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Aims

Histology is an established tool in diagnosing periprosthetic joint infections (PJIs). Differ-
ent thresholds, using various infection definitions and histopathological criteria, have been
described. This study determined the performance of different thresholds of polymorpho-
nuclear neutrophils (= 5 PMN/HPF, 2 10 PMN/HPF, 2 23 PMN/10 HPF) , when using the Euro-
pean Bone and Joint Infection Society (EBJIS), Infectious Diseases Society of America (IDSA),
and the International Consensus Meeting (ICM) 2018 criteria for P)JI.
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A total of 119 patients undergoing revision total hip (rTHA) or knee arthroplasty (rTKA) were
included. Permanent histology sections of periprosthetic tissue were evaluated under high
power (400x magnification) and neutrophils were counted per HPF. The mean neutrophil
count in ten HPFs was calculated (PMN/HPF). Based on receiver operating characteristic
(ROCQ) curve analysis and the z-test, thresholds were compared.

Results

Using the EBJIS criteria, a cut-off of > five PMN/HPF showed a sensitivity of 93% (95% confi-
dence interval (Cl) 81 to 98) and specificity of 84% (95% Cl 74 to 91). The optimal threshold
when applying the IDSA and ICM criteria was > ten PMN/HPF with sensitivities of 94% (95%
Cl1 79 to 99) and 90% (95% Cl 76 to 97), and specificities of 86% (95% Cl 77 to 92) and 92%
(95% CI 84 to 97), respectively. In rTKA, a better performance of histopathological analysis
was observed in comparison with rTHA when using the IDSA criteria (p < 0.001).

Conclusion

With high accuracy, histopathological analysis can be supported as a confirmatory criterion
in diagnosing periprosthetic joint infections. A threshold of > five PMN/HPF can be recom-
mended to distinguish between septic and aseptic loosening, with an increased possibility
of detecting more infections caused by low-virulence organisms. However, neutrophil counts
between one and five should be considered suggestive of infection and interpreted carefully
in conjunction with other diagnostic test methods.
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phils in ten high-powered fields (HPFs) for
diagnosing periprosthetic joint infection
(PJI) when using the new European Bone
and Joint Infection Society (EBJIS), Infec-
tious Diseases Society of America (IDSA),

Histopathological analysis can be used as
a confirmatory criterion in diagnosing PJI.
A threshold of 2 five N/HPF can be recom-
mended to distinguish between septic
and aseptic loosening.
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Our analysis suggests that the new EBJIS definition
may be more sensitive in comparison to the IDSA and
2018 ICM criteria.

Strengths and limitations
Previous studies did not use uniform
definitions.
This is the first study to evaluate the performance of
histology when using various infection definitions.
Retrospective study design.

infection

Introduction

Histopathological analysis has become firmly embedded
in the clinical work-up to aid in diagnosing periprosthetic
jointinfection (PJI). According to the clinical practice guide-
lines from the American Academy of Orthopedic Surgeons
(AAOS), strong evidence supports the use of histopa-
thology to diagnose PJI." Additionally, the presence of
acute inflammation in histopathological examination was
defined as a confirmatory criterion for PJI by the Infectious
Diseases Society of America (IDSA)? and the European Bone
and Joint Infection Society (EBJIS) in their infection criteria,?
while the International Consensus Meeting (ICM) criteria
(reconvened in 2018) includes a positive histology only as
a minor criterion.* Sensitivities between 67% and 100%,
and specificities between 93% and 100% for histology,
have been reported.>”

Neutrophil count was first proposed for PJI diagnosis by
Mirra et al® in permanent stained histology sections. This
was subsequently confirmed in frozen sections.® Pandey
et al® showed that the presence of polymorphonuclear
neutrophils (PMNSs) in periprosthetic tissue (pseudomem-
brane or pseudocapsule) correlates strongly with septic
failure.® However, due to various testing thresholds reported
in different studies, the perfect cut-off remains unclear. In
a meta-analysis, Zhao et al'® concluded that a threshold of
ten PMNs per high-powered field (HPF) is better than five
PMN:ss for diagnosing PJI, although no statistically significant
difference was demonstrated between these thresholds.™
Tsaras et al'" also found no difference between ten PMN/
HPF and five PMN/HPF in their systematic review.™ In addi-
tion, Morawietz et al'? reported a different threshold of an
average of 23 PMN per ten HPFs for distinguishing between
septic and aseptic loosening.’

