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Abstract Outpatient parenteral antimicrobial therapy (OPAT) offers increased patient
comfort and convenience in appropriately selected patients who require paren-
teral antibacterial therapy, as well as opportunity for cost savings. Home-based
programmes, with drugs being administered by the patient or the caregiver, have
become the norm in the USA. Choice of drugs for OPAT is based on antimicrobial
spectrum, dosage regimen, drug stability, toxicity profile, and cost. Over the past
decade, availability of sophisticated programmable pumps has allowed a wider
range of antimicrobial agents to be used in the ambulatory setting. The most
popular antibacterial agents in OPAT programmes in the USA are vancomycin
and β-lactams.
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1. Rationale for Ambulatory Use of
Parenteral Antibacterials

Containing the costs associated with antimicro-
bial therapy has been the focus of much interest
during recent years. One approach to cost contain-
ment is use of outpatient parenteral antimicrobial
therapy (OPAT). It is now well recognised that
hospitalising patients solely for parenteral antimi-
crobial therapy is neither cost efficient nor capable
of profiting from many potential advantages of
treating patients at home.

The advantages of OPAT can be summarised as
follows (fig. 1):
• Increased convenience and comfort for patients

and relatives. Patients experience considerably
less disruption to their personal and family life
and sleeping pattern, and may be able to con-
tinue working or attending school. Being treated
at home may be particularly psychologically ad-
vantageous for children.

• Avoidance of the costs associated with hospital-

isation. Hospitalisation is usually the most
costly component of patient care. Whether this
cost saving benefits the patient, third-party
payer or hospital depends on individual circum-
stances. The freeing-up of hospital beds may
also benefit the institution.
Oral administration of drugs is usually preferred

when pharmacologically feasible, as it obviates the
costs and risks associated with parenteral access,
as well as being more comfortable and convenient
for the patient.[1] However, intravenous or intra-
muscular administration produces higher and more
predictable serum and tissue concentrations for
many drugs with less than optimal oral bioavaila-
bility. Moreover, some patients are unable to take
oral medications, or oral formulations of the most
suitable antimicrobial agent may not be available
(e.g. aminoglycosides, carbapenems and glycopep-
tides). There are additional considerations in the
USA. Most third-party payers will not accept the
cost of acute inpatient care for patients who can be



treated by the oral route, or who are otherwise am-
bulatory and able to self-administer antibiotics par-
enterally.[2] Furthermore, potential legal liability
exists when oral treatment is not perceived as the
standard of care for a particular illness.[3]

Patients may receive OPAT as a hospital-based
outpatient programme, a physician office-based or
infusion centre outpatient programme, or a home-
based programme serviced by an independent in-
fusion company. Home-based programmes, which
involve administration of drugs by the patient or
the caregiver, are the most commonly used ap-
proach in the USA, representing a major growth
industry in the 1990s. In Europe, drugs are usually
administered by a nurse or physician, typically in
a hospital outpatient setting, although home-based
treatment is popular in Italy. Initially, most pa-
tients received OPAT after early discharge from
the hospital. Increasingly, OPAT is initiated with-
out hospitalisation, and patients are frequently re-
ferred directly from the emergency room or a phy-
sician’s office.[4] This is an efficient approach
which avoids the inconvenience and expense of
hospital admission.

2. Factors Influencing Antibacterial
Selection for Ambulatory Use

The suitability of a drug for OPAT depends on
several factors. These include antibacterial spec-
trum and profile of activity, dosage regimen, mode
of administration, duration of therapy, tolerability
profile, drug stability and costs.[5]

2.1 Pharmacodynamic Factors

Antibacterial agents can be classified into 3
groups depending on their pattern of bactericidal
activity and whether they exert persistent inhibi-
tory effects [postantibiotic effects, postantibiotic
leucocyte enhancement or postantibiotic sub-
minimum inhibitory concentration (MIC) ef-
fects][6-9] (table I).

