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The decision to discharge a hospitalized child or adolescent to receive outpatient parenteral antimicrobial

therapy (OPAT) is based on criteria very different from those concerning adults. Clinical studies of pediatric

OPAT are sparse, as are pharmacokinetic data for antimicrobial agents in children. Other issues unique to

children are requirements for special nursing and intravenous infusion skills, as well as the increase of

complications. The psychological disadvantage of hospitalization in children, compared with adults, is great,

and both populations are equally vulnerable to nosocomial infection, increasingly augmented by multidrug-

resistant organisms. Although the relatively few clinical studies involving OPAT in children attest to its efficacy

and safety, well-designed prospective trials and comprehensive cost-benefit analyses are still needed.

The advantages and principles of outpatient parenteral
antimicrobial therapy (OPAT) in children and adoles-
cents are generally similar to those in adults in terms
of cost, safety, adherence, and convenience. In pediatric
OPAT, however, both patient and caretakers are faced
with a number of sometimes crucial differences. For
example, clinicians may prescribe OPAT because of the
inability of very young patients to take and retain oral
agents; the very best pediatric antimicrobial is of no
use to a child who cannot or will not swallow it. Thus,
even if they have essentially the same infection, an adult
may be discharged to home and prescribed a course of
oral antibiotics, whereas a 5-year-old child may receive
OPAT. Other issues unique to children and adolescents
include the limited number of clinical studies of their
response to OPAT, sparse child-specific pharmacoki-
netic data for antimicrobial agents that generally ex-
clude children <6 months of age, known risks that ex-
clude use of tetracyclines for children <8 years of age
[1], requirements for special nursing and intravenous
(IV) infusion skills, and increased risk of complications.
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Seriously ill children who require hospitalization for
treatment of invasive infections are at a great psycho-
logical disadvantage, compared with adults [2]. They
have little understanding of the multiple procedures
performed, most of which are threatening or painful.
Moreover, nosocomial infections are a frequent prob-
lem in pediatric and adult wards and represent a serious
problem significantly augmented by the increasing
prevalence of multidrug-resistant organisms, such as
methicillin-resistant Staphylococcus aureus [1,3, 4] and
vancomycin-resistant enterococci [5].

The traditional concept that serious bacterial infec-
tions in young children must be treated with prolonged
hospitalization for IV antibiotics has undergone re-
evaluation [6]. Transition of antibiotic therapy from
hospital to home may be accomplished in a number
of ways. For some infections and for some older pa-
tients with many types of infection, parenteral anti-
microbial therapy can be switched to treatment with
oral agents (sequential antimicrobial therapy) after a
patient shows improvement. For most very young pa-
tients, however, or for serious infections unresponsive
to oral agents, continuation of the parenteral antimi-
crobial, either at home or with daily visits to a health
care facility, remains the safest and most effective ther-
apeutic course [6]. Because of the success of pediatric
OPAT programs, outpatient therapy without initial hos-
pitalization has been successful for some children [7].
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Figure 1. Sites of septic arthritis and acute osteomyelitis among 184
patients aged 3 months to 18 years. Adapted with permission from [14].
Maraga NF, Gomez MM, Rathore MH. Outpatient parenteral antimicrobial
therapy in osteoarticular infections in children. J Pediatr Orthop 2002;
22:506-10.

Although national guidelines for pediatric OPAT have not
been formulated, most pediatric facilities with such programs
have developed general medical criteria. Criteria in an early
program [1] include identification of or high index of suspicion
for the infecting organism; clinical response to IV or intra-
muscular antibiotic therapy; stable vital signs with no need for
skilled nursing assessment of hydration, cardiorespiratory, neu-
rologic, or wound healing status; and a very low risk for po-
tential infectious complications. In short, every pediatric in-

fection can be treated, at least in part, on an ambulatory basis
when factors, such as parenteral cooperation, geographic and
transportation conditions, type of medical facility, and choice
of appropriate antibiotics, are harmonized to attain this goal

(8].

