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Abstract

Background Periprosthetic joint infection is a serious

complication after THA and commonly is treated with a

two-stage revision. Antibiotic-eluting cement spacers are

placed for local delivery of antibiotics. Aspirations may be

performed before the second-stage reimplantation for

identification of persistent infection. However, limited data

exist regarding the diagnostic parameters of synovial fluid

aspiration with or without saline lavage from a hip with an

antibiotic-loaded cement spacer.

Questions/purposes We asked: (1) For hips with antibi-

otic cement spacers, does saline lavage influence the

diagnostic validity of aspirations? (2) What is the diag-

nostic accuracy of preoperative aspirations performed on

hips with antibiotic cement spacers using the Muscu-

loskeletal Infection Society (MSIS) criteria, stratified by

saline and nonlavage? (3) For hips with antibiotic spacers,

what are the optimal thresholds for synovial fluid white

blood cell (WBC) count and polymorphonuclear neutrophil

(PMN) percentage for diagnosing infections?

Methods One hundred seventy-four hips (155 patients)

with antibiotic-eluting cement spacers inserted between

October 2012 and July 2015 were reviewed. Of these, 98

hips (80 patients) met the inclusion criteria and were

included in the analysis (77 nonlavage, 21 saline lavage

aspirations). Laboratory data from the aspiration and pre-

operative workup and intraoperative details were collected.

Infection status of each hip procedure was determined
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based on a modified MSIS criteria using serologic, histo-

logic, and intraoperative findings (sinus tract

communicating with the joint at surgery or two positive

intraoperative periprosthetic cultures with the same

organism or two of the three following criteria: elevated

erythrocyte sedimentation rate [ESR] [[30 mm/hour] and

C-reactive protein [CRP] [[ 10 mg/L], a single positive

intraoperative periprosthetic tissue culture, or a positive

histologic analysis of periprosthetic tissue [[5 neutrophils

per high power field]). The diagnostic parameters were

calculated for the MSIS criteria thresholds for synovial

fluid (ie, WBC count[3000 cells/lL and PMN percentage

[ 80%). Optimal thresholds were calculated for the cor-

rected synovial WBC count and PMN percentage with a

receiver operating characteristic curve. Separate analyses

were performed for the hips with successful aspirations

(nonlavage group) and those with saline lavage aspirations.

Results The WBC count and PMN percentage were

higher in hips with infection than in hips without infection

when nonlavage aspirations were done (WBC count, 6680

cells/lL ± 6980 cells/lL vs 2001 ± 4825; mean differ-

ence, 4679; 95% CI, 923-8436; p = 0.015; PMN

percentage, 83% ± 13% vs 44% ± 30%; mean difference,

39%; 95% CI, 39%–49%; p \ 0.001) and the findings

between infected and noninfected aspirations were not

different when saline lavage aspirations were done (WBC

count, 782 cells/lL ± 696 vs 307 cells/lL ± 343; mean

difference, 475; 95% CI, �253 to 1203; p = 0.161; PMN

percentage, 67% ± 15% vs 58% ± 28%; mean difference,

10%; 95% CI, �11% to 30%; p = 0.331). Aspirations

performed without lavage yielded good diagnostic accu-

racy in all parameters (WBC count, 78% [95% CI, 70%–

86%]; PMN percentage. 79% [95% CI, 70%–88%]; posi-

tive culture: 84% [95% CI, 81%–90%]; at least one of the

above: 79% [95% CI, 70%–88%]); but in the saline lavage

group, none had WBC counts above the threshold (diag-

nostic accuracies for WBC count, 0%; PMN percentage,

71% [95% CI, 62%–86%]; positive culture, 76% [95% CI,

76%–86%]; at least one: 71% [95% CI, 57%–91%]).

