Chapter 18

Assessment of Image-Guided
Interventions

Pierre Jannin and Werner Korb

Abstract

Assessment of systems and procedures in image-guided interventions (IGI) is crucial
but complex, and addresses diverse aspects. This chapter introduces a framework
for dealing with this complexity and diversity, and is based on some of the major
related concepts in health care. Six assessment levels are distinguished in IGI. The
main phases and components of assessment methodology are described with an
emphasis on the specification and the reporting phases, and on the clear initial
formulation of the assessment objective. The methodology is presented in a sys-
tematic order to allow interinstitutional comparison. Finally, we outline the need for
standardization in IGI assessment to improve the quality of systems, their accep-
tance by surgeons, and facilitate their transfer from research to clinical practice.

18.1 Introduction

The use of image-guided interventions (IGI) may have an important influence
on the decision and action-making processes before, during, and after surgery.
For this reason, it is crucial to assess IGI systems rigorously. Assessment of
IGI belongs to the domain of Health Care Technology Assessment (HCTA),
which is defined as the “process of examining and reporting properties, effects
and/or impacts of a system” [Goodman 2004]. The objective of the assess-
ment is to increase the quality of an IGI system, to reduce risks of malfunc-
tions or misuses, and to enhance customer and user satisfaction. Developers
of IGI systems have the responsibility for assessing their systems and to make
the results widely available. This chapter aims to provide a framework for the
assessment of IGI systems with more focus on the engineering side rather
than on the clinical side. The authors have gathered major assessment con-
cepts in health care, according to their current knowledge and vision of
the domain. Emphasis has been placed on the correct formulation of the
assessment objective, and on the report of the assessment method and
results. The latter is crucial in assessment as it provides users with proof of
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added value, recommendations for optimal use, and an indication of
possible risks.

The following statements regarding assessment and their application to
IGI directly outline the complexity and diversity of assessment.

18.1.1 General Assessment Definitions

In general assessment methodology, it is usual to differentiate the concepts
of Verification, Validation, and Evaluation [Balci 2003]. In product engi-
neering, verification and validation are distinguished in the following way:
verification is the confirmation, by the provision of objective evidence, that
specified requirements have been fulfilled [[ISO9000:2000], and it involves
assessing that the system is built according to its specifications. Validation is
the confirmation, by provision of objective evidence, that requirements for a
specific intended use have been fulfilled [ISO9000:2000]. It is the assess-
ment that the system actually fulfils the purpose for which it was intended.
In software engineering, it also is usual to differentiate verification and vali-
dation from evaluation. Evaluation involves determining that the system is
accepted by the end user and that it fulfils its specific purpose.

Efficacy and effectiveness both refer to how well a technology performs
to improve patient health, usually measured by changes in one or more per-
tinent health outcomes. A technology that works under carefully controlled
conditions, or with carefully selected patients under the supervision of its
developers, does not always work as well in other settings, or as implemen-
ted by other practitioners. In HCTA, efficacy refers to the benefit of using
a technology for a particular problem under ideal conditions, e.g., within
the protocol of a carefully managed, randomized controlled trial involving
patients, meeting narrowly defined criteria, or conducted at a center of excell-
ence. Effectiveness refers to the benefit of using a technology for a parti-
cular problem under general or routine conditions, e.g., by a physician in a
community hospital for different types of patients [Goodman 2004]. Beside
parameters such as efficacy and effectiveness, efficiency can also be as-
sessed by HCTA methods to include costs, economic conditions, and other
factors.

18.1.2 Complexity of Procedures and Scenarios

IGI is generally used during complex procedures, and/or it makes them more
complex, because it often integrates various hardware and software com-
ponents into complex scenarios. Image processing is used intensively for
registration, segmentation, and calibration. Each component is a potential
source of uncertainties, which may result in errors. Performance of the
whole IGI system strongly depends on the performance of each component.
Assessment may, therefore, include the whole IGI system or one or more of
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its components. For example, performance and validity of each component
may be studied separately, or the performance and validity of the whole system
may be condidered as a single entity. Further uncertainties propagating inside
the system also may be investigated.

18.1.3 Direct and Indirect Impact of IGI Systems

Diagnostic technologies have an indirect impact on surgery, whereas thera-
peutic technologies have a direct one. The impact of IGI may be both direct
and indirect as (1) it can provide surgeons with diagnostic images and further
information in the OR, and (2) it directly guides the surgeon during surgical
performance by emphasizing areas to be targeted or avoided, and showing
the trajectories of instruments. Both direct and indirect impacts should be
studied.

18.1.4 Interdisciplinary Collaborations

Technical, clinical, social, economical, and ethical aspects are crucial in IGI
assessment, which requires interdisciplinarity involving clinicians, computer
scientists, natural scientists, ergonomists, and psychologists. The result of
this is that different roles, languages, motivations, and methods come into
play during assessment studies.

