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Abstract

:

Objectives: Fracture-related infection (FRI) is a major complication in orthopedic and trauma surgery. The management and choice of treatment can be difficult depending on multiple factors. Therefore, we implemented a weekly multidisciplinary team discussion to determine diagnostic and treatment strategies in FRI patients and aimed to analyze its effect on clinical outcomes. Methods: Clinical outcomes of FRI patients treated before and after implementation of a structured multidisciplinary treatment (MDT) approach with a weekly case discussion were compared at a follow-up of 12 months. Results: In total, n = 117 were eligible for enrolment, whereby n = 58 patients (72.4% male, mean age 56.7 ± 16.8 years) constituted the MDT group and n = 59 patients (72.9% male, mean age 55.0 ± 16.5 years) the control group. In the MDT group more cases were treated with local antibiotics (67.2% vs. 27.1%, p < 0.001) and significant less amputations (3.4% vs. 6.8%, p = 0.014), as well as less revision surgeries (1.5 ± 1.2 (0–5) vs. 2.2 ± 1.2 (0–7), p = 0.048) were performed. A trend towards less debridement, antibiotics and implant retention (DAIR) procedures, lower rates of recurrence of infection and less treatment failures in the MDT group was observable, even though not statistically significant. Conclusion: An MDT approach providing a patient tailored treatment concept in the treatment of FRI patients appears to be beneficial for the affected patients. Quality and efficacy of implemented MDT meetings should further be evaluated to provide sufficient evidence to further implement this valuable tool in clinical practice and decision making.






Keywords:


multidisciplinary treatment; fracture-related infection; management concept












1. Introduction


Fracture-related infection (FRI) is a feared complication after trauma. In recent years the prevalence of FRI has increased [1]. In Germany, 10.5 cases per 100,000 inhabitants were determined in 2019 [2]. In addition, a wide range of infection rates is reported starting from 1–2% after closed fractures, up to 30% after Gustilo–Anderson type III open tibia fractures [3,4]. Mainly, FRIs are caused by Staphylococcus aureus, with reported rates of difficult-to-treat pathogens, microorganisms with biofilm-active antibiotic resistance, of about 20–10% [5,6]. Once a biofilm has been established on the implant, the administration of antibiotics alone cannot adequately reduce the bacterial load. Therefore, the therapy of FRI generally involves surgical treatment to control the infection.



A large share of the patients belongs to the elderly population, which often challenges successful treatment [1]. FRI and its treatment have a tremendous impact on the affected patients. Intriguingly, after successful treatment of FRI in terms of infection eradication and bone consolidation, reported quality of life remains reduced even after several years [7]. Moreover, the economic consequences are substantial, whereby healthcare costs range between being 6.5 to 8 times higher than in uncomplicated fracture cases, mainly driven by the prolonged length of hospital stay [8,9,10]. In addition, it was shown that patients developing an infection after fracture had a 45% increase in the odds of receiving social security benefits (odds ratio, 1.45; 95% CI, 1.25–1.68; p < 0.001) [11].



To achieve best possible treatment outcomes, several aspects for diagnostics and treatment have to be taken into account: the bone and soft tissue situation, local perfusion, secondary conditions such as diabetes mellitus, advanced age of the patient, antibiotic therapy for several weeks, its potential side effects and not to forget psychological processing of the trauma and FRI as a second hit. These challenges sometimes exceed the expertise of even the well-trained orthopedic and trauma surgeon. Therefore, involvement of experts in the respective field is considered a key element to successful treatment. In oncology, tumor boards have been established and proven to be a useful tool to improve treatment in terms of reduced mortality by discussing cases in a multidisciplinary setting [12,13].



However, in the field of musculoskeletal infection, evidence for successful implementation of a multidisciplinary team (MDT) is still scarce [14]. Research has mainly focused on periprosthetic joint infection (PJI), for which several studies reported a beneficial effect for treatment outcomes implementing an MDT approach [15,16,17]. Improved outcome of tertiary referral centers has been demonstrated for bone infection cases, as well [18].



