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EvIDENCE-BASED DIAGNOSTICS

CME Evidence-based Diagnostics: Adult
Septic Arthritis

Christopher R. Carpenter, MD, MS, Jeremiah D. Schuur, MD, MHS, Worth W. Everett, MD,
and Jesse M. Pines, MD, MBA, MSCE

Abstract

Background: Acutely swollen or painful joints are common complaints in the emergency department
(ED). Septic arthritis in adults is a challenging diagnosis, but prompt differentiation of a bacterial
etiology is crucial to minimize morbidity and mortality.

Objectives: The objective was to perform a systematic review describing the diagnostic characteristics
of history, physical examination, and bedside laboratory tests for nongonococcal septic arthritis. A
secondary objective was to quantify test and treatment thresholds using derived estimates of sensitivity
and specificity, as well as best-evidence diagnostic and treatment risks and anticipated benefits from
appropriate therapy.

Methods: Two electronic search engines (PUBMED and EMBASE) were used in conjunction with a
selected bibliography and scientific abstract hand search. Inclusion criteria included adult trials of
patients presenting with monoarticular complaints if they reported sufficient detail to reconstruct partial
or complete 2 x 2 contingency tables for experimental diagnostic test characteristics using an acceptable
criterion standard. Evidence was rated by two investigators using the Quality Assessment Tool for Diag-
nostic Accuracy Studies (QUADAS). When more than one similarly designed trial existed for a diagnos-
tic test, meta-analysis was conducted using a random effects model. Interval likelihood ratios (LRs) were
computed when possible. To illustrate one method to quantify theoretical points in the probability of
disease whereby clinicians might cease testing altogether and either withhold treatment (test threshold)
or initiate definitive therapy in lieu of further diagnostics (treatment threshold), an interactive spread-
sheet was designed and sample calculations were provided based on research estimates of diagnostic
accuracy, diagnostic risk, and therapeutic risk/benefits.

Results: The prevalence of nongonococcal septic arthritis in ED patients with a single acutely painful
joint is approximately 27% (95% confidence interval [CI] = 17% to 38%). With the exception of joint
surgery (positive likelihood ratio [+LR] = 6.9) or skin infection overlying a prosthetic joint (+LR = 15.0),
history, physical examination, and serum tests do not significantly alter posttest probability. Serum
inflammatory markers such as white blood cell (WBC) counts, erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP) are not useful acutely. The interval LR for synovial white blood cell (sWBC)
counts of 0 x 10°-25 x 10%/L was 0.33; for 25 x 10°-50 x 10%/L, 1.06; for 50 x 10°-100 x 10°/L, 3.59; and
exceeding 100 x 10°/L, infinity. Synovial lactate may be useful to rule in or rule out the diagnosis of
septic arthritis with a +LR ranging from 2.4 to infinity, and negative likelihood ratio (-LR) ranging
from O to 0.46. Rapid polymerase chain reaction (PCR) of synovial fluid may identify the causative organ-
ism within 3 hours. Based on 56% sensitivity and 90% specificity for SWBC counts of >50 x 10°/L in
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conjunction with best-evidence estimates for diagnosis-related risk and treatment-related risk/benefit,
the arthrocentesis test threshold is 5%, with a treatment threshold of 39%.

Conclusions: Recent joint surgery or cellulitis overlying a prosthetic hip or knee were the only findings
on history or physical examination that significantly alter the probability of nongonococcal septic arthri-
tis. Extreme values of SWBC (>50 x 10°/L) can increase, but not decrease, the probability of septic arthri-
tis. Future ED-based diagnostic trials are needed to evaluate the role of clinical gestalt and the efficacy

of nontraditional synovial markers such as lactate.

ACADEMIC EMERGENCY MEDICINE 2011; 18:782-796 © 2011 by the Society for Academic Emergency
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cute monoarticular arthritis in adults presenting

to the emergency department (ED) has multiple

potential etiologies including infection (bacte-
rial, fungal, mycobacterial, viral), crystalloid arthropa-
thies, rheumatoid arthritis, lupus, and trauma.’™ Septic
(i.e., bacterial) arthritis has an annual incidence of 10 per
100,000 individuals in the United States and is more com-
mon among those with rheumatoid arthritis or a pros-
thetic joint, with up to 70 cases per 100,000.* Patients
with human immunodeficiency virus (HIV) are also at
increased risk for nongonococcal septic arthritis.® Septic
arthritis most commonly affects the knee, which
accounts for approximately 50% of cases. In decreasing
order of frequency, septic arthritis also affects the hip,
shoulder, and elbow, although virtually any articular sur-
face can become infected.® Most cases result from hema-
togenous spread, since bacterial organisms can easily
enter the synovial fluid because synovial tissue lacks a
basement membrane. Prompt diagnosis to facilitate
appropriate antibiotic management of septic arthritis is
essential, since cartilage can be destroyed within days,
and in-hospital mortality of treated infections can be as
high as 15%.” Permanent disability and increased mortal-
ity are associated with delayed presentations and diag-
nosis.”® Prior research suggests that using history,
physical examination, and synovial tests, clinicians are
able to deduce the etiology of acute nontraumatic mon-
oarticular arthritis within 3 days in most cases.'® Since
emergency physicians often lack the luxury of 3-day
admissions for most monoarticular arthritis patients,
identification of key diagnostic findings to accurately dif-
ferentiate septic from nonseptic arthritis within minutes
to hours is essential.

When conceptualized quantitatively, clinical decision-
making is a continuum of disease probabilities from 0%
to 100%.1! Health care providers continually revise dis-
ease probabilities throughout the clinical encounter
based on multiple factors, including elements of the
current and past medical examination, imaging and lab-
oratory studies, and therapeutic responses.12 In 1980,
Drs. Pauker and Kassirer described one theoretical
model to compute test and treatment thresholds.® Basi-
cally, the Pauker-Kassirer algebraic equation provides
estimates whereby patients can be divided into three
groups: 1) disease probability below the test threshold
with further diagnostic testing likely to be more harm-
ful than helpful; 2) disease probability intermediate
between the test and treatment thresholds for the diag-
nosis in question so further testing would be beneficial;
3) disease probability exceeds the treatment threshold
with further confirmatory testing a risk to harm

patients, either via therapeutic delay or via unintended
consequences of diagnostic test related adverse
events. !

