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Chapter 2

Abstract

Background: Multidisciplinary team (MDT) management of prosthetic joint infections
(PJI) and other bone and joint infections (BJI) is increasingly put into practice. How-
ever, studies evaluating the performance of MDTs in this field are scarce. We aimed
to assess our MDT for complex BJI by determining the implementation rate of team
decisions, analyzing factors associated with non-implementation and evaluating the
clinical outcome of patients in whom MDT decisions were not implemented.

Methods: An observational study was conducted on all patients with a PJI or other
BJI of which the management was discussed during MDT meetings between 2015
and 2022 in a tertiary care academic hospital. Patient characteristics and MDT data
were obtained from electronic patient records. The multidisciplinary team consisted
of orthopaedic surgeons, trauma surgeons, infectious diseases specialists and clinical
microbiologists. A decision was considered not implemented if the patient did not
receive the management that was decided by the MDT. Factors possibly associated
with non-implementation were statistically analyzed using logistic regression.

Results: The analysis included 1321 MDT decisions on 509 patients. The overall imple-
mentation rate of MDT decisions was 92.1%. Reasons for non-implementation were
disagreement by the treating surgeon with the MDT regarding the optimal treatment
(n=24, 23%), patient preference for a different treatment (n=19, 18%), new clinical
information not yet available during the MDT meeting that made the physician change
management (n= 17, 16%) or unknown (n=45, 43%). Trauma surgeons were more
likely to not implement an MDT decision (odds ratio 2.4, p=0.01) The cure rate of pa-
tients who received a different surgical strategy than decided by the MDT was 33%.
The cure rate was lower if a patient chose to deviate from the MDT decision (46%)
than when the treating physician chose to deviate from the MDT decision (77%).

Conclusion: The implementation rate of decisions made by our complex BJI MDT
was high. Furthermore, the current study suggests that non-implementation of MDT
decisions on surgical management and non-implementation initiated by the patient
lead to poor clinical outcomes. An analysis of MDT decision implementation is a
useful tool to evaluate the impact of MDTs and further improve its quality.
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Introduction

Prosthetic joint infection (PJI), fracture related infections (FRI) and spinal implant
infection (SI) are severe complications after surgery. The surgical and antimicrobial
treatment is complex and requires the combined expertise of various medical special-
ties. Osteomyelitis and septic arthritis of a native joint are also challenging infections
to treat. A multidisciplinary team (MDT) approach is considered beneficial in the care
for patients with these complex bone and joint infections (BJI). Implementation of
an MDT for patients with a PJI or FRI is advocated by several national orthopaedic
societies (1-3). The organization of such an approach demands time resources and a
considerable financial investment (4). Physicians who participated in PJI MDT meet-
ings experienced that communication and standardization of care improved after
installment of an MDT. However, data on the evaluation of quality, effectiveness and
impact of MDTs for complex BJI are scarce(5, 6). Observational studies on clinical
outcomes of PJl and FRI after implementation of a dedicated MDT report conflicting
data and randomized controlled trials have not been performed (7-14). To the best of
our knowledge, studies focusing on effective decision making by BJI MDTs are absent.
Analysis of the actual implementation of MDT decisions can be a more reliable mea-
sure of MDT effectiveness than assessing clinical outcomes only (15). Observational
studies in other fields showed that 6-42% of MDT decisions and recommendations
were discordant compared to the actual treatment received by patients (15-28). The
aim of this study was to evaluate the MDT for complex bone, joint and arthroplasty
infections in our hospital by analyzing the implementation of its decisions in clinical
management. Furthermore, we analyzed the factors associated with non-implemen-
tation and assessed the clinical outcome of patients in whom MDT decisions were
notimplemented. A secondary objective was to assess the content and evolution of
the team meetings throughout the study period.

