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IMPORTANCE Postdischarge treatment of acute osteomyelitis in children requires weeks of
antibiotic therapy, which can be administered orally or intravenously via a peripherally
inserted central catheter (PICC). The catheters carry a risk for serious complications, but
limited evidence exists on the effectiveness of oral therapy.

OBJECTIVE To compare the effectiveness and adverse outcomes of postdischarge antibiotic
therapy administered via the PICC or the oral route.

DESIGN, SETTING, AND PARTICIPANTS We performed a retrospective cohort study comparing
PICC and oral therapy for the treatment of acute osteomyelitis. Among children hospitalized
from January 1, 2009, through December 31, 2012, at 36 participating children’s hospitals, we
used discharge codes to identify potentially eligible participants. Results of medical record
review confirmed eligibility and defined treatment group allocation and study outcomes. We
used within- and across-hospital propensity score–based full matching to adjust for
confounding by indication.

INTERVENTIONS Postdischarge administration of antibiotics via the PICC or the oral route.

MAIN OUTCOMES AND MEASURES The primary outcome was treatment failure. Secondary
outcomes included adverse drug reaction, PICC line complication, and a composite of all
3 end points.

RESULTS Among 2060 children and adolescents (hereinafter referred to as children) with
osteomyelitis, 1005 received oral antibiotics at discharge, whereas 1055 received
PICC-administered antibiotics. The proportion of children treated via the PICC route varied
across hospitals from 0 to 100%. In the across-hospital (risk difference, 0.3% [95% CI, −0.1%
to 2.5%]) and within-hospital (risk difference, 0.6% [95% CI, −0.2% to 3.0%]) matched
analyses, children treated with antibiotics via the oral route (reference group) did not
experience more treatment failures than those treated with antibiotics via the PICC route.
Rates of adverse drug reaction were low (<4% in both groups) but slightly greater in the PICC
group in across-hospital (risk difference, 1.7% [95% CI, 0.1%-3.3%]) and within-hospital (risk
difference, 2.1% [95% CI, 0.3%-3.8%]) matched analyses. Among the children in the PICC
group, 158 (15.0%) had a PICC complication that required an emergency department visit
(n = 96), a rehospitalization (n = 38), or both (n = 24). As a result, the PICC group had a much
higher risk of requiring a return visit to the emergency department or for hospitalization for
any adverse outcome in across-hospital (risk difference, 14.6% [95% CI, 11.3%-17.9%]) and
within-hospital (risk difference, 14.0% [95% CI, 10.5%-17.6%]) matched analyses.

CONCLUSIONS AND RELEVANCE Given the magnitude and seriousness of PICC complications,
clinicians should reconsider the practice of treating otherwise healthy children with acute
osteomyelitis with prolonged intravenous antibiotics after hospital discharge when an equally
effective oral alternative exists.
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O steomyelitis is a serious bacterial infection that re-
quires a prolonged course of antibiotic therapy to mini-
mize the risk for treatment failure. After resolution of

acute symptoms (eg, fever, pain, and disability) in the hospi-
tal, most children are discharged to complete a 4- to 6-week
course of antibiotic therapy at home.1 Until recently, home an-
tibiotic therapy was commonly delivered intravenously via a
central venous catheter (usually a peripherally inserted cen-
tral catheter [PICC]), a practice known as outpatient paren-
teral antibiotic therapy.2 However, in 1997, Peltola et al3 pub-
lished a case series of children in Finland with Staphylococcus
aureus osteomyelitis that showed excellent outcomes with
early transition to oral antibiotic therapy after normalization
of the C-reactive protein level.

The route of administration chosen for outpatient antibi-
otic therapy has obvious implications for the overall experi-
ence of the child and his or her caregivers. The PICCs are ef-
fective for delivering high concentrations of antibiotic but are
fraught with infectious, thrombotic, and mechanical
complications.4 Oral antibiotics with high bioavailability make
oral step-down therapy an appealing alternative, but only small
case series3,5,6 and no clinical trials document their effective-
ness. A prior study7 that used only administrative data in the
Pediatric Health Information System (PHIS) to compare the oral
and PICC routes found no difference in the rates of treatment
failure, but several important missing elements may have lim-
ited the validity and interpretation of those results, including
the validation of the osteomyelitis diagnosis and treatment
choice, adjustment for the severity of illness (eg, drainage pro-
cedures during the index hospitalization), and information
about the reasons for readmissions and revisits. These study
design limitations may explain in part why most hospitals sub-
sequently did not reduce their use of the PICC route in favor
of the less invasive oral route.

