class of glycyclyine. Sulbactam was grouped separately for Acinetobacter. The computation of patients referred to
the outcome mortality (or clinical cure, if mortality was not reported by the individual study). In case of multiple outcomes, the number of

patients for each antibiotic regimen was computed for only one outcome. BLBLIs: beta lactam-beta lactam inhibitors

Savoldi et al. BMC Infectious Diseases (2021) 21:545
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Polymyxin B in Combination with Antimicrobials Lacking In Vitro
Activity versus Polymyxin B in Monotherapy in Critically Ill Patients
with Acinetobacter baumannii or Pseudomonas aeruginosa Infections

Maria Helena Rigatto,® Fabiane J. Vieira,” Laura C. Antochevis,” Taina F. Behle,® Natane T. Lopes,? Alexandre P. Zavascki®®
Infectious Diseases Service, Hospital Sao Lucas da Pontificia Universidade Catdlica do Rio Grande do Sul, Porta Alegre, Brazil*; School of Pharmaceutical Sciences,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil®; Infectious Diseases Service, Hospital de Clinicas de Porto Alegre, Porto Alegre, Brazil; Medical Schoal,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil®; Department of Internal Medicine, Medical School, Universidade Federal do Rio Grande do Sul, Porto

a retrospective analysis of a cohort
TABLE 3 Cox proportional hazards regression model for 30-day StUdy at two tertiary—ca re teaching
mortality" hospitals in Porto Alegre, Brazil
Variable HR"  95% CI* P value
{Combination therapy 0.33  0.17-0.64  0.001 J 8/101
APACHE Il score at polymyxin B initiation  1.06  1.02-1.10  0.005
Creatinine clearance of =60 ml/min 0.42  0.22-0.81  0.009
Polymicrobial infection 2.01 1.01-4.0 0.05

? Inclusion of the time to initiate therapy (P = (.33) and the propensity score (P =
0.36) in the model did not change the results of the other variables. The propensity

score for prescribing combination therapy included polymicrobial infection, the combination of po|ymyxin B with an antimicrobial |acking in vitro
Acinetobacter baumannii infections, connective tissue disease, and polymyxin B daily activity main|y one of the carbapenems was able to significantly and
importantly decrease the risk of mortality in critically ill patients infected
by XDR A. baumannii or P. aeruginosa

dose in a logistic regression model using a parsimonious backward stepwise method
{Hosmer-Lemeshow goodness-of-fit test: ¥ = 5.182; P = 0.64). Body mass index,
Acinetobacter baumannii infections, lymphoproliferative disease, Charlson score,
polymyxin B dose (Table 2), and connective tissue disease (Table 1) were also evaluated
in the model but did not remain because their P values were greater than 0.10.

" HR, hazard ratio.

€ CI, confidence interval.

Antimicrob Agents Chemother 2015;59:6575-6580
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October 2000 to May 2005, retrospective cohort study, Greece

Table 2
Outcome of infection due to different pathogens, according to the specific therapeuric regimen received.
Pathogen Infection outcome Regimen
COL monot herapy® COL+ MER® COL+PIFTAZ CIOL+ 5AB COL+other agenits® All regimens
Acinetobacter baumannii Cure [N (£)] 2023 (R7.0) 94118 (83.49) 46 (B67.7) Bj11(72.7) 7012 (58.3) 138170 (B1.2)
Deterioration [n/N ()] 323 (13.0)° 19118 (16.1) 2/6(333) 311 (27.3) 5112 (41.7) 32/170 [ 18.8)
[F‘sem]'q}mmms aeriginosa Cure [mfN (£)] 9/12 (75.0) 2428 (85.7) 610 (5] 11 1117 [64.7) 5168 [ 75.0)
Deterioration [n/N [E]] 3112 (25.0) 4128 (14.3) 410 [ 4] /1 6/17 (25.3) 1768 (25.0)
Kilebsiella preumondoe Cure [N (E)] [i] 11/15(73.3) 11 - 12 15/18 (83.3)
Deterioration [afN (%] 0 4/15 (26.7) 01 - 12 5/18 (27 8)
All pathogens Cure [N (E)] 3036 (B3.3) 135/162 (B3.3)" 11017 (647} 9112 (750 19731 (61.3) 204258 (79.1)
Deterioration [afN (%] 636 (167 ) 27182 (16.7)H 617 (35.3) 312 (25.0) 12/31 (38.7) 54/258 (20.9)

COL, colistin: MER, meropenem; MPTAZ, piperacillin/tazobactam; SAM, ampicillin/sulbactam.

