Section2  Diagnosis 565

REFERENCES

[1]

(2]

3]
(4]

5]
6]

[7]

(8]

[o]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

Hsu JE, Somerson |S, Vo KV, Matsen FA. What is a “periprosthetic shoulder
infection”? A systematic review of two decades of publications. Int Orthop.
2017;41(4):813-822. d0i:10.1007/500264-017-3421-6

Parvizi |, Zmistowski B, Berbari EF, et al. New definition for periprosthetic
joint infection: from the workgroup of the musculoskeletal infection
society. Clin Orthop Relat Res. 2011;469(11):2992-2994. doi:10.1007/s11999-011-
2102-9

Zmistowski B, Della Valle C, Bauer TW, et al. Diagnosis of periprosthetic
joint infection. | Orthop Res. 2014;32 Suppl 1:598-S107. doi:10.1ooz{jjor.22553
Ahsan ZS, Somerson |S, Matsen FA. Characterizing the Propionibacterium
load in revision shoulder arthroplasty: a study of 137 culture-positive cases.
] Bone Joint Surg Am. 2017;99(2):150-154. d0i:10.2106/]BJS.16.00422

Foruria AM, Fox TJ, Sperling JW, Cofield RH. Clinical meaning of unexpected
positive cultures (UPC) in revision shoulder arthroplasty. ] Shoulder Elbow
Surg. 2013;22(5):620-627. d0i:10.1016/].jse.2012.07.017

Kelly JD, Hobgood ER. Positive culture rate in revision shoulder arthro-
plasty. Clin Orthop Relat Res. 2009;467(9):2343-2348. doi:10.1007/511999-009-
0875-X

Lucas RM, Hsu JE, Whitney IE, Wasserburger ], Matsen FA. Loose glenoid
components in revision shoulder arthroplasty: is there an association with
positive cultures? | Shoulder Elbow Surg. 2016;25(8):1371-1375. doi:10.1016j.
js€.2015.12.026

McGoldrick E, McElvany MD, Butler-Wu S, Pottinger PS, Matsen FA.
Substantial cultures of Propionibacterium can be found in apparently
aseptic shoulders revised three years or more after the index arthroplasty. |
Shoulder Elbow Surg. 2015;24(1):31-35. d0i:10.1016/].jse.2014.05.008

Topolski MS, Chin PYK, Sperling JW, Cofield RH. Revision shoulder arthro-
plasty with positive intraoperative cultures: The value of preoperative
studies and intraoperative histology. ] Shoulder EIbow Surg. 2006;15(4):402-
406. doi:10.1016/].js€.2005.10.001

Bedair H, Ting N, Jacovides C, et al. The Mark Coventry Award: diagnosis of
early postoperative TKA infection using synovial fluid analysis. Clin Orthop
Relat Res. 2010;469(1):34-40. d0i:10.1007/511999-010-1433-2

Christensen CP, Bedair H, Della Valle CJ, Parvizi ], Schurko B, Jacobs CA.
The natural progression of synovial fluid white blood-cell counts and the
percentage of polymorphonuclear cells after primary total knee arthro-
plasty: a multicenter study. | Bone Joint Surg Am. 2013;95(23):2081-2087.
doi:10.2106]BJS.L.01646

Spangehl MJ, Masri BA, O’Connell [X, 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. |
Bone Joint Surg Am 1999;81:672-683.

Grosso MJ, Frangiamore SJ, Yakubek G, Bauer TW, lannotti |P, Ricchetti
ET. Performance of implant sonication culture for the diagnosis of
periprosthetic shoulder infection. | Shoulder Elbow Surg. 2018;27:211-216.
doi:10.1016/j.jse.2017.08.008.

Ghijselings S, Stuyck ], Debeer P. Surgical treatment algorithm for infected
shoulder arthroplasty: a retrospective analysis of 17 cases. Acta Orthop Belg.
2013;79:626-635.

Grubhofer F, ImamMD MA, Wieser K, Achermann Y, Meyer DC, Gerber C.
Staged revision with antibiotic spacers for shoulder prosthetic joint infec-
tions yields high infection control. Clin Orthop Relat Res. 2018;476:146-152.
d0i:10.1007/511999.0000000000000049.

Jacquot A, Sirveaux F, Roche O, Favard L, Clavert P, Molé D. Surgical manage-
ment of the infected reversed shoulder arthroplasty: a French multicenter
study of reoperation in 32 patients. | Shoulder Elbow Surg. 2015;24:1713-1722.
doi:10.1016/j.js€.2015.03.007.

