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� lactam monotherapy versus � lactam-aminoglycoside
combination therapy for sepsis in immunocompetent
patients: systematic review and meta-analysis of
randomised trials
Mical Paul, Ishay Benuri-Silbiger, Karla Soares-Weiser, Leonard Leibovici

Abstract
Objective To compare � lactam monotherapy with �
lactam-aminoglycoside combination therapy for
severe infections.
Data sources Medline, Embase, Lilacs, Cochrane
Library, and conference proceedings, to 2003;
references of included studies; contact with all
authors. No restrictions, such as language, year of
publication, or publication status.
Study selection All randomised trials of � lactam
monotherapy compared with �
lactam-aminoglycoside combination therapy for
patients without neutropenia who fulfilled criteria for
sepsis.
Data selection Two reviewers independently applied
selection criteria, performed quality assessment, and
extracted the data. The primary outcome assessed was
all cause fatality by intention to treat. Relative risks
were pooled with the random effect model (relative
risk < 1 favours monotherapy).
Results 64 trials with 7586 patients were included.
There was no difference in all cause fatality (relative
risk 0.90, 95% confidence interval 0.77 to 1.06). 12
studies compared the same � lactam (1.02, 0.76 to
1.38), and 31 studies compared different � lactams
(0.85, 0.69 to 1.05). Clinical failure was more common
with combination treatment overall (0.87, 0.78 to 0.97)
and among studies comparing different � lactams
(0.76, 0.68 to 0.86). There was no advantage to
combination therapy among patients with Gram
negative infections (1835 patients) or Pseudomonas
aeruginosa infections (426 patients). There was no
difference in the rate of development of resistance.
Nephrotoxicity was significantly more common with
combination therapy (0.36, 0.28 to 0.47).
Heterogeneity was not significant for these
comparisons.
Conclusions In the treatment of sepsis the addition of
an aminoglycoside to � lactams should be

discouraged. Fatality remains unchanged, while the
risk for adverse events is increased.

Introduction
Treatment with a combination of � lactam and an
aminoglycoside is purported to be superior to � lactam
alone for sepsis on the basis of potential advantages such
as in vitro synergism and prevention of development of
resistance.1–7 Textbooks and guidelines advise the
combination for specific pathogens, such as Pseudomonas
aeruginosa and other Gram negative bacteria, and for
infections commonly caused by these pathogens.8 9 In
aiming for optimal antibiotic treatment of severe
infections, hospital clinicians tend to use combination
therapy despite the lack of direct evidence for its
effectiveness. Observational studies show that 56% of
patients with septic shock in the intensive care unit10 are
given � lactam-aminoglycoside combination therapy.

We performed a systematic review and meta-
analysis of randomised trials comparing � lactam-
aminoglycoside combination therapy with � lactam
monotherapy for severe infections in patients without
neutropenia.

Methods
We searched Medline, Embase, Lilacs, the Cochrane
Library (all up to March 2003), conference proceed-
ings of the Interscience Conference on Antimicrobial
Agents and Chemotherapy (1995-2002), and citations
of included trials (see bmj.com for details).

We included all randomised and quasi-randomised
trials that compared any � lactam monotherapy with any

A full list of references to excluded studies can be found on
bmj.com

This is the abridged version of an article that was posted on
bmj.com on 2 March 2004: http://bmj.com/cgi/doi/10.1136/
bmj.38028.520995.63
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combination of a � lactam and an aminoglycoside for
severe infections. Severe infection was defined as clinical
evidence of infection, plus evidence of a systemic
response to infection.11 We excluded studies with a drop-
out rate above 30%, unless intention to treat analysis was
given for mortality or failure outcomes, and studies with
more than 15% of patients with neutropenia, neonates,
and preterm babies.

The primary outcome assessed was all cause fatality
by the end of study follow up and up to 30 days.
Secondary outcomes included treatment failure,
defined as death, non-resolving primary infection, any
modification to allocated antibiotics, or any therapeutic
invasive intervention not defined by protocol; bacterio-
logical failure, defined as persistence of primary
pathogen; bacterial and fungal superinfections and
colonisation; adverse events; and length of hospital
stay. We separated studies that compared the same �
lactam from studies that compared different � lactams.
We performed subgroup analyses for P aeruginosa
infections, any Gram negative infection, bacteraemia,
and specific sources of infection.

