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ABSTRACT

Background Septic arthritis is an uncommon but
potentially significant diagnosis to be considered when
a child presents to the emergency department (ED) with
non-traumatic limp. Our objective was to determine

the diagnostic accuracy of clinical findings (history and
examination) and investigation results (pathology tests
and imaging) for the diagnosis of septic arthritis among
children presenting with acute non-traumatic limp to the
ED.

Methods Systematic review of the literature published
between 1966 and June 2019 on MEDLINE and EMBASE
databases. Studies were included if they evaluated
children presenting with lower limb complaints and
evaluated diagnostic performance of items from history,
physical examination, laboratory testing or radiological
examination. Data were independently extracted by two
authors, and quality assessment was performed using the
Quality Assessment Tool for Diagnostic Accuracy Studies
2 tool.

Results 18 studies were identified, and included 2672
children (560 with a final diagnosis of septic arthritis).
There was substantial heterogeneity in inclusion criteria,
study setting, definitions of specific variables and the
gold standard used to confirm septic arthritis. Clinical
and investigation findings were reported using varying
definitions and cut-offs, and applied to differing study
populations. Spectrum bias and poor-to-moderate study
design quality limit their applicability to the ED setting.
Single studies suggest that the presence of joint
tenderness (n=189; positive likelihood ratio 11.4 (95%
Cl 5.9 to 22.0); negative likelihood ratio 0.2 (95% Cl

0.0 to 1.2)) and joint effusion on ultrasound (n=127;
positive likelihood ratio 8.4 (95% Cl 4.1 to 17.1); negative
likelihood ratio 0.2 (95% Cl 0.1 to 0.3)) appear to be
useful. Two promising clinical risk prediction tools were
identified, however, their performance was notably lower
when tested in external validation studies.

Discussion Differentiating children with septic arthritis
from non-emergent disorders of non-traumatic limp
remains a key diagnostic challenge for emergency
physicians. There is a need for prospectively derived and
validated ED-based clinical risk prediction tools.

4,6,7

Strengths and limitations of this study

» This review has synthesised and analysed in depth
18 studies relating to history, examination, imaging
and pathology testing relevant to the diagnosis of
septic arthritis in children.

» The review has performed an analysis of the quality
of the studies, as well as the performance of various
investigations and clinical findings.

» We searched the two major electronic medical
databases from 1966, and limited our analysis to
English-language articles, so there is a possibility
that some studies were missed.

» There was substantial heterogeneity between stud-
ies, so we were unable to combine results.

» Changes to epidemiology (increasing prevalence of
methicillin-resistant  Staphylococcus aureus) and
vaccine coverage (Streptococcus pneumoniae and
Haemophilus influenzae) over recent years may
have influenced how relevant older studies are to
current clinical practice.

INTRODUCTION

Non-traumatic limp is a common paediatric
presentation to the emergency department
(ED).' The differential diagnoses are broad,
ranging from non-emergent disorders, such
as transient synovitis and Legg-Calvé-Perthes
disease, to urgent problems such as septic
arthritis and slipped upper femoral epiph-
ysis (SUFE).?” After excluding radiographic
abnormalities such as Legg-Calvé-Perthes
disease and SUFE in high-prevalence age
groups, an important clinical question is how
to differentiate septic arthritis from non-
emergent disorders.

While the majority of children presenting
with acute non-traumatic limp have tran-
sient synovitis (a benign, self-limiting cause
that can be managed conservatively), a small
proportion have septic arthritis, which can
cause significant morbidity if diagnosis is
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delayed.* Early diagnosis and treatment (ie, <4 days from
infection onset) is considered the most important prog-
nostic factor in preventing acute complications such as
sepsis and osteomyelitis, as well as long-term problems
such as osteonecrosis, joint deformity and early onset
osteoarthritis.” Thus, the key issue for emergency physi-
cians when evaluating the child presenting with non-
traumatic limp is the accurate identification of children
with septic arthritis from non-emergent disorders, while
also minimising the use of painful and costly overinvesti-
gation.6 !

This article aims to describe the published performance
characteristics of clinical findings, laboratory testing,
imaging and clinical prediction tools for the identifica-
tion of septic arthritis among children presenting with
acute non-traumatic limp in the ED setting.

METHODS

Inclusion and exclusion criteria

Studies that described paediatric patients presenting with
monoarticular complaints (ie, limp, altered gait, non-
weight bearing, limb pain or swelling) and contained
original data on the utility of clinical history, physical
examination, biochemical or radiographic findings in
the diagnosis of septic arthritis were included. We only
included studies which described a reference standard
for diagnosis of septic arthritis. This could be achieved
using any combination of abnormal synovial fluid macro-
scopic appearance, elevated white blood cell (WBC)
count, synovial fluid and/or blood culture result.

Articles were excluded if they described patients who
did not initially present with a monoarticular complaint;
examined an adult study population or described a mixed
study population (containing both adult and paediatric
patients), where the reviewers were unable to extract data
to determine sensitivities and specificities for the paedi-
atric population; or if an article did not describe a refer-
ence standard for the diagnosis of septic arthritis.

As referral practices and the extent and timing of
orthopaedic involvement in the diagnostic process vary
between health systems, we did not exclude studies
conducted outside the ED setting.

Apart from the information included in this publica-
tion and its supplementary material, no additional data
are available.

Patient and public involvement
Patients and the public were not involved in the design or
conduct of this research.

Search strategy

A structured search of the medical literature (Ovid
MEDLINE and EMBASE) from January 1966 to June
2019 was conducted to identify articles that reported the
diagnostic value of clinical, biochemical or radiographic
findings for differentiating septic arthritis in the limping
child from other aetiologies. The following Medical

Subject Headings were used in the search strategy: infec-
tious arthritis combined with medical history taking,
physical examination, routine diagnostic tests, diagnostic
imaging, differential diagnosis or sensitivity and specificity
AND cohort studies, observational study, retrospective
studies or prospective studies. The full search strategy is
available in online supplemental material 1. Two authors
(JT,JC) independently screened the titles and abstracts of
the search results. The full manuscript of each article was
reviewed if at least one author considered it as potentially
relevant.