However, whereas some earlier insights are available in the benefit of an MDT approach for osteomyelitis, no study investigated if an MDT approach is beneficial in the treatment of FRI patients yet [19,20,21]. Therefore, the aim of the present study was to assess influence of implementing a weekly multidisciplinary team meeting to determine diagnostic and treatment strategies for FRI cases on treatment outcomes in terms of mortality, bone consolidation and recurrence of infection and required amputations. The second goal was to assess changes in treatment characteristics after implementation of the weekly multidisciplinary case discussion.




2. Results


A total of n = 117 patients were eligible for enrolment. Out of these, 58/117 patients (72.4% male, mean age 56.7 ± 16.8 years) were assessed multidisciplinary (MDT), whereas 59/117 patients (72.9% male, mean age 55.0 ± 16.5 years) were treated prior to the establishment of the interdisciplinary meeting. In both groups, FRI mainly occurred at the tibia followed by infections of the ankle and femur. Neither sex, age, BMI, CCI, ASA score, nor anatomical localization and number of initially open fractures differed statistically significant between the groups (Table 1). Methicillin-sensitive Staphylococcus aureus (n = 46, 39.3%) was the most frequently detected pathogen followed by Staphylococcus epidermidis (n = 20, 17.1%) [22], whereby there was no statistically significant difference regarding the pathogen distribution between the groups.



Statistically significantly less amputations were performed in the MDT group. Further, more cases were managed with additional local antibiotics (67.2% vs. 27.1%, p < 0.001) and less revision surgeries were performed in the MDT group (1.5 ± 1.2 (0–5) vs. 2.2 ± 1.2 (0–7), p = 0.048). Length of hospital stay, bone consolidation, and 1-year mortality were comparable in both groups. The overall treatment procedure did not reach statistical significance, whereas a trend towards less debridement, antibiotics and implant retention (DAIR) procedures was observable. Lower rates of recurrence of infection and less treatment failures were found in the MDT group, however not statistically significant (Table 1).




3. Discussion


This study compares clinical outcomes of FRI patients with and without a multidisciplinary team diagnostic and treatment approach. The present results demonstrate for the first time a beneficial effect of an MDT approach in patients suffering from FRI in terms of significantly less frequently required limb amputations and surgical revisions such as planned and unplanned re-debridement, whereas one-year mortality, recurrence of infection, bone consolidation were not statistically significantly affected by the MDT case discussions. Surgical strategies did change as well. Less DAIR and one-stage approaches, but more two-stage procedures were performed after implementing the MDT approach. The use of local antibiotics was more often performed after implementation of the weekly multidisciplinary meeting to discuss FRI cases.



