
ORTHOPAEDIC SURGERY

Two-stage revision arthroplasty for periprosthetic joint infections:
What is the value of cultures and white cell count in synovial fluid
and CRP in serum before second stage reimplantation?

Steffen Hoell1 • Andrea Moeller1 • Georg Gosheger1 • Jendrik Hardes1 •

Ralf Dieckmann1 • Dino Schulz1

Received: 12 November 2014 / Published online: 12 January 2016

� Springer-Verlag Berlin Heidelberg 2016

Abstract

Introduction Besides CRP in serum, white cell counts

and cultures of synovial fluid are routinely used to detect

periprosthetic joint infections. But the sensitivities of these

parameters do vary from 12 to 100 %. In two stage revision

arthroplasty before the second stage surgeons have to

decide if reimplantation is justified. Therefore, we inves-

tigated the value of cultures and white cell count from the

synovial fluid with a polymethyl methacrylate spacer in

place and CRP in serum before reimplantation to detect

persistent infection in a standardized setting.

Methods 115 patients with a two-stage revision hip or

knee arthroplasty were included in this study. All patients

had an antibiotic loaded polymethylmethacrylate spacer.

Retrospectively synovial cultures, white blood count in

synovial fluid and CRP in serum were assessed before

reimplantation.

Results The sensitivity of the synovial cultures was 5 %

(95 % CI 0.13–24.87), with a specificity of 99 % (95 % CI

94.27–99.97). For white blood count in synovial fluid the

sensitivity was 31.3 %, specificity was 39.1 %. Sensitivity

for CRP in serum was 42.10 %, specificity was 84.21 %.

Conclusion Cultures from synovial fluid and white blood

count in synovial fluid and CRP seem to be uncertain

parameters to exclude persistent infection. We do not

recommend joint aspiration before reimplantation any-

more. Further research is necessary to find other markers to

confirm or exclude persistent infection.

Keywords Periprosthetic joint infection � Two-stage
revision � Value CRP � Joint aspiration � Synovial fluid �
Spacer

Introduction

Periprosthetic joint infection (PJI) is still one of the most

severe complications in total hip and knee arthroplasty. In

the annual report of the Swedish Hip Arthroplasty Register

of 2013 already 13.5 % of the revisions were deep infec-

tions, whereas in 2000 infection rates of 7.5 % are

described in the literature [1, 2]. CRP in serum, white

blood counts and cultures of synovial fluid are routinely

used to detect PJI. But the sensitivities of these parameters

do vary from 12 to 100 % and in 4 % CRP in serum is even

negative [3, 4].

Reasons for this poor accuracy can be various: an

antibiotic free interval of less than 14 days, cultures were

incubated less than 10–14 days and the fact that bacteria

are present in a biofilm form with adherence to foreign

bodies [5, 6]. In two-stage revision arthroplasty implanta-

tion of an antibiotic loaded bone cement spacer have
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become the Gold standard of treating PJI, although com-

plications such as dislocation and fracture of the spacer

need to be taken into account. The advantage of this

approach is the local release of antibiotics [7–9]. But still

reinfection rates vary from 4 to 50 % [10–17].

Therefore we asked: Is it useful to take cultures from the

synovial fluid with a PMMA spacer in place before reim-

plantation to detect persistent infection and what is the

value of CRP in serum and white blood count in synovial

fluid before reimplantation in a standardized setting?

Patients and methods

In accordance to the International Consensus on Peripros-

thetic Joint Infection from 2013, we only included patients

with the major criterion of identical organism in at least

two periprosthetic cultures out of at least three tissue

samples [18, 19].

Between 2008 and 2010 115 patients (44 men, 71

women), with a mean age of 70 years (range 43–92 years)

were retrospectively included. 59 patients had peripros-

thetic joint infections of the knee and 56 of the hip. The

indications for total hip arthroplasty (THA) and total knee

arthroplasty (TKA) were osteoarthritis n = 91, post trau-

matic arthritis n = 11, rheumatoid arthritis n = 5.

The infections were defined in all cases as delayed

(between the 3rd and 24th month) or late chronic (over

2 years after implantation) [20].

