Journal of
J Antimicrob Chemother 2024; 79: 2846-2853 AntlmlcrOblal

https://doi.org/10.1093/jac/dkae296 Advance Access publication 3 September 2024 ChemOtheery

Impact of adequate empirical combination therapy on mortality in
septic shock due to Pseudomonas aeruginosa bloodstream infections:
a multicentre retrospective cohort study

Antonio Vena'***f, Michela Schenonet, Silvia Corcione ( 3“t, Maddalena Giannella>®, Renato Pascale®®,
Daniele Roberto Giacobbe (® '3, Marco Muccio?, Simone Mornese Pinna3, Bianca Pari3, Francesca Giovannenze’,
Nicholas Geremia®, Malgorzata Mikulska @ 2, Eleonora Taddei’, Flavio Sangiorgi®, Davide Fiore Bavaro!®12,

Vincenzo Scaglione’?, Veronica Vassia (» ***°, Marco Merli*®, Michele Bartoletti*®'?, Pierluigi Viale*®,
Francesco Giuseppe De Rosa () ® and Matteo Bassetti'%; on behalf of SITA GIOVANI (Young Investigators Group
of the Societa Italiana Terapia Antinfettiva)}

IDepartment of Health Sciences (DISSAL), University of Genoa, Genoa, Italy; “Clinica Malattie Infettive, IRCCS San Martino polyclinic
Hospital, Genoa, Italy; *Department of Medical Sciences, Infectious Diseases, University of Turin, Turin, Italy; “Department of Infectious
Diseases, Tufts University School of Medicine, Boston, MA, USA; ®Infectious Diseases Unit, IRCCS—Sant’Orsola Polyclinic, Bologna, Italy;
®Department of Medical and Surgical Sciences, University of Bologna, Bologna, Italy; ‘Department of Laboratory and Infectious Sciences,
IRCCS A. Gemelli University polyclinic Foundation, Rome, Italy; ®Unit of Infectious Diseases, Department of Clinical Medicine, Dell’Angelo

Hospital, Venice, Italy; °Department of Security and Bioethics—Infectious Diseases Section, Catholic University of the Sacred Heart,

Rome, Italy; JODepartment of Biomedical Sciences, Humanitas University, Milan, Italy; Hnfectious Disease Unit, IRCCS Humanitas
Research Hospital, Rozzano, Milan, Italy; **Clinic of Infectious Diseases, Department of Precision and Regenerative Medicine and Ionian
Area), University of Bari ‘Aldo Moro’, Bari, Italy; **Infectious and Tropical Diseases Unit, Padua University Hospital, Padua, Italy;
Infectious and Tropical Disease Unit, Mauriziano Umberto I Hospital, Turin, Italy; **Infectious and Tropical Disease Unit, Civile Hospital,
Ivreq, Italy; *®Department of Infectious Diseases, ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy

*Corresponding author. E-mail: anton.vena@gmail.com
tAntonio Vena, Michela Schenone and Silvia Corcione are equal contributors.
tMembers are listed in the Acknowledgements section.

Received 27 March 2024; accepted 4 August 2024

Objectives: To determine the association of adequate empirical combination therapy (AECT) with 30-day
all-cause mortality in patients with septic shock due to Pseudomonas aeruginosa bloodstream infections (BSI).

Methods: This multicentre, retrospective cohort study analysed data from 14 public hospitals in Italy, including
all consecutive adult patients admitted during 2021-2022 with septic shock due to P. aeruginosa BSI. We com-
pared the outcomes of patients receiving AECT to those on adequate empirical monotherapy (AEMT) using Cox
regression analyses.

Results: Of the 98 patients who received adequate empirical antibiotic treatment for septic shock due to
P. aeruginosa BSI, 24 underwent AECT and 74 were given AEMT. AECT was associated with a lower 30-day
all-cause mortality (25%, six out of 24) compared to AEMT (56.8%, 42 out of 74; P=0.007). Multivariate Cox re-
gression analysis indicated AECT as the only factor significantly associated with improved survival (aHR 0.30;
95% CI 0.12-0.71; P=0.006). By contrast, the use of monotherapy or combination therapy in the definitive
regimen did not influence mortality (aHR 0.73; 95% CI 0.25-2.14; P=0.568).