Multiple narrative reviews have been published sum-
marizing the ED management of acute monoarticular
joint complaints.»*1> All of these reviews provide gen-
eral qualitative statements about the diagnostic tests
available when contemplating septic arthritis, but none
provide quantitative summaries, evidence quality
assessments, or clinician relevant likelihood ratios (LRs)
for bedside application.'* Two recent systematic reviews
have reported quantitative estimates of diagnostic accu-
racy.>'® Mathews et al.’® focused on septic arthritis
therapy with little detail provided for diagnostic trials.
Margaretten et al.? provided a detailed analysis of diag-
nostic accuracy in heterogeneous settings, but they did
not focus on the ED. They classified the quality of evi-
dence using two previously described, nonvalidated
scales.’'® No prior reviews have classified diagnostic
evidence using recently validated scales.'®?° Addition-
ally, neither traditional textbooks nor prior diagnostic
reviews provide ED-relevant estimates of test or treat-
ment thresholds or interval LRs.2123

The primary objective of this meta-analysis was to
assess the pretest probability and diagnostic test char-
acteristics (sensitivity, specificity, LRs) for nongonococ-
cal septic arthritis from elements of the history,
physical examination, and laboratory tests available at
the bedside. A secondary objective was to define ar-
throcentesis test and treatment thresholds using the
Pauker-Kassirer method based on best estimates of sen-
sitivity, specificity, diagnostic risks, and treatment bene-
fits and risks derived from this systematic literature
review.™

METHODS

Search Strategy

The design and manuscript structure of this systematic
review conform to the recommendations from the
Meta-analysis Of Observational Studies in Epidemiol-
ogy (MOOSE) statement.?* In conjunction with a medi-
cal librarian, one investigator (CRC) searched the
medical literature from 1966 to December 2010 using
PUBMED and EMBASE for the search terms septic
arthritis and infectious arthritis. The results from these
two searches were combined with the MeSH terms
emergency medicine, physical examination, history,
diagnostic tests, sensitivity, and specificity. The same
MeSH headings and combination strategy was used
with the PUBMED clinical query setting “clinical
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prediction guides/broad” to identify any validated clini-
cal decision rules (CDRs) for septic arthritis. To identify
the risk of arthrocentesis for the test threshold analysis,
a PUBMED search was conducted using the search
terms arthrocentesis AND risk. To identify the potential
risks and benefit of antimicrobial or operative manage-
ment of septic arthritis, a PUBMED clinical query with
the setting “therapy/broad” for the search term septic
arthritis was conducted with meta-analyses favored to
define the least biased point estimate. In addition, the
Cochrane Database of Systematic Reviews of Effect
was searched using the same search term. All search
results were limited to human studies and English lan-
guage articles. Two authors (CRC, JS) reviewed the
titles and abstracts to identify potentially relevant arti-
cles, which were then retrieved to review the full manu-
script. These authors then independently reviewed
these articles for inclusion criteria. The authors also
reviewed the references from selected articles as well
as the current editions of textbooks of emergency medi-
cine?’® to identify other relevant published research.
In addition, the authors conducted online bibliographic
searches of abstract submissions to Academic Emer-
gency Medicine and Annals of Emergency Medicine
from 1990 through March 2011.

Studies were included if they recruited adult patients
with acutely swollen or painful joints and reported suf-
ficient detail on diagnostic test and criterion standard
results to reconstruct two-by-two tables in whole or in
part (i.e., if isolated sensitivity or specificity could be
computed based on the available data, the study was
included). Since synovial fluid culture is only 75% to
95% sensitive for the diagnosis of septic arthritis,?> we
also included studies that used positive Gram stain,
positive blood culture, purulent drainage on arthrocen-
tesis, or a surrogate outcome of antibiotic response in
the setting of acute arthritis with suspected septic
arthritis. Articles were excluded if gonococcal arthritis
was the primary focus of the research. Narrative
reviews, case reports, and studies focused on children
or therapy were not included. In addition, trials that
assessed diagnostic tests not readily available in the
typical ED were excluded.

Individual Evidence Quality Appraisal

Two authors (CRC, JS) used the Quality Assessment
Tool for Diagnostic Accuracy Studies (QUADAS) for
systematic reviews to evaluate the overall quality of evi-
dence for the trials identified.’® Discrepant quality
assessments were adjudicated by discussion and com-
ing to consensus. Statistical agreement between the
two reviewers was assessed via a kappa analysis using
SPSS v16.0 (SPSS Inc., Chicago, IL).%° For the purposes
of this diagnostic systematic review, several consider-
ations were established a priori to assess the quality of
individual trials. The ideal patient population would be
those presenting to an ED with a swollen joint and clin-
ical equipoise for the diagnosis of nongonococcal septic
arthritis. Although other populations were incorporated
into this review, spectrum bias may limit the validity of
findings in ED settings,?” so if individual trials did not
include patients from the ED, then the “spectrum”
portion of the QUADAS was assessed as “no.” If the
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criterion standard used in a trial was not explicitly sta-
ted or if the authors did not clearly state blinding of
index testers to the criterion standard or vice versa,
these portions of the QUADAS were marked as “no.” If
individual authors did not provide sufficient detail to
compute sensitivity or specificity point estimates for
varying cutoff values for continuous data, then the
QUADAS question for intermediate test results was
marked as “no.”

Data Analysis

Two authors (CRC, JS) independently abstracted data
from the included studies. Information abstracted
included study setting, study inclusion criteria, the cri-
terion standard employed, disease prevalence, and
diagnostic test properties. Since the terms “false nega-
tive,” ““false positive,” “true positive,” and “true nega-
tive” are usually undefined in studies of septic arthritis
that report diagnostic test properties, we standardized
our vocabulary a priori. We defined “disease” as non-
gonococcal bacterial arthritis and “no disease” as the
absence of a bacterial etiology for the acute arthritis.
The latter category included rheumatoid arthritis, crys-
talloid arthritis, osteoarthritis, and trauma. A “true
positive” was a diagnostic test that correctly identified
septic arthritis at a given threshold, whereas a “false
positive” indicated an abnormal test result suggesting
septic arthritis when the criterion standard did not
demonstrate septic arthritis. Similarly, a “true-nega-
tive” test indicated the absence of septic arthritis when
the criterion standard confirmed no bacterial etiology,
while a “false-negative” suggested no septic arthritis
when in fact a bacterial etiology was identified by the
criterion standard.

To compute meta-analysis summary estimates when
more than one study assessed the same index test, we
combined trials” patients when they reported septic
arthritis and nonseptic arthritis patients using Meta-
DiSc (Hospital Universitario Ramoén y Cajal, Madrid,
Spain) and a random-effects model.?#2% If a trial only
reported sensitivity estimates for septic arthritis
patients without any assessment of specificity, the
results of that trial were not used in the meta-analysis.
Interstudy heterogeneity was assessed for pooled
estimates of sensitivity and specificity using the Der-
Simonian-Laird random effects model.>° Publication
bias was not assessed because of the questionable
validity of this approach when assessing diagnostic test
meta-analyses.>!