OPAT STUDIES IN CHILDREN AND
ADOLESCENTS

To our knowledge, the first published report of OPAT was a
1974 study of outpatient IV medication administered to chil-
dren with cystic fibrosis in their homes [9]. Studies during
1977-1978 that demonstrated the efficacy, safety, and cost-sav-
ing aspects of OPAT for serious infections were concerned pri-
marily with adult patients, making only passing reference to
children’s issues [10-12]. The relatively few clinical trials de-
voted to children and adolescents that have been published to
date conclude that OPAT is safe and effective for a number of
serious bacterial infections. A 1984 study involved 89 patients
aged 1.5-18 years who were selected from the population seen
by the Infectious Disease Service of a community hospital and
from patients referred to the service by other physicians [13].
Patients and/or their parents were instructed in the care of IV
cannulas and aseptic administration of IV antibiotics. Some
children had been hospitalized for long periods; others were
admitted for the teaching phase only. When possible, patients
were discharged with 20-gauge heparin locks in place. They
returned to the program site every fourth day for physician
evaluation, heparin lock changes, and laboratory studies for
treatment efficacy and toxicity.

Most infections were in the bone and joints (53 cases), fol-
lowed by respiratory tract infection (16), soft-tissue infection
(9), genitourinary tract infection (4), surgical abdominal or
pelvic infection (4), and septicemia (3) [13]. The most fre-
quently encountered causative organism was S. aureus, which
was found in 19 infections in the bone and joint, 5 in the

Table 1. Surgical Procedures Performed before Outpatient Parenteral Antimicrobial

Therapy
No. (%) of procedures

Acute osteomyelitis  Septic arthritis ~ Chronic osteomyelitis
Procedure (n = 116) (n = 42) (n = 26)
Incision and drainage 46 (39.6) 3(7.1) 12 (46.2)
Arthrocentesis 14 (12.1) 20 (47.6) 3(11.5)
Arthrotomy 6 (5.2) 16 (38.1) 0 (0)
Bone aspiration 12 (10.3) 0 (0) 0 (0)
Bone biopsy 9 (7.8) 0 (0) 2 (7.7)
Sequestra removal 0 (0) 0 (0) 5(19.2)
Not specified 29 (25) 3(7.1) 4 (15.4)

NOTE. Reprinted with permission from [14]. Maraga NF, Gomez MM, Rathore MH. Outpatient
parenteral antimicrobial therapy in osteoarticular infections in children. J Pediatr Orthop 2002;22:

506-10.

§210 + CID 2010:51 (Suppl 2) * Rathore

STOZ ‘P2 Yok W Uo A1SIeAIUN [euoiieN Ueleasny e /B10°seuinolpioxo pio//:dny wodj papeojumod


http://cid.oxfordjournals.org/

Table 2. Causative Microorganisms and Frequency of Isolation

No. (%) No. (%) of blood

Organism of isolates culture isolates

Gram-positive organisms
Staphylococcus aureus 44 (36) 13 (56)
Coagulase-negative 10 (8) 2 (8.7)

staphylococci

Corynebacterium species 6 (5) 1(4.3)
Enterococcus species 4 (3) 0 (0)
Streptococcus pneumoniae 4 (3) 2 (8.7)
Group A Streptococcus 4 (3) 1(4.3)
Group B Streptococcus 2 (2) 2 (8.7)
Clostridium species 2 (2) 0 (0)

Gram-negative organisms
Pseudomonas species 17 (14) 0 (0)
Escherichia coli 6 (5) 0 (0)
Enterobacter species 6 (5) 0 (0)
Serratia species 4 (3) 0 (0)
Klebsiella species 3 @) 0 (0)
Proteus species 3 (3) 0 (0)
Bacteroides species 2 (2) 0 (0)
Salmonella species 2 (2) 1(4.3)
Kingella kingii 1(1) 1(4.3)
Morganella morgagni 1(1) 0 (0)
Veillonella species 1(1) 0 (0)
Acinetobacter species 1(1) 0 (0)
Haemophilus influenzae 1(1) 0 (0)