Previous studies did not use uniform infection defini-
tions. A comparison between histological and microbio-
logical results or clinical features was usually performed.
Therefore, the aim of this study was to assess and compare
the performances of the different thresholds of PMNs in
ten HPFs when using the EBJIS,? the IDSA,? and the 2018
ICM criteria.*

Methods
Study design. Patients having revision surgery after total
hip (rTHA) or knee (rTKA) arthroplasty between January

2015 and June 2018 were recruited, at a single tertiary
healthcare centre providing advanced specialist treat-
ment of PJl. Permanent sections of tissue samples, which
were intraoperatively collected during revision surgery,
were examined. Demographic data and results of serum
and synovial fluid analysis, histology, and microbiology
were recorded. Patients without histopathological assess-
ment, patients with a cement spacer in place, surgery
within the last six weeks, or a second stage of two-stage
revision were excluded. A PJI was defined according to
EBJIS,? IDSA,? and the 2018 updated ICM criteria.*

Local institutional ethical review board approval was
obtained (EK 1455/2019) and the study was conducted in
accordance with the Declaration of Helsinki."
Examination of diagnostic test methods. In each patient
having revision surgery, a standardized work-up was per-
formed to aid in PJl diagnosis. This work-up was directed
towards identifying the components of the EBJIS, IDSA,
and ICM diagnostic criteria. The presence of a sinus tract
or visible pus during the operation or aspiration was re-
corded. Preoperatively, blood samples were taken to as-
sess the serum CRP level. Under sterile conditions, a joint
aspiration was done preoperatively. Synovial fluid was
analyzed for white blood cell count (WBC), percentage
of polymorphonuclear neutrophils (%PMN), and sent for
microbiological investigations as previously described.™

For microbiological analysis, at least one synovial
fluid sample, at least three tissue samples, and at least
one sonication fluid sample were processed per standard
laboratory protocol with cultures held for 14 days." The
qualitative alpha-defensin lateral flow test was performed
as previously described.™
Histopathological analysis. During revision surgery, at
least two samples of periprosthetic membrane and the
pseudocapsule were collected (mean 4.5 samples; 2 to
11) and histopathologically processed. The samples were
fixed in 4.5% formaldehyde for 12 hours, paraffin embed-
ded, and sections of 3 um thickness were cut and stained
with haematoxylin and eosin.

For this study, all permanent sections were evaluated
under high power (400x magnification). A conventional
light microscope (Olympus BX53, Olympus GesmbH,
Austria) with a diameter of the visual field of 0.5 mm was
used; hence the visual field was 0.196 mm?2. In the study
by Morawietz et al,'? a diameter of 0.625 mm was used
(visual field 0.307 mm?), so the neutrophil count was
multiplied by (0.307/0.196) to give a true comparison.

For each section, the areas of inflammation containing
the highest number of PMNs were viewed. At least ten
400x magnification HPFs were analyzed in detail. Only
PMNs within the tissue were counted; PMNs within blood
vessels or within haemorrhagic areas were ignored. A
maximum of ten PMNs were counted per HPF The
number of PMNs in each of the ten HPFs was counted.
The ten counts were added and divided by ten to give
the mean PMN/HPF (number of PMN/HPF of ten HPFs
divided by ten). For each patient, the section with the
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Fig. 1

Histopathological picture of a periprosthetic membrane with > ten polymorphonuclear neutrophils (PMNs) per high-powered field (HPF) (400x) in a 76-year-
old woman with a periprosthetic knee infection according to the European Bone and Joint Infection society (EBJIS) criteria, the Infectious Diseases Society of
America (IDSA) criteria, and International Consensus Meeting (ICM 2018) criteria. Serum CRP was 261 mg/I, synovial fluid white blood cell count was 4,786
cells/l, and the percentage of PMNs was 93%. B-hemolytic Streptococcus Group B were detected in 2/2 aspirates, 4/4 tissue samples, and in the sonication
fluid. Intraoperatively, pus was visible and the alpha-defensin lateral flow test was positive. The circle shows several PMNs and the arrow a single PMN.

highest mean PMN/HPF count was taken as the definitive
number for diagnosis.

Each tissue sample was interpreted blindly without

knowledge of the other clinical, biochemical, or microbi-
ological results (Figure 1).
Statistical analysis. Continuous variables were described
as mean and range, and categorical variables were ex-
pressed as absolute and relative frequencies (percent-
age). Independent-samples t-test and Fisher's exact
test were used to compare metric and binary variables
between groups. Using receiver operating characteristic
(ROC) curve analysis, the best neutrophil cut-off for diag-
nosing PJl was assessed using the section with the highest
mean PMN/HPF count. Three previously published cut-
offs (= 23 PMN/10 HPFs, = 5 PMN/HPF, and = 10 PMN/
HPF) were evaluated against each of the three diagnos-
tic criteria (EBJIS, IDSA, and ICM). Sensitivity, specificity,
accuracy, positive (PPV) and negative (NPV) predictive
value, positive (LR+) and negative likelihood ratio (LR-),
area under the ROC-curve (AUC), and their 95% confi-
dence intervals (Cls) were calculated. The z-test was used
to compare AUCs. To avoid incorporation bias, histology
was excluded from the infection definitions. The signifi-
cance level for the tests was p < 0.05. Statistical analysis
was done in XLSTAT statistical and data analysis solution
(Version 2019.3.2.; Addinsoft 2020, USA).