Synovial white blood cell (sWBC) count and other
synovial or serum tests represent continuous variables.
Although imposing cutoff values via observation of the
receiver operating characteristic curves can be useful
clinically, the full value of nondichotomous data is lost
in the process. Therefore, we also computed previously
unreported interval LRs for individual trials when the
original manuscript provided sufficient detail.®* Interval
LRs were computed by dividing the proportion of sep-
tic arthritis patients within a range of sWBC values
over the proportion of those without septic arthritis
within the same range of sSWBC.*2*®* When interval LRs
from multiple trials were available, the data were com-
bined to identify a summary interval LR.
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titles/abstracts
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EMBASE search
identified 2,386 articles

}

117 titles selected for further
review after screening
titles/abstracts

v

173 articles excluded

e Not primary research (34)
e Not adults (35)

e Case reports (53)

e Gonococcal focus (6)

e Not diagnostic data (36)

e Tests not available (9)

v

107 articles excluded

Not primary research (31)
Not adults (19)

Case reports (43)
Gonococcal focus (2)

Not diagnostic data (8)
Tests not available (4)

11 articles identified by
review of selected
bibliographies

and PUBMED

32 primary studies included in
this systematic review with four
duplicates between EMBASE

Figure 1. Study selection process.

Test-Treatment Threshold

The Pauker and Kassirer decision threshold model is
based on seven variables: false-negative and false-
positive proportions, sensitivity, specificity, risk of a
diagnostic test, risk of treatment, and anticipated bene-
fit of treatment."® Evidence-based estimates for each of
these variables were abstracted from our systematic
review to derive theoretical test and treatment thresh-
olds for emergency management of patients with
potential septic arthritis. Recognizing that these esti-
mates may be based on incomplete or biased literature,
an interactive calculator (in development) is provided
with this article to permit readers to alter assumptions
and recompute test and treatment thresholds based on
test performance or anticipated benefits more applica-
ble to the end-user’s patient populations and clinical
environment.

RESULTS

The PUBMED search identified 1,699 citations while the
EMBASE search identified 2,386 (Figure 1). No addi-
tional studies were identified by electronic searches of
abstract submissions or by bibliography review of
prominent emergency medicine textbooks. As detailed
in Figure 1, a total of 32 diagnostic trials were included
in the current analysis.*>""92%3%3%9 A summary of the
trials that were conducted from 1947 until 2007 is pre-
sented in Data Supplement S1 (available as supporting

information in the online version of this paper). Eigh-
teen trials were retrospective case series, 12 were pro-
spective case series, and two were case—control studies.
No diagnostic randomized controlled trials or adult
CDRs were identified. The trials included heteroge-
neous populations and various diagnostic tests ranging
from elements of the history and physical examination,
to serum and synovial fluid tests. The majority of trials
assessed only patients with septic arthritis, limiting
diagnostic conclusions to sensitivity estimates with no
ability to compute specificities or LRs.

The authors” QUADAS assessment of quality had a
kappa of range 0.612 to 1. The quality of the diagnostic
trials for septic arthritis is highly variable (Table 1).
Only four studies specifically note inclusion of ED pop-
ulations.B#7%859 Several trials did not explicitly describe
any inclusion criteria for their study populations®3*37-38
or which criterion standard(s) were employed for the
diagnosis of septic arthritis.>>*%** Most studies do not
report the interval between the index test and the crite-
rion standard. In addition, few studies explicitly
describe blinding the assessors of the index test from
the criterion standard or vice versa. For continuous
data such as sWBC count, the majority of studies
defined dichotomous normal and abnormal cutoffs
based on their hospital norms, rather than reporting all
of the results that would allow readers to compute
diagnostic accuracy at various thresholds in addition to
interval LRs.3%%®



786

Carpenter et al. « ADULT SEPTIC ARTHRITIS

Table 1
Quality of the Evidence (QUADAS)

Brook 1978%
Krey 1979%
Rosenthal
1980%°
Mossman
1981%°
Riordan
19824
Cooper 1986°
Schmerling
1990%°
Deesomchok
1990*2
McCutchan
1990%
Schlapbach
1990**
Kortekangas
1992%°
Kaandorp
1995*
Gratacos
19956
Saraux 1997°
Jeng 19974
Soderquist
1998°
Gupta 20017
Faraj 2002
Trampuz
2004*°
Li 2004%°
Martinot
2005°"
Abdullah
2007%2
Li 2007°%
McGillicuddy
2007°*
Fottner 2008%°
Hiigle 2008%¢
Wiener 2008°7
Yang 2008%®
Ernst 2010%°
Kappa
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QADAS = Quality Assessment Tool for Diagnostic Accuracy Studies.

Prevalence

Based on one ED-based prospective study published in
1997 and conducted in Taiwan, the best-estimate preva-
lence of nongonococcal septic arthritis in ED patients
with monoarticular arthritis is 27% (95% confidence
interval [CI] = 17% to 38%).*” Other estimates of preva-
lence in research cohorts that are either undefined or a
mix of medicine, surgery, and rheumatology clinic
patients ranged from 0.4% to 45%.%2%>414553:5839 ppg_
spective and retrospective designs appeared to offer
similar ranges of septic arthritis prevalence. One study
prospectively assessed the prevalence of septic arthritis
in Rwandan HIV patients, noting a 0.5% prevalence.’
Estimates of treated septic arthritis-related short-term
mortality have ranged from 3% to 11%.*7%42

History

Risk factors from the history and physical examination
are listed in Table 2, along with estimates of their diag-
nostic accuracy.?* Except for HIV as a risk factor, these

were derived from a prospective analysis of almost
5,000 Dutch rheumatology patients.* The interval
between joint surgery and septic arthritis exceeded
3 months in one-third of cases. None of these findings
significantly reduce the probability of septic arthritis in
their absence. HIV was assessed as a risk factor in
Rwanda, but was not a significant predictor of septic
arthritis.® Several other trials assessed different compo-
nents of the history in synovial culture-positive patients
alone, so that specificities and LRs could not be evalu-
ated. Joint pain (sensitivity range = 85% to 100%) and
tenderness (sensitivity 100% in a single study) may
be sufficiently sensitive, but their overall diagnostic
accuracy (ability to alter pretest probability) remains
uncertain without data on specificities.®°