To supplement the PHIS administrative data with addi-
tional clinical information obtained from detailed review of
medical records, we sought to compare the effectiveness of oral
antibiotics with intravenous (IV) antibiotics delivered via a PICC
in children who received prolonged home antibiotic therapy
after hospitalization for osteomyelitis. We tested the follow-
ing hypotheses: (1) children who receive oral antibiotic therapy
at home would not have more treatment failures than com-
parable children who receive IV antibiotic therapy at home; and
(2) children receiving IV antibiotic therapy at home would have
more emergency department (ED) visits and hospitalizations
owing to complications with their PICC line.

Methods
Design and Data Source
The study protocol was approved by the institutional review
boards of all participating sites. Informed consent was waived.
We used the PHIS database to identify a retrospective cohort
of potentially eligible children and adolescents (hereinafter re-
ferred to as children) at 38 children’s hospitals from January
1, 2009, through December 31, 2012. As reported previously,
the PHIS database contains detailed hospital administrative and

billing data from freestanding children’s hospitals affiliated
with the Children’s Hospital Association, Overland Park,
Kansas.8 We validated and supplemented the PHIS data for
each child by having local hospital physicians and trained re-
search assistants perform detailed reviews of the medical rec-
ords to (1) confirm eligibility; (2) determine postdischarge an-
tibiotic choice, route, and duration of therapy; (3) review all
return visits to the ED and all hospitalizations within 6 months
for evidence of treatment failure, adverse drug reaction, or PICC
line complication; and (4) extract the findings of cultures of
blood, bone, and joint aspiration fluid (ie, causative organism
and susceptibilities). These data were entered and stored in a
REDCap (Research Electronic Data Capture) database and sub-
sequently merged with the administrative and the billing data
obtained from PHIS.

Participants
Children were included if they were at least 2 months but
younger than 18 years on the date of admission and were dis-
charged from January 1, 2009, through December 31, 2012, with
a discharge code from the International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) for acute
osteomyelitis (730.01-730.09) or unspecified osteomyelitis
(730.2-730.29) in any 1 of 21 discharge diagnosis fields (Figure 1).

We excluded children who (1) were hospitalized in the 6
months preceding the index admission with an ICD-9-CM dis-
charge diagnosis of acute, unspecified, or chronic osteomy-
elitis; (2) had a concurrent or a previous ICD-9-CM code for a
chronic cardiac, hematologic, immunologic, oncologic, or re-
spiratory condition that would increase the child’s risk for treat-
ment failure with either treatment modality (eTable 1 in the
Supplement)9; (3) were not admitted to the hospital through
the ED (thus excluding children transferred from another hos-
pital ward at some unknown point in their disease course); (4)
were transferred to another facility; (5) had other specified sites
of osteomyelitis (ICD-9-CM code 730.08); or (6) had a length
of stay of less than 2 or more than 14 days.

In addition, 2 investigators (R.K. and R.S.) independently
reviewed the primary and secondary discharge diagnosis and
procedure codes for the index admissions of all the children.
They excluded all children who had codes consistent with the
inability to take antibiotics orally or via a nasogastric or a gas-
trostomy tube, problems absorbing antibiotics enterally, or ac-
quired or congenital immunodeficiencies considered a high risk
for treatment failure if the oral route is in fact inferior; who were
medically fragile and would not be exposed to the risks of a
potentially inferior treatment route; with cellulitis or septic ar-
thritis listed as the primary discharge diagnosis; with ortho-
pedic hardware indicating an osteomyelitis secondary to
trauma or a foreign body; with bone fractures, indicating os-
teomyelitis secondary to trauma; with conditions associated
with immobilization and the development of pressure ulcers
and difficult-to-treat osteomyelitis; and with osteomyelitis of
the head, the face, and orbits (eTable 2 in the Supplement).