Results

Demographic data according to the EBJIS criteria. A total
of 119 patients having revision surgery after a total hip (n
=59, 50%) or knee (n = 60, 50%) arthroplasty were in-
cluded. The mean age of the whole study cohort was 71
years (24 to 93); 76 patients (64%) were female (Table I).
Using the EBJIS criteria, 56 patients (47%) were defined as
septic; applying the IDSA criteria, 54 patients (45%) were
classified as septic; and using the ICM criteria, 44 patients
(37%) were diagnosed as having a PJI.

In 29 of the 56 septic patients (n =29/56; 52%), micro-
biological culture was positive. The most common caus-
ative microorganism was Staphylococcus aureus (n = 9),
followed by coagulase-negative staphylococci (n = 6)
and Streptococcus spp (n = 3). In cases with an infection
caused by high-virulence microorganisms (n = 21), two
showed < one PMN/HPF and the remainder (n = 19) > ten
N/HPF. In all septic patients with low-virulence microor-
ganisms (n = 8), = ten PMN/HPF were observed. There
was no statistical difference between the groups (p =
0.384, independent-samples t-test).

Performance of histopathological analysis. The mean
PMN/HPF was 1.1 (0 to 4.1) in the aseptic group and 8.9
(0 to 10.0) in the septic group when applying the EBJIS
criteria (p < 0.001, independent-samples t-test). Table ||
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Table 1. Demographic details of the whole study cohort when using the European Bone and Joint Infection Society criteria.

Characteristic Aseptic group (n = 55) Septic group (n = 64) p-value Total (n = 119)
Mean patient age, yrs

(range) 71 (28 to 90) 71 (24 to 93) 0.893* 71 (24 to 93)
Female sex, n (%) 37 (67) 39 (61) 0.56771 76 (64)

Mean BMI (range) 29 (17 to 43) 29 (18 to 51) 0.952* 29 (17 to 51)
ASA grade

Type 1, n (%) 509) 5(8) 1.000* 10 (8)

Type 2, n (%) 31 (56) 25(39) 0.068* 56 (47)

Type 3, n (%) 19 (35) 33(52) 0.067* 52 (44)

Type 4, n (%) 0 (0) 1(2) 1.000* 1(1)

Joint

Hip, n (%) 26 (47) 33(52) 0.714% 59 (50)

Knee, n (%) 29 (53) 31 (48) 0.714% 60 (50)
Antibiotics, n (%) 2 (4) 9 (14) 0.0617 11 (9)

Mean serum CRP, mg/dl

(range) 0.8 (0.0to 3.8) 6.87 (0.1 to 54.0) <0.001* 4.1 (0.0 to 54.0)

*Independent-samples t-test.
TFisher’s exact test.

ASA, American Society of Anesthesiologists; EBJIS, European Bone and Joint Infection Society.

shows the performance of histopathology depending on
the chosen threshold and applied infection definition.
Comparison with EBJIS criteria. Based on receiver operat-
ing characteristics, a cut-off of = five PMN/HPF (p = 0.008)
and = ten PMN/HPF (p = 0.012, z-test) showed a better
accuracy in comparison to 23 PMN/10 HPFs when using
the EBJIS criteria (Figure 2). The comparison analysis be-
tween 2 five PMN/HPF and = ten PMN/HPF showed no
statistically significant difference (p = 0.916, z-test). When
using the EBJIS criteria, sensitivity, specificity, and AUC of
histopathological analysis were 91.3% (95% CI 79.0 to
97.0), 86.3% (95% CI 76.3 to 92.5), and 0.89 (95% ClI
0.83 to 0.95) at an optimal cut-off level of > five PMN/
HPF (Figure 2).

Comparison with IDSA criteria. The optimal cut-off lev-
el was > ten PMN/HPF with a sensitivity, specificity, and
AUC of 93.8% (95% Cl 78.6 to 99.2), 86.2% (95% CI 77.2
to 92.0), and 0.90 (95% Cl 0.84 to 0.96), respectively,
against IDSA criteria (Figure 3). Based on ROC curve anal-
ysis, a threshold of = ten PMN/HPF performed better com-
pared with > five PMN/HPF (p = 0.011) and 23 PMN/10
HPFs (p < 0.001). In addition, > five PMN/HPF showed a
statistically significanty better accuracy in comparison to
the cut-off of 2 23 PMN/10 HPFs (p = 0.029).

