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How good are surgeons at disclosing periprosthetic joint infection
at the time of revision, based on pre- and intra-operative assess-
ment? A study on 16,922 primary total hip arthroplasties reported
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Background and purpose — Revision due to infection,
as reported to the Norwegian Arthroplasty Register (NAR),
is a surrogate endpoint to periprosthetic joint infection (PJI).
We aimed to find the accuracy of the reported causes of revi-
sion after primary total hip arthroplasty (THA) compared
with PJI to see how good surgeons were at disclosing infec-
tion, based on pre- and intraoperative assessment.

Patients and methods — We investigated the reasons
for revision potentially caused by PJI following primary
THA: infection, aseptic loosening, prolonged wound drain-
age, and pain only, reported to the NAR from surgeons in
the region of Western Norway during the period 2010-2020.
The electronic patient charts were investigated for informa-
tion on clinical assessment, treatment, biochemistry, and
microbiological findings. PJI was defined in accordance
with the Musculoskeletal Infection Society (MSIS) defini-
tion. Sensitivity, specificity, and accuracy were calculated.

Results — 363 revisions in the NAR were eligible for
analyses. Causes of revision were (reported/validated):
infection (153/177), aseptic loosening (139/133), prolonged
wound drainage (37/13), and pain only (34/40). The sensi-
tivity for reported revision due to infection compared with
PII was 80%, specificity was 94%, and accuracy—the sur-
geons’ ability to disclose PJI or non-septic revision at time
of revision—was 87%. The accuracy for the specific revi-
sion causes was highest for revision due to aseptic loosening
(95%) and pain only (95%), and lowest for revision due to
prolonged wound drainage (86%).

Conclusion — The accuracy of surgeon-reported revi-
sions due to infection as representing PJI was 87% in the
NAR. Our study shows the importance of systematic cor-
rection of the reported cause of revision in arthroplasty reg-
isters, after results from adequately taken bacterial samples.

It is common practice to do bacterial sampling during implant
revision of a THA. In some cases, results from these samples
can alter the diagnosis as cause of the revision from aseptic
to septic loosening when bacterial cultures confirm that the
cause was periprosthetic joint infection (PJI). In such cases,
the diagnosis of aseptic loosening would remain uncorrected
and erroneous in the register. This has raised concerns that
register studies on revisions due to infection after total hip
arthroplasty (THA) are inaccurate and may misrepresent the
true incidence of PJI [1].

2 of the most common causes of revision reported to the Nor-
wegian Arthroplasty Register (NAR) are deep infection and
aseptic loosening [2]. As implants and surgical techniques have
improved over the last decades, fewer accounts of aseptic loos-
ening have been reported and infection has emerged as one of the
most common causes of revision in the NAR [2]. One has specu-
lated whether this may partly be due to improved diagnostics and
higher awareness and reporting of low-grade infections [3].

The primary aim of our study was to validate reporting
of revision due to infection in the NAR, to determine how
well surgeons disclosed PJI at the time of revision based on
pre- and intraoperative assessment. The secondary aim was to
investigate how often reported revisions due to aseptic loosen-
ing, prolonged wound drainage, and pain only were PJIs.

Patients and methods
Materials/setting

The study was conducted in accordance with the STARD
statement.

The NAR has gathered data on THA, both primary and revi-
sion surgery, since 1987. The surgeon reports on a form (paper
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Table 1. Comparison of THAs in Western Norway and the rest of Norway reported
to the Norwegian Arthroplasty Register 2010- 2020 concerning completeness of
reporting, demographics, fixation, and indication for primary THA and revision, in
addition to description of follow-up and endpoints. Values are percentages unless

otherwise specified

of the Norwegian population. All hospitals use
the same electronic health record system. This
contains all clinical information including clini-
cal assessments, surgery reports, as well as labo-
ratory and microbiology results.

