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Abstract

Background The diagnosis of periprosthetic joint infec-

tion (PJI) continues to pose a challenge. While many

diagnostic criteria have been proposed, a gold standard for

diagnosis is lacking. Use of multiple diagnostic criteria

within the joint arthroplasty community raises concerns in

patient treatment and comparison of research pertaining to

PJI.

Questions/purposes We (1) determined the variation in

existing diagnostic criteria, (2) compared the existing cri-

teria to a proposed new set of criteria that incorporates

aspirate cell count analysis, and (3) investigated the vari-

ations between the existing criteria and the proposed

criteria.

Patients and Methods We retrospectively identified

182 patients undergoing 192 revision knee arthroplasties

who had a preoperative joint aspiration analysis at our

institution between April 2002 and November 2009. We

excluded 20 cases due to insufficient laboratory parame-

ters, leaving 172 cases for analysis. We applied six

previously published sets of diagnostic criteria for PJI to

determine the variation in its incidence using each set of

criteria. We then compared these diagnostic criteria to our

proposed new criteria and investigated cases where dis-

agreement occurred.

Results We identified 41 cases (24%) in which at least

one established criteria set classified the case as infected

while at least one other criteria set classified the case as

uninfected. With our proposed criteria, the infected/unin-

fected ratio was 92/80. The proposed criteria had a large

variance in sensitivity (54%–100%), specificity (39%–

100%), and accuracy (53%–100%) when using each of the

established criteria sets as the reference standard.

Conclusions The discrepancy between definitions of

infection complicates interpretation of the literature and the

treatment of failed TKAs owing to PJI. Based on our

findings, we suggest establishing a common set of diag-

nostic criteria utilizing aspirate analysis to improve the

treatment of PJI and facilitate interpretation of the

literature.

Level of Evidence Level III, diagnostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Periprosthetic joint infection (PJI) is one of the most

challenging complications after total joint arthroplasty,

with an incidence of 1% to 4% after primary TKA [8, 9, 27,

28] and 1% to 2% after primary THA [24, 31]. This

complication poses challenges on many fronts, one of

which is the difficulty in reaching a diagnosis [24, 26, 37].

There is currently no agreement on a gold standard for

diagnosis of PJI [3]. Most studies that calculate the sensi-

tivity, specificity, or accuracy of a given parameter in

identifying PJI use intraoperative culture, histology results,
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or a combination of parameters as the reference criteria for

diagnosing PJI [5, 25, 26, 30, 33, 35].

Although fluid and tissue cultures have traditionally

been considered the gold standard, false-positive and false-

negative results occur in 5% to 37% [1, 9, 16, 17, 19, 21]

and 2% to 18% [2, 10, 11, 22, 36] of cases, respectively.

Relying on isolation of an infecting organism thus cannot

be considered a gold standard. Hence, a number of dif-

ferent diagnostic criteria are in use, most of which appear

to provide a valuable guide for the evaluation of a patient

with a failed joint. Although variation exists, the majority

of them rely on the results of joint aspiration or deep tissue

culture; serologic tests, namely erythrocyte sedimentation

rate (ESR) and C-reactive protein (CRP); and the appear-

ance of the joint during surgery (with regard to presence of

purulence); presence or absence of a sinus tract; and the

result of histologic analysis of tissue obtained during sur-

gery (frozen section) [5, 25, 26, 30, 33, 35] (Table 1).

In recent years, there have been several studies dem-

onstrating the value of joint fluid analysis with respect to

white blood cell (WBC) count and polymorphonuclear

neutrophil percentage (PMN%) [15, 18, 33]. Our institution

has played a role in these investigations [13, 26]. Previous

studies have observed aspirate WBC counts of 1100 to

3000 cells/lL and PMN% of 60% to 73% can be used with

high accuracy (up to 99%) as thresholds for diagnosis of

nonacute infection [3, 7, 18, 26, 33, 34]. It has also been

observed these thresholds are markedly elevated in the

acute postoperative period, with thresholds of 10,700 cells/

lL for synovial fluid WBC counts and 89% for PMN%,

providing 92% accuracy in diagnosis of acute PJI [4] using

the presence of gross purulent material or a positive culture

as the gold standard for diagnosis of PJI. Taken together,

these findings suggest incorporating synovial WBC and

PMN% results into a set of diagnostic criteria may improve

the strength of those criteria for diagnosing PJI. None of

the present sets of diagnostic criteria for PJI (Table 1)

incorporate joint aspirate WBC and PMN%.