NOTE. Reprinted with permission from [14]. Maraga NF, Gomez MM, Rat-
hore MH. Outpatient parenteral antimicrobial therapy in osteoarticular infec-
tions in children. J Pediatr Orthop 2002;22:506-510.

respiratory tract, 2 in soft tissue, and 1 in the abdomen or
pelvis and in 1 case of sepsis. Complications were divided into
3 categories: infiltrated or nonfunctional cannulae requiring
unscheduled restarts, clinically diverse drug experiences, and
laboratory abnormalities. Thirty-one patients (35%) required
extra visits to the outpatient clinic for IV restarts, compared
with 58 patients who had changes made only at scheduled visits.
No statistically significant difference was found in the frequency
of unscheduled heparin lock restarts for patients older or youn-
ger than the median age of 12 years. Adverse clinical and lab-
oratory events occurred in patients receiving OPAT at a fre-
quency commensurate with that among hospitalized patients.
The investigators concluded that OPAT can provide a success-
ful, safe, and cost-effective alternative to inpatient care under
conditions of diligent patient screening and physician-centered
follow-up [13].

Most later reports of OPAT for children involved the treat-
ment of specific infections (eg, osteoarticular infections [14,
15], appendicitis [16], otitis media [7, 17, 18], and meningitis
[19-24]), catheter-related complications [25, 26], adverse drug
reactions [25], and specific antibiotic agents [17]. A number
of studies of OPAT in children with cystic fibrosis [9, 27-30]

and with cancer [31-33] have been published but are not con-
sidered here.

Osteoarticular infections. Most pediatricians and pediatric
infectious diseases specialists have or will have some experience
with OPAT in the treatment of osteoarticular infections. During
the past few decades, management of these challenging infec-
tions has shifted from hospital to outpatient settings, most often
to the home, resulting in studies of patients aged 2-94 years
[34-36]. Few involved children and adolescents specifically;
however, in a study that did, investigators used a database an
a Florida university-affiliated children’s hospital of patients
aged 3 months to 18 years who had received OPAT. Of 179
patients, 116 had acute osteomyelitis, 42 had septic arthritis,
and 26 had chronic osteomyelitis (Figure 1) [14]. Table 1 shows
the surgical procedures performed before patients were dis-
charged to receive OPAT [14].

Gram-positive organisms were the most frequently isolated
pathogens, with S. aureus in 36% and coagulase-negative staph-
ylococci in 9% of infections (Table 2) [14]. OPAT was delivered
through central venous lines (110), peripherally inserted central
catheters (PICCs; 71), and peripheral cannulas (3). The type
and frequency of catheter-related complications are shown in
Table 3 [14]. On the basis of this review, in OPAT courses with
a predicted duration of >2 weeks, central venous catheters
(CVCs) may be associated with fewer mechanical and local
infectious complications. However, considerations of safety in
placing a PICC, compared with a central venous line, which
requires surgery and general anesthesia, favors selection of the
former. Antibiotic-associated complications are listed in Table
4 [14].

Clinical cure occurred in 97% of 172 evaluable osteoarticular
infections [14]. The investigators conclude that OPAT can be

Table 3. Catheter-Related Complications

Complication rate, cases per
1000 catheterdays

Complication All CVL PICC
Mechanical 6.3 4.2 10.6
Dislodgment 2.7 2.6 2.9
Occlusion and/or clotting 0.6 0.5 1.0
Malfunction 0.8 0.2 1.9
Leakage 0.5 0.2 1.0
Infiltration 0.2 0 0.5
Pneumothorax 0.2 0 0.5
Infectious 2.7 2.8 2.4
Local infection 2.1 24 1.4
Bacteremia 0.6 0.5 1.0
Total (n = 57) 9.0 6.6 13.9

NOTE. Reprinted with permission from [14]. Maraga NF, Gomez MM, Rat-
hore MH. Outpatient parenteral antimicrobial therapy in osteoarticular infec-
tions in children. J Pediatr Orthop 2002;22:506-510. CVL, central venous line;
PICC, peripherally inserted central catheter.
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Table 4. Antimicrobial-Associated Complications during Out-
patient Parenteral Antimicrobial Therapy

No. (%)
Adverse of cases
drug reaction (n = 60)°
Rash 33 (37.5)
Neutropenia® 28 (31.8)
Hepatotoxicity® 11 (12.5)
Fever 6 (6.8)
Diarrhea 5 (6.7)
Others® 5 (5.7)

NOTE. Adapted with permission from [14]. Maraga NF, Gomez MM, Rat-
hore MH. Outpatient parenteral antimicrobial therapy in osteoarticular infec-
tions in children. J Pediatr Orthop 2002;22:506-510.

