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1. Comment

We read with great interest the article by Lunz et al. [1], in which the authors dealt with
the new Periprosthetic Joint Infection (PJI)-TNM classification that was recently published
by our group (Table 1) [2-4]. PJI represents one of the most feared complications in the
orthopedic field, resulting in impaired quality of life, repeated and prolonged hospital stays,
and significant morbidity and mortality in affected patients. Still, there is no commonly
used classification system that could facilitate the comparison of treatment strategies and
patient outcomes [5,6]. Therefore, we are delighted with the authors” conclusions that
“clinicians and researchers should be familiar with the new PJI-TNM classification and start
implementing it into their routine practice” [1].

The work of Lunz et al. [1] retrospectively assessed 80 consecutive PJI patients treated
with a two-stage exchange and was the first to correlate the PJI-TNM classification to
surgical parameters and some clinical outcome parameters, such as need for revision
surgery after stage one surgery, the duration of the interim period, and mortality. In
addition, Lunz et al. [1] believed that the initial PJI-TNM publication from our group
could be improved through certain modifications to the TNM backbone, resulting in a
“pTNM” version. An additional “p-status” (type of prosthesis) was proposed to distinguish
between standard implants (p0), revision implants (p1), and megaprostheses (p2). Further
suggestions were to add an “x” in front of the “p-status” to indicate a loosened implant and
to limit the criteria parameters for p, T, N, and M to only 0 = least serious, 1 = moderate,
and 2 = most serious by eliminating the letters for the subclassifications of the 0, 1, and
2 categories of our initially proposed classification. They also proposed the replacement
of the CCI for the assessment of patients’ comorbidities with the American Society of
Anesthesiologists (ASA) Physical Status Classification System [7].

1.1. Correlation of the PJI-TNM Classification and Clinical Outcome

The interesting aspect of the publication of Lunz et al. [1] is the fact that the authors
correlated the PJI-TNM classification to clinical outcome parameters based on eighty
clinical cases with hip and knee PJI with two-stage treatment or the intention-to-treat
in two stages. Outcome included surgical parameters of stage one surgery and clinical
outcome parameters, such as need for revision surgery after stage one surgery, performed
reimplantation, the duration of the interim period, and mortality. They found that prior
history of septic revision of the same joint (“r-status”) showed a statistically significant
correlation with a medium-sized effect with the type of spacer, bone loss, and the duration
of stage one surgery. There was also a statistically significant association with a medium-
sized effect between soft tissue and implant condition (“T-status”) and the probability
of free implantation as well as blood loss and bone loss during the first stage of surgery.
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Furthermore, the comorbidity of the patient based on the Charlson comorbidity index
(CCI) [8] was found to be statistically significantly associated with a medium-sized effect
between morbidity of the patient (“M-status”) and mortality [1].

Table 1. The PJI-TNM classification as introduced by Alt et al. [2,3].

PJI-TNM Classification

r—reinfection

If the infection involves a previously infected implant, the situation is considered to be

“_

“reinfection” and an “r” is placed in front of the classification

T—tissue and implant conditions

TOa
TOb
Tla
T1b
T2a
T2b

Stable standard implant without important soft tissue defect
Stable revision implant without important soft tissue defect
Loosened standard implant without important soft tissue defect
Loosened revision implant without important soft tissue defect
Severe soft tissue defect with standard implant

Severe soft tissue defect with revision implant

N—non-human cells
NOa
NOb
Nila
N1b
N2a
N2b
N2c

No mature biofilm formation (former: acute), directly postoperatively

No mature biofilm formation (former: acute), late haematogenous

Mature biofilm formation (former: chronic) without “difficult to treat bacteria”
Mature biofilm formation (former: chronic) with culture negative infection
Mature biofilm formation (former: chronic) with “difficult to treat bacteria”
Mature biofilm formation (former: chronic) with polymicrobial infection
Mature biofilm formation (former: chronic) with fungi

M—morbidity of the patient
MO
M1
M2
M3a
M3b
M3c

Not or only mildly compromised (Charlson comorbidity index: 0-1)
Moderately compromised patient (Charlson comorbidity index: 2-3)
Severely compromised patient (Charlson comorbidity index 4-5)
Patient refuses surgical treatment

Patient does not benefit from surgical treatment

Patient does not survive surgical treatment

In general, we are delighted to see that our proposed initial classification [2,3] shows
statistically significant correlation with clinical outcome parameters [1]. In our eyes, this
is of upmost importance, particularly for the correlation of the “M-status” and mortality.
This allows for the determination of the lethality risk for the patient with underlying PJI.
This is of clinical interest as PJI can be considered a life-threatening disease with a 10-year
mortality of up to 45%, comparable to or even higher than cancers, which have a mean
10-year mortality of up to 31% [9]. We are also happy to see that the “r-status” and the
“T-status” show a significant correlation with surgical parameters and treatment outcome.