Physical Examination

With the exception of fever, no studies have evaluated
physical examination findings for all patients with
suspected septic arthritis, so specificities and LRs
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Table 2
Risk Factors for Septic Arthritis from History and Physical Examination
Sensitivity, % Specificity, % +LR (95% ClI) -LR (95% CI) OR
Risk factor
Age > 80 yr* 18.9 94.6 3.5 (1.7-6.4) 0.86 (0.70-0.96) 3.5
Diabetes mellitus* 10.8 96.0 2.7 (1.1-6.2) 0.93 (0.79-1.0) 3.3
Rheumatoid arthritis* 67.6 72.5 2.5 (1.9-2.9) 0.45 (0.27-0.67) 4.0
Joint surgery (<3 months ago)* 24.0 96.5 6.9 (3.7-11.6) 0.78 (0.63-0.90) 5.1
Hip or knee prosthesis* 35.1 88.6 3.1 (1.9-4.5) 0.73 (0.55-0.88) 15.0
Skin infection (no prosthesis)* 32.4 88.4 2.8 (1.7-4.2) 0.76 (0.58-0.91) 27.2
Prosthesis and skin infection* 24.3 98.4 15.0 (8.0-26.0) 0.77 (0.62-0.88) 72.7
HIV infection 75.0 38.8 1.2 (0.76-1.5) 0.64 (0.23-1.37) N/A
Rigors 16.0-21.0 N/A N/A N/A N/A
Subjective fever 44.0-97.0 N/A N/A N/A N/A
Sweats 31.0 N/A N/A N/A N/A
Pain affected joint 85.0 N/A N/A N/A N/A
New joint swelling 77.0 N/A N/A N/A N/A
Physical examination
Pain with motion 100.0 N/A N/A N/A N/A
Limited motion 92.0 N/A N/A N/A N/A
Tender 68.0-100 N/A N/A N/A N/A
Swelling 45.0-92.0 N/A N/A N/A N/A
Joint effusion 92.0 N/A N/A N/A N/A
Increased heat 18.0-92.0 N/A N/A N/A N/A
Redness 13.0-64.0 N/A N/A N/A N/A
Fever > 37.5°C 34.0-54.0 N/A N/A N/A N/A
Axial load pain 36.0 N/A N/A N/A N/A
*These history risk factors are derived from Kaandorp 1995.*
HIV = human immunodeficiency virus; +LR = positive likelihood ratio; —-LR = negative likelihood ratio; N/A = not available
because not reported.

cannot be reported. Several studies have described
objective examination findings in patients with con-
firmed septic arthritis (Table 2). The definition of fever
has varied from study to study, ranging from >37.5 to
>39°C. Goldenberg and Cohen®® noted 90% sensitivity
for fever within the first 48 hours, but did not specify
whether subjects were febrile at the initial presentation.
Kortekangas et al.*® assessed fever for bacterial arthri-
tis, probable bacterial arthritis, and reactive arthritis
patients. Combining the first two categories into one
category labeled bacterial arthritis, compared with
reactive arthritis, yields a positive likelihood ratio (+LR)
of 0.89 and a negative likelihood ratio (-LR) of 1.2. No
studies assessed the parameters, diagnostic accuracy,
or reliability of clinical gestalt.

Serum Tests
Two studies provided estimates of sensitivity and speci-
ficity of leukocytosis for the diagnosis of septic arthri-
tis.*”*3 Using varying thresholds to define leukocytosis,
six additional studies assessed the sensitivity of an ele-
vated peripheral white blood cell (WBC) count
(Table 3). Although Deesomchok and Tumrasvin*? and
McCutchan and Fisher*® did not define leukocytosis,
they reported sensitivities of 80 and 57%, respectively.
Regardless of the threshold selected, no study demon-
strated an acceptable sensitivity or overall diagnostic
accuracy of peripheral WBC count for septic arthritis.
Multiple studies demonstrated acceptable sensitivity
for erythrocyte sedimentation rate (ESR) of >30 mm/
hour, but the results were not consistent across trials
and, when reported, the specificities were uniformly
poor (Table 3). No cutoff for ESR or C-reactive protein

(CRP) significantly increases or decreases the posttest
probability of septic arthritis. Li et al.>® demonstrated a
sensitivity of 96% for ESR of >30 mm/hour. In another
retrospective review, Li et al.>® demonstrated an ESR
sensitivity of 75% and a specificity of 11% using ESR of
>20 mm/hour as the definition of abnormal. Using
ESR of >15 mm/hour, and CRP of >0.8 mg/L, Ernst
et al.’® demonstrated sensitivities of 66 and 90%,
respectively. Séderquist et al.” demonstrated that both
ESR (mean = 81 mm/hour vs. 54 mm/hour) and CRP
(mean = 182 mg/L vs. 101 mg/L) were significantly
higher on admission in patients with septic arthritis
than in those with crystalloid arthropathy.

Procalcitonin, tumor necrosis factor, and various
cytokines including interleukin (IL)-6 and IL-$, were
generally specific with very poor sensitivity. Procalcito-
nin levels are generally elevated when the etiology of
septic arthritis is systemic rather than local.®! Four
studies assessed the sensitivity of blood cultures, which
ranged from 23% to 36%, but no research evaluated
the specificity.>&%4

