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Intra-operative diagnosis of periprosthetic joint infection can rely
on frozen sections in patients without synovial fluid analyses
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Abstract

Background The purpose of this study was to determine whether frozen sections can increase diagnostic values of serological
tests for the assessment of periprosthetic joint infection (PJI) in patients without synovial fluid analyses.

Methods A retrospective review of 128 revision arthroplasties (79 hips and 49 knees) from January 2016 to December 2017 was
performed. Diagnosis of PJI was based on the Musculoskeletal Infection Society criteria for infection. Three diagnostic models
for PJI, with model 1 including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), model 2 including model 1
plus frozen sections > 5 polymorphonuclear neutrophil (PMN)s per high-power field (HPF), and model 3 including model 1 plus
frozen sections > 10 PMNs per HPF, were developed. Then receiver operating characteristic (ROC) curves were generated, and
the areas under the ROC curves (AUCs) were compared.

Results The AUC of model 1, model 2, and model 3 was 79.40% [95% confidence interval (CI), 69.84 to 86.64%], 89.30% (95%
CI, 82.93 t0 93.92%), and 85.52% (95% CI, 78.44 to 91.4%), respectively. The AUC of model 1 was significantly lower than that
of model 2 (p =0.002) and model 3 (p =0.039). Although the result was not significant (p = 0.132), there was a trend toward a
higher AUC of model 2 than model 3.

Conclusions This study reveals that intra-operative frozen sections significantly increased the performance of serum ESR and
CRP in the diagnosis of PJI. The combination of serological tests and frozen sections for the assessment of PJI may be reliable in
patients without synovial fluid analyses.
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Introduction

Periprosthetic joint infection (PJI) after total joint arthroplasty
(TJA) is a rare but dreaded complication that is associated
with an increased risk of morbidity and mortality [1, 2].
Therefore, the timely and accurate diagnosis of PJI is crucial.
As lack of “gold standard” for the diagnosis of PJI, the
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Musculoskeletal Infection Society (MSIS) has developed
criteria to standardize the definition of PJI, which was modi-
fied by the International Consensus Meeting (ICM) in 2013
[3, 4]. These definitions are based on the combination of clin-
ical findings, microbiological cultures, serological tests, joint
aspiration analyses, and histological features.

The intra-operative frozen section histology is a timely and
cost-effective tool in the diagnosis of PJI. However, its diag-
nostic value remains controversial [5—10]. The major concern
is the discrepancy comparing frozen and paraffin section,
which has been suggested that tissue samples were insuffi-
ciently representative of cytohistology by using frozen section
[5, 6]. Another issue is that the frozen section can be false
negative in certain low-grade infection [7-9] or false positive
in patients with periprosthetic fracture [7, 10]. Additionally,
the optimal diagnostic thresholds of polymorphonuclear neu-
trophil (PMN) per high-power field (HPF) have conflicting
results in the literature, while the MSIS for PJI recommended
five PMNs per HPF [3, 11-14].
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Table 1 Patient characteristics

Total (n=128) Septic (n=48) Aseptic (n=80) p value
Gender (n, %) 0.112
Female 78 (60.94) 25 (52.08) 53 (66.25)
Male 50 (39.06) 23 (47.92) 27 (33.75)
Age (year) 59.84 +£14.69 61.85+11.96 58.64+£16.06 0.232
BMI (kg/mz) 25.37+4.34 2533+2.94 25.39+5.01 0.936
Joint (1, %) 0.004
Hip 79 (62.20) 22 (45.83) 57 (72.15)
Knee 49 (38.28) 26 (54.17) 23 (28.75)
Diabetes mellitus (1, %) 18 (14.06) 11 (22.92) 7(8.75) 0.035
Rheumatoid arthritis (72, %) 3(2.34) 1 (2.08) 2 (2.50) 1.000
Malignance (1, %) 10 (7.81) 4 (8.33) 6 (7.50) 1.000
It is important to differentiate between septic and aseptic ~ Methods
revisions since the managements of those two are entirely
different. Despite the undoubted diagnostic value of synovial Patients

fluid analyses, it may be not routinely obtained in some cir-
cumstances, especially before presumed aseptic revision.
Additionally, prior studies showed that a “dry tap” may occur
in almost half of joint aspirations while radiological guidance
was used [15, 16]. For patients without synovial fluid analy-
ses, intra-operative decision-making process mainly relies on
serological tests involving erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) and frozen sections.
However, to our best knowledge, there has been no study on
the performance of the combination of serum ESR, CRP, and
frozen sections for the assessment of PJI.

Therefore, the purposes of this study were (1) to assess the
association between frozen section results and PJI; (2) to de-
termine whether frozen sections can increase diagnostic
values of serological tests in the assessment of PJI; and (3)
to compare the accuracy of five and ten PMNs per PHF as the
threshold. Our hypothesis was that the combination of sero-
logical tests and frozen sections in the diagnosis of PJI would
be satisfactory. It was also hypothesized that there was no
difference in the diagnostic performance between five and
ten PMNs per PHF as the threshold.