1.2. The Modified PJI-pTNM Classification

The authors assessed the same eighty clinical cases with the modified PJI-TNM classi-
fication and found statistical significance with a large effect between the type of infected
prosthesis (“p-status”) and the type of spacer used for the interim period and bone loss
during the first stage of surgery, with a medium-sized effect on bone loss during stage one
surgery [1]. The new “T-status” (tissue condition) was associated with a medium effect
with the probability for reimplantation, the type of spacer used for the interim period, the
duration of the interim period, bone loss, and blood loss during the first stage of surgery.
The assessment of the patient’s comorbidity using the ASA Physical Status Classification
System was also associated with a statistically significant medium-sized effect with mortal-
ity. Also, the new “N-status” (non-human cells) showed statistically significant correlation
with medium-sized effect with the rate of implant revision, the type of spacer used, the
duration of interim period, and operating time at stage one surgery [1].



J. Clin. Med. 2023, 12, 6073

3o0f4

1.3. Comparison of the PJI-TNM Classification and the Modified P[I-pTNM Classification

We acknowledge the efforts of Lunz et al. to modify and simplify the originally
proposed PJI-TNM classification as we also believe that this version was quite complex.
But we also believe that PJI with its huge variety of clinical appearances is a complex
disease that needs comprehensive classification to derive treatment guidelines and to
enable accurate scientific assessment. We have recently developed a digital training app to
familiarize colleagues with the principles and to facilitate initial use. We are also aware of
the fact that classification should undergo further modifications, e.g., the TNM classification
has been subject to multiple changes and adoptions over the last 40 years in oncology and
its subdisciplines [10,11].

The introduction of the “p-status” proposed by Lunz et al. [1] shows significant corre-
lation with four parameters for first-stage revisions surgery, and we applaud the proposal
to classify megaprostheses separately, as the periprosthetic infection of megaprostheses
is often associated with higher treatment efforts and worse outcomes [12]. However, the
introduction of a fifth parameter also risks making the classification even more complex.
Instead of implementing a fifth category with the p item, the T-category our initial version
with the category “a” for a standard implant and “b” for a revision implant could be
extended with “c” for megaprosthesis. This would maintain the idea of the initial version
for category “T” to cover the entirety of the tissue and the implant status.

The modified “T-status” and “N-status” of Lunz et al. [1] resulted in more statistically
significant correlations with surgical parameters for first-stage surgery compared to our
initial version. Regarding the T-status, the addition of the presence of a fistula to the T2
together with a significant soft tissue defect seems problematic in our eyes. Fistulae or
sinus tracts are common in PJIs and can be treated with simple excision during a two- or
even a one-stage procedure [13]. On the other side, severe soft tissue defects are normally
harder to treat, may lead to the polymicrobial colonization of the indwelling prosthesis,
and frequently require free flap surgery with an overall worse outcome compared to
standard wound closure procedures [14-16] and, in our eyes, should not be put into the
same category as fistulae.

The modification of the N-parameter to NO: immature biofilm; N1: mature biofilm
and “non-difficult-to-treat” bacteria; and N2: mature biofilm with “non-difficult-to-treat”
bacteria resulted in four significant correlations with intraoperative criteria for stage one
surgery (duration and type of spacer), the need for revision of the spacer, and the duration
of the interim period. The initially presented N-category did not show any statistical
correlation. Therefore, the modification of the N-criterion seems interesting for the future.