Materials and methods

This study was conducted at a tertiary care academic hospital in the Netherlands
which is specialized in treatment of bone tumours and is a regional referral hospital
for PJI and other complex BJI. About 180 arthroplasties are performed on a yearly
basis in our hospital of which approximately 30 are tumour endoprostheses. The de-
partments of Infectious Diseases and Clinical Microbiology work in close collaboration
with the departments of Orthopaedic and Trauma surgery in case of BJI.
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Multidisciplinary Team Meeting

All patients with PJI and other complex BJI are discussed in a weekly MDT meet-
ing, to determine (perioperative) management (e.g. diagnostic procedures, surgical
treatment, antibiotic therapy including possible long term suppression, timing of dis-
charge and follow-up). PJI, FRI and Sl are discussed at least twice and other complex
BJI at least once. Key participants of the team include selected staff members from
orthopaedic surgery, trauma surgery, infectious diseases, and clinical microbiology,
all with a dedicated interest in BJI. Every meeting is held on the same location and
is attended by at least one key member of each medical specialty. The team is com-
plemented by residents from these specialties. Every meeting lasts 30-45 minutes
and is prepared, chaired and documented by two orthopaedic surgery residents.
The physician running the ward where the patient is admitted or the physician who
primarily evaluated the patient in outpatient setting is responsible for enlisting the
patient for MDT discussion and selecting the date of the meeting in which the patient
will be discussed. All MDT members have access to the electronic patient file system
and are expected to prepare enlisted cases prior to the meeting. Only patients who
are enlisted beforehand will be discussed. The conclusions and decisions of the MDT
are documented in the electronic patient file directly following case discussion. In
case of absence of the responsible physician at the meeting, the MDT aims to com-
municate its decision directly to the physician as well.

Patient population

All cases discussed at the MDT meetings between July 2015 and April 2022 were
included. For the purpose of this study, one patient discussed in one meeting was
defined as a single MDT record. Data from patients with a PJI were retrieved from a
quality register, as described previously (29). For each record, patient demographics,
treating medical specialty, diagnosis, microbiology results and therapeutic strategies
together with details of the MDT meeting and its decision were extracted from the
electronic patient file using CTcue text mining software (CTcue B.V., Amsterdam,
The Netherlands) in combination with manual patient file review. Data were stored
in a secured database. Records were excluded when the MDT decision was not doc-
umented or if follow-up of a referred patient from another hospital was not noted in
the electronic patient file of our institution.

MDT characteristics and analysis of decision implementation

MDT decision implementation was specified per medical specialty, type of infection
and management category (surgical, antibiotic treatment or diagnostic). A decision
was considered not implemented if the patient did not receive the management that
was decided on by the MDT. Reasons for non-implementation were divided in four
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categories: i. disagreement of the treating physician with the MDT regarding the op-
timal treatment, ii. patient preference for a different treatment, iii. additional clinical
information that became available after the MDT meeting that made the physician
change management, iv. the reason was not recorded in the patient file.

Failure was defined as one of the following outcomes: the appearance or persistence
of a fistula, unplanned surgical intervention or admission for intravenous antibiot-
ics due to persistence or relapse of the infection, restart of antibiotic treatment in
case of relapse after stopping suppressive antibiotic treatment, serious side effects
of antibiotic treatment (need for cessation or switch, hospital admission, death) in
cases where the patient received antibiotics despite the MDT decision to stop or
not initiate, death related to the infection. Patients were considered cured after a
follow-up of minimal one year without treatment failure.

The evolution of the MDT meetings was assessed by analyzing the number of dis-
cussed patients per meeting, the number of times an individual patient was dis-
cussed, the treating medical specialty, the distribution of type of infections and the
MDT decision implementation rate over time.

Statistical analysis

Patient characteristics as well as documentation of the MDT meetings were summa-
rized using descriptive statistics. A univariable logistic regression was performed and
odds ratios calculated for the assessment of association of categorical variables with
non-implementation. P-values <0.05 were considered significant. All statistical tests
were performed 2-sided (SPSS Statistics for Windows was used (IBM SPSS Statistics
for Windows, Version 25.0.0.2, Armonk, NY).