Because saline lavage did not result in differences between

aspirations from infected and noninfected hips, we calcu-

lated the optimal thresholds in the nonlavage group only;

the optimal threshold for synovial WBC count was 1166

cells/lL and for synovial PMN the percentage was 68%,

which corresponds to WBC count diagnostic accuracy of

78% (95% CI, 69%–87%) and PMN percentage accuracy

of 78% (95% CI, 69%–87%).

Conclusions Because the MSIS criteria thresholds resul-

ted in suboptimal sensitivities owing to a higher number of

false negatives, we recommend considering lower WBC

count and PMN percentage thresholds for hip-spacer

aspirations. Furthermore, the WBC count and PMN

percentage results from aspirations performed with saline

lavage are not reliable for treatment decisions.

Level of Evidence Level III, diagnostic study.

Introduction

Hip aspirations for synovial fluid cell count and culture

along with measurement of serum C-reactive protein

(CRP) and erythrocyte sedimentation rate (ESR) typically

are performed as screening tests for infection before revi-

sion THA [4, 8]. These aspirations have reported

sensitivities ranging from 55% to 99% [3, 5, 9, 13, 25]. The

Musculoskeletal Infection Society (MSIS) criteria [20] is

the most agreed upon and widely used standard for diag-

nosing periprosthetic joint infections and is based on the

presence of one of two major criteria (ie, two positive

periprosthetic cultures of the same organism with same

phenotype and/or a sinus tract that communicates with the

joint) or three of five minor criteria (ie, ESR and CRP,

elevated synovial fluid white blood cell [WBC] count or

positive (++) change on leukocyte esterase strip, elevated

synovial fluid polymorphonuclear neutrophil [PMN] per-

centage, a positive periprosthetic tissue histologic analysis,

or one positive culture). Once infection is diagnosed, the

current treatment algorithm includes two-stage revision,

where the implants are removed, and antibiotic-loaded

cement spacers are placed for local delivery of antibiotics

to infected tissue [7, 17, 24].

However, possible persistent antibiotic elution before

the second stage may yield false negative preoperative hip

aspiration results and lead to an increased risk of

postreimplantation persistent infection. The MSIS guide-

lines’ thresholds have not been validated in the diagnosis of

persistent infection after stage-one revisions in THA where

antibiotic cement spacers are used. To aid in diagnosis,

aspirations also may be done before the second-stage

reimplantation to determine if there is a persistent infection

[16, 18, 26]. Despite the assistance of fluoroscopic guid-

ance, hip aspiration can be complicated by a lack of

accessible synovial fluid or a ‘‘dry tap’’ [4]. As a solution to

this problem, it has been suggested that sterile saline can be

injected in these ‘‘dry taps’’ and then reaspirated [1, 6, 31],

although this is controversial owing to the fear of inaccu-

rate sampling and contamination [1, 28]. To the best of our

knowledge, diagnostic parameters of synovial fluid aspi-

ration with and without saline lavage from a hip with an

antibiotic-loaded cement spacer have not been described.

Therefore, we asked: (1) For hips with antibiotic cement

spacers, does saline lavage influence the diagnostic validity

of aspirations? (2) What is the diagnostic accuracy of

preoperative aspirations performed on hips with antibiotic
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cement spacers using the MSIS criteria, stratified by saline

and no lavage? (3) For hips with antibiotic spacers, what

are the optimal thresholds for WBC count and percent

PMNs for diagnosing infections?

Methods

Study Design and Setting

Once institutional review board approval was obtained, we

retrospectively identified 174 hips (155 patients) with

antibiotic-eluting cement spacers that were placed by one

of 14 surgeons who perform revision joint replacement

surgery, between October 2012 and July 2015, at a large

academic hospital. During the first-stage surgery for the

cement spacer, there are typically three to four bags of

antibiotic cement used with 3.6 g of tobramycin and 2 to 3

g of vancomycin per bag of cement; in cases of fungi, 600

mg of amphotericin B with either 3.6 g of tobramycin or 3

g of vancomycin per bag of cement is used. Postopera-

tively, patients typically received intravenous antibiotics

for 6 to 8 weeks with an antibiotic holiday 2 weeks before

aspiration. The average time between the stages was 125.6

days (range, 49–503 days); this wide range was

attributable to some of the patients’ comorbidities that

prevented the second-stage surgery from being performed

earlier.