Lee SH, Kim SJ, Kook SH, Kim JW. Two-stage revision of infected shoulder
arthroplasty using prosthesis of antibiotic-loaded acrylic cement:

2.4. DIAGNOSIS: INFLAMMATORY MARKERS

Authors: Akin Cil, Richard Page, Gokhan Karademir, James Beazley, Nicola Luppino

18]
[19]
[20]
[21]
[22]
23]
[24]
[>s]
[26]
[27]
(28]

[29]
[30]

[31]

(32]
(33]
[34]
[35]
(36]

(37]

minimum three-year follow-up. Int Orthop 2018;42:867-874. doi:10.1007/
500264-017-3699-4.

Romano CL, Borens O, Monti L, Meani E, Stuyck J. What treatment for
periprosthetic shoulder infection? Results from a multicentre retrospec-
tive series. Int Orthop. 2012;36:1011-1017. d0i:10.1007/500264-012-1492-y.
AchermannY, Sahin F, Schwyzer HK, Kolling C, Wust |, Vogt M. Characteris-
tics and outcome of 16 periprosthetic shoulder joint infections. Infection.
2013;41:613-620. doi:10.1007{515010-012-0360—4.

Amaravathi RS, Kany}, Melet M, Katz D, Sauzieres P, Valenti P, et al. Analysis
of infection in shoulder arthroplasty: a multicentre study. Eur | Orthop
Surg Traumatol. 2012;22:145-150. d0i:10.1007/500590-011-0806-X.

Beekman PDA, Katusic D, Berghs BM, Karelse A, De Wilde L. One-stage revi-
sion for patients with a chronically infected reverse total shoulder replace-
ment. | Bone Joint Surg Br. 2010;92:817-822. d0i:10.1302/0301-620X.92B6.23045.
Buchalter DB, Mahure SA, Mollon B, Yu S, Kwon YW, Zuckerman |D. Two-
stage revision for infected shoulder arthroplasty. | Shoulder Elbow Surg.
2017;26:939-947. d0i:10.1016/].jse.2016.09.056.

Coste |S, Reig S, Trojani C, Berg M, Walch G, Boileau P. The management of
infection in arthroplasty of the shoulder. ] Bone Joint Surg Br. 2004;86:65-69.
Jawa A, Shi L, O’'Brien T, Wells |, Higgins L, Macy |, et al. Prosthesis of anti-
biotic-loaded acrylic cement ( PROSTALAC) use for the treatment of infec-
tion after shouldyr arthroplasty. | Bone Joint Surg Am. 2011;93:2001-2009.
doi:10.2106/]BJS.].00833.

Jerosch ], Schneppenheim M. Management of infected shoulder replace-
ment. Arch Orthop Trauma Surg. 2003;123:209-214. d0i:10.1007/500402-003-

0497-9.

Levy |C, Triplet ], Everding N. Use of a functional antibiotic spacer in
treating infected shoulder arthroplasty. Orthopedics. 2015;38:e512-e519.
doi:10.3928/01477447-20150603-60.

Mahure SA, Mollon B, Yu S, Kwon YW, Zuckerman |D. Definitive treatment
of infected shoulder arthroplasty with a cement spacer. Orthopedics.
2016;39:€924-€930. d0i:10.3928/01477447-20160623-07.

Sabesan V], Ho ]JC, Kovacevic D, lannotti |P. Two-stage reimplantation
for treating prosthetic shoulder infections. Clin Orthop Relat Res.
2011;469:2538-2543. d0i:10.1007/511999-011-1774-5.

Sperling JW, Kozak TK, Hanssen AD, Cofield RH. Infection after shoulder
arthroplasty. Clin Orthop Relat Res. 2001:206-216.

Stone GP, Clark RE, O’Brien KC, Vaccaro L, Simon P, Lorenzetti AJ, et al.
Surgical management of periprosthetic shoulder infections. | Shoulder
Elbow Surg. 2017;26:1222-1229. d0i:10.1016/].js€.2016.11.054.

Weber P, Utzschneider S, Sadoghi P, Andress H-J, Jansson V, Miiller PE.
Management of the infected shoulder prosthesis: a retrospective analysis
and review of the literature. Int Orthop. 2011;35:365-373. d0i:10.1007/500264-
010-1019-3.

Braman |P, Sprague M, Bishop |, Lo IK, Lee EW, Flatow EL. The outcome of
resection shoulder arthroplasty for recalcitrant shoulder infections. |
Shoulder Elbow Surg. 2006;15:549-553. doi:1o.1o16ﬁ .jS€.2005.11.001.