We therefore (1) determined the variation in the present

diagnostic criteria, (2) compared the existing criteria to a

proposed new set of diagnostic criteria that incorporates joint

aspirate cell count analysis, and (3) investigated the varia-

tions between the existing criteria and our proposed criteria.

Patients and Methods

We prospectively collected data on all 844 patients

undergoing revision TKA at our institution between April

2002 and November 2009. The mean age was 65.1 years

(range, 22–96 years) and the mean body mass index was

32.3 kg/m2 (range, 17.7–58.7 kg/m2). There were 345 men

and 499 women. The etiology of the failure was

determined by the treating surgeon based on clinical acu-

men and the results of various laboratory and imaging tests.

However, while many patients did have an aspiration of the

knee as part of their diagnostic treatment, joint aspiration

was not routinely obtained. Of the 844 patients, 213

patients who underwent 228 resections or revisions of

components with a bony interface had a preoperative joint

aspiration that was sent for cell count and differential.

Among the joint aspirations, 36 results were excluded as a

result of the presence of crystals (10 revisions [4.4%; 10 of

228]) or clotted/degenerated cells (26 revisions [11.4%; 26

of 228]) in the aspirate. An additional 20 cases were

excluded due to a lack of serology or culture results pre-

venting a conclusive diagnosis from the proposed criteria.

These exclusions left aspirate analysis for 172 revisions in

162 patients. Of these 172 revisions, the treating surgeon

preoperatively determined 84 (48.8%) were failures sec-

ondary to PJI and 88 (51.2%) were failures secondary to an

aseptic etiology. No patients were recalled specifically for

this study; all data were obtained from medical records. We

obtained prior Institutional Review Board approval.

We reviewed the literature on diagnosis of infection and

identified numerous criteria that have been used for diag-

nosing PJI (Table 1) [5, 25, 26, 30, 33, 35]. We then

applied each of these sets of diagnostic criteria to the

patient cohort described above. Five of these criteria sets

utilize histologic analysis in diagnosing PJI. However, our

institution did not utilize frozen or permanent section in the

workup of a suspected infection as its efficacy remains

unproven [3]. Therefore, this cohort lacks the complete

data necessary for definitive diagnosis with these five cri-

teria sets. To remedy this, three analyses were performed.

The first (Scenario A) assumed all histologic analyses to be

negative, while the second (Scenario B) assumed all his-

tologic analyses to be positive. The third (Scenario C)

assumed histologic analysis to be inconclusive. This

allowed for a direct comparison of the six criteria sets with

the complete range of possible scenarios. In some cases, a

definitive diagnosis could not be reached due to the lack of

a single test. For example, Spangehl et al. [33] require three

of five tests to be positive to diagnose PJI, one being pre-

operative culture. In some cases, the preoperative culture

was unavailable while two of the remaining four tests were

positive. This introduced a stalemate in which the diagnosis

was indeterminate. These cases are reported; however, they

were not included in the determination of agreement

between criteria.

We utilized the same cohort in analysis of a new set of

diagnostic criteria we propose here. Since no gold standard

for diagnosis of PJI exists, to validate our new criteria set,

we compared our cohort findings to the other criteria sets

evaluated. Our proposed set of criteria diagnoses as posi-

tive based on any of the following three positive results: (1)
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purulence observed intraoperatively, (2) draining sinus

tract, or (3) positive culture on solid medium (Fig. 1). A

common theme in developing a set of diagnostic standards

for PJI has been the difficulty in defining a positive culture.