Participants and Study Subjects

Patients were sequentially excluded from the study if they

did not have a second-stage surgery (reimplantation or

spacer exchange) after the aspiration (n =19); did not have

an aspiration performed (n = 22); no aspiration was

obtained, even with saline lavage (n = 2); no synovial fluid

WBC count or synovial PMN percentage owing to insuf-

ficient fluid aspirated (n = 32); and a successful aspiration

was performed after which a saline lavage aspiration also

was performed but the results did not specify which aspi-

ration sample was used (n = 1). The decision to aspirate

was not simply surgeon dependent, there were patient

factors that influenced this decision. Therefore, nearly

every surgeon included in the study had some cases in

which he or she chose not to obtain a preoperative

aspiration.

Variables, Outcome Measures, Data Sources, and Bias

A thorough chart review was conducted to collect key

laboratory data at the time of aspiration and intraoperative

details. These included: serum WBC and red blood cell

(RBC) counts, ESR and CRP, synovial WBC and RBC

counts, and the corrected synovial fluid WBC count as

described by Ghanem et al. [12] was calculated (corrected

WBC count = WBC synovial fluid – [WBC count blood 9

RBC synovial fluid/RBC blood]). Hereafter, all WBC

counts will refer to the corrected WBC count. In addition,

the synovial fluid culture regardless whether saline lavage

was performed, and intraoperative details including the

presence or absence of a sinus tract, histologic analysis of

periprosthetic tissue, and culture results were collected. All

hip-spacer arthroplasty aspirations were performed using

fluoroscopic guidance. Saline lavage technique was used if

the needle was confirmed to be positioned appropriately

using fluoroscopy and no fluid could be aspirated; the

saline was injected in the hip and reaspirated. The reaspi-

rated fluid then was used in the aforementioned analysis.

For the purposes of this study, a hip was considered

infected based on a modified MSIS criteria: if there was

one of the following major criteria including a sinus tract

communicating with the joint at surgery or two positive

intraoperative periprosthetic cultures with the same

organism, or if there were two of the three of the following

minor criteria: elevated ESR ([30 mm/hour) and CRP ([
10 mg/L), a single positive intraoperative periprosthetic

tissue culture, or a positive histologic analysis of

periprosthetic tissue ([5 neutrophils per high power field)

[20]. This was considered the reference standard for eval-

uating the diagnostic accuracy of synovial fluid parameters

(WBC count, PMN percentage, and culture) obtained from

the aspiration.

Statistical Analysis, Study Size

We first compared infected and not infected hips in terms

of the WBC count and PMN percentage in aspirations

performed with nonlavage and saline lavage. Then, sensi-

tivity, specificity, positive predictive value (PPV), negative

predictive value (NPV), and accuracy of synovial fluid

WBC count and PMN percentage were calculated using the

thresholds specified according to the MSIS criteria [20].

Additionally, for hips with antibiotic spacers, to determine

the optimal synovial fluid WBC and PMN percentage

thresholds, a receiver operating characteristic (ROC) curve

was used. The optimal thresholds were defined as the cutoff

point that provided the highest Youden’s J statistic, which

determined the maximum sensitivity and specificity of the

test (Fig. 1). The 95% CIs for the thresholds and diagnostic

parameters were computed with 2000 stratified bootstrap

replicates. The diagnostic parameters at the optimal

threshold were compared with those at the MSIS threshold

using the McNemar test (sensitivity, specificity, and
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accuracy) or generalized score statistic (PPV and NPV).

All analyses were performed using the ‘pROC’ package in

the R software (version 3.1.3; R Foundation for Statistical

Computing, Vienna, Austria) [23]. A p value less than 0.05

was used to determine statistical significance.