Synovial fluid and tissue samples were incubated up to

14 days. White blood count in synovial fluid was carried

out using flow cytometry. All patients were treated with a

handmade antibiotic loaded bone cement spacer. Routinely

we used Refobacin� Revision bone cement from Biomet,

Warsawa, Indiana with 1 g gentamycin and 1 g clin-

damycin/40 g of cement. A fixed spacer was used in

patients with TKA infection, and a mobile spacer in

patients with THA infection. After explantation, the

patients received intravenous antibiotics for 14 days, fol-

lowed by oral antibiotic treatment for 4 weeks. All

antibiotic treatments were done in cooperation with our

institute of microbiology. In ten patients a revision after the

first stage because of wound healing problems or because

of the resistance of the found bacteria against the antibiotic

loaded spacer had to be performed within 14 days after the

first stage. In these ten cases the spacer was exchanged and

in one of these additional 2 g vancomycin were mixed to

the spacer as an off label application.

After a 14 days pause in antibiotic treatment, synovial

fluidwith the spacer in placewas aspirated under fluoroscopy

and sterile circumstances for cultures and white blood

counts. CRP in serum was also assessed. Replantation was

carried out in 104 cases and a spacer exchange in 11 cases

10–14 weeks after explantation. Spacer exchanges were

carried out if the CRP was not declining or even rising in the

postoperative course, a new sinus track and/or signs of local

inflammation after the withdrawal of antibiotic treatment

were present or if the culture of the synovial fluid before the

second stage was positive. Other sources of infection were

excluded. In Fig. 1 the progress of all patients is shown.

The results of the intraoperative tissue samples (at least

three) during second stage revision (115 pat.) were evalu-

ated in comparison with the results of preoperative aspi-

ration with the spacer in place and with the laboratory

parameters. Again in accordance to the International

Consensus on Periprosthetic Joint Infection from 2013 at

least two identical positive tissue samples during the sec-

ond stage revision were evaluated as persistent infection.

Statistical analyses

Statistical analyses were performed using IBM-SPSS

Statistics v. 22 (IBM, Armonk, NY). The distributions of

non-normally distributed parameters between infectious

and non-infectious cases were compared using the non-

parametric Mann–Whitney U test. p values were regarded

as statistically significant if the p value was B0.05.

Receiver operating characteristic (ROC) analyses were

performed to evaluate the diagnostic performance of each

marker. The diagonal line in the ROC diagram corresponds

to a random guess in the diagnosis of infection. The area

under the diagonal line is equal to 0.5. We calculated the

area under the ROC curve (AUC) with 95 % confidence

intervals (CI). This represents the probability that the

marker value of a randomly chosen infectious case ranks

higher than the marker value of a randomly chosen non-

infectious case. Threshold values for optimal diagnosis of

infection were determined using classification and regres-

sion tree (CART) analyses. Using the determined cut-off

values, the diagnostic performance of the respective marker

was evaluated as follows: the sensitivity is the proportion

of cases with elevated results among all infectious cases;

the specificity is the proportion of cases with values which

were not elevated among all noninfectious cases; the pos-

itive predictive value (PPV) is the proportion of infectious

cases among all cases with elevated results; the negative

predictive value (NPV) is the proportion of non-infectious

cases among all cases with no elevation of their results.

The study was approved by local ethics committee.

Results

The results of the cultures with the spacer in place are

shown in Table 1. Two cultures were positive (1.74 %).

One positive culture was confirmed by the intraoperative

culture during second stage revision.
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So the sensitivity of the aspiration results before

replantation was 5 % (95 % CI 0.13–24.87) and the

specificity was 99 % (95 % CI 94.27–99.97). The negative

predictive value (NPV) was 83 % and the positive pre-

dictive value (PPV) was 50 %.

Table 2 shows the values for CRP in serum and white

blood counts in synovial fluid before the second-stage

revision in cases of positive and negative cultures during

second-stage revision.

There were no significant differences in the parameters

between positive and negative cultures at the second stage

revision. The area under the curve (AUC) for CRP in serum

was 0.625 [±0.074 (95 % CI 0.48–0.771)]. The cut-off-

value for CRP was 2.3 mg/dl, sensitivity was 42.10 %, and

specificity was 84.21 %. The positive predictive value was

34.78 %, the negative predictive value was 87.91 %.