Conclusions: AECT may be associated with reduced mortality compared to monotherapy in septic shock
patients due to P. aeruginosa BSI. However, the administration of definitive adequate monotherapy or combin-
ation therapy yields similar outcomes, suggesting that once susceptibility is documented, switching to a single
active in vitro drug is safe and feasible. Further studies are recommended to validate these findings.

© The Author(s) 2024. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. All rights reserved. For
commercial re-use, please contact reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained
through our RightsLink service via the Permissions link on the article page on our site—for further information please contact
Jjournals.permissions@oup.com.
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Introduction

Septic shock is a significant complication in patients with
Pseudomonas aeruginosa bloodstream infections (BSI) because
of its devastating consequences.' >

For patients with known or suspected septic shock caused
by P. aeruginosa, the most recent guidelines weakly recommend
empirical combination therapy (i.e. administering at least
two antibiotics from different antimicrobial classes to target
P. aeruginosa) based on low-quality evidence.*® This strategy
aims to increase the likelihood that the infecting pathogen is in
vitro susceptible to at least one of the combined antibiotics and
to reduce the emergence of resistant P. aeruginosa strains.” !

Another potential advantage suggested by some authors is
the beneficial effect on mortality when patients empirically re-
ceive two in vitro active antibiotic therapies compared to mono-
therapy. However, information on this aspect is scarce and
conflicting, with some studies failing to demonstrate a positive
impact on the survival of patients treated with appropriate em-
pirical combination therapy, which is not without drawbacks
such as toxicity and increased costs.'? ¢

Furthermore, no studies have specifically focused on septic
shock patients, a population at high risk of adverse outcomes,
who may purportedly benefit the most from adequate empirical
combination therapy (AECT).?! The objective of the present study
was to evaluate the influence of AECT versus monotherapy on
the 30-day all-cause mortality in patients experiencing septic
shock due to P. aeruginosa BSI.

Materials and methods
Ethics

The study was approved by the institutional review board of the coordin-
ating centre (Comitato Etico interaziendale, City of Health and Sciences,
Turin, pratica no. 202/2023, PROT.N. 0066633) and was in accordance
with the declaration of Helsinki. Informed consent was deemed unneces-
sary due to the retrospective nature of the study.

Study setting and design

A multicentre, retrospective cohort study was carried out in 14 public hos-
pitals located in eight Italian regions (Liguria, Piedmont, Lombardy,
Veneto, Emilia-Romagna, Lazio, Apulia and Sicily). Further details about
the participating centres can be found in the Supplementary materials
(available as Supplementary data at JAC Online). The computerized data-
bases of microbiology laboratories at all participating centres were
searched to identify all adult inpatients with BSI caused by P. aeruginosa,
diagnosed between January 2021 and December 2022. In all centres, a
dedicated team of infectious disease specialists continuously tracks pa-
tients with BSI, from the time of positive blood cultures until death, dis-
charge or up to 30 days post-diagnosis, whichever occurs first.

Inclusion and exclusion criteria

To beincluded in the final analysis, patients with P. aeruginosa BSI, defined
as at least one peripheral blood culture testing positive for P. aeruginosa
obtained from a patient with signs and/or symptoms of infection, had to:

(i) be aged >18 years old;

(ii) develop septic shock [according to the Third International Consensus
Definition for Sepsis and Septic Shock (Sepsis-3)] within the first 24 hours
of P. aeruginosa BSI onset;??

(iii) receive an adequate empirical antibiotic therapy, defined as (a) that
administered within the first 24 hours of BSI onset; (b) before the report-
ing of the antimicrobial susceptibility testing, and (c) subsequently veri-
fied to be in vitro active against P. aeruginosa isolate.

Exclusion criteria were:

(i) polymicrobial BSI;

(i) failure to receive in vitro active empirical therapy against the
P. aeruginosa isolate;

(iii) recurrent P. aeruginosa BSI (only the first episode per patient was
included in our analysis).

