Empiric antibiotic therapy for suspected ventilator-associated
pneumonia: A systematic review and meta-analysis of randomized

trials

Mary-Anne W. Aarts, MD, MSc, FRCSC; Jennifer N. Hancock, MD; Daren Heyland, MD, MSc, FRCPC;
Robin S. McLeod, MD, FRCSC; John C. Marshall, MD, FRCSC

Objective: To compare specific antibiotic regimens, and mono-
therapy vs. combination therapy, for the empirical treatment of
ventilator-associated pneumonia (VAP).

Design: Meta-analysis.

Data Source: Medline, Embase, Cochrane register of controlled
trials, study authors, and review articles.

Study Selection: We included randomized controlled trials that
evaluated empirical parenteral antibiotic regimens for adult pa-
tients with clinically suspected VAP.

Data Selection: Two independent review groups searched the
literature, extracted data, and evaluated trial quality. The primary
outcome was all-cause mortality; secondary outcomes included
treatment failure. Relative risks were pooled using a random
effects model.

Results: We identified 41 trials randomizing 7,015 patients and
comparing 29 unique regimens. Methodological quality was low,
reflecting low rates of complete follow-up (43.9%), use of a
double-blinded interventional strategy (14.6%), and randomiza-
tion concealment (48.6%). Overall mortality was 20.3%; treatment
failure occurred in 37.4% of patients who could be evaluated

microbiologically. No mortality differences were observed be-
tween any of the regimens compared. Only one of three pooled
comparisons yielded a significant difference for treatment failure:
The combination of ceftazidime/aminoglycoside was inferior to
meropenem (two trials, relative risk 0.70, 95% confidence interval
0.53-0.93). Rates of mortality and treatment failure for mono-
therapy compared with combination therapy were similar (11
trials, relative risk for mortality of monotherapy 0.94, confidence
interval 0.76-1.16; and relative risk of treatment failure for mono-
therapy 0.88, confidence interval 0.72-1.07).

Conclusions: Monotherapy is not inferior to combination therapy
in the empirical treatment of VAP. Available data neither identify a
superior empirical regimen nor conclusively conclude that available
regimens result in equivalent outcomes. Larger and more rigorous
trials evaluating the choice of, and even need for, empirical therapy
for VAP are needed. (Crit Care Med 2008; 36:108-117)

Kev Worbs: antibiotics; ventilator-associated pneumonia; ran-
domized control trial; meta-analysis; empirical therapy; critical
care; cross-infection

entilator-associated pneumo-
nia (VAP) is the most common
nosocomial infection acquired
in the intensive care unit
(ICU). VAP develops in 10% to 20% of
patients who undergo mechanical venti-
lation >24 hrs (1-3) and is associated
with an excess ICU stay of 5-7 days, in-
creased costs (4), and an attributable
mortality ranging from 0% to 50% (5-8).

The diagnosis of VAP is notoriously dif-
ficult (9). Clinical criteria are nonspecific
(10), and results of cultures and sensitivity
testing are only available several days later.
Published guidelines recommend early em-
pirical antimicrobial therapy—the admin-
istration of antibiotics before a microbio-
logical diagnosis of infection is established
(11)—targeted to the most likely infecting
pathogens based on the timing of the epi-
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sode, the severity of illness, and previous
antibiotic exposure (12, 13). Early VAP re-
sults from organisms commonly seen in
community-acquired pneumonia—~FHae-
mophilus influenzae, Streptococcus pneu-
moniae, and Staphylococcus aureus. Late
VAP or VAP in a patient previously exposed
to antibiotics is more likely to be caused by
multiresistant organisms such as Pseudo-
monas spp, Acinetobacter, and methicillin-
resistant S. aureus (14-16). Recommenda-
tions for empirical treatment of early VAP
are single agent ceftriaxone, ampicillin/
sulbactam, or a fluoroquinolone. In con-
trast, recommended regimens for late VAP
include a carbapenem with or without van-
comycin, or combination therapy compris-
ing an aminoglycoside or ciprofloxacin
with an antipseudomonal penicillin, a
B-lactam/B-lactamase inhibitor combina-
tion, ceftazidime, or cefepime (13).
Combination therapy is believed to in-
crease the likelihood of therapeutic suc-
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cess through an extended spectrum of
activity (17), antimicrobial synergy (18),
and a decreased potential for promoting
resistant microorganisms (19). However,
studies in critically ill patients suggest
that combination therapy is expensive
and associated with greater toxicity and
that broad-spectrum therapy is a risk fac-
tor for the later emergence of multiresis-
tant organisms, increased rates of super-
infections, and death (14, 15, 20-22).

Published guidelines that recommend
combination empirical therapy for late-
onset VAP are based on the expected mi-
crobial spectra, narrative reviews, and ex-
pert opinion (12-14, 23). We undertook
this systematic review to synthesize the
available evidence from randomized con-
trolled trials that evaluate the effective-
ness of parenteral antibiotic regimens,
and monotherapy vs. combination ther-
apy, in the empirical treatment of sus-
pected VAP.