A major feature of the modifications made by Lunz et al. is the replacement of
the CCI with the ASA classification system for the assessment of the “M-status” of the
patient. The use of the CCI also showed a significant correlation with mortality. How-
ever, the ASA Physical Status Classification System is only associated with a p-value of
0.04 (significant correlation) versus a p-value of <0.01 (highly significant correlation) of
the CCI with mortality. The CCI has shown good correlation with outcomes in muscu-
loskeletal infections and orthopaedic surgery [17]. We agree that the determination of
CCI requires more effort than the ASA score. However, we have recently introduced a
learning PJI-TNM educational app that is available on Google Play (https://play.google.
com/store/apps/details?id=de.ukr.pjitnmé&pli=1, accessed on 30 July 2023) and the Ap-
ple Store (https://apps.apple.com/de/app/pji-tnm-educational-app/id1616664776, ac-
cessed on 30 July 2023) to facilitate the generation of the CCI based on the underlying
diseases of the patient. Therefore, we would prefer to remain with our initial version,
utilizing the CCL

1.4. Future Perspectives

Future studies should focus on the correlation of the PJI-TNM classification and other
important outcome values, such as reinfection rate, need for surgical revision after stage two
surgery, or the quality of life of the patient, which has not yet been studied. Furthermore, the
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success of other treatment approaches, such as DAIR (debridement, antibiotics, and implant
retention) or one-stage exchange, should be evaluated based on the PJI-TNM classification.
Finally, prospective multicenter studies are necessary to determine the success rates of
existing treatment concepts and to standardize treatment strategies, as already successfully
practiced in oncology.

In conclusion, the PJI-TNM classification, as both the initial and the modified version,
has shown its correlation with important surgical and outcome parameters and is of value
for the classification of PJI in the future. We will continue to work on the validation and
correlation of clinical parameters with the PJI-TNM classification in order to improve
classification, treatment, outcome, and scientific assessment of PJIs in the future.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lunz, A.; Lehner, B.; Voss, M.N.; Knappe, K.; Jaeger, S.; Innmann, M.M.; Renkawitz, T.; Omlor, G.W. Impact and Modification of
the New PJI-TNM Classification for Periprosthetic Joint Infections. J. Clin. Med. 2023, 12, 1262. [CrossRef] [PubMed]

2. Alt, V; Rupp, M,; Langer, M.; Baumann, F.; Trampuz, A. Infographic: Can the Oncology Classification System Be Used for
Prosthetic Joint Infection? The PJI-TNM System. Bone Jt. Res. 2020, 9, 77-78. [CrossRef] [PubMed]

3. Alt, V.; Rupp, M,; Langer, M.; Baumann, F.; Trampuz, A. Can the Oncology Classification System Be Used for Prosthetic Joint
Infection? The PJI-TNM System. Bone Jt. Res. 2020, 9, 79-81. [CrossRef]

4. Rupp, M.; Kerschbaum, M.; Freigang, V.; Bartl, S.; Baumann, F; Trampuz, A.; Alt, V. PJI-TNM als neues Klassifikationssystem fiir
Endoprotheseninfektionen: Eine Evaluation von 20 Féllen. Der Orthopiide 2020, 50, 198-206. [CrossRef] [PubMed]

5. Tande, A.].; Patel, R. Prosthetic Joint Infection. Clin. Microbiol. Rev. 2014, 27, 302. [CrossRef] [PubMed]

6.  Walter, N.; Rupp, M.; Hierl, K.; Koch, M.; Kerschbaum, M.; Worlicek, M.; Alt, V. Long-Term Patient-Related Quality of Life after
Knee Periprosthetic Joint Infection. J. Clin. Med. 2021, 10, 907. [CrossRef] [PubMed]

7. Keats, A.S. The ASA Classification of Physical Status—A Recapitulation. Anesthesiology 1978, 49, 233-235. [CrossRef] [PubMed]

8.  Charlson, M.; Szatrowski, T.P.; Peterson, J.; Gold, J. Validation of a Combined Comorbidity Index. . Clin. Epidemiol. 1994, 47,
1245-1251. [CrossRef] [PubMed]

9.  Thompson, O.; W-Dahl, A.; Stefansdoéttir, A. Increased Short- and Long-Term Mortality amongst Patients with Early Periprosthetic
Knee Joint Infection. BMC Musculoskelet Disord. 2022, 23, 1069. [CrossRef] [PubMed]

10. Wittekind, C. The Development of the TNM Classification of Gastric Cancer: TNM Gastric Cancer. Pathol. Int. 2015, 65, 399—-403.
[CrossRef] [PubMed]

11.  Amin, M.B.; Greene, FL.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R,;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to Build a Bridge from a Population-Based to a
More “Personalized” Approach to Cancer Staging: The Eighth Edition AJCC Cancer Staging Manual. CA A Cancer ]. Clin. 2017,
67,93-99. [CrossRef] [PubMed]