Synovial Tests

Gross inspection of synovial fluid by a rheumatologist
is 94% sensitive and 58% specific for differentiating
inflammatory and noninflammatory causes of acute
arthritis.®® As summarized in Table 4 and Figure 2, the
summary +LR for a sWBC count of >50 x 10%/L is 4.7
(95% CI = 2.5 to 85), and the -LR is 0.52 (95% CI = 0.38
to 0.72), while for a sWBC count of >100 x 10%/L the
+LR is 13.2 (95% CI = 3.6 to 51) and -LR is 0.83 (95%
CI =0.80 to 0.89). Significant heterogeneity (IZ > 25%)
was noted between trials for sensitivity (12 = 53%, 70%)
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Table 3
Serum Inflammatory Markers
Serum Marker Sensitivity, % Specificity, % +LR -LR
WBC count
>10 x 10%/L
Argen 1966°° 74 N/A N/A N/A
Goldenberg 19763%¢ 60 N/A N/A N/A
Schlapbach 1990** 42 N/A N/A N/A
Jeng 19974 90 36 1.4 0.28
Li 2004°%° 62 N/A N/A N/A
>11 x 10%/L
Li 2007°%® 75 55 1.7 0.84
>14 x 10%/L
Cooper 19868 23 N/A N/A N/A
Séderquist 1998° 30 N/A N/A N/A
ESR
>15 mm/hour
Ernst 2010%° 66 48 1.3 0.71
>20 mm/hour
Li 200753 75 1 0.84 2.4
>30 mm/hour
Schlapbach 1990** 76 N/A N/A N/A
Jeng 19974 95 29 1.3 0.17
Li 2004%° 97 N/A N/A N/A
>50 mm/hour
Cooper 1986° 42 N/A N/A N/A
Li 2004%° 92 N/A N/A N/A
Martinot 2005°’ 82 42 1.4 0.4
>100 mm/hour
Cooper 19868 18 N/A N/A N/A
Li 20045° 59 N/A N/A N/A
Martinot 2005°%’ 46 94 7.0 0.6
CRP
>10 mg/L
Fottner 2008°° 87 39 1.4 0.3
Ernst 2010%° 91 15 1.1 0.6
>100 mg/L
Soderquist 1998° 83 27 1.1 0.6
Martinot 2005°" 82 70 2.8 0.3
>150 mg/L
Martinot 2005°" 73 83 4.5 0.3
> 200 mg/L
Soderquist 1998° 44 85 2.9 0.7
Procalcitonin
>0.3 ng/mL
Martinot 2005°%’ 73 94 1 0.3
Fottner 2008%° 73 94 13 0.3
>0.5 ng/mL
Martinot 2005°%’ 54 94 8 0.5
Fottner 2008%° 53 100 Infinity 0.5
>0.7 ng/mL
Martinot 2005%’ 54 94 8 0.5
Fottner 2008%° 47 100 Infinity 0.5
>1 ng/mL
Soderquist 1998° 34 93 5.1 0.7
Fottner 2008%° 20 100 Infinity 0.8
TNF-o (pg/mL)
Soderquist 1998° 30 100 Infinity 0.7
IL-6 (pg/mL)
Soderquist 1998° 26 83 1.5 0.9
IL-g (pg/mL)
Séderquist 1998° 21 93 3.2 0.8
CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IL = interleukin; +LR = positive likelihood ratio; -LR = negative
likelihood ratio; TNF-o = tumor necrosis factor alpha; WBC = white blood cell.

and specificity (I? = 70%, 68%) for a sWBC count of
>50 x 10° and >100 x 10°, respectively. Sensitivity analy-
sis was performed for a sSWBC count of >50 x 10° by
sequentially excluding each trial and recomputing
summary sensitivity and specificity. Exclusion of the

Kortenagas et al.*® trial eliminated heterogeneity for
sensitivity (I = 0%) with a summary estimate of 62%
sensitivity. For specificity, heterogeneity could only
be reduced by excluding the Kortenagas et al.,*
Soderquist et al.,’ and Schmerling et al.?® trials
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Table 4
sWBC
Synovial Marker (sWBC) Sensitivity, % Specificity, % +LR -LR
>1.7 x 10%/L
Trampuz 2004*° 94 88 7.8 0.07
>10 x 10%/L
Jeng 19974 90 36 1.3 0.28
Trampuz 2004*° 71 98 34.9 0.30
>17.5 x 10%/L
Li 2007%° 83 67 25 0.25
>20 x 10%/L
Schlapbach 1990** 78 N/A N/A N/A
Kortekangas 1992*° 63 60 1.6 0.63
Martinot 2005°" 100 71 3.4 <0.001
>25 x 10%/L
McCutchan 199043 66 N/A N/A N/A
Schmerling 1990%° 70 84 4.3 0.35
Soéderquist 1998° 76 58 1.8 0.42
Li 2004%° 79 N/A N/A N/A
Summary estimate 73 (64-81) 77 (73-81) 3.2 (2.3-4.4) 0.35 (0.23-0.50)
>50 x 10%/L
Krey 1979%® 70 87 5.5 0.34
McCutchan 19903 32 N/A N/A N/A
Schlapbach 1990** 52 N/A N/A N/A
Schmerling 1990%° 63 97 19.3 0.38
Kortekangas 1992%° 31 75 1.3 0.92
Gratacos 1995*° 55 94 9.0 0.48
Soderquist 1998° 58 74 2.2 0.57
Li 2004%° 62 N/A N/A N/A
Martinot 2005°" 50 86 3.4 0.54
McGillicuddy 2007%* 61 N/A N/A N/A
Li 2007%° 50 88 4.0 0.57
Summary estimate 56 (49-63) 90 (88-92) 4.7 (2.5-8.5) 0.52 (0.38-0.72)
>100 x 10°%/L
Schmerling 1990%° 18 100 Infinity 0.88
McCutchan 199043 10 N/A N/A N/A
Kortekangas 1992*° 6 100 Infinity 0.94
Soderquist 1998° 30 94 4.7 0.75
Li 2004%° 31 N/A N/A N/A
Summary estimate 19 (14-20) 99 (96-100) 13.2 (3.6-51.1) 0.83 (0.80-0.89)

+LR = positive likelihood ratio; -LR = negative likelihood ratio; sWBC = synovial white blood cells.
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Table 5
Other Synovial Tests
Synovial Marker Sensitivity, % Specificity, % +LR -LR
Synovial PMNs > 90%
Schmerling 1990% 59 83 3.4 0.49
Kortekangas 1992%° 54 60 1.4 0.76
Gratacds 19954 70 73 2.6 0.41
Summary estimate 60 (51-68) 78 (75-80) 2.7 (2.1-3.5) 0.51 (0.39-0.65)
Synovial glucose
Schmerling 1990%° 56 85 3.7 0.52
Séderquist 1998° 64 85 4.2 0.43
Synovial protein > 30 g/L
Schmerling 1990%° 50 47 0.94 1.1
Synovial LDH > 250 U/L
Schmerling 1990%° 100 51 2.0 0
Synovial LDH > 600 U/L
Schmerling 1990%° 60 68 1.9 0.59
Synovial lactate
Brook 1978%
>5.6 mmol/L 67 72 2.4 0.46
>11 mmol/L 55 100 Infinity 0.45
Mossman 19813°
>10 mmol/L 86 100 Infinity 0.14 (0.14-0.31)
Riordan 1982*'
>12 mmol/L 100 95 19 0 (0-0.16)
Gratacds 19954
>0.05 mmol/L 85 96 21 0.16
LDH = lactate dehydrogenase; +LR = positive likelihood ratio; -LR = negative likelihood ratio; PMN = polymorphonuclear
leukocytes.

(I2 = 27%) with a summary estimate of 91% for specific-
ity. Trampuz et al.*® demonstrated that prosthetic knee
septic arthritis produce lower sWBC counts than native
joint infections.

There were four trials reporting sWBC counts with
sufficient detail and homogeneous patient populations
to compute interval LRs.>?%38% The interval LR was
0.33 for the range 0-25x 10°%L, 1.06 for the range
25 x 10°-50 x 10%/L, and 3.59 for the range 50 x 10°-
100 x 10%/L.

