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ABSTRACT

Diagnostic uncertainty is a problem faced daily in clinical medicine. This uncertainty has many guises, such as vague wording in reports or pseudo-exact statements.
High rates of intra- and interobserver variability and a corresponding low level of reproducibility are, unfortunately, issues that have to be taken into consideration in
many medical fields. We hypothesise that the level of observer variability can be predicted in specific situations during the on-going assessment/diagnostic process
and that the application of a communication concept based on Fusion Diagnoses might lead to improved patient treatment. A Fusion Diagnosis consists of the
diagnosis itself combined with the estimated Level of Observer Variability (LOV) of the diagnostic process which is evaluated by the individual decision-maker during
the on-going assessment process stated in parenthesis. Currently, the “Perceived Difficulty” of the investigator in a three-tiered grading system might be the most
promising approach for the operationalisation of the LOV in the diagnostic process (D1 = easy to assess, D2 = average, D3 = difficult to assess). An example of a
diagnosis according to this concept could be: Dysplastic Nevus (D3). Based on this concept, standardized clinical decision pathways could be investigated and
developed. Studies would have to provide data about rational decisions in relation to the estimated LOV. For example, data might reveal that “ST-elevation
myocardial infarction (D3)” as well as “no ECG abnormalities (D3)” are necessary indications for an immediate consultation of a colleague in the setting of suspected
myocardial ischaemia. The concept is hypothetical and critical aspects, like over- and underestimation and the calibration of the physician, are likely limiting the

benefit. Nevertheless, we assume that the suggested pragmatic concept might lead to superior patient treatment in specific fields.

Introduction

In the practice of medicine, making a decision and consequently
communicating the decision are of outstanding importance. These two
different abilities have to be considered as key qualifications. They are
needed for the evaluation of symptoms as well as for the evaluation of
numerous available medical tests and in making final diagnosis. High
quality medical care is often the result of a well-communicating team of
specialists. The establishment of tumor boards is an example of the
interest of the medical community and its efforts in further developing
effective as well as structured interdisciplinary communication. In
clinical medicine diagnostic uncertainty is a problem faced daily. There
are excellent reviews addressing the topic of uncertainty [1,2]. Un-
certainty has many guises such as vague formulation in reports or —
even more dangerous - pseudo exact statements. Phrases are not stan-
dardized which can lead to more uncertainty due to the need for in-
terpretation thereof [3,4]. Physicians, that are not part of a certain
discipline but also specialists within the field are often unaware of the
limit of reproducibility of the tests and diagnoses. Pathology is con-
sidered as one of the most accurate disciplines in clinical medicine and
the results are often regarded as “gold standard”. Nevertheless, the
diagnostic interpretations of cervical specimens and melanocytic le-
sions, for instance, are as just two examples where uncertainty still

prevails in this field. In a study about the interpretative variability of
cervical cytologic and histologic specimens the authors conclude that
“Given the degree of irreproducibility that exists among well-trained
pathologists, realistic performance expectations should guide use of
their interpretations” [5]. Another well-designed study illustrates that
“diagnoses spanning moderately dysplastic nevi to early stage invasive
melanoma were neither reproducible nor accurate” [6]. The in-
traobserver reproducibility (IR) of cases interpreted as class II (e.g.
moderate atypia, IR: 35.2%), class III (e.g., severe atypia or melanoma
in situ, IR: 59.5%) and class IV (e.g., pathologic stage Tla, early in-
vasive melanoma, IR: 63.2%) [6] appear rather as product of chance
than as an established “gold standard”. To add an example from car-
diology, ECG interpretation errors of major importance happen in 4 to
33%, and inappropriate management because of ECG interpretations
happens in up to 11% of cases [7].

Our group addressed the topic of the interobserver variability in the
assessment of tumor budding in colon cancer and observed that the
interobserver variability can be estimated by the investigator during the
on-going assessment process [8,9]. On average, the relative risk of
disagreement was more than six times higher when a case was esti-
mated to have a rather high interobserver variability (absolute risk of
disagreement for cases with estimated low interobserver variability
6.6% and absolute risk of disagreement of cases with high interobserver
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variability 41.6%) [8].

