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REASONS TO USE ANTIBIOTIC
COMBINATIONS

- Broader coverage
e Antimicrobial synergism

 Increased bacterial killing
e Decrease 1n antimicrobial
resistance
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The optimal approach for empirical antibiotic therapy in patients with severe sepsis and septic shock
remains controversial. A retrospective cohort study was conducted in the intensive care units of a university
hospital. The data from 760 patients with severe sepsis or septic shock associated with Gram-negative
bacteremia was analyzed. Among this cohort, 238 (31.3%) patients received inappropriate initial antimicrobial
therapy (IIAT). The hospital mortality rate was statistically greater among patients receiving IIAT compared
to those initially treated with an appropriate antibiotic regimen (51.7% versus 36.4%; P < 0.001). Patients
treated with an empirical combination antibiotic regimen directed against Gram-negative bacteria (i.e.,
B-lactam plus aminoglycoside or fluoroquinolone) were less likely to receive IIAT compared to monotherapy
(22.2% versus 36.0%; P < 0.001). The addition of an aminoglycoside to a carbapenem would have increased
appropriate initial therapy from 89.7 to 94.2%. Similarly, the addition of an aminoglycoside would have
increased the appropriate initial therapy for cefepime (83.4 to 89.9%) and piperacillin-tazobactam (79.6 to
91.4%). Logistic regression analysis identified IIAT (adjusted odds ratio [AOR], 2.30; 95% confidence interval
[CI] = 1.89 to 2.80) and increasing Apache II scores (1-point increments) (AOR, 1.11; 95% CI = 1.09 to 1.13)
as independent predictors for hospital mortality. In conclusion, combination empirical antimicrobial therapy
directed against Gram-negative bacteria was associated with greater initial appropriate therapy compared to
monotherapy in patients with severe sepsis and septic shock. Our experience suggests that aminoglycosides
offer broader coverage than fluoroquinolones as combination agents for patients with this serious infection.
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FIG. 1. Percent of patients receiving inappropriate initial antimi-
crobial therapy (ILAT) according to combination antimicrobial treat-
ment. Other combination antimicrobial therapy included double 3-lac-
tam (non-carbapenem) combinations (z = 33), B-lactam carbapenem
combinations (» = 16), and combinations including either tigecycline
or colistin (n = 5).
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hospital. The data from 760 patients with severe sepsis or septic shock associated with Gram-negative
bacteremia was analyzed. ’ . appropriate initial antimicrobial
therapy (IIAT). The hospital mortality rate was statistically greater among patients receiving IIAT compared
to those initially treated with an appropriate antibiotic regimen (51.7% versus 36.4%; P < 0.001). Patients
treated with an empirical combination antibiotic regimen directed against Gram-negative bacteria (i.e.,
B-lactam plus aminoglycoside or fluoroquinolone) were less likely to receive IIAT compared to monotherapy
(22.2% versus 36.0%; P < 0.001). The addition of an aminoglycoside to a carbapenem would have increased
appropriate initial therapy from 89.7 to 94.2%. Similarly, the addition of an aminoglycoside would have
increased the appropriate initial therapy for cefepime (83.4 to 89.9%) and piperacillin-tazobactam (79.6 to
91.4%). Logistic regression analysis identified IIAT (adjusted odds ratio [AOR], 2.30; 95% confidence interval
[CI] = 1.89 to 2.80) and increasing Apache II scores (1-point increments) (AOR, 1.11; 95% CI = 1.09 to 1.13)
as independent predictors for hospital mortality. In conclusion, combination empirical antimicrobial therapy
directed against Gram-negative bacteria was associated with greater initial appropriate therapy compared to
monotherapy in patients with severe sepsis and septic shock. Our experience suggests that aminoglycosides
offer broader coverage than fluoroquinolones as combination agents for patients with this serious infection.
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Figure 2. Adjusted Cox proportional hazards of mortality associated with combination antibiotic
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A survival benefit of combination antibiotic therapy for serious
infections associated with sepsis and septic shock is contingent
only on the risk of death: A meta-analytic/meta-regression study
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Empiric Combination Antibiotic Therapy Is Associated with Improved
Outcome against Sepsis Due to Gram-Negative Bacteria: a
Retrospective Analysis’

Micek et al AAC 2010,54,1742

Antibiotic with resistance

No. of isolates (%)
No. of resistant susceptible to:

1solates

Ciprofloxacin  Gentamicin

Cetfepime
Imipenem or meropenem
Piperacillin-tazobactam

126 23 (18.3)
78 20 (25.6)
155 56 (36.1)

49 (38.9)
34 (43.6)
90 (58.1)

Aminoglycoside > Fluoroquinolone

A Renal toxicity (aminoglycoside)

RRT similar rate




Antibiotic Combination: Broader coverage

Immunodepression



Study Monotherapy Combination Relative risk Weight  Relative risk

therapy (random 95% CI) (%) (random 95% Cl)
Same f lactam
Del Favero 2001 22/364 32/369 — 11.0 0.70(0.41t01.18)
) Doyen 1983 8/50 9/54 —_— 4.0 0.96 (0.40 to 2.29)
Kinsey 1990 2/77 7/83  —— 1.3 0.31(0.07 to 1.44)
e rz e Novakova 1991 5/45 5/45 —_— 22 1.00(0.31103.22)
Piccart 1984 1/22 2122 < 06 0.50(0.05t05.12)
e Subtotal (95% CI) 38/558 55/573 el 19.0 0.73 (0.49 to 1.08)
eu ro en l a Test for heterogeneity 32=2.01, df=4, P=0.73
Test for overall effect z=-1.56, P=0.12
Different B lactam
Agaoglu 2001 2/30 0/57 + 0.3 9.35(0.46 to 188.83)
Akova 1999 1/40 0/43 > 0.3 322(0.13t076.82)
Behre 1998 2/35 4/36 1.1 0.51(0.10to 2.63)
Bezwoda 1985 7/29 11/31 —_— 47 0.68(0.31t0 1.52)
Cornetta 1996 24/483 22/475 e 9.5 1.07 (0.61to 1.89)
De Pauw 1994 69/488 75/480 . 33.1 0.90(0.67 to 1.22)
De la Camara 1997 1/52 3/51 - 06 0.33(0.04 to 3.04)
(P au I B MJ 200 3) Dincol 1998 3/78 2072 . 1.0 1.38(0.24 to 8.05)
7 Duzova 2001 0/45 2/45 -« 0.3 0.20 (0.01 to 4.05)
Gibson 1989 3/52 5/50 —_— 1.6 0.58(0.15102.29)
Glasmacher 1999 5/98 8/85 _— 2.6 0.54(0.18to 1.59)
Hess 1998 1/48 5/48 B ——— 0.7 0.20(0.02 to 1.65)
Leyland 1992 14/106 11/110 e 55 1.32(0.63t02.78)
Lieschke 1990 13/90 10/92 —— 51  1.33(0.61t02.87)
Matsui 1991 0/51 0/50 0.0 Not estimable
Morgan 1983 1/26 3/24 -« 0.6 0.31(0.03 to 2.76)
Norrby 1987 7/105 12/105 e B 3.8 0.58(0.24t01.42)
Novakova 1990 5/46 6/44 _— 24 0.80(0.26 to 2.42)
Ozyilkan 1999 0/15 0115 0.0 Not estimable
Perez 1995 3/30 4/30 B 1.5 0.75(0.18 t0 3.07)
Pickard 1983 2/40 7/140 -~ 1.3 0.29(0.06to 1.29)
Piguet 1988 7/82 7187 S 3.0 1.06(0.39 to 2.89)
Rodjer 1987 5/29 1/29 ——> 0.7 5.00(0.62 to 40.20)
Smith 1990 0/47 0/53 0.0 Not estimable
Tamura 2002 377 3/76 1.2 0.99(0.21 to 4.74)
Subtotal (95% Cl) ~ 178/2222 201/2228 -t 81.0 0.89(0.73t01.08)
Test for heterogeneity x2=18.28, df=21, P=0.63
Test for overall effect z=-1.22, P=0.2
Total (95% CI) 216/2780 256/2801 G) 100.0 0.85(0.72 to 1.02)
Test for heterogeneity 2=21.04, df=26, P=0.74

Test for overall effect z=-1.78, P=0.08 EEE H 5 10

Favours Favours
monotherapy combination
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Microbiology of Peritoneal

Infections

Facultative GNB

E. coli 60%
Klebsiella 15%
Proteus 15%

Enterobacter 5%
Morganella 5%
Other...