The clinical sites were provided with lists of patients and
hospitalizations for the review of the medical records based
on the eligibility criteria applied to the PHIS data. These cri-
teria included the index hospitalization and all return visits (ED
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or hospitalization) as long as 6 months later. Any children who
were found to meet any of the aforementioned exclusion cri-
teria were excluded at the time of the medical record review.

Treatment Allocation
We used information from the medical record review to clas-
sify children into 1 of 2 possible treatment groups at the time
of discharge from the hospital: home IV antibiotic therapy via
a PICC or home oral antibiotic therapy. Children who had a PICC
line placed during the index hospitalization but removed be-
fore discharge and were prescribed oral antibiotics were clas-
sified as receiving oral therapy.

Outcomes
All outcomes were determined using information obtained
from the medical record review. The primary outcome for the
study was treatment failure, defined as revisit to the ED or a
rehospitalization for a change in the antibiotic prescribed or
its dosage, prolongation of antibiotic therapy, conversion from
the oral to the PICC route, bone abscess drainage, debride-

ment of necrotic bone, bone biopsy, drainage of an abscess of
the skin or muscle, arthrocentesis, or diagnosis of a patho-
logic fracture. Secondary outcomes included a return to the
ED or a rehospitalization for (1) an adverse drug reaction (de-
fined as vomiting and/or diarrhea, dehydration, Clostridium
difficile infection, allergic reaction, urticaria, anaphylaxis, drug-
induced neutropenia, acute kidney injury, Stevens-Johnson
syndrome, erythema multiforme, or other); (2) a PICC com-
plication (defined as fever evaluation, infection at the site of
the PICC insertion, blood stream infection, sepsis, and throm-
bosis, breakage, repair, adjustment, manipulation, or re-
moval of the PICC line with or without insertion of a new line);
and (3) all the aforementioned adverse outcomes for a com-
posite of treatment failure, adverse drug reaction, and PICC line
complication.

Covariates
The PHIS database provided information on age, sex, race,
ethnicity, payer, anatomic location of the infection (based on
ICD-9-CM fifth-digit subclassification), and performance of

Figure 1. Flowchart of the Study Cohort

8555 Patients 2 mo to younger than
18 y discharged January 1, 2009,
through December 31, 2012,
with acute osteomyelitis
(ICD-9-CM codes 730.01-730.09)
or unspecified osteomyelitis
(ICD-9-CM codes 730.2-730.29)
from 38 PHIS hospitals 

2491 Underwent medical record review

2060 Final cohort from 36 hospitals

1005 Receive antibiotics via oral route 1055 Receive antibiotics via PICC route

6064 Excluded based on PHIS data

115 Acute or chronic osteomyelitis
diagnosis ≤6 mo prior

1054 Chronic condition

1293 Direct admission

99 Transferred out

114 Other specified sites of infection 
(ICD-9-CM code 730.08)

197 Length of stay <2 d or >14 d

2434 Other excluded ICD-9-CM
diagnosis and procedure codes

758 Subsequent visits

431 Excluded based on medical record
review

109 Direct admissions

36 Not osteomyelitis

20 No antibiotics at discharge

94 Other excluded diagnoses
and procedures

68 At 2 hospitals did not review
medical records

3 Subsequent visits

101 Other

ICD-9-CM indicates International
Classification of Diseases, Ninth
Revision, Clinical Modification;
PHIS, Pediatric Health Information
System; PICC, peripherally inserted
central catheter.
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surgical procedures during the index hospitalization (ICD-
9-CM procedure codes for arthrocentesis, arthrotomy, oste-
otomy, soft-tissue incision, and drainage). The review of the
medical records provided the findings of cultures of blood,
bone, and joint aspiration fluid (ie, the causative organism
and susceptibilities).