Synovial polymorphonuclear cells greater than 90%
does not significantly increase or decrease the probabil-
ity of septic arthritis (Table 5). Seven trials assessed the
sensitivity of synovial Gram stains to diagnose septic
arthritis, with point estimates ranging from 29% to
65%.35:36:41.43485461 N trials have assessed the specific-
ity of synovial Gram stains.

Synovial glucose and protein levels do not signifi-
cantly increase or decrease the posttest probability of
septic arthritis (Table 5). Séderquist et al.® defined an
abnormal synovial glucose as less than 1.5 mmol/L, or
greater than 2.5 mmol/L discrepancy with a concurrent
serum glucose specimen, whereas Schmerling et al.?®
used the definition of synovial glucose less than
4 mmol/L. Based on a single trial, a synovial lactate
dehydrogenase (LDH) of <250 U/L may be sufficient to
exclude the diagnosis of septic arthritis.?®

Four trials using varying techniques and cutoff val-
ues have demonstrated excellent diagnostic accuracy
for synovial lactate. Brook et al.,*” Mossman et al.*
and Riordan et al.*' used liquid chromatography to
assess lactate levels. Each demonstrated high +LRs for
synovial lactate levels above 10 mmol/L with reason-
able —LRs (Table 5). Gratac6s et al.*® used spectropho-

tometry to assess D-lactate isomers that are only
produced by certain bacterial species and demon-
strated +LR and -LR of 21 and 0.16, respectively,
although their population did not include any gonor-
rhea or Gram-negative cases. Wiener et al.>” used sin-
gle-voxel 'H magnetic resonance spectroscopy to
measure synovial lactate concentrations in vitro with
moderate correlation.

Yang et al.’® used polymerase chain reaction (PCR)
pathogen-specific probes and Gram stains for 36 rele-
vant organisms to assess synovial fluid from a cohort of
patients including ED patients. This uniprobe demon-
strated a +LR 31.7 (95% CI = 14.3 to 45.3) and a -LR
0.05 (95% CI =0.009 to 0.189) and was able to provide
organism-specific results within 3 hours.

Test-Treatment Threshold Estimates

The management options for septic arthritis are needle,
arthroscopic, or open drainage of the affected joint, in
addition to 8 to 10 weeks of antibiotics.?? One recent
systematic review of therapy for septic arthritis failed
to identify any high-quality data to favor conservative
or surgical management.'® One prospective multicenter
report conducted over 2 years identified an 11% mor-
tality in treated septic arthritis patients at a median of
39 days after admission.” Lacking any randomized con-
trolled trials of 10 weeks of antibiotics in septic arthritis
patients, the literature for chronic osteomyelitis was
reviewed because it incorporates similar antimicrobials
for an equal length of time and a closely related pathol-
ogy. Antibiotic therapy for osteomyelitis is associated
with moderate or severe adverse events in 4.8% of oral
antibiotic patients and 15.5% of parenteral antibiotic
patients.%?
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Ttestingthreshold = [(PPOS/nd) X (RI‘X) + Rt] - [(Ppos/nd X RI‘X) + (Pp()S/d X BI‘X)] =0.052

Tireatment threshold = [(Pneg/nd) X (Rrx) - Rel + [(Pneg/nd X Rrx) + (Pneg/d X Brx)]=0.387

Where assumptions are based upon the summary estimates for sWBC count > 50 x 109 cells/L from

Table 4.

Ppos/nd = probability of a positive result in patients without disease = 1-specificity = 1-0.9 = 0.10"

Pheg/nd = probability of a negative result in patients without disease = specificity = 0.90*

Rpx = risk of treatment in patients without disease = 0.155

R¢ = risk of diagnostic test = 0.00037

Ppos/d = probability of a positive result in patients with disease = sensitivity = 0.56*

Preg/d = probability of a negative result in patients with disease = 1 - sensitivity = 1-0.54= 0.44*

Bpx = benefit of treatment in patients with disease = 0.501

Septic Arthritis Post Test Probability

0% 5%

39%

50%

100%

| |

|
4_, ¢ ’ ’
Consider
alternative
diagnoses

Continue testing

Test threshold

" Using SWBC > 50 x 10%/L.

Initiate therapy

Treatment threshold

" Assumes NNT = 2 for joint debridement plus antibiotics to reduce short-term mortality. This is
an estimate since no randomized controlled trials were identified. One prospective trial
provided an estimated 11% mortality of treated septic arthritis at a median of 39 days. If the
mortality of untreated septic arthritis was 61%, then the NNT would be 2.

Figure 3. Test and treatment threshold formulas. NNT = number needed to treat; sWBC = synovial white blood cell.

These summary estimates (or point estimates for sin-
gle trials) were used to compute the treatment and test
thresholds as illustrated in Figure 3. Using the summary
estimate of sWBC counts of >50 x 10%/L (see Table 4;
sensitivity 56%, specificity 90%), for example, the evi-
dence-based assumptions yield a test threshold of 5.2%
and a treatment threshold of 38.7%. In other words, if
the clinical probability of septic arthritis is below 5%,
then further testing may harm more patients than it
helps. Similarly, if the probability of septic arthritis
is above 39%, treatment should be started instead of
additional diagnostic testing, or patient harm may out-
weigh the yield of additional diagnostic tests. The test
threshold approximates previously described analyses
amongst rheumatologists where the threshold for
potential septic arthritis was lower than for gout (20%
vs. 65%).22 Using the online calculator associated with
this article (in development), the various literature-
based assumptions can be altered to determine how the
test and treatment thresholds would vary. For example,
because no randomized controlled trials exist by which
to estimate the benefit of surgical and antibiotic man-
agement as a whole, we estimated a 50% absolute risk
reduction for our computations. If the absolute risk

reduction were instead 10% (BRx = 0.1), then the test
threshold would increase to 22%, and the treatment
threshold to 76%. Similarly, the other estimates (risk of
arthrocentesis, risk of antibiotics, sensitivity, and speci-
ficity for various diagnostic findings) can be adjusted to
define thresholds in accordance with one’s perception
of the true values for these parameters.

DISCUSSION

The overall quality of evidence for the diagnosis of non-
gonococcal septic arthritis is relatively low. The major-
ity of the studies are retrospective hospital-based case
series derived from administrative data with no control
group. Verification bias occurs when patients with posi-
tive index test results are more likely to have criterion
standard testing performed. Studies that only enroll
patients with confirmed diagnoses may suffer from this
bias, which falsely increases sensitivity and decreases
specificity.®?