Data collection

Medical charts were retrospectively reviewed according to a pre-
established protocol including the following variables: age, gender and
underlying diseases, including the Charlson comorbidity index.?®
Additional variables considered were immunosuppression (chemother-
apy, radiotherapy and/or other immunosuppressive therapy before BSI
onset), the presence of neutropenia (defined as an absolute granulocyte
count of <500/uL) and any invasive procedures the patient underwent
either during hospitalization or in the 30 days before the onset of
P. aeruginosa BSI. These included: placement of urinary catheter, central
venous catheter (CVC) or surgery. Infection related characteristics in-
cluded previous P. aeruginosa colonization within the previous 90 days;
antimicrobial susceptibility of the P. aeruginosa isolate; infection source
and adequate source control; antibiotic therapy against P. aeruginosa
and outcomes including 30-day all-cause mortality.

Variable exposure

The primary variable exposure was the number of in vitro active antibio-
tics administered as empirical antibiotic therapy. According to our study
protocol, patients were classified into two groups based on the number of
in vitro active empirical antibiotics: an AECT group that received simultan-
eously at least two active antibiotics with a different mechanism of action
against the isolated pathogen and adequate empirical monotherapy
group (AEMT) that received only one active in vitro antibiotic. If a patient
received two antipseudomonal agents, but only one was adequate, em-
pirical antibiotic therapy was considered as AEMT. Empirical aminoglyco-
side monotherapy was considered as adequate only when administered
for BSI originating from the urinary tract.*®

Endpoint

The primary endpoint was all-cause mortality within 30 days following
the first positive blood culture for P. aeruginosa.

Other definitions

Definitions for the following variables were established before data ana-
lysis. BSI onset was defined as the date of collection of the first blood cul-
ture yielding the study isolate. As for the source of BSI, diagnosis and
classification of infection were defined according to the criteria of the
US Centers for Disease Control and Prevention.? The source of BSI was di-
vided into two categories: low-risk (CVC, skin and soft tissue infections,
and urinary tract) and high risk (all other sources). Early adequate source
control was defined as the removal of pre-existing infected hardware or
drainage of an infected fluid collection thought to be the origin of the
P. aeruginosa BSI, performed within 24 hours from the BSI onset.?”
Definitive therapy was considered to be any treatment that continued
or started on the day that the antimicrobial susceptibility tests were
known by the physicians in charge of the patients. All definitive therapies
were deemed adequate based on in vitro susceptibility testing. They were
categorized as follows: (i) adequate definitive monotherapy (ADMT) when
a single active antibiotic was administered, or (ii) adequate definitive
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combination therapy (ADCT) when two active antimicrobials were
administered.

Microbiological studies

Blood cultures, organism identification and susceptibility tests were con-
ducted at each participating centre based on standard operating proce-
dures. Antimicrobial susceptibility interpretations were provided by the
local laboratories according to the EUCAST recommendations.?® The cri-
teria for categorizing P. aeruginosa as multidrug resistant (MDR), ex-
tremely drug resistant (XDR) or pandrug resistant were derived from
the standardized international definitions proposed by Magiorakos et al.?’

Statistical analysis

Demographic, clinical characteristics and outcomes for patients receiving
AECT were compared to those for patients given AEMT. Continuous
variables were presented as median with the first and third quartile
(Q1-Q3), while categorical variables were described by count and per-
centage. Categorical variables underwent comparison via the 2 test or
Fisher’s exact test, while the Wilcoxon rank sum test was employed for
continuous variables, as appropriate. The independent impact of vari-
ables on survival was assessed through both unadjusted and multivariate
adjusted hazard ratios (aHRs) using Cox proportional hazards regressions.
Variables with a Pvalue <0.1 in the unadjusted models were incorporated
into the multivariate analysis, along with the characteristics associated
with the type of adequate empirical therapy (Model A). A second multi-
variate model was built starting from the first, selecting the variables
with a backward stepwise procedure (Model B). Variables considered in
this model were incorporated in a final model that also included the cen-
tre as shared frailty (Model C). A sensitivity analysis, focused on patients
who survived the first 24 hours, was conducted in the same way. A fur-
ther multivariate Cox regression analysis was conducted considering pa-
tients who received definitive therapy. This analysis included the relevant
variable (type of adequate definitive therapy) and variables with a P<0.1
in the corresponding unadjusted analyses. For each fixed Cox model, the
proportional hazards assumption was verified and for each variable, aHRs
and their 95% confidence intervals (CIs) were determined. A P<0.05 was
deemed statistically significant, all tests were two-sided and no missing
data were present. Analyses were conducted with SPSS version 28.0.1.0
(SPSS Software, Chicago, IL, USA) and SAS software version 9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

