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A CLINICAL PracTICE GUIDELINE
FOR TREATMENT OF SEPTIC
ARTHRITIS IN CHILDREN

EFFICACY IN IMPROVING PROCESS OF CARE AND EFFECT
ON OUTCOME OF SEPTIC ARTHRITIS OF THE HIP

BY MININDER S. KOCHER, MD, MPH, RAHUL MANDIGA, BS, JANE M. MURPHY, RN, MS, DONALD GOLDMANN, MD,
MARVIN HARPER, MD, ROBERT SUNDEL, MD, KIRSTEN ECKLUND, MD, AND JAMES R. KASSER, MD

Investigation performed at the Children’s Hospital, Boston, Massachusetts

Background: The development of clinical practice guidelines is a central precept of the evidence-based-medicine
movement. The purposes of this study were to develop a guideline for the treatment of septic arthritis in children and
to evaluate its efficacy with regard to improving the process of care and its effect on the outcome of septic arthritis of
the hip in children.

Methods: A clinical practice guideline was developed by an interdisciplinary expert committee using evidence-based
techniques. Efficacy was evaluated by comparing a historical control group of thirty consecutive children with septic
arthritis of the hip managed before the utilization of the guideline with a prospective cohort group of thirty consecu-
tive children treated with use of the guideline. Benchmark parameters of process and outcome were compared be-
tween groups.

Results: The patients treated with use of the guideline, compared with those treated without use of the guideline,
had a significantly higher rate of performance of initial and follow-up C-reactive protein tests (93% compared with 13%
and 70% compared with 7%), lower rate of initial bone-scanning (13% compared with 40%), lower rate of presumptive
drainage (13% compared with 47%), greater compliance with recommended antibiotic therapy (93% compared with
7%), faster change to oral antibiotics (3.9 compared with 6.9 days), and shorter hospital stay (4.8 compared with 8.3
days). There were no significant differences between the groups with regard to other process variables, and there
were no significant differences with regard to outcome variables, including readmission to the hospital, recurrent in-
fection, recurrent drainage, development of osteomyelitis, septic osteonecrosis, or limitation of motion.

Conclusions: Patients treated according to the septic arthritis clinical practice guideline had less variation in the pro-
cess of care and improved efficiency of care without a significant difference in outcome.

Level of Evidence: Therapeutic study, Level llI-2 (retrospective cohort study). See Instructions to Authors for a com-
plete description of levels of evidence.

ommendations for the management of patients with a

specific clinical condition based on a systematic review
of the best available evidence'”. The goals of guidelines are to
minimize variation by standardizing the management process,
to optimize clinical outcomes, and to allow cost efficiency'”.
The development of guidelines is a major focus of the evidence-
based-medicine movement®’. The National Guideline Clear-
inghouse was developed by the Agency for Healthcare Research

3 clinical practice guideline is a standardized set of rec-

A commentary is available with the electronic versions of this article,
@ on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our

subscription department, at 781-449-9780, to order the CD-ROM).

and Quality, in association with the American Medical Asso-
ciation and the American Association of Health Plans, to de-
velop and disseminate clinical practice guidelines’. Although a
large number of guidelines have been created to improve the
management of a wide variety of medical conditions (the Na-
tional Guideline Clearinghouse currently contains 903 guide-
lines), few have been formally studied to evaluate their efficacy
in improving the process of care and clinical outcomes.

Septic arthritis in children is a serious medical condi-
tion with the potential for systemic and musculoskeletal se-
quelae. There is considerable variation in the management of
septic arthritis in children regarding diagnostic workup, im-
aging studies, surgical management, antibiotic management,
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and follow-up’". The purposes of this study were to develop
a clinical practice guideline for treatment of septic arthritis
in children and to evaluate its efficacy in improving the pro-
cess of care and its effects on the outcome of septic arthritis
of the hip.

