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Abstract
Background Undiagnosed low-grade prosthetic joint
infections (PJI) are recognized as an important reason for
early failure of presumably aseptic revisions. Preoperatively administered antimicrobial prophylaxis reduces the
incidence of PJI but it may reduce the sensitivity of
microbiologic periprosthetic tissue cultures and consequently increase the incidence of undiagnosed septic
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prosthetic joint failures, which can lead to catastrophic
serial revisions.
Questions/purposes We wished to determine whether
administration of preoperative antibiotics decreases the
likelihood of diagnosing PJI in patients undergoing revision
hip or knee arthroplasty in whom infection is suspected.
Methods We prospectively enrolled and evaluated 40
patients (29 with THAs and 11 with TKAs) who met the
following inclusion criteria: older than 18 years, with
suspected PJI of unknown cause, undergoing surgical
revision. After arthrotomy, three tissue samples were
obtained for microbiologic analysis and diagnosis, and
antimicrobial prophylaxis (cefazolin 2 g intravenously)
then was administered. Later during the procedure, but
before débridement and irrigation, the second set of three
tissue samples was obtained from the same surgical area
and was cultured. Tissue concentration of prophylactic
antibiotic was verified with the second set of samples. A
positive culture result was defined as one or more positive
cultures (growth on agar at or before 14 days). We then
compared the yield on the microbiologic cultures obtained
before administration of antibiotics with the yield on the
cultures obtained after antibiotics were administered. An a

K. Bedenčič
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priori analysis was performed; with the numbers available,
we had 98% power to detect a difference in diagnostic
sensitivity of 33%.
Results With the numbers available, we found no difference in the likelihood that an infection would be
diagnosed between the samples obtained before and after
administration of antimicrobial prophylaxis (odds ratio
[OR] for positive microbial culture = 0.99; 95% CI, 0.40–
2.48; p = 0.99). All measured tissue concentrations of
cefazolin were greater than the minimum inhibitory concentration, therefore we found that antibiotic prophylaxis
was adequate at the time of second-set tissue specimen
recovery.
Conclusions Results from this small, prospective series
suggest that preoperative antimicrobial prophylaxis may be
administered safely even in patients undergoing revision
hip or knee arthroplasty in which microbiologic sampling
is planned without compromising the diagnostic sensitivity
of tissue sample cultures. However, before applying our
results more generally, our findings need to be confirmed in
larger, multicenter studies that would allow evaluation by
sex, procedure, bacteriology, and other potentially important factors.
Level of Evidence Level I, diagnostic study.

Introduction
Although prosthetic joint infections (PJI) are relatively
uncommon, because the numbers of primary and revision
total joint arthroplasties are high and increasing, PJIs will
impose a large and growing financial burden [6, 10, 25, 26].
It is increasingly recognized that many presumably aseptic
revisions are infected [2, 16]. Because treatment of PJI
differs considerably from the treatment of aseptic failure, it
is important to distinguish the two entities before treatment
[26]. The diagnosis of PJI can be challenging, particularly in
patients with low-grade infections with nonspecific clinical
presentation and the absence of systemic laboratory markers
of inflammation. An inappropriate assumption that a
potentially septic process is actually an aseptic one leads to
repeat revisions with serial early failures and gradual function loss, the mental and physical costs, time loss, and
sometimes limb loss or death [16].
Identification of the causative agent of infection is crucial for successful treatment of PJIs. Patients with painful
arthroplasties and patients with premature loosening should
undergo screening for PJI before surgery [22]. The more
accurate the diagnostic evaluation is before revision, the
greater the success rate. A thorough evaluation should
include a complete history, physical examination, radiographs, measurement of serum levels of C-reactive protein,
synovial fluid aspiration with cell count and differential,
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and use of aerobic and anaerobic cultures [1, 3, 18].
Despite clinicians’ efforts, the diagnosis of a low-grade
infection sometimes may be missed before revision surgery. Tissue samples obtained intraoperatively are the
‘‘gold standard’’ for diagnosing a PJI [3], although the
sensitivity ranges between 60% and 70% depending on
different factors [1], and they are subject to false-positive
and false-negative results.
Preoperative antibiotic prophylaxis decreases the risk of
postoperative infections and therefore has become standard
care in joint replacement surgery [9, 11]. However, in
revision total joint arthroplasties, there is disagreement
regarding whether preoperative antibiotic prophylaxis
given just before surgery may cause false-negative intraoperative tissue culture results [4, 17, 19, 20, 23]. Because
of this, some authors have proposed deferring preoperative
antibiotic prophylaxis until after tissue samples have been
collected for culture [19, 20, 23], whereas others have
claimed that preoperative antibiotic prophylaxis does not
affect intraoperative tissue cultures [4, 17].
We therefore wanted to analyze the influence of preoperative antibiotic prophylaxis on results of intraoperative
tissue cultures in patients undergoing revision hip or knee
arthroplasty and in whom infection is suspected. We used
the same patients for the study and control groups by taking
samples from the same surgical sites before and after
administration of antibiotics to avoid sampling bias. Our
null hypothesis was that preoperative antibiotic prophylaxis does not influence the sensitivity of diagnosing PJI
using periprosthetic tissue cultures.