This is evident in the varying definitions of a positive

culture in the existing criteria (Table 1). As the growth on

Table 1. Summary of previously reported sets of criteria for diagnosing periprosthetic joint infection

Criteria

set

Study Combinatorial Culture Intraoperative

appearance

Histology Laboratory

parameters

Other

1 Berbari et al.

[5] (1998)

One of the

three

criteria

listed

Two or more positive

culture on solid

medium grown from

intraoperative

specimens

yielded same

microorganism

Purulence surrounding

the prosthesis

observed at the time

of débridement or

removal of the

prosthesis or a sinus

tract that

communicated with

the prosthesis was

present

Acute inflammation

consistent with

infection was

present during

histopathologic

examination

2 Spangehl

et al. [33]

(1999)

Either one of

two criteria

in bold OR

three of five

criteria in

italics

At least one positive
culture on solid
medium grown from
preoperative
aspiration

More than 1/3 positive
cultures on solid
medium grown from
intraoperative
specimens

Presence of an open
wound or sinus in
communication
with the joint

Frozen section
demonstrates
greater than 5
PMN cells per
high-power field

ESR [
30 mm/
hour CRP
[ 1 mg/L

Presence of
systemic
infection
with pain
in the hip
and
purulent
fluid
within the
joint

3 Parvizi et al.

[25] (2006)

Three of the

five criteria

listed

At least one positive

culture grown from

preoperative

aspiration

At least one positive

culture grown from

intraoperative

specimens

Purulence surrounding

the prosthesis

observed at the time

of débridement or

removal of the

prosthesis

ESR [
30 mm/

hour CRP

[1 mg/L

4 Trampuz

et al. [35]

(2007)

One of the

three

criteria

listed

Purulence surrounding

the prosthesis

observed at the time

of débridement or

removal of the

prosthesis

Presence of a sinus

tract that

communicated with

the prosthesis

Acute inflammation

consistent with

infection was

present during

histopathologic

examination

5 Schinsky

et al. [30]

(2008)

Two of the

three

criteria

listed

At least one positive

culture on solid

medium grown from

intraoperative

specimens

Purulence surrounding

the prosthesis

observed at the time

of débridement or

removal of the

prosthesis

Acute inflammation

consistent with

infection present

during

histopathologic

examination

6 Parvizi et al.

[26] (2008)

Either one of

two criteria

in bold OR

all of three

criteria in

italics

Positive preoperative
aspiration culture
on solid media Two
or more positive
intraoperative
cultures or one
positive culture on
solid media

An abscess or sinus
tract found
communicating
with the joint space
Presence of gross
intracapsular
purulence

Abnormal histology

PMN = polymorphonuclear; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein.
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culture is time, organism, and medium-dependent, it is

difficult to develop a method for maximizing the identifi-

cation of true pathogens and minimizing false-positives

due to contamination [20, 29, 35]. To address this problem,

we propose, as part of the new criteria, the following rules:

positive cultures were defined as (1) at least one culture

with ‘‘light’’ growth or greater on solid medium, (2) at least

one culture with ‘‘very light’’ growth on solid medium and

at least one other culture of the same organism in broth, or

(3) at least three ‘‘broth only’’ or ‘‘single isolate’’ cultures

of the same organism. Antibiotic susceptibility analyses

were used to confirm the same organism was isolated in

multiple cultures. The final piece of our set of diagnostic

criteria is the addition of a fourth component. This com-

ponent is deemed positive if three of the following four are

true: (1) ESR ([30 mm/hour), (2) serum CRP ([1 mg/dL),

(3) synovial WBC count, and (4) synovial PMN% (Fig. 1).

Thresholds for joint aspirate values were dependent on

proximity to previous surgery. If the patient was within

6 weeks of a previous surgery (four cases in the present

cohort), thresholds were set at 10,700 cells/lL or greater

and 89% or greater for WBC count and PMN%, respec-

tively. If they were further than 6 weeks from surgery,

thresholds were set at 1760 cells/lL or greater and 73%

or greater for WBC count and PMN%, respectively. The

cutoffs used for WBC count and PMN% for both chronic

and acute infections were based on our previous studies

that included the use of receiver operating curve analysis

[4, 24].