Statistical Analysis
Matching
To adjust for potential confounding, we implemented propen-
sity score–based full matching10,11 to balance patient-level co-
variates in the PICC and oral groups. Full matching links each
child who received antibiotics via the PICC route to the most
similar child receiving antibiotics via the oral route or vice versa
in a manner that results in varying numbers of matches in each
resulting set. To estimate propensity scores, we used a logis-
tic regression with the following patient-level covariates: age
(≤5 vs >5 years), race (white vs nonwhite), insurance (govern-
ment vs commercial/self-pay), length of stay (in days), loca-
tion of the infection (shoulder, arm, and hand; pelvis and thigh;
lower leg and foot; multiple sites; and unspecified), 4 indica-
tors for a surgical procedure (arthrocentesis, osteotomy, soft-
tissue incision and drainage, and arthrotomy), and isolation
of the causative pathogens in the cultures of blood, bone, and
joint aspiration fluid (findings negative or positive for meth-
icillin-resistant S aureus [MRSA], methicillin-sensitive S au-
reus, or other organisms).

Patients were matched to balance the patient-level con-
founders across and within hospitals. Matching across hospi-
tals attempts to find the best matches based on patient-level
factors under the assumption that patients across different hos-
pitals are the same if they share common observed and re-
corded characteristics. This method ignores the possibility of
confounding by hospital (outcomes vary by hospital in ways
that cannot be explained by observed and recorded patient
characteristics) but attempts to address the issues of possible
confounding by indication (patients who appear to be the same
are selected for the PICC route because they are sicker or the
PICC route is indicated for reasons not disclosed by observed
patient characteristics). Matching within hospitals or hospi-
tal groups mimics a typical stratified randomized clinical trial
in that patients who share the same characteristics within the
same hospital are compared.12 These within-hospital con-
trasts control for confounding by hospital (by unobserved, hos-
pital-specific patient or treatment characteristics) but might
be more susceptible to confounding by indication. By using
both approaches, we examined the robustness of model se-
lection to hospital- and patient-level unobserved confound-
ing. Propensity score modeling and full matching were per-
formed using the program Optmatch (R software package,
version 3.1).10

Response Models
For the response models, we used stratified approaches and
marginal models. The stratified approaches imposed condi-
tions on the matched set. These models dropped patients if a
matched set did not contain patients with differing out-
comes. By contrast, the marginal models used all patients

without stratification with the justification that the matching
and the weighting resulted in 2 groups of patients who were
similar except for the type of antibiotic therapy prescribed on
discharge.

We implemented several response models and used
resampling to check the 95% CIs.11,13 Conditional logistic
regression was the primary method for estimating ratios (for
the association of the treatment route and outcomes). The
treatment route was the only predictor in these models. We
used fixed-effects linear regression (the first differencing
method) to estimate risk differences of the outcomes between
the patients receiving therapy via the PICC and the oral
routes.14 Alternatively, we used weighted logistic regression
to estimate the effect of the PICC route on outcomes among
the children with the characteristics of the PICC patients.
Weighted models with marginal standardization15 estimated
the risks and their differences.

All variance estimates and CIs were confirmed using boot-
strap resampling (999 replicates).11 Investigations of effect
modification by the child’s age (≤5 vs >5 years) and the culture-
verified presence of MRSA on the association of the treat-
ment route and outcomes proceeded in the same fashion by
means of propensity score–based full matching. For age and
MRSA status, this method developed propensity scores sepa-
rately within the age and MRSA groups. The process resulted
in separate matched sets of patients receiving antibiotics via
the PICC and the oral routes for younger and older children (or
for patients with and without MRSA). However, we were un-
able to match within hospital owing to the sparse data. We es-
timated separate rates of outcome by age group (and MRSA sta-
tus group) via response models with interaction terms for the
PICC route by age (or the PICC route by MRSA status).

For all response models and resampling, we used the pro-
grams logit, clogit, and bootstrap with a custom program for
this application. All programs are found in a commercially avail-
able software package (Stata, version 13.1; StataCorp).

Results
We identified 8555 encounters from 38 hospitals that had dis-
charge ICD-9-CM codes for acute or for unspecified osteomy-
elitis. A total of 6064 encounters met exclusion criteria de-
rived from the PHIS data. Review of the medical records was
conducted on the remaining 2491 encounters, and 431 addi-
tional encounters were excluded, among them 68 children from
2 hospitals that did not review any records. Other reasons for
exclusion are listed in Figure 1. A total of 2060 children from
36 hospitals were included in the final cohort, nearly evenly
divided between children discharged to complete a course of
oral antibiotics (n = 1005) vs a course of IV antibiotics deliv-
ered via a PICC (n = 1055). The proportion of children dis-
charged to complete antibiotic therapy via the PICC route var-
ied considerably across hospitals (range, 0%-100%), with some
hospital representation at every decile of PICC use and no re-
lationship to volume of osteomyelitis cases (Figure 2).