Two reviewers independently applied inclusion and
exclusion criteria and extracted the data. We extracted
outcomes by intention to treat, unless the reasons for
exclusions were not presented. In this case, we used the
presented results (per protocol analysis) in the main
analysis and compared them with results using all
randomised patients and assuming failure for dropouts.
We expected heterogeneity with respect to outcomes
and used the random effects model, comparing it to a
fixed effect model.12 The effect of study quality measures
was examined through sensitivity analysis.

We examined a funnel plot of the log of the relative
risk against the weight to estimate potential selection
bias (such as publication bias) and to assess whether
effect estimates were associated with study size.

Results
We evaluated 144 eligible randomised trials and
included 64 in the review (see bmj.com). The trials
included 7586 patients, nearly all adults, and were per-
formed between the years 1968-2001. The median
number of patients per trial was 87 (range 20-580). The
major conditions were severe sepsis, pneumonia, or
Gram negative infections (41 trials), abdominal
infections (11 trials), urinary tract infections (7 trials),
and Gram positive infections (5 trials). Allocation to
antibiotics was empirical in 56 trials. The same � lactam
was compared in 20 trials, while all other trials
compared one � lactam to a different, narrower
spectrum � lactam combined with an aminoglycoside.

All cause fatality—Forty three trials including 5527
patients reported all cause fatality. There was no
significant difference between monotherapy and com-
bination therapy when we combined these studies
(fig 1). There was no difference among the 12 studies
with 1381 patients that compared the same � lactam or
among studies that compared different � lactams. The
heterogeneity for this comparison was low.

Treatment failure—We compared clinical and bacte-
riological failures in 63 and 43 trials, respectively. For
both comparisons, monotherapy was not significantly
different from combination therapy among studies
that compared the same � lactam. Monotherapy was

significantly superior to combination therapy among
studies that compared different � lactams. The overall
comparison favoured monotherapy for clinical failure
(0.87, 0.78 to 0.97; 6616 patients; number needed to
treat 34, 20 to 147) and for bacteriological failure (0.86,
0.72 to 1.02; 3511 patients).

Subgroup analysis—Major effectiveness outcomes
were compared within the defined patient subgroups:
P aeruginosa infections, any Gram negative infection,
bacteraemia, non-urinary tract infections, Gram posi-
tive infections, and endocarditis. We did not detect an
advantage to combination therapy with any subgroup
tested (see bmj.com).

Development of resistance—Combination therapy did
not lower bacterial superinfection or colonisation rates,
which we would have expected if combination therapy
prevented the development of resistance. Relative risks
tended to favour monotherapy for bacterial superinfec-
tions (0.79, 0.59 to 1.06). Rates of fungal superinfection
were similar. Twenty six studies reported coverage rates
of the allocated treatment, although outcomes were not
related to coverage. Among studies with different �
lactams, the monotherapy � lactam provided broader
coverage than the combination � lactam in 13 studies,
the opposite occurring in two studies. Combined cover-
age of the � lactam and the aminoglycoside equalled
monotherapy in these studies.

Dropouts and adverse events—The dropout rate was
12.6% and similar in both study groups (1.01, 0.85 to
1.20, 24 studies, 3631 patients). Few patients (2%)
discontinued treatment because of adverse events with
no difference between study groups (0.89, 0.52 to 1.52,
15 studies, 3042 patients). Nephrotoxicity was more
common with combination therapy in nearly all
studies, and the combined relative risk was 0.36 (0.28 to
0.47, fig 2), corresponding to a number needed to
harm of 15 (14 to 17) for combination therapy.

Sensitivity analysis—Sensitivity analyses were carried
out for measures of study quality. All sensitivity
comparisons were non-significant. The advantage of
monotherapy was more significant in trials that used
some type of blinding. The funnel plot for treatment
failure generated a nearly symmetrical “funnel
distribution” (see bmj.com).

Discussion
Main findings
In this systematic review of all randomised trials we
have shown that � lactam-aminoglycoside combination
therapy and � lactam monotherapy for the treatment
of sepsis have similar effects in patients without
neutropenia.

Twenty trials compared the same � lactam. All
cause fatality, the most significant and objective
outcome, was not reduced by the addition of
aminoglycosides. Clinical and bacteriological failure,
which may be prone to bias with non-blinded trials and
are of much lesser relevance to patients, were not
significantly different. However, rates of adverse events
increased with the aminoglycoside. Nephrotoxicity was
much more common with combination therapy.

Forty four trials compared a broad spectrum,
usually novel, � lactam with a “routine” combination
regimen. Rates of appropriate antibiotic treatment
with combination therapy and monotherapy were
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similar when reported. Fatality was not significantly
different. Failures were significantly more common
with combination therapy. Among all trials, we found
no evidence for any potential prevention of infection
by resistant isolates with combination therapy.