Quality of the evidence

The overall quality of the included studies was evaluated by
two authors (JT, JC) using the Quality Assessment Tool for
Diagnostic Accuracy Studies 2 (QUADAS-2)." Discrepant
quality assessments were adjudicated by discussion with
a third author (SC) and resolved by consensus. A kappa
analysis using SPSS V.25.0 (SPSS, Chicago, Illinois, USA)
was used to assess inter-rater agreement.’

The ‘ideal’ study population was defined as ‘children
presenting with a lower limb monoarticular complaint
(limp, non-weight bearing status, altered gait, limb pain
or swelling) to the ED, where ‘septic arthritis’ and ‘non-
septic arthritis’ were the two evaluated outcomes. Spec-
trum bias, however, may limit the validity of such studies
when applied more broadly to an ED population.'’ As
such, if individual trials did not specifically recruit patients
from the ED, the ‘spectrum’ portion of the QUADAS-2
tool was assessed as ‘no’. Additionally, if the definition
of the reference standard or blinding of index testers
to the reference standard was not explicitly stated, these
portions of the QUADAS-2 tool were assessed as ‘no’. If
the follow-up period of patients was not explicitly stated,
‘Domain 4: Flow and Timing’ was also assessed as ‘no’.

Data analysis

A standardised data collection form was used by two
authors (JT, JC) to independently extract data from the
included studies. Data extracted included study charac-
teristics (such as setting, sample size, inclusion and exclu-
sion criteria) and study definitions for key diagnostic and
outcome variables. The diagnostic test properties of key
clinical, biochemical and radiographic findings were also
extracted or calculated using the available information
from the published paper.

Prior to our review, we standardised our definitions
for the terms ‘false negative’, ‘false positive’, ‘true posi-
tive’ and ‘true negative’. ‘Disease’ was defined as septic
arthritis and ‘no disease’ was defined as an acute arthritis
without bacterial aetiology or arthritis secondary to
Borrelia burgodferi (ie, Lyme arthritis). The latter category
included transient synovitis, Lyme arthritis and other
non-emergent aetiologies of the limping child.

The diagnostic accuracy of the evaluated clinical and
investigation parameters are presented as sensitivities and
specificities and positive and negative likelihood ratios
(LR), with 95% CIs where appropriate. Discrepancies in
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assessment were discussed between three authors (JT, JC,
SC) and resolved by consensus.

Accuracy of signs and symptoms

A number of clinical, biochemical and radiographic vari-
ables did not share the same definition across studies.
For instance, a ‘history of fever’ had variable definitions
across studies (ie, temperature >37.0°C or >38.5°C) and
whether it was assessed prior, at time of ED presentation
or during their inpatient stay. In each case, we defined
the absence or presence of each variable on the basis of
each individual study’s specific definition.

Statistical methods

Sensitivity and specificity (with calculation of 95% Cls),
forest plots and summary receiver operating curves were
generated using Reviewer Manager (RevMan) (computer
program, V.5.3, Copenhagen: The Nordic Cochrane
Collaboration, 2014). LR were calculated using MedCalc

for Windows (MedCalc Software, Ostend, Belgium) and
SPSS V.25.0.

Our literature review commenced as a narrative liter-
ature review during a university honours year. We later
attempted to register the systematic review on the PROS-
PERO database, but were unable to do so as the original
literature searches and data extraction conducted as part
of the honours year project rendered the review ineli-
gible for prospective registration.

RESULTS

A total of 500 articles were identified, including 357
from the MEDLINE and 143 EMBASE medical literature
databases, respectively (figure 1). Following exclusion
of duplicate articles, 408 unique articles were screened
for study eligibility. Of these, 282 articles were excluded
on review of their titles and abstracts, and another 108

Ovid MEDLINE
1966 - June 2019

1966 - June 2019

EMBASE

Figure 1

357 Citations

143 Citations

Study flow diagram.

N _/

408 Non-Duplicate
Citations Screened

Inclusion / Exclusion
Criteria Applied

282 Articles Excluded
After Title/Abstract Screen

126 Articles Retrieved

Inclusion / Exclusion
Criteria Applied

108 Articles Excluded
After Full Text Screen

18 Articles Included

Reasons for Exclusion:

Non-primary research (n=1)
Non-paediatric population (n=6)

Case report (n=46)

Non-diagnostic accuracy study (n=6)
Non-monoarticular lower limb present-
ing complaint (n=15)

Non-gold standard diagnosis for septic
arthritis specified (n=11)

Unable to extract original data from
mixed study population (n=23)
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articles were excluded on review of their full manuscripts.
Eighteen articles met all inclusion criteria.

Study characteristics and definitions for key diagnostic
and outcome variables for the included 18 studies are
summarised in table 1. Overall, 2672 patients presenting
with lower limb complaints were included in our review,
of whom 560 (21.0%) were diagnosed with septic arthritis.
These studies took place between 1979 and 2013 and their
patient cohorts ranged from 18 to 474 patients. Of the
18 included studies, 12 were retrospective observational
cohort studies, 4 were prospective observational cohort
studies and 2 were case-control studies.

Only one study included children presenting to the
ED with reduced range of motion (ROM) of a skel-
etal segment.'’ Of the remaining studies of children
presenting with lower limb complaints, nine studies exam-
ined children who also underwent joint aspiration,'*’
five examined children admitted as hospital inpatients for
exclusion of septic arthritis,”’ ™ two examined children
who underwent hip MRI for acute hip pain or limp*® %’
and one examined children who had a hip effusion iden-
tified on ultrasonography.® Only three studies explicitly
included ED populations.' '* !

Two authors (JT, JC) independently performed a
quality assessment of the 18 included studies using
the QUADAS-2 assessment tool for diagnostic accu-
racy studies (see online supplemental material 2). The
authors’ QUADAS-2 assessment of quality had a kappa of
range 0.82-1.

The quality of the diagnostic accuracy studies for septic
arthritis among children presenting with non-traumatic
limp is highly variable. Eight studies included patients
with a ‘recent history of antibiotic use’ without an explicit
definition for this variable. Four studies also excluded
patients on the basis of ‘later development of rheumato-
logical disease, Legg-Calvé-Perthes disease or associated
proximal femoral osteomyelitis’.