During the 2-year study period, a total of 639 patients aged
>18 years old with P. aeruginosa BSI were detected. Overall,
119 of the 639 patients (18.6%) fulfilled the criteria for septic
shock within the first 24 h after blood culture was drawn. Eight
patients died before receiving any antibiotic therapy and 13 pa-
tients were excluded because they received inadequate empirical
therapy. Thus, 98 episodes of septic shock due to P. aeruginosa
BSI were included in the final analysis and represent the object
of the present study.

Table 1 shows demographics, clinical characteristics and out-
comes of the study population. Patients were classified according
to the empirical therapy as AECT [24 out of 98 patients (24.5%)]
and AEMT [74 out of 98 patients (75.5%)]. Among the 74 patients
who received AEMT, only two (2.7%) were treated with two drugs
simultaneously, but only one was in vitro active. Carbapenems
(35/74; 47.3%) and piperacillin-tazobactam (29/74; 39.2%)
were the most frequently used treatments in the AEMT group.
Among the 24 patients treated with AECT, meropenem and

aminoglycoside together with piperacillin-tazobactam and
aminoglycoside (5/24; 20.8% each) were the most frequent
antimicrobial combinations. Further details on antimicrobials pre-
scribed as empirical therapy are provided in the Table S1.

Thirty-day all-cause mortality according
to empirical antibiotic therapy

The 30-day all-cause mortality rate was 49.0% (48/98), with a
median hospital stay from BSI onset to death being 2.0 days
(Q1-Q3 1.0-9.5). As detailed in Table 1, the AECT group showed
a lower 30-day all-cause mortality rate in comparison to the
AEMT group [six out of 24 (25.0%) versus 42 out of 74 (56.8%),
P=0.007]. Patients receiving AECT were younger and more com-
monly had a BSI due to a MDR or XDR P. aeruginosa strain. No
other significant differences were observed between groups in
terms of underlying diseases, invasive procedures, source of BSI
and early adequate source control of the infection.

Predictors of 30-day all-cause-mortality

Unadjusted Cox analysis determined the variables associated
with 30-day all-cause mortality (Table 2). The multivariate Cox re-
gression analysis (Table 3, Model A) confirmed only a high-risk
source BSI as associated with increasing 30-day all-cause mortal-
ity (aHR 2.51; 95% CI 1.10-5.73; P=0.029). By contrast, receiving
an AECT was the only variable associated with improved survival
(aHR 0.38; 95% CI 0.15-0.95; P=0.039). An additional multivari-
ate model (Model B) performed with stepwise backward selection
procedure confirmed AECT as a protective factor from mortality
(aHR 0.32; 95% CI 0.14-0.76; P=0.010). Similar results were ob-
servedin the final model (Model C), also including centre as shared
frailty (aHR 0.30; 95% CI1 0.12-0.71; P=0.006). The results of sen-
sitivity analysis for patients who survived the first 24 hours are
available in the Table S2 and are consistent with the primary ana-
lysis. When excluding the only patient treated empirically with
aminoglycoside monotherapy for a BSI originating from the urin-
ary tract, as well as the two patients with AEMT due to the inad-
equacy of one of the two administered agents, results remained
unchanged (data not shown). Figure 1 shows the cumulative sur-
vival of septic shock patients receiving AECT compared to those on
AEMT (logrank test, P=0.009). The Kaplan-Meier survival curves,
performed after excluding patients who died within the first
24 hours of BSI onset, support the decreased mortality associated
with AECT (logrank test, P=0.040). These curves are provided in
the Figure S1.

