HK34: What thresholds for neutrophils in histopathological sections should we use in
the diagnosis of periprosthetic joint infections?
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Response/Recommendation: The optimal threshold of polymorphonuclear neutrophils (PMN)
in histopathological sections for diagnosing periprosthetic joint infections (PJI) is still a matter
of debate. A threshold of > five PMN/HPF in each of at least five high-power fields (HPFs) is
recommended to differentiate infected from aseptic hip and knee cases in frozen and permanent
histopathological sections of deep tissue samples.

Level of Evidence: Moderate
Delegate Vote:

Rationale:

Thresholds of either five PMN/HPF or 10 PMN/HPF in each of five HPFs were
recommended in the ICM guideline of 2018 for diagnosing periprosthetic joint infection (PJI)
[1], and a threshold of >5 PMN/HPF in each of five HPFs in the EBJIS definition of PJI [2].
The three most commonly used thresholds in the literature are >23 PMN/10HPF, > five
PMN/HPF, and >10 PMN/HPF. However, high-quality studies on the optimal threshold for
polymorphonuclear neutrophils (PMN) in histopathological sections for diagnosing hip and
knee PJI are scarce.

To address the posed question, we conducted a comprehensive systematic review. Relevant
studies were identified using the MeSH terms developed by librarians. After screening the
initial studies, articles that met the inclusion criteria were reviewed in detail, and data was
extracted.

Permanent sections

In our meta-analysis of 16 studies (2,308 patients undergoing revision surgery following total
hip or knee arthroplasty) reporting the used threshold for permanent sections of intraoperatively
collected samples [3-18], five studies [3-7] presented the diagnostic value of histopathological
analysis when using the threshold of >23 PMN/10HPF, eleven studies [7-17] when applying
the threshold of > five PMN/HPF, and four studies [7, 8, 17, 18] when using the threshold of
>10 PMN/HPF. The threshold of >23 PMN/10HPF showed a pooled sensitivity, specificity,
diagnostic odds ratio (DOR), and summarized area under the curve (SAUC) of 80.7% (95% CI:
78.0-83.3), 94.9% (95% CI: 93.3-96.3), 162.4 (95% CI: 36.4-725.7), and 0.957 (SE 0.02).
When considering the threshold of > five PMN/HPF, they were 82.0% (95% CI: 80.0-84.0),
94.7% (95% C1:93.5-95.8), 133.5 (95% ClI: 41.6-428.6), and 0.963 (SE: 0.02); and 88.8% (95%
Cl: 84.6-92.2), 89.2% (95%CI: 85.0-92.5), 67.1 (95% CI: 39.0-115.3), and 0.950 (SE: 0.01)
when the threshold of >10 PMN/HPF was used. In this meta-analysis, a threshold of > five
PMN/HPF showed the best performance. However, several limitations need to be highlighted:
The majority of studies (13 of 16 did not use a standardized infection definition. The gold
standard reference in five studies [8, 9, 14, 16, 18] was a positive culture, and in eight studies
[3-6, 10, 11, 15, 17], institutional criteria (including clinical features, microbiology, and/or
histology). In only three studies [7, 12, 13], a standardized infection definition was applied.
Many studies included histology in their infection definition, leading to an incorporation bias.
Furthermore, no uniform histopathological investigation (e.g., different numbers of high-power
fields) was performed, making a comparison between studies difficult. These limitations may
also explain the untypically higher pooled sensitivity and lower pooled specificity in studies




utilizing the higher threshold of >10 PMN/HPF compared to studies using the threshold of >
five PMN/HPF indicating low reliability of the available studies.

Only one study investigated different thresholds with standardized infection definitions and
histopathological analyses [7]. In this retrospective study of 119 patients undergoing revision
hip or knee arthroplasty, a threshold of > five PMN/HPF was recommended. Nevertheless, the
effective threshold depended importantly on the chosen infection definition, with more PJI
cases identified when using the EBJIS definition. When the ICM or IDSA definitions were used
as a reference for PJI, >10 PMN/HPF showed a better diagnostic value compared to > five
PMN/HPF. However, when applying the EBJIS definition, no difference was observed between
the latter two thresholds (AUC 0.89 versus 0.90; P=0.916), but higher sensitivities were seen
with a threshold of > five PMN/HPF (93 versus 86%) at the cost of lower specificity (84 versus
93%). Due to the better sensitivity when applying the more sensitive EBJIS infection definition,
the threshold of > five PMN/HPF was recommended to ensure accurate infection diagnosis. In
addition, the threshold of >23 PMN/10HPF showed a significantly poorer outcome in
comparison to > five PMN/HPF and >10 PMN/HPF regardless of the used infection definition
(EBJIS, IDSA, ICM 2018) [7].

Frozen sections

In our systematic review and meta-analysis of 22 studies (2,904 patients who have septic or
aseptic failure after a total hip or knee arthroplasty) describing the used threshold for frozen
sections [13, 14, 17-36], three studies [19-21] reported the diagnostic value of histopathological
analysis when using the threshold of > 23 PMN/10HPF, 16 [13, 14, 17, 22-34] when applying
the threshold of > 5 PMN/HPF, and six studies [14, 17, 18, 33, 35, 36] when using the threshold
of >10 PMN/HPF. The threshold of > 23 PMN/10HPF showed a pooled sensitivity, specificity,
diagnostic odds ratio (DOR), and summarized area under the curve (SAUC) of 81.0% (95% CI:
74.9-86.1), 95.6% (95% CI: 91.8-98.0), 83.3 (95% CI: 19.7-352.9), and 0.940 (SE 0.12). When
using the threshold of > five PMN/HPF, performance values were 69.4% (95% ClI: 67.5-71.3),
94.4% (95% CI: 93.3-95.3), 56.2 (95% CI: 30.4-103.7), and 0.964 (SE: 0.01); and when
applying the threshold of > 10 PMN/HPF 62.0% (95% CI: 58.3-65.6), 96.1% (95% CI: 94.4-
97.4), 50.7 (95% CI: 20.4-126.1), and 0.892 (SE: 0.05), respectively. However, similar
limitations were observed in these studies: No standardized infection definition was used in 15
studies (only positive culture: n = 10, institutional criteria: n = 5) [14, 17, 18, 21-24, 26, 29-33,
35, 36]. Many studies included histology in their infection definition and no uniform
histopathological analysis (e.qg., different numbers of high-power fields) was performed among
studies. It needs to be highlighted that only three studies with overall 205 patients including 60
PJIs investigated the threshold of > 23 PMN/10HPF, while 16 studies with 2,256 patients (378
PJIs) evaluated the threshold of > five PMN/HPF and seven studies with 697 patients (133 PJIs)
the threshold of > 10 PMN/HPF. All these drawbacks make a comparison between studies
difficult.

High accuracies are reported in the literature, and despite the listed limitations, a threshold of >
five PMN/HPF in each of at least five high power fields (HPFs) can be recommended to
differentiate septic from aseptic failure in frozen and permanent histopathological sections of
deep tissue samples. At least five high power fields should be investigated and the mean PMN
count calculated [7]. However, it needs to be emphasized that a threshold of > 10 PMN/HPF
can be used as well, but with a risk of missing some (low-grade) PJIs. In addition, the presence
of only one to five PMN/HPF cannot exclude infection. In these cases, a careful interpretation
in conjunction with other diagnostic test methods within the infection definition is
recommended.
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