Anaerobes

B. fragilis 50%
Otner buacter. 40%
Fusobacterium 5%
Clostridium 25%

Peptococcus  30%
Lactobacillus 15%

Solomkin et al Ann Surg. 1984, 200, 29
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Table 2. Agents and Regimens that May Be Used for the Initial Empiric Treatment of Extra-biliary Complicated Intra-abdominal
Infection -

Community-acquired infection in adults

Mild-to-moderate severity: High risk or severity:
perforated or abscessed appendicitis severe physiologic disturbance,
Community-acquired infection and other infections of advanced age,
or immunocompromised state

Regimen in pediatric patients mild-to-moderate severity

g S

Ceftriaxone, cefotaxime, cefepime, or Cefepime, ceftazidime, ciprofloxacin, &
ceftazidime, each in combination with cefotaxime, ciprofloxacin, or levoflox- levofloxacin, each in combination
metronidazole; gentamicin or tobra-  acin, each in combination with with metronidazole®
Qvein, each in combination with met-  metronidazole®
ronidazole ¢ T —
without ampicillin

® Because of increasing resistance of Escherichia cofi to fluoroquinolones, local population susceptibility profiles and, if available, isolate susceptibility should
be reviewed.



REASONS TO USE ANTIBIOTIC
COMBINATIONS

- Broader coverage
e Antimicrobial synergism

 Increased bacterial killing
e Decrease 1n antimicrobial
resistance




& Synergism :
Combination of two
antibiotics targeting
the same germ(s)



eSynergism :
Decrease treatment
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% Surviving
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Combined Therapy
=~ Monotherapy
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Log-rank p-value: 0.0002
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Days
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Therapy
Monotherapy 1223 1046 939 867 826 801 779

| Number at risk

Figure 2. Adjusted Cox proportional hazards of mortality associated with combination antibiotic
therapy of septic shock.
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Carbapenemase-Producing Klebsiella pneumoniae Bloodstream
Infections: Lowering Mortality by Antibiotic Combination Schemes
and the Role of Carbapenems

George L. Daikos,” Sophia Tsaousu, Leonidas S. Tzouvelekis,© loannis Anyfantis,® Mina Psichogiou,® Athina Argyropoulou 4 °H
loanna Stefanou,® Vana Sypsa,’ Vivi Miriagou,® Martha Nepka,® Sarah Georgiadou,® Antonis Markogiannakis,” Dimitris e_,:;;;
Athanasios Skoutelis®

First Department of Propaedeutic Medicine, University of Athens, Athens, Greece?; Fifth Department of Internal Medicine, University of Athens, Athens, Greece*?'é‘:
Department of Microbiology, University of Athens, Athens, Greece®; Department of Clinical Microbiology, Evangelismos General Hospital, Athens, Greece: Depi-!'—:"
Clinical Microbiology, Laiko General Hospital, Athens, Greece®; Department of Hygiene and Epidemiology, University of Athens, Athens, Greece'; Laboratoryof
Bacteriology, Hellenic Pasteur Institute, Athens, Greece?; Department of Pharmacy, Laiko General Hospital, Athens, Greece"
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Carbapenemase-producing Klebsiella pneumoniae strains (CP-Kps) are currently among the most important nosocomial il
gens. An observational study was conducted during 2009 to 2010 in two hospitals located in a high-prevalence area (Athe
Greece). The aims were (i) to evaluate the clinical outcome of patients with CP-Kp bloodstream infections (BSIs), (ii) to i
predictors of mortality, and (iii) to evaluate the various antibiotic schemes employed. A total of 205 patients with CP-Kp
were identified: 163 (79.5%) were infected with KPC or KPC and VIM, and 42 were infected with VIM producers. For de
treatment, 103 patients received combination therapy (two or more active drugs), 72 received monotherapy (one active drug
and 12 received therapy with no active drug. The remaining 18 patients died within 48 h after the onset of bacteremia. The al
cause 28-day mortality was 40%. A significantly higher mortality rate was observed in patients treated with monotherapy tha
those treated with combination therapy (44.4% versus 27.2%; P = 0.018). The lowest mortality rate (19.3%) was observed in
tients treated with carbapenem-containing combinations. In the Cox proportion hazards model, ultimately fatal disease (h:
ards ratio [HR], 3.25; 95% confidence interval [CI], 1.51 to 7.03; P = 0.003), the presence of rapidly fatal underlying diseases
(HR, 4.20; 95% CI, 2.19 to 8.08; P < 0.001), and septic shock (HR, 2.15; 95% CI, 1.16 to 3.96; P = 0.015) were independent pr
tors of death. Combination therapy was strongly associated with survival (HR of death for monotherapy versus combinatio
2.08; 95% CI, 1.23 to 3.51; P = 0.006), mostly due to the effectiveness of the carbapenem-containing regimens.
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FIG 1 Kaplan-Meier survival estimates of patients with carbapenemase-pro-
ducing K. pneumoniae bloodstream infections according to treatment regi-

men: combination therapy (continuous line) versus monotherapy (dotted
line). P = 0.003 (log rank test).
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FIG 2 Graphic presentation of the effect of treatment (monotherapy [gray
bars] versus combination therapy [black bars]) by severity of underlying dis-
ease (A) and by severity of sepsis (B). Numbers above columns indicate the
number of patients.

TABLE 5 Cox proportional hazards model of factors associated with
all-cause 28-day mortality in 175 patients with carbapenemase-

producing K. pneumoniae bloodstream infections

Variable

HR (95% CI)

Age (per 1-yr increase)
Gender (female/male)

Severity of underlying disease
Ultimately fatal/nonfatal
Rapidly fatal/nonfatal

Charlson comorbidity index

Severity of sepsis
Severe sepsis/sepsis
Septic shock/sepsis

Polymicrobial bacteremia
Yes/no

Ward at onset of bacteremia
ICU/non-ICU

Monotherapy/combination therapy

1.01 (0.99-1.03)

1.45 (0.82-2.55)"

3.25 (1.51-7.03)
4.20 (2.19-8.08)

1.01 (0.85-1.20)

1.63 (0.74-3.59)
2.15 (1.16-3.96)

1.29 (0.74—2.23)

1.36 (0.72-2.57)

2.08 (1.23-3.51)




Influence of Empiric Therapy with a B-Lactam Alone or Combine
with an Aminoglycoside on Prognosis of Bacteremia Due to
Gram-Negative Microorganisms’