The definition of ‘septic arthritis’ also varied between
studies. Thirteen studies provided broad and detailed
definitions for ‘septic arthritis’ on all key parameters
including macroscopic appearance, synovial WBC count
and presence/absence of a positive synovial fluid or blood
culture result. Five provided limited definitions for septic
arthritis: three studies defined it as ‘gross pus on joint
aspiration or drainage’ only, but provided no comment
on blood culture, synovial fluid or WBC count??* 25; one
defined it on the basis of a positive synovial fluid culture,
but provided no comment on blood culture, synovial WBC
count or macroscopic appearance® and one defined it
as a positive synovial fluid or blood culture, with associ-
ated ‘numerous polymorphs seen on high-screen micros-
copy’, but provided no explicit definition for ‘numerous
polymorphs’.?!

No study reported the interval between the index test
and the reference standard. In addition, no study explic-
itly described blinding assessors of the index test from the
reference standard or vice versa. Six retrospective and
two prospective cohort studies also included children

in a control group who did not receive the same refer-
ence standard as those subsequently classified as ‘septic
arthritis’ (ie, children classified as ‘transient synovitis’
was on the basis of ‘clinical improvement from bed rest
and analgesics alone without undergoing a joint aspi-
ration’, while children classified as ‘septic arthritis’ was
on the basis of those who ‘underwent a joint aspiration
and diagnosed on the basis of synovial fluid or blood
culture findings’). Of the six retrospective studies, none
of these children was followed up to ensure they had not
presented elsewhere and been treated for septic arthritis.

Prevalence of septic arthritis

Deanehan et al'® found that 19 (3%) of the 673 children
presenting to one of two urban paediatric centres in a
Lyme disease-endemic area with acute knee monoar-
thritis between 1992 and 2012 had septic arthritis. Other
estimates of septic arthritis in different study populations,
including children who were admitted as a hospital inpa-
tient for exclusion of septic arthritis and children who
underwent joint aspiration are notably higher, with a
prevalence of septic arthritis ranging from 5.2% to 75.6%.
No studies described ED prevalence of septic arthritis in a
non-Lyme disease-endemic area.

History and examination findings

Eight studies provided sensitivity and specificity data
enabling the calculation of positive and negative LR
for the risk factors of septic arthritis among children
presenting with non-traumatic limp (table 2).'*'¢ 2=
None of male gender, history of tick bites, previous anti-
biotic use, history of chills, joint pain, Lyme season, a
previous healthcare visit and recent illness had consis-
tently useful LR to either rule in or rule out a diagnosis
of septic arthritis.

Twelve studies examined the role of objective examina-
tion findings (table 3)."'71* 1819212 The definition of fever
varied from study to study, ranging from a temperature
237.0°C to = 38.5°C. The presence of any documented
fever, irrespective of threshold, increased the risk of
septic arthritis, although positive LR ranged from 2.0 to
25.2. The absence of fever had negative LR ranging from
0.2 t0 0.8.

The ability to weight-bear was assessed by eight
studies.'*"*'"® ¥ This finding had variable performance in
different studies, with positive LR ranging from 1.2 to 1.7,
and negative LR ranging from 0.1 to 0.9.

Joint tenderness, limited ROM and joint warmth were
less commonly assessed clinical variables. A single study
suggested that joint tenderness may be a useful finding,
with a positive LR of 11.4 (95% CI 5.9 to 22.0), and a
negative LR of 0.3 (95% CI 0.2 to 0.5).

Biochemical variables

Six studies provided primary diagnostic data to evaluate
the performance of an elevated WBC count in diagnosing
septic arthritis among children presenting with lower
limb complaints (table 4) 12182121 The definition of an
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Table 2 Sensitivities, specificities and likelihood ratios for findings on history and examination

Likelihood ratio (95% CI)

