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Diagnostic stewardship:  
Sense or nonsense?!
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Abstract

The right test at the right time for the right patient to answer the right questions 
and start the right treatment - many important decisions have to be made involv-
ing multiple medical specialists. The importance of appropriate and timely diag-
nostics guide this process (stewardship) can be obvious but is still often neglect-
ed in classic stewardship concepts of infection management.

We describe the approach of a multidisciplinary, intertwined stewardship concept 
with a focus on diagnostics, where medical specialists in general and microbiolo-
gists in particular closely interact for optimal quality of care and patient safety in 
successful infection management. Diagnostics in medical microbiology laborato-
ries are advancing fast with regards to new technologies and improved workflows. 
Yet, diagnostics in infection management is broader than this and covers many 
clinical areas where communication and interaction are the key to make the best 
use of knowledge and expertise that all specialisms can contribute to patient care. 
These aspects are demonstrated in two cases of patients with prosthetic joint in-
fections with two very different outcomes. 
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3.1 Introduction

Diagnostic stewardship or diagnostic stewardship programme (DSP), a trending 
topic in the field of medical microbiology and beyond. But what is this concept 
about, is it really so new and how is it incorporated into infection management? 
The term diagnostic stewardship was used in an opinion piece by Dik et al. which 
described various facets of infection management, the so-called integrated stew-
ardship [1]. We want to highlight the diagnostic side of this model and describe 
its concept; diagnostics as a multidisciplinary bigger picture from admission to 
discharge. 

Although the term DSP was first mentioned in an indexed PubMed article in 2016, 
articles on antimicrobial stewardship (ASP) have been appearing for 15 years 
(Figure 3.1).

Figure 3.1. The increase of articles indexed in PubMed. 

Part I     Chapter 3



65

Nevertheless, the concept of DSP is neither intended to replace other stewardship 
concepts (in particular ASP) nor to be an alternative. DSP concerns decision mak-
ing and goes beyond microbiological diagnostics alone. Kahneman et al. [2] said 
about decision-making:

“We think, each of us, that we’re much more rational than we are. 
And we think that we make our decisions because we have good rea-
sons to make them. Even when it’s the other way around. We believe 
in the reasons, because we’ve already made the decision.”

Adequate diagnostics should help us to prevent this kind of situation in medicine 
by providing a basis to make well-informed decisions. Defining a proper diagno-
sis is a complex process with several aspects. We believe that DSP is a concept 
that requires collaboration between different medical specialties for optimal infec-
tion management and quality of care. This can include reduced morbidity and/or 
mortality, unnecessary interventions or treatments, complications, and length of 
stay. We want to point out why and how DSP affects the entire diagnostic process 
and that it involves more than just results or turnaround times of microbiological 
tests. By comparing different patient cases, we want to demonstrate how DSP 
serves the most important purpose: improved patient care. This involves process 
optimisation as a basis as well as medical questions and decisions on the individ-
ual patient level.

This entire diagnostic process requires multiple decisions along the way of patient 
care. Guidance and communication on this path are essential because:

“Intuitive diagnosis is reliable when people have a lot of relevant 
feedback. But people are very often willing to make intuitive diagno-
ses even when they’re very likely to be wrong.” [2] 

Modern medicine is centred around evidence-based actions and tries to minimise 
the chance of mistakes while trying to keep the balance between the quality of 
care and the outcome on one hand and preventing collateral damage and costs 
on the other hand. In infection management stewardship activities can provide 
support and guidance in diagnosis and therapy. Physicians can be supported at the 
bedside to choose the right diagnostic test at the right time for the right patient. 
The same applies to therapeutic choices: the right treatment at the right time for 
the right patient in order to achieve the most optimal result. Naturally, these ap-
proaches to diagnostic and therapeutic support go hand in hand.
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We outline two different case studies – fictitious but nevertheless realistic – of a 
patient with a prosthetic joint infection (PJI) in different scenarios and different 
outcomes. These examples underline how interdisciplinary stewardship can lead 
to a successful outcome for the patient and the physician.