# Some patients had >1 simultaneous adverse reaction.

® Absolute neutrophil count <1000 cells/mm?®.

¢ Aspartate aminotransferase and alanine aminotransferase levels greater
than twice the upper range of normal.

4 Chest pain, shortness of breath, cyanosis, headache, and/or unknown.

used to manage these infections in children without compro-
mising outcome. They emphasize the importance of a team
approach in which caregivers are active participants in man-
agement and a supportive medical team is accessible at all times.

Sequential IV-oral antibiotic therapy has been used in the
management of uncomplicated bone and joint infections in
children [15, 37-39]. The advantages of switching to oral ther-
apy include a shorter hospital stay and lower cost [14]. How-
ever, as noted above, this mode of therapy requires complete
cooperation of the child and his or her caregivers. Moreover,
to achieve a successful outcome, an oral antibiotic must have
good penetration into the bone and synovium, attaining con-
centrations greater than needed to inhibit growth of the in-
fecting organism. Thus, it has been suggested that oral therapy
should be used only when the infecting organism is available
for serum bactericidal titers [37].

For example, 22 children with acute hematogenous osteo-
myelitis (proven or presumed to be due to S. aureus) were
treated with an IV antibiotic for 14 days, until fever had re-
solved, and then were switched to an oral agent [40]. Oral
doses were adjusted so that a peak serum bactericidal titer
against S. aureus of =1:16 and a trough serum bactericidal titer
of =1:2 were obtained in most children. No recurrences oc-
curred.

In a study that compared oral and IV antibiotic regimens in
children with osteomyelitis and/or septic arthritis, all 15 pa-
tients were started on standard IV therapy; 7 patients were
started on oral antibiotics within 72 h [15]. Oral doses were
adjusted to achieve a peak serum bactericidal titer of =1:8
against individual patients’ own pathogens. There were no
treatment failures or relapses during a 12-month follow-up
period. In another study involving 123 pediatric patients in
Taiwan with acute hematogenous osteomyelitis and/or septic

arthritis, serum bactericidal titers were obtained for 19 (15%)
of the patients [41]. Although there was no difference between
median duration of hospitalization and antibiotic treatment,
significantly more patients without serum bactericidal titers
than patients with serum bactericidal titers (7 vs 0) had symp-
tom relapse requiring rehospitalization.

The etiologic agent has become less of an issue for many
pediatric infectious diseases specialists, however, who now feel
that the decision to switch to an oral agent should be based
on how well patients are doing while receiving parenteral an-
timicrobial therapy in the hospital. Again, the limiting factor
may actually be the ability of the patient to take the antibiotic
or of the parent to give the antibiotic. A retrospective cohort
study involving 1969 children with acute osteomyelitis at 29
children’s hospitals in the United States from 2000 through
2005 found that there was no difference in treatment failure
between patients who received prolonged antimicrobial IV
treatment (n = 1021) and those who were switched early to
oral antimicrobial therapy (n = 948) [42]. There was also no
clinical or demographic selection bias observed in the patients
given either treatment. In addition, the authors of this study
observed that “serum levels of oral antibiotics are no longer
routinely measured” [42, p 641].