18.1.5 Human—-Machine Interaction

Human—machine interaction in IGI is embedded in the surgeon—patient—
machine triangle (Fig. 18.1).

In this triangle of the surgeon, the patient, and the IGI system,
interactions occur between the three components. The surgeon performs
surgery on the patient on the basis of a dedicated surgical procedure.
The surgeon communicates with the IGI system through the human/machine
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Fig. 18.1. The surgeon—patient—machine triangle in IGI
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interface or with the displacement of a surgical tool tracked by a navigation
system. In the opposite direction, the IGI system displays images or in-
formation to the surgeon. Information about the patient, such as his or her
intraoperative images, can be sent to the IGI system. Alternatively, the IGI
system may be used to guide a surgical robotic tool.

Table 18.1 The assessment levels for IGI
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The degree of complexity of human/machine interaction is particularly
high as the operation is often performed under extreme (time) pressure,
and physical and physiological stress. In many IGI cases, the information
flow is considerable, and the relevant data must be processed and condensed
by the surgeon’s brain.

18.2 Assessment Methodology

The complexity and diversity in IGI assessment outlines the importance of
using a rigorous methodology for (1) specifying requirements and expected
outputs of studies, and (2) precisely reporting objectives, methodology, and
output of studies as already mentioned by The Global Harmonization Task
Force (GHTF) [GHTF 2004]. This leads directly to the three main phases of
assessment of an IGI system (Fig. 18.2).

In the specification phase, the assessment objective is clearly formul-
ated (phase la in Fig. 18.2), the study conditions are defined (phase 1b), e.g.,
setting, criteria, data, as well as relevant assessment methodology, which all
fulfil the assessment objective. The specification phase should be able to
describe who is concerned in the assessment, what will be assessed, what is
expected, in which domain or context it is to be assessed, where it is asses-
sed, and which features will be assessed. Such a specification process results
in a better and more manageable design of the assessment study. The assess-
ment method is chosen according to the assessment objective and the study
conditions. Descriptions of each component of the assessment method are
fully included in the specification phase (phase 1c in Fig. 18.2). Good speci-
fication of the study phase allows proper measuring and computing as well
as statistical analysis of data. Describing and specifying all necessary aspects
of the assessment protocol before conducting the study enables correct as-
sessment in accordance with the assessment objective.

In the implementation phase, the assessment study is performed (phase
2 in Fig. 18.2). The assessment method is strictly applied according to the
previously defined study conditions for verifying the assessment objective.
The outcome of phase 2 is the assessment results produced according to the
previously defined and properly specified method.

The study documentation is written in the reporting phase (phase 3 in
Fig. 18.2). The report needs to be well structured and describe assessment
objective, study conditions, assessment method, and results to facilitate un-
derstanding and comparison of the results between different studies. The
specification phase is outlined in the following sections.
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Fig. 18.2. Main phases and components of assessment in IGI

18.2.1 Assessment Objective

Clear and precise design of the assessment objective is emphasized as
crucial and required initial step for every assessment study [GHTF 2004;
Goodman 2004]. For example, the assessment objective may be formula-
ted as a hypothesis, in which case the assessment study aims to test this

hypothesis.

a

Jannin et al. [2006] proposed a formalization of the assessment objec-
tive in medical image processing. Similarly, in IGI, the assessment objective
needs to be rigorously formalized and specified before conducting assess-
ment studies. It includes (Fig. 18.2, phase la) a precise description of the
motivation for assessment, the description of the IGI system to be assessed,
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the targeted surgical context and intended use of the system, the corresponding
assessment level (see later), criteria to be assessed and corresponding measure,
and the expected results or performances. The assessment objective usually
consists of comparing measured performance with that expected for a
specific IGI system in specific study conditions, and with dedicated data sets.
Performance of an assessment criterion is measured by the assessment
metric applied to information extracted from the assessment data sets.
Expected performance may correspond to a value or a model. Comparison
may be performed using a statistical hypothesis test.

18.2.1.1 Motivation for Assessment

Starting from a high level, it is important to know the targeted consumer of
the study, e.g., the developer of the system, the end-user, the manufacturer,
an approval body, or a scientific society. Different needs require different
methods. At this initial level, the consumer must have expressed his or her
motivations and expectations.

18.2.1.2 Description of the System to be Assessed

It is important to clearly specify and describe the system to be assessed.
Not only is the performance of the whole IGI system of interest, but also
the performance of its components, such as a module for image to patient
registration or tracking cameras as part of a navigation system. Assess-
ment should occur both retrospectively for existing innovative products
(e.g., systems or methods), and prospectively during the product life cycle.
As mentioned in [GHTF 2004], assessment has to be performed throughout
the product life cycle. Consequently, the time point along this life cycle and
the associated state of the system needs to be described (e.g., whether the
system is assessed after specification phase, design phase, or implement-
ation phase).