Clinical outcome according to definitive therapy

Of the 98 patients, 27 (27.6%) died before antimicrobial suscep-
tibility tests were available. Thus, 71 patients received definitive
antimicrobial therapy: 25/71 (35.2%) received ADCT and 46/71
(64.8%) received ADMT. As shown in Table 2, univariate analysis
revealed that ADCT had a similar risk of death in comparison to
ADMT (HR 0.48; 95% C1 0.17-1.31; P=0.152). Multivariate Cox re-
gression analysis showed that 30-day all-cause mortality did not
significantly differ between patients receiving ADCT and those
who received ADMT (aHR 0.73; 95% CI 0.25-2.14; P=0.568;
data not shown).
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Table 1. Demographics and clinical characteristics and outcomes of 98 septic shock patients with P. aeruginosa BSI, categorized by empirical therapy type

Total AEMT AECT

Variable (n=98) (n=74) (n=24) P value

Age (years), median (Q1-Q3) 68.0 (58.0-76.0) 70.0 (59.8-78.0) 60 (49.8-69.7) 0.006

Male sex, n (%) 63 (64.3) 46 (62.2) 17 (70.8) 0.441

Underlying diseases, n (%)

Cardiovascular disease 33(33.7) 26 (35.1) 7(29.2) 0.591
Solid malignancy 24 (24.5) 18 (24.3) 6 (25.0) 0.947
Neurological disease 23 (23.5) 19 (25.7) 4 (16.7) 0.366
Diabetes mellitus 17 (17.3) 15 (20.3) 2 (8.3) 0.228f
Chronic obstructive pulmonary disease 14 (14.3) 12 (16.2) 2 (8.3) 0.507°
Gastrointestinal disease 13 (13.3) 7 (9.5) 6 (25.0) 0.079°
Chronic renal failure 13 (13.3) 11 (14.9) 2(8.3) 0.511f
Haematological malignancy 13 (13.3) 8(10.8) 5(20.8) 0.296"

Charlson comorbidity index (median, Q1-Q3) 4.0 (2.0-6.0) 4.0 (2.0-4.0) 2 (3.5-6.0) 0.389

Immunosuppression, n (%) 44 (44.9) 31 (41.9) 13 (54.2) 0.294

Neutropenia, n (%) 10 (10.2) 5(6.8) 5(20.8) 0.062f

Invasive procedures®, n (%)

Urinary catheter 66 (67.3) 50 (67.6) 16 (66.7) 0.935
[ave 63 (64.3) 47 (63.5) 16 (66.7) 0.779
Any surgery 32 (32.7) 26 (35.1) 6 (25.0) 0.358

Previous P. aeruginosa colonization®, n (%) 29 (29.6) 21 (28.4) 8(33.3) 0.644

Median hospital stays until BSI onset, days (Q1-Q3) 9.5 (2.0-31.0) 9 (2.0-33.5) 13(2.2-26.0) 0.852

Susceptibility profile, n (%)¢
Non-MDR 90 (91.8) 71 (95.9) 19 (79.2) 0.020f
MDR-XDR® 8(8.2) 3 (4.1) 5(20.8)

Low-risk BSI, n (%) 25 (25.5) 19 (25.7) 6 (25.0) Ref.
CVC-associated BSI 17 (17.3) 11 (14.9) 6 (25.0) 0.351f
Skin and soft tissue infection 5(5.1) 5 (6.8) 0 (0.0) 0.330°
Urinary tract 3(3.1) 3(4.1) 0 (0.0 1.000f

High-risk BSI, n (%) 73 (74.5) 55 (74.3) 18 (75.0) 0.947
Respiratory tract 35(35.7) 25 (33.8) 10 (41.7) 0.484
Primary origin 32 (32.7) 27 (36.5) 5(20.8) 0.155
Abdominal 6 (6.1) 3(4.1) 3(12.5) 0.155°

Early adequate source controld, n (%) 9/23 (39.1) 7/16 (43.8) 2/7 (28.6) 0.657°

Definitive therapy®, n (%)

Monotherapy 46/71 (64.8) 38/50 (76.0) 8/21 (38.1) 0.002
Combination therapy 25/71 (35.2) 12/50 (24.0) 13/21 (61.9)

Outcomes, n (%)

Need for CRRT after P. aeruginosa septic shock 13 (13.3) 9(12.2) 4 (16.7) 0.729°
30-day all-cause mortality 48 (49.0) 42 (56.8) 6 (25.0) 0.007

CRRT, continuous renal replacement therapy; CVC, central venous catheter; ICU, intensive care unit.