Relative comparisons for infections caused by P geniginesa and K. prewmonige were not meaningful because of the small number of cases.
4 Stavistically significant differences between groups of patients—COL monotherapy vs. COL « PIFTAZ or COL + SAM or COL + other agents: *P= 00076 [ not significant) for infections caused by A bapmanendd; **P=0005 for infectons

caused by all pathogens.

B Statistically significant differences berween groups of patients—C0L+ MER vs. COL + PIFfTAZL or COL + SAM or COL+other agents: 'P*= 00026 for infections caused by A. baumannii; 7 P = 00003 for infections caused by all pathogens.
¢ Other agents included aminoglycosides (11 patients), imipenem (10 patients), cephalosporins (7 patients), aztrecnam {2 patients) and ciprofloxacin (1 patient].

International Journal of Antimicrobial Agents 35 (2010) 194-199
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Colistin alone versus colistin plus meropenem for treatment @ ()
of severe infections caused by carbapenem-resistant
Gram-negative bacteria: an open-label, randomised

controlled trial

Mical Paul, George L Daikos, Emanuele Durante-Mangoni, Dafna Yahav, Yehuda Carmeli, Yael Dishon Benattar, Anna Skiada, Roberto Andini,

Noa Eliakim-Raz, Amir Nutman, Oren Zusman, Anastasia Antoniadou, Pia Clara Pafundi, Amos Adler, Yaakov Dickstein, loannis Pavleas,

Rosa Zampino, Vered Daitch, Roni Bitterman, Hiba Zayyad, Fidi Koppel, Inbar Levi, Tanya Babich, Lena E Friberg, Johan W Mouton,
Ursula Theuretzbacher, Leonard Leibovici

100 Colistin
—l—l— — Colistin plus meropenem
]:’—|_‘ + Colistin censored
204 + Colistin plus meropenem censored
#F
= —
T 60 I =
g '__|:
£
5
E
=
(W]
204
Log-rank p=0-66
0 T T T T T T 1
0 4 8 12 16 20 24 28
Number at risk Time after randomisation (days)
Colistin 197 175 149 138 132 124 118 111
Colistin-meropenem 207 174 153 144 136 127 118 116

Figure 2: Survival analysis to day 28 after randomisation

Lancet Infect Dis 2018; 18: 391-400

Colistin Colistin Risk ratio (95% CI)  p value
and meropenem for outcome with
combination

Per protocol population®
n 169 185
Clinical failure 129 (76%) 131 (71%) 0-92 (0-82-1.05) 0-220
28-day mortality 69 (41%) 75 (41%) 0-97 (0-76-1.25) 0-840
14-day mortality 48 (28%) 53(29%) 1-00 (0-72-1-39) 0992
Inappropriate empirical antibiotic treatmentf
n 92 105
Clinical failure 74 (80%) 76(72%) 0-91 (0.78-1.07) 0-254
28-day mortality 40(43%) 44 (42%) 0-98 (0-71-1-36) 0-910
14-day mortality 34(37%) 2B(27%) 0-74 (0-49-1-13) 0166

Bloodstream infection, ventilator-associated pneumonia, or hospital-acquired pneumonia

n 173 182 - -
Clinical failure 141 (82%) 133 (73%) 0-9 (0-8-1.004) 0-059
28-day martality 77 (45%) 81(45%) 0-99 (0-79-1-25) 0:931
14-day mortality 55(328%) 60(33%) 1-04 (0-78-1-38) 0-804
Main pathogen
n 198 208
Clinical failure

Acinetobacter baumannii 125 (83%), n=151 130 (81%), n=161 0-97 (0-87-1.09) 0-643

078 (0-54-113) 0185
0-81(036-184) 0673

1-11 (0-87-1-41) 0-404

Enterobacteriaceaet

Pseudomonas
or others§

28-day mortality

23(68%), n=34
B (620, n=13

18 (46%), n=39
—
4(50%), n=8

A baumannii 70(46%), n=151 84 (52%), n=161

Psevdomonas or others

2 (25%), n=8

4(31), n=13 0-81 (0-19-3-47) 1.0
-

14-day mortality

A baumannii 54 (36%), n=151 62(39%), n=161 1-11(0-82-1.52) 0-495
Enterobacteriaceae 6(18%), n=34 6(15%), n=39 0-90 (0-32-2.51) 0-838
Pseudomonas or others 4(31%), n=13 2(25%), n=8 0-81 (0-19-3-47) 1.0

nvalues indicated for outcomes assessed in a specific patient subgroup. *Surviving 48 h and no modification in the
first 5 days after randomisation. tNo covering treatment until day 3 after culture taken. Appropriate empirical
antibiotic treatment consisted of colistin in all but nine patients who received aminoglycosides (three patients),
co-trimoxazole, tigecycline, ampicillin-sulbactam, minocycline, gentamicin plus chloramphenicol and gentamicin plus
tigecycline (one patient each). #Includes polymicrobial infections in which at least one of the carbapenem-resistant
Gram-negative bacteria were Enterobacteriaceae; 66 of 72 patients had Klebsiella pneumoniae infections. Sincludes
Pseudomonas aeruginosa and A baumannii polymicrobial infections; 19 of 21 patients had P aeruginosa infections.
Unstratified analysis due to small numbers.

