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QUESTION 1: Is there a role for preoperative joint aspiration in the evaluation of the painful 
elbow arthroplasty for periprosthetic joint infection (PJI)?

RECOMMENDATION: Preoperative joint aspiration can play a role in the evaluation of the painful total elbow arthroplasty (TEA) suspected 
for infection. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE

In a patient with painful TEA and the presence of prosthetic loos-
ening on the radiographs, PJI is high on the list of diff erential diag-
nosis. PJI remains one of the major failure modes for TEA. Joint aspi-
ration has not been evaluated at length as a diagnostic test in TEA, 
with only a few studies examining its role and usefulness in the 
identifi cation of infection of the joint [1–3]. Although joint aspira-
tion has not been specifi cally evaluated as a diagnostic test in TEA, 
the value of this diagnostic approach has been proven in the workup 
of patients with hip and knee arthroplasty [4]. 

Gille et al. reported that in fi ve of six infected elbows, positive 
joint aspiration cultures were found, and cultures of the sixth elbow, 
which had previously been treated with antibiotics, tested positive 
for infection at the time of revision [2]. There is litt le data on the role 
of joint aspiration in evaluating infection in TEA, however, it has 
been shown to be useful in identifying patients with PJI in hip and 
knee arthroplasty patients [4].

When aspirated, the obtained synovial fl uid should be sent for 
white blood cell (WBC) count, with particular att ention to the diff er-
ential (% polymorphonuclear neutrophils). In addition, the fl uid 
should be sent for aerobic and anaerobic cultures. Elevated syno-
vial fl uid WBC count is highly suggestive of PJI [5]. The hip and knee 
arthroplasty literature demonstrated excellent sensitivity and speci-
fi city of synovial WBC for the diagnosis of chronic PJI [6–11]. Based on 
that literature, the proceedings of the International Consensus on 
PJI recommends the following thresholds for synovial fl uid tests for 
chronic PJI: WBC > 3,000 cell/microL and % PMN of 80% [12]. For acute 
PJI, the recommended thresholds are the following: WBC > 10,000 
cell/microL and % PMN of 90% [12]. 

Gram stains lack sensitivity and specifi city, and are not 
routinely recommended [13]. Cultures remain the most eff ective 
method for specifi c organism identifi cation. However, despite a 
high specifi city, culture has poor sensitivity and a negative culture 
does not rule out the diagnosis of PJI [14–18]. For isolation of the 
infecting organism, aerobic and anaerobic cultures of the obtained 
samples should be performed [19,20]. The addition of Acid-Fast 
Bacilli (AFB) and fungal cultures can also be considered in patients 
with atypical infection and a possibility for these infections. Addi-
tionally, incubating cultures for a longer period (21 days) may assist 
in identifying fastidious, slow-growing organisms such as Cutibac-
terium  acnes [21].

Despite the lack of adequate studies in the TEA literature, and 
borrowing from the hip and knee arthroplasty, we recommend that 

aspiration of elbow joint suspected of infection should be part of 
the diagnostic work up. The synovial fl uid obtained should be sent 
for routine culture (which may need to be kept for 14-21 days), WBC 
count, determination of neutrophil percentage and possibly molec-
ular analyses for identifi cation of the infective organisms. 

REFERENCES
[1] Somerson JS, Morrey ME, Sanchez-Sotelo J, Morrey BF. Diagnosis and 

management of periprosthetic elbow infection. J Bone Joint Surg Am. 
2015;97:1962–1971. doi:10.2106/JBJS.O.00170.

[2] Gille J, Ince A, González O, Katzer A, Loehr JF. Single-stage revision of peri-
prosthetic infection following total elbow replacement. J Bone Joint Surg 
Br. 2006;88:1341–1346. doi:10.1302/0301-620X.88B10.17952.