“Within the 30 days before P. aeruginosa BSI onset.

BWithin the 90 days before P. aeruginosa BSI onset.

“Overall, P. aeruginosa strains were identified as MDR in five episodes and XDR in three episodes. Of the five MDR cases, two received AEMT and three
underwent AECT. Of the three XDR cases, one was treated with AEMT and two with AECT.

90nly 23 out of 98 patients had an infection requiring source control.

€Overall, 71 out of 98 patients received definitive adequate therapy.

fFisher’s exact test.

Discussion antibiotics significantly reduces the 30-day all-cause mortality

) . risk compared to monotherapy and (iii) the administration of de-
The key findings of the present multicentre cohort study can be  gnjtjye adequate monotherapy or combination therapy yields
summarized as follows: (i) mortality rate in patients with septic  gimilar outcomes, suggesting that once susceptibility is docu-
shock due to P. aeruginosa BSIis notably high; (ii) empirical com-  mented, switching to a single active in vitro drug is safe and
bination therapy incorporating at least two in vitro active feasible.
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Table 2. Univariate Cox models for 30-day all-cause mortality in patients with septic shock due to P. aeruginosa BSI

Alive Dead
Variable (n=50) (n=48) HR 95% CI P value
Age (years), median (Q1-Q3) 66.0 (56.0-73.0) 69.0 (58.0-79.0) 1.02 1.00-1.04 0.082
Male sex, n (%) 34 (68.0) 29 (60.4) 0.84 0.47-1.50 0.550
Underlying diseases, n (%)
Cardiovascular disease 15 (30.0) 18 (37.5) 1.44 0.80-2.58 0.226
Solid malignancy 14 (28.0) 10 (20.8) 0.75 0.37-1.51 0.421
Neurological disease 13 (26.0) 10 (20.8) 0.89 0.44-1.79 0.741
Diabetes mellitus 11 (22.0) 6(12.5) 0.65 0.28-1.53 0.324
Chronic obstructive pulmonary disease 4 (8.0) 10 (20.8) 1.81 0.90-3.65 0.095
Gastrointestinal disease 9 (18.0) 4 (8.3) 0.51 0.18-1.42 0.195
Chronic renal failure 5(10.0) 8(16.7) 1.65 0.77-3.52 0.200
Haematological malignancy 7 (14.0) 6(12.5) 0.95 0.41-2.24 0.913
Charlson comorbidity index, median (Q1-Q3) 4.0 (2.0-6.0) 4.0 (3.0-6.0) 1.02 0.92-1.13 0.701
Immunosuppression, n (%) 23 (46.0) 21 (43.8) 0.93 0.53-1.64 0.800
Neutropenia, n (%) 5(10.0) 5(10.4) 1.02 0.40-2.58 0.967
Invasive procedures®, n (%)
Urinary catheter 35 (70.0) 31 (64.6) 0.91 0.50-1.65 0.755
cvC 38 (76.0) 25 (52.1) 0.49 0.28-0.87 0.015
Any surgery 18 (36.0) 14 (29.2) 0.84 0.45-1.56 0.576
Previous P. aeruginosa colonization®, n (%) 18 (36.0) 11 (22.9) 0.65 0.33-1.28 0.214
Median hospital stays until BSI onset, days (Q1-Q3) 7.5 (2.0-24.0) 10.0 (4.0-36.0) 1.00 0.99-1.01 0.964
Susceptibility profile, n (%)
Non-MDR 45 (90.0) 45 (93.8) Ref. Ref. Ref.
MDR-XDR® 5(10.0) 3(6.3) 0.64 0.20-2.06 0.454
Low-risk BSI, n (%) 18 (36.0) 7 (14.6) Ref. Ref. Ref.
CVC-associated BSI 12 (24.0) 5(10.4) 0.45 0.18-1.13 0.089
Skin and soft tissue infection 4 (8.0) 1(2.1) 0.30 0.04-2.20 0.238
Urinary tract 2 (4.0) 1(2.1) 0.71 0.10-5.15 0.736
High-risk BSI, n (%) 32 (64.0) 41 (85.4) 2.54 1.14-5.68 0.023
Respiratory tract 15 (30.0) 20 (41.7) 1.34 0.76-2.38 0.316
Primary origin 14 (28.0) 18 (37.5) 1.50 0.83-2.71 0.176
Abdominal 3 (6.0 3(6.3) 0.95 0.30-3.06 0.934
Empirical therapy, n (%)
AEMT 32 (64.0) 42 (87.5) Ref. Ref. Ref.
AECT 18 (36.0) 6(12.5) 0.34 0.15-0.80 0.014
Early adequate source control?, n (%) 6/13 (49.2) 3/10 (33.3) 0.65 0.16-2.62 0.549
Definitive therapy, n (%)¢
Adequate monotherapy 30 (60.0) 16/21 (76.2) Ref. Ref. Ref.
Adequate combination therapy 20 (40.0) 5/21 (23.8) 0.48 0.17-1.31 0.152
Need for CRRT after P. aeruginosa septic shock 6 (12.0) 7 (14.6) 1.06 0.47-2.35 0.896