For white blood count in synovial fluid the AUC was

0.371 [±0.09 (95 % CI 0.194–0.548)]. The cut-off-value

115 pa�ents with an an�bio�c loaded  spacer a�er explanta�on of an endoprosthesis

10 revisions due to wound healing problems 
or wrong local an�bio�cs within 14 days a�er 
explanta�on

Cultures of synovial fluid a�er 14 days off an�bio�cs (n= 115)

In two pa�ents iden�fica�on of bacteria

104 reimplanta�ons 11 spacer exchanges because of clinical signs of 
infec�on

In 19 pat. two posi�ve introp. �ssue cultures In 1 pa�ent two 2 posi�ve intraop. �ssue cultures

Five pa�ents had reinfec�on within 24 months       These 11 pa�ents were not followed anymore in 
needing revision surgery this study

Fig. 1 Progress of patients

included

Table 1 Bacteria found in

synovial fluid with spacer in

place and during second stage

procedure

Synovial fluid Tissue samples during second stage procedure Prevalence %

Pos Neg 1 0.87

Pos Pos 1 0.87

Neg Pos 17 14.78

(Dry) neg Pos 2 1.74

(Dry) neg Neg 15 13.91

Neg Neg 79 67.83

115 100.00
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for white blood count in synovial fluid was 970/ll, sensi-
tivity was 31.3 %, and specificity was 39.1 %. The positive

predictive value was 10.6 %, the negative predictive value

was 71.1 %. During second stage revision again we took at

least three tissue samples [14, 15]. In 20 cases (17.4 %)

two tissue cultures out of at least three were positive for

bacteria. The bacteria changed between explantation and

replantation in 15 cases (75 %), same bacteria were iden-

tified in five cases. All patients were put on i. v. antibiotics

for 14 days. After a follow up of 24 months we analyzed

all patients with two positive cultures during replantation

(n = 19) regarding another revision because of a recurrent

PJI. In five patients (26.3 %) the endoprosthesis had to be

removed due to recurrent PJI. In 14 patients no further

surgical treatment was necessary. In Table 3 the organisms

of 95 patients during the first stage revision with negative

cultures during second stage are listed.

Table 4 shows the bacteria identified during first stage

revision and during second stage revision and if another

revision was necessary (n = 20).

Discussion

The data in the present study show that aspiration of syn-

ovial fluid with a PMMA spacer in place is not an appro-

priate method for excluding persistent infection. The

sensitivity for detecting bacteria was only 5 %, white blood

counts had a sensitivity of only 31.3 %. Furthermore CRP

in serum sensitivity was also low with 42.1 % and the

calculated cut off values were not very useful for clinical

practice.

In two-stage revision surgery, the surgeon has to decide

if reimplantation or another revision with debridement and

spacer exchange has to be performed. While in some cases

the decision for a spacer exchange instead of reimplanta-

tion is easy because of the clinical signs, in most cases no

obvious clue is present. As shown in the literature and in

our study measurements of CRP in serum and white blood

counts in synovial fluid are not helpful in excluding a

persistent infection [21–23]. One of the strongest criterions

for PJI is the positive culture of tissue or joint fluid. We

were using this criterion in accordance to the diagnosis of

PJI when an antibiotic loaded spacer was in place [18, 24].

Recently it could be shown that the sensitivity of synovial

cultures in Girdlstone hips was only 10 % [25].

Our results for cultures from synovial fluid were even

worse (5 %).

The fact that bacteria are in a biofilm form and are

adherent to foreign bodies is one reason for the uncertain

predictability and maybe the local concentration of

antibiotics is another reason, why even cultures of the joint

fluid were not able to detect persistent infection. The period

during which antibiotics are released is described as being

Table 2 20 patients with

positive cultures in the second

stage and the bacteria found at

each stage

Positive culture during second

stage (n = 20)

Negative culture during second

stage (n = 95)