Table 4: Subgroup analyses

Colistin based

A randomised controlled
superiority trial

six hospitals in Israel,
Greece, and lItaly

Oct 1, 2013, and Dec 31,
2016
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Figure 5. Risk ratios for clinical cure rates of case series and cohort studies stratified by different bacteria.
o1 o1 1 o 10 Combination therapy with at least two in vitro active substances. Data markers indicate Risk ratios and error
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Figure 3. Risk ratios for mortality rates of case series and cohort studies stratified by different bacteria. 1 11 ( ) .
Combination therapy with at least two in vitro active substances. Data markers indicate RRs and error bars S cien t I fl C Re p @) rts 2 O 1 9 9 . 1 5 2 9 O

indicate 95% Cls.



XVII. Should Monotherapy or Combination Therapy Be Used to Treat
Patients With HAP/VAP Due to P. aeruginosa?

Recommendations

1. For patients with HAP/VAP due to P. aeruginosa who are
not in septic shock or at a high risk for death, and for

whom the results of antibiotic susceptibility testing are

known, we recommend monotherapy using an antibiotic to
which the isolate is susceptible rather than combination ther-

apy (strong recommendation, low-quality evidence).

2. For patients with HAP/VAP due to P. aeruginosa who re-
main in septic shock or at a high risk for death when the re-
sults of antibiotic susceptibility testing are known, we suggest
combination therapy using 2 antibiotics to which the isolate
is susceptible rather than monotherapy (weak recommenda-
tion, very low-quality evidence).

3. For patients with HAP/VAP due to P. aeruginosa, we recom-
mend against aminoglycoside monotherapy| (strong recom-
mendation, very low-quality evidence).

Remarks: High risk of death in the meta-regression analysis
was defined as mortality risk >25%; low risk of death is defined
as mortality risk <15%. For a patient whose septic shock
resolves when antimicrobial sensitivities are known, continued

combination therapy is not recommended Management of Adults With HAP/VAP; ATS/IDSA guideline 2016



Novel beta lactam

Table 1 Initial treatment of Pseudomonas aeruginosa pneumonia®

Novel beta lactams One of the following

Ceftazidime IV22gQ8-12h

Cefepime IV1-2gQ8h
Piperacillin-tazobactam IV45gQ6h

Meropenem IV2gQ8h

Imipenem IV500mgQ6horl gQ8h
Aztreonam” IV2gevery8h

Plus one of the following if treating with combination therapy

Tobramycin IV 7 mg/kg od”
Gentamicin IV 7 mg/kg od”
Levofloxacin IV or PO 750 mg od
Ciprofloxacin IV or PO 400 mg od
Amikacin IV 20 mg/kg od®
¢/ Antimicrobial options for MDR-P. aeruginosa pneumonia )
Ceftolozane-tazobactam IV3gQ8h
Ceftazidime-avibactam IV25gQ8h
Imipenem-cilastatin-relebactam IV125gQ6h
AIthOUgh a newer b-lactam may be L Cefiderocol IV2gQ6-8h )

considered for empiric treatment of , ‘ : :
MDR-PSA in some cases, these agents i:fclrr;travcnﬂus. MDR multi-drug resistant, od once daily, PO oral, Q
remain Iargely omitted from treatment “Dosages recommended based on normal renal and hepatic function
g u Ide| | nes. hT}fpicall}f reserved for patients with beta-lactam allergy

“Dose should be adjusted for serum trough concentration < 1 pg/mL

“Dose should be adjusted for serum trough concentration < 5 pg/mL

Drugs (2021) 81:2117-2131
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AIDSA
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Ceftolozane/Tazobactam vs Polymyxin or
Aminoglycoside-based Regimens for the Treatment of
Drug-resistant Pseudomonas aeruginosa

Jason M. Pugue,‘ Keith S. I(ii\m,2 Michael P. Veve,® Twisha S. Patel,* Anthony T. Gerlach,” Susan L. Davis,” Laura A Puzniak,’ Tom M. File,® Shannon Olson,’
Sorabh Dhar," Robert A. Bonomo,'" and Federico Perez'!