Prevalence Sensitivity Specificity
Risk factors Study of SA, % (95% Cl) (95% Cl) Positive (LR+) Negative (LR-)
History
Male Deanehanetal'® 2.7 0.54 (0.25 to 0.81) 0.38 (0.33 to 0.42) 0.9 (0.5 to 1.4) 2(0.7t02.2)
Del Becarro et al®> 28.8 0.68 (0.51 t0 0.82) 0.41 (0.31 t0 0.52) 1.2 (0.9 to 1.5) 8(0.5t0 1.3)
Heyworth etal’®>  32.6 0.60 (0.32 to 0.84) 0.42 (0.25 to 0.61) 1.0 (0.6 to 1.7) 0 (0.5 to 2.0)
Jung et a*® 21.8 0.67 (0.46 to 0.83) 0.27 (0.18 to 0.37) 0.9 (0.7 to 1.2) 2 (0.7 t0 2.3)
Kocher et al'® 48.8 0.50 (0.39 to 0.61) 0.34 (0.24 to 0.45) 0.8 (0.6 to 1.0) 5(1.0to 2.1)
Kocher et al'* 33.1 0.49 (0.35t0 0.63) 0.29 (0.21 to 0.39) 0.7 (0.5 to0 0.9) 8 (1.2 t0 2.6)
Luhmannetal™ 285 0.53 (0.38 t0 0.68) 0.27 (0.19 to 0.36) 0.7 (0.6 to 1.0) 7 (1.1t0 2.6)
Sultan et al ' 5.2 0.60 (0.15t0 0.95) 0.31 (0.22t0 0.42) 0.9 (0.4t0 1.8) 1.3 (0.4 to 3.8)
History of Baldwin et al'® 25.9 0.22 (0.12 t0 0.37) 0.94 (0.8810 0.97) 3.5(1.5t07.9) 0.8 (0.7 to 1.0)
g::l‘g%‘fﬂsc s Caird et al'® 75.6 0.32 (0.17 to 0.51) 0.80 (0.44 t0 0.97) 1.6 (0.4t06.2) 0.9 (0.6 to 1.3)
Deanehanetal™® 2.6 0.17 (0.02 to 0.48) 0.89 (0.86t0 0.92) 1.5(0.4t05.5) 0.9 (0.7 to 1.2)
Kocher et al'® 48.8 0.24 (0.16 to 0.35) 0.90 (0.81 t0 0.95) 2.3 (1.1t04.8) 0.8 (0.7 to 1.0)
Kocher et al ' 33.1 0.12 (0.04 to 0.24) 0.83 (0.74 t0 0.89) 0.7 (0.3t0 1.6) 1.1 (0.9t0 1.2)
Luhmannetal™  28.5 0.32 (0.19t0 0.47) 0.82 (0.74t0 0.89) 1.8 (1.0t03.2) 0.8 (0.7 to 1.0)
Lyme season Deanehan et a/'® 2.7 0.38 (0.14 t0 0.68) 0.56 (0.51 to 0.61) 0.9 (0.4 to 1.8) 1.1(0.7t01.7)
Previous Luhmann et a/® 28.5 0.64 (0.49t0 0.77) 0.55(0.46t00.64) 1.4(1.1t0o1.9) 0.7 (0.4 to 1.0)
healthcare visit
History of recent Baldwin et a/'® 285 0.24 (0.1310 0.39) 0.87 (0.80t0 0.92) 1.9 (1.0 t0 3.7) 0.9(0.71t01.0)
illness Deanchanetal'® 2.8 0.46 (0.19 t0 0.75) 0.83 (0.79 t0 0.86) 2.7 (1.5t05.1) 0.7 (0.4 to 1.1)
History of tick  Deanehan et a/'® 1.7 0.00 (0.00 to 0.52) 0.86 (0.82 to 0.90) NA 12(1.1t01.2)
bite
History of chills Kocher et al'® 48.8 0.11 (0.05 to 0.20) 1.00 (0.96 to 1.00) NA 0.9 (0.8 to 1.0)
Kocher et a/'* 33.1 0.04 (0.00 to 0.13) 1.00 (0.96 to 1.00) NA 1.0 (0.9 to 1.0)
History of joint  Baldwin et a/'® 25.9 0.98 (0.89 to 1.00) 0.00 (0.00to 0.03) 1.0 (0.9t0 1.0)  NA
pain Deanchanetal® 2.8 1.00 (0.75 to 1.00) 0.05 (0.03 t0 0.07) 1.1 (1.0to 1.1)  NA
Examination
Fever Baldwin et a/'® 25.9 0.80 (0.66 to 0.90) 0.59 (0.51t0 0.68) 2.0 (1.5t02.5) 0.3 (0.2 to 0.6)
ﬂﬁfﬂegéﬁﬁ;d Deanehan etal® 2.8 0.77 (0.46 to 0.95) 0.73 (0.68t0 0.77) 2.8 (2.0t03.9) 0.3 (0.11t0 0.9)
Heyworthetal'>  32.6 0.27 (0.08 to 0.55) 0.94 (0.79 to 0.99) 4.1 (0.9 t0 20.1) 0.8 (0.6 to 1.1)
Temperature Jung et a*® 21.8 0.78 (0.58 t0 0.91) 0.97 (0.91 t0 0.99) 25.2 (8.1 to 78.0) 0.2 (0.1 to0 0.5)
>37.0°C
Temperature Del Beccaro et al®® 29.9 0.66 (0.49 t0 0.80) 0.70 (0.59t0 0.79) 2.2 (1.5t03.2) 0.5(0.3t00.8)
237.5°C Kuda et a/®* 27.3 1.00 (0.66 to 1.00) 0.67 (0.45t0 0.84) 3.0 (1.7t05.3) NA
Temperature Del Beccaro et al® 29.9 0.45(0.29 t0 0.62) 0.85(0.76 t0 0.92) 3.1 (1.7 t0 5.7) 0.7 (0.5t0 0.9)
>38.0°C Faesch et al'" 14.2 0.60 (0.45 to 0.74) 0.85 (0.80t0 0.89) 4.0 (2.8t05.7)  0.5(0.3t00.7)
Sultan et a/*’ 5.2 1.00 (0.48 to 1.00) 0.90 (0.82 to 0.95) 10.1 (5.4 to 18.8) NA
Temperature Caird et al'® 70.8 0.44 (0.27 to 0.62) 1.00 (0.77 to 1.00) NA 0.6 (0.4 to 0.8)
>38.5°C Kocher et al'® 48.8 0.82 (0.72 to 0.89) 0.92 (0.84 to 0.97) 10.0 (4.9 to 20.6) 0.2 (0.1 to 0.3)
Kocher et a/'* 33.1 0.61 (0.46 to 0.74) 0.76 (0.66 t0 0.84) 2.5(1.7t03.8) 0.5 (0.4 t0 0.7)
Kuda et a** 27.3 0.78 (0.40 t0 0.97) 0.92 (0.73t0 0.99) 9.3 (2.4 t036.8) 0.2 (0.1t0 0.8)
Luhmannetal™  28.5 0.72 (0.57 to 0.84) 0.65 (0.56 t0 0.74) 2.1 (1.5t02.8) 0.4 (0.3 t0 0.7)
Sultan et a/*! 5.2 0.80 (0.28 to 0.99) 0.96 (0.86 to 0.99( 18.2 (6.4 to 52.2) 0.2 (0.0 to 1.2)
Joint tenderness Baldwin et a/'® 25.9 0.73 (0.59 t0 0.85) 0.94 (0.88t0 0.97) 11.4 (5.9t0 22.0) 0.3 (0.2t0 0.5)

Continued

14

Tu J, et al. BMJ Open 2020;10:¢038088. doi:10.1136/bmjopen-2020-038088



Table 2 Continued

Likelihood ratio (95% CI)

Prevalence Sensitivity Specificity
Risk factors Study of SA, %  (95% CI) (95% ClI) Positive (LR+)  Negative (LR-)

Limited range of Deanehanetal'® 2.8 0.92 (0.64 to 1.00) 0.30 (0.26t0 0.34) 1.3(1.1t0o1.6) 0.3(0.0t0 1.7)

motion

Joint warmth Baldwin et a/'® 25.9 0.82 (0.68 to 0.91) 0.56 (0.48 t0 0.65) 1.9 (1.5t0 2.4) 0.3(0.21t00.6)
Deanehanetal’® 3.1 0.83 (0.52 10 0.98) 0.40 (0.35t0 0.45) 1.4 (1.1 t0 1.8) 0.4 (0.1t0 1.5)