Demographics, Description of Study Population

A total of 98 hips (80 patients) were included in the study;

the aspirations were considered as different events in the 80

patients and therefore, the number of hips, not the number

of patients, was considered the unit of study. Successful

aspirations were performed on 77 hips (78.6%; nonlavage

group) and saline lavage was performed in 21 hips

(21.4%). The mean age of patients at the time of aspiration

was 64.2 years (± 12.5 years) and the cohort included 58

(59%) males and 40 (41%) females. There were 57 right

and 41 left hips. Twenty-three of the 98 hips (23.5%) had

persistent infection, as per our modified MSIS criteria; nine

hips were diagnosed as infected with only the minor cri-

teria (ie, at least two of three minor criteria, as per above)

with the most common minor criteria being positive his-

tologic analysis of periprosthetic tissue in 15 hips and

elevated ESR and CRP in 16 hips. Intraoperative cultures

were positive in 24 hips (24.5%), including the six hips

with positive aspiration cultures. The remaining 74 hips

had negative cultures from aspiration and intraoperative

samples. The organisms isolated from the synovial aspi-

ration and intraoperative samples were recorded.

(Appendix 1. Supplemental material is available with the

online version of CORR1). Of the persistently infected 23

hips, 16 underwent spacer exchange, one had spacer

removal and Girdlestone procedure, one had a disarticu-

lation, and five underwent reimplantation at the second-

stage surgery; this was attributable to either improvement

in inflammatory markers and the surgeon thought that

reimplantation would be the best option, the patient would

not be able to handle another surgery, or results of the

intraoperative cultures were not received until after the

surgery and the criteria for infection was met postopera-

tively. There were 65 hips that had no persistent infection

as per the modified MSIS criteria we used, and of those,

seven underwent additional surgery for wound issues and/

or infection. Ten hips were considered to be without per-

sistent infection based on the modified MSIS criteria, but

had spacer exchange; four hips were considered infected

based on the MSIS criteria. The other six hips did not meet

our criteria, but based on laboratory results and intraoper-

ative findings, the surgeons decided to perform a spacer

exchange; one hip had purulence in the joint, three had

positive frozen sections intraoperatively, one had an ele-

vated ESR and CRP, and one had a positive culture and

elevated ESR.

Results

When saline lavage aspirations were performed, the find-

ings between infected and noninfected hips were not

significantly different (WBC count, 782 cells/lL ± 696 vs

307 cells/lL ± 343; mean difference, 475; 95% CI, �253

to 1203; p = 0.161; PMN percentage, 67% ± 15% vs 58%

± 28%; mean difference, 10%; 95% CI, �11% to 30%; p =

0.331). In the saline lavage group, six of 21 (29%) hips had

persistent infection, and in the nonlavage group 17 of 77

(22%) had persistent infection. The WBC count and PMN

percentage were higher in the hips with infection than in

hips without infection when nonlavage aspirations were

done (WBC count, 6680 cells/lL ± 6980 cells/lL vs 2001

± 4825; mean difference, 4679; 95% CI, 923-8436; p =

0.015; PMN percentage, 83% ± 13% vs 44% ± 30%;

mean difference, 39%; 95% CI, 39%–49%; p \ 0.001)

(Table 1). In the infected group, saline lavage produced

lower synovial WBC counts compared with nonlavage

aspirations (saline lavage, 782 cells/lL ± 696; nonlavage,

6680 cells/lL ± 6980; mean difference, 5897; 95% CI,

2274–9521; p = 0.003), but there was no difference in

PMN percentage (saline lavage, 67% ± 15%; nonlavage,

83% ± 13%; mean difference, 16%; 95% CI, 0%-32%; p =

0.053).