One group of antibacterial agents (aminoglyco-
sides, fluoroquinolones and metronidazole) dis-
plays concentration-dependent killing and pro-
longed persistent effects. Increasing the drug
concentration increases the rate and extent of
bacterial killing; thus, peak drug concentrations
and the area under the drug concentration-time
curve (AUC) in relation to the MIC are important
determinants of the clinical efficacy of these
drugs. Also, the persistent effects allow wide
dosage intervals.[10] With respect to aminogly-
cosides, Moore et al.[11] found that peak drug con-
centration : MIC ratios of at least 8 to 10 were
required to achieve an optimal clinical response in
90% of patients treated for infection. Forrest et
al.[12] noted that, in patients treated with cipro-
floxacin for serious infections, clinical and bacte-
riological response rates of <50% were achieved
when the AUC : MIC ratio was <125. When a
higher AUC : MIC ratio was obtained, the re-
sponse rate rose to approximately 80%. These find-
ings have been replicated for bacterial infections of
the respiratory tract, skin, or urinary tract treated
with levofloxacin.[13]

OPAT

Increased 
patient comfort 

and convenience

Hospitalisation
costs avoided

Possibility of
continuing

work or school

Freeing-up of
hospital beds

Fig. 1. Advantages of outpatient parenteral antibacterial therapy (OPAT).
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The second group of antibacterial agents (aztreo-
nam, carbapenems, clindamycin, cephalosporins,
macrolides, penicillins) shows time-dependent
killing and short or no persistent effects. The bac-
terial killing rate reaches a ceiling at serum con-
centrations about 4 to 5 times the MIC, and bacte-
rial regrowth begins promptly after serum and
tissue concentrations fall below the MIC. The
length of time that serum drug concentrations ex-
ceed the MIC or the minimum bactericidal concen-
tration (MBC) is the important determinant of ef-
ficacy for this group. Suprainhibitory serum
concentrations for 40% of the dosage interval pro-
vide a minimum threshold for these antimicrobial
agents in otitis media.[14,15] Schentag et al.[16] re-
ported that, in patients with nosocomial pneumo-
nia, the number of days of cefmenoxime therapy
required to eradicate pathogens from sputum was
inversely correlated with the proportion of time
during which serum drug concentrations exceeded
the MIC: 10 to 13 days’ treatment was required if
concentrations exceeded the MIC for less than
50% of the dosage interval. However, this time was
reduced to between 1 and 6 days when drug con-
centrations exceeded the MIC for all or most of

the dosage interval. Syndman et al.[17] noted that
clinical response of Bacteroides fragilis infections
to cefoxitin therapy was dependent on the propor-
tion of time that serum concentrations were above
the MIC. Weinstein et al.[18] found that all patients
with osteomyelitis who failed treatment with
β-lactam agents had undetectable serum antibac-
terial drug concentrations at trough.

The last group of antibacterial agents
(azithromycin, tetracyclines and vancomycin) ex-
hibits time-dependent killing and prolonged per-
sistent effects. Although the duration of antibacte-
rial exposure is important with respect to these
agents, because of their persistent effects, clinical
efficacy is not compromised if concentrations fall
below the MIC for a considerable portion of the
dosage interval.

2.2 Pharmacokinetic Factors

As already mentioned, for the β-lactams it is
important to maintain drug concentrations above
the MIC against the infecting pathogen over much
of the dosage interval. Thus, agents with long half-
lives can be given less frequently (table II). Dosage

Table I. Influence of pharmacodynamic properties of antibacterial agents on dosage regimen and parameters correlating with clinical efficacy
(adapted from Craig,[9] with permission)

Antibacterials Goal of dosage regimen Parameters that correlate with clinical efficacy

Agents with concentration-dependent killing and prolonged PAE

Aminoglycosides Maximise drug concentrations Peak concentration : MIC ratio; 24-hour AUC : MIC ratio