MATERIALS AND METHODS

Process of the Review. Two groups inde-
pendently conducted the literature search, re-
viewing all potential abstracts regardless of
language or publication status up to January
2007. We searched Medline (1966 to January
2007), EMBASE (1980 to January 2007), and
the Cochrane Central Register of Controlled
Trials using the following strategy: Explode
“ventilator associated pneumonia,” “ventila-
tors, mechanical,” or “respiration, artificial”
combined with “cross-infection,” or “pneumo-
nia,” and crossed with “anti-bacterial agents.”
The associated text/title words were similarly
searched. Standard limiters were used to iden-
tify randomized controlled trials and review
articles. Bibliographies of all reviews and stud-
ies were searched for additional studies, and
unpublished trials were sought by contacting
experts in the field and authors of identified
trials.

We included randomized controlled trials
of empirical treatment for VAP if they com-
pared a parenteral antibiotic regimen with a
placebo or comparison parenteral antibiotic. A
suspicion of VAP was defined as a new or
progressive infiltrate, in association with fe-
ver, leukocytosis, and/or purulent secretions
in patients ventilated >48 hrs. Trials were
excluded if <50% of patients were ventilated
or if culture results were available before ini-
tiation of antibiotics.

Our primary outcome was 28- or 30-day
all-cause mortality. Secondary outcomes in-
cluded treatment failure, defined as lack of
improvement in signs or symptoms of pneu-
monia; serious attributable adverse events
(seizures, pseudomembranous colitis, nonre-
versible end organ damage); and superinfec-
tions (new, persistent, or worsening signs of
infection associated with the isolation of a new
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pathogen or similar pathogen with a different
antibiotic susceptibility profile or site of infec-
tion).

Data Abstraction and Quality. The two re-
view groups extracted data and assessed qual-
ity in duplicate, resolving discrepancies
through consensus. For each trial identified,
we recorded the number and description of
participants, the country, the number of par-
ticipating sites, the experimental and control
antibiotic regimens, the length of hospitaliza-
tion before enrollment, the duration of ther-
apy and strategy to alter antibiotics based on
microbiological evaluation, the definition of
clinical response, and the source of trial finan-
cial support. Unless otherwise specified, we
assumed that the experimental therapy in-
cluded the antibiotic that was produced by the
pharmaceutical company supporting the trial.
For studies including patients with communi-
ty-acquired pneumonia or other types of nos-
ocomial infection, only outcomes reported for
the subgroup of patients with VAP were in-
cluded. When outcomes for this cohort were
not adequately reported in the study, addi-
tional information was requested from the au-
thors.

The quality of trials was assessed by eval-
uating whether physicians and patients were
blinded to treatment assignment (double-
blinded) and, if not, whether the allocation of
patients to treatment groups was concealed
and the outcome was evaluated by a blinded
assessor. We also evaluated whether all pa-
tients initially enrolled were accounted for and
whether an intention-to-treat (ITT) analysis
was applied. In addition, we noted whether a
sample size calculation was included in the
report.

Data Synthesis and Analysis. We used out-
come data from the ITT analysis or per proto-
col analysis (when ITT data were not available)
to evaluate the clinical efficacy of the empiri-
cal antibiotic regimens. We conducted a sub-
group analysis of patients with positive cul-
tures of sputum, endotracheal aspirate,
bronchial alveolar lavage, and/or blood to de-
termine the impact of therapy on microbio-
logically confirmed infection.

Primary and secondary outcomes were com-
bined for trials comparing antibiotics from the
same class of agents, grouped as follows: 1 =
penicillins; 2 = cephalosporins; 3 = carbapen-
ems; 4 = aminoglycosides; 5 = quinolones; 6 =
metronidazole; 7 = clindamycin; 8 = vancomy-
cin; 9 = linezolid; 10 = quinupristin/dalfopris-
tin; 11 = aztreonam.

A further analysis compared studies of
monotherapy with combination therapy. For
this analysis, we included trials that compared
a single broad-spectrum agent to any combi-
nation therapy. Two sensitivity analyses were
conducted for these pooled trials. The first
evaluated only high-quality trials that em-
ployed at least two of double-blinded method-
ology, blinded assessment of outcome, con-
cealed group allocation, or complete follow-up
of enrolled patients. The second analysis was
limited to trials that exclusively enrolled ven-
tilated patients.