12.  Sukhonthamarn, K; Tan, T.L.; Strony, J.; Brown, S.; Nazarian, D.; Parvizi, J. The Fate of Periprosthetic Joint Infection Following
Megaprosthesis Reconstruction. JBJS Open Access 2021, 6, €21.00003. [CrossRef] [PubMed]

13.  Marmor, S.; Kerroumi, Y.; Meyssonnier, V.; Lhotellier, L.; Mouton, A.; Graff, W.; Zeller, V. One-Stage Exchange Arthroplasty for
Fistulizing Periprosthetic Joint Infection of the Hip: An Effective Strategy. Front. Med. 2020, 7, 540929. [CrossRef] [PubMed]

14. McCulloch, R.; Adlan, A.; Evans, S.; Parry, M.; Stevenson, J.; Jeys, L. Outcomes of the Gastrocnemius Flap Performed by
Orthopaedic Surgeons in Salvage Revision Knee Arthroplasty. Br. . Surg. 2022, 109, znac269.478. [CrossRef]

15. Bickels, J.; Wittig, J.C.; Kollender, Y.; Neff, R.S.; Kellar-Graney, K.; Meller, 1.; Malawer, M.M. Reconstruction of the Extensor
Mechanism after Proximal Tibia Endoprosthetic Replacement. . Arthroplast. 2001, 16, 856-862. [CrossRef] [PubMed]

16. Valenzuela, M.M.; Averkamp, B.].; Odum, S.M.; Rowe, T.M.; Fehring, T.K. Polymicrobial Colonization of Prosthetic Joint Infections
Treated with Open Wound Management. |. Arthroplast. 2022, 37, S653-5656. [CrossRef] [PubMed]

17.  Bozic, K].; Lau, E.; Kurtz, S.; Ong, K.; Berry, D.J. Patient-Related Risk Factors for Postoperative Mortality and Periprosthetic Joint

Infection in Medicare Patients Undergoing TKA. Clin. Orthop. Relat. Res. 2012, 470, 130-137. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/jcm12041262
https://www.ncbi.nlm.nih.gov/pubmed/36835798
https://doi.org/10.1302/2046-3758.92.BJR-2019-0322
https://www.ncbi.nlm.nih.gov/pubmed/32435458
https://doi.org/10.1302/2046-3758.92.BJR-2019-0134.R1
https://doi.org/10.1007/s00132-020-03933-5
https://www.ncbi.nlm.nih.gov/pubmed/32533215
https://doi.org/10.1128/CMR.00111-13
https://www.ncbi.nlm.nih.gov/pubmed/24696437
https://doi.org/10.3390/jcm10050907
https://www.ncbi.nlm.nih.gov/pubmed/33668957
https://doi.org/10.1097/00000542-197810000-00001
https://www.ncbi.nlm.nih.gov/pubmed/697075
https://doi.org/10.1016/0895-4356(94)90129-5
https://www.ncbi.nlm.nih.gov/pubmed/7722560
https://doi.org/10.1186/s12891-022-06024-y
https://www.ncbi.nlm.nih.gov/pubmed/36474195
https://doi.org/10.1111/pin.12306
https://www.ncbi.nlm.nih.gov/pubmed/26036980
https://doi.org/10.3322/caac.21388
https://www.ncbi.nlm.nih.gov/pubmed/28094848
https://doi.org/10.2106/JBJS.OA.21.00003
https://www.ncbi.nlm.nih.gov/pubmed/34841189
https://doi.org/10.3389/fmed.2020.540929
https://www.ncbi.nlm.nih.gov/pubmed/33178708
https://doi.org/10.1093/bjs/znac269.478
https://doi.org/10.1054/arth.2001.25502
https://www.ncbi.nlm.nih.gov/pubmed/11607901
https://doi.org/10.1016/j.arth.2022.03.016
https://www.ncbi.nlm.nih.gov/pubmed/35283231
https://doi.org/10.1007/s11999-011-2043-3
https://www.ncbi.nlm.nih.gov/pubmed/21874391

	Comment 
	Correlation of the PJI-TNM Classification and Clinical Outcome 
	The Modified PJI-pTNM Classification 
	Comparison of the PJI-TNM Classification and the Modified PJI-pTNM Classification 
	Future Perspectives 

	References