Table 1 describes the clinical and demographic character-
istics of the study cohort. Most of the children were male
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(62.3%), ranged in age from 5 to 13 years (54.1%), were white
(62.5%), and were non-Hispanic (71.5%). The median length
of stay was 6 (interquartile range, 5-8) days. The most com-
mon site of infection was the lower extremity (the lower leg,
ankle, and/or foot; the pelvis and thigh) (80.4%). At least 1 cul-
ture (blood, bone, or joint aspiration fluid) was positive for a
causative organism in 57.4% of children. A minority under-
went a surgical procedure such as arthrocentesis (17.1%), os-
teotomy (39.0%), soft-tissue incision and drainage (13.5%), and
arthrotomy (16.7%). The treatment groups were similar in their
clinical and demographic characteristics, although the oral
therapy group had slightly fewer children younger than 1 year,
fewer surgical procedures, and more children who were non-
white, Hispanic, and government insured. More children in the
oral therapy group had culture findings negative for caus-
ative organisms.

The most common postdischarge antibiotic therapy pre-
scribed for the oral group included clindamycin palmitate
hydrochloride (50.4%) and cephalexin (37%); for the PICC
group, clindamycin phosphate (35.5%), cefazolin sodium
(33.4%), ceftriaxone sodium (11.4%), and vancomycin hydro-
chloride (10.1%). Children in the oral therapy and PICC
groups were prescribed postdischarge antibiotics for a mean
of 32 (interquartile range, 28-37) and 27 (interquartile range,
20-35) days, respectively.

The small differences in the clinical and demographic char-
acteristics between the 2 treatment cohorts were success-
fully reduced in the across- and within-hospital matched co-
horts (Table 2). In unmatched analyses, the rates of treatment
failure were nearly identical in the oral therapy (5.0%) and PICC
(6.0%) groups. Similarly, in across-hospital (risk difference,
0.3% [95% CI, −0.1% to 2.5%]) and within-hospital (risk dif-

ference, 0.6% [95% CI, −0.2% to 3.0%]) matched analyses, chil-
dren in the oral therapy group (reference group) did not have
more treatment failures than those in the PICC group. Rates
of adverse drug reaction were low (<4% in both groups) but
slightly greater in the PICC group in across-hospital (risk dif-
ference, 1.7% [95% CI, 0.1%-3.3%]) and within-hospital (risk dif-
ference, 2.1% [95% CI, 0.3%-3.8%]) matched analyses. Of the
1055 children in the PICC group, 158 (15.0%) had a PICC-
related complication that required an ED visit (n = 96), a re-
hospitalization (n = 38), or both (n = 24). As a result, the PICC
group had a significantly higher risk of requiring a return ED
visit or for rehospitalization for any adverse outcome in across-
hospital (risk difference, 14.6% [95% CI, 11.3%-17.9%]) and
within-hospital (risk difference, 14.0% [95% CI, 10.5%-
17.6%]) matched analyses (Table 3). No deaths occurred in either
group. Unstratified results weighted to the number of pa-
tients in the PICC group produced similar estimates with some-
what wider 95% CIs. Risk differences from the weighted but
unstratified analysis produced estimates similar to the strati-
fied results. eTable 3 in the Supplement provides a complete
accounting of the reasons for the primary and the secondary
outcomes.

In stratified analyses, we found no clinically relevant dif-
ference in the rates of treatment failure for children 5 years
and younger (risk difference for across-hospital matched
analysis, −1.3% [95% CI, −4.7% to 2.1%]; risk difference for
within-hospital matched analysis, −2.8% [95% CI, −7.4% to
1.7%]). However, the risk for treatment failure was increased
in children older than 5 years who had received antibiotics
via the PICC route (risk difference for across-hospital
matched analysis, 3.8% [95% CI, 1.3%-6.3%]; risk difference
for within-hospital matched analyses, 4.6% [95% CI, 2.2%-
7%]). Tests for the interaction of age group by route of anti-
biotic at discharge were statistically significant (P = .02 and
P = .01 for the across- and within-hospital matching, respec-
tively). Isolation of MRSA as the causative organism did not
modify the effect of the treatment route on the outcome of
treatment failure.