Patients and Methods
This study received approval from the Republic of Slovenia National Medical Ethics Committee. Between 2012 and
2013, we treated 51 patients for suspected PJI with a THA
or TKA. We invited patients to participate in this
prospective study who met the following inclusion criteria:
early loosening (\ 10 years after primary implantation),
positive synovial cytology results and negative microbiology results on preoperative aspiration (in this series, all
aspirations performed yielded sufficient fluid on which to
perform cultures), and any TKA or THA with no obvious
mechanical reason for failure (migration of prosthesis)
[24]. We did not invite patients who met these exclusion
criteria: antimicrobial therapy less than 14 days before
surgery, tourniquet was used during surgery, violation of
study protocol, a prosthetic heart valve present, or allergy
to cephalosporin. Mechanical and extraarticular causes for
failure were diagnosed by clinical examination and imaging studies [22]. This resulted in 40 (78%) patients
undergoing surgery for PJI who were eligible for
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participation in the study. Of those, all consented to participate, and these patients represented our study group;
this group included 29 patients undergoing surgery for
infected THAs and 11 for infected TKAs. All patients
underwent single-stage revision surgery. The same patients
comprised the study and control groups in that we took
cultures before and after antibiotic administration in the
same patients. This was a single-institution study (Orthopedic Hospital Valdoltra). Surgical revision was performed
and the infecting organism was unknown before the
surgery.
The mean age of the study population was 75.8 years (±
8.9 years), with the range from 50 to 87 years. Twenty of
the 40 patients were men.
Patients were prepared for surgery in a standard manner depending on localization of the surgical site.
Tourniquets were not used during the revision TKAs.
After reaching the infected site, three periprosthetic soft
tissue specimens, approximately 0.5 cm3 each, were
obtained for microbiologic testing. Areas with the most
visually inflamed tissue were sampled. After obtaining the
first set of three tissue specimens, antimicrobial prophylaxis was administered (2 g cefazolin intravenously). The
surgical procedure was performed in a standard manner
but débridement of the site of original tissue sampling was
deferred until after harvesting the second set of three
cultures. Finally, the second set of three tissue specimens
of approximately the same size and from the same surgical area was obtained. At the same time a tissue sample
from the same area was collected for verification of the
concentration of prophylactic antibiotic. Tissue specimens
for microbiologic testing were placed in separate sterile
containers, labeled with the patient’s name and number,
transported to the microbiology laboratory, and processed
within 24 hours.
The microbiologist (MK) was blinded to which tissue
specimens were obtained before and which after antimicrobial prophylaxis was initiated. In the microbiology
laboratory, each container with a tissue specimen was
weighed on an analytical scale (Type AE 200; MettlerToledo International, Columbus, OH, USA). Each tissue
specimen was transferred to 5 mL of sterile normal saline
(0.9% NaCl) and homogenized using a Masticator Silver/
Panoramic digital blender (IUL Instruments GmbH,
Konigswinter, Germany) for 90 seconds (5 strokes/second).
The homogenate was serially diluted twice to a 1:10 ratio
by transferring 0.5 mL of the homogenate into 4.5 mL of
sterile normal saline. Aliquots of 0.1 mL of undiluted
homogenate and each dilution were plated on agar plates in
aerobic conditions (Columbia blood agar and chocolate
agar Anaerobe Systems, Morgan Hill, CA, USA) and
anaerobic conditions (Brucella blood agar, Anaerobe Systems). Each empty container was weighed and its weight
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subtracted from the filled container weight to calculate the
weight of each tissue specimen. Columbia blood agar
plates and enrichment thioglycollate broths (Anaerobe
Systems) were incubated at 35° C in ambient air, chocolate
agar plates at 35° C with 5% CO2, and Brucella blood agar
plates at 35° C in an anaerobic atmosphere. All agar plates
were examined daily for 14 days. The growth of any
microorganisms on the plates was recorded and colonyforming units (CFU) with the same morphologic features
were enumerated and expressed per gram of tissue (considering the dilution factor). Microorganisms were
identified using standard identification methods and their
antimicrobial susceptibility was determined using discdiffusion testing according to the Clinical and Laboratory
Standards Institute guidelines [5]. All isolates of different
species were stored at –70° C in MicrobankTM vials (ProLab Diagnostics UK, Merseyside, UK).
Tissue concentrations of prophylactic antibiotic were
verified using the tissue sample harvested just before the
second set of tissue samples was taken. Tissue samples were