J. A. Martinez,'* N. Cobos-Trigueros,' A. Sorlano M Almela,” M. Ortega,' F. Marco,” C. Pitart
H Sterzik,' J. Lopez,' and J. Mensa'

Department of Infectious Diseases® and Laboratory of Clinical Microbiology,” Hospital Clinic-IDIBAPS, Barcelona, Spain
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Evidence supporting the combination of aminoglycosides with B-lactams for Gram-negative bacteremia is
inconclusive. We have explored the influence on survival of empirical therapy with a B-lactam alone versus that
with a B-lactam-aminoglycoside combination by retrospectively analyzing a series of bacteremic episodes due
to aerobic or facultative Gram-negative microorganisms treated with single or combination therapy. The
outcome variable was a 30-day mortality. Prognostic factors were selected by regression logistic analysis. A
total of 4,863 episodes were assessed, of which 678 (14%) received combination therapy and 467 (10%) were
fatal. Factors independently associated with mortality included age greater than 65 (odds ratio [OR], 2; 95%
confidence interval [CI], 1.6 to 2.6), hospital acquisition (OR, 1.5; 95% CI, 1.2 to 1.9), a rapidly or ultimately
fatal underlying disease (OR, 2.5; 95% (I, 2 to 3.2), cirrhosis (OR, 1.9; 95% C1, 1.4 to 2.6), prior corticosteroids
(OR, 1.5; 95% CI, 1.1 to 2), shock on presentation (OR, 8.8; 95% CI, 7 to 11), pneumonia (OR, 2.8; 95% (I, 1.9
to 4), and inappropriate empirical therapy (OR, 1.8; 95% CI, 1.3 to 2.5). Subgroup analysis revealed that
combination therapy was an independent protective factor in episodes presenting shock (OR, 0.6; 95% CI, 0.4
to 0.9) or neutropenia (OR, 0.5; 95% CI, 0.3 to 0.9). Combination therapy improved the appropriateness of
empirical therapy in episodes due to extended-spectrum P-lactamase (ESBL)- or AmpC-producing Enterobac-
teriaceae and Pseudomonas aeruginosa. In patients with Gram-negative bacteremia, we could not find an overall
association between empirical -lactam-aminoglycoside combination therapy and prognosis. However, a sur-
vival advantage cannot be discarded for episodes presenting shock or neutropenia, hence in these situations the
use of combination therapy may still be justified. Combination therapy also should be considered for patients
at risk of being infected with resistant organisms, if only to increase the appropriateness of empirical therapy.



TABLE 4. Appropriateness of antibiotic therapy in patients receiving or not receiving aminoglycosides as empirical therapy

No./total no. (%) receiving:

Microorganism OR (95% CT) P
Combination B-Lactam
Non-ESBL E. coli 242/248 (98) 2,454/2,489 (99) 0.6 (0.2-1.7) 0.3
_ESBLE. coli 2128 (79) 2 _29(107-82) 002
Non-ESBL K. pneumoniae 62/63 (98) 393/420 (94) 4 (0.7-177) 0.2
ESBL K. pneumoniae 18/20 (90) 38/63 (60) 2(1.24.2) 0.01
P. mirabilis 10/10 (100) 116/118 (98) l
Salmonella spp. 15/15 (100) 108/109 (99) |
AmpC organisms 78/82 (95) 258/326 (79) 5.1(1.8-20) 0.001
F. aeruginosa 1357145 (93) 2U1/319 (63) B (3.6-16 <U.0001
~Other nonfermenters m 3371'0'5%31) %) 0.
Miscellaneous 18/18 (100) 105/114 (92) 0.4




TABLE 7. Multivariate analysis of factors associated with 30-day mortality in selected subgrouEs

Characteristic

OR (95% CI) for mortality subgroup:

Nen-LIL1, nomt, Neutropenia Shock ESBL or AmpC P. aeruginosa
catheter sources E——
Age >65 yr 1.8 (1.4-2.4) 2.1(14-3.1) 2.6 (1.4-5)
Place of acquisition
Community 1 l
Hospital 1.6 (1.1-2.2) 1.7 (1-3.2)
Health care situation 0.9 (0.6-1.4) 0.5 (0.2-1.4)
Ultimately or rapidly fatal disease 2.6 (1.9-34) 2.3(1.6-3.4) 4.8 (2.5-9.1) 2.1(1.14)
Hematological cancer 0.5(0.3-1)
Cirrhosis 1.7 (1-2.9)
Renal insufficiency 1.6 (1.01-2.6) 5.5(1.3-23)
Prior surgery 0.3 (0.2-0.5) 04 (0.2-1)
Bladder catheter 1.5 (1.02-2.2)
Shock 7.9 (6-11) 10 (5.5-19) 8 (5-14) 6.4 (3.5-12)
Source of infection
Unknown 1 | 1 1
Urinary tract 0.3 (0.2-0.6) 1.3(0.5-2.4) 0.2 (0.1-0.9)
Lv. catheter 0.3 (0.1-0.7) 0.8 (0.3-1.8) 0.7 (0.3-1.8)
Pneumonia 2.9 (24.3) 2.3(1.34.2) 5(1.6-13) 3.3(1.5-7)
Intraabdominal 2(1.3-3) 1 (0.5-1.6) 1.2 (0.5-32) 2.8 (0.7-12)
Biliary 0.5 (0.3-0.8) 0.3 (0.2-0.7) 0.4 (0.1-1.4) 0.6 (0.1-2.4)
Skin/soft tissues 1.6 (0.9-2.7) 1.4 (0.5-3.6) 0.8 (0.2-3.8) 1(0.3-3.6)
Other 1.3(0.7-24) 0.9 (0.3-2.4) 2(0.4-9) 2.8 (0.7-12)
Combination therapy 0.5 (0.3-0.9) 0.6 (0.4-0.9)




AAC

Journals ASVi.org

AAC April 2014

Clinical Experience of Colistin-Glycopeptide Combination in Critically
[1l Patients Infected with Gram-Negative Bacteria
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)nd Division of Infectious Diseases® and Department of Intensive Care Unit and Anaesthesia, National Institute for Infectious Diseases Lazzaro Spallanzani, Rome, ltaly;
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A colistin-glycopeptide combination (CGC) has been shown in vitro to be synergistic against multidrug-resistant Gram-negative
bacteria (MDR GNB), especially Acinetobacter baumannii, and to prevent further resistance. However, clinical data are lacking.
We carried out a retrospective multicenter study of patients hospitalized in intensive care units (ICUs) who received colistin for
GNB infection over a 1-year period, to assess the rates of nephrotoxicity and 30-day mortality after treatment onset among pa-
ients treated with and without CGC for =48 h. Of the 184 patients treated with colistin, GNB infection was documented for 166.
'he main causative agents were MDR A. baumannii (59.6%), MDR Pseudomonas aeruginosa (18.7%), and carbapenem-resistant
Klebsiella pneumoniae (14.5%); in 16.9% of patients, a Gram-positive bacterium (GPB) coinfection was documented. Overall, 68
vatients (40.9%) received CGC. Comparison of patients treated with and without CGC showed significant differences for respi-
-atory failure (39.7% versus 58.2%), ventilator-associated pneumonia (54.4% versus 71.4%), MDR A. baumannii infection
70.6% versus 52%), and GPB coinfection (41.2% versus 0%); there were no differences for nephrotoxicity (11.8% versus 13.3%)
ind 30-day mortality (33.8% versus 29.6%). Cox analysis performed on patients who survived for =5 days after treatment onset
howed that the Charlson index (hazard ratio [HR], 1.26; 95% confidence interval [CI], 1.01 to 1.44; P = 0.001) and MDR A. bau-
nannii infection (HR, 2.51; 95% CI, 1.23 to 5.12; P = 0.01) were independent predictors of 30-day mortality, whereas receiving
_GC for =5 days was a protective factor (HR, 0.42; 95% CI, 0.19 to 0.93; P = 0.03). We found that CGC was not associated with
ligher nephrotoxicity and was a protective factor for mortality if administered for =5 days.