In the comparison of our proposed criteria, any instances

in which the diagnosis based on at least four of the pub-

lished criteria sets (Scenario A, B, or C) disagreed with the

diagnosis based on our proposed criteria led to further

investigation. We performed a detailed chart review of

these patients to identify previous treatments of the knee in

question, course of treatment after revision, and any related

comorbidities. The goal of this extended chart review was

to provide a retrospective view of the patient in question to

determine the likelihood of infection at the time of revision

surgery.

Differences in diagnosis were assessed with a chi square

analysis. Analysis was performed with SPSS1 16.0 (SPSS

Inc, Chicago, IL).

Results

The proportion of the cohort classified as infected or

uninfected varied greatly depending on the criteria used to

diagnose PJI. A large variation also existed dependent on

the assigned outcome of frozen section (Table 2). Of the

five criteria sets that included histologic analysis, four had

different outcomes from positive histology to negative

histology. In all scenarios, Criteria Set 6 provided the

lowest number of infected patients in all three histology

categories, while Criteria Set 1 classified the most patients

as infected. Agreement between each criteria set was also

dependent on the histology outcome (Table 3). The greatest

agreement was observed when histology was inconclusive,

providing 85 cases in which all the criteria without inde-

terminate cases were infected and 47 cases were uninfected.

However, in this scenario, 152 cases had at least a single

criteria set that was indeterminate. In 125, 88, and 41 cases,

at least one criteria set diagnosed a case as infected while at

least one other criteria set diagnosed the same case as

uninfected for Scenarios A, B, and C, respectively.

The proposed criteria identified 92 cases as infected and

80 as aseptic. The sensitivity, specificity, and accuracy

when using the results of each of the existing criteria sets as

the gold standard varied widely (54%–100%, 39%–100%,

and 53%–100%, respectively) (Table 4). When using the

only criteria set that did not include histology (Criteria Set

3) as the gold standard, the proposed criteria had a sensi-

tivity of 100%, specificity of 92%, and accuracy of 96%.

We identified five cases diagnosed as infected by the

proposed criteria and uninfected by at least four of the

existing criteria sets. These five cases were culture-nega-

tive without purulence or sinus tract and deemed infected

Fig. 1 A flowchart shows our proposed diagnostic criteria for PJI.
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solely by the combination of serology and aspirate analysis.

These five patients were revised for presumed aseptic

causes, specifically loosening. The average ESR in this

group was 70.6 mm/hour (range, 44–107 mm/hour), the

average CRP was 5.54 mg/dL (range, 1.3–14.7 mg/dL),

the average synovial fluid WBC count was 5427.4 cells/lL

(range, 286–15,850 cells/lL), and the average synovial

fluid PMN% was 77.8% (range, 37%–97%). The clinical

history of these five patients was investigated in detail

(Table 5). One had an irrigation and débridement for

wound dehiscence and hematoma 2 weeks after revision.

In this patient, after the revision being studied, the wound

failed to close, a hematoma was encountered in the

superficial and deep tissue, and necrotic tissue was

encountered as well. However, no purulence was noted

during the subsequent irrigation and débridement and cul-

tures were negative. Another had mild postoperative

drainage and systemic lupus erythematosus (SLE). The

third had chronic renal failure. The fourth was character-

ized by coagulase-negative Staphylococcus growth in broth

Table 2. Summary of percent infected, uninfected, or indeterminate for each of the criteria sets according to histology outcome

Criteria set Scenario Infected (%) Uninfected (%) Indeterminate (%) Significance of change in

histology outcome (p value)

1 A 172 (100%) 0 0 \ 0.001

B 87 (51%) 85 (49%) 0

C 87 (51%) 0 85 (50%)

2 A 97 (56%) 69 (40%) 6 (4%) 0.15

B 87 (51%) 85 (49%) 0

C 87 (51%) 69 (40%) 16 (9%)

3 85 (49%) 87 (51%) 0

4 A 172 (100%) 0 0 \ 0.001

B 78 (45%) 94 (55%) 0

C 78 (45%) 0 94 (55%)