How should these findings be interpreted?
It can be debated which design appropriately examines
the clinical interpretation of synergism, studies
comparing same or different � lactams. Synergism has
been defined as a 2 log10 or greater reduction in bacte-

rial count with the combination versus that with each
of the agents alone.13 In studies comparing the same �
lactam this is directly tested, but the effect of increasing
the antibiotic spectrum cannot be separated from a
synergistic effect. In studies comparing different �
lactams the spectrum of coverage was similar in both
arms. However, synergism can be examined only indi-
rectly. If we assume that the aminoglycoside offers
more than its additional coverage, the combination
arm should perform as well, or better, than the broader

Relative risk
(95% CI)

Weight
(%)

0.1 0.2 0.5 1 2 5 10

Favours monotherapy Favours combination

01 Same β lactam
Abrams 1979
Cardozo 2001
Sandberg 1997
Sculier 1982
Carbon 1987
Ribera 1996
Korzeniowski 1982
Klastersky 1973
D'Antonio 1992
Kljucar 1990
Cometta 1994
Dupont 2000
Subtotal (95% CI)

Total events: 74 (monotherapy), 75 (combination therapy)
Test for heterogeneity: χ2=5.68, df=8, P=0.68, I 2=0%
Test for overall effect: z=0.14, P=0.89

02 Different β lactam
Duff 1982
Havig 1973
Naime Libien 1992
Rasmussen 1986
Thompson 1993
Trujillo 1992
Wiecek 1986
Wing 1998
Yellin 1993
Bergeron 1988
Cone 1985
Speich 1998
Thompson 1990
Hoepelman 1988
Koehler 1990
Jaspers 1998
Stille 1992
Landau 1990
Warren 1983
Gomez 1990
Mouton 1995
Arich 1987
Felisart 1985
Smith 1984
McCormick 1997
Mouton 1990
Sieger 1997
Alvarez Lerma 2001
Brown 1984
Finer 1992
Rubinstein 1995
Subtotal (95% CI)

Total events: 197 (monotherapy), 222 (combination therapy)
Test for heterogeneity: χ2=26.06, df=21, P=0.20, I 2=19.4%
Test for overall effect: z=1.48, P=0.14

Total (95% CI)
Total events: 271 (monotherapy), 297 (combination therapy)
Test for heterogeneity: χ2=32.50, df=30, P=0.34, I 2=7.7%
Test for overall effect: z=1.22, P=0.22

0/12
0/56
0/37
0/10
1/25
1/45
2/33
7/22
7/144
11/49
24/148
21/111

692

0/31
0/24
0/15
0/29
0/80
0/16
0/10
0/117
0/56
0/37
1/21
1/44
2/49
2/45
5/73
3/39
3/186
4/20
3/56
6/39
7/116
8/25
7/37
7/94
13/65
14/105
13/104
16/69
11/18
40/249
31/306
2175

2867

0/12
0/48
0/36
1/10
1/22
2/45
6/41
3/23

10/142
9/50

19/144
24/116

689

0/43
0/26
0/15
0/30
0/40
0/14
0/10
0/62
0/34
1/29
2/19
6/45
3/47
4/41
2/71
4/40
6/151
3/20
9/64
5/39
8/121
5/22
11/36
19/93
9/63

19/106
23/107
20/71
9/16

21/222
33/274
1971

2660

Not estimable
Not estimable
Not estimable

0.33 (0.02 to 7.32)
0.88 (0.06 to 13.25)
0.50 (0.05 to 5.32)
0.41 (0.09 to 1.92)
2.44 (0.72 to 8.26)
0.69 (0.27 to 1.76)
1.25 (0.57 to 2.74)
1.23 (0.70 to 2.14)
0.91 (0.54 to 1.55)
1.02 (0.76 to 1.38)

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

0.26 (0.01 to 6.23)
0.45 (0.04 to 4.60)
0.17 (0.02 to 1.36)
0.64 (0.11 to 3.66)
0.46 (0.09 to 2.36)

2.43 (0.49 to 12.13)
0.77 (0.18 to 3.22)
0.41 (0.10 to 1.60)
1.33 (0.34 to 5.21)
0.38 (0.11 to 1.34)
1.20 (0.40 to 3.61)
0.91 (0.34 to 2.44)
1.41 (0.54 to 3.67)
0.62 (0.27 to 1.42)
0.36 (0.16 to 0.83)
1.40 (0.64 to 3.04)
0.74 (0.39 to 1.40)
0.58 (0.31 to 1.09)
0.82 (0.47 to 1.45)
1.09 (0.62 to 1.92)
1.70 (1.03 to 2.79)
0.84 (0.53 to 1.34)
0.85 (0.69 to 1.05)