Fluoroquinolones

Metronidazole

Agents with time-dependent killing and short or no PAE

Aztreonam Maximise exposure time t>MIC/MBC

Carbapenems

Cephalosporins

Clindamycin

Macrolides

Penicillins

Agents with time-dependent killing and prolonged PAE

Azithromycin Maximise daily amount of drug t>MIC/MBC

Tetracyclines

Vancomycin

AUC = area under the drug concentration-time curve; MBC = minimum bactericidal concentration; MIC = minimum inhibitory
concentration; PAE = postantibiotic effect; t>MIC/MBC = time that serum concentrations exceed MIC or MBC.
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intervals for drugs excreted by the renal route can
be extended in patients with impaired renal func-
tion. Ceftriaxone has the longest half-life of the
β-lactams (approximately 8 to 10 hours) and can
be given once daily. Cefotetan and cefonicid have
half-lives of >2 hours and can be given twice daily;
cefazolin, cefotaxime, ceftazidime and aztreonam
have short half-lives of only 1 to 2 hours and gen-
erally need to be given 3 times daily. Other cepha-
losporins and most of the penicillins have half-
lives of only 0.5 to 1 hour and generally require
4-times-daily, or more frequent, administration.

The carbapenems (imipenem/cilastatin, mero-
penem) also have very short half-lives of approxi-
mately 1 hour; thus, 3-times-daily administration
would not provide concentrations above the MIC
throughout the dosage interval. However, the per-
sistent effects of these agents may allow a longer
dosage interval. Indeed, twice-daily administration
of meropenem has been shown to be as effective as
3-times-daily administration in patients with uri-

nary tract or respiratory infections,[19] as has twice-
daily cefazolin for cellulitis.[20]

Vancomycin has a long half-life of approxi-
mately 6 hours and, against susceptible pathogens,
doses of 15 mg/kg produce serum concentrations
above the MIC for 12 to 24 hours.

Because the aminoglycosides have half-lives
of approximately 2 to 3 hours, it may be difficult
to obtain peak concentration : MIC ratios of ≥8
to 10 without excessively toxic exposure with
8-hourly administration. Moreover, these ratios are
also important in preventing the emergence of
resistance.[21] Thus, there is an increasing trend to-
wards once-daily administration of these agents.
This has been shown to be more effective and pos-
sibly less toxic than traditional 8-hourly adminis-
tration.[22-25]

Fluoroquinolones have excellent oral bioavail-
ability; therefore, they would generally be used in
OPAT programmes only for patients with impaired
gastrointestinal absorption.

Antibacterial drugs with prolonged half-lives,
allowing a once-daily dosage regimen, have gen-
erally been preferred for OPAT programmes.
A once-daily regimen results in minimal disrup-
tion of daily activities for the patient, reduces
costs of ancillary items (syringes, needles, sterile
gloves) and minimises handling of the intrave-
nous line, thus limiting the potential for intrave-
nous site infections. Examples of such drugs in-
clude teicoplanin, aminoglycosides, ceftriaxone,
and the fluoroquinolones fleroxacin and peflox-
acin. Teicoplanin has even been administered on a
3-times-weekly basis in the management of osteo-
myelitis.[26]

The development of sophisticated delivery de-
vices has allowed a wider range of antibacterials to
be considered for home use, although this can in-
crease drug delivery costs. These include comput-
erised intravenous pumps capable of accurate de-
livery of prescribed doses intermittently or
continuously over a 24-hour period[5,27,28] and por-
table pumps for continuous infusion.[29] Continu-
ous infusion is the most efficient method of admin-
istration for β-lactam agents with short half-lives,

Table II. Dosage intervals for parenteral antibacterial agents in the
treatment of serious infections