Case 1
A 70-year-old woman was seen by the orthopaedic surgeon because of chronic 
pain in her hip prosthesis placed 3 years earlier. An X-ray showed signs of loos-
ening of the prosthesis - an indication for revision surgery. C-reactive protein 
(CRP) was low (6 mg/L). The diagnosis of aseptic loosening was made, and the 
patient underwent revision surgery. To rule out low-grade infection, antibiotic 
prophylaxis was administered only after intraoperative tissue biopsies had been 
taken for culturing and histology. Cutibacterium acnes (formerly Propionibacte-
rium acnes) was isolated from one out of five tissue biopsies (semi-quantitative 
<1+). Histology showed no indication of inflammation. The positive culture was 
considered contamination by the attending clinical microbiologist and the patient 
was discharged without further antibiotic therapy. However, during outpatient fol-
low-up, the patient complained about persistent stiffness of her hip. Three years 
later, the patient presented again with recurrent loosening of the prosthesis and the 
presence of a fistula around the surgical site. A second revision intervention was 
necessary. Due to poor bone quality and poor soft tissue, multiple revisions were 
needed. Multiple intraoperative tissue biopsies revealed Cutibacterium acnes with 
the same antibiogram as three years earlier together with a methicillin-sensitive 
Staphylococcus hominis. The patient was given a cement spacer which made her 
temporarily immobile and was treated with a high dose of flucloxacillin intra-
venously. She was discharged with clindamycin per os and re-admitted several 
months later for reimplantation of the definitive prosthesis. After eight months of 
revalidation the functional result was poor. The patient permanently walks with 
support of a cane. 

Figure 3.2 shows the course of the disease of this patient in which the decision 
moments are shown in circles. The potential stewardship zone shows the moments 
when a different action could/should have been taken.

The outcome for this patient was certainly not optimal. To illustrate how infection 
management with stewardship elements can improve the quality of care, a second 
case of the same patient with a PJI follows. Several additional diagnostic steps 
were performed (shown in bold) underlining the need for collaboration in stew-
ardship activities including antimicrobial stewardship, of course, and how this 
affects clinical outcome and hospitalisation. 
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Case 2
A 70-year-old woman was seen by the orthopaedic surgeon because of chron-
ic pain in her hip prosthesis placed 3 years earlier. An X-ray showed signs of 
loosening of the prosthesis - an indication for revision surgery. C-reactive pro-
tein (CRP) was low (6 mg/L). The radiologist was consulted to reassess the 
X-ray taken a year earlier. This image already showed subtle signs of radiolu-
cency around the head and neck of the prosthesis making a mechanical cause of 
detachment less likely. Synovial fluid was punctured to rule out septic loosening 
of the prosthesis. The synovial fluid culture remained negative and the leukocyte 
count was only slightly increased, but several biomarkers were positive suggest-
ing infection (450 mg/L calprotectin and positive alpha-defensin). Subsequently, 
prior to revision surgery, several tissue biopsies were taken by the orthopaedic 
surgeon in a sterile environment. Cutibacterium acnes (formerly Propionibacte-
rium acnes) was isolated from one out of five tissue biopsies (5-10 CFU/ml). His-
tology showed no indication of inflammation. During revision surgery, antibiotic 
prophylaxis was given prior to surgical incision and several tissue samples were 
taken for culturing (including sonication) of the prosthesis. Empirical treatment 
was initiated with high doses of amoxicillin. Due to the previous positive culture 
with Cutibacterium acnes, all intraoperative cultures were incubated for 14 days 
on the advice of the clinical microbiologist. C. acnes was found again in two 
of five tissue biopsies and also in the sonication fluid. These isolates showed the 
same antibiogram as the isolates from before revision surgery. The patient was 
then discharged and treated at home with 10 weeks of amoxicillin per os. She fully 
recovered within a few weeks.

Figure 3.3 shows the additional decisions compared to Figure 3.2. These lead to 
a better outcome for the patient through the implementation of stewardships. The 
differences with Figure 3.2 are shown in red.

3.2 The general concept

‘Diagnostics’
The term diagnostics seems simple, but its various aspects are very diverse, as the 
cases above demonstrate. The second case emphasises the importance of stew-
ardships and centres around facilitating an optimal care process through commu-
nication, crossing the boundaries of specialisms, and increasing awareness of the 
integral nature of successful infection management and optimal quality of care. 
Different physicians (involved in infection management) and their perceptions 
are reflected in this view on diagnostics. While some think of the entire process 
of diagnosing a disease, others think purely of the technical aspect in the lab as 
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diagnostics (of their own speciality). This diversity underlines the importance of 
communication and collaboration across the boundaries of different medical spe-
cialties. The concept of stewardship is widely used to facilitate communication 
(and clinical decision making). Multiple attempts have been made to establish 
a clear definition of stewardship, but this has proved challenging [3,4]. Overall, 
most of these attempts have been made in the light of antimicrobial stewardship 
programmes (ASP) and are accompanied by terms such as responsibility, balance, 
due diligence, and management [3,4]. 