Methods
A clinical practice guideline for the management of septic
arthritis in children was developed in 1995 by an interdis-
ciplinary group of pediatric medicine, orthopaedic, infectious
disease, emergency medicine, rheumatology, radiology, phar-
macy, nursing, social work, and physical therapy specialists at a
major tertiary-care children’s hospital (see Appendix). Group
members were selected because of their experience with treat-
ing pediatric musculoskeletal infection, with the process of
systematic literature review, and with development of clinical
practice guidelines. The systematic review of the literature in-
cluded only level-1, 2, and 3 evidence (level 1B [an individual
randomized clinical trial or prospective inception cohort study
with a follow-up rate of >80%], 1C [all-or-none case series],
2B [an individual cohort study or low-quality randomized
clinical trial], 2C [an ecological study], and 3B [an individual
case-control study])**. The MEDLINE database (1966 through
1995) was searched for articles regarding pediatric septic ar-
thritis with the following process: Search 1 (septic arthritis
[MeSH]); Search 2 (septic [tw] AND arthritis [tw]); Search 3
(Nos. 1 and 2); Search 4 (pediatric [MeSH]); Search 5 (Nos. 3
and 4); Search 6 (Limit human). This was supplemented by
reviewing pertinent references from retrieved articles and
textbooks. The search was limited to studies published in En-
glish. Abstracts for all articles were reviewed, and articles with
any possibility for inclusion were retrieved and reviewed. An
oral consensus approach was then utilized to make recommen-
dations regarding inclusion criteria, exclusion criteria, stan-
dardized laboratory evaluation, standardized imaging criteria,
indications for aspiration, indications for surgical drainage,
indications for medical management, choice of antibiotics,
dosage of antibiotics, transition from parenteral or enteral
antibiotics, discharge criteria, and follow-up. Disagreements
with regard to recommendations were resolved by consensus
opinion. Annotations were developed regarding information
concerning the laboratory workup, information concerning
laboratory tests on aspiration specimens, rationale and refer-
ences for decision points, and a discharge plan. A standardized
order sheet was constructed (see Appendix).

The efficacy of the clinical practice guideline was evalu-
ated by comparing a historical control group of thirty consec-
utive children with septic arthritis of the hip managed before
utilization of the guideline (in 1993, 1994, or 1995) with a pro-
spective cohort group of thirty consecutive children treated
with use of the guideline (in 1995, 1996, or 1997). The rela-
tively large number of patients seen with septic arthritis of the
hip probably represents the tertiary-care nature of the hos-
pital. The clinical practice guideline was developed for treat-
ment of septic arthritis of all joints in children. However, we
studied the efficacy of the guideline with regard to treatment
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of septic arthritis of the hip with the rationale that it is rela-
tively common, it has the potential for serious sequelae, the
guideline had been developed in our institution because there
was substantial variation in the management of septic arthritis
of the hip, and studying the efficacy of the guideline for the
treatment of a single joint would allow more uniformity of pa-
tient populations for comparison. Explicit exclusion criteria
for both groups included an age of less than six months or
more than eighteen years, major coexisting disease, postop-
erative infection, chronic joint infection, perforating injuries,
psoriasis, polyarthritis, associated osteomyelitis or psoas ab-
scess, less than one year of objective follow-up with physical
examination and radiographic evaluation and less than two
years of clinical follow-up (telephone interview). During the
data-collection period for the group not treated according to
the guideline, four patients were excluded because of neonatal
sepsis; one, because of immunocompromise; and one, because
of insufficient follow-up. During the data-collection period
for the group treated according to the guideline, three patients
were excluded because of neonatal sepsis; two, because of im-
munocompromise; one, because of postoperative septic ar-
thritis; and one, because of insufficient follow-up. All patients
in both groups underwent surgical drainage of the septic hip
through an anterior approach. Institutional review board ap-
proval was obtained for the development of the guideline and
for the review of patient records. Sample size determination
demonstrated that thirty patients per group were necessary to
have 85% power (§ = 0.15) to detect a 20% reduction in hos-
pital stay in the group treated according to the guideline com-
pared with the baseline mean hospital stay of 8.3 days in the
group not treated according to the guideline, with the as-
sumption that the common standard deviation is 2.1, with use
of a two-group t test with a 0.050 two-sided significance level.
Hospital stay was chosen as the primary end point for deter-
mination of sample size because of the lack of a stable baseline
estimate of the prevalence of septic osteonecrosis or recurrent
infection.

Benchmark parameters of process and outcome were
compared between groups. History process parameters in-
cluded documentation of history regarding trauma, recent in-
fections, antibiotic use, fever and/or chills, and limp. Physical
examination process parameters included documentation of
temperature at presentation, results of hip examination, walk-
ing status, and vital signs. Laboratory, radiographic, and treat-
ment process parameters included determination of the initial
complete blood-cell count with differential, initial erythrocyte
sedimentation rate, and initial C-reactive protein level; per-
formance of an initial blood culture, initial radiographic evalu-
ation of the hip, initial ultrasonographic evaluation of the hip,
initial bone scan, joint fluid cell count, and joint fluid culture;
presumptive drainage; time (hours) from the initial presen-
tation to surgical drainage; placement of a drain; obtaining a
specimen for pathological evaluation; use of the recom-
mended antibiotic and dosage; determination of the follow-up
complete blood-cell count, follow-up erythrocyte sedimenta-
tion rate, and follow-up C-reactive protein level; time (days)
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TABLE | Comparison of Patients Treated According to the Guideline with Those Not Treated According to the Guideline*