Dichotomous outcomes were expressed as
relative risks (RR) with 95% confidence inter-
vals (CI). ARR <1.0 suggests a reduced risk of
mortality, treatment failure, superinfections,
and adverse events with the experimental
treatment, compared with the control treat-
ment, and with monotherapy compared with
combination therapy. A random effects model

154

Potentially Relevant Trials Identified and
Screened for Retrieval

103 Excluded

\ 4

A 4

Reasons: Non-parenteral antibiotics, Prophylactic
antibiotics, Community acquired infection

Trials Retrieved for Detailed
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8 Additional trials identified from
bibliography review and authors »
A 4
59
Appropriate Trials Reviewed

18 Trials excluded, Reasons:
None or minority of patients ventilated (n=13)

A 4

A 4

No outcomes available for subgroup with nosocomial
pneumonia (n=2)

Duplicate trial reported elsewhere (n=2)

Trial not randomized (n=1)

41
Randomized Controlled Trials

Figure 1. Study flow diagram of the process for identifying the 41 studies included in this review.
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Table 1. Characteristics and quality of trials comparing antibiotic therapies for ventilator-associated pneumonia (VAP)

Additional Patients Group Blind
Experimental vs. Control  Antibiotic Both Ventilated, Pseudomonas Assignment  Double Outcome ITT Comple
Reference Therapy Groups No. % Species, % Concealed Blind  Assessment Analysis Follow-Up
Gram-positive coverage
Cepeda 2004 (67) Linezolid vs. teicoplonin 504 84 NA Yes Yes Yes Yes No
Wunderink 2003 Linezolid vs. vancomycin ~ Aztreonam 544 100 NA Not stated ~ Yes Yes Yes No
(57) Rubinstein
2001 (44)
Grudinina 2002 (46) Linezolid vs. vancomycin 69 100 NA Not stated  Not stated Not stated No No
Fagon 2000 (61) Quinupristen/dalfopristin ~ Aztreonam 298 74 NA Yes No No Yes Yes
Vs. vancomycin
Monotherapy vs.
combination
therapy
Damas 2006 (43) Cefepime vs. cefepime/ 74 100 13.5 No No No Yes Yes
amikacin or cefepime/
levofloxacin
Muscedere 2005 (45) Meropenem vs. 739 100 6.2 Yes No No Yes Yes
meropenem/ciprofloxacin
Alvarez 2001 (48) Meropenem vs. 140 100 23 Not stated  No Yes Yes Yes
ceftazidime/amikacin
Manhold 1998 (16) Ciprofloxacin vs. 51 100 NA Not stated ~ Not stated No Yes Not clear
ceftazidime/gentamicin
Sieger 1997 (69) Meropenem vs. 211 70 22 Not stated  No No Yes Yes
ceftazidime/tobramycin
Rubinstein 1995 Ceftazidime vs. Metronidazole? 297 60 16 Yes No Yes Yes Yes
(74)¢ ceftriaxone/tobramycin
Mouton 1995 (64)° Meropenem vs. 84 50 22 Not stated  No No No No
ceftazidime/amikacin
Cometta 1994 (70)¢ Imipenem vs. imipenem/ 177¢ 55 19 Yes Yes Yes No Yes
netilmicin
Kljucar 1987 (54)" Ceftazidime vs. 33 100 6 Not stated  No Not stated Yes No
ceftazidime/tobramycin
Brown 1984 (63) Moxalactam vs. 48 85 21 No No No No Yes
carbenicillin/tobramycin
Rapp 1984 (81)° Ceftazidime vs. ticarcillin/ 35 NA 23 Not stated  No No No No
tobramycin
Carbapenem vs.
carbapenem
Garau 1997 (79) Meropenem vs. imipenem 79 84 15 Yes No No No No
Colardyn 1996 (78)° Meropenem vs. imipenem 80 59 12 Not stated  No No No Not clear
Cephalosporin vs.
carbapenem
Zanetti 2003 (76) Cefipime vs. imipenem 281 66 25 Yes No Yes No Yes
Norrby 1993 (62)¢ Ceftazidime vs. imipenem 2544 50 12 Yes No Yes No No
Cephalosporin vs.
cephlasporin
Beaucaire 1999 (50)  Cefepime vs. ceftazidime  Amikacin 275 100 19 Not stated  No Yes Yes Yes
Wolff 1998 (77) Cefpirome vs. ceftazidime 400 69 12 Not stated  No Yes Yes Yes
Thomas 1994 (55) Cefotaxime vs. ceftriaxone 142 100 4 Not stated ~ Yes Yes No No
Croce 1993 (53)¢ Cefoperazone vs. Gentamicin 109 100 NA Not stated  No No No Not clear
ceftazidime
Reeves 1989 (73) Cefotaxime vs. ceftriaxone 51 90 4 Not stated  No No Yes Not clear
Fluoroquinolone vs.
cephlasporin
Saginur 1997 (56)° Ciprofloxacin vs. Clindamycin? s 100 4 Yes No No No No
ceftazidime
Rapp 1991 (65)° Ciprofloxacin vs. Metronidazole 32 66 6 Yes No Yes No Yes
ceftazidime
Fluoroquinolone vs.
carbapenem
West 2003 (66) Levofloxacin vs. Ceftazidime 438 60 8 No No No Yes Yes
imipenem Amikacin
Torres 2000 (75) Ciprofloxacin vs. 152 99 35 Yes No No No No
imipenem
Fink 1994 (59) Ciprofloxacin vs. Vancomycin 402 76 23 Yes Yes Yes Yes Not clear
imipenem Metronidazole?
Giamarellou 1990 Pefloxacin vs. imipenem 71 72 35 No No No No No
(91)
110 Crit Care Med 2008 Vol. 36, No. 1
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Table 1.—Continued