Using thresholds from the MSIS criteria, nonlavage

aspirations yielded good diagnostic accuracy in all

parameters (WBC count, 78% [95% CI, 70%–86%]; PMN

percentage, 79% [95% CI, 70%–88%]; positive culture,

84% [95% CI, 81%–90%]; at least one of the above, 79%

Fig. 1 A receiver operating characteristic curve was used to deter-

mine the optimal synovial fluid WBC count (solid line) and PMN

percentage (dashed line) thresholds for the nonlavage group. WBC =

white blood cell; PMN = polymorphonuclear leukocytes.
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[95% CI, 70%–88%]); but in the saline lavage group, none

had WBC counts above the threshold of 3000 cells/lL
(diagnostic accuracies for WBC count, 0%; PMN %, 71%

[95% CI, 62%-86%]; positive culture, 76% [95% CI, 76%–

86%]; at least one, 71% [95% CI, 57%–91%]) (Table 2).

In the nonlavage group, the optimal threshold for syn-

ovial fluid WBC count was 1166 cells/lL and for synovial

PMN percentage was 68% (Table 3), which corresponds to

a WBC count diagnostic accuracy of 78% (95% CI, 69%–

87%) and PMN percentage accuracy of 78% (95% CI,

69%–87%). The calculations for the optimal thresholds in

the saline lavage group were not performed because the

initial analysis failed to reveal any differences between the

infected and noninfected hips when aspirated using saline

lavage. The diagnostic parameters using the optimal

thresholds that were calculated in the nonlavage group

were compared with the MSIS criteria thresholds

(Table 4). When compared with the MSIS criteria thresh-

olds, our new recommended threshold for synovial fluid

WBC count had better sensitivity (76% [95% CI, 53%–

Table 2. Diagnostic accuracy of synovial fluid using the MSIS criteria

Parameter WBC count[ 3000 cells/lL PMN percentage[ 80% Positive culture At least one*

Nonlavage group (n = 77 hips)

Number of hips (%) 16 (21%) 25 (32%) 5 (6.5%) 27 (35%)

Sensitivity 47% (24–70) 76% (53–94) 30% (12–53) 82% (65–100)

Specificity 87% (78–95) 80% (70–90) 100% (100–100) 78% (64–87)

Positive predictive value 50% (31–73) 52% (38–68) 100% (100–100) 52% (40–67)

Negative predictive value 85% (80–91) 92% (86–98) 83% (80–88) 94% (88–100)

Accuracy 78% (70–86) 79% (70–88) 84% (81–90) 79% (70–88)

Area under the curve 0.668 (0.54–0.80) 0.782 (0.67–0.90) 0.647 (0.54–0.76) 0.803 (0.70–0.91)

Saline lavage group (n = 21 hips)

Number of hips (%) 0 (0%) 5 (24%) 1 (4.8%) 6 (29%)

Sensitivity N/A 33% (17–67) 17% (17–50) 50% (17–83)

Specificity N/A 87% (60–100) 100% (100-100) 80% (60-100)

Positive predictive value N/A 50% (33–100) 100% (100–100) 50% (33–100)

Negative predictive value N/A 78% (72–88) 75% (75–83) 81% (73–93)

Accuracy N/A 71% (62–86) 76% (76–86) 71% (57–91)

Area under the curve N/A 0.567 (0.335–0.798) 0.583 (0.42–0.747) 0.650 (0.407–0.893)

Thresholds and 95% CIs are shown in parentheses; MSIS = Musculoskeletal Infection Society; WBC = white blood cell; PMN = polymor-

phonuclear leukocytes; N/A = not applicable. *Having at least one of the following: WBC count[3000 cells/lL, PMN percentage[80%, or

positive synovial fluid culture.

Table 3. Diagnostic parameters of synovial fluid WBC count and

PMN percentage at optimal thresholds

Parameter WBC count PMN percentage

Optimal threshold 1166 cells/lL 68%

Sensitivity 76% (53–94) 88% (71–100)

Specificity 78% (67–88) 75% (63–85)

Positive predictive value 50% (37–65) 50% (40–64)

Negative predictive value 92% (85–98) 96% (90–100)

Accuracy 78% (69–87) 78% (69–87)

Area under the curve 0.774 (0.69–0.87) 0.852 (0.72–0.91)

WBC = white blood cell; PMNs = polymorphonuclear leukocytes;

95% CIs are shown in parentheses.