Non—_weight Baldwin et a/'® 25.9 0.53 (0.38 to 0.67) 0.75(0.67 to 0.82) 2.1 (1.4t03.1) 0.6 (0.5 to 0.9)

bearing Caird et al'® 70.8 0.91 (0.76 t0 0.98) 0.29 (0.08 t0 0.58) 1.3 (0.9t0 1.8) 0.3 (0.1 to 1.2)
Deanehanetal'® 2.7 0.33 (0.10 to 0.65) 0.76 (0.72 t0 0.80) 1.4 (0.6t03.2) 0.9 (0.6 to 1.3)
Heyworth et al>  32.6 0.93 (0.68 to 1.00) 0.19 (0.07 t0 0.37) 1.2 (0.9to 1.4) 0.3 (0.1 to 2.6)
Kocher et al'® 48.8 0.95 (0.88 to 0.99) 0.65 (0.54 t0 0.75) 2.7 (2.0t0 3.7) 0.1 (0.0 t0 0.2)
Kocher et al™* 33.1 0.84 (0.71 t0 0.93) 0.51 (0.41t0 0.61) 1.7 (1.4t02.2) 0.3 (0.2 to 0.6)
Luhmannetal'® 285 0.81 (0.67 t0 0.91) 0.31(0.23t0 0.41) 1.2(1.0to 1.4) 0.6 (0.3 to0 1.2)
Sultan et a/*! 5.2 0.60 (0.15 t0 0.95) 0.71 (0.61t0 0.80) 2.1 (1.0t0o 4.6) 0.6 (0.2 t0 1.7)

elevated WBC count varied between studies, ranging
from 211.0><109/L to 215.O><109/L. Irrespective of the
definition used, the presence or absence of an elevated
WBC count did not significantly change the odds of septic
arthritis.

The performance of an elevated ESR count was eval-
uated in seven studies.'” '®* **** The definition of an
elevated ESR varied from ESR >20 mm/hour to ESR >75
mm/hour. Positive LR for an elevated ESR ranged from
1.2 to 12, with negative LR ranging from 0.1 to 0.9.

The definition of an elevated CRP level also varied,
ranging from CRP >7 mg/L to >105 mg/L.12 182025 pgi-
tive LR for an elevated CRP ranged from 1.2 to 12.3, with
negative LR ranging from 0.1 to 0.7.

A single prospective study of 339 children presenting
with non-traumatic decreased range of motion of a skel-
etal segment found that a procalcitonin >0.5 ng/mL was
highly specific (0.97; 95% CI 0.94 to 0.99) for the diag-
nosis of septic arthritis, but had a very low sensitivity (0.13;
95% CI 0.05 to 0.25).1

A synovial WBC count 2100 000 cells/pL has tradition-
ally been used as one of the diagnostic criteria for septic
arthritis. Conversely, a synovial WBC count <25 000 cells/
pL is generally seen to exclude septic arthritis. However,
two studies examining a range of synovial WBC counts
between 25 000 and 100 000 cells/pL did not identify a
cut-off with a clinically useful positive or negative LR.'* 7

Radiographic variables
Six studies evaluated the role of plain radiographs for
the diagnosis of septic arthritis in the child presenting
with non-traumatic limp, but had inconsistent findings
(table 5131419222328

A single study of 30 children found that the presence
of an ultrasonographic effusion moderately increased the
risk of septic arthritis (LR+ 8.4; 95% CI 4.1 to 17.1), while
the absence of an ultrasonographic effusion moderately

reduced the risk of septic arthritis (LR- 0.2; 95% CI 0.1
to 0.3).%

MRI was evaluated in two studies, which together exam-
ined 41 patients, 16 of whom had with septic arthritis.?* %’
Various findings were assessed, with a range of diagnostic
utility.

Separate summary receiver operator curves are
presented for fever, features on history, features on exam-
ination, WBC count, CRP level, ESR level, synovial fluid
findings, X-ray, ultrasound and MRI in online supple-
mental materials 3—11.

Clinical risk prediction tools

Our review identified two multivariate clinical risk predic-
tion tools for septic arthritis among children presenting
with non-traumatic limp that have had their validity
assessed in populations separate to their derivation
sample.

The four components of prediction tool by Kocher
et al” are non-weight-bearing status, fever, raised WBC
count (212x10°/L) and raised ESR (40 mm/hour)
(table 3).M* 1821 Caird et al'® derived an alternative
prediction tool that included a fifth parameter, CRP 220
mg/L, in addition to original four-predictor model by
Kocher et al (table 3).

Notably, the performances of both clinical risk predic-
tion tools are significantly worse in external validation
studies (table 3). In original derivation study by Kocher
et al, the predicted probability of a child presenting with
non-traumatic limp having septic arthritis was 99.6% when
all four components were present. However, when this
clinical risk prediction tool was applied in two external
validation studies, the predicted probability of septic
arthritis ranged from 58.1% to 93%. The area under the
receiver-operator curve was also notably lower in both
studies compared with original derivation study by Kocher
et al (0.80" and 0.86,'* respectively compared with 0.96).
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Table 3 Sensitivities, specificities and likelihood ratios for laboratory findings

Likelihood ratio (95% CI)