Comparison with 2018 ICM criteria. Using the ICM crite-
ria, sensitivity, specificity, and AUC were 90.0 (95% ClI
76.2 to 96.5), 92.4% (95% Cl 84.0 to 96.7), and 0.91
(95% Cl1 0.86 to 0.97) at an optimal cut-off level of = ten
PMN/HPF determined by ROC curve analysis. A threshold
of > ten PMN/HPF showed a better accuracy compared
with 2 five PMN/HPF (p = 0.047) and 2 23 PMN/10 HPFs
(p < 0.001); and 2 five PMN/HPF performed better than =
23 PMN/10 HPFs (p = 0.015).

Revision total hip arthroplasty. When using the EBJIS cri-
teria, a trend towards a better performance of 2 five PMN/
HPF (p = 0.082) and = ten PMN/HPF (p = 0.160) in com-
parison with = 23 PMN/10 HPFs was observed in patients

with revision surgery after a THA, but not at a statistically
significant level. No difference was shown between 2 five
PMN/HPF and ten PMN/HPF (p = 0.744). In THA patients,
sensitivity, specificity, and AUC of histopathological anal-
ysis were 87.5% (95% Cl 68.0 to 96.3), 85.7% (95% Cl
70.0 to 94.1), and 0.87 (95% CI 0.78 to 0.96) at a cut-off
level of = five PMN/HPF (Figure 4).

When applying the IDSA criteria, a threshold of > ten
PMN/HPFs performed better in comparison with > 23
PMN/10 HPFs (p = 0.022, z-test) in rTHA. Between 2 five
PMN/HPF and > ten PMN/HPF, no difference was found
(p = 0.299). However, specificity (79.5% (95% CI 65.2
to 89.0)) of = ten PMN/HPF was higher (= 5 PMN/HPFs:
70.5% (95% Cl 55.6 to 81.9); = 23 PMN/10 HPF: 59.1%
(95% CI 44.4 to 72.3)) with identical sensitivity (= 23
PMN/10 HPFs, = 5 PMN/HPF, = 10 PMN/HPF: all 86.7%
(95% Cl 60.6 to 97.3)).

Using the ICM criteria, the accuracy of = ten PMN/HPF
was higher compared with = 23 PMN/10 HPFs (p = 0.007,
z-test) and similar to > five PMN/HPF (p = 0.213, z-test).
Specificity (87.5% (95% Cl 73.3 to 94.9)) was highest at a
cut-off level of > ten PMIN/HPF (= 23 PMN/10 HPF: 65.0%
(95% Cl1 49.4 t0 77.9), 2 5 PMN/HPF: 77.5% (95% Cl 62.2
to 87.8)), with identical sensitivities (= 23 PMN/10 HPFs, >
5 PMN/HPF, = 10 PMN/HPF: 89.5% (95% Cl 67.1 to 98.1)).
Revision total knee arthroplasty. When using the EBJIS
criteria, a trend towards a better performance of 2 five
PMN/HPF (p = 0.146, z-test) and = ten PMN/HPF (p =
0.107, z-test) in comparison with > 23 PMN/10 HPFs was
observed in patients with rTKA, but not at a statistical-
ly significant level. Comparative analysis between > five
PMN/HPF and > ten PMN/HPF showed no difference (p
= 0.840). Sensitivity of > ten PMN/HPF (86.4% (95% ClI
65.6 to 95.9)) was lower compared with > 23 PMN/10
HPF and = five PMN/HPF (both 95.5% (95% Cl 76.2 to
100)), but specificity (97.4% (95% Cl 85.1 to 100)) was
highest at a cut-off level of = ten PMN/HPF (= 23 PMN/10
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Table II. Performance of histopathology when using the European Bone and Joint Infection Society, the Infectious Diseases Society of America, and the
Musculoskeletal Infection Society criteria depending on the applied threshold. Values in brackets are 95% confidence intervals.