TABLE 6 Cox regression analysis of @isk factors for 30-day mortah'h

Univariate analysis Multivariate analysis®
Factor HR (95% CI) P value HR (95% CI) P value
Age 1.01 (0.99-1.03) -0.18
Male sex 1.34 (0.71-2.50) 0.36
Charlson index 1.30 (1.14-1.48) <0.001 1.26 (1.01-1.44) 0.001
APACHE II score 1.05 (1.00-1.09) 0.03 )
VAP 1.28 (0.66-2.49) 0.46
BSI 0.80 (0.35-1.82) 0.60
MDR A. baumannii 2.20 (1.10-4.41) 0.03 2.51 (1.23-5.12) 0.01
MDR P. aeruginosa 0.42 (0.15-1.18) 0.10
CR K. pneumoniae 0.73 (0.28-1.87) 0.52
Coinfection with GPB 0.63 (0.24-1.60) 0.33
Colistin alone 0.95 (0.49-1.82) 0.87
Colistin plus a glycopeptide 0.93 (0.45-1.99) 0.84
Colistin plus other anti-GNB drugs 0.99 (0.46-2.15) 0.98
Colistin plus other anti-GNB drugs plus a glycopeptide 1.19 (0.55-2.59) 0.65
Combination including a glycopeptide for =48 h 1.05 (0.56-1.96) 0.86
Days of combination with a glycopeptide 0.95 (0.89-1.01) 0.09

Combination with a glycopeptide for =5 days
ephrotoxicity 0.63 (0.22-1.77) 0.38
a Abbreviations: VAP, ventilator-associated pneumonia; BSI, bloodstream infection; MDR, multidrug resistant; CR, carbapenem resistant; GPB, Gram-positive bacteria; GNB,

Gram-negative bacteria. Data in bold are statistically significant.
® The multivariate analysis was adjusted for all variables with P values of <0.1 in the univariate analysis and for age, sex, and the presence of coinfection with GPB.




TABLE 7 Cox regression analysis of riskBactors for 30-day mortality among patients with infection due to MDR A. baumanniig D

Univariate analysis Multivariate analysis”

Parameter HR (95% CI) P value HR (95% CI) P value
j\; 1.01 (0.99-1.03) 0.16

Male sex 1.55 (0.75-3.23) 0.24

Charlson index 1.27 (1.08-1.48) 0.003 1.18 (0.99-1.39) 0.06
APACHEII score 1.06 (1.01-1.11) 0.01 1.05 (0.99-1.11) 0.97
VAP 0.92 (0.42-2.03) 0.84

BSI 1.56 (0.65-3.93) 0.31

Coinfection with a GPB 0.46 (0.17-1.21) 0.12

Colistin alone 1.34 (0.61-2.95) 0.46

Colistin plus a glycopeptide 0.90 (0.41-1.98) 0.79

Colistin plus other anti-GNB drugs 0.67 (0.23-1.92) 0.45

Colistin plus other anti-GNB drugs plus a glycopeptide 1.11 (0.47-2.60) 0.81

Combination including a glycopeptide for =48 h 0.98 (0.47-2.05) 0.97

Days of combination with a glycopeptide 0.94 (0.88-1.01) 0.09

Combination with a glycopeptide for =5 days 0.44 (0.19-0.99) 0.05 0.41 (0.17-0.98) 0.04

epnrotoxicl

a Abbreviations: VAP, ventilator-associated pneumonia; BSI, bloodstream infection; GPB, Gram-positive bacteria; GNB, Gram-negative bacteria. Data in bold are statistically significant.
b The multivariate analysis was adjusted for age, sex, Charlson index, APACHE II score, coinfection with GPB, and combination with a glycopeptide for =5 days.
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Context Early appropriate antimicrobial therapy leads to lower mortality rates asso-
ciated with severe sepsis. The role of empirical combination therapy comprising at least
2 antibiotics of different mechanisms remains controversial.

Objective To compare the effect of moxifloxacin and meropenem with the effect
of meropenem alone on sepsis-related organ dysfunction.

Design, Setting, and Patients A randomized, open-label, parallel-group trial of 600
patients who fulfilled criteria for severe sepsis or septic shock (n=298 for monotherapy
and n=302 for combination therapy). The trial was performed at 44 intensive care units
in Germany from October 16, 2007, to March 23, 2010. The number of evaluable pa-
tients was 273 in the monotherapy group and 278 in the combination therapy group.

Interventions Intravenous meropenem (1 g every 8 hours) and moxifloxacin (400
mg every 24 hours) or meropenem alone. The intervention was recommended for 7
days and up to a maximum of 14 days after randomization or until discharge from the
intensive care unit or death, whichever occurred first.

Main Outcome Measure Degree of organ failure (mean of daily total Sequential
Organ Failure Assessment [SOFA] scores over 14 days; score range: 0-24 points with
higher scores indicating worse organ failure); secondary outcome: 28-day and 90-
day all-cause mortality. Survivors were followed up for 90 days.

Results Among 551 evaluable patients, there was no statistically significant differ-
ence in mean SOFA score between the meropenem and moxifloxacin group (8.3
points; 95% Cl, 7.8-8.8 points) and the meropenem alone group (7.9 points; 95%
Cl, 7.5-8.4 points) (P=.36). The rates for 28-day and 90-day mortality also were
not statistically significantly different. By day 28, there were 66 deaths (23.9%;
95% Cl, 19.0%-29.4%) in the combination therapy group compared with 59
deaths (21.9%; 95% Cl, 17.1%-27.4%) in the monotherapy group (P=.58). By
day 90, there were 96 deaths (35.3%; 95% Cl, 29.6%-41.3%) in the combination
therapy group compared with 84 deaths (32.1%; 95% Cl, 26.5%-38.1%) in the
monotherapy group (P=.43).

Conclusion Among adult patients with severe sepsis, treatment with combined me-
ropenem and moxifloxacin compared with meropenem alone did not result in less or-
gan failure.



“

Figure 2. Daily Sequential Organ Failure Assessment (SOFA) Scores

Daily SOFA scores in intent-to-treat analysis
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Figure 3. Overall Survival

Overall survival in intent-to-treat analysis
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Empiric antibiotic therapy for suspected ventilator-associated
pneumonia: A systematic review and meta-analysis of randomized

trials
Stuy Monictherapy Combinstion Therapy RR (random) Weight RR (random)
or sub-category ni ni 95% Cl % 85% ¢l
Brovvn 1964 11718 9718 # 13.39 1.08 [0.62, 1.92]
Kiucar 1987 0/18 1215 4 P 0.44 0.35 [0.02, 8.08)
Cometta 1894 13791 12/88 4 i }  8.17 1.02 [0.49, 2.1Z2]
sieger 1957 104104 177107 4 8.04 0.61 [0.28, 1.26]
Manhold 1998 13728 6/23 ) £.84 1.78 [0.80, 3.94]
Alvarez-Lerma 2001 16769 20471 % # 13.40 0.82 [0.47, 1.45]
Heyland 2005 677370 717389 B 47.66 0.94 [0.70, 1.27)
Demas 2006 2724 3/50 4 2.05 0.46 [0.11, 1.98]
Total (95% CI) 720 739 s 100.00 0.%4 [0.76, 1.16]
Total events: 132 (Monatherapy), 145 (Combinetion Therapy)
Test for heterogenety: Ch? =572, df =7 (P=057), F=0%
Test for overall effect Z =060 (P=0.55)

05 07 1 15 2

Favours Monotherspy  Favours Combination

Figure 4. Mortality in pooled trials comparing monotherapy to combination therapy. There is no evidence that combination therapy improves survival when
compared with monotherapy. RR, relative risk; CI, confidence interval.