In the present study, we assessed different primary outcome measures, which are widely used in clinical research investigating bone and joint infections. For objective parameters such as mortality, bone consolidation and infection eradication, no difference in both investigated treatment groups was determined. However, we found a lower amputation rate in the comparable patient group treated with an MDT approach. This approach entails fruitful discussions starting from reviewing current diagnostics such as lab tests, microbiological and histopathological findings through discussing potential surgical treatment options. For the authors who introduced the weekly interdisciplinary meeting to discuss bone and joint infection cases, this concept seems to be reason for this result. In addition, some evidence exists for MDT to be useful in bone infection and PJI to achieve better results in terms of lower mortality, shorter length of hospital stay, lower reoperation rates due to infection, lower amputation rates and lower overall healthcare utilization [16,18]. The study by Ferguson et al. compared a tertiary referral multidisciplinary bone infection unit with the care in other centers in the rest of England. Our study compared two groups treated at a tertiary care center already specialized in bone and joint infection before and after implementation of a weekly MDT case discussion similar to tumor boards in oncology. Prior to introduction of the MDT meetings, treatment strategies were determined by the treating orthopedic surgeons. Consultations with infectious disease (ID) or other specialists have been performed when ought to be necessary. In other fields such as blood stream infection with Staphylococcus aureus, enterococcal bacteriemia or candidemia ID, specialist consultation has been demonstrated to reduce mortality risk significantly [23,24,25]. This may explain minor differences before and after implementation of the MDT infection board. Another reason might be including every FRI case treated in our department in the set time frame. Thus, simple cases were also discussed. In such easier to treat cases, surgical treatment often required no interdisciplinary surgical expertise, whereas completion on diagnostics was checked and antibiotic therapy determined. Pros and cons of often sophisticated surgeries were discussed for more difficult FRI cases requiring for instance revascularization, soft tissue or bone defect reconstruction. Based on these outlined therapy options, joint decisions were consecutively made with the affected patients. On the one hand, this might be reason for non-significant major outcomes such as mortality, bone consolidation and recurrence of infection comparing the historic control group with the MDT group. On the other hand, a lower amputation rate can be explained by the MDT discussions including technical aspects for saving the affected limb. Further, clinically significant differences, albeit not statistically different such as a quarter reduction of treatment failure, seem to be achieved by the MDT approach. Future studies with higher patient numbers might also achieve a statistical difference when comparing different treatment approaches in such heterogenous study groups.



Intriguingly, less surgical revisions have been performed in the MDT-treated FRI cohort compared to the historic control group. Since additional surgical debridement, sometimes simply out of embarrassment or based on formerly common multiple staged surgical treatment concepts, might lead to changes and more difficult to treat microbial patterns, targeted surgical interventions should only be performed in the affected FRI patients [26]. Additional interventions have been demonstrated to result in reduced likelihood of infection control in PJI patients [27]. Thus, defining treatment strategies by a specialized team necessarily result in lesser surgical revisions. The observation that treatment of respective cases by specialists has a beneficial effect on outcome for the patients in different surgical subspecialties [28,29]. Albeit major outcomes did not change as specialist of the department treated patients before and after MDT implementation, current trends in the treatment of FRI also can be observed in the present study. Recently, the use of local antibiotics in FRI has been reported to reduce infection rate [30,31]. As these can reach high concentrations at the target sites, local antibiotics are a also feasible approach to bypassing the unwanted side effects of systemic antibiotics [5]. Antimicrobial-related severe adverse events were reported in 15% of patients treated for bone and joint infections [32]. Additionally, antimicrobials such as gentamicin and vancomycin can be used locally, which should be considered carefully as systemics antibiotics due to the risk of nephrotoxicity. These were shown to achieve coverage rates up to 94% with low resistance rates in FRI [5]. For this, carrier materials already containing antibiotics are commercially available, whereby and individual combination is also an option to be considered [33]. Furthermore, less DAIR procedures performed are in line with recently published worse outcome performing DAIR in FRI [34,35].



In addition, a better patient and indication selection for DAIR in FRI might be reason for the decrease in DAIR cases in the present study [35]. The changes in surgical strategy together with the beneficial use of local antibiotics and optimized non-surgical therapy might be jointly responsible for the improved outcome observed in the present study.



Looking into other disciplines comparing the situation of bone and joint infection care with that earlier in oncology, it can be stated that the introduction of tumor boards in the 1980s has significantly changed the treatment of cancer all over the world. Today, tumor boards are an indispensable part of oncology diagnostics and therapy decision-making. Meanwhile, they are a standard of care, an integral part of clinical practice and often essential for certification of oncology centers. In oncology, the evidence of the apparent benefit was initially difficult to demonstrate. However, time and further studies have shown the benefits of the MDT approach in several oncology subdisciplines [13,36,37,38].