5 A 88 (51%) 79 (46%) 5 (3%) \ 0.001

B 44 (26%) 124 (72%) 4 (2%)

C 44 (26%) 79 (46%) 49 (29%)

6 A 34 (20%) 88 (51%) 50 (29%) \ 0.001

B 11 (6%) 109 (63%) 52 (30%)

C 11 (63%) 88 (51%) 73 (42%)

Proposed criteria 92 (48%) 80 (47%) 0

Surgeon judgment 84 (49%) 88 (51%) 0

Table 3. Agreement between each criteria set according to histology outcome

Scenario Percent agreement Infected Uninfected Indeterminate Total* (% of all cases)

A 100% 47 0 0 47 (27%)

[ 80% 84 0 0 84 (49%)

[ 60% 89 33 0 122 (71%)

At least 1 172 125 54 NA

B 100% 14 84 0 98 (57%)

[ 80% 48 85 0 133 (77%)

[ 60% 75 85 0 160 (93%)

At least 1 88 158 55 NA

C 100% 84 47 0 131 (76%)

[ 80% 84 60 1 144 (84%)

[ 60% 85 84 6 169 (98%)

At least 1 125 88 151 NA

* Summation of cases with agreement (infected or uninfected; 100%,[80%, or[60%) of determinate results reported with the percentage of all

cases; NA = not applicable.
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from preoperative joint fluid and intraoperative joint fluid

during a revision to a total femur replacement. This patient

was treated with intravenous antibiotics for 8 weeks fol-

lowed by lifetime oral antibiotics. At 1-year followup, this

patient had no complications; however, her ESR and CRP

remained elevated. This patient was classified as infected

only by existing Criteria Set 3 as this was the only criteria

set in which the bacterial growth was substantial enough to

be considered culture-positive. The other published criteria

sets require growth on solid medium. The last patient was

Table 4. Sensitivity, specificity, and accuracy of our proposed criteria using the results of each existing criteria set as the gold standard

Criteria set Scenario True-negative True-positive False-negative False-positive Total Sensitivity Specificity* Accuracy

1 A 0 92 80 0 172 54% 54%

B 80 87 0 5 172 100% 94% 97%

C 0 87 0 0 87 100% 100%

2 A 69 92 5 0 166 95% 100% 97%

B 80 87 0 5 172 100% 94% 97%

C 69 87 0 0 156 100% 100% 100%

3 80 85 0 7 172 100% 92% 96%

4 A 0 92 80 0 172 54% 54%

B 80 78 0 14 172 100% 85% 92%

C 0 78 0 0 78 100% 100%

5 A 74 87 1 5 167 99% 94% 96%

B 80 44 0 44 168 100% 65% 74%

C 74 44 0 5 123 100% 94% 96%

6 A 43 34 0 45 122 100% 49% 63%

B 43 11 0 66 120 100% 39% 45%

C 43 11 0 45 99 100% 49% 55%

Surgeon judgment 80 84 0 8 172 100% 91% 95%

* Specificity could not be calculated for some criteria sets in scenarios that provide zero true-negative results because of the exclusion of the

results due to indeterminate findings or because all results for these criteria sets in that scenario were positive.

Table 5. Diagnosis results by scenario of the five patients diagnosed as infected by our proposed criteria and uninfected by at least four of the

existing criteria sets

Patient Diagnosis results by

scenario*

Serology Aspiration

analysis

Purulence/

sinus

Positive

culture

(proposed

criteria)

Notes

A B C

S A I S A I S A I ESR

(mm/hour)

CRP

(mg/dL)

WBC

count

(cells/lL)