Ince A, Seemann K, Frommelt L, Katzer A, Loehr JF. One-stage exchange
shoulder arthroplasty for peri-prosthetic infectlon ] Bone Joint Surg Br.
2005;87:814-818. d0i:10.1302/0301-620X.87B6.15920.

Klatte TO, Junghans K, Al-Khateeb H, Rueger JM, Gehrke T, Kendoft D, et al.
Single-stage revision for peri-prosthetic shoulder infection: outcomes and
results. Bone Joint |. 2013;95-B:391-395. d0i:10.1302/0301-620X.95B3.30134.
Ortmaier R, Resch H, Hitzl W, Mayer M, Stundner O, Tauber M. Treatment
strategies for infection after reverse shoulder arthroplasty. Eur | Orthop
Surg Traumatol. 2014;24:723-731. d0i:10.1007/s00590-013-1251-9.

Stricklanng, Sperling‘]W, Cofield RH. The results of two-stage re-implanta-
tion for infected shoulder replacement. | Bone Joint Surg Br. 2008;90:460-
465. doi:10.1302/0301-620X.90B4.20002.

Zavala JA, Clark ]C, Kissenberth M}, Tolan SJ, Hawkins R]. Management
of deep infection after reverse total shoulder arthroplasty: a case series. |
Shoulder Elbow Surg. 2012;21:1310-1315. d0i:10.1016/j.jse.2011.08.047.

QUESTION 1: what is the role for serum erythrocyte sediment rate (ESR), C-reactive protein
(CRP), or white blood cell (WBC) count in the evaluation of a shoulder arthroplasty for
periprosthetic joint infection (PJI)?

RECOMMENDATION: serum ESR, CRP or WBC count have poor sensitivity for the diagnosis of shoulder PJI. Although they should be obtained as

part of a standard workup for infection, normal values do not rule out infection.

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 96%, Disagree: 4%, Abstain: 0% (Unanimous, Strongest Consensus)
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RATIONALE

A comprehensive literature search for periprosthetic shoulder infec-
tion was performed of the PubMed/Medline, Cochrane, Google
Scholar and Embase databases through February 2018. The search
terms used were “periprosthetic joint infection,” “revision shoulder
arthroplasty,” “CRP” “ESR,” “WBC.” The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statement was
followed for this review. Studies (Level II-IV evidence) in which at
least one of ESR, CRP and WBC count were recorded in patients with
periprosthetic shoulder infection or in patients with positive intra-
operative culture were included in the study. Exclusion criteria were
case reports, studies on non-prosthetic shoulder implants, studies
with missing patient data, papers where the cutoffvalue is not speci-
fied for ESR, CRP and WBC, and non-English language papers.

The diagnosis and the treatment of shoulder PJI can be diffi-
cult [1,2]. Cutibacterium acnes, which causes indolent infection, is the
most common causative agent of shoulder PJI [3-5]. In the case of
infection caused by this agent that has low virulence, inflammatory
markers such as ESR, CRP and WBC, are generally not elevated [6].
On the other hand, immunosuppression secondary to rheumatoid
arthritis or systemic lupus erythematosus is the leading cause of the
increased risk of infection in this group of patients [7]. The presence
of high CRP and ESR values in the natural course of these diseases
may lead to confusion in interpreting these parameters in terms of
infection.

There is a paucity of literature regarding serum ESR, CRP or WBC
count in the evaluation of a shoulder arthroplasty for PJI [3,8]. The
most comprehensive meta-analysis regarding laboratory parameters
in shoulder periprosthetic infection was performed by Nelson et al.
[8]. The authors reported a mean ESR of 27.6 mm/h (in 231 patients),
amean WBC count of 7472 cells/nL (in 418 patients) and a mean CRP
of 2.6 mg/dL (in 279 patients). Only 6.8% of patients who were treated
for shoulder PJI had an elevated WBC, 37.6% of the patients had an
elevated CRP while elevated ESR was reported in 62.1% of the patients
(Table1).

Whereas in the series of Pottinger et al. [9], these values were
reported to be 8%, 20%, and 17%, respectively. In a study by Topolski
etal. [3], it has been reported that 93% had a normal WBC count, 86%
had a normal ESR and 75% had a normal CRP level.

The limited literature focuses on the sensitivity and specificity
of laboratory tests [1,10-12]. Berbari et al. [10] reported sensitivities of
ESR and CRP of only 16% and 42% in the shoulder, and 75% and 88%
in the lower extremity, respectively. A few authors reported that
the sensitivity of ESR was 12-45% and the specificity was 65-98% in
detecting shoulder PJI [1,11,12]. For CRP, the sensitivity was reported
as 0-46% and the specificity as 84-95%. Due to considerable heteroge-
neity, those indexes were not deemed suitable to be pooled (I*for the
sensitivity of CRP was 97.7% and for the sensitivity of ESR was 91.5%).