extracted with 2 mL of 0.1 mol Sorensen’s phosphate buffer,
centrifuged, and supernatant was applied on the solid phase
extraction column (Phenomenex LTD, Aschaffenburg,
Germany). Plasma samples were diluted with water (1:3
plasma volume to water volume ratio) before solid phase
extraction. The solutions were applied on activated StrataTMX 33-lm polymeric sorbent, 100 mg/6 mL columns (Phenomenex LTD) and cefazolin was eluted with 3 mL
methanol. Samples were dried and residues dissolved in 1
mL of mobile phase, prepared by mixing 770 mL of 0.02 mol
phosphate buffer (pH 5) with 250 mL of methanol. Fifty
microliters of sample solution then was injected in the Agilent 1260 diode array detector (Agilent Technology, Palo
Alto, CA, USA) with a Gemini1 5 lm C18 110A chromatographic column (Phenomenex) used for the separation.
Cefazolin stock solution with a concentration of 1.0 mg/mL
was prepared by dissolving cefazolin sodium salt (Sigma
Aldrich, St Louis, MO, USA) in the mobile phase. Extracted
matrix-matched calibration curves, ranging from 5 mg to 100
mg cefazolin/kg, were used to assess the cefazolin concentration in samples.
The purpose of measuring tissue antibiotic concentration
at the time of the second set of tissue specimen recovery
was to establish a control point. We wanted to show that if
there was a difference between the samples, antibiotic
prophylaxis would be adequate at the time of recovery of
the control tissue specimens. Staphylococcus species
should be considered susceptible if the minimum inhibitory
concentration (MIC) for cefazolin is 2 lg/mL or less [7, 8].
In our study, all measured tissue concentrations of cefazolin were greater than the MIC, therefore we found that
antibiotic prophylaxis was adequate at the time of secondset tissue specimen recovery.
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Statistical Analysis
Power analysis of our study sample achieved 98% power
to detect a difference of 0.330 (a 33% difference in
diagnostic sensitivity) between the area under the receiver
operating characteristic (ROC) curve, the area under the
curve (AUC), with the null hypothesis of 0.5000 and an
AUC for the alternative hypothesis of 0.830 using a twosided z test at a significance level of 0.050. The data were
discrete (rating scale) responses. The AUC was computed
between false-positive rates of 0.00 and 1.00. The ratio of
the SD of the results in the negative group to those in the
positive group was 1.00. The AUC is the probability that
the predicted value of the sample with the outcome
variable equal to one will be ranked higher than the predictive value for the sample with the outcome variable
equal to 0. Continuous data were presented as mean ± SD
or median with interquartile range. Categoric data were
expressed as frequencies or percentages. As the number of
CFU per gram of tissue was an asymmetrically distributed
variable, the nonparametric Wilcoxon signed rank test
was used to estimate the difference in the outcome measure between pre- and postantimicrobial prophylaxisobtained tissue samples. The possible effect of a tissue
specimen as a random factor and timing of tissue specimen recovery (before/after antimicrobial prophylaxis) as
a fixed factor, on the number of CFU per gram of tissue
were tested using ANOVA with repeated measures. A
logistic-regression model was used to assess the relationship between the timing of tissue specimen recovery
and qualitative assessment of microbial cultures. Three
measurements for each statistical unit, for measurement
before and after separately, were combined into one new
variable—the assessment of culture positivity. For the
purpose of analysis, patients with all three tissue specimens found to be negative were defined as ‘‘negative’’,
whereas all others were defined as ‘‘positive’’. Again, the
tissue specimen as a random factor was included in the
model. Results were presented as the odds ratio (OR) for
positive microbial culture with 95% CI. A logistic
regression model was used. The agreement in qualitative
assessment of culture positivity between pre- and
postantimicrobial prophylaxis-obtained tissue specimens
was estimated by calculating the intraclass correlation
coefficient (ICC). To estimate the predictive accuracy of
postantimicrobial prophylaxis tissue microbial cultures
for implant infection, the ROC approach was applied. For
this purpose, the variable assessment of culture positivity
was dichotomized. We took into account the negative and
positive results obtained before antimicrobial prophylaxis
and as a test method, and that we obtained after antimicrobial prophylaxis. Quality of discrimination was
assessed by calculating the area under the ROC curve (the
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AUC), the sensitivity, specificity, positive predictive
value, and negative predictive value. All estimates were
reported with 95% CIs.
A p value less than 0.05 was considered statistically
significant. Statistical analysis was performed using IBM
SPSS1 Version 20.0 software (IBM Corporation, Armonk,
NY, USA).