Randomized trial of combination versus monotherapy for the
empiric treatment of suspected ventilator-associated pneumonia*

Daren K. Heyland, MD; Peter Dodek, MD; John Muscedere, MD; Andrew Day, MSc; Deborah Cook, MD;

for the Canadian Critical Care Trials Group

Objective: To compare a strategy of combination therapy with
a strategy of monotherapy with broad-spectrum antibiotics for
suspected late ventilator-associated pneumonia.

Design: Randomized trial.

Setting: Twenty-eight intensive care units in Canada and the
United States.

Patients: The study included 740 mechanically ventilated pa-
tients who developed suspected ventilator-associated pneumonia
after 96 hrs in the intensive care unit. Patients known to be
colonized or infected with Pseudomonas or methicillin-resistant
Staphylococcus aureus or who were immunocompromised were
excluded from the study.

Interventions: As initial unblinded therapy, patients were allo-
cated to receive meropenem (1 g every 8 hrs) and ciprofloxacin
(400 mg every 12 hrs) or meropenem alone. Before starting
antibiotics, patients were also randomized to bronchoalveolar
lavage with quantitative cultures or endotracheal aspirates. When
culture results were available, physicians were encouraged to
adjust antibiotics. Adequacy of antibiotics was defined as the
organism present in the enrollment culture having in vitro sus-
ceptibility to one or more of the study antibiotics.

Measurements and Main Results: Baseline characteristics and
etiologies of ventilator-associated pneumonia were similar in the
two groups. There was no difference in 28-day mortality between

the combination and monotherapy groups (relative risk = 1.05,
95% confidence interval 0.78-1.42, p = .74). Duration of intensive
care unit and hospital stay, clinical and microbiological treatment
response, emergence of antibiotic-resistant bacteria, isolation of
Clostridium difficile in stool, and fungal colonization were also
similar in the two groups. In a subgroup of patients who had
infection due to Pseudomonas species, Acinetobacter species,
and multidrug-resistant Gram-negative bacilli at enroliment (n =
56), the adequacy of initial antibiotics (84.2% vs. 18.8%, p < .001)
and microbiological eradication of infecting organisms (64.1% vs.
29.4%, p = .05) was higher in the combination group compared
with the monotherapy group, but there were no differences in
clinical outcomes.

Conclusions: For critically ill patients who have suspected late
ventilator-associated pneumonia and who are at low risk for
difficult-to-treat Gram-negative bacteria, monotherapy is associ-
ated with similar outcomes compared with combination therapy.
For those patients at high risk of difficuli-to-treat Gram-negative
bacteria, combination therapy is safe and may be associated with
better microbiological and clinical outcomes. (Crit Care Med 2008;
36:737-744)

Kev Worps: ventilator-associated pneumonia; antibiotics; em-
pirical therapy; combination therapy; randomized controlled trial;
outcomes; broad spectrum antimicrobials



Table 4. Effect of study interventions on 28-day mortality

RR Combination Therapy vs.
Monotherapy Conditional o

Overall RR Combination

Combination Therapy Monotherapy Diagnostic Approach Therapy vs. Monotherapy
Bronchoscopy with BAL 38/182 (20.9%) 31/183 (16.9%) . 1.23 (0.80-1.89) 1.05 (0.78-1.42)%
ETA 33/187 (17.6%) 36/187 (19.3%) 0.92 (0.60-1.40)
RR BAL vs. ETA conditional on 1.18 (0.78-1.80) 0.88 (0.57-1.36)

antibiotics given

Overall RR BAL vs. ETA 1.01 (0.75-1.37)°

onchoalveolar lavage; ETA, endotracheal aspirates.
ent Acute Physiology and Chronic Health Evaluation (APACHE) II score diagnostic strategy (ETA or BAL); ®stratified by enrollment
APACHE 1I score and antibiotic therapy (monotherapy or combination therapy). Interaction ratio between interventions: 1.34 (p = .37).

R, relative risk; BA



Table 6. Subgroup analysis of patients wh difficult-to-treat Gram-negative bacilli on grollment (Pseudomonas species, Acinetobacter species. and other

multidrug-resistant Gram-negative baci
- -

Combo/Mono
RR (95% CI)¢

Combination Therapy Monotherapy

(n = 39) (n =17)
Adequacy of empiric therapy, n (%)’ 32 (84.2) 3 (18.8)
Clinical resolution at 28 days, n (%) 20 (51.3) 5(29.4)
Microbiological resolution at 28 days, n (%)° 25 (64.1) 5(29.4)
Duration of mechanical ventilation? 10.7 (3.3, .) 15.0 (9.3, .) ;
Duration of ICU stay? 14.2 (8.1, .) 21.2 (14.1, ) ?
Duration of hospital stay? 55.0 (33.0, .) 111.4 (27.8, .) ::
28-day mortality, n (%) 10 (25.6) 5(29.4) E
ICU mortality, n (%) 9(23.1) 5(29.4) «i
Hospital mortality, n (%) 13 (33.3) 7(41.2) 1‘;

00

{ f ¥

2.00 400 £on  96.00

RR, relative risk; CI, confidence interval; ICU, intensive care unit.
“RR and 95% CI are adjusted for Acute Physiology and Chronic Health Evaluation II score and diagnostic technique by the stratified Mantel-Haenszel
method for binary outcomes and the proportional hazards model for duration outcomes; *adequacy of therapy not available for one patient in each group,
n = 38 for combination group, n = 16 for monotherapy group (p < .001); °» = .014; “median (interquarile range): The upper quartile range of the time

to discharge is undefined for both groups because =25 of patients did not achieve the particular event
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Objective: To compare a strategy of combination therapy with
a strategy of monotherapy with broad-spectrum antibiotics for
suspected late ventilator-associated pneumonia.

Design: Randomized trial.

Setting: Twenty-eight intensive care units in Canada and the
United States.

Patients: The study included 740 mechanically ventilated pa-
tients who developed suspected ventilator-associated pneumonia
after 96 hrs in the intensive care unit. Patients known to be
colonized or infected with Pseudomonas or methicillin-resistant
Staphylococcus aureus or who were immunocompromised were
excluded from the study.