Results

Of 1342 MDT records, 1321 MDT decisions from 329 MDT meetings on 509 individual
patients were included. Twenty-one records (1.6%) were excluded due to absence
of documentation of the MDT decision or in case there was no follow-up of referred
patients from another hospital in the electronic patient file. Baseline clinical char-
acteristics are summarized in Table 1. Forty-four percent of patients had a PJI, 18%
(vertebral) osteomyelitis, 16% native joint septic arthritis, 12% FRI, 6% skin and soft
tissue infection (SSTI) and 3% SII. A debridement in the context of PJI, SSTI, septic
arthritis or osteomyelitis was the most frequently performed surgical treatment
(55%). A conservative treatment was chosen in 27% of the patients. The number of
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MDT discussions per patient ranged between one and 18; 299 patients (59%) were
discussed more than once and 27 patients (5.3%) at seven or more separate meet-

ings. The attendance rate was highest for orthopaedic surgeons, infectious diseases
specialists and clinical microbiologists (100%, 100% and 80%, respectively).

Table 1. Characteristics of 509 patients discussed at bone and joint infection

multidisciplinary team meetings

Female/Male 214/295
Age, years (IQR) 61(44-72)
Type of infection (n,%)

Prosthetic joint infection 219 (44)
Tumour endoprosthesis 89 (18)
Fracture related infection 59 (12)
Spinal implant infection 16 (3)
(Vertebral) osteomyelitis 93(19)
Septic arthritis native joint 82(16)
Skin and soft tissue infection 31(6)
Site of infection (n,%)

Hip 112 (22)
Knee 131 (26)
Other joints 72 (14)
Bone and soft tissue 194 (38)
Treatment strategy(n,%)?

Debridement, Antibiotics, Implant Retention 157 (28)
Debridement of skin and soft tissue infection, osteomyelitis or septic arthritis 153 (27)
One and two stage revisions 47 (8)
Girdlestone resection arthroplasty and amputation 24 (4)
Removal of osteosynthesis material 35 (6)
Non-surgical® 153 (27)
Suppressive antibiotic therapy 89 (17)
Number of multidisciplinary team discussions per patient

1 210 (41)
2-3 179 (35)
4-7 93(18)
>7 27 (5)

a3Some patients underwent multiple surgical strategies. A two stage revision counted as one surgery.

bAntibiotic therapy only or wait and see policy

Abbreviations: IQR, interquartile range
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Implementation and non-implementation of MDT decisions

Out of 1321 MDT decisions, 1216 (92.1%) were implemented and 105 (7.9%) were
not implemented. The non-implementation rate of MDT decisions was mostly relat-
ed to surgical, antibiotic or diagnostic management (n=89, 84.8%). Sixteen (15.2%)
decisions concerned a MDT request for follow-up at a future MDT meeting which,
for unknown reasons, was not performed.

Non-implementation rates were different between orthopaedic surgery (7.4%),
trauma surgery (17.3%) and non-surgical medical specialties (7.5%) (p=0.01). Type
of infection, gender and age were not associated with non-implementation (Table 2).

Table 2. Univariable analysis of factors potentially associated with non-implementation of
multidisciplinary team decisions

Variables MDT decisions (n) Non-implemented  OR (95% Cl) p-value?
decisions (n, %)

Patient

Age >65 583 48 (8) 1.0 (0.73 - 1.64) 0.66

Male 742 59 (8) 1.0 (0.67 - 1.50) 0.99

Infection

Chronic 614 53(9) 1.2(0.77 - 1.88) 0.42

(vs acute)

Implant related® 877 76 (9) 1.36 (0.87 - 2.12) 0.18

(vs non-implant related)

Treating specialty

Orthopaedic surgery 179 87 (7) 0.59 (0.34-1.02) 0.06
Trauma surgery 75 13 (17) 2.4 (1.25-4.62) 0.01
Medical* 67 5(8) 0.93(0.37-2.37) 0.88

2P-value calculated by chi-squared test
Prosthetic joint infection, fracture related infection, spinal implant infection
‘Infectious diseases, rheumatology, pediatrics