Limitations


Several limitations should be recognized for the present study. First, the analysis is based on results from a tertiary referral center providing all kinds of subdisciplines, which is often not feasible for other hospitals. Second, the study design compares a historic group with a later-treated MDT group. This longitudinal comparison might be reason for some differences observed in the study and did not allow us to compare the most important outcome measure, patients’ quality of life. Third, as in general for FRI studies, the study cohorts were very heterogenous, which leaves a larger study cohort to be desired. Thus, subgroup analysis would be possible and patient cohorts could be identified, which especially benefit MDT case discussions. Lastly, difficult to analyze upsides and downsides of MDT discussions such as additional costs for meeting resources, saved costs by improved treatment, improved workflows in daily practice due to less separate expert consultations, started research projects and cooperation as well as being a platform for teaching students by involving them in the meeting and case discussions could not be analyzed. Such aspects have high relevance in the academic arena and should also be acknowledged when dealing with this important topic.





4. Materials and Methods


Patients treated for FRI aged 18 years or older in a level 1 trauma center in Germany were screened by the international classification of disease (ICD)−10 diagnosis code T84.6 (Infection and inflammatory reaction due to internal fixation device). Afterwards, patients’ medical charts, surgery protocols, laboratory findings as well as microbiological and histopathological reports were screened for inclusion criteria of FRI. Following the 2018 international consensus meeting on musculoskeletal infection [39], FRI was confirmed by the presence of at least one of the following confirmatory criteria: (1) fistula, sinus tract or wound breakdown; (2) purulent drainage or presence of pus during surgery; (3) phenotypically indistinguishable organisms identified by culture from at least two separate deep tissue/implant specimens (including sonication fluid); and (4) histopathological findings (presence of microorganisms in deep tissue specimens or presence of > five PMN/HPF). Patient characteristics (sex, age, BMI, Charlson comorbidity index (CCI) [40], ASA score at the time of surgery) and details of the infection were retrieved. Then, an experimental and a control group were defined. Cases discussed from 15th June 2019 to 31st December 2020 in the MDT meeting (MDT group) constituted the experimental group. The MDT meeting was held on a weekly basis. Members of the MDT were consultants of the disciplines orthopedic surgery, plastic surgery, vascular surgery, infectious diseases, microbiology, radiology, pathology, psychosomatic medicine, geriatric medicine and endocrinology. During these meetings, each case is evaluated from all perspectives, optimal treatment strategies are developed for each individual patient based on collective expertise on documents in the patient’s medical record. Despite comorbidities and risk-factors, special focus is placed on patients’ wishes and expectations, their compliance and contextual factors such as the social environment and individual psychological resources. For the control group, the inclusion period was defined from 1st January 2016 to 31st December 2018 and consisted of cases that were treated prior to the establishment of the MDT meeting. The follow-up period was set to 12 months for both groups. The study was approved by the institutional ethics committee of the University hospital Regensburg, Germany according to the Helsinki Convention (ref. number 20-1681-104). Informed consent was obtained from all subjects involved in the study. The data were processed anonymously.



Patient characteristics (sex, age, BMI, Charlson comorbidity index (CCI) [40], ASA score at the time of surgery) and further details of infections (site of infection, type of implant, pathogens), as well as treatment procedure and clinical outcomes (number of surgeries involving bony debridement, use of local antibiotics, length of hospital stay, signs of recurrence of infection, fracture consolidation) were assessed retrospectively by reviewing electronic medical records. Achieved bone consolidation was determined with an evaluated RUST score >10 [41]. Treatment failure was defined based on the following aspects (1) clinical signs of recurrence of infection based on suggestive and confirmatory criteria for FRI [39]; (2) subsequent surgical intervention for infection after plant procedure; (3) occurrence of FRI-related mortality (by causes such as sepsis); and (4) amputation of the affected limb.



Descriptive and statistical data analysis was performed using IBM SPSS Statistics software (version 27.0, IBM Corp, Armonk, USA). Frequencies were expressed as numbers and percentages. Continuous parameters were presented as means ± standard deviation (SD) and compared by independent Student’s t-test. Chi-square test was used for comparison of categorical variables. For all tests, p values < 0.05 were considered statistically significant. Effect sizes were calculated as Cohen’s d.