CRRT, continuous renal replacement therapy; CVC, central venous catheter; ICU, intensive care unit.

“Within the 30 days before P. aeruginosa BSI onset.
BWithin the 90 days before P. aeruginosa BSI onset.

“Overall, P. aeruginosa strains were identified as MDR in five episodes and XDR in three episodes. Of the five MDR cases, three patients survived and two

died. Of the three XDR cases, two patients survived and one died.
d0nly 23 out of 98 patients had an infection requiring source control.
€Overall, 71 out of 98 patients received definitive adequate therapy.

To the best of our knowledge, this is the first study that evaluates
the effect of AECT on septic shock due to P. aeruginosa BSI, using the
Sepsis-3 criteria.?” In addition, the multicentre approach strength-
ens its external validity, making our results more widely applicable.

Recent guidelines recommend administering empirical com-
bination therapy in all patients with septic shock with known or

suspected MDR Gram-negative BSI, including P. aeruginosa.*®
However, the quality of the evidence supporting this recommen-
dationis very low, asit based on the clinical judgement of the ex-
pert panel members. This weakness in the recommendation
provided in the guidelines is reflected by the low rates of
patients with septic shock receiving empirical combination
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Table 3. Multivariate Cox models for 30-day all-cause mortality in patients with septic shock due to P. aeruginosa BSI

Model A® Model B¢ Model C°
Variable® aHR (95% CI) P value aHR (95% CI) P value aHR (95% CI) P value
AECT® 0.38 (0.15-0.95) 0.039 0.32 (0.14-0.76) 0.010 0.30 (0.12-0.71) 0.006
Age® 1.01 (0.99-1.04) 0.266
cvce 0.57 (0.32-1.03) 0.064 0.54 (0.30-0.97) 0.038 0.57 (0.30-1.09) 0.088
Chronic obstructive pulmonary disease® 1.61 (0.79-3.29) 0.189
High-risk BSI® 2.51 (1.10-5.73) 0.029 2.27 (1.00-5.15) 0.050 2.52 (1.10-5.79) 0.030
MDR-XDR? 1.05 (0.31-3.57) 0.933

CVC, central venous catheter.

“Model A includes variables with a P< 0.1 in the unadjusted model and characteristics associated with the type of empirical therapy. Model B includes
variables selected by the backward procedure starting from Model A. Model C includes Model B plus centre as shared frailty. Variables corresponding to

blank cells in Models B and C were eliminated by the backward procedure.

PHere we have not inserted the variable ‘CVC-associated BSI” (unadjusted P<0.1) in Model A given the presence of the ‘High-risk BSI’ variable.

“Variable with a P<0.1 in the unadjusted model.
d . . . . ..
Characteristic associated with the type of empirical therapy.

®Variable with a P<0.1 in the unadjusted model and associated with the type of empirical therapy.