Abbreviations: OR, odds ratio; Cl, confidence interval

The reasons for not implementing MDT decisions are depicted in Figure 1. Non-im-
plementation was mostly due to disagreement of the treating surgeon with the MDT
regarding the optimal treatment (n=24, 23%). In 45 cases (43%), the reason could
not be deducted from the electronic patient files.
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= No recording of reason in patient file

= Treating physician disagreed with the multidisciplinary team decision

= Treating physician chose a different management because of additional clinical information
The patient preferred an alternative treatment

Figure 1. Reasons of non-implementation of multidisciplinary team decisions for bone and
joint infections

The actual management received by patients and clinical outcome of all patients
with non-implemented decisions (n=105) are shown in Table 3 (for a more detailed
overview of the deviating strategies, see Supplementary table 1).

Eleven patients in this group (10%) were lost to follow-up and in eight patients (8%)
a non-infectious diagnosis was made. Of the remaining 86 patients with a non-im-
plemented decision, 59 (69%) were cured and in 27 patients (31%) the treatment
failed. Non-implemented decisions regarding surgical management were associated
with a lower cure rate (33%) than non-implemented decisions regarding antibiotic or
diagnostic management (cure rates 71% and 83%, respectively). The cure rate was
lower in the cases where the patient chose to deviate from the MDT decision (46%)
than when the treating physician chose to deviate from the MDT decision (77%).
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Table 3. Actual management and clinical outcome of all 105 non-implemented
multidisciplinary team decisions

Multidisciplinary team decision n (%) Actual management n (%) Cure rate?
Non-surgical strategy 27 (26)

Perform surgery® 33(32) 33%
Other surgical strategy 6 (6
No antibiotic therapy 26 (25)

Start/continue antibiotic therapy 32(31) 66%
Other antibiotic therapy 6 (6)

Stop antibiotic therapy 9(9) Antibiotic therapy continued 9(9) 88%
Imaging not performed 9(9)

Perform diagnostic procedure 15 (14) 83%-

Punction/biopsy not performed 6 (6)

Follow-up at future meeting to
determine further treatment

No follow-up at future meeting 16 (15)

16 (15) 100%:¢

2Cure was defined as the absence of failure with a minimal follow-up of one year. Failure was defined as one
of the following outcomes: a fistula, hospital admission due to relapse of the infection, restart of antibiotic
treatment after stopping suppressive antibiotic treatment, death related to the infection and side effects of
antibiotic treatment leading to discontinuation, hospital admission or death in cases where the patient received
antibiotics despite the multidisciplinary team decision to stop.

®Debridement, Antibiotics, Implant Retention (DAIR); one stage revision; two stage revision; girdle stone
resection arthroplasty; amputation; debridement of osteomyelitis

°Excluding eight cases that did not have an infection after final diagnostic work-up

Evolution of MDT meetings

The evolution of the MDT meetings over time is summarized in Table 4. The non-im-
plementation rate of MDT decisions was constant over the seven-year period (range
5.9 - 9.8%, p = 0.78). The mean number of patients discussed by the MDT increased
from a of 2.7 to 5.5 per meeting. The mean number of MDT discussions ranged be-
tween 2.3 and 2.9 per patient. The majority (90-95%) of patients discussed were
treated by orthopaedic surgeons. During the first four years, the percentage of pa-
tients treated by trauma surgeons increased from 1% to 11%. During the entire study
period the percentage of non-PJl infections increased from 26% to 52%.
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Discussion

Multidisciplinary team decision implementation

The current study focused on MDT decision implementation because such an analysis
is reported to be a good proxy for effective decision making (15). The high implemen-
tation rate of 92.1% confirmed the ability to reach consensus during the MDT. High
implementation rates can only be reached when all relevant information is available
during the MDT meeting and when the preferences of the patient and treating phy-
sician are taken into account. Furthermore, analysis of adherence to MDT decisions
allows for a better comparison between BJI MDTs in other clinics than analysis of
clinical outcomes because outcome is strongly influenced by the clinical setting (e.g.
primary versus tertiary hospital) or the type of infection (e.g. implant-related versus
other BJI). The MDT decision implementation rate of our cohort is comparable to
other MDT implementation studies in oncology, cardiology, mental health and sur-
gery (4, 15-28, 31-33).