Table 1. Synovial fluid parameters in saline lavage and nonlavage aspirations based on infection status

Variable Infected (n = 23 hips) Not infected (n = 75 hips) Mean difference (95% CI) p Value

WBC count (cells/lL)

Saline lavage 782 ± 696 (n = 6) 307 ± 343 (n = 15) 475 (�253 to 1203) 0.161

Nonlavage 6680 ± 6980 (n = 17) 2001 ± 4825 (n = 60) 4679 (923–8436) 0.015

PMN percentage (%)

Saline lavage 67 ± 15 (n = 6) 58 ± 28 (n = 15) 10 (�11 to 30) 0.331

Nonlavage 83 ± 13 (n = 17) 44 ± 30 (n = 60) 39 (39–49) \ 0.001

Values = mean ± SD; WBC = white blood cell; PMN = polymorphonuclear cells.
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94%] vs 47% [95% CI, 24%–70%], p = 0.025), lower

specificity (78% [95% CI, 67%–88%] vs 87% [95% CI,

78%–95%], p = 0.025), but without sacrificing diagnostic

accuracy (78% [95% CI, 69%–87%] vs 78% [95% CI,

70%–86%], p = 0.739). However, there was no difference

in diagnostic accuracy in PMN percentage when using our

new threshold (new threshold vs MSIS, sensitivity: 88%

[95% CI, 71%–100%] vs 76% [95% CI, 53%–94%], p =

0.157; specificity: 75% [95% CI, 63%–85%] vs 80% [95%

CI, 70%–90%], p = 0.083; accuracy: 78% [95% CI, 69%–

87%] vs 79% [95% CI, 70%–88%], p = 0.655).

Discussion

The recognition of persistent infection after hip-spacer

arthroplasty and appropriate antibiotic treatment is impor-

tant for successful reimplantation. Although the MSIS

criteria are considered the best standard we have for

diagnosing acute and chronic periprosthetic joint infections

in total joint arthroplasties, it was not designed to address

joints with antibiotic-eluting spacers. There are limited

studies that have evaluated methods to determine whether

the periprosthetic joint infection has been effectively

treated before the second-stage surgery [11, 15, 16, 26]. No

previous studies, of which we are aware, have examined

the utility of preoperative hip aspirations with or without

saline lavage for diagnosing persistent infection in hips

with antibiotic cement spacers, and no cutoff values for

WBC count and PMN percentage have been established.

Therefore, we aimed to determine the optimal threshold

values for synovial fluid WBC count and PMN percentage

in hips with antibiotic cement spacers during the interim

period of a two-stage hip revision for periprosthetic joint

infections.

There are notable limitations to this study. First, this was

a retrospective study subject to selection bias. Although we

analyzed all saline lavage aspirates as a single group, the

amount of saline injected is operator dependent and may

influence the synovial fluid analysis. In addition, although

all of the saline lavage aspirates were sent for culture

analysis, not all were sent for synovial fluid analysis

because of insufficient fluid, therefore limiting the inclu-

sion of those samples. Second, we did attempt to determine

whether the tests performed differently between men and

women. Third, the study was limited by the sample size

because a periprosthetic joint infection is a relatively rare

complication. Owing to the requirement for intraoperative

samples for diagnosing infection, patients who did not

undergo a second-stage surgery were not included,

regardless of their aspiration results. Fourth, it would have

been clinically useful to compare the sensitivities and

specificities of the MSIS thresholds with the new thresh-

olds in the hips that had saline lavage, but given that all

WBC counts in the saline lavage group were less than 3000

cells/lL this was not possible. Fifth, it is not the standard of

care to perform an aspiration before the second-stage sur-

gery; the decision to aspirate is not simply surgeon

dependent. There are also patient factors which influence

this decision. Therefore, nearly every surgeon included in

the study had some cases in which he or she chose not to

get a preoperative aspiration. Sixth, although we used a

Table 4. Comparison of sensitivity and specificity using the MSIS threshold and the new threshold