Western Norway

The rest of Norway

In the present study completeness of report-

Primary ~ First Primary  First ing was 97% for primary THA and 92% for
Bactan Uhlh e Ul pEvEE first revisions in the study population, com-
THAS, n (%) 16,922  632(3.7) 76,545 3,317 (4.3) pared with 97% and 91% respectively in the rest
Completeness of reporting 97 92 97 91 of Norway, validated against the Norwegian
Mean age 68.9 70.7 68.1 69.3 : :
Forale sex 64 51 64 56 Patient Register (Table 1). .
ASA class In Norway, THA surgery is performed at local,
1 13 7 15 8 university, and specialized orthopedic hospitals,
E 3 gg gg g? :531 all of which are represented in the study. The
Indication for primary THA study population therefore is expected to be
Osteoarthritis 76 68 80 76 representative of the national population (high
Other 24 32 20 24 BEE
: - external validity).
Primary fixation
Uncemented 23 24 37 38 .
Cemented 42 34 26 27 Selection
Hybrid 4 5 7 6 . .
vt s 31 57 30 o9 The re?ported causes of revision considered to
Causes of first revision, n (%) potentially represent PJI, anticipated or not,
Prolonged wound drainage 37(0.2) 71(0.1) were infection, aseptic loosening, prolonged
LB 158 (0.9) 15020 () wound drainage (imminent infection through
Aseptic loosening 139 (0.8) 709 (0.9) . . .. .
Pain only 34 (0.2) 216 (0.3) intra- or postoperative contamination), and pain
Other 269 (1.6) 1,201 (1.6) only (potential low-grade infection).
Time to first revision, median (IQR) : :
Prolonged wound drainage, days 15 (11-29) 15 (11-26) Cases that.were revised with the remov.al or
Infection, days 40 (18-273) 26 (14-119) exchange of implant parts, as well as soft tissue
Aseptic loosening, years 2.2 (0.4-5.6) 1.8 (0.6-4.3) debridement without the exchange of hardware,
Pain only, years 3.0 (1.8-4.9) 2.0 (1.1-3.5) :
Other, days 195 (22-949) 248 (22-950)  Were included. _ ,
Years of follow-up, median (IQR) 45 (2.1-7.2) 4.4 (2.1-7.2) We defined PJI in accordance with the

Table 2. Cross-tabulation for calculating sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy with formulas for the calculations.
Not infection comprises septic loosening, prolonged wound drainage, or pain only

major criteria in the Musculoskeletal Infec-
tion Society (MSIS) definition [5]. Hence,
growth of phenotypically identical bacteria
in 2 or more intraoperative bacterial cultures
was considered proof of an infection, as was a
chronic fistula communicating with the pros-

Validated cause Reported cause of revision

thesis. When growth in only 1 of at least 5
samples appeared, we assessed other informa-

of revision Infection Not infection
tion, such as CRP above 10 mg/L, presence
Infection True positive (TP)  False negative (FN)  Sensitivity TP/(TP+FN) of purulence, and type of bacteria. A single
Not infection False positive (FP)  True negative (TN)  Specificity TN/(TN+FP) .. . . . .
positive sample with high-virulence bacteria
Positive predicted  Negative predictive Accuracy (Staphylococcus aureus, Streptococci spp.,

value TP/(TP+FP)  value TN/(TN+FN)

(TP+TN)/(TP+TN+FP+FN)

Enterococci spp., or gram-negative rods) con-

or electronically) immediately after surgery. The collected
data includes information on the indication for surgery, like
cause of a revision [4]. Studies have found 97% completeness
of reporting of primary THAs, 91-94% reporting of revisions,
and 100% reporting of deaths [2].

Western Norway Regional Health Authority is 1 of 4 health
trusts in Norway. It is part of the public health services and
is the administrative body of 12 public hospitals in Western
Norway. The health trust hospitals cover approximately 20%

firmed a PJI whereas low-virulent bacteria in

1 sample would not. Use of histopathological
samples was very limited, as was the use of other markers
in synovial fluid. Bacterial findings in synovial fluid pre-
operatively were considered proof of infection only if sup-
ported by either blood culture findings or tissue samples of
the same bacteria.

Intraoperative tissue sampling and handling in the microbi-
ology laboratories are standardized nationally, with a recom-
mendation of at least 5 samples being collected, and with an
incubation time of at least 7 days [6,7].
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Primary THAs in the NAR

2010-2020
n = 93,467
Excluded
— Not from Western Norway
n = 76,545

Primary THAs in Western

Norway
n=16,922
Excluded
f—t Not revised
n=16,310

Primary THAs revised
due to any cause
n=612

Excluded
Not likely revised
. due to PJI
n =249

Possibly revised due to PJI (n = 363)
Reported revision due to:

- infection, 153

- aseptic loosening, 139

- prolonged wound drainage, 37

- pain only, 34

Flowchart of the selection of THAs eligible for inclusion, i.e., reported
to NAR as revised in Western Norway Health Authority hospitals from
2010-2020 for the causes, infection, aseptic loosening, prolonged
wound drainage, or pain only.