P

CRP (mg/dL) 2.6 (±3) 1.6 mg/dL (±2.2) 0.08

White cell count in synovial

fluid (/lL)
1687 (±585) 1749/lL (±272) 0.23

Table 3 Bacteria found in 95

patients during first stage

without any bacteria found

during second stage

Monoinfection Polymicrobial infections

Staph aureus 19 Stah epi/E. faecalis 4

Staph epi. 21 MRSA/E. faecalis 2

MRSA 4 Staph capitis/Staph epi. 2

Staph haemolyticus 5 E. coli/Proteus mirabilis 1

E. coli 4 Pseudomonas aeruginosum/Corynebact. amycolatum 1

Enterococcus faecalis 4 Staph aureus/Streptococcus 1

Streptococcus agalactiae 4 Staph aureus/E. faecalis 2

Staph hominis 3 Staph aureus/Streptococcus agalctiae 1

Propionibacteriu m avidum 3 Staph haemolyticus/e. coli 1

Staph lugdunensis 2 Serratia macescens/E. coli 1

Staph capitis 3

Streptococcus bovis 2

Proteus mirabilis 2

Pseudomonas aeruginosa 1

Serratia marcescens 1

Salmonella typhi 1
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up to several months. This has been demonstrated both in

urine and locally [6, 8, 9].

It is therefore not possible to observe an antibiotic-free

interval of at least 14 days for diagnosis prior to

reimplantation.

In the diagnosis of a periprosthetic joint infection Fink

et al. described a sensitivity of 100 % and a specificity of

98.1 % with a biopsy technique in knees [24]. There is no

literature using biopsy techniques before reimplantation in

knees and hips. But in two stage revision arthroplasty of the

shoulder Zhang et al. found 22 % positive cultures before

replantation [26].

This might be an approach to get more reliable results

before the second stage with the disadvantage of an addi-

tional invasive procedure. Because of the results presented

here we also investigated the Interleukin 6 (IL-6) in syn-

ovial fluid and in serum before reimplantation. In serum we

found a useful cut-off-value to exclude persistent infection.

IL-6 in serum B8 pg/ml had a negative predictive value of

92.1 %, a value of C13 pg/ml had a positive predictive

value of 90.9 % [27].

Sonication of the implants seems to be a method with a

higher sensitivity than conventional microbiological

methods and identification of polymicrobial infections can

be improved [28, 29]. Sonication of PMMA spacers also

showed improvement of the sensitivity of intraoperative

cultures from 45 to 82 % [30].

Unfortunately sonication cannot be used before second

stage revision to decide if a spacer exchange or replantation

is indicated.

Aggravating to the high number of persistent infections

we found a high number of changing organisms. These data

are supported by the findings of Cabo et al., who also found

a large number of different and more resistant organisms

during replantation [31]. The heterogeneous finding of

pathogens during second stage reimplantation makes it

difficult to find an explanation. Of course contamination

can be a problem, but it would be very unusual in such a

high percentage. Another point might be the change of

patterns of resistance because of the long release of local

antibiotics. Here we need further research about antibiotic

concentrations locally and the risk of creating new

resistances.

There are some limitations of the study. We did not look

at comorbidities and risk factors for reinfection. We did not

take into account if the patients had a PJI in history. The

design of the study is retrospectively.

In conclusion, CRP in serum, white blood count in

synovial fluid and even cultures from synovial fluid

before replantation with a PMMA spacer in place seem to

be uncertain parameters to exclude persistent PJI. We

cannot recommend aspiration of synovial fluid before

reimplantation anymore. Other biomarkers have to be

investigated.

Table 4 20 patients with

positive cultures in the second

stage and the bacteria found at

each stage

Patients Culture during first stage Culture during second stage Following revision

1 MRSA Candida albicans No

2 Staph aureus (SA) Staph epidermidis (SE) Yes

3 Streptococcus agalactiae SE No

4 SE SE Yes

5 Enterococcus faecalis Enterococcus faecalis No

6 Candida albicans SE No

7 E. coli E. coli Yes

8 MRSA Pseudomonas aeruginosa No

9 Enterobacter cloaceae SE No

10 SE SE No

11 SE MRSA, Streptococcus agalactiae Yes

12 Streptococcus aeroginosus SE No

13 Corynebacterium stratum/SA Ochrobactrum anthropi No

14 SA SE No

15 Streptococcus agalactiae Pseudomonas aeruginosa No

16 Enterobacter cloacae E. coli Yes

17 SE SA No

18 Streptococcus agalactiae SE No

19 SE SE No

20 SA SE No
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5. Schäfer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L

(2008) Prolonged bacterial culture to identify late periprosthetic

joint infection: a promising strategy. Clin Infect Dis 47(11):