0.90 (0.77 to 1.06)

0.28
0.37
0.48
1.13
1.76
2.89
3.98
7.31
8.06

26.27

0.27
0.50
0.62
0.88
0.99
1.03
1.29
1.41
1.42
1.66
2.14
2.65
2.77
3.63
3.72
4.10
5.84
6.02
7.07
7.07
8.81
9.85

73.73

100.0

Study
or subcategory

Monotherapy
No/Total

Combination
therapy
No/Total

Fig 1 All cause fatality in comparison of � lactam monotherapy v � lactam-aminoglycoside combination therapy for treatment of sepsis. Log
scale of relative risks (95% confidence intervals), random effect model. Studies ordered by weight
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spectrum � lactam monotherapy. With the former
design we did not detect an advantage to the combina-
tion, while with the latter we found an advantage to
monotherapy.

Weaknesses of the study
The quality of included studies was poor overall. We
did not detect bias induced by any of the measures
assessed. We could not obtain data on all cause fatality
for 33% of studies. It is unlikely that missing results
would shift the results for studies comparing the same
� lactam, but it is of concern that studies comparing
different � lactams may not detect important harm to
patients.

Our assessment of treatment effects for patients
with P aeruginosa, Gram negative, and blood infections
relies on subgroup analysis. We did not detect an
advantage for combination therapy among these
patients. Only few patients with documented P aerugi-

nosa infections could be evaluated. The types of
infections addressed by included studies suggest that
further infections were caused by this pathogen.

Does further evidence support our findings?
Suggestions for an advantage for combination
treatment for P aeruginosa rely mostly on a prospective
observational study.14 A similar study focusing on Kleb-
siella bacteraemia found an advantage for combination
therapy only among patients with hypotension,15 while
other studies have not found such an advantage.16–19

In a comparison of � lactam monotherapy with �
lactam-aminoglycoside combination therapy restricted
to patients with neutropenia we found no advantage to
combination treatment.20 Although the approach to
the management of patients with and without neutro-
penia is separated in clinical practice, this similarity
supports a biological basis underlying our results.

Odds ratio
(95% CI)

Weight
(%)

0.1 0.2 0.5 1 2 5 10

Favours treatment Favours control

01 Same β lactam
Landau 1990
Naime Libien 1992
Rapp 1984
Rasmussen 1986
Sandberg 1997
Sukoh 1994
Thompson 1993
Trujillo 1992
Verzasconi 1995
Cone 1985
Vergnon 1985
Sculier 1982
Alvarez Lerma 2001
Speich 1998
Sexton 1998
Sieger 1997
Takamoto 1994
Gomez 1990
Martin 1991
Arich 1987
Coppens 1983
Mandell 1987
Rubinstein 1995
Finer 1992
Carbon 1987
Gerecht 1989
Wiecek 1986
Muller 1987
Bergeron 1988
Mouton 1990
Hoepelman 1988
D'Antonio 1992
Sage 1987
Jaspers 1998
Dupont 2000
McCormick 1997
Thompson 1990
Mergoni 1987
Ribera 1996
Warren 1983
Felisart 1985
Cometta 1994
Korzeniowski 1982
Stille 1992
Smith 1984

Total (95% CI)
Total events: 64 (monotherapy), 228 (combination therapy)
Test for heterogeneity: χ2=28.61, df=36, P=0.80, I 2=0%
Test for overall effect: z=7.58, P<0.00001

0/20
0/15
0/17
0/29
0/33
0/30
0/80
0/16
0/45
0/21
0/16
0/10
0/69
0/44
0/26
0/23
0/83
0/39
0/52
0/25
0/22
0/52
0/306
0/249
0/25
0/24
1/10
1/73
1/36
1/105
1/45
1/143
2/30
2/39
3/111
2/65
3/49
3/20
3/38
4/56
6/37
8/158
6/35
9/186
7/88

2695

0/20
0/15
0/18
0/30
0/33
0/33
0/40
0/14
1/42
1/19
1/14
1/10
2/71
2/45
2/25
2/20
3/88
3/39
3/42
3/22
4/34
7/58
9/274
12/222
7/22
8/22
1/10
2/33
3/28
4/106
4/41