Drugs that can be given once daily

Aminoglycosides

Vancomycin

Ceftriaxone

Teicoplanin

Pefloxacin

Fleroxacin

Drugs that can be given twice daily

Cefazolin

Cefotetan

Cefonicid

Meropenem

Drugs usually given 3 times daily or more frequently

Cefazolina

Cefotaxime

Ceftazidime

Aztreonam

Carbapenemsa

Most penicillins

Drugs that can be given by continuous infusion

β-Lactams

a Less frequent administration of cefazolin and meropenem has
been found to be effective.[19,20]
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providing efficacy similar to that of intermittent
therapy with a lower drug dosage. For ceftazidime,
continuous infusion of 1g over 24 hours maintains
serum concentrations of approximately 5 mg/L,
but a 1g dose every 8 hours produces serum con-
centrations of approximately 2 mg/L over the dos-
age interval.[8,30] For benzylpenicillin (penicillin
G), continuous infusion allows sufficiently high
serum concentrations to treat even penicillin-
resistant Streptococcus pneumoniae non-menin-
geal infections.[31] A pilot study suggests that an 8
g/day continuous infusion of oxacillin provides
suprainhibitory concentrations against Staphylo-
coccus aureus 100% of the dosage interval, versus
62% for intermittent (2g every 4 hours) adminis-
tration.[32]

Administration of β-lactam agents by the intra-
muscular route slows their absorption and extends
by several hours the time during which serum con-
centrations exceed the MIC. In OPAT programmes,
this approach has been used principally with
ceftriaxone, since a single 1g intramuscular dose
produces inhibitory serum concentrations against
susceptible organisms for at least 24 hours. Once-
daily administration has been successfully used to
treat a range of infections in geriatric patients.[33]

2.3 Stability Issues

The stability at room temperature of the drug
chosen is of particular importance when using con-
tinuous infusion or programmable pumps. Pro-
longed exposure of the prepared drug solution to
room temperature may lead to formation of degra-
dation products, which may increase the risk of
adverse effects. This has been demonstrated with
penicillin.[34,35]

Drugs that are stable for fewer than 12 hours in
solution are best administered intermittently. If
such drugs are given by continuous infusion, it is
important that solutions are changed regularly,
which makes home administration difficult.

Most antibacterial drugs are stable for at least
24 hours at room temperature and for 3 to 10 days
if refrigerated.[5,7] Ceftriaxone and mezlocillin are
stable for longer periods. In contrast, imipenem/

cilastatin and ampicillin solutions are stable at
room temperature for only 4 and 8 hours, respec-
tively, while cefradine and cefalothin solutions are
stable for only 10 to 12 hours (table III).[5]

2.4 Tolerability Issues

General and local tolerability is an important
issue when drugs are administered away from the
closely supervised hospital setting. The aminogly-
cosides are ototoxic and nephrotoxic, and their se-
rum concentrations may need to be monitored in
order to minimise toxicity. On the other hand,
cephalosporins are very well tolerated, with few
serious adverse effects. Nevertheless, with respect
to associated adverse effects, it appears that OPAT
has as many as or more than parenteral antimicro-
bial therapy has in hospitalised patients.[36]

Erythromycin, tetracycline, doxycycline, oxa-
cillin, vancomycin and amphotericin B all tend to
cause phlebitis, which limits their potential for use
in OPAT programmes unless central venous cathe-
ters are employed. In contrast, most cephalospo-
rins and the aminoglycosides have a low potential
for causing phlebitis.

3. Selection of Patients for Ambulatory
Parenteral Antibacterial Therapy

OPAT can be considered when patients are med-
ically stable and no longer require close observa-
tion and daily nursing/supportive care. Patients
must be carefully selected.[37] Factors to consider
include the following: type, severity and aetiology
of infection; the patient’s general condition and
presence of concomitant conditions, such as diabe-
tes, renal impairment, cardiac disease and immu-
nosuppression; and the ability and motivation of
the patient (or of the caregiver) to look after him-/
herself adequately and comply with an OPAT pro-
gramme. Facilities at home, including access to
telephone and transport, are also an important
consideration. Practice guidelines for OPAT have
been formulated in several countries.[38,39]
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4. Clinical Experience