Table 2 Organism profile

Microorganism

Staphylococcus aureus 5(10.4)
Coagulase-negative staphylococci 20 (41.7)
Methicillin-resistant organism 3(6.2)

Enterococcus spp. 2(42)

Streptococcus spp. 6 (12.5)
Polymicrobial organism 6 (12.5)
Culture negative 16 (33.3)
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After institutional review board approval, we retrospectively
reviewed our institutional revision database, which consisted
of 331 revisions (201 hips and 130 knees) from January 2016
to December 2017. One hundred and sixty-two cases with
missing data for intra-operative frozen sections were exclud-
ed. Patients with a prior two-stage exchange arthroplasty, a
megaprosthesis, a diagnosis of periprosthetic fracture or dis-
location, or those with missing criteria data were also exclud-
ed. After the aforementioned criteria, 128 revisions including
79 hips and 49 knees were included in the final analysis.

Data collection

Serum ESR and CRP were routinely obtained for every pa-
tient before revision arthroplasty in our institution. Other clin-
ical records were reviewed manually in detail to extract perti-
nent information that included gender, age, body mass index
(BMI), joint of interest, diabetes mellitus, and rheumatoid ar-
thritis. Prior studies have shown that coagulase-negative
staphylococci (CNS) can cause a PJI with a decreased PMN
infiltration rate [7-9]. Therefore, the cultured organism was
also reviewed.

Three to five samples of tissues to be analyzed were ob-
tained during surgery from the periprosthetic membrane and
other periprosthetic tissues in which infection was suspected.
Each sample was gathered in a separate clean specimen bag
and was promptly referred to the pathology department in a
sterile transport to avoid cross-contamination. All samples
were stained using haematoxylin and eosin (H&E) and ana-
lyzed based on Feldman et al.’s criteria [17]. Multiple sections
from each sample were classified by two experienced pathol-
ogists, and the number of PMNs per HPF (x 400) was
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Table 3  Association between frozen sections and PJI
Frozen section histology Num. of septic revisions (%) Num. of aseptic revisions (%) OR, 95% CI
Non-adjusted Adjusted
<5 PMNs per PHF 8 (16.67) 59 (73.8) Ref. Ref.
5-10 PMNs per PHF 14 (29.17) 14 (17.5) 7.37 (2.59, 20.99) 10.29 (2.58, 41.09)
> 10 PMNs per PHF 26 (54.17) 7 (8.8) 27.39 (8.99, 83.49) 29.16 (6.81, 124.76)

determined in 5-10 separate microscopic fields. The average
was calculated as the result of frozen section.

Definition of PJI

Diagnosis of PJI was based on the MSIS criteria for infection
[3]. PJI was defined when the following occur:

1. Two positive periprosthetic cultures grew phenotypically
identical organisms, or

2. A sinus tract communicating with the joint existed, or

3. Three of the following five criteria were met:

(1) Elevated serum ESR and CRP

(2) Elevated synovial fluid white blood cell count or 2+
change on leukocyte esterase test strip

(3) Elevated synovial fluid polymorphonuclear neutro-
phil percentage

(4) Positive histologic analysis of periprosthetic tissue

(5) A single positive culture

Statistical analysis

Categorical variables were presented as frequencies and per-
centages, and continuous variables as means and standard
deviation. The clinical characteristics between groups were
compared with the use of the independent #-test or Mann—

P <.001 for trend
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Fig. 1 Dose-response analysis

Whitney test for continuous variables and the chi-square test
or Fisher’s exact test for categorical variables.

Both univariate and multivariable logistic regression anal-
yses were performed to assess the relationship between frozen
section results and PJI. In the multivariable model, we adjust-
ed for gender, age, BMI, joint of interest, diabetes mellitus,
rheumatoid arthritis, and CNS. Unadjusted and adjusted odds
ratios (ORs) and 95% confidence intervals (CIs) were report-
ed. For this analysis, frozen section results were first modeled
as a categorical variable (<5, 5-10, or > 10 PMNs per HPF).
Additionally, the 3 original categories were also modeled as a
continuous variable to test for a liner trend in a dose-response
analysis (p for trend).

Three diagnostic models of PJI were constructed using lo-
gistic multivariable regression models, with model 1 including
serum ESR and CRP, model 2 including model 1 plus frozen
sections > 5 PMNs per HPF, and model 3 including model 1
plus frozen sections > 10 PMNs per HPF. Then, the nomo-
grams of the three models were developed. Receiver operating
characteristic (ROC) curves were generated using bootstrap
resampling (times = 500) to determine the diagnosed value
of the three models. The area under the ROC curve (AUC)
with 95% CI was used as a measure of diagnostic accuracy,
and all models were compared by using the DeLong method
[18]. A p value less than 0.05 was considered significant. All
of the statistical analyses were performed with the statistical
software packages R (http://www.R-project.org, The R
Foundation) and EmpowerStats (http://www.empowerstats.
com, X&Y Solution, Inc., Boston, MA).