Interventions: As initial unblinded therapy, patients were allo-
cated to receive meropenem (1 g every 8 hrs) and ciprofloxacin
(400 mg every 12 hrs) or meropenem alone. Before starting
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Measurements and Main Results: Baseline characteristics and
etiologies of ventilator-associated pneumonia were similar in the
two groups. There was no difference in 28-day mortality between

the combination and monotherapy groups (relative risk = 1.05,
95% confidence interval 0.78-1.42, p = .74). Duration of intensive
care unit and hospital stay, clinical and microbiological treatment
response, emergence of antibiotic-resistant bacteria, isolation of
Clostridium difficile in stool, and fungal colonization were also
similar in the two groups. In a subgroup of patients who had
infection due to Pseudomonas species, Acinetobacter species,
and multidrug-resistant Gram-negative bacilli at enroliment (n =
56), the adequacy of initial antibiotics (84.2% vs. 18.8%, p < .001)
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entilator-associated pneumonia and who are at low risk for
difficult-to-treat Gram-negative bacteria, monotherapy is associ-
ated with similar outcomes compared with combination therapy
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Pseudomonas aeruginosa bacteremia is associated with high hospital mortality. Empirical combination therapy is commonly
used to increase the likelihood of appropriate therapy, but the benefits of employing >1 active agent have yet to be established,
The purpose of this study was to compare outcomes of patients receiving appropriate empirical combination versus mono-
therapy for P. aeruginosa bacteremia. This was a retrospective, multicenter, cohort study of hospitalized adult patients with P,
aeruginosa bacteremia from 2002 to 2011. The primary endpoint (30-day mortality) was assessed using multivariate logistic re-
gression, adjusting for underlying confounding variables. Secondary endpoints of hospital mortality and time to mortality were
assessed by Fisher’s exact test and the Cox proportional hazards model, respectively. A total of 384 patients were analyzed. Thirt
day mortality was higher for patients receiving inappropriate therapy than for those receiving appropriate empirical therapy
(43.8% versus 21.5%; P = 0.03). However, there were no statistical differences in 30-day mortality following appropriate empiri
cal combination versus monotherapy after adjusting for baseline APACHE II scores and lengths of hospital stay prior to the on-
set of bacteremia (P = 0.55). Observed hospital mortality was 36.6% for patients administered combination therapy, compared
with 28.7% for monotherapy patients (P = 0.17). After adjusting for baseline APACHE II scores, the relationship between time
to mortality and combination therapy was not statistically significant (P = 0.59). Overall, no significant differences were ob-
served for 30-day mortality, hospital mortality, and time to mortality between combination and monotherapy for P. aeruginos
bacteremia. Empirical combination therapy did not appear to offer an additional benefit, as long as the isolate was susceptible
to at least one antimicrobial agent.



TABLE 2 Risk factor analysis of 30-day mortality

Multivariate analysis

Variable P value OR (95% CI)
Age 1.01 (0.99-1.03) 0.24
Male gender 1.28 (0.77-2.13) 0.34
ination thera 1.14 (0.63-2.04 0.67

Length of stay prior to culture 1.01 (1.00-1.01) 0.01 1.01 (1.00-1.02)
Infection-related APACHE II score 1.10 (1.07-1.15) <0.01 1.12 (1.08-1.17)
Comorbidities

Cardiovascular conditions 0.41 (0.23-0.73) <0.01

Respiratory conditions 1.46 (0.73-2.94) 0.29

Central nervous system disease 0.63 (0.27-1.48) 0.29

Renal disease 1.21 (0.72-2.03) 0.48

Diabetes mellitus 1.51 (0.85-2.67) 0.16

Immunosuppression 0.80 (0.45-1.42) 0.44

Liver disease 2.09 (1.05-4.14) 0.04
Source of bacteremia

Line 0.63 (0.31-1.31) 0.22

Lung 1.54 (0.84-2.82) 0.16

Urine 0.55 (0.27-1.14) 0.11

Abdomen 1.75 (0.86-3.56) 0.12

(
(
(
Wound 0.97 (0.46-2.06) 0.94
(
Unknown 0.97 (0.52-1.82) 0.94
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Outcomes of Appropriate Empiric Combination versus Monotherapy |
for Pseudomonas aeruginosa Bacteremia

Dana R. Bowers,>? Yi-Xin Liew,® David C. Lye,®< Andrea L. Kwa,* Li-Yang Hsu,® Vincent H. Tam®®* AAC 201357 1270

Department of Clinical Sciences and Administration, University of Houston College of Pharmacy, Houston, Texas, USA®; Department of Pharmacy, St. Luke's Episcope
Hospital, Houston, Texas, USA®; Department of Pharmacy, Singapore General Hospital, Singapore, Singapore®; Communicable Disease Center, Department of Infecti
Diseases. Tan Tock Sena Hospital. Sinaaoore. Sinaapore®: Department of Medicine. National Universitv of Sinaapore. Sinaapore, Singapore®

Pseudomonas aeruginosa bacteremia is associated with high hospital mortality. Empirical combination therapy is commonly
used to increase the likelihood of appropriate therapy, but the benefits of employing >1 active agent have yet to be established,
The purpose of this study was to compare outcomes of patients receiving appropriate empirical combination versus mono-
therapy for P. aeruginosa bacteremia. This was a retrospective, multicenter, cohort study of hospitalized adult patients with P,
aeruginosa bacteremia from 2002 to 2011. The primary endpoint (30-day mortality) was assessed using multivariate logistic re-
gression, adjusting for underlying confounding variables. Secondary endpoints of hospital mortality and time to mortality were
assessed by Fisher’s exact test and the Cox proportional hazards model, respectively. A total of 384 patients were analyzed. Thirt
day mortality was higher for patients receiving inappropriate therapy than for those receiving appropriate empirical therapy
(43.8% versus 21.5%; P = 0.03). However, there were no statistical differences in 30-day mortality following appropriate empiri
cal combination versus monotherapy after adjusting for baseline APACHE II scores and lengths of hospital stay prior to the on-
set of bacteremia (P = 0.55). Observed hospltal mortahty was 36.6% for patlents administered combination therapy, compared
with 28.7% for monotherapy patients =g refustimgforbascimeARACHEILscores. the relationship between time
to mortglitserrdCombination therapy was not statlstlcally significant (P = 0.59). Overall no significant differemeesyyere ob-

ed for 30-day mortality, hospital mortality, and time to mortality between combination and monotherapy for P. aerugimqg
bacteremia. Empirical combination therapy did not appear to offer an additional benefit, as long as the isolate was susceptible
t0"»tleast one antimicrobial agent.
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Effect of Adequate Single-Drug vs Combination
Antimicrobial Therapy on Mortality in
Pseudomonas aeruginosa Bloodstream

Infections: A Post Hoc Analysis of a Prospective
Cohort

Carmen Peiia,' Cristina Suarez,' Alain Ocampo-Sosa,? Javier Murillas,’ Benito Almirante,* Virginia Pomar,®
Manuela Aguilar,’ Ana Granados,” Esther Calbo,® Jesiis Rodriguez-Baiio,’ Fernando Rodriguez,” Fe Tubau,’
Antonio Oliver,’ and Luis Martinez-Martinez-"; for the Spanish Network for Research in Infectious Diseases (REIPI)



9 Table 3. Cox Regression Analysis of Relation Between Empirical
-- AESD and Definitive Antimicrobial Therapy and 30-Day Mortality

Characteristic AHR 95% Cl PValue

Empirical aptizet

1.0 (reference)
AESD 1.17 70-1.96 b4
[ET 1.70 99-2.92 05

Cumulative probability of death (%)

o - . | | | . ; ADCT 1.0 (reference)
oo @ % @ B9 ADSD 1.34 73-247 35
Days since P.aeruginosa bacteriemia DT 0.86 36-2.02 13

Figure 1. Cumulative risk of death for patients receiving adequate em- ~ APbreviations: ADCT, adequate definitive combination therapy; ADSD,
pirical antimicrobial therapy. Abbreviations: AECT, adequate empirical SN BENIVe  Sngle-dng e Ao, TURRES Benpiced

- ' e, combination therapy; AESD, adequate empirical single-drug therapy; AHR,
combination therapy; AESD, adequate empirical single-drug therapy; IET, adjusted hazard ratio; Cl, confidence interval; IDT, inadequate definitive
inadequate empirical therapy. therapy; IET, inadequate empirical therapy.