Statistics
We calculated the sensitivity, specificity, and accuracy of
reported data as presented in Table 2.

Sensitivity is the probability of the reported revision due
to infection representing PJI (inclusion of true positives),
hence the surgeons’ ability to disclose PJI when the patient
is suspected to have PJI clinically. Specificity is the ability to
exclude PJI, when the reported revision cause is suspected to
be other than infection (exclusion of true negatives), hence
the ability to exclude PJI. Accuracy is the surgeons’ ability to
disclose either PJI or non-septic revision as the correct cause
of the revision immediately after revision surgery of potential
PII cases. In other words, accuracy represents the surgeons’
ability to differentiate the infected and non-infected cases cor-
rectly at the time of surgery.

Ethics, data sharing plan, funding, and disclosures

The Regional Ethics Committee approved the study, REK
209074 (2021). The registration of data and the study was
performed confidentially on patient consent and according to
Norwegian and EU data protection rules. The study was fully
financed by the NAR. No conflict of interest is declared. Data
may be accessible upon application to NAR. Complete disclo-
sure of interest forms according to ICMIJE are available on the
article page, doi: 10.2340/17453674.2024.39914

Table 3. Overview of validated and reported causes of revision of
THA reported from Western Norway Health Authority to NAR 2010-
2020. Values are count

Reported cause of revision

Validated Prolonged

cause of Aseptic wound

revision Infection loosening drainage Pain  Total
Infection 141 11 22 3 177
Aseptic loosening 4 126 2 1 133
Prolonged wound

drainage 2 0 11 0 13

Pain 6 2 2 30 40
Total 153 139 37 34 363
Results

16,922 primary THAs with 632 revisions due to any cause
were reported to the NAR from the region in the period 2010-
2020 (Figure). In addition, the non-included THA patients
from the rest of Norway are presented in Table 1 for demon-
stration of representability. Table 1 shows the baseline demo-
graphic and clinical characteristics of the study cohort from
Western Norway compared with the national primary THA
cohort. The Figure shows the selection of revisions possibly
due to PJI eligible for further analyses.

Among the 363 revisions reported and assessed, there were
153 reported revisions due to infection, 139 due to aseptic
loosening, 37 due to prolonged wound drainage, and 34 due to
pain only (Table 3).

After workup with examination of bacterial cultures and
clinical data, 177 cases were classified as PJI, 133 as asep-
tic loosening, 13 as prolonged wound drainage (no infection),
and 40 as pain only (Table 3).

Specificity, sensitivity, and accuracy are presented in Table
4.0Only 141 of the 177 PJIs were reported by the surgeon to be
caused by infection, which results in an overall sensitivity of
80% for reported revisions due to infection. The correspond-
ing specificity was 94%. The probability that surgeons will
correctly diagnose and report PJI or aseptic causes immedi-
ately after surgery (accuracy) was 87%.

The probability that the reported cause was correct and
not actually caused by PJI (accuracy) was highest for aseptic
loosening and pain only (both 95%), and lowest for prolonged
wound drainage (86%).

Discussion

We aimed to validate reporting of revision due to infection
in the NAR, to determine how well surgeons disclosed PJI at
the time of revision based on pre- and intraoperative assess-
ment. We found that the probability that surgeons correctly
diagnosed and reported PJI immediately after revision surgery
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Table 4. Sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of reported revision for infection
relative to revisions for aseptic loosening, prolonged wound drainage, and pain, combined and separately, reported to NAR from

Western Norway Health Authority 2010-2020

Revision due to infection

Positive  Negative
True True False False predictive predictive  Sensitivity Specificity Accuracy

Other causes of revision positive negative positive negative value (%) value (%) (%) (%) (%)
Aseptic loosening, prolonged

wound drainage, or pain only 141 174 12 36 92 94 80 94 87
Aseptic loosening 141 126 4 11 97 92 93 97 95
Prolonged wound drainage 141 22 2 22 99 33 87 87 86
Pain only 141 30 6 & 96 91 98 83 95

was 87%, resulting in a misdiagnosis of 13%. The sensitiv-
ity of reported revisions due to infection in NAR was 80%,
whereas the specificity was 94%.