DSP in the microbiological laboratory
A medical laboratory usually only has added value if, in addition to the reporting 
and advice, the range of tests and the test technique meet the requirements of the 
applicant. The technical aspect of the medical microbiology laboratories has seen 
tremendous technological advances in recent years. Advanced developments such 
as sequencing as part the routine to identify isolate properties (e.g., resistance 
genes) and Matrix-Assisted Laser Desorption/Ionization Time of Flight (MAL-
DI-TOF) mass spectrometry methods have recently revolutionized the laborato-
ries [5-7]. In addition, many new and fast diagnostic assays such as point-of-care 
test (POCT) and molecular rapid diagnostic test (mRDT) have entered the market 
[8]. The progress is undeniable although integration into workflow, quality con-
trol, data storage and availability, added value, and clinical impact often still need 
to be evaluated.

We embrace these developments but there are two aspects that are really essential 
for optimal quality of care. Both these aspects can be achieved through steward-
ship. Firstly, stewardship provides guidance for the appropriate choice of a cus-
tomised diagnostic strategy for individual patients and patient groups in a specific 
setting. Guidelines and protocols for diagnostic and appropriate therapeutic choic-
es are key elements in the development of this guidance or steering. A steward-
ship framework can form the basis for personalised decisions in individual patient 
care. It has already been demonstrated that new tests such as the aforementioned 
mRDT are most cost-effective for the diagnosis of bacteraemia when combined 
with an antimicrobial stewardship programme [9]. In addition, mRDT is associat-
ed with a significant reduction in mortality risk for septic patients but only when 
combined with ASP [10].

Secondly, it is important to consider the entire information loop in a process-ori-
ented way and not just focus on the time-to-result. Stewardship covers this loop 
and starts making choices at the bedside. In addition, the interpretation of test 
results and timely feedback are equally important in order to be able to make 
good, evidence-based, and rapid therapy adjustments when needed. For example, 
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physicians considering starting non-prophylactic intravenous antimicrobial treat-
ment should (almost) always take blood cultures before starting. Although this is 
standard care and described in international guidelines [11], compliance is only 
30 to 50% [12, 13, Luz et al.; unpublished data]. Only through complete ‘loops’, 
from bedside to bedside, can better technology and improved work processes in 
microbiology laboratories be extended and made to work to their full potential.

DSP as process optimisation
Turnaround times (TAT) are a commonly used but poorly defined term in many 
areas. In a systematic review, a total of 61 different TAT definitions (out of a total 
of 151) were found to be used in several clinical areas [14]. Of those, only 10 defi-
nitions cover the time from test order placement to the time at which the results 
are being viewed by the ordering physician (Figure 3.4). 

Figure 3.4. Time points mentioned in TAT definitions.

Nevertheless, even the order of a test is a decision within a diagnostic loop and 
should be taken into account when time is measured. We are convinced that in-
fection management can help to understand the importance of a full loop from 
moment of choice to moment of choice, from the bedside to a diagnostic result 
and back. This implies the time from the moment when the need for diagnostics 
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becomes clear, to the time when it can be acted upon based on its results. We call 
this time to action which is indicated by a red arrow in Figure 3.4.

Multidisciplinary aspects of DSP and infection management
It is essential to realise that the information needed to assess this time to action 
does not come only from microbiological laboratories. Communication and col-
laboration in the stewardship zone (Figures 2 and 3) are key and this applies to 
all specialities. But what would be the effect on the patient if microbiological 
diagnostics were not led by DSP when there is already good communication and 
cooperation in place? Would DSP no longer be necessary? Or is good cooperation 
equivalent to DSP? 