Discussion
Children hospitalized with osteomyelitis and discharged to
complete a course of antibiotic therapy via the oral route did
not have a higher rate of treatment failure than their peers
who received their antibiotic therapy via the PICC route. The
lower bounds of the 95% CIs for the increased risk for treat-
ment failure with oral therapy of −0.9% and −1.7% in across-
and within-hospital matched analyses support the effective-
ness of the oral route for postdischarge antibiotic therapy for
osteomyelitis. However, the high frequency of PICC-related
complications requiring ED revisits and/or rehospitalization
means that children treated via the PICC route had a higher
risk (by 14 percentage points) for adverse events compared
with their propensity-matched peers who received antibiot-
ics via the oral route. Despite concerns about treating
younger (≤5 years) children or those with MRSA infections
with oral antibiotics, our stratified analyses showed that the

Figure 2. Scatterplot of Hospital Volume of Osteomyelitis, Proportion
of Children With Postdischarge Antibiotic Therapy Via the Peripherally
Inserted Central Catheter (PICC) Route, and Their Cross-classification
(Circles) Across Hospitals
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Discharge data were acquired from 36 US children’s hospitals from January 1,
2009, through December 31, 2012. The proportion of children discharged to
complete antibiotic therapy via the PICC route varied considerably across
hospitals (range, 0-100%), with some hospital representation at every decile
of PICC use and no relationship to volume of osteomyelitis cases.
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treatment failure rates between the oral and the PICC routes
were not meaningfully worse in these patient subgroups.

The ideal study design to answer our research question
would have been a multicenter randomized clinical trial. How-
ever, prior research7 suggests that the decision to deliver post-
discharge antibiotic therapy via the PICC route or the oral route
might reflect individual hospital culture and/or tradition. Cli-
nicians in hospitals that discharge most of their patients with
antibiotic therapy delivered via the oral route might resist ran-

domizing their patients to the more invasive and potentially
problematic PICC route, whereas providers in hospitals that
use mostly the PICC route might worry about the effective-
ness of the oral route. Thus, the lack of hospital-level equi-
poise about the comparative effectiveness of the 2 treatment
options makes the conduct of such a trial challenging and
costly. Using an observational study design and controlling for
hospital and patient factors, we matched patients in a man-
ner that would mimic a conventional stratified randomized

Table 1. Clinical and Demographic Characteristics of the Study Population

Characteristic

Route of Antibiotic Therapya

P Valueb
Oral

(n = 1005)
PICC

(n = 1055)
All

(N = 2060)

Sex

Male 624 (62.1) 660 (62.6) 1284 (62.3)
.83

Female 381 (37.9) 395 (37.4) 776 (37.7)

Age groupsc

Infancy (>2 mo and <1 y) 33 (3.3) 66 (6.3) 99 (4.8)

.02
Early childhood (≥1 and <5 y) 279 (27.8) 285 (27.0) 564 (27.4)

Late childhood (≥5 and <13 y) 552 (54.9) 563 (53.4) 1115 (54.1)

Adolescence (≥13 and <18 y) 141 (14.0) 141 (13.4) 282 (13.7)

Race

White 588 (58.5) 700 (66.4) 1288 (62.5)

<.001
Black 192 (19.1) 179 (17.0) 371 (18.0)

Asian/Native American 35 (3.5) 39 (3.7) 74 (3.6)

Mixed and other 190 (18.9) 137 (13.0) 327 (15.9)

Ethnicity

Non-Hispanic non-Latino 695 (69.2) 777 (73.6) 1472 (71.5)

.03Hispanic or Latino 207 (20.6) 170 (16.1) 377 (18.3)

Unknown 103 (10.2) 108 (10.2) 211 (10.2)

Primary payer .002

Government 544 (54.1) 494 (46.8) 1038 (50.4)

Commercial insurance/self-pay 450 (44.8) 541 (51.3) 991 (48.1)