Additional Patients Group Blind
Experimental vs. Control  Antibiotic Both Ventilated, Pseudomonas Assignment Double Outcome ITT Comple
Reference Therapy Groups No. % Species, % Concealed Blind  Assessment Analysis  Follow-Up
Antipseudomonal
penicillin vs.
cephalosporin
Alvarez-Lerma 2001  Pip/tazobactam vs. Amikacin 124 86 21 Not stated  No Yes Yes Yes
(68) ceftazidime
Brun-Buisson 1998 Pip/tazobactam vs. Amikacin 207 100 31 Not stated  No Yes Yes Yes
(47) ceftazidime
Aztreonam vs.
aminoglycoside
Torres 1989 (51)¢ Aztreonam vs. amikacin Cefotaxime 33 100 33 Not stated  No No No No
Schentag 1985 (60) Aztreonam vs. Gram positive 47 68 28 Yes No No No No
tobramycin coverage?
Other
Baker 2003 (42) Delayed culture directed 100 100 4 Not stated  No Yes No Yes
antibiotic vs standard
therapy”
Singh 2000 (7) Ciprofloxacin vs. standard 81 58 NA Not stated  No No Yes Yes
therapy”
Jaccard 1998 (72) Pip/tazobactam vs. 1544 50 29 Yes No No No Not clear
imipenem
Polk 1997 (52) Aztreonam/vancomycin 122 100 NA Not stated  No No Yes Not clear
vs. imipenem
Beaucaire 1995 (49)  Isepamicin vs. amikacin Ceftazidime 86 100 NA Not stated  No No Yes Yes
Beuscart 1989 (58)  Pefloxacin vs. amikacin Ceftazidime 352 90 25 Not stated ~ Not stated Not stated No No
Kljucar 1987 (54)" Ceftazidime vs. azlocillin ~ Tobramycin 32 100 14 Not stated  No Not stated Yes No
Total, 41 trials 7,015 77 18

ITT, study employed an intention-to-treat analysis; NA, not available.
2Subgroup with nosocomial pneumonia; ’the VAP subgroup data were reported in a retrospective review paper (92); “only clinical cure or improvement
reported; “additional therapy optional; outcomes of subgroup communicated from author; ‘the trial by Kljucar 1987 had three treatment arms and is
reported as two separate comparisons; Ysubgroup with ventilator-dependent pneumonia; “standard therapy (defined by the attending physician, usually

combination therapy).

was used to analyze the pooled outcomes us-
ing the DerSimonian-Laird method (24). Out-
comes were weighted by inverse variance.
Analysis was conducted using Review Manager
(RevMan, version 4.2 for Windows Copenha-
gen: The Nordic Cochrane Centre, The Co-
chrane Collaboration, 2003).

RESULTS

Study Identification. We screened 154
trials for inclusion in this review. We
excluded 18 of 59 potentially eligible tri-
als, as outlined in Figure 1 (4, 25-41).
The 41 trials included in the review were
conducted in >30 countries and were
published between 1984 and 2006; they
enrolled a total of 7,015 patients. Twenty-
nine different regimens of antibiotics
were compared (Table 1); no antibiotic
was consistently used as the comparator
in the control arm of these studies. Most
regimens included sufficient coverage for
Gram-positive, Gram-negative, and an-
aerobic organisms. Five studies evaluated
the best coverage for Gram-positive
agents, with linezolid being the experi-
mental therapy in three of these trials. No
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placebo-controlled trials were identified;
however, one trial compared early empir-
ical therapy with delayed culture-directed
therapy based on bronchoscopic speci-
mens (42). Twenty-six studies enrolled
ICU patients exclusively. Seventeen trials
restricted entry to patients with sus-
pected VAP (16, 42-57); only two of these
compared the same regimens—Iinezolid
and vancomycin (46, 57). Late-onset
pneumonia, with hospitalization or ICU
stay >96 hrs, was evaluated in only two
trials (16, 45). Two trials recruited only
trauma patients (42, 53). Four of the in-
cluded studies were reported in lan-
guages other than English, specifically
German (54), French (50, 58), and Rus-
sian (46).