Patients Treated Patients Not Treated
According to the According to the

Variable Guideline (N = 30) Guideline (N = 30) P Value
AgeT (yr) 6.0 (2.5) 5.8 (3.2) 0.74
Male 6 (53%) 14 (47%) 0.81
Duration of symptoms (days) 7 (1.5) 1.9 (1.7) 0.71
History of trauma documented 4 (80%) 19 (63%) 0.25
History of recent infections documented 6 (87%) 23 (77%) 0.51
History of antibiotic use documented 4 (80%) 22 (73%) 0.76
History of fever/chills documented 8 (93%) 25 (83%) 0.42
History of limp documented 29 (97%) 25 (83%) 0.20
Temperature measured 30 (100%) 29 (97%) 1.00
Results of hip examination documented 29 (97%) 29 (97%) 1.00
Walking status documented 28 (93%) 26 (87%) 0.67
Vital signs tested 28 (93%) 30 (100%) 0.49
Initial complete blood-cell count with 30 (100%) 30 (100%) 1.00
differential determined
Initial erythrocyte sedimentation rate determined 30 (100%) 28 (93%) 0.49
Initial C-reactive protein level determined 28 (93%) 4 (13%) <0.001
Initial blood cultures performed 9 (97%) 28 (93%) 1.00
Initial hip radiographs made 9 (97%) 25 (83%) 0.20
Initial hip ultrasonography performed 8 (93%) 27 (90%) 1.00
Initial bone scan performed 4 (13%) 12 (40%) 0.039
Joint fluid cell count determined 28 (93%) 28 (93%) 1.00
Joint fluid cultures performed 29 (97%) 30 (100%) 1.00
Presumptive drainage performed 4 (13%) 14 (47%) 0.010
Time to surgeryt (hr) 10.0 (3.0) 10.3 (6.0) 0.80
Drain placed 7 (90%) 29 (97%) 0.61
Pathology specimen obtained 6 (87%) 5 (83%) 1.00
Recommended antibiotic and dosage used 8 (93%) 2 (7%) <0.001
Follow-up erythrocyte sedimentation rate determined 3 (77%) 23 (77%) 1.00
Follow-up C-reactive protein level determined 1 (70%) 2 (7%) <0.001
Follow-up complete blood-cell count determined 4 (80%) 23 (77%) 1.00
Time until change to oral antibiotics (days) 3.9(1.1) 6.9 (2.0) <0.001
Hospital stayt (days) 4.8 (1.2) 8.3 (2.1) <0.001
Readmission to hospital 0 (0%) 0 (0%) 1.00
Recurrent infection 0 (0%) 0 (0%) 1.00
Development of osteomyelitis 0 (0%) 0 (0%) 1.00
Recurrent drainage 0 (0%) 0 (0%) 1.00
Septic osteonecrosis 0 (0%) 0 (0%) 1.00
Limitation of motion at final follow-up 1 (3%) 0 (0%) 1.00

*The values are given as the number of patients with the percentage in parentheses unless otherwise indicated. 1The values are given as

the mean and standard deviation.

until the change to oral antibiotics; and duration (days) of hos-
pital stay. Presumptive drainage was defined as surgical drain-
age in cases in which a joint fluid cell count and a gram stain or
cultures had not been performed preoperatively or in cases in

which the joint fluid cell count was <50,000 white blood cells
per high-power field and the gram stain was negative. The rec-
ommended initial intravenous antibiotic treatment was de-
fined as 50 mg/kg of cefazolin every eight hours (maximum
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dose, 12 g/day) or 40 mg/kg/day of clindamycin in divided
doses every eight hours (maximum dose, 4.8 g/day) for pa-
tients allergic to penicillin. The recommended oral antibiotic
treatment was defined as 100 mg/kg/day of cephalexin in di-
vided doses four times per day. Nonrecommended antibiotic
treatment was defined as use of any other antibiotic or dosage.

Outcome parameters included readmission to the hospi-
tal, recurrent infection, development of osteomyelitis, recur-
rent drainage, septic osteonecrosis, and limitation of motion.
All patients had a minimum two-year subjective follow-up
(mean, 6.2 years; range, 4.7 to 9.5 years) of their clinical course
by means of a telephone interview and a minimum one-year
objective follow-up (mean, 1.5 years; range, 1.1 to 2.7 years)
with a physical examination and radiographic evaluation.