Background.  Empirical combination therapy is recommended for patients with known or suspected Pseudormo-
nas aeruginosa (PA) infection as a means to decrease the likelihood of administering inadequate antimicrobial treat-
ment, to prevent the emergence of resistance, and to achieve a possible additive or even synergistic effect.

Methods.  We performed a post hoc analysis of patients with PA bloodstream infections from a published pro-
spective cohort. Mortality was compared in patients treated with adequate empirical and definitive combination
therapy (AECT, ADCT), and adequate empirical and definitive single-drug therapy (AESD, ADSD). Confounding
was controlled by Cox regression analysis, and a propensity score for receiving AECT or ADCT was also used.

Results.  The final cohort comprised 593 patients with a single episode of PA bacteremia. The 30-day mortality
was 30% (176 patients); 76 patients (13%) died during the first 48 hours. The unadjusted probabilities of survival
until day 30 were 69.4% (95% confidence interval [CI], 59.1-81.6) for the patients receiving AECT, 73.5% (95% CI,
68.4%-79.0%) for the AESD group, and 66.7% (95% CI, 61.2%-72.7%) for patients who received inadequate empiri-
cal therapy (P=.17, log-rank test). After adjustment for confounders, the AESD group (adjusted hazard ratio
[AHR], 1.17: 95% CI, 70 1. 96 P=.54) and patients who received ADSD (AHR, 1.34; 95% CI, 73 247; P=.35)
showed no association-withe30=t? : ! grOuPs, Tespee

oritiusions.  These results suggests that treatment with combination antimicrobial therapy did not reduce
tality risk compared with single-drug therapy in PA bloodstream infections.

Keywords.  bloodsTreanTimfeetionsrRaaruginasa,combination-sntimierebtaterapy; mortality.



Combination Therapy for Pseudomonas aeruginosa
Bacteremia: Where Do We Stand?

Mical Paul' and Leonard Leibovici®®

"Unit of Infectious Diseases, Rambam Health Care Campus, Haifa; 2Sackler Faculty of Medicine, Tel-Aviv University, Ramat Aviv, and 3Department of Medicine E, Rabin
Medical Center, Petah-Tikva, Israel

(See the Major Article by Pefia et al on pages 208-16.)



Combination therapy  Monotherapy Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Igra 1998 7 15 7 42 29% 4.38[1.19, 16.04]

Mendelson 1994 1 7 2 5 29% 0.25[.02, 4.00] .

Kuikka 1998 11 41 6 21 85%  0.92[.28,2.96]

Bliziotis 2011 6 31 8 19 11.7% 03309, 1.18] gt

Chamot 2003 10 46 9 33 120%  0.74[.26, 2.09] Mt ¢

Micek 2005 13 59 14 92 12.5% 1.57 [.68, 3.64] B i
Leibovici 1997 16 77 20 95 20.7%  0.98[47,2.06] I

Pena 2013 13 71 70 339 289%  0.86[45, 1.66]

Total (95% Cl) 347 646 100.0%  0.99[.70,1.38] L

Total events 77 136

Heterogeneity: X" = 1050, df = 7 (P=.16); /2 = 33% ‘

001 04 : 10 100

Testfor overall effect. 2 = 0.08 (P =.94) Favors combination  Favors monotherapy

Figure 2. All-cause mortality with definitive combination versus monotherapy, unadjusted results. Studies are labeled by name of first author and year

of publicafion. UGas ratios are pooled UsIng te Txeg-errect model. Abbreviations. U1, conidence interval: M-H, Mantel-Haenszel.



Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
3.2.1 Retrospective

Kuikka 1998 2.071473 0.993678 1.9% 7.94 [1.13, 55.65] .
Chamot 2003 1.609438 0.722759 3.4% 5.00 [1.21, 20.62] el
Micek 2005 0.71295 0.18391 17.6% 2.04 [1.42, 2.93] =
Subtotal (95% CI) 22.9% 2.95 [1.36, 6.41] <

Heterogeneity: 12 =0.20; X*=3.11, df= 2 (P = .21); /2 =36%
Test for overall effect: Z = 2.74 (P = .006)

3.2.2 Prospective

Gomez Gomez 2004 0 045 7.2% 1.00 [.41, 2.42] —

Vidal 1996 041211 0.388047 8.8% 1.51[71, 3.23] T
Mallolas 1991 1.547563 0.349578 10.0% 4.70 [2.37, 9.33] -
Morata 2012 MDR 1.408545 0.327307 10.8% 4.09 [2.15, 7.77] S
Morata 2012 non-MDR 0.779325 0.297443 12.0% 2.18 [1.22, 3.91] T
Pena 2013 0.530628 0.275927 12.9% 1.70 [.99, 2.92] el
Zavascki 2006 0.71295 0.221379 15.5% 2.04 [1.32, 3.15) -
Subtotal (95% CI) 771% 2.22 [1.56, 3.15] <

Heterogeneity: 72 = 0.12; X = 13.30, df = 6 (P = 0.04); /> = 55%
Test for overall effect: Z = 4.45 (P < 0.00001)

Total (95% CI) 100.0% 2.30 [1.74, 3.05) L 2
Heterogeneity: 12 =0.08; X" = 16.42, df = 9 (P = .06); /2 = 45% DE o% ” .
Test for overall effect: Z = 5.83 (P < 0.00001) léavors inap-propﬁate
Test for subgroup differences: Chi? = 0.44, df=1 (P=.51), 12=0%

Figure 3. All-cause mortality wi ers piric antibiotic treatment, adjusted results. Studies are labeled by name of fi

author and e pooled USITg=se=rariiom-efTects model, due 10 heterogeneity present in the analysis. Abbreviations: |
confidence interval; IV, inverse variance; MDH multi-drug resistant; SE, standard error.

0
Favors appropriate
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Empiric Combination Antibiotic Therapy Is Associated with Improved
Outcome against Sepsis Due to Gram-Negative Bacteria: a
Retrospective Analysis”

Scott T. Micek,' Emily C. Welch,' Junaid Khan,” Mubashir Pervez,? J oshua A. Doherty,’
Richard M. Reichley,® and Marin H. Kollef**

Pharmacy Department, Barnes-Jewish Hospital, St. Louis, Missouri*; Pulmonary and Critical Care Division, Washington University School of
Medicine, St. Louis, Missouri>; and Hospital Informatics Group, BIC Healthcare, St. Louis, Missouri’

Received 28 September 2009/Returned for modification 29 December 2009/Accepted 6 February 2010