Serum laboratory Prevalence Sensitivity Specificity Negative
values Study of SA, % (95% CI) (95% CI) Positive (LR+) (LR-)
White blood cell count (WBC)
WBC bands Del Beccaro et a/®> 31.2 0.53 (0.35t0 0.70) 0.75 (0.64 t0 0.84) 2.1 (1.3 t0 3.4) 0.6 (0.41t00.9)
>350/mm?
>11.0x10%/L Jung et a*® 21.8 0.74 (0.54 to 0.89) 0.94 (0.87 to 0.98) 12.0 (5.4 t0 26.8) 0.3 (0.2 to 0.5)
>12.0x10%/L Caird et al'® 70.8 0.50 (0.32 t0 0.68) 0.71 (0.42t0 0.92) 1.8 (0.7t04.3) 0.7 (0.4 to 1.1)
Heyworthetal>  32.6 0.47 (0.21 t0 0.73) 0.55 (0.36t0 0.73) 1.0 (0.5t02.0) 1.0 (0.6 to 1.7)
Sultan et al*' 5.2 0.40 (0.05 to 0.85) 0.81 (0.72t0 0.89) 2.1 (0.7t06.8) 0.7 (0.4 to 1.5)
>15.0x10%/L Del Beccaro et al”?> 29.2 0.26 (0.13 t0 0.43) 0.84 (0.75t0 0.91) 1.6 (0.8t03.3) 0.9 (0.7 to 1.1)
Kuda et a** 27.3 0.78 (0.40 t0 0.97) 0.75 (0.53t0 0.90) 3.1 (1.4t06.8) 0.3 (0.1 to 1.0)
Erythrocyte sedimentation rate (ESR)
>20 mm/hour Del Beccaro et al®> 29.2 0.79 (0.63 to 0.90) 0.72 (0.61 t0 0.81) 2.8 (1.9t0 4.0) 0.3 (0.2 to 0.6)
Jung et ai*® 21.8 0.93 (0.76 to 0.99) 0.59 (0.48 t0 0.69) 2.3 (1.7t02.9) 0.1 (0.0 to 0.5)
Kuda et al** 27.3 1.00 (0.66 to 1.00) 0.75 (0.53 t0 0.90) 4.0 (2.0t08.0) NA
>25 mm/hour Levine et al*° 31.5 0.92 (0.79 t0 0.98) 0.22 (0.14t00.33) 1.2(1.0to 1.4) 0.3 (0.1 to 1.1)
>30 mm/hour Del Beccaro et al*?> 29.2 0.71 (0.54 to 0.85) 0.86 (0.77 to 0.92) 5.0 (2.9 to 8.7) 0.3 (0.2 to 0.6)
>40 mm/hour  Caird et al'® 70.8 0.56 (0.38 to 0.73) 0.86 (0.57 t0 0.98) 3.9 (1.1t0 14.6) 0.5 (0.3 t0 0.8)
Heyworthetal>  32.6 0.53 (0.27 t0 0.79) 0.58 (0.39t0 0.75) 1.3 (0.7t02.4) 0.8 (0.4 to 1.5)
Jung et a/®® 21.8 0.74 (0.54 t0 0.89) 0.94 (0.87 t0 0.98) 12.0 (5.4 t0 26.8) 0.3 (0.2 to 0.5)
Sultan et a/*’ 5.2 0.40 (0.05 t0 0.85) 0.88 (0.79t0 0.84) 3.3(1.0to 11.1) 0.7 (0.3 to 1.4)
>50 mm/hour Kuda et a** 27.3 0.67 (0.30 to 0.93) 0.92 (0.73 t0 0.99) 8.0 (2.0t0 32.6) 0.4 (0.1 to0 0.9)
>75 mm/hour Levine et al*° 315 0.26 (0.13t0 0.42) 0.87 (0.78t0 0.93) 2.0 (0.9t0 4.3) 0.9 (0.7 to 1.1)
C reactive protein (CRP)
>7 mg/L Heyworthetal® 31 1.00 (0.75t0 1.00) 0.14 (0.04t0 0.32) 1.2 (1.0t0 1.3)  NA
>10 mg/L Jung et ai*® 21.8 0.89 (0.71 t0 0.98) 0.93 (0.86 to 0.97) 12.3 (6.0 to 25.5) 0.1 (0.0 to 0.4)
Levine et al*° 29.3 0.90 (0.76 t0 0.97) 0.29 (0.20t0 0.39) 1.3 (1.1t0 1.5) 0.4 (0.1 to 1.0)
>20 mg/L Caird et al'® 70.8 0.85 (0.69 to 0.95) 0.71 (0.42t0 0.92) 3.0 (1.3t06.9) 0.2 (0.1t0 0.5)
Sultan et al*' 5.2 0.60 (0.15 to 0.95) 0.90 (0.82 t0 0.95) 6.1 (2.4t0 15.6) 0.4 (0.2 to 1.3)
>50 mg/L Levine et a*° 29.3 0.67 (0.50 to 0.81) 0.67 (0.57 t0 0.76) 2.0(1.4t02.9) 0.5 (0.3 t0 0.8)
>105 mg/L Levine et a/*° 29.3 0.41 (0.26 to 0.58) 0.85 (0.76 t0 0.92) 2.8 (1.5t05.1) 0.7 (0.5 t0 0.9)
Serum procalcitonin
>0.5 ng/mL Faesch et a/'’ 14.2 0.13 (0.05 to 0.25) 0.97 (0.94 to 0.99) 4.0 (1.5to0 10.8) 0.9 (0.8 to 1.0)
Synovial fluid WBC count
>40 000 cells/uL  Deanehanetal'”” 4.6 0.65 (0.38 to 0.86) 0.46 (0.40t0 0.51) 1.2 (0.8t0 1.7) 0.8 (0.4 to 1.5)
50 000 cells/uL  Deanehanetal” 4.6 0.41 (0.18 t0 0.67) 0.59 (0.54t0 0.64) 1.0 (0.6t01.8) 1.0 (0.7 to 1.5)
>75 000 cells/uL Deanehanetal’”” 4.6 0.29 (0.10 to 0.56) 0.79 (0.74 t0 0.83) 1.4 (0.6 to 3.0) 0.9(0.7t01.2)
>100 000 cells/uL Deanehanetal'” 4.6 0.24 (0.07 to 0.50) 0.89 (0.85t00.92) 2.2 (0.9t05.3) 0.9 (0.7 to 1.1)
25000-50 000 Heyworthetal’>  32.6 0.27 (0.08 to 0.55) 0.39 (0.22t0 0.58) 0.4 (0.2t0 1.1) 1.9 (1.1t03.2)
cells/mm?®
50 000—735 000 Heyworth et al' 32.6 0.73 (0.45 t0 0.92) 0.61 (0.42t0 0.78) 1.9 (1.1 to 3.2) 0.4 (0.2 to 1.1)
cells/mm

NA, not available.