PMN%

1 3 3 0 0 6 0 0 3 3 77� 1.3� 1960� 97� No No Sickle cell anemia; infarct in knee

causing component collapse;

worked up for infection

postoperatively

2 3 3 0 0 6 0 0 3 3 56� 5.1� 1100 91� No No I&D for wound dehiscence within

2 weeks after surgery

3 3 3 0 0 6 0 0 3 3 44� 5.2� 7941� 37 No No Chronic renal failure; dialyzed 39/

week

4 3 3 0 0 6 0 0 3 3 69� 1.4� 286 75� No No SLE; mild postoperative drainage

5 4 2 0 1 5 0 1 2 3 107� 14.7� 15,850� 89� No No Staphylococcus growth in broth on

both preoperative and

intraoperative fluid culture;

rheumatoid arthritis

* Breakdown of the classification by the six established diagnostic criteria sets by histology outcome scenario: S = septic; A = aseptic; I =

indeterminate; �indicates a positive result; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; WBC = white blood cell; PMN% =

polymorphonuclear cell percentage; I&D = irrigation and débridement; SLE = systemic lupus erythematous.
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worked up for suspected acute postoperative infection, with

negative results. This last patient had sickle cell anemia

and had presented with an infarction of the knee, leading to

component collapse before revision.

Discussion

A definite preoperative diagnosis of periprosthetic infec-

tion of a TKA is imperative for proper treatment and

management, but it remains a difficult and elusive process

because no single test can be used to identify infection.

Culture may be affected by multiple factors, including

administration of antibiotics [33], formation of a biofilm

[14, 35–37], or the inability of standard growth media to

isolate rare organisms, all of which could lead to false-

negative results; or by contamination, leading to false-

positive results. Serologic tests including ESR and CRP

have been used as part of the preoperative evaluation for

PJI, but their low specificity reduces their diagnostic value

[11, 32, 33]. Numerous combinatorial methods for deter-

mining the likelihood of infection have been proposed and

found useful in diagnosing PJI [5, 25, 26, 30, 35, 37]. The

most commonly used diagnostic criteria take into account

the presence of purulence or a draining sinus, serology,

positive culture, and histologic analysis [5, 25, 33, 35]. We

believe the combination of joint aspirate analysis and

serology enhances the accuracy of the diagnosis. Our goals

were to understand variations in the currently utilized

diagnostic criteria and to incorporate synovial fluid WBC

count and PMN% into a new set of diagnostic criteria.

This study has a few shortcomings. First, our compari-

son of the existing diagnostic criteria is hindered because

our institution did not perform histologic analysis as part of

the workup for PJI. Five of the six criteria sets studied

included histologic analysis as a criterion. This limitation

was addressed by analyzing each of the criteria sets three

times (assuming histology negative, positive, and incon-

clusive). Second, our criteria were not empirically derived.

Although the thresholds we describe are reportedly indi-

vidually valid thresholds for diagnosing PJI, we recognize

the potential for combinatorial variability inherent in

development of our diagnostic algorithm and slight varia-

tions in the implementation of our algorithm may lead to

varying results. Third, despite the prospective collection of

some data, we did not perform joint aspirate analysis in

every patient as performance of joint aspiration was left to

the discretion of the treating surgeon. Fourth, although

prior studies have shown similar cutoff values for WBC

count and PMN% in hips and knees [13, 18, 33, 35], all

patients in this cohort underwent revision TKA, and the

results may not be generalizable to other joints. Fifth, WBC

count and PMN% may not be reliable for a patient with

inflammatory arthropathy, such as crystalline deposition

disease or rheumatoid arthritis, because studies that deter-

mined the cutoff values for these parameters (as well as our

study) excluded or separately analyzed this category of

patients [18, 33]. Sixth, as has previously been reported [7],

in cases in which the cells in the aspirate are partially

clotted or degenerate, reliable cell counts cannot be

determined. We excluded these patients from our study and

can make no comment on the applicability of our set of

criteria in those cases. Finally, our study lacks a known and

reliable gold standard for comparison in diagnosing PJI.

Instead, we rely on previously published and widely used

diagnostic criteria. While this is far from a gold standard

definition of PJI, it is necessary to measure our proposed

criteria against an existing standard and we could identify

no better representation.