All trials initiated antibiotics empiri-
cally before the availability of culture re-
sults. Four studies required a positive
sputum Gram stain before initiation of
treatment (53, 59—61). A strategy to alter
antibiotics following the availability of
culture results was described in 19 trials
(46.3%). In eight trials, antibiotics were
added or changed if the patient was fail-

ing or a resistant organism was identified
(43, 49, 50, 53, 62-65). In two trials,
Gram-positive coverage or Gram-nega-
tive coverage could be added as required
(66, 67). Criteria for discontinuation of
therapy were specified in nine trials: In
four trials, the aminoglycoside was dis-
continued if the culture results were neg-
ative for infection with Pseudomonas (47,
48, 68, 69); in a single trial, antibiotics
were discontinued if there was no clinical
improvement by day 3 (54); and in four
trials, discontinuation of all antibiotic
therapy was mandated if eventual culture
results were negative (7, 42, 45, 58).
Study Quality. The overall quality of
the included studies was low (Table 1). A
double-blinded methodology was em-
ployed in only six trials (14.6%) (44, 55,
57, 59, 65, 67). Of the nonblinded trials,
allocation to study group was concealed
in 17 of 35 trials (48.6%) (45, 54, 56, 57,
59-62, 65-67, 70-76), and outcomes
were evaluated by a blinded assessor in
only 9 of 35 trials (25.7%) (42, 47, 48, 50,
62, 68, 74, 76, 77). Only 18 of 41 trials
(43.9%) had complete follow-up of en-
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Study Tmt 1 (Experimental) Tmt 2 (Control) RR (random) Weight RR (random)
or sub-category niN N 95% Cl % 95% Cl
01 Linezolid vs Vancomycin
Grudinina 2002 0/37 2/32 + » 1.02 0.17 [0.01, 3.49)
Wunderink/Rubinstein s9/282 69/262 _ 98.98 0.79 [0.59, 1.08]
Subtotal (35% CI) 319 294 ——agiPee-—— 100.00 0.78 [0.58, 1.06]
Total events: 59 (Tmt 1 (Experimental)), 71 (Tmt 2 (Control))
Test for heterogeneity: Chi* =098, df =1 (P =0.32), P =0%
Test for overall effect. Z=159 (P=0.11)
02 Piperacilin/Tazobactam vs Ceftazidime
Brun-Buisson 1998 18/98 2z/99 + = 60.36 0.83 [0.47, 1.44)
Alvarez-Lerma 2001 27/88 2/36 — » 39.64 1.38 [0.69, 2.74]
Subtotal (35% CIy 186 138 - — e —— 100.00 1.03 [0.62, 1.68)
Total events: 45 (Tmt 1 (Experimental)), 30 (Tmt 2 (Control))
Test for heterogeneity: Chi*=1.29,df =1 (P =0.26), P = 22.7%
Test for overall effect: Z=010(P=092)
03 Meropenem vs Ceftazidime/Aminoglycoside
Sieger 1997 10/104 17/107 —— 37.50 0.61 [0.29, 1.26)
Alvarez-Lerma M-2001 16/69 20/71 4 L 62.50 0.82 [0.47, 1.45]
Subtotal (35% CI) 173 178 e — 100.00 0.73 [0.47, 1.15]
Total events: 26 (Tmt 1 (Experimental)), 37 (Tmt 2 (Control))
Test for heterogeneity: Chi* =043, df =1 (P=051),F=0%
Test for overall effect: Z=1.35(P=0.18)
04 Fluoroguinolone vs Imipenem
Giamareliou 1990 1/28 4/29 + » 1.71 0.29 [0.03, 2.43)
Fink 1994 43/202 38/200 —_—l;G 50.63 1.1z (0.76, 1.65]
Torres 2000 8/41 4/34 » 6.25 1.66 [0.55, 5.04)
West 2003 38/220 3z2/218 & 41.42 1.18 [0.76, 1.81)
Subtotal (95% CI) 488 481 e 100.00 1.15 [0.87, 1.51]
Total events: 30 (Tmt 1 (Experimental)), 78 (Tmt 2 (Cortrol))
Test for heterogeneity: Chi® = 2,06, df = 3 (P = 0.56), = 0%
Test for overall effect: Z =096 (P =0.34)
06 Cefotaxime ve Ceftriaxone
Reeves 1989 4/26 2/28 ¢ # 14.77 1.92 [0.39, 9.58)
Thomas 1994 12/40 13/53 — » 85.23 1.2z [0.63, 2.39)
Subtotal (95% CI) 66 78 —e—enen R 100 . 00 1.31 [0.71, 2.42]
Total events: 16 (Tmt 1 (Experimental)), 15 (Tmt 2 (Control))
Test for heterogeneity: Chi*=0.26,df =1 (P=061), 2 =0%
Test for overall effect: Z =085 (P = 0.39)

0s 07 1 15 2

Favours Tmt 1 (Exp) Favours Tmt 2 (Cont)

Figure 2. Mortality in pooled trials comparing specific antibiotic regimens. Unless otherwise specified in the report, we assumed that the experimental
therapy was the therapy produced by the pharmaceutical company supporting the trial; the first-named regimen is the experimental regimen. No regimen
demonstrated superiority for a particular regimen. Tmf, treatment; RR, relative risk; CI, confidence interval.

rolled patients. A power calculation was
included in the report of 19 trials (46.3%)
(7, 42, 45, 48, 56, 57, 59, 61, 62, 6670,
74, 76-79). Most of these were powered
to detect a 15% to 20% difference in
clinical outcome (12 of 19); five were
powered to detect a 10% difference in clin-
ical cure (62, 74, 77), bacteriologic re-
sponse (59), or renal toxicity (70); and only
two were powered to detect a difference in
mortality—10% in 28-day mortality (45) or
25% in hospital mortality (42).