Parameter MSIS threshold New threshold p Value

WBC count

Threshold 3000 cells/lL 1166 cells/lL N/A

Sensitivity 47% (24–70) 76% (53–94) 0.025

Specificity 87% (78–95) 78% (67–88) 0.025

Positive predictive value 50% (31–73) 50% (37–65) 1

Negative predictive value 85% (80–91) 92% (85–98) 0.037

Accuracy 78% (70–86) 78% (69–87) 0.739

PMN percentage

Threshold 80% 68% N/A

Sensitivity 76% (53–94) 88% (71–100) 0.157

Specificity 80% (70–90) 75% (63–85) 0.083

Positive predictive value 52% (38–68) 50% (40–64) 0.625

Negative predictive value 92% (86–98) 96% (90–100) 0.183

Accuracy 79% (70–88) 78% (69–87) 0.655

MSIS = Musculoskeletal Infection Society; WBC = white blood cell; PMN = polymorphonuclear leukocytes; N/A= not applicable; 95% CIs

presented in parentheses.
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modified MSIS criteria to diagnose persistent infection

before the second-stage surgery, it is possible that some of

the hips deemed to be not infected by this modified MSIS

criteria might have been infected. If we also considered

patients who had a failure as cases with persistent infection

when followed long-term, the diagnostic parameters in this

study might have been different and the failure rates may

have been higher. Because positive cultures and positive

MSIS criteria at the time of the second-stage reimplanta-

tion have been reported to increase the risk of subsequent

failure, the criteria we used can be considered to be a

reliable indicator of persistent infection [10, 29]. Moreover,

changing the diagnostic criteria to include long-term fol-

lowup is unlikely to change the conclusions of our study

that a lower threshold for synovial fluid parameters should

be considered in hips with antibiotic cement spacers, as the

same diagnostic criteria was used when comparing the

MSIS thresholds with the new thresholds

Saline lavage may produce a dilutional effect on syn-

ovial fluid samples. Previous studies on hip aspirations

have described using saline lavage injection and reaspira-

tion when dry taps are encountered [1, 6, 19, 22, 27].

Although this saline lavage technique has been reported to

provide accurate results [1], there may be discrepancies

attributable to dilution of the aspiration sample that

potentially might lead to false negative results [1, 22]. Ali

et al. [1] examined 73 patients who underwent hip aspi-

ration and 32% of those who had saline lavage performed

had a dry or inadequate initial aspiration. They compared

the culture results with the intraoperative tissue cultures

and reported a sensitivity, specificity, PPV, NPV, and

accuracy of 83%, 82%, 63%, 93%, and 83%, respectively.

No comparison was made with respect to WBC counts or

PMN percentage. In the current study, the optimal thresh-

olds for the saline lavage group for WBC count and PMN

percentage were not calculated because there were no

differences between the infected and noninfected hips with

antibiotic spacers. Based on these results, we cannot rec-

ommend that WBC count and PMN percentages obtained

from saline lavage in hips with antibiotic spacers be used in

clinical decision making for identification of persistent

periprosthetic joint infections.

In nonlavage hip-spacer aspirations, the MSIS criteria

showed low sensitivities for the WBC count and PMN

percentage, but with reasonable accuracies. Previous

studies have examined the use of preoperative hip aspira-

tions in helping to diagnose periprosthetic joint infections

[1, 3, 25, 30, 33]. It has been suggested that preoperative

aspirations should be performed on select patients with an

intermediate to high risk of infection based on clinical and

radiographic findings [1, 3, 14]. Moreover, in patients who

have an antibiotic spacer in place for infection, preopera-

tive aspiration before the second-stage procedure may help

identify unresolved infections [16, 18]. Mont et al. [18]