In a majority of the studies, WBC was normal and CRP was
usually increased in the shoulder PJI [3,5,13]. Piper et al. [1] have inves-
tigated the role of CRP and ESR in shoulder PJI since CRP and ESR are

a useful diagnostic tool for knee and hip PJI. According to this, they
stated that CRP was an effective parameter in distinguishing aseptic
failure and infection of shoulder arthroplasty, whereas ESR was not.
In the diagnosis of the shoulder PJI, while a CRP>10 mg/L had a sensi-
tivity of 42% and specificity of 84%, an ESR>30 mm/h had a sensitivity
of 16% and specificity of 98%.

Recently, optimized cutoff values of CRP and ESR for shoulder
PJI have been published [1]. Optimized ESR cutoff for shoulder
arthroplasty was 26 mm/h. This ESR cutoff value had a sensitivity of
32% and specificity of 93% for the shoulder PJI. Optimized CRP cutoff
was 7 mg|L, and this value had a sensitivity of 63% and specificity of
73% for the shoulder PJI[1].

In a retrospective study using national insurance database by
Chalmers et al., laboratory tests to diagnose infection in the setting
of revision shoulder arthroplasty have been examined. In that study
involving 1392 patients, the best diagnostic performance was attrib-
uted to the combination of ESR, CRP, and WBC (sensitivity = 7-42%,
specificity = 92%, positive predictive value = 45%, negative predictive
value = 91%, accuracy = 84-85%).[ 14]
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QUESTION 2: 1s there a role for (a) synovial or (b) serum IL-6 in the diagnosis of shoulder

periprosthetic joint infection (PJI)?

RECOMMENDATION: (a) There is a potential role for synovial fluid IL-6 in the diagnosis of shoulder PJ, both as an individual marker and when
interpreted in combination with other synovial fluid markers. (b) Although its specificity is high, serum IL-6 does not appear to provide additional
information beyond the more readily available serum markers (erythrocyte sedimentation rate (ESR), C-reative protein (CRP), white blood cell

(WBC) count).

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 92%, Disagree: 0%, Abstain: 8% (Super Majority, Strong Consensus)

RATIONALE

(a) Synovial

Several meta-analyses [1,2] have been performed on synovial
biomarkers in the hip and knee PJI literature, with multiple markers
showing very good diagnostic test characteristics, including syno-
vial interleukin (IL)-6. Lee et al. [1] found that the sensitivity, speci-
ficity, diagnostic odds ratio (DOR) and area under the curve (AUC)
for synovial IL-6 was 0.81, 0.94, 4.38, and 0.95, respectively, in one of
these recent meta-analyses. The results for studies specifically of
shoulder PJI are also very promising,[3,4] but with diagnostic test

performance that is slightly lower compared to the hip and knee
findings, likely due to the indolent nature and lower virulence of the
common infecting organisms in the shoulder, Cutibacterium acnes (C.
acnes) and coagulase-negative Staphylococcus species (CNSS).
Frangiamore et al. [3] prospectively examined intraoperative
levels of synovial IL-6 in 35 cases of revision shoulder arthroplasty; 15
cases categorized as infected and 20 as not infected based on periop-
erative criteria (Table 1). Using a cut-off level of 359.3 pg/mL based on
ROC analysis, synovial fluid IL-6 was found to have an AUC of 0.891,
with a high sensitivity (87%) and high specificity (9o%) and a positive

TABLE 1. Periprosthetic shoulder infection criteria

Category Criteria

Definite Infection At least 1 positive preoperative or intraoperative finding of infection* and more than 1 positive culture
(preoperative or intraoperative)
or

One positive preoperative culture (aspirate) and 1 positive intraoperative culture with the same organism

Probable Infection Atleast 1 positive preoperative or intraoperative finding of infection* and one positive culture (preoperative
or intraoperative

or

No preoperative or intraoperative findings of infection* and more than one positive culture (preoperative or

intraoperative)

Probably Contaminant No preoperative or intraoperative findings of infection* and one positive culture (preoperative or

intraoperative)

No Evidence for Infection | No preoperative or intraoperative findings of infection* and no positive cultures (preoperative or

intraoperative)

*Preoperative or intraoperative findings of infection:
o Preoperative clinical signs (swelling, sinus tract, redness, drainage).
 DPositive result on serum erythrocyte sedimentation rate or C-reactive protein analysis. Intraoperative gross findings (purulent drainage,
necrosis).
« Positive intraoperative frozen section.
Reprinted with permission [4].