10/140
3/24
5/40
3/116
8/63
4/47
4/22
5/36
9/64
7/36

14/155
16/43
18/151
37/91

2518

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

0.31 (0.01 to 7.44)
0.30 (0.01 to 7.02)
0.29 (0.01 to 6.69)
0.33 (0.02 to 7.32)
0.21 (0.01 to 4.21)
0.20 (0.01 to 4.14)
0.19 (0.01 to 3.82)
0.18 (0.01 to 3.44)
0.15 (0.01 to 2.89)
0.14 (0.01 to 2.68)
0.12 (0.01 to 2.18)
0.13 (0.01 to 2.32)
0.17 (0.01 to 2.99)
0.07 (0.00 to 1.27)
0.05 (0.00 to 0.81)
0.04 (0.00 to 0.60)
0.06 (0.00 to 0.98)
0.05 (0.00 to 0.89)

1.00 (0.07 to 13.87)
0.23 (0.02 to 2.41)
0.26 (0.03 to 2.36)
0.25 (0.03 to 2.22)
0.23 (0.03 to 1.96)
0.10 (0.01 to 0.75)
0.53 (0.10 to 2.94)
0.41 (0.08 to 1.99)
1.05 (0.22 to 5.07)
0.24 (0.05 to 1.10)
0.72 (0.17 to 3.04)
0.83 (0.21 to 3.24)
0.57 (0.15 to 2.21)
0.51 (0.17 to 1.56)
0.83 (0.31 to 2.24)
0.56 (0.24 to 1.30)
0.46 (0.20 to 1.05)
0.41 (0.19 to 0.88)
0.20 (0.09 to 0.42)

0.36 (0.28 to 0.47)

0.68
0.70
0.70
0.72
0.75
0.76
0.77
0.77
0.79
0.80
0.80
0.81
0.83
0.85
0.85
0.86
0.87
0.88
0.99
1.23
1.41
1.45
1.49
1.65
2.36
2.75
2.76
3.01
3.30
3.67
3.73
5.46
7.02
9.74

10.09
11.56
12.12

100.00

Study
or subcategory

Monotherapy
No/Total

Combination
therapy
No/Total

Fig 2 Adverse events: nephrotoxicity in comparison of � lactam monotherapy v � lactam-aminoglycoside combination therapy for treatment of
sepsis. Log scale of relative risks (95% confidence intervals), random effect model. Studies ordered by weight
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Implications for practice
Antibiotic treatment is nearly always instituted empiri-
cally and is often continued with no isolate to direct
specific treatment. Most trials assessed this scenario
and do not support a benefit for combination therapy.
Clinicians may still opt for combination empirical
treatment to increase the probability of appropriate
empirical treatment, which has indeed been shown to
improve survival.21 22 Current evidence suggests that
aminoglycoside monotherapy may be inadequate for
infections outside the urinary tract.16 23 24 Thus, for the
purpose of enhancing antimicrobial spectrum,
aminoglycosides may constitute a poor choice.

Implications for further research
Novel � lactams should not be compared with older
generation � lactams or penicillins combined with
aminoglycosides. The reason for further trials assessing
the addition of an aminglycoside to a � lactam seems
dubious as well.

We included in our review a small subset of trials
that assessed the value of addition of an aminoglyco-
side in Gram positive infections. � lactam-
aminoglycoside treatment is well ingrained in existing
guidelines and clinical practice with these infections,25

yet our results do not point to a clinical benefit with
combination therapy. With these infections, further
studies should assess whether the addition of an
aminoglycoside is justified.

We thank the Cochrane Infectious Diseases Group for their
support, review process, and help in obtaining papers; all the
authors who responded for our requests for additional data; and
Rika Fujiya, who translated the Japanese studies. The protocol
for this review with the detailed search strategy and methods is
published in the Cochrane Library.26 The complete review will
be published in the forthcoming issue of the Cochrane Library.
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What is already known on this topic

Early appropriate antibiotic treatment for severe
infections decreases mortality

In vitro studies have shown that the bactericidal
activity of a � lactam may be enhanced by the
addition of an aminogoycoside

Prospective studies have suggested that the
combination also has a clinical advantage

What this study adds

There is no difference in mortality when �
lactam-aminoglycoside combination therapy is
compared with � lactam monotherapy

Clinical failure and renal toxicity are more
common with combination therapy

� lactam-aminoglycoside combination therapy
does not improve clinical outcomes in patients
with severe infections

Endpiece

Life
The first 40 years of life give you the text; the next
30 years supply the commentary on it.

Arthur Schopenhauer (1788-1860),
German philosopher

Fred Charatan, retired geriatric physician, Florida
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