reported that cultures from preoperative aspirations before

reimplantation reduced the rate of recurrent infection after

the second-stage surgery by allowing clinicians to identify

patients with persistent infections. Along with synovial

fluid cultures, the synovial fluid WBC count and PMN

percentage are useful tests for identifying persistent

infections at the time of the second-stage surgery for

infected THA [26]. Shukla et al. [26] reported on patients

with hip spacers who had intraoperative aspirations during

the second-stage surgery and found the WBC count sen-

sitivity, specificity, and accuracy to be 78%, 96%, and

94%, respectively, and PMN percentage sensitivity,

specificity, and accuracy of 78%, 82%, and 82%, respec-

tively. The lower sensitivities reported in our study and by

Shukla et al. [26] may be attributable to a high false neg-

ative rate owing to the antibiotic spacer elution, which can

elute antibiotics for up to 8 weeks [2].

In nonlavage hip aspirations, a lower threshold for the

WBC count gave higher sensitivity compared with the

current MSIS-suggested thresholds. Prior studies have

reported on the optimal thresholds for aspiration WBC

count and PMN percentage in THA [21, 25, 32]. Schinsky

et al. [25] investigated 201 painful THAs and performed

intraoperative aspirations on all of the patients at the time of

revision surgery. They found the optimal threshold for

diagnosing infection was a WBC count of 3000 cells/lL.
However, patients with an antibiotic spacer in place were

excluded. Parvizi et al. [21] reported on aspirations per-

formed on hips and knees with a high suspicion of being

infected and found the cutoff for optimal accuracy for WBC

count of 1760 cells/lL and PMN percentage of 73% for

diagnosing periprosthetic joint infections. Similarly,

another study found the optimal threshold for diagnosing a

periprosthetic joint infection to be a WBC count of 1700

cells/lL and a PMN percentage of 65% [32]. However,

there are few studies with results of aspirations performed

before the second-stage surgery, while an antibiotic spacer

is in place [11, 15, 26]. Shukla et al. [26] performed intra-

operative aspirations before arthrotomy during the second-

stage procedure and determined an optimal threshold for

WBC count of 3528 cells/lL and PMN percentage of 79%.

Kusuma et al. [15] reported on patients with knee

periprosthetic joint infections who were treated with two-

stage revision surgery and had repeat aspirations performed

on knees with antibiotic spacers, before the second surgery.

They found the optimal thresholds for WBC count and

PMN percentage to be 1102.5 cells/lL and 71.5%, respec-

tively. We found results comparable to those reported by

Kusuma et al. [15], with an optimal threshold for WBC

count of 1166 cells/lL and PMN percentage of 68%.

The validity of the aspiration WBC count and PMN per-

centage results performed with saline lavage is not reliable
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and should not be relied on for decision-making purposes.

We recommend considering lower WBC count and PMN

percentage thresholds for hip-spacer aspirations, as theMSIS

criteria thresholds resulted in a higher number of false neg-

ative results. Further prospective studies with larger cohorts

may be required to determine the optimal thresholds to

diagnose persistent infection before reimplantation surgery.

References

1. Ali F, Wilkinson JM, Cooper JR, Kerry RM, Hamer AJ, Norman

P, Stockley I. Accuracy of joint aspiration for the preoperative

diagnosis of infection in total hip arthroplasty. J Arthroplasty.

2006;21:221–226.

2. Anagnostakos K, Kelm J. Enhancement of antibiotic elution from

acrylic bone cement. J Biomed Mater Res B Appl Biomater.

2009;90:467–475.

3. Barrack RL, Jennings RW, Wolfe MW, Bertot AJ. The Coventry

Award: the value of preoperative aspiration before total knee

revision. Clin Orthop Relat Res. 1997;345:8–16.

4. Bauer TW, Parvizi J, Kobayashi N, Krebs V. Diagnosis of

periprosthetic infection. J Bone Joint Surg Am. 2006;88:869–882.
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