A priori hypotheses were that utilization of the clinical
practice guideline would result in more thorough documen-
tation of history and findings of physical examination, more
complete initial and follow-up laboratory evaluation, a shorter
hospital stay, a faster change to oral antibiotics, less frequent
presumptive drainage, and greater standardization of antibi-
otic treatment, with no increase in complications.

Statistical comparisons between the group treated accord-
ing to the guideline and the group not treated according to the
guideline were made with use of the chi-square test or the Fisher
exact test for comparison of proportions and with use of the
independent sample t test with the Levene test for equality of
variances for comparison of continuous variables. Statistical
analysis was performed with SPSS (version 10.1; SPSS, Chicago,
Illinois), SAS (version 6.12; SAS Institute, Cary, North Caro-
lina), and nQuery Advisor (version 4.0; Statistical Solutions,
Saugus, Massachusetts) software packages. All reported p values
are two-tailed with an alpha level of 0.05 indicating significance.

Results (Table 1)
he clinical practice guideline, order sheets, and discharge
information sheet are shown in the Appendix.

The group treated with use of the guideline, compared
with the group treated before utilization of the guideline, had
significantly higher rates of performance of initial and follow-
up C-reactive protein tests (93% compared with 13% and
70% compared with 7%), a lower rate of initial bone-scanning
(13% compared with 40%), a lower rate of presumptive drain-
age (13% compared with 47%), a greater compliance with
recommended antibiotic therapy (93% compared with 7%), a
faster change to oral antibiotics (3.9 compared with 6.9 days),
and a shorter hospital stay (4.8 compared with 8.3 days) (Ta-
bleI).

There were no significant differences between the groups
with regard to age, gender, or duration of symptoms. There
were also no significant differences with regard to the process
variables regarding documentation of a history of trauma, re-
cent infections, antibiotic use, fever and/or chills, or limp;
documentation of initial temperature, results of hip examina-
tion, walking status, or vital signs; determination of initial
complete blood-cell count with differential or initial erythro-
cyte sedimentation rate; performance of initial blood cultures,
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initial radiographic examination of the hip, initial ultrasono-
graphic examination of the hip, joint fluid cell count, or joint
fluid cultures; obtaining a specimen for pathological evalua-
tion; determination of a follow-up complete blood-cell count
or follow-up erythrocyte sedimentation rate; time (hours)
from the initial presentation to surgical drainage; or drain
placement.

In terms of outcome, there was no significant difference
between the groups regarding limitation of motion. No patient
in either group was readmitted to the hospital or had recurrent
infection, recurrent drainage, development of osteomyelitis, or
septic osteonecrosis.

Discussion
We developed a clinical practice guideline for treatment of
septic arthritis in children and validated its efficacy in
improving the process of care without adversely affecting out-
come. Although septic arthritis in children is a relatively un-
common condition, there was a perceived need for the
development of this guideline at our institution because of
considerable variation in management regarding diagnostic
workup, imaging studies, surgical management, antibiotic
management, and follow-up. The guideline was developed by
an interdisciplinary group comprised of the pediatric special-
ties involved in the management of children with septic ar-
thritis. A systematic review of the best available evidence’*
was performed, and consensus recommendations were made
to develop an algorithm for the workup and management of
children with septic arthritis. Our a priori hypotheses were
that the guideline would result in greater standardization of
care and enhanced efficiency of care without an increase in
complications or sequelae.

In evaluating the effect of this clinical practice guideline
on the management of septic arthritis of the hip in children, we
found that the patients treated with use of the guideline had
less variation of care: there were higher rates of performance of
initial and follow-up C-reactive protein tests, less use of initial
bone scintigraphy, lower rates of presumptive drainage, and
greater compliance with recommended antibiotic therapy. In
addition, use of the guideline resulted in greater efficiency of
care. The decreases in the hospital stay (from 8.3 to 4.8 days)
and in the time until the change to oral antibiotics (from 6.9 to
3.9 days) were dramatic and have great potential for cost sav-
ings and ease of management for both the child and the family.
Most importantly, there was no increase in the rates of adverse
events such as readmission to the hospital, recurrent infection,
recurrent drainage, development of osteomyelitis, septic osteo-
necrosis, or limitation of motion.

Limitations of this study include the difficulties inherent
in standardizing the medical process. Although the guideline
was based on a systematic review of evidence, some specific
decisions within the algorithm were nevertheless based on
clinical opinion. In step 5 of the guideline (see Appendix), the
decision to proceed with hip aspiration is contingent on clini-
cal suspicion of septic arthritis after the initial recording of
the history (step 1), physical examination (step 2), laboratory
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evaluation (step 4), and imaging (step 4). At our institution,
we utilize a previously published clinical prediction algorithm
for the differentiation of septic arthritis from transient syno-
vitis*; however, the use of prediction rules and clinical prac-
tice guidelines is not intended to replace clinical judgment.