'Department of Clinical Pharmacy, University of Michigan College of Pharmacy, and “Division of Infectious Diseases, University of Michigan Medical School, Ann Arbor, Michigan; *Department of Clinical
Pharmacy and Translational Science, University of Tennessee College of Pharmacy, Nashville, Tennessee; ‘Department of Pharmacy Services, Michigan Medicine, Ann Arbor, Michigan; *Department of
Pharmacy Services, the Ohio State University Wexner Medical Center, Columbus, Ohio; “Department of Pharmacy, Henry Ford Hospital, Ann Arbor, Michigan; College of Pharmacy and Health Sciences,
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of Pharmacy, Sinai Grace Hospital; Detroit Medical Center, Detroit, Michigan and "Dapartment of Internal Medicine, Detroit Medical Center, Wayne State University School of Medicine, Michigan; and
"Division of Infectious Diseases and HIV Medicine, Louis Stokes Cleveland VA Medical Center, Case Westem Reserve University School of Medicine, Cleveland, Ohio

Retrospective, observational cohort study performed at 6 centers in USA
from 1 January 2010 through 30 May 2018

Table 3. Comparative clinical outcomes between Ceftolozane/Tazobactam and Polymyxin or Aminoglycoside treated patients

Ceftolozane/ Polymyxin/Aminoglycoside Odds Ratio Adjusted Odds
Outcome Tazobactam (N = 100) (N = 100} PValue {95% Cl) Ratio® (95% Cl)
[Clinical cure 81 61 002 2.72 (143-5.17) 2.63 (1.31-5.30) ]
In-hospital mortality 20 25 40 0.75 (0.38-1.46) 0.62 (.30-1.28)
Acute kidney injury 6 34 <.001 0.12 (0.05-0.31) 0.08 (.03-22)

Clinical Infectious Diseases 2020;71(2):304-10

Novel beta lactam

Table 2. Infection and Treatment-related Characteristics

Ceftolozane/ Polbyrmysing
Tezobhectarmn Aminoghycoside
Cowariate M = 100) (M =100 P\alue
Severity of illness and infection-related variables
ntensive care unit &t infection 70 68 6
onset
Mo sepsis 14 1 &7
Sepsis 48 43 57
Sewere sepsis 15 23 ey |
Septic shook 3 23 1.00
Severe sepsis or septic shock 38 46 22
‘asopressors during therapy 30 34 54
SOFA (sequential organ failure B {6100 8 (510} .48
assessment} score” in = 54)° (n =63
Polymicrobiel infection 40 46 .38
‘entilatorassociated pneumonia 52 g1 1
Hospital-acquired pneumania 12 24 .04
Urinary tract [ n A1
‘Wound 13 ] 36
Crthier 7 &
Presence of bacteramia 1 a .58
Treatment-related varisbles
Infectious diseases consult 100 92 00
Time to active therapy (hours)® 555 (23-80.25) 435 (42-72.3) .10
Time to study drug (hours)* 63.5 45392 533 (583 .08
l Caombination theragy 15 12 q.E-Cﬂ]
Aminoghcoside i} 2
Pohyrryxin (] 2
Ciproflosecin 3 G
Meropenam o 38
Cefepime i} a8
Ceftazidime i 2
Fiperecillin/Tazobactam i} g
Aztrecnam o 2
Inhaled colistin a9 1
Inhaled aminoghycoside 3 4
In vitro activity of combination agent
Susceptible 15 24
Intermediate i} 17
Resistant i} 3
Duration of therapy (days)® 9.5 (7-14) 9 (5-14) A7

‘Median fmterquartie range), ctherwise data are presented as n and percent 2s no= 100
*Mumber of patients where all vanables were available fo calculste SOFA score.
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Infectious Diseases Society of America Guidance on the
Treatment of Extended-Spectrum [-lactamase Producing
Enterobacterales (ESBL-E), Carbapenem-Resistant
Enterobacterales (CRE), and Pseudomonas aeruginosa with
Difhcult-to-Treat Resistance

(DTR-P. aeruginosa)

Pranita D. Tamma,' Samuel L. Aitken,? Robert A. Bonomo,’ Amy J. Mathers,’ David van Duin, and Cornelius J. Clancy®