18.2.1.3 Surgical Context and Intended Use of the System

One essential aspect in the definition of the assessment objective is the
description of the surgical context in which the IGI system will be used and,
therefore, in which the assessment will be performed. The surgical context
can be considered as a surgical task performed by the surgeon for a targeted
population of patients. It is usual to define as many surgical contexts as re-
quired and, consequently, to distinguish different corresponding assessment
studies. For the chosen surgical context, the system to be assessed is used in
a specific manner, which is defined as the intended use of the system.
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18.2.1.4 Assessment Levels

In HCTA, the complexity and diversity of assessment is usually organised
and managed through a hierarchy of levels [Fryback and Thornbury 1991;
Goodman 2004; Chow and Liu 2004; Pocock 2004; Korb et al. 2006].
A similar assessment level hierarchy is also relevant and required in IGI
(Table 18.1). According to this hierarchy, it is important to decide on the
appropriate assessment level during the specification phase of an assessment
study.

At Level 1, the technical feasibility and behavior of the system are
checked. Level 1 aims to characterize the intrinsic performance of the system.
It is usually the best level at which to verify how technical parameters influ-
ence the output of the system. Examples are accuracy or latency investiga-
tions, but also may be the impact of noise or the interference of signals or
material. It is also the best level for assessing subcomponents of the system
independently (e.g., 3D localization, trackers, uninterruptible power supplies,
registration components, segmentation modules, or surgical instruments).
This level is useful for better understanding possible surgical applications
of the system. The clinical realism of the experimental conditions is not cru-
cial, as phantoms and numerical simulations are used for assessment at this
level. It often makes sense to perform the technical assessment before doing
the assessment studies of Level 2, as Level 1 studies can be considered as
verification as defined earlier, and Level 2 studies can be considered as
validation as defined earlier.

At Level 2, the diagnostic and therapeutic reliability is assessed. The
technical applicability and reliability of a system for a clinical setting is
checked before clinical studies. IGI systems are assessed for their clinical
accuracy, patient and user safety, and reliability in a realistic clinical setting
context. The methods at Level 2 may include the process of a risk analysis
[ISO-14971:2000], as risk analysis is a method to discover the inherent risks
of a surgical device or new surgical method. Diagnostic and therapeutic
reliabilities are distinguished, as IGI systems may have indirect and direct
impact on surgery as discussed earlier. From this level, the realism is increa-
sed from the experimental environment to daily clinical environment at
Level 3 and above.

At Level 3, the efficacy is assessed in clinical trials, including study of
the indirect and direct impacts on surgical strategy and performance. Level 3
studies address assessment criteria dedicated to clinical reality, such as
patient outcome, surgical time, or the surgeon’s cog-nitive workload. Level
3 studies and above can be considered as evaluation, as defined earlier.
Design and performance of such clinical trials require inter-disciplinary re-
search groups of surgeons, psychologists, ergonomic scientists, and other
related scientists.

It may not be straightforward to measure the outcome or added
value of the indirect effects of some IGI systems, such as navigation and
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intraoperative imaging devices. Indirect effects on the surgical procedure
can be assessed either:

1. By performing prospective assessment of therapeutic intent before and
after the intervention

2. By asking the surgeons the hypothetical question: “What would you
do for the patient, if the information source (navigation or intraoperative
imaging) was not available?”

3. By requesting the effect retrospectively from the clinical records

4. By controlled trials in demo-scenarios, i.e., simulations of surgical
complications that have to be solved with and without the information
provided by the assessed equipment (based on Fryback [1991]).

At Level 4, the effectiveness and comparative effectiveness are assessed
particularly in multisite clinical trials. Facing and addressing clinical assess-
ment of IGI in terms of “large scale multisite randomized clinical trials”
(RCT) is difficult for the following reasons: there is a high interpatient and
intersurgeon variability that makes large clinical trials difficult; surgical and
technological skills are disparate along the population of surgeons; RCTs
with randomized assignment of patients mean that some have the oppor-
tunity to benefit from a potentially useful technology, which others do not,
create a dilemma for surgeons who always want the best possible techniques
for all their patients [Paleologos et al. 2000]. Furthermore, IGI technologies
are still recent and long-term outcome is usually difficult to study. There-
fore, the dedicated methodology of “small clinical trials” could be applied in
IGI [Evans and Ildstad 2001].

At Level 5, the economic impact is assessed, on the basis of criteria
like cost-effectiveness [Gibbons et al. 2001; Draaisma et al. 2006]. Such
evaluations are mainly done by health organizations or cost bearers, based
on political requests. For example, one cost analysis in IGI was performed by
Gibbons et al. [2001]. This study included the measurement of the costs and
benefit of image-guided surgery with an electromagnetic surgical navigation
system in sinus surgery.