DSP can significantly reduce the time to action by making proper use of each oth-
er’s expertise to make optimal decisions for the patient. In practice, information 
from one diagnostic discipline can help to steer the diagnostic process of another 
diagnostic discipline. One reason for this is that during the diagnostic process of 
many disciplines, such as medical microbiology and imaging, an intrinsic amount 
of interpretation takes place. The clinical course is no less important here. We 
always need DSP, because together we try to act as optimally as possible in the 
interest of the patient, in which diagnosis is an important tool. DSP is not specific 
to medical microbiology, as demonstrated by the relevance of its collaboration 
with radiology in case 2. Nor is it specific to any other speciality. DSP is not in-
tended as a reactive ad hoc solution but rather as a proactive, structural approach. 
DSP should be seen as guiding the entire diagnostic process, not only on the basis 
of antibiotics, but also on the basis of extensive imaging (such as for endocardi-
tis), biomarkers (such as leukocytes and CRP, or procalcitonin for de-escalation 
of treatment), or by therapeutic drug monitoring (TDM) modelling the optimal 
dosage from the start of (empirical) treatment for individual patients and patient 
groups. One form of diagnostics is relevant to monitor trends, the other to directly 
answer a clinical question. This does not mean that one is less important than the 
other or that we should look at the value of an antibiogram differently from the 
value of a therapeutic drug monitoring. A pharmacist is also part of DSP.

As an example, in Dutch hospitals we are used to having a hospital pharmacist 
in house, providing clinical pharmaceutical services. Consultations are typical-
ly performed via e-mail, telephone, or an electronic prescription system. On the 
other hand, in countries such as the United Kingdom, these pharmacists work in 
infection management in the clinical (nursing) departments on a daily basis in 
collaboration with other specialists. This supports the most safe, appropriate, and 
cost-effective antimicrobial treatment [15]. In addition, as mentioned earlier, the 
guidance of antimicrobial therapy by TDM is another important aspect. Hospital 
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pharmacists can make suggestions on sample timing for TDM, inform about early 
prediction of attainable levels and dose adjustments to achieve adequate exposure 
and reduce toxicity as quickly as possible, and interpret results [16]. As a result, 
they are an integral part of the stewardship concept. We are convinced that the 
different stewardship terms and concepts form synergy for the best infection man-
agement [1,17]. Infection management has different aspects (such as ASP) and 
stewardship refers to guidance provided by focused experts [18]. 

Empirical antimicrobial therapy is a good example to illustrate how these aspects 
are linked. The working diagnosis (see also cases 1 and 2), based on an appropri-
ate differential diagnosis, forms the basis for an appropriate empirical therapy that 
takes into account the most relevant pathogens, their anticipated susceptibility, 
the source of infection (taking into account the compartment), and underlying pa-
tient factors. Adequate initial diagnostic initiatives (such as deep focus puncture, 
see case 2) may simultaneously be therapeutic (such as surgical/interventional 
drainage for source control). Vice versa, the clinical course under therapy can be 
diagnostic in itself, for example, if diagnostics for the working diagnosis are cor-
rect and complete. Ultimately, the treatment of patients with complex infections 
almost always requires targeted treatment. This, in turn, requires adequate initial 
and ongoing diagnostics for optimal treatment. Figure 3.5 shows the decision mo-
ments and different specialisms that can be involved in this whole process.

3.3 Conclusion

The answer to the question from the title (Diagnostic stewardship - sentence or 
nonsense?!) is: both. It is nonsense to debate terminology and the discussion about 
differences between diagnostic stewardship and infection management is only of 
semantic nature. Diagnostic stewardship makes sense in the concept discussed 
above. It can guide specialists (physician-microbiologist/medical-molecular mi-
crobiologists and experts from other fields, such as hospital pharmacists, radiol-
ogists, nuclear medicine, etc.) to the area of the stewardship zone of interaction 
and communication (Figure 3.5), where they can bring in their expertise to com-
plex clinical decision-making. Clinical information, including a patient’s clinical 
development, is extremely important for correctly interpreting diagnostic results 
and steering the process. It can also help leading clinicians and other clinicians to 
understand the full potential (and limitations) of diagnostics and how important 
they are for evidence-based decision-making. We follow an integrated steward-
ship model that adds different perspectives (antimicrobial, infection prevention, 
and diagnostic stewardship - AID) to the ultimate goal of all stewardship inten-
tions - the best quality care for the individual patient [1].
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Stewardship consists largely of translation and communication during the deci-
sion-making process. Diagnostics are essential in this. But there is no need for 
a new name. Diagnostic stewardship as a name may be without added value and 
more and more use of stewardship-like terms could lead to confusion. The aim of 
all efforts and experts in infection management is the same: to improve quality 
of care and patient outcomes. We see with our own eyes how DSP guidelines are 
adhered to and realise how important it is that we continue to emphasise the of-
ten-underexposed diagnostic aspects of infection management. Multidisciplinary 
management based on diagnostics builds the basis for optimal outcomes for pa-
tients with infections.
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