The optimal approach for empirical antibiotic therapy in patients with severe sepsis and septic shock
remains controversial. A retrospective cohort study was conducted in the intensive care units of a university
hospital. The data from 760 patients with severe sepsis or septic shock associated with Gram-negative
bacteremia was analyzed. Among this cohort, 238 (31.3%) patients received inappropriate initial antimicrobial
therapy (IIAT). The hospital mortality rate was statistically greater among patients receiving IIAT compared
to those initially treated with an appropriate antibiotic regimen (51.7% versus 36.4%; P < 0.001). Patients
treated with an empirical combination antibiotic regimen directed against Gram-negative bacteria (i.e.,
B-lactam plus aminoglycoside or fluoroquinolone) were less likely to receive IIAT compared to monotherapy
(22.2% versus 36.0%; P < 0.001). The addition of an aminoglycoside to a carbapenem would have increased
appropriate initial therapy from 89.7 to 94.2%. Similarly, the addition of an aminoglycoside would have
increased the appropriate initial therapy for cefepime (83.4 to 89.9%) and piperacillin-tazobactam (79.6 to
91.4%). Logistic regression analysis identified IIAT (adjusted odds ratio [AOR], 2.30; 95% confidence interval
[CI] = 1.89 to 2.80) and increasing Apache II scores (1-point increments) (AOR, 1.11; 95% CI = 1.09 to 1.13)
as independent predictors for hospital mortality. In conclusion, combination empirical antimicrobial therapy
directed against Gram-negative bacteria was associated with greater initial appropriate therapy compared to
monotherapy in patients with severe sepsis and septic shock. Our experience suggests that aminoglycosides
offer broader coverage than fluoroquinolones as combination agents for patients with this serious infection.
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FIG. 1. Percent of patients receiving inappropriate initial antimi-
crobial therapy (ILAT) according to combination antimicrobial treat-
ment. Other combination antimicrobial therapy included double 3-lac-
tam (non-carbapenem) combinations (z = 33), B-lactam carbapenem
combinations (» = 16), and combinations including either tigecycline
or colistin (n = 5).



REASONS TO USE ANTIBIOTIC
COMBINATIONS

- Broader coverage
e Antimicrobial synergism

 Increased bacterial killing
e Decrease 1n antimicrobial
resistance




Randomized trial of combination versus monotherapy for the
empiric treatment of suspected ventilator-associated pneumonia*

Daren K. Heyland, MD; Peter Dodek, MD; John Muscedere, MD; Andrew Day, MSc; Deborah Cook, MD;

for the Canadian Critical Care Trials Group

Objective: To compare a strategy of combination therapy with
a strategy of monotherapy with broad-spectrum antibiotics for
suspected late ventilator-associated pneumonia.

Design: Randomized trial.

Setting: Twenty-eight intensive care units in Canada and the
United States.

Patients: The study included 740 mechanically ventilated pa-
tients who developed suspected ventilator-associated pneumonia
after 96 hrs in the intensive care unit. Patients known to be
colonized or infected with Pseudomonas or methicillin-resistant
Staphylococcus aureus or who were immunocompromised were
excluded from the study.

Interventions: As initial unblinded therapy, patients were allo-
cated to receive meropenem (1 g every 8 hrs) and ciprofloxacin
(400 mg every 12 hrs) or meropenem alone. Before starting
antibiotics, patients were also randomized to bronchoalveolar
lavage with quantitative cultures or endotracheal aspirates. When
culture results were available, physicians were encouraged to
adjust antibiotics. Adequacy of antibiotics was defined as the
organism present in the enrollment culture having in vitro sus-
ceptibility to one or more of the study antibiotics.

Measurements and Main Results: Baseline characteristics and
etiologies of ventilator-associated pneumonia were similar in the
two groups. There was no difference in 28-day mortality between

the combination and monotherapy groups (relative risk = 1.05,
95% confidence interval 0.78-1.42, p = .74). Duration of intensive
care unit and hospital stay, clinical and microbiological treatment
response, emergence of antibiotic-resistant bacteria, isolation of
Clostridium difficile in stool, and fungal colonization were also
similar in the two groups. In a subgroup of patients who had
infection due to Pseudomonas species, Acinetobacter species,
and multidrug-resistant Gram-negative bacilli at enroliment (n =
56), the adequacy of initial antibiotics (84.2% vs. 18.8%, p < .001)
and microbiological eradication of infecting organisms (64.1% vs.
29.4%, p = .05) was higher in the combination group compared
with the monotherapy group, but there were no differences in
clinical outcomes.

Conclusions: For critically ill patients who have suspected late
ventilator-associated pneumonia and who are at low risk for
difficult-to-treat Gram-negative bacteria, monotherapy is associ-
ated with similar outcomes compared with combination therapy.
For those patients at high risk of difficuli-to-treat Gram-negative
bacteria, combination therapy is safe and may be associated with
better microbiological and clinical outcomes. (Crit Care Med 2008;
36:737-744)

Kev Worps: ventilator-associated pneumonia; antibiotics; em-
pirical therapy; combination therapy; randomized controlled trial;
outcomes; broad spectrum antimicrobials



Table 5. Frequency of organisms acquired after randomization

Combination Therapy = Monotherapy All Combo/Mono
Organism (n = 369) (n = 370) (n = 739) RR (95% CI)?
Pseudomonas species 25 (6.8) 35(9.5) 60 (8.1) !
mmﬂ‘mm“:wwu
i
Acinetobacter species 9(2.4) 9 (2.4) 18 (2.4) i
¥
Methicillin-resistant Staphylococcus aureus 14 (3.8) 12 (3.2) 26 (3.5) 3 .
E
Stenotrophomonas maltophilia 9 (2.4) 13 (3.5) 22 (3.0) —t
Vancomycin-resistant Enferococcus 2 (0.5) 4(1.1) 6 (0.8) " ;
Yeast species 14 (3.8) 13 (3.5) 27 (3.7)
|
Multidrug-resistant Gram-negative bacteria 12 (3.3) 19 (5.1) 31 (4.2) - f
Total high risk? 57 (15.4) 71(192) 128 (17.3) e
{ z‘ T !
0.10 0.25 0.80 1.00 200 3.00

RR, relative risk; CI, confidence interval,

“RR and 95% CI estimated by the Mantel-Haenszel method stratified by Acute Physiology and Chronic Health Evaluation II score (=24 vs. >24) and
diagnostic technique (endotracheal aspirates vs. bronchoalveolar lavage); ®includes Acinefobacter species, Pseudomonas species, methicillin-resistant
S. aureus, S. maltophilia and multiresistant organisms. They do not add up to the individual row totals, because some of the Pseudomonas species and
Acinetobacter species are multidrug-resistant pathogens as well. Values are n (%).



Bacterial Resistance Development ?

Aulcarne Studies Palients {:nnghinqd
relative risk

(95% CI)

Baterial supennfections 27 o 0791058 tu‘._..[}a}
Bacteriai colonisation 14 ; .;.:;;--;;“ . (.86 (0.63 to 1.17)
Surveiilance for bacterial colonisation 6

Bacterial resistance deveiopment

Fungal superinfections 1 0. af; :
Fungal colonisation ! pae 153 (0.9710 2.41)
0. 10

Favours Favours
monotherapy combination

Paul et al BMJ 2004, Online First bmj.com



Treatment of serious infections

Contract with the patient : to give
the most appropriate empirical therapy.

Contract with the community : reevaluate
therapy; de-escalate to antibiotics :

. cheaper

. harrow spectrum
. lower toxicity




Take Home Messages

+High expected mortality : >25 %
+Septic shock and severe sepsis
+AMG > quinolones
»Pseudomonas ??7?

+Re - evaluation on day 3 - 5

+In the ICU never exceed 5 days



Broad-spectrum Empirical Therapy for 72h Does not Lead
to Emergence of resistance

* Prospective study. 19 - month study period
* Imipenem + gentamicin for 72 hours for suspected sepsis,
while awaiting culture

Imipenem sensitive Imipenem sensitive

All bacteria 76% 80%
P. aeruginosa 62% 88% p < 0.007

Namias et al

J. Trauma Genta sensitive Genta sensitive

1998, 45, All bacteria 70% 79%

887 Cefta sensitive Cefta sensitive
All bacteria 74% 73%
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