Mortality. There was no evidence that
any particular regimen improved sur-
vival. Mortality was reported in 30 of the
trials, analyzing an ITT or per protocol
population was reported in 26, and only
patients with a pathogen sensitive to the
study drug were reported in four (55, 60,
63, 75). The overall reported mortality
rate was 20.3% (1,072 of 5,277). No sig-
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nificant differences in survival were iden-
tified between any study regimens, even
with pooling of trial results (Fig. 2). Im-
portantly, the Cls also remained wide for
most comparisons. Among the pooled
comparisons the narrowest CI spanned
from 0.58 to 1.06 for the comparison of
linezolid to vancomycin, and in the un-
pooled comparisons it spanned from 0.70
to 1.27 with an RR of 0.94 for meropenem
vs. meropenem and ciprofloxacin (45).
Worse, 13 of 18 unpooled comparisons
were not able to exclude effect sizes
greater than RR = 2.0 (or less than RR =
0.5), indicating that large clinical differ-
ences could exist between regimens.
Treatment Failure. Nineteen studies
reported rates of treatment failure in
patients with clinically suspected pneu-
monia (ITT or per protocol analysis).
Six trials could be pooled in three com-

parisons (Fig. 3) and showed mero-
penem to be superior to combination
ceftazidime/aminoglycoside (RR 0.70,
0.53-0.93). Another 13 trials could not
be pooled because the treatment regi-
mens compared differed. Only one of
these studies yielded a significant dif-
ference; short-course ciprofloxacin (dis-
continued if cultures were negative and
the Clinical Pulmonary Infection Score
was <6) was superior to standard ther-
apy (determined by the treating physi-
cian) (RR 0.64, 0.41-0.99) (7). The
overall failure rate in these studies was
42.2% (1,775 of 4,211).

Thirty-three trials reported treatment
failure rates for the subgroup of patients
with microbiologically confirmed infec-
tion. The overall failure rate was 37.4%
(1,328 of 3,548). Twenty of the 33 trials
could be pooled in nine comparisons.

Crit Care Med 2008 Vol. 36, No. 1
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Study Tmt 1 (Experimental) Tmt 2 (Control) RR (random) ‘Weight RR (random)

ot sub-category niN i 95% Cl % 95% Cl

01 Linezalid vs Yancomycin J

Grudinina 2002 19/34 20735 19.13 0.98 [0.65, 1.48]
Wunderink/Rubinstein 1247227 131/207 —=— 50.87 0.86 [0.74, 1.01]
Subtotal (95% CI) z6l zd4z ey 100.00 0.88 [0.76, 1.0Z]
Total events: 143 (Tmt 1 (Experimental)), 151 (Tmt 2 (Control))

Test for heterogeneity: Chiz =031, df =1 (P=058), P =0%

Test for overall effect: Z=1.75(P =0.08)

02 Meropenem vs Ceftazidime/Aminoglycoside

Sieger 1997 307106 43/105 +—=— 55.44 0.69 [0.47, 1.01]
Alvarez-Lerma M-2001 ZZ/69 32771 +—a— 44 56 0.71 [0.46, 1.09]
Subtotal (35% CI) 175 176 -—eaiiiie—- 100.00 0.70 [0.53, 0.93]
Total everts: 52 (Tmt 1 (Experimental)), 75 (Timt 2 (Control))

Test for heterogeneity: Chi*=0.01,df =1 (P=094), P =0%

Test for overall effect: Z=247 (P=0.01)

03 Fluoroguinolone vs Imipenem

Torres 2000 18752 17757 L » 28.75 1.16 [0.67, Z.00]
West 2003 46/111 417111 —_—t=— 71.25 1.12 [0.81, 1.56]
Subtotal (95% CI) 163 168 = —— 100.00 1.13 [0.85, 1.50]
Total everts: 64 (Tmt 1 (Experimental)), 58 (Tmt 2 (Control))

Test for heterogeneity: Chi*=0.01,df =1 (P=0.92), P =0%

Test for overall effect: Z = 0.86 (P =0.39)

05 07 1 15 2
Favours Tt 1 (Exp)  Favours Tmt 2 (Cont)

Figure 3. Rates of treatment failure in pooled trials comparing specific antibiotic regimens. The only evidence of superior efficacy was seen in studies
comparing meropenem to a combination of ceftazidime and an aminoglycoside. Tmf, treatment; RR, relative risk; CI, confidence interval.
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Test for heterogeneity: Chi* =572, df =7 (P=057),F=0%
Test for overall effect: Z=060(P = 0.55)
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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.