Results

According to the MSIS criteria for PJI, 48 patients were con-
firmed septic and 80 aseptic. The patient characteristics were
shown in Table 1. No difference in gender, age, and BMI was
observed between the PJI and aseptic groups. The organism
profile of patients with PJI was shown in Table 2.

Patients with 5—-10 and more than 10 PMNs per PHF had
significantly higher unadjusted odds of PJI compared to those
with less than 5 PMNs per PHF (Table 3). In the multivariable
analysis, patients with 5—10 PMNs per PHF had significantly
higher adjusted odds (adjusted OR, 10.29; 95% ClI, 2.58 to
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Table 4 Formulas of the three models

Model Formula

Model 1 —1.80380 +0.19664 = CRP +0.03849 = ESR

Model 2 —3.43866 +0.36659 % CRP+0.03123 % ESR +2.77662 = (if frozen section >5 PMNs per PHF is 1; or is 0)
Model 3 —2.29445 +0.21087 % CRP +0.03230 % ESR +2.27651 # (if frozen section > 10 PMNs per PHF is 1; or is 0)

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein

41.09) of PJI than those with no more than 5 PMNs per PHF,
and the association was stronger for patients with more than
10 PMNSs per PHF (adjusted OR, 29.16; 95% CI, 6.81,
124.76). In a separate dose-response analysis (Fig. 1), the odds
of the diagnosis of PJI increased significantly with an increas-
ing number of PMNs per PHF (p < 0.001 for trend).

The formulas of the three diagnostic models were present
in Table 4, and the nomograms of models were shown in
Supplementary Figure. Model 2 (81.25%) had the highest
accuracy among the three models (model 1, 76.56%; model
3, 79.69%; Table 5). The AUC of model 1, model 2, and
model 3 was 79.40% (95% CI, 69.84 to 86.64%), 89.30%
(95% CI, 82.93 to 93.92%), and 85.52% (95% ClI, 78.44 to
91.4%), respectively (Fig. 2). The AUC of model 1 was sig-
nificantly lower than that of model 2 (p = 0.002) and model 3
(p=0.039). Although the result was not significant (p =
0.132), there was a trend toward a higher AUC of model 2
than that of model 3. Additionally, the sensitivity of model 2
(85.42%) was higher than that of model 3 (81.25%) without
decreasing specificity (78.75%).

In total, 63 (78.8%) cases in the aseptic group and 18
(37.5%) cases in the septic group had a dry tap or no synovial
fluid analysis. In the 30 PJI cases (62.5%) with synovial fluid
WBC counts (SFWBC), 26 cases (86.7%, 26/30) had a
SFWBC more than 3000 cells/p. Of them, 80.8% (21/26)
were considered as infection in model 1, 92.3% (24/26) in
model 2, and 88.5% (23/26) in model 3.

Discussion

Intra-operative frozen section histology for diagnosis of PJI is
widely used to assist surgeons deciding whether to implant
definitive prostheses (a one-stage exchange arthroplasty) or
to insert an antibiotic cement spacer followed by

reimplantation after a course of antibiotics in the revision
arthroplasty (a two-stage exchange arthroplasty). In current
literature, there is a lack of data on the histopathology for
the diagnosis of PJI but more interests in exploring new sero-
logical and synovial tests, such as D-dimer and synovial al-
pha-defensin. There may be an explanation that frozen sec-
tions are not routinely obtained in several institutions due to
no pathologist available, lack of communication between sur-
geons and pathologists, and limited knowledge of histological
techniques and importance on the significance of diagnosis
established with histology by surgeons.

To our best knowledge, this is the first study to evaluate the
combination of serological tests and frozen sections for as-
sessment of PJI. The results revealed that frozen section could
significantly increase diagnostic values of serum ESR and
CRP with the AUC of almost 90%. Additionally, although
the results were not significant, the threshold of 5 PMNs per
PHF had higher sensitivity and diagnostic accuracy than that
of 10 PMNs per PHF without decreasing specificity.

Serum ESR and CRP remain as first-line screening tests in
PJI literature due to the high sensitivity and routine accessi-
bility, even in patients with inflammatory conditions [19].
Prior studies have reported the sensitivity of serum ESR and
CRP ranges from 42 to 94% and 74 to 94%, respectively
[19-22]. However, as their modest specificity, they should
not be utilized solely but a combination with other tests, in-
volving synovial fluid analyses and histology in the diagnosis
of PJL.