1403–1409

6. Frommelt L (2009) Diagnosis and treatment of foreign-body-as-

sociated infection in orthopaedic surgery. Orthopade 38(9):

806–811

7. Anagnostakos K, Jung J, Schmid NV, Schmitt E, Kelm J (2009)

Mechanical complications and reconstruction strategies at the site

of hip spacer implantation. Int J Med Sci 6(5):274–279

8. Bertazzoni Minelli E, Benini A, Magnan B, Bartolozzi P (2004)

Release of gentamicin and vancomycin from temporary human

hip spacers in two-stage revision of infected arthroplasty. J An-

timicrob Chemother 53(2):329–334

9. Webb JC, Gbejuade H, Lovering A, Spencer R (2013) Charac-

terisation of in vivo release of gentamicin from polymethyl

methacrylate cement using a novel method. Int Orthop

37(10):2031–2036

10. Mortazavi SM, Vegari D, Ho A, Zmistowski B, Parvizi J (2011)

Two-stage exchange arthroplasty for infected total knee arthro-

plasty: predictors of failure. Clin Orthop Rel Res 469(11):

3049–3054

11. Garvin KL, Evans BG, Salvati EA, Brause BD (1994) Palacos

gentamicin for the treatment of deep periprosthetic hip infections.

Clin Orthop Rel Res 298:97–105

12. Masri BA, Panagiotopoulos KP, Greidanus NV, Garbuz DS,

Duncan CP (2007) Cementless two-stage exchange arthroplasty

for infection after total hip arthroplasty. J Arthroplasty

22(1):72–78

13. Romano CL, Gala L, Logoluso N, Romano D, Drago L (2012)

Two-stage revision of septic knee prosthesis with articulating

knee spacers yields better infection eradication rate than one-

stage or two-stage revision with static spacers. Knee Surg Sports

Traumatol Arthrosc 20(12):2445–2453

14. Pelt CE, Grijalva R, Anderson L, Anderson MB, Erickson J,

Peters CL (2014) Two-stage revision TKA is associated with high

complication and failure rates. Adv Orthop (Epub 2014 Dec 24)
15. Stammers J, Kahane S, Ranawat V, Miles J, Pollock R, Car-

rington RW, Briggs T, Skinner JA (2015) Outcomes of infected

revision knee arthroplasty managed by two-stage revision in a

tertiary referral centre. Knee 22(1):56–62

16. Ibrahim MS, Raja S, Khan MA, Haddad FS (2014) A multidis-

ciplinary team approach to two-stage revision for the infected hip

replacement: a minimum 5-year follow-up study. Bone Joint J

96-B(10):1312–1318

17. Kim YH, Park JW, Kim JS, Kim DJ (2015) The outcome of

infected total knee arthroplasty: culture-positive versus culture-

negative. Arch Orthop Trauma Surg 135(10):1459–1467

18. Parvizi J, Gehrke T, Chen AF (2013) Proceedings of the Inter-

national Consensus on Periprosthetic Joint Infection. Bone Joint J

95-B(11):1450–1452

19. Virolainen P, Lahteenmaki H, Hiltunen A, Sipola E, Meurman O,

Nelimarkka O (2002) The reliability of diagnosis of infection

during revision arthroplasties. Scand J Surg 91(2):178–181

20. Zimmerli W, Moser C (2012) Pathogenesis and treatment con-

cepts of orthopaedic biofilm infections. EMS Immunol Med

Microbiol 65(2):158–168

21. Kusuma SK, Ward J, Jacofsky M, Sporer SM, Della Valle CJ

(2011) What is the role of serological testing between stages of

two-stage reconstruction of the infected prosthetic knee? Clin

Orthop Rel Res 469(4):1002–1008

22. Mont MA, Waldman BJ, Hungerford DS (2000) Evaluation of

preoperative cultures before second-stage reimplantation of a

total knee prosthesis complicated by infection. A comparison-

group study. J Bone Joint Surg Am 82-A(11):1552–1557

23. Ghanem E, Azzam K, Seeley M, Joshi A, Parvizi J (2009) Staged

revision for knee arthroplasty infection: what is the role of

serologic tests before reimplantation? Clin Orthop Rel Res

467(7):1699–1705

24. Fink B, Makowiak C, Fuerst M, Berger I, Schäfer P, Frommelt L
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