5. Conclusions


An MDT approach providing a patient-tailored treatment concept in the treatment of FRI patients seems to be beneficial for the affected patients. Quality and efficacy of implemented MDT meetings should further be evaluated to provide sufficient evidence to further implement this valuable tool in clinical practice and decision-making.
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Table 1. Patient characteristics and clinical outcomes of the FRI group managed with a multidisciplinary team (MDT) and control group.
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FRI

“MDT”

	
FRI

Control

	
Statistical Analysis

(p-Value)

	
Effect Size (Cohen’s d)






	
Patients

	
n = 58

	
n = 59

	

	




	
Sex

	

	

	
p =0.700

	
−0.45




	
Male

	
n = 42 (72.4%)

	
n = 43 (72.9%)




	
Female

	
n = 16 (27.6%)

	
n = 16 (27.1%)




	
Age

	
56.7± 16.8 years

	
55.0 ± 16.5 years

	
p = 0.889

	
−0.099




	
BMI (kg/m2)

	
28.0 ± 5.4

	
27.1 ± 5.2

	
p = 0.230

	
−0.168




	
CCI

	
0.7 ± 1.1

	
0.3 ± 0.83

	
p = 0.763

	
0.101




	
ASA score

	
2.4 ± 0.88

	
2.2 ± 0.83

	
p = 0.223

	
0.198




	
Anatomical localization

	

	

	
p = 0.071

	
−0.101




	
Humerus

	

	




	
Radius

	
n = 3 (5.2%)

	
n = 5 (8.5%)




	
Femur

	
n = 2 (3.4%)

	
n = 4 (6.8%)




	
Tibia

	
n = 9 (15.5%)

	
n = 7 (11.9%)




	
Ankle

	
n = 27 (46.6%)

	
n = 23 (39.0%)




	
Foot

	
n = 10 (17.2%)

	
n = 11 (18.6%)




	

	
n = 7 (12.1%)

	
n = 9 (15.2%)




	
Open fractures

	
n = 15 (25.9%)

	
n = 16 (27.1%)

	
p = 0.820

	
0.141




	
Surgical procedure

	

	

	
p = 0.587

	
0.097




	
DAIR

	
n = 4 (6.9%)

	
n = 10 (16.9%)

	

	




	
1-stage

	
n = 19 (32.8%)

	
n = 22 (37.3%)

	

	




	
2-stage or more

	
n = 33 (56.9%)

	
n = 23 (39.0%)

	

	




	
Amputation

	
n = 2 (3.4%)

	
n = 4 (6.8%)

	
p = 0.014 *

	
0.166




	
Local antibiotics

	
n = 39 (67.2%)

	
n = 16 (27.1%)

	
p < 0.001 *

	
−0.282




	
Clinical Outcomes

LOS

	
42.3 ± 34.0 days (4−154)

	
52.2 ± 35.5 days (8–159)

	
p = 0.208

	
0.23




	
Revision rate

	
1.5 ± 1.2 (0–5)

	
2.2 ± 1.2 (0–7)

	
p = 0.048 *

	
0.163




	
Bone consolidation

	
n = 52 (89.7%)

	
n = 50 (84.7%)

	
p = 0.438

	
0.145




	
Recurrence of infection within one year

	
n = 12 (20.7%)

	
n = 16 (27.1%)

	
p = 0.238

	
0.191




	
1-year mortality

	
n = 2 (3.5%)

	
n = 2 (3.4%)

	
p = 0.899

	
0.013




	
Treatment failure

	
n = 14 (24.1%)

	
n = 19 (32.2%)

	
p = 0.184

	
0.23








MDT = multidisciplinary team; FRI = fracture-related infection; CCI = Charlson comorbidity index; DAIR = debridement, antibiotics and implant retention; LOS = length of stay. * p ≤ 0.05.
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