'Department of Pediatrics, Johns Hopkins University School of Medicine, Baltimore, Maryland, USA, Division of Pharmacy, The University of Texas MD Anderson Cancer Center, Houston, Texas,
USA, *Medical Service, Louis Stokes Cleveland Department of Veterans Affairs Medical Center, University Hospitals Cleveland Medical Center and Departments of Medicine, Pharmacology,
Molecular Biology, and Microbiolagy, Case Western Reserve University, Cleveland, Ohio, USA, “Departments of Medicine and Pathology, University of Virginia, Charlottesville, Virginia, USA,
“Department of Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina, USA, and *Department of Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Question 3: What are preferred antibiotics for the treat- Question 4: What is the role of combination antibiotic therapy
ment of infections outside of the urinary tract caused by for the treatment of infections caused by DTR-P. aeruginosa?
DTR-F. aeruginosa? Rﬁmmmﬁndaﬁon:Pambination antibiotic therapy is not rou

Recommendation: |Ceftolozane-tazobactam| ceftazidime- tinely recnmmended]fur infections caused by DTR-P. aeruginosa
avibactam, and imipenem-cilastatin-relebactam as |mono- if in vitro susceptibility to a first-line antibiotic (ie, ceftolozane-
therapy| are the preferred treatment options for the tazobactam, ceftazidime-avibactam, or imipenem-cilastatin-

treatment of infections outside of the urinary tract caused by relebactam) has been confirmed

DTR-P. aeruginosa.
cid 2021:72 (1 April)



Guidelines

European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) guidelines for the
treatment of infections caused by multidrug-
resistant Gram-negative bacilli (endorsed by
European society of intensive care medicine)

Mical Paul '+ 2 §, Elena Carrara & §1 Pilar Retamar % 51 Thomas Téngdén 6‘ Roni Bitterman - 2, Robert A.
Bonomo " % 9, Jan de Waele 1%, George L. Daikos 1", Murat Akova '2, Stephan Harbarth '3, Celine Pulcini
14, 15: José Garnacho-Montero 16, Katja Seme 17, Mario Tumbarello 181 Paul Christoffer Lindemann 19‘
Sumanth Gandra 29, Yunsong Yu 2" 22: 23 Matteo Bassetti 2 2° ... Jests Rodriguez-Baio * % §

3. Carbapenem-resistant Pseudomonas aeruginosa
Question 3.1: What 1s the antibiotic of choice for CRPA

Recommendations

« In patients with severe infections Hue to DTR-CRPA. we suggest
therapy with{ceftolozane-tazobactam|if active in vitro (condi-
tional recommendation for use, very low certainty of

evidence). Insufficient evidence 1s available for imipenem-rel-
ebactam, cefiderocol and ceftazidime-avibactam at this time.

o In patients with{non-severe or low-risk CRPA mfeclionsl under
the consideration of antibiotic stewardship, we consider it good
clinical practice to fuse the old annbioticy, chosen from among
the in vitro active antibiotics on an individual basis and ac-
cording to the source of infection (good practice statement ).

Question 3.2: Should combination therapy be used for the treatment
of CRPA?

Recommendations

o Lacking evidence, we cannot recommend for or against the use
of combination therapy with the new BLBLI (ceftazidime-avi-
bactam and ceftolozane-tazobactam) or cefiderocol for CRPA
infections.

e When treating |scvcrc mfocuonj caused by CRPA with poly-
myxins, aminoglycosides. or tostomycin, we suggest treatment
witﬂ two in vitro active drugsl(condltlonal recommendation

for use, very low certainty of evidence). No recommendation

for or against spe be provided.
¢ In patients with [non-severe infections Jor low-risk CRPA in-
fections, under the consideration of an lmm.]hip. we

consider it good clinical practice to usel monotherapy]chosen
from among the drugs active in vitro, on an individual basis and
according to the source of infection (good practice statement).

Review of the evidence
Similar to the choice of monotherapy, there is a paucity of data
on combination therapy for DTR-CRPA.

Clinical microbiology and infection 28 (2022) 521-547



Summary

* Pseudomonas 15-20%, Resistance increasing (MDR up to 40%)
« DST based definite therapy

« Remain septic shock or high risk for death — double (when emergent
resistance is high and bacteremia in high risk)

« Without risk — single
 Non MDR: based on DST
« Aminoglycoside mono x

* No need to choose carbapenem if other b-lactam is possible

« MDR: based on DST
« Colistin (combination in severe case?), ceftolozane/tazobactam?



Key Question

For patients with pseudomonas infection after confirming the
culture result, should be considered for combination antibiotics?

>There is no definite evidence to choose a combination therapy in non
severe non MDR pseudomonas pneumonia

->New beta lactam may decrease the practical use of colistin based
combination therapy for MDR pseudomonas pneumonia
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