Unknown 11 (1.1) 20 (1.9) 31 (1.5)

LOS, median (IQR), d 6 (4-7) 6 (5-8) 6 (5-8) <.001d

Causative organism, finding of the culture

Negative/contaminant 507 (50.4) 370 (35.1) 877 (42.6)

<.001
MSSA 295 (29.4) 397 (37.6) 692 (33.6)

MRSA 139 (13.8) 197 (18.7) 336 (16.3)

Other 64 (6.4) 91 (8.6) 155 (7.5)

Infection location

Lower leg, ankle, and/or foot 498 (49.6) 494 (46.8) 992 (48.2)

.38

Pelvis and thigh 312 (31.0) 353 (33.5) 665 (32.3)

Upper arm, forearm, and/or hand 121 (12.0) 121 (11.5) 242 (11.7)

Shoulder region 29 (2.9) 23 (2.2) 52 (2.5)

Multiple 27 (2.7) 38 (3.6) 65 (3.2)

Unspecified 18 (1.8) 26 (2.5) 44 (2.1)

Surgical proceduree

Arthrocentesis 149 (14.8) 203 (19.2) 352 (17.1) .007

Osteotomy 356 (35.4) 447 (42.4) 803 (39.0) .001

Soft-tissue incision and drainage 110 (10.9) 168 (15.9) 278 (13.5) <.001

Arthrotomy 136 (13.5) 209 (19.8) 345 (16.7) <.001

Abbreviations: IQR, interquartile
range; LOS, length of stay; MRSA,
methicillin-resistant Staphylococcus
aureus; MSSA, methicillin-sensitive
S aureus; PICC, peripherally inserted
central catheter.
a Unless otherwise indicated, data are

expressed as number (percentage)
of patients. Percentages have been
rounded and may not total 100.

b Unless otherwise indicated,
calculated as χ2 test.

c Groups are given for descriptive
detail; ages are not dichotomized as
for the statistical analysis.

d Calculated as Wilcoxon rank sum
test.

e Not all patients underwent surgical
procedures, and some patients may
have undergone more than 1
procedure; percentages are based
on total numbers in the groups
rather than the subsets.
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clinical trial. This study design is limited by the sample size
in the number of potential confounders for matching, but we
believe that we included the key variables that indicate sever-
ity of illness, such as the length of stay, the causative organ-
ism, the need for a drainage procedure, and location of the in-

fection. We were also limited to matching patients on observed
covariates. Other unmeasured confounders might have influ-
enced treatment outcomes.

A prior study of this question,7 which used only adminis-
trative data, included a similar number of children hospital-

Table 2. Clinical and Demographic Characteristics of Treatment Groups After Within- and Across-Hospital Matching

Route of Antibiotic Therapya

Unmatched Means

Weighted Meansb

Matched Across Hospital Matched Within Hospital

Oral PICC Oral PICC Oral PICC
Age ≤5 y 36.8 37.8 38.3 37.8 36.9 37.8

White racec 59.0 66.6 66.2 66.6 61.8 66.6

Primary payer

Commercial insurance/self-pay 44.8 51.3 50.8 51.3 44.4 51.3

Government 54.1 46.8 46.6 46.8 52.3 46.8

Unknown 1.1 1.9 2.6 1.9 3.3 1.9

LOS, median, d 6.2 6.8 6.9 6.8 6.8 6.8

Infection location

Lower leg, ankle, and/or foot 49.6 46.8 47.4 46.8 43.5 46.8

Pelvis and thigh 31.0 33.5 34.2 33.5 34.8 33.5

Upper arm, forearm, and/or hand 12.0 11.5 10.6 11.5 12.0 11.5

Shoulder region 2.9 2.2 1.7 2.2 4.8 2.2

Unspecified or multiple 4.5 6.1 6.1 6.1 4.9 6.1

Surgical procedure

Arthrocentesis 14.8 19.2 22.7 19.2 14.3 19.2

Osteotomy 35.4 42.4 40.2 42.4 39.4 42.4

Soft-tissue incision and drainage 10.9 15.9 16.8 15.9 17.2 15.9

Arthrotomy 13.5 19.8 20.4 19.8 21.5 19.8

Causative organism, finding of the culture

Negative 50.4 35.1 38.7 35.1 33.9 35.1

MRSA 13.8 18.7 20.4 18.7 18.5 18.7

MSSA/other 35.7 46.3 41.0 46.3 47.6 46.3

Abbreviations: LOS, length of stay; MRSA, methicillin-resistant Staphylococcus
aureus; MSSA, methicillin-sensitive S aureus; PICC, peripherally inserted central
catheter.
a Unless otherwise indicated, data are expressed as percentage of patients.
b Matching and weighting were designed to standardize the sample to the