Performance Histopathology Histopathology Histopathology
(cut-off 23 PMN/10 HPFs) (cut-off 5 PMN/HPF) (cut-off 10 PMN/HPF)
EBJIS
Sensitivity 93.0(80.5 t0 98.2) 93.0(80.5 t0 98.2) 86.0(72.2t0 93.7)
Specificity 72.4 (61.3 t0 81.2) 84.2 (74.2 10 90.8) 93.4 (85.1t0 97.4)
Accuracy 79.8 (72.6 to 87.0) 87.4 (81.4 t0 93.4) 90.8 (85.6 t0 96.0)
PPV 65.6 (53.7 to 77.5) 76.9 (65.5 to 88.4) 88.1 (78.3t0 97.9)
NPV 94.8 (89.1 to 100) 95.5 (90.6 to 100) 92.2(86.2t098.2)
LR+ 3.37 (2.32t0 4.89) 5.89 (3.48t0 9.97) 13.08 (5.56 to 30.78)
LR- 0.10 (0.03 to 0.29) 0.08 (0.03 to 0.25) 0.15 (0.07 to 0.32)
AUC 0.83 (0.76 to 0.89) 0.89 (0.83 t0 0.94) 0.90 (0.84 to 0.96)
IDSA
Sensitivity 93.8(78.6 10 99.2) 93.8 (78.6 t0 99.2) 93.8 (78.6 t0 99.2)
Specificity 64.4 (53.9to 73.6) 74.7 (64.6 t0 82.7) 86.2(77.2t0 92.0)
Accuracy 72.3 (64.2 to 80.3) 79.8 (72.6 to 87.0) 88.2(82.4 t0 94.0)
PPV 49.2 (36.6 to 61.7) 57.7 (44.3t0 71.1) 71.4 (57.8 to 85.1)
NPV 96.6 (91.9 to 100) 97.0 (92.9 to 100) 97.4 (93.8 to 100)
LR+ 2.63(1.96 to 3.54) 3.71 (2.56 t0 5.38) 6.80 (3.99 to 11.58)
LR- 0.10 (0.03 to 0.38) 0.08 (0.02t0 0.32) 0.07 (0.02 to 0.28)
AUC 0.79 (0.72 t0 0.86) 0.84 (0.78 t0 0.91) 0.90 (0.84 to 0.96)
Msis
Sensitivity 92.5(79.3 to 98.0) 92.5(79.3 t0 98.0) 90.0 (76.2 to 96.5)
Specificity 69.6 (58.7 to 78.8) 81.0 (70.8 to 88.2) 92.4(84.0t0 96.7)
Accuracy 77.3 (69.8 to 84.8) 84.9 (78.4 t0 91.3) 91.6 (86.6 to 96.6)
PPV 60.7 (48.4 to 72.9) 71.2(58.8 to 83.5) 85.7 (75.1 t0 96.3)
NPV 94.8 (89.1 to 100) 95.5 (90.6 to 100) 94.8 (89.8 t0 99.8)
LR+ 3.05 (2.16 to 4.30) 4.87 (3.06 to 7.75) 11.85 (5.45 to 25.75)
LR- 0.11 (0.04 t0 0.32) 0.09 (0.03 to 0.28) 0.12 (0.04 to 0.28)
AUC 0.81 (0.75 to 0.88) 0.87 (0.81 to 0.93) 0.91 (0.86 t0 0.97)

AUC, area under the curve; EBJIS, European Bone and Joint Infection Society; IDSA, Infectious Diseases Society of America; LR-, negative
likelihood ratio; LR+, positive likelihood ratio; MSIS, Musculoskeletal Infection Society; NPV, negative predictive value; PMN/HPF,
polymorphonuclear neutrophils/high-powered field; PPV, positive predictive value.

HPFs: 76.3% (95% Cl 60.5 to 87.1), = 5 PMN/HPF: 86.8%
(721 to 94.6)) (Figure 5).

Applying the IDSA criteria, a cut-off of > ten PMN/
HPF showed a higher accuracy in comparison with = 23
PMN/10 HPFs (p < 0.001) and = five PMN/HPF (p = 0.018,
z-test). Sensitivities of the different thresholds were iden-
tical (100% (95% Cl 77.9 to 100)), but specificity (93.0%
(95% Cl 80.5 to 98.2)) was higher at a cut-off level of >
ten PMN/HPF (2 23 PMN/10 HPF: 69.8% (95% Cl 54.8 to
81.4), = five PMN/HPF: 79.1% (95% Cl 64.5 to 88.7]).

Using the ICM criteria, a better accuracy was observed
at a threshold of = ten PMN/HPF compared to = 23
PMN/10 HPFs (p = 0.012, z-test). No difference was seen
between > 23 PMN/10 HPFs and > five PMN/HPF (p
= 0.164, z-test), or between > five PMN/HPF and = ten
PMN/HPF (p = 0.250).

Comparison between rTKA and rTHA. In rTKA, a better
performance of histopathological analysis was observed
in comparison with rTHA when using the IDSA criteria (p
< 0.001, z-test; cut-off = ten PMN/HPF). When applying
the ICM criteria, a trend towards a better performance of

histology in total knee revision surgery was shown, but
not at a statistically significant level (p = 0.139, z-test; cut-
off = ten PMN/HPF). No difference was calculated when
the EBJIS criteria were used (p = 0.223, z-test; cut-off 2
five PMN/HPF).