[3] Achermann Y, Vogt M, Spormann C, Kolling C, Remschmidt C, Wüst J, et al. 
Characteristics and outcome of 27 elbow periprosthetic joint infections: 
results from a 14-year cohort study of 358 elbow prostheses. Clin Microbiol 
Infect. 2011;17(3):432–438. doi:10.1111/j.1469-0691.2010.03243.x.

[4] Springer BD. The diagnosis of periprosthetic joint infection. J Arthroplasty. 
2015;30(6):908–911. doi:10.1016/j.arth.2015.03.042.

[5] Della Valle C, Parvizi J, Bauer TW, Dicesare PE, Evans RP, Segreti J, et al. Diag-
nosis of periprosthetic joint infections of the hip and knee. J Am Acad 
Orthop Surg. 2010;18:760–770.

[6] Dinneen A, Guyot A, Clements J, Bradley N. Synovial fl uid white cell and 
diff erential count in the diagnosis or exclusion of prosthetic joint infec-
tion. Bone Joint J. 2013;95-B:554–557. doi:10.1302/0301-620X.95B4.30388.

[7] Shukla SK, Ward JP, Jacofsky MC, Sporer SM, Paprosky WG, Della Valle CJ. 
Perioperative testing for persistent sepsis following resection arthro-
plasty of the hip for periprosthetic infection. J Arthroplasty. 2010;25:87–91. 
doi:10.1016/j.arth.2010.05.006.

[8] Ghanem E, Parvizi J, Burnett  RSJ, Sharkey PF, Keshavarzi N, Aggarwal A, et al. 
Cell count and diff erential of aspirated fl uid in the diagnosis of infection at 
the site of total knee arthroplasty. J Bone Joint Surg Am. 2008;90:1637–1643. 
doi:10.2106/JBJS.G.00470.

[9] Nilsdott er-Augustinsson A, Briheim G, Herder A, Ljunghusen O, Wahlström O,
Ohman L. Infl ammatory response in 85 patients with loosened hip pros-
theses: a prospective study comparing infl ammatory markers in patients 
with aseptic and septic prosthetic loosening. Acta Orthop. 2007;78:629–639. 
doi:10.1080/17453670710014329.

[10] Zmistowski B, Fedorka CJ, Sheehan E, Deirmengian G, Austin MS, Parvizi J.
Prosthetic joint infection caused by gram-negative organisms. J Arthro-
plasty. 2011;26:104–108. doi:10.1016/j.arth.2011.03.044.

[11] Trampuz A, Hanssen AD, Osmon DR, Mandrekar J, Steckelberg JM, Patel R.
Synovial fl uid leukocyte count and diff erential for the diagnosis of 
prosthetic knee infection. Am J Med. 2004;117:556–562. doi:10.1016/j.
amjmed.2004.06.022.

[12] Zmistowski B, Della Valle C, Bauer TW, Malizos KN, Alavi A, Bedair H, et 
al. Diagnosis of periprosthetic joint infection. J Orthop Res. 2014;32 Suppl 
1:S98-S107. doi:10.1002/jor.22553.

[13] Morgan PM, Sharkey P, Ghanem E, Parvizi J, Clohisy JC, Burnett  RSJ, et al. 
The value of intraoperative Gram stain in revision total knee arthroplasty. J 
Bone Joint Surg Am. 2009;91:2124–2129. doi:10.2106/JBJS.H.00853.

[14] Baré J, MacDonald SJ, Bourne RB. Preoperative evaluations in revision total 
knee arthroplasty. Clin Orthop Relat Res. 2006;446:40–44. doi:10.1097/01.
blo.0000218727.14097.d5.



922 Part IX   Elbow

[15] Gallo J, Kolar M, Dendis M, Loveckova Y, Sauer P, Zapletalova J, et al. Culture 
and PCR analysis of joint fl uid in the diagnosis of prosthetic joint infection. 
New Microbiol. 2008;31:97–104.