Asimilar observation was seen when the external validity ~ in the predicted probability of a child having septic
of prediction tool by Caird et al was assessed in follow-up  arthritis when all five predictors were present in a new
study by Sultan et al,*' with a comparable reduction noted  population group (60%>' compared with 98%'%).
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Table 4 Sensitivities, specificities and likelihood ratios for imaging findings

Likelihood ratio (95% CI)

Radiographic Prevalence Sensitivity Specificity

findings Study of SA, % (95% CI) (95% CI) Positive (LR+) Negative (LR-)

X-ray

Radiographic Baldwin et al'® 25.9 0.90 (0.78 to 0.97) 0.05 (0.02 t0 0.10) 1.0 (0.9to 1.1) 2.0 (0.7 to 6.1)

effusion Del Beccaro et a® 30.2 0.84 (0.69 t0 0.94) 0.58 (0.47 t0 0.68) 2.0 (1.5t02.7) 0.3 (0.1 t0 0.6)
Jung et a*® 21.8 1.00 (0.87 to 1.00) 0.23 (0.15t00.32) 1.3 (1.21t0 1.4) NA
Kocher et a/'® 48.8 0.77 (0.66 to 0.85) 0.62 (0.51t00.72) 2.0(1.5t02.7) 0.4 (0.3 to 0.6)
"“Kocher et al 33.1 0.14 (0.06 to 0.26) 0.89 (0.82t0 0.95) 1.3 (0.5t03.1) 1.0(0.91to 1.1)
Strouse et al?® 36.4 0.13 (0.00 to 0.53) 0.79 (0.49t0 0.95) 0.6 (0.1t04.7) 1.1 (0.81t0 1.6)

Ultrasound

Ultrasonographic ~ Zamzam et a/® 46.4 0.86 (0.75 to 0.94) 0.90 (0.80 to 0.96) 8.4 (4.1to 17.1) 0.2 (0.1 to 0.3)

effusion

Debris within Strouse et al?® 40.7 0.73 (0.39 to 0.94) 0.63 (0.35t00.85) 1.9(0.9t04.0) 0.4 (0.210 1.2

effusion

Difference in power Strouse et a/*® 36.7 0.27 (0.06 to 0.61) 1.00 (0.82 to 1.00) NA 0.7 (0.5t01.0)

Doppler signal

between two hips

MRI

Grade 3 joint Kwack et al*’ 38.9 0.57 (0.18 t0 0.90) 0.36 (0.11 t0 0.69) 0.9 (0.4t02.0) 1.2 (0.4 t0 3.8)

effusion Lee et al*® 39.1 0.89 (0.52 to 1.00) 0.29 (0.08 t0 0.58) 1.2 (0.8t0 1.9) 0.4 (0.1 to 3.0)

Low signal intensity Kwack et a/*” 38.9 0.86 (0.42 to 1.00) 0.82 (0.48t0 0.98) 4.7 (1.3to 17.1) 0.2 (0.0 to 1.1)

in fat-suppressed

gadolinium-

enhanced T1-

weighted coronal

MRI, Decreased

perfusion to femoral

head

Low signal intensity Kwack et a/*’ 38.9 0.43 (0.10t0 0.82) 1.00 (0.72 to 1.00) NA 0.6 (0.3t0 1.1)

in bone marrow on | g gt 5% 39.1 0.89 (0.52 to 1.00) 1.00 (0.77 to 1.00) NA 0.1 (0.0t0 0.7)

T1-weighted and

high signal intensity

on fat-suppressed

T2-weighted images

Signal intensity Kwack et al*’ 38.9 0.71 (0.29 t0 0.96) 0.64 (0.31t0 0.89) 2.0 (0.8t0 4.9) 0.5(0.1. 1.6)

alterations in soft | o¢ ot 52 39.1 0.89 (0.52 to 1.00) 0.29 (0.08 to 0.58) 1.2 (0.8to 1.9) 0.4 (0.1 to 3.0)

tissue; ‘poorly

defined areas on

high signal intensity

on fat-suppressed

T2-weighted images’

Enhancing thick Kwack et al*’ 38.9 0.57 (0.18 t0 0.90) 0.55(0.23t00.83) 1.3 (0.5t03.1) 0.8(0.3t02.2)

rim of inflamed
synovial membrane
on fat-suppressed
contrast-enhanced
images

NA, not available.

DISCUSSION

The overall quality of the current literature used to
inform the evaluation of a child presenting with acute
non-traumatic limp to the ED is relatively low. Itis difficult
to apply the literature to children presenting to the ED

with limp, due to spectrum bias, inconsistent definitions
between studies, unclear temporal relationship between
diagnostic tests and gold-standard diagnosis and poor
performance of clinical risk prediction tools in external
validation studies.
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Table 5 Sensitivities, specificities and likelihood ratios for clinical risk prediction tools

Sultan aand
Kocheret al'®  Kocheret al'* Luhmannet al'”® Cairdet al”®  Hughes?'
Study characteristics
Study design Retrospective  Prospective Retrospective Prospective Retrospective
observational  observational observational observational observational
Study type Derivation Validation Validation Derivation Validation
Study population size 168 154 165 48 96
% of patients with septic arthritis 48.8 33.1 28.5 70.8 5.2
Non-weight bearing v v v v v
Fever (>38.5°C) v v v v v
White cell count (>12.0x10%L) v v v v v
Erythrocyte sedimentation rate >40 v v v/ 4 v/
mm/hour
C reactive protein >20 mg/L Ve v
Area under receiver-operator curve 0.96 0.86 0.80
If O predictors present <0.2% 2% 17% 2.3%
If 1 predictors present 3% 9.5% 37% 5%
If 2 predictors present 40% 35% 62% 11%
If 3 predictors present 93% 73% 83% 22%
If 4 predictors present 99.6% 93.0% 59.1% 93% 39%
If 5 predictors present 98% 60%

Spectrum bias occurs when differences exist in the
prevalence of septic arthritis between the study and clin-
ical setting. The prevalence of septic arthritis among
children with non-traumatic limp varied from 5.2%*' to
75.6%"® in hospital inpatient or joint aspiration studies,
while it was only 3% in an ED-based study population in a
Lyme disease-endemic area.' In high prevalence settings,
the diagnostic performance of the evaluated clinical,
biochemical and radiographic variables are likely to be an
overestimate of their actual performance when applied to
a more general ED population group.