Of the 29 septic patients with bacterial growth, 13
patients with a septic knee and 16 patients with a septic
hip had a positive microbiology. Three septic knee patients
and three septic hip patients showed microbial growth of
low-virulence organisms. There was no statistically signif-
icant difference between low- and high-virulence organ-
isms between the septic hip and knee patients (p = 1.000,
Fisher’s exact test).

Discussion

This study demonstrated that histopathology has high
accuracy when compared with the EBJIS, IDSA, and ICM
criteria. Therefore, histopathology can be recommended
as a confirmatory criterion in diagnosing PJI. High sensi-
tivities and specificities were observed regardless of the
chosen infection definition. However, depending on the

BONE & JOINT RESEARCH



DIAGNOSTIC ACCURACY OF NEUTROPHIL COUNTS IN HISTOPATHOLOGICAL TISSUE ANALYSIS IN PERIPROSTHETIC JOINT INFECTION 541

ROC Curves

D-——----

06 + !
0.5 + /
04 + ’

03 + /

True positive rate (Sensitivity)

02 H/ /)

0.1 /¢

-5PMN/HPF

:-10PMN/HPF
= === :-23PMN/10HPF

0 < t t t t t

0 0.1 0.2 0.3 0.4 0.5 0.6
False positive rate (1 - Specificity)

T T T

0.7 0.8 0.9 1

Fig. 2

Receiver operating characteristic (ROC) curves for diagnostic accuracy of periprosthetic joint infection (PJl) based on the different cut-off levels of
polymorphonuclear neutrophils/high-powered field (400x magnification) in tissue samples retrieved from patients with indicated revision surgery after total
hip or knee arthroplasty when using the European Bone and Joint Infection Society criteria.

chosen cut-off, the values varied considerably. The best
cut-off for PMNs per HPF in tissue samples evaluated
by histopathological analysis was = ten PMN/HPF when
using the IDSA and ICM criteria with sensitivities of 94%
and 90%, and specificities of 86% and 92%, respectively.
However, it should be noted that the recommended
cut-off for ICM was only > five PMN/HPF. This was first
proposed in the 2011 MSIS definition and maintained in
the 2013 and 2018 updates.'®"® If this lower cut-off was
applied, sensitivities remained similar, but specificities
were significantly reduced. The IDSA recommended that
‘the presence of acute inflammation’ was diagnostic but
no cut-off was identified.?

When EBJIS criteria were applied, both thresholds (= 5
PMN/HPF, = 10 PMN/HPF) yielded acceptable results for
diagnosing infection. No differences between these two
cut-offs (p = 0.916) were observed. A threshold of > five
PMN/HPF can be recommended as diagnostic of infec-
tion with a sensitivity of 91% and specificity of 86%. A
threshold of > ten PMN/HPF showed a higher specificity
(95%) but at the cost of sensitivity (83%). In all analyses, a
cut-off of 23 PMN/10 HPFs had significantly poorer accu-
racy compared to five or ten PMN/HPF.

These findings highlight the differences between the
infection definitions. The combination of criteria in the
EBJIS definition identified more infections, compared to
both the IDSA and ICM definitions (EBJIS (n = 56/119),
IDSA (n = 54/119), ICM (n = 44/119)). While the EBJIS
criteria may be more sensitive to detection of low-grade
infection, the ICM criteria can misdiagnose septic fail-
ures as aseptic, especially when caused by low-virulence
microorganisms.' This could be a possible explanation
of the lower cut-off of PMN/HPF when using the EBJIS
criteria.

All studies recorded in Table Il concluded that the pres-
ence of numerous PMNs in periprosthetic tissue samples
correlates strongly with a PJI.5-71220-26 However, histology
was mostly compared with clinical features and/or posi-
tive cultures,>71220-2 rather than published infection defi-
nitions. In 1999, Pandey et al,® using similar histological
criteria, concluded that = five PMN/HPFs with a sensitivity
of 72% and 100% specificity are diagnostic of infection,
but histology was only compared to culture-proven infec-
tion; no definition of a PJI was available at that time. In
addition, the microbiology samples were only incubated
for five days. In recent years, it is recommended that
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Sensitivities and specificities of histopathology at the optimal cut-off level according to the European Bone and Joint Infection Society (EBJIS; > 5
polymorphonuclear neutrophil (PMN)/high-powered field (HPF)), the Infectious Diseases Society of America (IDSA; = 10 PMN/HPF), and the International

Consensus Meeting (ICM; = 10 PMN/HPF) criteria.