Most of the early published experience with
OPAT related to the treatment of septic arthritis and
osteomyelitis.[40-42] However, a wide range of in-
fections has since been treated, including pneumo-
nia,[43,44] neutropenic infections in cancer pa-
tients,[45-49] pulmonary exacerbations of cystic
fibrosis,[50-52] skin and soft tissue infections,[9,53]

endocarditis,[54-57] and secondary bacterial infec-
tions in HIV-infected patients.[58] A recent review

summarises the use of OPAT in these and other in-
fections.[59]

In the USA, the most commonly used antibac-
terial agents in OPAT programmes have been third
generation cephalosporins, particularly ceftri-
axone, and vancomycin.[9,60] In our OPAT pro-
gramme, in which we treat approximately 1000 pa-
tients per year, penicillins, cephalosporins, and
vancomycin each account for 25 to 30% of all anti-
microbials used. In Europe, teicoplanin is favoured
over vancomycin.[61,62]

Table III. Stability of selected antimicrobial drugs for outpatient parenteral therapy (Data from Gilbert et al.,[5] with permission. Copyright

1997 Massachusetts Medical Society. All rights reserved.)

Drug Recommended diluent Concentration (g/L)a

Adequate stabilityb

Nafcillin Water or normal saline 80

Oxacillin Water 50 or 100

Ticarcillin-clavulanate Water or normal saline 10-100

Cefazolin Water 73.2

Cefuroxime Water ≤30

Cefoxitin Water 40

Ceftriaxone Normal saline 40

Ceftazidime Water 30 or 60

Vancomycin Water or normal saline 10

Amikacin 5% dextrose in water 20

Gentamicin 5% dextrose in water 5.45

Tobramycin 5% dextrose in water 3.2

Pentamidine Normal saline or 5% dextrose in water 3

Ganciclovir Normal saline or 5% dextrose in water 5

Amphotericin Bc 5% dextrose in water 0.1

Intermediate stabilityd

Aciclovire Normal saline or 5% dextrose in water 5

Erythromycin Water or normal saline 20

Benzylpenicillin Water 180 000 U/ml

Poor stabilityf

Ampicillin Water or normal saline 60

Imipenem-cilastatin Normal saline 5

Doxycycline Normal saline 2

Trimethoprim-sulfamethoxazolee 5% dextrose in water 0.8-4

a The concentrations listed are those frequently used in outpatient infusion devices and those for which data on stability are available.

b Adequate stability refers to a drug that retains ≥90% of its original concentration for a minimum of 24 hours at room temperature (25°C)
and 4 to 7 days under refrigeration (3 to 5°C).

c Light protection is required if the drug will be exposed to light for more than 24 hours.

d Intermediate stability refers to a drug that retains ≥90% of its original concentration for a minimum of 24 hours at room temperature
(25°C) and less than 4 days under refrigeration (3 to 5°C) or is not recommended for refrigeration.

e Storage of this preparation in a refrigerator (3 to 5°C) may result in the formation of a precipitate.

f Poor stability refers to a drug that retains ≥90% of its original concentration for less than 24 hours at room temperature (25°C).
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Estimated savings of approximately $US200
per patient per day (based on actual costs) have
been achieved in US OPAT programmes. Pa-
tients were treated for various infections, includ-
ing osteomyelitis, other bone/joint infections, skin
and soft tissue infections, endocarditis and pulmo-
nary exacerbations of cystic fibrosis.[63-69]

5. Conclusions

OPAT exemplifies the shift from inpatient to
ambulatory care that has occurred during the last
decade or so. Hospitalisation generally represents
the most costly aspect of patient care. Thus, this
approach offers considerable opportunities for cost
savings in carefully selected patients who require
parenteral antibacterial therapy. Moreover, there
are benefits to the patient in terms of increased
comfort and convenience.

Selection of a drug for OPAT is based on phar-
macodynamic, pharmacokinetic and stability is-
sues, although the development of sophisticated
delivery devices has expanded the range of anti-
bacterials that can be considered for home use.
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