This observation inspired us to propose a pragmatic approach ac-
cording to diagnostic uncertainty in the form of observer variability.
Physicians should be encouraged to consider uncertainty consciously in
routine diagnostics and communicate it accordingly. Furthermore,
physicians should be guided to appropriate decisions.

Level of Observer Variability Rating and Fusion Diagnoses

We propose a concept in which the estimated Level of Observer
Variability (LOV) becomes an indicator for the quality of the diagnosis
and gets communicated in a standardized approach. The Perceived
Difficulty of the investigator (for example D1 = easy to assess,
D2 = average, D3 = difficult to assess) could be used although it has to
be elucidated which is the best operationalized parameter for the LOV.
Thereby, multiple patient-related criteria become transformed during
the on-going decision process and are melted together with the ex-
perience of the decision-maker in one parameter.

A Fusion Diagnosis consists of the diagnosis and, in parenthesis, of
the estimated Level of Observer Variability of the diagnostic process
which is evaluated by the individual decision-maker during the on-
going assessment process.

For example: ST-elevation myocardial infarction (D1) or ST-eleva-
tion myocardial infarction (D3).

The investigator provides a definite diagnosis and integrates addi-
tional information to support an appropriate interpretation by other
parties. The estimation of the LOV should lead to a risk stratification
concerning the likelihood of the correctness of the diagnosis. In any
subsequent communication of the diagnosis, third parties would in-
variably be confronted with this new surrogate parameter for the
quality of the diagnosis. Thereby, the interpreter of the test result or the
diagnosis in question, as well as the ultimate decision-maker, would be
forced to consider the certainty-level of the test results and diagnosis
when deliberating on further measures.

We assume that the use of a three-tiered grading system is the most
promising approach for grading the LOV given its simple and intuitive
nature. However, the question of the best rating scale (for example
three-tiered) requires further investigation in studies. In our tumor
budding project we investigated also the parameter of the estimated
Interobserver Variability, which was significantly correlated with the
perceived difficulty [8].

Fields of application

We see a potential worthwhile application in all medical fields, but
therein strictly restricted to fields with clinical relevance and pre-
dictable interobserver variability/uncertainty. Returning to our ex-
ample of classification of melanocytic lesions, a likely result for D3 si-
tuations will be that mandatory consultation will be required given the
high rates of disagreement. In routine diagnostics pathologists show
difficult cases to their colleagues and clinical physicians ask colleagues
for advice. But there is no good standardized procedure regarding in
what cases colleagues should be consulted and at what stage/when. We
suppose that criteria implemented based on the model outlined in this
paper, could be advantageous because the decision-maker can use the
grade of LOV as guidance. Studies could provide data about rational
decisions in dependence on the estimated Level of Observer Variability.

A parameter of the decision-maker

The practice of evidence based medicine can be understood as the
integration of individual clinical expertise with the best possible ex-
ternal evidence from systematic research [10]. While external evidence
from systemic research is well defined, there is, to our knowledge, no
parameter in the practice of routine diagnostic for the individual clin-
ical expertise which is measured through. Therefore, clinical expertise
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Fig. 1. Illustration of a potential clinical decision pathway. D1 = easy to assess,
D2 = average, D3 = difficult to assess.

can only be integrated into guidelines and recommendations in general.
In this context we propose the LOV also as a surrogate parameter for the
decision-maker. The LOV is also a surrogate parameter for the in-
dividual clinical expertise of the decision-maker for the performed de-
cision-making process in this case and at this moment. On this basis, a
part of the clinical expertise becomes operationalized and procedure
pathways could be developed and integrated into guidelines (Fig. 1). In
contrast to the threshold approach [11], the decision would be de-
pendent on the perception of the diagnostic process instead of the es-
timation of the probability. We assume that on one hand this is asso-
ciated with a higher degree of inaccuracy but on the other hand it is
very simple and applicable.