Non-implementation of MDT decisions

The analysis of non-implementation provided us with important insights on the con-
sequences of deviation from MDT decisions. In the group of patients in which the
MDT decision was not adhered to, deviating from surgical management resulted in
lower cure rates. This could mean that deviating from MDT decisions leads to a worse
outcome. However, it is also possible that non-implementation occurs more often in
highly complex cases with an a-priori higher risk of failure. Nonetheless, it indicates
that an explicit reason should be present to justify an alternative strategy. Of 41
cases, in which the physician clearly documented the reason for a different strategy,
new clinical information after the MDT meeting indeed justified the deviation from the
MDT decision in 17 cases. This illustrates that 100% MDT decision implementation is
not a goal in itself. In a minority of cases, patients themselves opted for a different
treatment, probably because their preferences were unknown to the MDT. Patient
involvement in the management and evaluation of their infection is important. This
may be realized by inviting patients, case managers or dedicated PJI nurses to MDT
meetings to bring in more patient centered issues (34). In cancer MDT studies, pa-
tients were eager to be more involved, but not all MDT members considered this as
beneficial (35, 36). In most cases, the reason to deviate from the MDT decision was
not recorded in the patient file. This may be explained by incomplete or improper
registration of MDT considerations or unawareness of the physician that the MDT
discussed his patient. Unfortunately, we were not able to determine the attendance
of individual physicians to the MDT to relate this to non-implementation. Another
explanation for the absence of documented considerations in the patient file could be
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that the physician did not record this to prevent medicolegal problems of deliberately
not implementing MDT decisions (15).

In our cohort, non-implementation of MDT decisions occurred more in patients treat-
ed by trauma surgeons. The main reason for this was disagreement by the surgeon
with the MDT decision on the treatment strategy. This may be related to the absence
of the treating surgeon during MDT meetings. Further, orthopaedic surgeons and
infectious diseases specialists were more used to implement MDT decisions because
they discussed more patients over the years (Table 2). Cases with a deviation from
the MDT recommendation on surgical management had a high failure rate. This points
out the need for proper registration of the MDT considerations to inform the physi-
cian as much as possible when he considers not to adhere to the MDT decision. The
finding of a high failure rate when patients chose a different treatment than the MDT
recommended, stresses the importance of informing the patient on the expected
outcome when a recommended treatment is not given.

Evolution of the MDT

Over the years, the MDT has expanded its scope from only PJI to a wide range of
complex bone and joint infections. This reflects the advantages of our MDT as seen
by other specialties that treat patients with complex BJI. Collaboration harmonizes
diagnostic and treatment strategies for different BJI, increases the expertise of the
participating specialists group and is ultimately beneficial for patients (8-10, 14).
The rising number of patients to be discussed, imposes an increased demand for
preparation time on MDT participants. In the context of limited time resources prev-
alent in many healthcare systems, this may negatively influence the quality of deci-
sion-making processes. Furthermore, this increase of patients potentially diminishes
the available time allocated for in-depth patient discussions. To keep MDT meetings
as structured and efficient as possible, we suggest the following measures: i. Devel-
opment of a clear protocol stating what information is needed at the meeting, how
to discuss patients and in which order (facilitated by a strict format in the electron
patient file), ii. Collection of complete clinical information when enlisting the patient
including the patient's preferences, iii. Thorough case preparation by all team mem-
bers, iv. Appointment of a chair who adheres to the protocol and strictly keeps track
of time (15, 30).
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Current and future perspectives

We conducted an appraisal of the available literature to review the indicators that
are currently used for assessing the quality and impact of MDTs for BJI. Eight ob-
servational studies analyzed clinical parameters before and after installment of an
MDT (table 5). The majority reported no statistically significant effect on cure, but
this could be due to the small number of included patients (7-14). Inherent to their
observational design, these studies are subjected to bias making the true effect of
the MDT on outcomes difficult to determine.