Pooled results of three trials showed
meropenem to be superior to combined
ceftazidime/aminoglycoside, RR 0.51
(0.33-0.80) (48, 64, 69), while linezolid
was superior to vancomycin for suspected
Gram-positive infection when two trials
were pooled (RR 0.75, 0.59-0.96) (46,
57). Pefloxacin was found inferior to ami-
kacin, with an RR of 2.07 (1.09-3.93);
however, this trial was of very poor qual-
ity and did not report mortality (58).
Superinfections and Adverse Events.
Superinfection occurred in 564 of 4,217
patients (13.3%) in the 26 trials that re-
ported this outcome. Only one trial found
a significantly different superinfection
rate between treatment strategies. Cipro-
floxacin, discontinued at 48 hrs if culture

Crit Care Med 2008 Vol. 36, No. 1

results were negative and the Clinical
Pulmonary Infection Score was <6, was
associated with a significantly lower rate
of superinfection than standard therapy
as directed by the attending physician—5
of 39 (13%) vs. 14 of 42 (33%) (RR 0.38,
0.15-0.97) (7). The average rate of seri-
ous side effects across the 26 studies that
reported this outcome was 6.3% (356 of
5,655). The only trial to find a significant
difference in rates of adverse events com-
pared ciprofloxacin (3 of 202; 1.5%) to
imipenem (11 of 200; 5.5%) (RR 0.27,
0.08-0.95) (59).

Combination Therapy Vs. Mono-
therapy. Eleven trials compared mono-
therapy with combination therapy (16,
43, 45, 48, 54, 63, 69, 70, 74, 80, 81). Of

the 1,805 patients in these trials, 85.1%
were ventilated and 13.8% were infected
with Pseudomonas spp. (Table 1); only
five trials exclusively enrolled ventilated
patients (16, 43, 45, 48, 54). Monotherapy
consisted of a carbapenem (n = 5), cefta-
zidime (n = 3), cefepime (n = 1), cipro-
floxacin (n = 1), or moxalactam (n = 1).
Combination therapy consisted of cipro-
floxacin combined with meropenem (n =
1); cefepime combined with levofloxacin
or amikacin (n = 1); or an aminoglyco-
side combined with one of ceftazidime
(n = 5), ceftriaxone (n = 1), an anti-
pseudomonal penicillin (n = 2), or a car-
bapenem (n = 1).

Eight of these trials, enrolling 1,459
patients, reported mortality (Fig. 4).
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Figure 5. Treatment failure in pooled trials comparing monotherapy with combination therapy. There was no evidence that combination therapy results
in lower rates of treatment failure but rather a statistically nonsignificant trend to higher rates of treatment failure when combination therapy is used. RR,

relative risk; CI, confidence interval.

There was no mortality difference for pa-
tients receiving monotherapy in compar-
ison to combination therapy (RR 0.94,
0.76-1.16). Based on this narrow 95%
confidence interval, with a maximum RR
of 1.16, it does not appear likely that
combination therapy is clinically superior
to monotherapy. Similarly there was no
significant difference in treatment failure
in patients with clinically suspected
pneumonia (RR 0.88, 0.72-1.07; Fig. 5)
or microbiologically proven pneumonia
(RR 0.86, 0.63-1.16) (45, 48, 63, 64, 69,
70, 74). Outcomes did not change in the
sensitivity analyses of high-quality trials
(45, 48, 70, 74) (mortality, RR 0.93, 0.72—
1.19; treatment failure, RR 0.92, 0.72—
1.17) or in the five trials exclusively en-
rolling ventilated patients (16, 43, 45, 48,
54) (mortality, RR 0.95, 0.74-1.22; treat-
ment failure, RR 0.95, 0.68-1.32). There
were no significant differences in rates of
superinfections (RR 0.77, 0.48-1.22) or
serious adverse events (RR 0.84, 0.48—
1.49).

DISCUSSION

More than 7,000 patients were en-
rolled in the 41 different trials included
in this meta-analysis, yet the results do
not permit robust conclusions regarding
the selection of optimal empirical antimi-
crobial therapy for patients with sus-
pected VAP. We found no mortality ben-
efit for any of the regimens evaluated.
Moreover, we found no evidence that
combination therapy is superior to
monotherapy in reducing the 37.4% rate
of treatment failure or in altering rates of
superinfection and adverse events. These
findings are similar to those of a recent
meta-analysis which found no difference
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in outcomes with B—lactam-aminoglyco-
side combination therapy compared with
B -lactam monotherapy in patients with
severe sepsis (82).