Results
We found no differences with the numbers available
between tissue samples taken before and after administration of antimicrobial prophylaxis (OR, 0.99; 95% CI, 0.40–
2.48). Comparison of numbers of CFU per gram of tissue
specimens before and after prophylaxis did not show a
statistical difference: the mean number of CFU per gram of
tissue, averaged across all three specimens, was not different if the specimens were obtained before or after
antimicrobial prophylaxis (Wilcoxon signed rank test, p =
0.280). Almost identical results were obtained if the
medians instead of the means were calculated for the three
tissue specimens (median before prophylaxis, 3438; SD,
13,726; 95% CI, 816 to 7691; median after prophylaxis,
18,233; SD, 105,415; 95% CI, 14,434 to 50,901; p =
0.25).
To retain the information of each tissue specimen culture result, two-way ANOVA with repeated measures was
conducted. Neither the time of specimen recovery (before
or after the antimicrobial prophylaxis) nor the tissue
specimen per se proved to be statistically significant in
relation to number of CFUs per gram of tissue (F = 0.22;
p = 0.64, and F distribution = 0.80; p = 0.46, respectively).
We found the incidence of a different number of negative
or positive tissue specimens obtained before and after
antimicrobial prophylaxis (Fig. 1).
Using the ROC curve approach, we confirmed that
qualitative assessment of culture positivity on the basis of
samples taken after antimicrobial prophylaxis compared
with samples taken before antimicrobial prophylaxis was
an accurate method (AUC, 0.83; 95% CI, 0.70–0.97)
(Fig. 2). Sensitivity was 79% (95% CI, 58%–93%),
specificity was 88% (95% CI, 62%–98%), positive predictive value was 91% (95% CI, 70%–99%), and negative
predictive value was 74% (95% CI, 49%–91%). The ICC
showed good agreement in qualitative assessment of
microbial tissue cultures between samples taken before and
after antimicrobial prophylaxis (ICC = 0.78; 95% CI, 0.63–
0.88; p \ 0.001).
In our study, all measured tissue concentrations of
cefazolin were higher than the MIC, therefore we found
that antibiotic prophylaxis was adequate at the time of
second-set tissue specimen recovery.
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Fig. 1 The distribution of positive and negative periprothetic microbial cultures in three tissue specimens for the 40 patients, before and
after antimicrobial prophylaxis, is shown. NNN = all three tissue
specimens were negative; PNN = one tissue specimen was positive
and two were negative; PPN = two tissue specimens were positive and
one was negative; PPP = all three tissue specimens were positive.