[16] Spangehl MJ, Masri BA, O’Connell JX, Duncan CP. Prospective analysis of 
preoperative and intraoperative investigations for the diagnosis of infec-
tion at the sites of two hundred and two revision total hip arthroplasties. J 
Bone Joint Surg Am. 1999;81:672–683.

[17] Gomez E, Cazanave C, Cunningham SA, Greenwood-Quaintance KE, 
Steckelberg JM, Uhl JR, et al. Prosthetic joint infection diagnosis using 
broad-range PCR of biofi lms dislodged from knee and hip arthroplasty 
surfaces using sonication. J Clin Microbiol. 2012;50:3501–3508. doi:10.1128/
JCM.00834-12.

[18] Shanmugasundaram S, Ricciardi BF, Briggs TWR, Sussmann PS, Bostrom 
MP. Evaluation and management of periprosthetic joint infection – an 

international, multicenter study. HSS J. 2014;10:36–44. doi:10.1007/s11420-013-
9366-4.

[19] Aggarwal VK, Higuera C, Deirmengian G, Parvizi J, Austin MS. Swab cultures 
are not as eff ective as tissue cultures for diagnosis of periprosthetic joint 
infection. Clin Orthop Relat Res. 2013;471:3196–3203. doi:10.1007/s11999-013-
2974-y.

[20] Font-Vizcarra L, García S, Martínez-Pastor JC, Sierra JM, Soriano A. Blood 
culture fl asks for culturing synovial fl uid in prosthetic joint infections. Clin 
Orthop Relat Res. 2010;468:2238–2243. doi:10.1007/s11999-010-1254-3.

[21] Parvizi J, Ghanem E, Sharkey P, Aggarwal A, Burnett  RSJ, Barrack RL. Diag-
nosis of infected total knee: fi ndings of a multicenter database. Clin Orthop 
Relat Res. 2008;466:2628–2633. doi:10.1007/s11999-008-0471-5.

•    •    •    •    •
Authors: Mark Mighell, Mark Frankle

QUESTION 2: What is the role for serum erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP) or white blood cell (WBC) count in the evaluation of an elbow arthroplasty for peri-
prosthetic joint infection (PJI)?

RECOMMENDATION: ESR, CRP and WBC play a role in screening and monitoring for PJI, though evidence is limited regarding specifi c thresholds 
and strategies to guide the surgeon when interpreting these values. 

LEVEL OF EVIDENCE: Consensus

DELEGATE VOTE: Agree: 95%, Disagree: 0%, Abstain: 5% (Unanimous, Strongest Consensus)

RATIONALE

When in the evaluation stage of a suspected PJI, these laboratory 
markers are often combined with the clinical fi ndings and joint aspi-
ration to increase confi dence of PJI [1–9]. In isolation, ESR and CRP 
may be diffi  cult to interpret, especially in the sett ing of a medically 
complex patient with underlying conditions such as rheumatoid 
arthritis or with atypical infectious organisms such as fungi [2,3]. In 
monitoring for resolution of an infection after initial explantation, 
these laboratory markers are utilized again in concert with clinical 
factors, and it is important to trend these over time [5]. If the values 
have not normalized at the time of subsequent surgery with plans to 
reimplant, a repeat debridement and washout is advised along with 
the  trending of values over time.

Despite the lack of multiple randomized clinical trials refl ecting 
the utility of ESR, CRP and WBC measurement and monitoring in the 
patient with PJI of the elbow, several retrospective studies demon-
strate the usefulness of integrating these values into the treatment 
plan. Also, the importance of these markers has been incorporated 
into the recommendations of the American Academy of Ortho-
paedic Surgeons for the treatment of PJI in the hip and knee [7,10]. 
This recommendation is rated as “limited” due to the lack of large, 
high-quality studies addressing PJI in the elbow specifi cally, rather 
than adapting already-published data from other joints, though 
these results are useful as they may be extrapolated to the manage-
ment of elbow PJI.
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