While joint aspiration was a simple and critical tool in the
diagnosis of PJI, it may be not routinely obtained in patients
who underwent an intended revision arthroplasty.
Additionally, a “dry tap” may occasionally encounter, espe-
cially in hip procedures. For patients without pre-operative
aspiration results but with equivocal serological tests, the
decision-making process may be based on intra-operative

Table 5 Performance of the three models
Cutoff Sensitivity (%) Specificity (%) Positive predictive Negative predictive Accuracy (%)
value (%) value (%)
Model 1 -0.9564 81.25 73.75 65.00 86.76 76.56
Model 2 -0.3089 85.42 78.75 70.69 90.00 81.25
Model 3 —1.0040 81.25 78.75 69.64 87.50 79.69
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Fig. 2 Receiver operating characteristic curves (ROCs) for the three models; (a) model 1, (b) model 2, and (¢) model 3. Blue shading shows the

bootstrap-estimated 95% CI with the area under the ROC curve (AUC)

frozen sections. Moreover, negative results for both serum
ESR and CRP do not exclude the diagnosis of periprosthetic
joint infection (PJI). Our results revealed that the combination
of serological tests and frozen section may be reliable in the
assessment of PJI.

Our results reveal that frozen sections performed well in
predicting PJI. Furthermore, there was an apparent dose-
response effect between frozen section results and PJI. There
have been a large number of studies over the past forty years
which showed that the presence of PMN infiltrates in
periprosthetic tissues is associated with the diagnosis of PJI.
The importance of histology in the assessment of PJI has been
reflected by its inclusion in the MSIS criteria for PJI that has
been widely accepted worldwide [23]. The histology tech-
niques involved intra-operative frozen sections and post-
operative permanent paraffin sections. Compared with paraf-
fin sections for final assessment, frozen sections mainly help
surgeons diagnose or rule out PJI and decide the following
management in the operation. The diagnostic values of frozen
section in PJI have been inconsistent in the literature with
sensitivity and specificity being reported to vary from 18 to
100% [7, 24-28]. Tsaras and his colleagues conducted a sys-
tematic review and meta-analysis using twenty-six studies in-
volving 3269 patients undergoing revision hip or knee
arthroplasty [28]. The pooling data showed that frozen sec-
tions had a pooled diagnostic OR of 54.7, a likelihood ratio of
a positive test of 12.0, and a likelihood ratio of a negative test
of 0.23 for the diagnosis of PJI, which was similar with our
results.

The best thresholds of frozen sections remain controversial
[11, 23, 28]. A meta-analysis by Tsaras et al. compared the diag-
nostic OR and likelihood ratios of five and ten PMNs per PHF as
the threshold and did not find any difference in diagnostic per-
formance between the two cutoff points [28]. Another meta-
analysis by Zhao et al. suggested that although there was no
difference in sensitivity or diagnostic OR, specificity was

significantly higher for ten than for five PMNs per PHF as the
threshold for diagnosing PJI solely [11]. They explained that the
different results from Tsaras et al. were because Tsaras et al. failed
to use sensitivity/specificity as the indexes. However, most stud-
ies enrolled in both two meta-analyses were limited due to high
heterogeneity among included studies (e.g., differences in the
inclusion and exclusion criteria, tissue sampling bias, and tech-
nique of the pathologists) and a non-standardized definition of
PJL Inconsistent with our hypothesis, the current results revealed
a higher sensitivity without decreasing specificity for five than
ten PMNs per HPF when combining with serum ESR and CRP
in the diagnosis of PJI. Therefore, we recommend a cut-off value
of five PMNSs per PHF as the threshold in diagnosing PJI.

Several limitations should be considered. First, the study
was retrospective in nature and thus was subject to its inherent
limitations and biases. Second, the results were from a single
institution and the sample size was not large. However, boot-
strap resampling (n = 500), an internal validation method, was
performed in the present study. Third, the numbers of frozen
section samples taken were different among patients that
range from 3 to 5, which may affect the resection results.
Fourth, the diagnostic accuracy may be underestimated as
only patients who were deemed to have a moderate or high
risk of infection may have frozen section results. Therefore,
we believed a better performance of the combination of serum
tests and frozen sections for the assessment of PJI in a con-
secutive cohort. Lastly, although MSIS criteria are the pre-
ferred standard for PJI, the accuracy is not 100% [29].

Conclusions
This study reveals that intra-operative frozen sections significant-
ly increased the performance of serum ESR and CRP in the

diagnosis of PJI. The combination of serological tests and frozen
sections for the assessment of PJI may be reliable in patients
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without synovial fluid analyses. A threshold of five PMNs per
PHF had greater sensitivity without decreasing specificity. These
findings should keep in borne when diagnosing or ruling out PJI
intra-operatively, especially for patients without joint aspiration
analyses. Further prospective studies with larger cohorts are re-
quired to validate these results.
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