Revisions due to aseptic loosening or pain only reported to
the NAR rarely represented PJI, whereas the majority of revi-
sions due to prolonged wound drainage represented PJI.

At the time of bacterial sampling and reporting immediately
after surgery, the results of bacteriological cultures are not
available for the surgeon. The cause for revision will therefore
be based on the presenting signs and symptoms in addition to
preoperative assessment. To diagnose PJI or other causes of
revision may be difficult, and will always involve some degree
of uncertainty. This may lead to some degree of misdiagnosis
when reporting to the NAR, as found in our study.

Infection vs. aseptic loosening

Low-grade infections can be difficult to distinguish from
aseptic loosening. One of the main theories for aseptic loos-
ening is that it is caused by an inflammatory reaction to wear
particles from the articulation in a complex pathway lead-
ing to increased osteoclastic activity and loosening of the
prosthesis [8]. A similar process can be seen in PJI, where
low-grade infection in organized biofilms can produce an
inflammatory response with a subsequent loosening of the
prosthesis [8]. In these cases, histology may be helpful to
distinguish between infection and inflammation, but this is
not commonly used in Norway. A previous study from NAR
found that systemic antibiotic prophylaxis reduced the risk of
both aseptic and septic revisions [9]. This led to the specula-
tion that some cases of assumed aseptic loosening were in
fact deep infections.

The accuracy of the reported revisions due to aseptic loos-
ening of 95% relative to PJI in our study is in accordance
with other studies that present prevalence of unsuspected PJI
between 3% and 12% [10-12].

The implications of missed infections could be the need for
repeat major revisions, patient suffering, a poor clinical out-
come, and increased cost [13]. Some studies, however, have
shown limited damage in the case of missed infections in revi-
sions due to suspected aseptic loosening [11,14].

Infection vs. prolonged wound drainage

In the present study, two-thirds of revisions due to prolonged
wound drainage represented PJI based on results of intraop-
erative bacterial cultures.

The definition of prolonged wound drainage is not clear-
cut in the literature, nor is its management. In a review, the
authors found that different studies have used duration from 2
to 7 days, and various degrees of quantification, for instance
2 x 2 cm of drainage in the wound dressing beyond 72 hours
after index surgery [15].

A recent Dutch study showed strong association between
wound drainage and PJI from the 2nd week after surgery [16].

Prolonged wound drainage has been shown to be an inde-
pendent risk factor for the development of PJI, as it represents
a pathway for bacteria to deeper tissues [16,17]. Therefore,
prolonged wound drainage could represent imminent PJI,
and it is recommended to approach it with surgical measures,
including debridement, thorough lavage, and exchange of
modular parts. During surgical debridement, adequate tissue
samples should be taken for microbiological culturing [15].
The surgeon will normally treat with empiric antibiotics sys-
temically until bacterial results are known, in accordance with
guidelines. Hence, most reported revisions due to prolonged
wound drainage in our study that represented PJI were due to
the timing of reporting and did not reflect misdiagnosed PJI.
In other words, the cause of the revision is reported correctly
because it was not possible to disclose the PJI status at the
time of reporting.

For this reason, one can argue that prolonged wound drain-
age is the correct diagnosis to report after an early revision
due to unexpected long wound secretion after THA, even if
performed due to the suspicion or risk of PJI.

Infection vs. pain only

In our study, 3 out of 34 revisions initially reported to be due
to pain only turned out to be infected. The diagnosis of PJI can
be challenging, and when pain is the only or the predominant
symptom, low-grade infections may be overlooked [13,18].
Although there were few false negative revisions due to
pain only in this study, it again highlights the importance of
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intraoperative tissue samples for bacterial culture in all surgi-
cal revisions where infection is impossible to rule out.

Strengths

Norway has a public healthcare system where hospital inpa-
tient treatment is provided free of charge. We believe this
results in a good level of follow-up on complications, as socio-
economic status will not affect the patients’ ability to receive
treatment. The revision surgery is performed in public hospi-
tals exclusively. In Norway, the use of antibiotics is under rel-
atively strict stewardship directed by national guidelines and
under routine surveillance [19,20]. There is a national Advi-
sory Unit for Antibiotic Use in Hospitals, which, among other
duties, systematically surveils national antibiotics stewardship
programs [19]. Extensive use of empiric antibiotic treatment
prior to revision surgery will result in negative intraoperative
cultures, and more empiric than targeted antibiotic treatment
when PJI is suspected. Therefore, surgeons strive to keep the
patient off antibiotics for 14 days before taking samples when
considered safe and PJI is suspected. This is expected to result
in few culture-negative infections [21]. The handling of PJI
is described in national guidelines, where both medical and
surgical sampling, treatment, and the handling of samples in
the microbiology laboratories are described [6,7].