Another often unstated bias of septic arthritis diag-
nostic accuracy studies is spectrum bias. When the
population studied is skewed toward higher-severity
illness, sensitivity can be falsely elevated. On the
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other hand, healthier populations will falsely elevate
specificity.®® Therefore, recognizing disease prevalence
and the specific population evaluated in each study is
imperative to appropriately translate diagnostic test
performance in other clinical settings.®* For example,
estimates of diagnostic accuracy for elements of the
history can only be derived from a single Dutch trial of
rheumatology patients, limiting external validity for ED
populations. In these patients, no finding from the his-
tory significantly decreases the probability of septic
arthritis. Only recent joint surgery or a joint prosthesis
with overlying skin infection significantly increases the
risk of septic arthritis.

Overall, serum inflammatory markers are not useful
acutely (Table 3). Because history, physical examination,
and serum markers are not helpful to significantly adjust
the posttest probability of septic arthritis, synovial fluid
analysis is essential for the diagnosis. Although gener-
ally considered safe, arthrocentesis is not a risk-free
procedure. One textbook of emergency procedures esti-
mates that the risk of iatrogenic infection from arthro-
centesis is 0.01% in the general population and as high
as 0.05% in immunocompromised patients.?®> One retro-
spective review in Iceland suggested that the incidence
of postarthrocentesis iatrogenic septic arthritis was
0.037%.%° Another risk is bleeding. However, arthro-
centesis can be safely performed even in patients with
therapeutic warfarin anticoagulation with a risk of clini-
cally significant hemorrhage below 10%.%¢

Textbooks suggest the following guidelines to inter-
pret synovial WBC counts: 2 x 10% to 2 x 10%/L nonin-
flammatory, 2 x 10° to 50 x 10%/L inflammatory, and
2 x 10° to >50 x 10%/L infectious.?>%” Although 13 trials
assessed sensitivity, only seven trials have assessed
both the sensitivity and the specificity of sSWBC count,
and significant heterogeneity was noted (Figure 2).
Sources of heterogeneity could include the populations
studied, interval between disease onset and synovial
testing, personnel or equipment used to quantify cell
counts, or criterion standard used. For example, manu-
ally counting sWBC may be less accurate than auto-
mated approaches.®%5°

Our meta-analysis suggests summary +LRs of 4.7
(95% CI =2.5 to 8.5) and 13.2 (95% CI = 3.6 to 51.1) for
a sWBC count of >50 x 10° or >100 x 10%/L, respec-
tively (Table 4). In other words, if one starts with a
pretest probability for septic arthritis of 27%, and
the sSWBC count is >50 x 10° but < 100 x 10%/L, then the
posttest probability would increase to 64%. If the
sWBC count was >100 x 10%/L, then the posttest proba-
bility would increase to 83%.'" However, if the sWBC
count is 75 x 10%L, should one use the +LR for a
sWBC count of >50 x 10%/L or the -LR for sWBC count
of <100 x 10°/L? This conundrum can be eliminated by
using the interval LR of 3.59 for a sWBC count
between 50 x 10° and 100 x 10%/L. Interval LRs mini-
mize the waste of valuable diagnostic detail that occurs
when continuous data are artificially dichotomized for
clinical convenience.” Interval LRs also tend to reduce
the biased estimates of accuracy yielded by lower qual-
ity studies.”! Using the interval LR for 0 to 25 x 10%/L
(0.33), 25 x 10°-50 x 10%/L (1.06), 50 x 10° to 100 x 10°/L
(3.59), or >100 x 10°/L (infinity) would change a pretest
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probability for septic arthritis of 27 to 11, 28, 57, and
near 100%, respectively. The sWBC count should not
be used in isolation to rule in or rule out the diagnosis
of septic arthritis, but should augment the entire clini-
cal evaluation. For example, the presence of organisms
on Gram stain in a patient with a sWBC count of
25 x 10°-50 x 10°/L should increase the probability of
septic arthritis. Similarly, the presence of synovial
crystals in a patient with a sWBC count of 25 x 10°-
50 x 10%L should reduce the probability of septic
arthritis.

However, clinicians need to be wary of the limitations
of routine synovial tests such as Gram stains and
crystal analysis. A negative Gram stain does not by
itself rule out septic arthritis since the sensitivity of
synovial fluid Gram stain is poor, with 45% to 71%
false-negative rates, and the specificity remains unde-
fined. 353641434854 Although synovial fluid should be
evaluated for uric acid or calcium pyrophosphate crys-
tals, since the differential diagnosis includes crystalloid
arthropathies, septic arthritis can rarely coexist with
gout or pseudogout, in about 1.5% of cases.”® There-
fore, synovial fluid culture is indicated even when crys-
tals are identified, sSWBC count is lower, and Gram
stain reveals no organisms.”?

Several recent trials have assessed newer synovial
biomarkers that may be useful to diagnose septic arthri-
tis in the ED. Two trials have evaluated a low synovial
glucose (defined as a serum-to-synovial fluid glucose
ratio < 0.5, or synovial fluid glucose < 27 g/dL), and one
trial each has evaluated LDH, protein, and tumor necro-
sis factor alpha (TNF-x).925384547 Begides LDH, none of
these synovial tests effectively discriminate septic
arthritis from other etiologies of acute arthritis. On the
other hand, synovial lactate has consistently demon-
strated desirable diagnostic properties to rule in septic
arthritis using a threshold of >10 mmol/L. No studies to
date have evaluated the diagnostic accuracy or effect
on ED management of septic arthritis using point-
of-care lactate assays. Future investigators might keep
in mind that sepsis investigators using point-of-care
lactate testing have demonstrated accurate and reli-
able results, while saving a mean of 151 minutes in ED
settings.”*"®

No CDRs have been derived to assist with the diag-
nosis of adult septic arthritis. Single-center validation
of a pediatric CDR identified four variables associated
with increased risk of hip septic arthritis with a receiver
operating characteristic curve area under the curve of
0.86: history of a fever, non-weight-bearing, ESR of
>40 mm/hour, and a serum WBC count of >12 x 10°
cells/L.”® Similar methodology could be used to derive
a decision aid for adult septic arthritis.

Recently, opinion leaders have demanded full incorpo-
ration of modern Web-based technology to transform
static literature into dynamic research.”” By assessing
one model to quantitatively estimate theoretical test-
treatment thresholds using best-evidence approaches to
locate and summarize risks and benefits for one clinical
challenge, we have taken one step toward a more
dynamic style of reporting diagnostic science. Specifi-
cally, we have provided an interactive calculator (avail-
able as supporting information in the online version of
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this paper) that permits critical readers to adjust the
best-evidence assumptions that our analysis has pro-
vided as future research findings become available.