It was difficult to determine the timing between assess-
ment for specific variables and the time that diagnostic
joint aspiration was performed to exclude or confirm a
diagnosis of septic arthritis among children presenting
with non-traumatic limp. For example, when considering
the parameter ‘fever’, the timing of the fever was unclear
(ie, pre-arrival, initial ED assessment or during their
hospital inpatient stay). Furthermore, the timing between
onset of symptoms and diagnostic testing was also indeter-
minable. This factor can have important ramifications for
the diagnostic values of tests, such as CRP; for example,
a low CRP after 3 days of symptoms may be expected to
carry a higher sensitivity for septic arthritis than a low
CRP 3 hours after symptom onset.™

A number of important variables did not have consis-
tent definitions between studies. Different thresholds
were used to define an ‘abnormal’ finding for fever,
WBC count, CRP and ESR. This consequently leads

to fragmentation of the aggregated data and smaller
number of studies examining each definition.

Although appealing, the use of clinical risk prediction
tools remains contentious. Key limitations of clinical risk
prediction tools include poor performance in external
validation studies, and the application of the tool origi-
nally to highly selected populations. This may be due to
small sample sizes, a limited number of septic arthritis
cases and differences in the prevalence of septic arthritis
in derivation and validation samples.”” With relatively
poor performance in external validation studies, it is
difficult to justify the application of these tools to the ED
setting.

No studies have assessed the application of clinical risk
prediction tools to children presenting with acute non-
traumatic limp to the ED. Kocher et al,"* Luhmann et al'® and
Caird et al'® specifically examined children who underwent
joint aspiration, while Sultan et /' examined children who
were admitted as an inpatient for an unclear cause of limp.
As the prevalence of septic arthritis was relatively higher
in study populations by Kocher et al'* and Caird et al,'® the
performance of both is likely to be lower when applied
to the lowerrisk ED population. Additionally, previously
published prediction tools have excluded children who
had ‘later development of rheumatological disease’, ‘later
development of Legg-Calvé-Perthes disease’ and ‘associated
proximal femoral osteomyelitis’. This further undermines
their applicability to the ED setting, where this information
would not be available at the time of assessment.
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Recommendations for future research

Based on our review of the literature, considerable uncer-
tainty remains regarding the optimal approach to eval-
uating for septic arthritis among children presenting
with acute non-traumatic limp to the ED. Future studies
should carefully address issues such as explicit defini-
tions for index tests (ie, predictor variables), reporting
the interval between the index test and reference stan-
dard, blinding outcome assessors to pertinent clinical
and biochemical data and reporting follow-up after initial
workup for those not undergoing a definitive diagnostic
procedure.” Incorporation of relevant elements of the
QUADAS-2 tool and Standards for Reporting of Diag-
nostic Accuracy Study guidelines would likely lead to
considerable improvement in future studies.”

Spectrum bias, variable performance and very select
study populations have hampered the widespread uptake
of existing clinical risk prediction tools. In order to accu-
rately evaluate the diagnostic performance of clinical or
investigation findings and clinical risk prediction tools in
the ED setting, it is critical to conduct prospective obser-
vational studies. By recruiting children presenting with
acute non-traumatic limp before a diagnosis of septic
arthritis is established, research investigators would be
able to prospectively collect clinical and basic investiga-
tion data at the time of initial ED assessment.

While the reference standard for children with septic
arthritis has traditionally been a diagnostic joint aspi-
ration with synovial fluid analysis, we acknowledge that
such data would not be readily available on all patients
who present with an acute non-traumatic limp to the ED.
In clinical practice, very few children undergo a diag-
nostic joint aspiration and most children are managed
conservatively.

The natural course of septic arthritis is such that long-
term morbidity is likely to occur within days to weeks
without prompt joint washout and antibiotic therapy,
while non-emergent disorders are likely to self-resolve
with time.” As such, we suggest considering the use of
a follow-up assessment to determine the presence of
persistent symptoms, the need for further diagnostic
testing and/or invasive procedures for prospective
ED-based studies seeking to evaluate for septic arthritis
among children presenting with acute non-traumatic
limp.

Limitations

We searched only two electronic sources and limited our
analysis to English-language articles from 1966 to June
2019. As such, we may have missed older manuscripts
or non-English research reports. However, a rceent
analysis suggests that the use of additional databases for
most systematic reviews may be low yield.”” Furthermore,
with changes to epidemiology (increasing prevalence of
methicillin-resistant Staphylococcus aureus) and vaccine
coverage (Streptococcus pneumoniae and Haemophilus influ-
enzae) over recent years, it is unclear how applicable
older studies are to current clinical practice. Our review

identified that the overall quality of the literature relevant
to paediatric septic arthritis in the ED setting was poor
to moderate, resulting in summary estimates that may be
biased by several confounders.

Due to the limited number of ED-based studies in this
area, children from other populations (ie, children who
were admitted as an inpatient for exclusion of septic
arthritis or who underwent a joint aspiration) were also
included in this review. Pooled estimates of the data could
not be performed because of the clinical heterogeneity
between studies (ie, different settings, prevalence rates of
septic arthritis and exclusion criteria).”

As previously discussed, our study objective sought to
evaluate for septic arthritis among children presenting
with lower limb complaints. Safe differentiation of chil-
dren with septic arthritis from those with non-emergent
disorders, such as transient synovitis, remains a diag-
nostic challenge for emergency physicians. We acknowl-
edge that septic arthritis can present in other ways, such
as the febrile or ‘generally unwell’ child, however, such
studies that evaluated these presenting complaints were
beyond the focus of our study objective and consequently
not included in our analysis. Thus, the diagnostic utility
of historical, biochemical and radiographic parame-
ters for septic arthritis reported in our study cannot be
extrapolated to children with non-lower limb presenting
complaints.

CONCLUSION

No consensus currently exists on the optimal approach
to evaluating for septic arthritis among children with
acute non-traumatic limp, and commonly used clinical
prediction tools appear unreliable. Clinical laboratory
and imaging findings have, to date, been reported using
varying definitions and cut-offs, and applied in differing
study populations.

The presence or absence of joint tenderness, and an
effusion on ultrasound appear to be useful, however,
needs to be confirmed in future studies. Spectrum bias
and overall poor-to-moderate quality study design limits
applicability of currently available research to the acute
ED setting. Existing clinical risk prediction tools are
hampered by poor performance in external validation
studies and very select study populations.

Differentiating children with septic arthritis from non-
emergent disorders of non-traumatic limp remains a key
diagnostic challenge for emergency physicians. There is a
need for clinical risk prediction tools to be prospectively
derived and validated in ED-based study populations.
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