cultures should be retained for 14 days to increase the
detection rate of low-virulence microorganisms, such as
Cutibacterium spp. or coagulase-negative staphylococci.”
Feldman et al?' published a series of 33 patients (23 hips,
10 knees) comparing histopathology with intraoperative
culture. When using a cut-off of > five PMN/HPF, sensi-
tivity and specificity of 100% and 96% were described.
Pons et al” also reported a very good sensitivity of 100%
and specificity of 98% at a cut-off of = five PMN/HPF in 83
patients, but an infection was present if acute inflamma-
tion in the histopathological samples was found in at least
three specimens together with positive cultures in more
than half the specimens collected. With this infection defi-
nition, an incorporation bias is likely. The incubation time
was again only five days in this study (Table Ill). Other
studies included sinus tract and/or clinical and/or radio-
logical features and/or laboratory findings,'#2%22-2* put
previously only Buttaro et al?® and Kwiecien et al? used
the Musculoskeletal Infection Society criteria published in
2011.%

In all infections caused by low-virulence and 90% of
high-virulence microorganisms, > ten PMN/HPF were
found. In two cases, the PMN/HPF was lower than five
PMN/HPF. In these two cases, the PMN count was lower
than one PMN/HPF and so would not have been diag-
nosed by the lower threshold of Morawietz et al'? at >
23 PMN/10 HPFs. This may represent sampling error
during surgery, when a piece of tissue at the margin
of the inflamed zone may be harvested and may not
demonstrate many polymorphs. This problem has also
been identified in histological analysis of infected frac-
tures.? However, 2 five PMN/HPF can be regarded as
diagnostic of a periprosthetic infection, as there was no

improvement in accuracy with a cut-off of > ten PMN/
HPF. Fewer than five neutrophils should be consid-
ered suggestive and should be interpreted carefully in
conjunction with other diagnostic tests as described by
different societies.*

In rTHA, published sensitivities of histological anal-
ysis ranged between 45% and 100%, and specificities
between 92% and 100%;3-720222¢ and sensitivities in
rTKA were described between 68% and 100%, and
specificities between 95% and 99%,>2*2*% which are
in line with our results although different infection and
different histological criteria were used.

In our study, we showed that the EBJIS (cut-off = 5
PMN/HPF) and ICM criteria (cut-off = 10 PMN/HPF) were
equally accurate in hip and knee revision. IDSA (cut-off
> 10 PMN/HPF) was significantly less accurate in hip
revision (p < 0.001, z-test). Banit et al®* observed similar
results in a cohort of 55 rTKAs and 63 rTHAs.> While
specificities were nearly the same (rTKA 96%, rTHA
92%), sensitivities varied markedly (rTKA 100%, rTHA
45%). A possible explanation of this difference in rTKA
and rTHA could be the better soft-tissue coverage in
hips having the ability to suppress infection and leading
to more indolent infections. However, Kwiecien et al?”
described a trend for sensitivity of histological analysis
to be higher in rTKA compared with rTHA (p = 0.32).
While again specificities were the same (99%), sensitivi-
ties were 68% in rTKA and 79% in rTHA. Several studies
have shown variable white cell counts in the synovial
fluid of hips, knees, or other prosthetic joints.>® There
may be important differences in the ability of each joint
to produce an inflammatory response. Another expla-
nation could be a different spectrum of microorganisms
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Fig. 4
Sensitivities and specificities of histology depending on different polymorphonuclear neutrophils per high-powered field (PMN/HPF) and the used infection

definition (European Bone and Joint Infection Society (EBJIS), Infectious Diseases Society of America (IDSA), and International Consensus Meeting (ICM)) in
patients who had revision surgery after total hip arthroplasty.
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Sensitivities and specificities of histology depending on different polymorphonuclear neutrophils per high-powered field (PMN/HPF) and the used infection

definition (European Bone and Joint Infection Society (EBJIS), Infectious Diseases Society of America (IDSA), and International Consensus Meeting (ICM)) in
patients who had revision surgery after total knee arthroplasty.
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Table 111. Comparison of the literature.