One common criticism of diagnostic evidence-based
medicine is that clinicians are not cognitively wired to
think as Bayesian decision-makers.”®’® In fact, Camp-
bell et al.?% hypothesized seven cognitive biases related
to prevalence misperceptions, including base-rate
neglect and “gambler’s fallacy.” By providing the range
of disease prevalence within the context of heteroge-
neous patient populations and potential ascertainment
bias, we have empowered astute bedside clinicians to
use a reasonable estimate of septic arthritis baseline
prevalence by which to adjust diagnostic test-driven
probabilities using the summary LRs.**#12 In addition
to recognizing which tests facilitate the diagnosis of
septic arthritis (sSWBC count > 50 x 10%/L, synovial lac-
tate, possibly synovial probe-based PCR), we are hope-
ful that our review will also quantitatively highlight
those tests which do not alter posttest disease probabil-
ity (WBC, ESR, CRP, synovial glucose, synovial protein)
and help clinicians recognize optimally efficient order-
ing strategies.®

Implications for Future Research

Diagnostic research can be fraught with bias.?*®" Our
review of the septic arthritis diagnostic literature
revealed overall poor to moderate quality trial designs.
Basic research considerations such as defining the
patient population and reporting the criterion standard
employed were often lacking. More complex research
considerations, such as reporting the interval between
the index test and the criterion standard, blinding out-
come assessors to ancillary clinical data (including the
index tests being evaluated), and providing sufficient
detail to reconstruct two-by-two tables, were virtually
never reported. Future investigators need to be cogni-
zant of these biases and should incorporate the QUA-
DAS instrument and the Standards for Reporting of
Diagnostic Accuracy Studies guidelines when designing
new research protocols.’®888 Based on our findings,
we suggest the following priorities for future septic
arthritis diagnostic research.

First, more ED-based septic arthritis diagnostic and
therapeutic trials are needed. The ideal study would
prospectively recruit patients suspected of having septic
arthritis before the diagnosis is established to assess cli-
nicians” pretest probability estimates along with the ele-
ments and overall accuracy of emergency provider
gestalt. These investigators should blind clinicians who
obtain the index tests (history, physical examination,
labs) from the criterion standard. The individuals who
categorize patients into “septic arthritis” or “not septic
arthritis” subsets should be unaware of the constella-
tion of clinical findings used by bedside clinicians. All
of these design-related details should be explicitly
described in the article.'®

Second, in analyzing and reporting data, investigators
should at a minimum report LRs, including interval LRs
for continuous data,*?*® since sensitivity/specificity have
multiple limitations to bedside application.?° Histograms
and scatter plots allow readers to reconstruct LRs and
interval LR estimates around alternative thresholds.
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Third, patients, clinicians, and policy-makers ulti-
mately expect medical testing to improve patient-
centered outcomes. Traditional randomized controlled
trials are expensive and time-consuming to conduct,
particularly for rare diagnoses. Different trial designs
should be considered for minimally biased yet still fea-
sible diagnostic test impact evaluations.®? Accordingly,
criteria to prioritize diagnostic test randomized trials
are now being defined.®® These evolving criteria should
be applied to the ED diagnosis of septic arthritis to
determine the variables and outcomes of importance to
optimize patient outcomes.

Finally, pending identification of new serum or
synovial markers to distinguish septic arthritis from
other sources of nontraumatic acute joint pain, the
current review suggests three priorities for ED investi-
gators: 1) confirm the accuracy and external validity
of rapidly available synovial PCR techniques to iden-
tify the bacterial pathogen as was described in a sin-
gle trial;® 2) assess the accuracy of point-of-care
synovial fluid lactate assays; and 3) evaluate the poten-
tial for combinations of findings from history, physical
examination, and bedside tests (i.e, a CDR) to
enhance the clinician’s ability to rule in or rule out
septic arthritis.”!

LIMITATIONS

First, we limited our analysis to English-language arti-
cles and searched only two electronic sources. We
sought to enhance our strategy by analyzing the bibli-
ographies of selected articles and current textbooks
within our field, but we may have missed older manu-
scripts or non-English research reports. Second, the
overall quality of the evidence as judged by the QUA-
DAS instrument was poor to moderate, so our sum-
mary estimates may be biased by multiple unmeasured
confounders. Few trials reported sufficient detail to
reconstruct two-by-two tables, and specificity was gen-
erally not assessed. Even among those trials that did
report sensitivity and specificity, significant between-
trial heterogeneity was noted, limiting the confidence in
the meta-analysis results. Third, we excluded gonococ-
cal arthritis patients from this review so the results can-
not be extrapolated to this condition. Fourth, we were
unable to identify any controlled trials to estimate treat-
ment benefit for septic arthritis, so our test and treat-
ment thresholds are derived from such data available
from osteomyelitis trials. Although osteomyelitis is a
closely related pathologic process with similar organ-
isms and prognostic risk factors, we recognize that
these treatment risk-benefit estimates are suboptimal.
However, pending septic arthritis interventional trials
to derive more accurate, disease-specific estimates, we
believe that some information is better than no infor-
mation. Furthermore, we have provided an interactive
instrument by which readers can revise diagnostic and
therapeutic risk-benefit estimates to recalculate test and
treatment thresholds based on their preferred assump-
tions. Finally, our test and treatment thresholds do not
incorporate patient preferences into the equation.
Future modifications would optimally include patient-
centric risk-benefit communication instruments and
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algorithms to efficiently and effectively bring them into
the decision-making process.

CONCLUSIONS

We estimate the prevalence of nongonococcal septic
arthritis in adults presenting to the ED with acute mon-
oarticular joint complaints to be approximately 27%.
With the exception of recent joint surgery or cellulitis
overlying a prosthetic knee or hip, the history, physical
examination, and routine blood tests do not distinguish
acute septic arthritis from other forms of arthritis. In
other words, neither the presence nor the absence of
these findings significantly changes the probability of
septic arthritis. On the other hand, a synovial white
blood cell count of >50 x 10°/L can increase the proba-
bility of septic arthritis, while a synovial white blood
cell count from 0 to 25 x 10%/L can reduce the probabil-
ity of septic arthritis, and values of 25x 10° to
50 x 10%L require additional testing and perhaps
empiric antibiotics pending definitive culture results.
Future prospective trials are needed to understand the
sensitivity, specificity, and positive and negative likeli-
hood ratios for elements of the history and physical
examination and point-of-care inflammatory synovial
markers such as lactate, which may be useful to rule in
or rule out septic arthritis. In the meantime, clinicians
should be aware of the risk factors for nongonococcal
septic arthritis in expeditiously selecting appropriate
diagnostic and therapeutic options while consulting
orthopedic surgery for early management when clinical
evaluation remains less than definitive.
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