Substantial variation existed among the six existing

diagnostic criteria sets studied. The variation in some

diagnostic criteria when changing the histologic analy-

sis displays the susceptibility of these criteria to false-

positive results. Of the five criteria sets employing histol-

ogy, four had differences in diagnosis when changing

histology result from positive to negative. The clinical

practice guidelines recently issued by the American

Academy of Orthopaedic Surgeons attempt to establish an

algorithm for diagnosing PJI [23]. These guidelines dictate

the use of frozen section only in cases where PJI has yet to

be discounted or confirmed. The routine use of frozen

section was not recommended due to its low sensitivity and

high operator-dependent variability. The guidelines also

note the inconsistency in definition of positive histology

results, which is typically dependent on a neutrophil count

per high-power field but is variable among the criteria

studied here and the literature [3]. Large disparity exists

among the existing criteria. Assuming positive histology,

according to Criteria Set 1, all cases (172) would be septic

while Criteria Set 6 diagnoses only 34 as septic. This trend

is maintained despite changes in histology outcome. This

finding is further displayed by the agreement of determi-

nate results. Assuming inconclusive histology results

(Scenario C), only 131 of 172 cases (76%) had complete

agreement among the criteria sets that provided a conclu-

sive result (determinate). This is the first known such

analysis and provides the evidence that a consensus has not

been achieved in diagnosis of PJI.

In an attempt to improve on the diagnostic accuracy for

PJI, we developed a new set of diagnostic criteria that

included synovial fluid cell count analysis, a factor not

included in the other criteria considered. Eighty-seven

cases were diagnosed as septic according to the proposed

criteria due to positive culture or purulence. Five additional

patients were defined as infected solely due to serology or

synovial fluid analysis. When excluding indeterminate
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results due to inconclusive histology, the proposed criteria

have 100% sensitivity and high specificity ([ 90%) when

compared to the six previously published criteria sets and

surgeon’s judgment. Of note, specificity could not be cal-

culated when using Criteria Set 1 and Criteria Set 4 as the

reference, since all patients not conclusively septic were

indeterminate (Table 4). Through our subsequent investi-

gation of these ‘‘false-positives,’’ we argue the specificity

of our criteria would be higher if measured against PJI,

which lacks a true gold standard.

Of the five patients identified as infected by the pro-

posed criteria but aseptic by at least four existing criteria

sets, one remains on lifetime antibiotics, one underwent

irrigation and débridement within 2 weeks of ‘‘aseptic’’

revision, one developed postoperative drainage suggestive

of PJI, and the remaining patients presented with comor-

bidities justifying the elevated serology. We suggest two of

the patients classified as aseptic by at least four of the

existing criteria sets were truly infected and identified by

the proposed criteria. While cultures were negative in the

patient undergoing subsequent surgery, patients undergoing

irrigation and débridement for an infected prosthesis at our

institution, including this patient, are given perioperative

antibiotics, which may have influenced the result of cul-

tures. We believe this patient to have been infected and this

patient continues to be treated as such. Comorbidities

including sickle cell anemia, chronic renal failure, rheu-

matoid arthritis, and SLE may have led to increased

appearance of infection in these patients [3, 6, 12, 23]. As

such, we recommend, in cases in which a patient’s serology

and aspirate results are elevated, patient medical histories

be carefully reviewed to determine whether the elevated

levels are the result of an underlying pathology. Of course,

the difficulty remains in the patients who present with

symptoms that raise suspicion of PJI (ie, postoperative

drainage or light bacterial growth) and underlying pathol-

ogies that justify elevated makers of PJI.

In conclusion, our observations demonstrate a large var-

iation among the currently available diagnostic criteria. Our

proposed set of criteria, which incorporates the combination

of synovial fluid cell count analysis and serology tests, is

54% to 100% (mean, 94%) sensitive and 39% to 100%

(mean: 81%) specific compared to these well-accepted cri-

teria. Especially in the case of elevated ESR or CRP, we

recommend the addition of synovial fluid WBC count and

PMN% to the standard diagnostic criteria. It is expected

these additions will prove useful for diagnosis in research,

the postoperative setting, and pre- and intraoperative plan-

ning. Our findings underscore the desperate need for

establishment and utilization of common diagnostic criteria

for PJI to facilitate collaborative PJI research and the con-

fident diagnosis of patients with a failed joint arthroplasty.
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