Two studies on PJI MDT evaluation focused on MDT member experiences and team
dynamics using qualitative methods. After interviewing team members, Awad et al.
reported that physicians who participated in MDT meetings experienced that com-
munication and standardization of care improved after installment of an MDT (5).
Analysis of video recordings led to the conclusion that MDT meetings increased
inter-specialty understanding and communication and improved recognition and
acknowledgement of treatment failure (6). To conclude, MDTs for BJl are increasingly
being implemented worldwide and are believed to be essential for optimal care, but
supporting data are scarce and inconclusive. A randomized controlled trial to answer
this question seems unethical due to the widely shared consensus that MDTs improve
care for patients (1-3, 10-12, 37). To establish if MDTs are actually beneficial in BJI care
we suggest using a broad range of indicators to evaluate its impact. Examples of such
indicators are MDT decision implementation, guideline implementation, attendance
of team members, documentation of decisions, patient involvement and cost-effec-
tiveness. This will not only provide an insight in local MDT functioning but could also
generate suggestions for improvement of MDTs in other clinics where patients with
complex BJl are treated.

Strengths and limitations

Major strengths of this study are the large number of included patients and MDT
decisions, its longitudinal design and the completeness of the data. This enabled
us to comprehensively assess non-implementation considerations after the MDT
meetings. Unfortunately, we could not retrieve the time spent per patient discussion,
which would provide a more complete insight in the time burden. Further, we did
not collect the clinical outcomes of patients who had decisions implemented as this
was not the focus of the study. Due to the observational character of the study, we
could not evaluate all aspects of the MDT discussions and consultation of patients,
for which tape recordings or transcripts of the MDT meetings would be valuable.
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Implementation of multidisciplinary team decisions

Conclusion

In this study, the high implementation rate of MDT decisions on the management of
BJl indicated an effective multidisciplinary team. Not implementing MDT decisions
on surgical management was associated with a poor clinical outcome. Non-imple-
mentation of MDT decisions was mostly the choice of the treating physician and was
not always justified. The analysis of non-implementation provided us with several
measures to further improve our MDT quality. Analysis of MDT decision implemen-
tation is a useful tool for clinicians who wish to evaluate and improve their MDT.
Evaluation of different aspects and indicators of MDT performance, other than clinical
parameters, will improve the knowledge about providing optimal multidisciplinary
care for patients with complex BJI.
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Supplement

Supplementary table 1. Details of the 74 non-implemented multidisciplinary team decisions
and actual management regarding surgical strategy and antibiotic treatment

Treatment decision actual management cure/failure/lost to follow-up

Surgical strategy

DAIR, n=7 SAT, n=2 3/4
AB, n=4
No surgery, no AB/SAT, n=1

One or two stage revision, n=16 DAIR, n=1 3/8/5

1SR instead of 2SR, n=2
Amputation, n=1

SAT, n=3

AB, n=2

No surgery, no AB/SAT n=7

Remove osteosynthesis material, n=5 Debridement, n=2 2/3
SAT, n=1
AB, n=1
No surgery, no AB/SAT n=1
Amputation, n=2 SAT, n=1 0/2
AB, n=1
Debridement of osteomyelitis, AB, n=1 2/0
n=2 No surgery, no AB/SAT, n=1
Arthrodesis, n=1 No surgery, no AB/SAT, n=1 1/0
Antibiotic treatment
SAT, n=24 Not initiated, n=16 16/4/4
Stopped, n=6

Metronidazole instead of
fluconazole, n=1

Cotrimoxazole instead of
ciprofloxacin supp n=1

AB, n=8 Not initiated, n=4 5/2/1

Flucloxacillin iv instead of
oral, n=2

Flucloxacillin instead of
vancomycin, n=1

Clindamycin instead of
flucloxacillin, n=1

Do not start or stop antibiotic therapy, n=9 SAT, n=5 8/1
AB, n=4

3sulfamethoxazole/trimethoprim

Abbreviations: DAIR, debridement, antibiotics, implant retention; AB, therapeutic antibiotic therapy;
SAT, suppressive antibiotic therapy