Fig. 2 The ROC curve for postantimicrobial prophylaxis periprosthetic tissue microbial culture for implant infection is shown. AUC =
area under the curve.

A total of 85% (49/58) of the detected microorganisms
were susceptible to the antibiotic prophylaxis that was
administered (Table 1).
Discussion
Antimicrobial prophylaxis is used routinely before surgery
to reduce patients’ risk of infection with a primary
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arthroplasty [9]. It is common to defer antimicrobial prophylaxis until after tissue samples have been obtained in
revision arthroplasties with unidentified organisms before
surgery. The potential advantage is to identify an organism
not identified through preoperative aspiration. The disadvantage is that patients are deprived of the benefit of
antimicrobial prophylaxis before skin incision, a benefit
that has been called the greatest single contribution to
minimizing infection in total joint arthroplasties [13, 14],
especially in revisions where infection rates can range from
5% to 10%, and has been documented as much as 40% in
different studies [12, 15, 21]. This risk discrepancy is likely
multifactorial, but withholding antimicrobial prophylaxis
until after cultures are obtained intraoperatively may contribute to the higher rates of PJIs observed in patients
undergoing revision arthroplasties. A true PJI frequently is
treated as aseptic loosening. If it is not recognized preoperatively, the condition leads to early failures and repeat
revision procedures. We found no difference in diagnostic
yield between cultures taken before and after administration of parenteral antibiotics in patients in whom PJI was
suspected.
The main limitation of our study is the relatively small
sample size and because of that, there is no evaluation by
procedure, patient sex, or bacteriology. Another limitation
is that the ‘‘gold standard’’ for this diagnosis is unknown
(tissue cultures are one standard and 2 years clinical followup is another). We did not follow these patients long
enough to see if negative cultures (in either group) were
true negatives, defined as the absence of clinical infection
after a sufficient period of observation. In addition, these
results might not apply to a population in whom PJI was
not suspected, as the bacterial burden might be different. In
addition, in cases of difficult-to-detect bacteria, all
microorganisms might be eliminated with prophylaxis, and
in cases of high bacterial load prophylaxis might not
matter. Finally, in terms of statistical power, with the
numbers available, we had 98% power to detect a difference in diagnostic sensitivity of 33%.
Two prior studies found, as we did, that preoperative
antibiotics do not decrease the diagnostic yield of intraoperative cultures [4, 17]. Our results confirm and extend
those findings, as our study was designed to address some
of the methodologic shortcomings in those reports. It is
essential that patients assigned to treatment and control
groups be representative of the same population. Our
control group was the same population, not just a similar
population. We studied a general population with suspected
PJI in whom the infecting organism was unknown before
the surgery. It is the first study, to our knowledge,
addressing this question. Although tissue antibiotic concentration was greater than the MIC at the time control
samples were collected, there was still no difference in
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Table 1. Periprosthetic tissue culture results from specimens obtained before and after antimicrobial prophylaxis
Organisms

Number of patients
Before and after
antimicrobial
prophylaxis

Before antimicrobial
prophylaxis only

After antimicrobial
prophylaxis only

Coagulase-negative Staphylococci

6

2

2

Staphylococcus aureus

5

0

0

Propionibacterium acnes

0

2

0

Gram-positive anaerobic bacilli

1

0

0

Group G beta-hemolytic streptococcus

1

0

0

Corynebacterium species

0

1

0

Corynebacterium accolens

1

0

0

Staphylococcus aureus + Klebsiella pneumoniae

1

0

0

Staphylococcus epidermidis + Staphylococcus species + Gram-positive
cocci

1

0

0

Staphylococcus aureus + Pseudomonas aeruginosa + Enterococcus faecalis
Pseudomonas aeruginosa + Corynebacterium species + Proteus mirabilis

1
1

0
0

0
0

Staphylococcus epidermidis + Staphylococcus aureus + Staphylococcus
capitis + Staphylococcus cohnii + Gram-positive cocci

1

0

0

19

5

2

Total

sensitivity with the numbers available between the samples
obtained before and after administration of antimicrobial
prophylaxis. However even with three negative samples,
infection with difficult to detect bacteria might have been
missed in both groups. Sonication and PCR might be better
methods to confirm PJI, however we did not use either
method in our study.
Some authors have proposed deferring preoperative
antibiotic prophylaxis until after tissue samples have been
collected for culture [19, 20, 23], because they fear not
identifying the causative agent of the infection, which is
the most important element in the treatment of PJI. There
are no prospective studies of which we are aware that show
that this practice is justified.
Results from our small, prospective series support those
of other reports [4, 17], and suggest that a single dose of
antimicrobial prophylaxis does not alter intraoperative
culture results in PJI. There were no differences with the
numbers available in the concordance rate between preoperative and intraoperative cultures. Results from this
prospective series of patients with potential PJIs suggest
that antimicrobial prophylaxis will not substantially compromise the diagnostic sensitivity of tissue sample cultures
in revision hip and knee arthroplasties even if administered before microbiologic sampling. However, before
applying these results to all revisions, our findings need to
be confirmed in a larger, multicenter population that
would allow evaluation by sex, procedure, bacteriology
and other potentially important factors.
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