The concept is simple and highly flexible because it is not dependent
on quantitative or qualitative criteria, which would need to be defined
in advance. It is on the one hand not as standardized as patient-related
qualitative and quantitative criteria (for example length in cm or con-
centrations in mg/ml) but on the other hand not as unspecific as general
recommendations (ovarian borderline tumors have to be consulted).
The concept is located in between. In the last few decades evidence-
based medicine aimed, for good reasons, to reach the highest-level of
standardization of medical practice by defining patient-related criteria.
In contrast, we assume that this concept offers the chance of an addi-
tional risk stratification by giving up predefined patient related criteria.
Because of that, the topic of reproducibility has to be addressed thor-
oughly in studies evaluating the concept. Furthermore, future studies
would have to evaluate the influence on the different levels of the di-
agnostic process and interdisciplinary communication. Issues that need
to be examined critically are whether there are measurable effects
concerning accuracy, number of investigations and costs and whether
the implementation of LOV does alter the reputation of a diagnostician.

Critical aspects

There are several aspects which have to be critically discussed. First
of all, it has to be assumed that the perceptions will suffer from over- as
well as underestimation, independently which parameter is used for
grading the LOV. The “hard-easy” effect, which means that subjective
probability judgments are systematically changing from over- to un-
derconfidence with decreasing task difficulty, is known [12]. Further-
more, variations between different investigators have to be assumed as
well as an influence of personality characteristics on the estimation
[13]. There are studies that show that accuracy of a diagnosis can be
estimated, but overall physicians appear to be poorly calibrated, prone
to over- and underestimation as well as poor in monitoring their per-
formance [14-20]. This could limit potential benefits considerably.
Therefore, it is also conceivable that the perception approach reveals
just to be beneficial in small niches (e.g. When to ask for additional
advice?). Stating difficulty and uncertainty can be interpreted as a sign
of weakness or insufficient knowledge and/or skills and therefore the
compliance of the decision-maker might be a critical topic.

A limitation of this communication concept is that an additional
layer of explanation is necessary. For example, a diagnosis like
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dysplastic nevus, moderate atypia (D3) needs to be supplemented with
information whether the investigator is considering a higher or lower
grade of atypia as primary differential diagnosis. One might also stan-
dardize this point up to a certain extent but this will reduce the sim-
plicity. For example, dysplastic nevus, moderate atypia (D3; max.) for
maximum dysplastic nevus, moderate atypia (D3).

Synopsis

In the 18th century Voltaire wrote: “Doubt is not a pleasant con-
dition, but certainty is an absurd one” [21]. It seems fitting that phy-
sicians are trained not to tolerate uncertainty, an unpleasant condition,
especially with the burden of the responsibility for the lives and well-
being of their patients. The issue is, however, of great importance
considering the clinical reality with its substantial intra- and inter-
observer variability in some fields. 2016 Simpkin et al. raised the
question: “Tolerating Uncertainty — The Next Medical Revolution?”
[22]. Here we provide a theoretical concept in which uncertainty, op-
erationalized as LOV and Fusion Diagnoses, might lead to conscious
purposeful acting. Of course, the suggested approach of quantifying
uncertainty and including it into the diagnostic process is somewhat
provocative. But this approach might have advantages because of its
simplicity. In mesothelioma a classification according to the diagnostic
uncertainty exists [23-25]. The concept is pragmatic and may suffer
from predictable errors but it allows the communication of uncertainty
in a defined way and with the conceivable potential to support physi-
cians in their decisions. We therefore published this manuscript to en-
courage investigations that disadvantages and advantages can be elu-
cidated.

For our opinion, the three main critical points of the concept are as
follows: To what extent can the decision-maker really estimate the
observer variability in the specific situations? Is the significance of
likely disadvantages (for example, calibration and under- and over-
estimation) small enough that the advantages considerably overweight
the disadvantages? Is it possible to convince physicians, with empirical
evidence, to communicate their uncertainty in this way?
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