characteristics of the PICC group. For that reason, the matched summary
statistics of the PICC group are the same as the unmatched results, and the
weighted summaries for the oral therapy group ideally should approach those
of the PICC group.

c Includes white children who identified more than 1 race.

Table 3. Adverse Outcomesa

Outcome

Outcome Analysis

Raw, No. (%) of Patients Across-Hospital Match Within-Hospital Match
Oral Route
(n = 1005)

PICC Route
(n = 1055) OR (95% CI)b P Value

Risk Difference,
% (95% CI)c OR (95% CI)b P Value

Risk Difference,
% (95% CI)c

Treatment failure 50 (5.0) 63 (6.0) 1.06 (0.70 to 1.61) .77 0.3 (−0.1 to 2.5) 1.14 (0.72 to 1.80) .60 0.6 (−0.2 to 3.0)

Adverse drug reaction 22 (2.2) 40 (3.8) 1.83 (1.03 to 3.25) .04 1.7 (0.1 to 3.3) 2.01 (1.08 to 3.75) .03 2.1 (0.3 to 3.8)

PICC complication NA 158 (15.0)

All treatment-related
eventsd

71 (7.1) 234 (22.2) 3.61 (2.64 to 4.93) <.001 14.6 (11.3 to 17.9) 3.61 (2.54 to 5.12) <.001 14.0 (10.5 to 17.6)

Abbreviations: NA, not applicable; OR, odds ratio; PICC, peripherally inserted
central catheter.
a Adjusted results are based on propensity scores and full matching of patients

across and within hospitals (or hospital groups).
b Estimated using conditional logistic regression, conditioning on the matched

sets. An OR of greater than 1.00 means that the PICC route has a higher risk for

the adverse outcome.
c Estimated using fixed-effects regression stratified by the matched sets. A risk

difference of greater than 0 means that the PICC route has a higher risk for the
adverse outcome.

d Rows do not sum to all treatment-related events because some patients had
more than 1 adverse outcome.
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ized at 1 of 29 CHA hospitals from 2000 through 2005 who were
also evenly divided between the oral and the PICC routes for
therapy. The results were virtually identical to our results, with
nearly equivalent rates of treatment failure requiring hospi-
talization in the PICC (5%) and the oral therapy (4%) groups
and a rate of PICC-related complications requiring rehospital-
ization of 3.4% of patients (reliable information on ED revis-
its was not available). The present study improves on the prior
one in that we performed a review of the medical records to
validate the exposure and outcome variables, and we used
within- and across-hospital matching to account for hospital-
and patient-level confounders. The treatment failure and PICC
complication rates detected in the present study were slightly
higher, possibly reflecting improved ascertainment of out-
comes afforded by the review of the medical records. Also, un-
like the prior study, which included children hospitalized from
2000 through 2005, the present one included children hospi-
talized from 2009 through 2012, when culture-proved MRSA

was far more prevalent (16.3%) and children were empirically
treated for MRSA with clindamycin and/or vancomycin (45%-
50%). Thus, the oral route appears to be effective even in the
MRSA era.

Conclusions
In this retrospective comparative study of antibiotic therapy
delivered via the PICC and the oral routes after hospital dis-
charge in children with acute osteomyelitis, we found no ad-
vantage of the more invasive PICC route. Given the magni-
tude (15.0% of all children in the PICC group) and gravity (ie,
bloodstream infection, thromboembolism, and line break-
age) of the PICC-related complications, clinicians should re-
consider the practice of treating otherwise healthy children
with osteomyelitis with prolonged IV therapy when an effec-
tive oral alternative exists.
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