Product-Limit Survival Estimates
With Number of Subjects at Risk
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el

0.8

Logrank p=0.0093
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AECT ———- AEMT

Figure 1. Cumulative survival curve of patients receiving AECT compared with patients with AEMT.

therapy reported by us (~25%) and other colleagues (~15%-
500/0).13,15,17,18,28

Several studies have consistently reported a poor prognosis of
septic shock due to P. aeruginosa, with an estimated attributable
mortality rate ranging between 46% and 56%.'"?>?% In our
study, the 30-day all-cause mortality was 49% and this was inde-
pendently predicted by two factors. One (i.e. the high-risk source
of the infection) was related to the clinical status of the patient
at infection onset, and this finding is consistent with previous

reports.’>%3% The second factor (and the only one that is poten-
tially modifiable) was receiving an AECT. Regarding this aspect,
current guidelines generally recommend administering an em-
piric combination therapy for patients with P. aeruginosa BSI to
increase the likelihood of including at least one effective agent.>®
Yet, the benefits in terms of mortality of combining two in vitro
active antibiotics remains a matter of debate.

Research on this topic has produced inconclusive and
fragmented results, primarily attributed to the diverse range
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of Gram-negative infections included and the substantial
number of patients receiving monotherapy with a single amino-
glycoside.*?1?831 Many studies, which included few septic shock
patients, have agreed that AECT does not reduce the risk of death
compared to monotherapy.'*®?%2¢ However, our research,
which evaluated unselected patients with septic shock due to
P. aeruginosa BS], indicates that the decision between AECT and
monotherapy might affect patient outcomes. This observation is
consistent with earlier retrospective cohort studies in which em-
pirical combination antibiotic therapy was shown to influence
30-day mortality,’*'”"*9 notably in a specific sub-group of 61 in-
dividuals with septic shock caused by P. aeruginosa.*®

Several factors may explain the differences between our
study’s results and previous findings including discrepancies in
patient demographics, the prevalence of MDR strains'*'®> and
variations in definitions of septic shock. Additionally, our research
followed the susceptibility breakpoints recently recommended
by EUCAST,?® which are stricter than those used in earlier stud-
ies.'> Consequently, it is plausible that some patients presently
categorized under the AEMT group might have been classified
under the AECT group in previous studies.

From a clinical point of view, translating our findings into
everyday clinical practice may be challenging. However, our re-
sults suggest that to mitigate mortality associated with septic
shock due to P. aeruginosa BSI, it may be reasonable to adminis-
ter an empirical antibiotic combination therapy consisting of at
least two antimicrobial agents in vitro active against this patho-
gen. The selection of this therapeutic strategy should consider in-
dividual patient risks, previous history of colonization and the
local epidemiology. We postulate that novel antibiotics, such as
ceftazidime-avibactam, ceftolozane-tazobactam, imipenem-
cilastatin-relebactam and cefiderocol, when combined with ami-
noglycosides or fosfomycin, may offer a promising approach.
Nevertheless, additional investigations are warranted.?*>2"34

We acknowledge that our study has several limitations. First,
because of its retrospective design, it is possible that confounding
factors associated with treatment decision and the clinical out-
comes were not included in our multivariate analysis. Second,
antibiotic therapy was prescribed by physicians in charge of the
patients. Accordingly, we included various empirical combination
therapies, which may have had different effects on mortality and
that prevent us from drawing definitive conclusions about syn-
ergy. In fact, since synergistic interactions can be drug depend-
ent,> evaluating synergy would require examining the role of
specific synergistic antibiotic combinations, both at the antibiotic
class level and considering specific antibiotics. Third, we did not
collect information on other core elements of general supportive
care that can vary between hospitals and are crucial for adequate
septic shock management (i.e. the need for mechanical ventila-
tion, use of intravenous fluids and oxygen therapy). Fourth, we
did not monitor the development of resistance and adverse
events, which are positive and negative factors associated with
empirical combination therapy; however, our study was not de-
signed to address this issue. Fifth, based on inclusion criteriq,
only patients who received adequate empirical antibiotic therapy
within the first 24 hours from BSI onset were included. Therefore,
an immortal time bias could not be excluded. However, this bias
would have occurred in the two study groups. Finally, because
of our sample size was relatively small for some comparison we

cannot rule out a type II error. Larger studies might reveal more
about the benefits of AECT.

In conclusion, our study supports the hypothesis that AECT
can decrease 30-day all-cause mortality in patients with septic
shock caused by P. aeruginosa BSI. Our study underlines the ur-
gent need for well-designed randomized controlled trials to con-
firm the clinical benefit of AECT in septic shock patients with
P. aeruginosa BSI.
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