All hospitals report to NAR, hence a revision performed
at a hospital other than the primary one will be captured if
reported and linked to the primary THA through a unique per-
sonal identification number. Hence, the capture rate for pri-
mary (98%) and revision (91%) THA is considered good for
a national arthroplasty register (and our regional cohort), but
not complete, since the NAR depends on conscientious report-
ing by Norwegian surgeons.

In the present study all the information needed regarding
preoperative antibiotics, culture results, surgery reports, and
lab results was available in a uniform electronic health record.
We found high yield in the intraoperative bacterial cultures
and followed the patients both regarding THA survival in
NAR, and their clinical course in the electronic health record
during the study period. This information, including clinical
assessments and course, surgery reports, as well as laboratory
and microbiological results, combined with revision causes,
enabled us to get a near complete picture of the individual
cases. We therefore expect the validation to be of high quality.

Limitations

The present study is only based on 1 of the 4 health trusts
in Norway. However, we have reason to believe that clinical
practice has limited variation throughout the country, which
is why the results may have external validity in Norway. This
is supported by the findings of similar demographics, risk
factors, prevalence of revision causes, and time to revision
between the study population and the rest of Norway [2].

We have examined the revisions reported to NAR. A Danish
study to find the “true” incidence of PJI estimated 40% more

PJI than reported to the Danish Hip Arthroplasty Register [22].
Hence, some PJIs not treated with revision surgery could be
missed. However, we found completeness of reporting of any
revisions at 91% in the present study. A prevalence of revision
due to infection in NAR at 1.3 % has been shown in previous
studies, which compares well to the “true incidence” of 1.0 %
in the Danish study. Furthermore, there is an increase in the
incidence of early revision through debridement and implant
retention, and we believe that not many PJIs in the THA popu-
lation will be treated without surgery. We do not have reason
to believe that the completeness of reporting of revision due to
infection is lower than for any revision [2,3,23].

When considering the revisions due to infection, we used
the parameter of 2 or more periprosthetic samples with growth
of phenotypically identical organisms. This is a major crite-
rion in the MSIS and a confirmatory criterion in the EBJIS
definition of PJI [5,13]. However, we did not systematically
use minor criteria, such as CRP, ESR, elevated synovial white
blood cell counts or leucocyte esterase, positive alpha defen-
sin, histopathology, or sonication. Hence, we might to some
extent have underestimated cases of culture negative PJI. In
Norway, it is not common practice to use an alpha defensin
test, and histopathology is undertaken rarely. Norwegian
microbiology laboratories do not use sonication of explanted
prostheses [7]. This may also result in some underestimation
of actual PJI in the present study.

Reported causes of revision may have several biases. The
reporting surgeon may be unaware of low-grade infections,
with its subtle presentation, and therefore fails to diagnose PJI
before and during surgery [13,18,24]. In other cases, the report-
ing surgeon may be subject to “wishful thinking” as infection
may be a devastating outcome of otherwise successful surgery.
Also, reporting a perceived less devastating cause of revision
may maintain better surveillance statistics, as the reported
cause is not to be corrected later, so-called “gaming” [25,26].

Conclusion

The accuracy of surgeon-reported revisions due to infection as
actually representing PJI was 87% in the NAR, which overall
is good. This study shows how good the surgeons are at dis-
closing PJI as the cause of THA revision at time of surgery.

Perspective

From 2023, NAR has introduced a validation form sent to the
reporting surgeon 3 weeks after THA revisions due to infec-
tion, aseptic loosening, prolonged wound drainage, or pain
alone, for systematic confirmation/correction of the reported
revision cause after the results from bacterial samples.

This form is similar to the form used in the register-random-
ized controlled study on total knee arthroplasty (the ALBA
study) [27], as well as in our study.

We believe this will improve the quality and accuracy of
endpoint revision due to PJI, as well as non-infected end-
points, in future research.
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