The only significant difference ob-
served between any specific empirical
regimens was that meropenem was asso-
ciated with a decreased treatment failure
rate when compared with ceftazidime and
aminoglycoside combination therapy.
This treatment effect, however, did not
translate into a difference in mortality.
The two trials pooled in this analysis were
of low quality. In addition, in light of the
multiple comparisons made in this anal-
ysis evaluating treatment failure (19
comparisons), it could be expected that
roughly 5% of these differences could be
explained by chance alone (type I error)
using a = .05.

There are several plausible explana-
tions for the overall lack of proven differ-
ential therapeutic efficacy. The individual
trials are generally small and lack the
power to detect modest but clinically im-
portant differences in outcome between
the treatment groups. The objective of
most studies was to demonstrate equiva-
lence, but almost all were underpowered
to detect an absolute difference of 10%
between the two study arms. Even when
we pooled patients from trials employing
the same antibiotic interventions, the re-
sulting sample sizes were still too small
to conclude with confidence that there is
no clinically important difference in pa-
tient outcomes.

The efficacy of the initial empirical
antibiotic regimen is at least partly de-
pendent on the therapeutic strategy em-
ployed once the results of cultures are
available. Two studies evaluating the util-

ity of bronchoscopic methods to rule out
infection found that discontinuing anti-
biotics when cultures are demonstrated
to be negative not only is safe but may
actually increase survival (83, 84); how-
ever, a third randomized controlled trial
included in this meta-analysis did not
support this conclusion (45). All trials in
this review initiated treatment based on a
clinical suspicion of pneumonia; how-
ever, the strategy for altering agents once
microbiological data were available was
neither consistent nor explicitly defined.
Only one study specified that the empir-
ical regimen (ciprofloxacin) be discontin-
ued if culture results were negative in the
absence of clinical deterioration (7); this
study reported a reduction in rates of
superinfection and an improvement in
clinical outcomes when antibiotics were
stopped.

The heterogeneity of patients enrolled
into these trials may have diluted the
impact of particular antibiotic regimens
in patients with a specific diagnosis of
VAP. The concept of VAP first appeared in
1978 (85), but only in the past decade has
it has received widespread attention as a
distinct condition. However, even in the
17 trials that exclusively recruited pa-
tients with VAP, no significant differences
in outcomes were observed between
treatment arms.

Variability in the accuracy and com-
pleteness of the outcomes measured may
also have influenced the conclusions of
this review. The primary outcome for all
but two of these studies was “cure” or
“improvement” of pneumonia. This out-
come is subjective and observer-depen-
dent; however, in only 13 trials (32%) was
the assessor blinded to treatment group.
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All-cause mortality was reported in only
26 of the 41 trials.

Finally, it is possible that the admin-
istration of empirical antibiotics to pa-
tients suspected of having VAP does not
significantly improve clinical outcome or
that the selection of agent is much less
important than the timing of administra-
tion. The impact of delayed culture-
guided therapy was evaluated in a single
trial that found no difference in mortality
rates but was underpowered to exclude a
clinically important difference (42). The
conclusion that early empirical therapy
for VAP is beneficial is derived from stud-
ies of patients with community-acquired
infections or from retrospective analyses
of observational studies of patients with
VAP (86-88). In the absence of a rigorous
comparison, it is unclear whether the
equivalence of active treatments reflects
true therapeutic equivalence or the lack
of utility of a strategy of empirical ther-
apy (89, 90).

This meta-analysis synthesizes the
best evidence from randomized con-
trolled trials regarding empirical antibi-
otic therapy for VAP and demonstrates
that we are forced to choose among po-
tentially inferior alternatives because re-
search is lacking that would either iden-
tify a superior regime or demonstrate
that available choices are effectively
equivalent. Although we cannot recom-
mend a particular antibiotic regimen, in
the absence of strong evidence of safety
for delayed therapy, we recommend that
patients with a high clinical suspicion of
VAP be started on empirical antibiotic
therapy. We found no benefit for combi-
nation empirical therapy over mono-
therapy, even in the two studies specific
to late-onset pneumonia (16, 45). How-
ever, the percentage of episodes of VAP
caused by multi-drug-resistant or diffi-
cult-to-treat organisms was low in the
trials we reviewed, and the initial selec-
tion of agent or agents must be guided by
consideration of local microbial ecology.
Our data do not permit specific recom-
mendations regarding the additional util-
ity of empirical coverage against methi-
cillin-resistant S. aureus, as all studies
evaluating linezolid or vancomycin in-
cluded methicillin-resistant S. aureus
coverage in the comparator arm.

Finally, this review underlines the
need for high-quality adequately powered
trials to determine the best treatment for
suspected VAP. Contemporary concerns
about the adverse consequences of anti-
biotic overuse highlight a need for ran-

Crit Care Med 2008 Vol. 36, No. 1

domized controlled trials to address the
appropriate timing of initiation, duration,
and de-escalation of therapy following
identification of a pathogen and the over-
all utility of early and aggressive empiri-
cal antibiotic therapy (91, 92).
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