Complicated appendicitis. Children with a perforated or
gangrenous appendix become clinically stable after surgical in-
tervention and medical therapy but often remain in the hospital
solely to complete parenteral antimicrobial therapy [16]. Several
early studies suggested the safety and efficacy of OPAT for such
patients after they are stabilized and receiving a regular diet,
but specific information on outcome and cost savings was not
provided [43-45]. With the advent of managed care, shorter
courses of parenteral antimicrobial therapy and earlier hospital
discharge are increasingly required for children with appen-

CVL PICC

Non-mechanical
Complications

Mechanical
Complications

Neither (n =99)
Total (N =130)

Neither (n=67)
Total (N =104)

Figure 2. Venn diagrams of the number and type of complications that
developed in 68 of 234 catheters. Nine catheters developed both me-
chanical (dislodgement or breakage) and nonmechanical (including infec-
tious) problems. Reprinted with permission from SAGE Publications
©2007 [26]. Hussain S, Gomez MM, Wludyka P, Chiu T, Rathore MH.
Survival times and complications of catheters used for outpatient par-
enteral antimicrobial therapy in children. Clin Pediatr (Phila) 2007; 46:247—
251. CVL, central venous line; PICC, peripherally inserted central catheter.
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Figure 3. Survival curves showing the days to any catheter-associated
complication, comparing the longevity of central venous catheters (CVCs)
with that of peripherally inserted central catheters (PICCs). Mean survival
time was 61 days (range, 1-107 days) for CVCs and 41 days (range, 0—
80 days) for PICCs. Reprinted with permission from SAGE Publications
©2007 [26]. Hussain S, Gomez MM, Wludyka P, Chiu T, Rathore MH.
Survival times and complications of catheters used for outpatient par-
enteral antimicrobial therapy in children. Clin Pediatr (Phila) 2007; 46:247—
251.

dicitis. For those with complicated infections that require con-
tinuation of parenteral therapy, OPAT can be a safe, effective,
and cost-effective alternative to continued hospitalization [16].

A 16-month, prospective study of OPAT in selected patients
from 5 pediatric hospitals involved 87 children aged 1-17 years
who were hospitalized with appendicitis complicated by gen-
eralized peritonitis or intraabdominal abscess [16]. Patients un-
derwent operative appendectomy (78 patients) or only CT-
guided or surgical drainage (9). Patients whose fever was im-
proving and who were able to tolerate oral liquids were dis-
charged to home for continuation of parenteral antimicrobial
therapy, to be administered by a family member supervised by
home care nurses. Patients were discharged on a mean of the
fourth postoperative day and received ~4.5 days of OPAT with
meropenem (20 mg/kg/dose every 8 h). Fifteen patients were
discharged with peritoneal drains. Study personnel visited the
home daily to collect data on adverse events, compliance, and
resource use.

Six children were readmitted for complications, including
bowel obstruction (4 children), intraabdominal abscess (1), and
pleural effusion (1) [16]. A seventh patient developed a viral
syndrome and was admitted for overnight observation. Rates
of nonfunctional catheters were 9 cases per 100 days of out-
patient peripheral catheter use (52 children) and 2.6 cases per
100 days of outpatient PICC use (22 children). No compli-
cations of IV access occurred among the 13 patients discharged
with subcutaneously tunneled Silastic central catheters. No
wound infections occurred during OPAT. Six children discon-
tinued the study drug prematurely because of rash (4 children)

or diarrhea (2 children). All other patients recovered une-
ventfully. According to models in which each day of OPAT
replaced a day of inpatient care, discharge to OPAT reduced
hospitalization by ~42 days and saved a median of $2908 per
patient [16].

Meningitis. Data on outpatient therapy of pediatric men-
ingitis, most of which were published in the 1980s and 1990s,
reported favorable results with OPAT use [19-24]. Therapy was
given either at home, in the physician’s office, or in a hospital
ambulatory care department. One review suggested criteria for
patients being considered for outpatient therapy [22] that in-
cluded documentation of sterile cerebrospinal fluid from a re-
peat lumbar puncture 24-48 h after initiation of therapy, no
seizures having occurred during the entire course of illness, that
the patient should be taking fluids entirely by mouth, and that
parents must have access to a telephone and transportation and
be willing to stay at home to provide care and observation. It
was also suggested that a consent form be obtained from parents
that outlined the risks and responsibilities of outpatient therapy
[22].