545

Included Threshold (2 Examined Infection
Literature patients, n  Localization = PMN/HPF) HPFs Tissue definition Sensitivity Specificity
Morawietz et al'? 147 118 hips, 29 23 PMN/10HPF* 10 Periprosthetic Positive aspiration 73% 95%
knees membrane and/or clear clinical
or radiological
findings and/
or persistence
of elevated
haematological
parameters
Tohtz et al?® 64 Hip 23 PMN/10HPF* 10 Periprosthetic Present sinus tract 87% 100%
membrane and/or positive
histopathology,
at least two tissue
samples with same
bacterial organism
Pandey et al® 602 Hip 5 10 Pseudomembrane, Positive culture 72% 100%
pseudocapsule
Feldman et al*! 33 23 hip, 10 knee 5 5 Periprosthetic Intraoperative culture 100% 96%
membrane,
pseudocapsule
Pons et al” 83 Hip 5 Not mentioned Joint synovial samples of Positive 100% 98%
the hip capsule histopathological
samples in minimum
three samples
together with positive
cultures in more
than half the samples
taken
Nilsdotter- 47 Hip 5 10 Tissue samples around  Based on clinical 81% 100%
Augustinsson?? the prostheses symptoms, laboratory
and radiological
findings, preoperative
cultures of synovial
fluid aspirations, or
occurrence of fistulas
or significant bacterial
growth
Fink et al?* 144 Knee 5 10 Synovium and Demonstration of the  90% 95%
periprosthetic same microorganism
connective tissue in at least two of
the cultures; or
demonstration of
a microorganism
in at least one
sample and at least
five neutrophilic
polymorph
leucocytes per
HPF (400x) in the
associated histological
preparation
Buttaro et al?*¢ 76 Hip 5 10 Pseudocapsule, the MSIS (2011) 90% 94%
cement-bone interface,
and any other tissue
involved according
to the surgeon's
judgement
Kwiecien et al?” 200 100 hip, 100 5 3 Tissue samples from Modified MSIS (2011) 74% 99%
knee multiple sites
DellaValle et al* 94 Knee 10 5 Synovial tissue adjacent  If an organism grew  88% 96%
to the implant on the solid media
from at least two
cultures or if two of
the following three
criteria were met:
at least one culture
was positive, the
final histopathology
was consistent with
infection, or gross
purulence was
present
Banit et al® 121 3 shoulder, 55 10 5 Samples from any area  Positive intraoperative 67% 93%
knee, 63 hip suspicious for infection  culture
Lonner et al? 175 142 hip, 33 10 5 Pseudocapsule, areas A positive 84% 99%
knee considered suspicious intraoperative culture
by the surgeon, and
tissue that was identified
at the various host-
implant interfaces
5 5 84% 96%
Continued
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Table 1ll. Continued
Included Threshold (= Examined Infection
Literature patients, n  Localization = PMN/HPF) HPFs Tissue definition Sensitivity Specificity
Present study 119 59 hips, 60 5 10 Periprosthetic EBJIS 93% 84%
knees membrane,
pseudocapsule
10 10 Periprosthetic IDSA 94% 86%
membrane,
pseudocapsule
10 10 Periprosthetic MSIS (2018) 90% 92%

membrane,
pseudocapsule

*These studies reported a threshold of a mean of 23 neutrophils in ten high-powered fields.

EBJIS, European Bone and Joint Infection Society; HPF, high-powered field; IDSA, Infectious Diseases Society of America; MSIS, Musculoskeletal Infection Society; N, neutrophil.

between these two joints. However, in our study, no
difference was shown regarding microorganism spec-
trum. More studies are needed to explore this topic
fully.

Our study is limited by its retrospective design, and
the fact that the detection of neutrophils was only
based on cell morphology. No immunohistochemistry
was used. In a cohort of 147 patients also using immu-
nohistochemistry (identification of CD15 by anti-CD15
antibodies) for neutrophil identification, Morawietz et
al'? found a lower threshold of 23 PMN/10 HPFs diag-
nostic for PJI with a sensitivity of 73% and specificity
of 95% when compared only with microbiological
results. A different cut-off may be possible if immuno-
histochemistry would have been used. Nevertheless,
further studies are needed to elucidate this topic more
precisely.

Due to the differently applied infection definitions
and histological criteria (applied threshold, number of
evaluated HPFs; Table Ill), a comparison of the literature
is difficult. Attention should also be paid to the type of
microscope used in diagnosing PJI. In most previous
studies, the used diameter of the visual field was not
mentioned (Table IIl). Our threshold applies to micro-
scopes with a visual field diameter of 0.625 mm (0.307
mm?). If a microscope with a diameter of 0.5 mm (0.196
mm?) is used, the cut-off needs to be divided with
(0.307/0.196) (EBJIS mean cut-off > 5 PMN/HPF = = 3.2
PMN/HPF; IDSA and ICM mean cut-off > 10 PMN/HPF =
2 6.4 PMN/HPF).

In conclusion, histopathological analysis can be
recommended as a confirmatory criterion as it is accu-
rate and comparatively inexpensive. The effective
threshold of PMN/HPF depends on the infection defi-
nition chosen. In our cohort, more PJI cases were iden-
tified when applying the EBJIS criteria, suggesting that
it is a more sensitive definition. Hence, a lower cut-off
of = five PMN/HPF can be recommended for both hip
and knee revision. If the ICM or IDSA criteria are used,
a cut-off of = ten PMN/HPF is recommended, but with
the possibility to miss some PJls, particularly in the hip
with the IDSA criteria. However, a lower mean PMN/HPF
count between 1 to 5 does not exclude PJI and should
be interpreted carefully in conjunction with other tests
within the diagnostic criteria.
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