The recommended dosage for antibiotic therapy is higher
than the usual perioperative antibiotic dosage. This recommen-
dation was based primarily on reports in the infectious disease
literature that showed that higher dosages are required for ade-
quate bone and joint penetration and that such dosages resulted
in lower rates of recurrent or persistent infection'>****>**#_A]-
though use of the guideline dramatically increased compliance
with recommendations regarding antibiotic therapy (93%
compared with 7%), and although there was underdosing in
the group not treated according to the guideline, none of the
patients who were not treated according to the guideline were
readmitted to the hospital or had recurrent infection, recurrent
drainage, osteomyelitis, or septic osteonecrosis. Contempora-
neous changes in the management of musculoskeletal bone and
joint infections over the study period (1993 through 1997) may
have contributed to the faster change to oral antibiotics and
shorter hospital stay that we observed in the group treated ac-
cording to the guideline. The relatively early switch to oral an-
tibiotics (after seventy-two hours of intravenous antibiotic
therapy) recommended by the guideline applies only to patients
with uncomplicated septic arthritis (without risk factors for a
poor outcome) who have had a good response to initial drain-
age and intravenous antibiotics. When an infant or child has a
delay in diagnosis, lack of improvement with drainage and in-
travenous antibiotic therapy, or associated osteomyelitis, use of
the guideline is discontinued. Such patients are typically man-
aged with infectious disease consultation, additional imaging to
look for associated osteomyelitis, and prolonged intravenous
antibiotic therapy.

Presumptive drainage was operationally defined as drain-
age in patients for whom joint fluid analysis had not been per-
formed preoperatively or was not clearly consistent with septic
arthritis (<50,000 white blood cells per high-power field and a
negative gram stain). Although the rate of presumptive drain-
age decreased in the group managed according to the guideline
(from 47% to 13%), in some instances presumptive drainage
was probably indicated. Examples include clinically obvious
cases of septic arthritis, in which preoperative aspiration might
have delayed drainage, and patients with intermediate values
for the joint-fluid parameters but a high clinical index of sus-
picion or pretreatment with antibiotics before aspiration. In
these cases, the risks of not draining a potentially septic hip
likely outweigh the risks of draining a possibly nonseptic hip.
As such, the guideline was written to allow for this index of
clinical suspicion for cases with intermediate values for joint
fluid parameters.

With reduction of inpatient hospital stays, there is the
potential for cost-shifting to the outpatient setting. A multi-
center evaluation of clinical practice guidelines for hip re-
placement, knee replacement, and treatment of hip fracture
demonstrated a reduced hospital stay without a change in out-
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come, but there was substantial cost-shifting to rehabilitation
centers and home services”. In our very different population
of children with septic arthritis of the hip, cost-shifting to in-
tensive home services was less likely since patients were dis-
charged to home, were taking oral antibiotics, and needed
minimal home services. However, formal cost identification
was not performed in the present study.

Evidence-based medicine involves the conscientious, ex-
plicit, and judicious use of current best evidence for making
decisions about the care of individual patients’. The develop-
ment of clinical practice guidelines has been a major emphasis
of the evidence-based-medicine movement in order to stan-
dardize the process of care, optimize outcomes, and enhance
efficiency'”. However, a guideline is only as strong as the evi-
dence on which it is based and the flexibility, clinical experi-
ence, and practical wisdom used to apply it"’. Disadvantages
of guidelines include the potential to harm patients when in-
appropriately rigid guidelines fail to account for individual
variation, loss of physician autonomy, and the potential for
forced acceptance of inherent clinical value judgments'”. The
overall goal of our guideline was to provide clinicians with an
analytical framework for the evaluation and treatment of chil-
dren with septic arthritis. The guideline is not intended as a
strict protocol for all patients, nor is it intended to replace
clinical judgment. When a patient is atypical, has risk factors
for a poor outcome, or is not responding to treatment, the
guideline should be abandoned and treatment should be car-
ried out as clinically indicated.

Appendix

The clinical practice guideline, order sheets, and dis-
charge orders can be found with the electronic versions
of this article, on our web site at www.jbjs.org (go to the article
citation and click on “Supplementary Material”) and on our
quarterly CD-ROM (call our subscription department, at 781-
449-9780, to order the CD-ROM). m
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