The Committee on Infectious Diseases of the American
Academy of Pediatrics issued a report on the treatment of
bacterial meningitis in 1988 that stated that “for a few patients
with meningitis, alternative treatment regimens might be con-
sidered to shorten the duration of hospitalization and to pro-
vide completion of treatment at home” [46, p 906]. The report
also established standards for physicians who provided the last
few days of treatment for bacterial meningitis at home, in-
cluding assurance that the child’s clinical status is stable, that
the parents are reliable and the child is cooperative, and that
daily antibiotics can be administered and the child’s clinical
status can be assessed. However, the report also states that,
“until there is additional information, the committee does not
recommend early discharge from the hospital for home man-
agement of infants and children with bacterial meningitis” [46,
p 906]. Furthermore, neither the American Academy of Pe-
diatrics “Report of the Task Force on Diagnosis and Manage-
ment of Meningitis” [47], published in 1986, nor the Academy’s
Red Book [48], published in 2006, addressed outpatient therapy
for bacterial meningitis. In our practice, we discourage the use
of OPAT for treatment of meningitis.

OPAT AND CATHETER COMPLICATIONS

Few data are available regarding catheter-related complications
of OPAT during childhood. IV access used in pediatric OPAT
includes peripheral IV catheters, midline catheters, implanted
ports, tunneled CVCs, and PICCs. Recent advances in these
catheters and in infusion devices now allow more complex
therapies to be provided with less effort by parents or patients,
resulting in the availability of OPAT to an increasing number
of patients. However, a significant number of OPAT courses in
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children are associated with catheter-related complications [14,
25, 49].

In a 5-year retrospective analysis involving children who re-
ceived OPAT, 130 CVCs and 104 PICCs were used in patients
aged 0-19 years (mean, 7.5 years) [26]. A complication was
defined as mechanical if =1 catheter component malfunctioned
at the time of its placement or during OPAT. All other com-
plications were defined as nonmechanical, including those la-
beled infectious, the result of either confirmed microbiologic
diagnosis or clinical suspicion, and those that were unknown,
when patient records indicated only a nonspecific catheter-
related complication. For purposes of analysis, when a catheter
had >1 complication, time to development was based on the
first complication noted.

A total of 77 complications occurred: 47 mechanical and 30
nonmechanical (Figure 2) [26]. Because of missing data, mean
survival time to any complication was calculated for 128 CVCs
and 100 PICCs (Figure 3) [26]. Mechanical complications were
more likely to develop in PICCs than in CVCs. Of 47 me-
chanical complications, 14 were accidental dislodgement (7
CVCs and 7 PICCs). Of a total of 68 rehospitalizations required,
19 were exclusively for catheter replacement. Infections caused
25 of 30 nonmechanical complications; the most common was
infection of the exit wound site. Mean survival time for CVCs
was 66 days and for PICCs was 42 days.

Severe catheter-related complications occurred in 1 patients:
one patient had pneumothorax at the time of PICC placement,
and the other had hypotension and arrhythmia triggered by
the position of the distal end of the PICC in the heart [26].
Although no clear guidelines exist for when to choose a CVC
versus a PICC in pediatric OPAT, the investigators concluded
that PICCs can be used to treat most common pediatric in-
fections requiring OPAT and that CVCs appear to be a better
choice for OPAT with a duration of >6 weeks.

CONCLUSION

Given reasonable medical criteria for hospital discharge, mo-
tivated and compliant parents, and skilled visiting pediatric
nurses, a significant number of children with serious bacterial
infections that require parenteral therapy can now be treated
conveniently, safely, and effectively at home. Such therapy offers
the potential for excellent medical treatment, reduced cost, and
improved quality of life for sick children. The relatively few
published studies to date attest to the efficacy and safety of
OPAT for children and adults. Properly designed prospective
clinical trials are still needed, however, as are pediatric guide-
lines similar to those available for adults. Also needed are stud-
ies of the impact of OPAT on patient and parent/caretaker
quality of life and comprehensive cost-benefit analyses.
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