At Level 6, the social, legal, and ethical impacts are assessed. The
goal of HCTA is also to advise or inform regulatory agencies, such as the
US Food and Drug Administration (FDA) or the European Community about
whether to permit the commercial use (e.g., marketing) of a system. HCTA
also informs standards-setting organizations for health technology and health
care delivery about the manufacture, use, and quality of care [Goodman
2004]. HCTA contributes in many ways to the knowledge base for improve-
ing the quality of health care, especially in innovative areas of medicine and
surgery, such as image-guided surgery or robot-assisted surgery [Corbillon
2002; OHTAC 2004a,b, National Horizon Scanning Center (NHSC) 2002].
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Such reports are usually meta-analyses, based on literature reviews, expert
interviews, and local reviews in centers of excellence. These meta-analyses
enable governmental organizations to plan future investments, as well as
surgeons to consider the use of new technologies in their daily routines.

18.2.1.5 Criteria, Measures, and Expected Values

Surgery with image-guided systems can be seen as a triangle including the
surgeon (plus the surgical staff), the patient, and the IGI system (Fig. 18.1).
IGI assessment criteria may be characterized along this triangle into six
categories:

1. Patient-related criteria, such as clinical scores, functional outcome,
pain [Hanssen et al. 2006], cosmetic results [Hanssen et al. 2006], and
resection rate

2. Surgeon-related criteria, such as cognitive stress, skill acquisition, and
ergonomic working postures [Matern and Waller 1999; van Veelen
etal. 2001]

3. 1GI system-related criteria, such as technical accuracy and precision
of 3D localization, latency, noise, and interference

4. Criteria related to interactions between surgeon and patient, such as
time, complexity of procedure, and process-related criteria (e.g.,
resources, cost effectiveness, complications [Draaisma et al. 2006],
reoperation, and change of strategy or planned surgical management
[Solomon et al. 1994])

5. Criteria related to the interaction between surgeon and the IGI system,
such as human factors [Goossens and van Veelen 2001] (e.g., usability
[Martelli et al. 2003], situation awareness [Strauss et al. 2006], hand-
eye coordination [Pichler et al. 1996], perception [Crothers et al. 1999;
DeLucia et al. 2006], line-of-sight for tracking devices [Langlotz et al.
2006]), and surgical efficiency criteria (e.g., level of trust in a technical
system, level of quality, level of reliance, change of strategy) [Strauss
et al. 20006]

6. Criteria that express the interaction between the IGI system and the
patient, such as clinical accuracy and precision, target registration
error [Fitzpatrick et al. 1998; Fitzpatrick and West 2001], and safety
margins.

Within each of these six IGI assessment categories, different validation
criteria can be used for assessing the various aspects of an IGI system
[Jannin et al. 2002], such as accuracy, precision, robustness, specificity, and
sensitivity. For example, the accuracy can be the spatial accuracy of a navi-
gation system or the accuracy of time-synchronization. Therefore, these
terms cannot be included into one specific category only.
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Accuracy is defined as the “degree to which a measurement is true or
correct” [Goodman 2004]. For each sample of experimental data, local
accuracy is defined as the difference between observed values and theo-
retical ideal expected values. The precision of a process is the resolution at
which its results are repeatable, i.e., the value of the random fluctuation in
the measurement made by the process. Precision is intrinsic to this process.
Close to precision, reliability is defined as “the extent to which an observa-
tion that is repeated in the same, stable population yields the same result”
[Goodman 2004]. The robustness of a system refers to its performance in
the presence of disruptive factors such as intrinsic data variability, data
artifacts, pathology, or interindividual anatomic or physiologic variability.
Specificity and sensitivity are also useful for IGI assessment by computation
of ratios between true positive, true negative, false-positive, and false-negative
values. In IGI, it has to be emphasized that accuracy is not the only impotant
criterion: robustness is also highly relevant.

The measures that give values for each criterion are dependent on the
targeted categories of assessment criteria and the chosen assessment level.
Some criteria and measures may be used for different assessment levels;
others are particularly suited for a dedicated assessment level. The evalua-
tion of each criterion needs to be specified and performed separately. Finally,
the evaluation of expected values includes the definition of what constitutes
nonconformance for both measurable and subjective criteria.

18.2.2 Study Conditions and Data Sets

It is crucial to assess the system in experimental conditions that are as close
as possible to the surgical context and to the intended use of a system (as
outlined earlier). The Assessment Study Conditions (i.e. Assessment Locus)
[Goodman 2004] describe characteristics related to the actual use of the IGI
system during assessment studies. Such characteristics include the assess-
ment scenario, location, environment, and data sets. They must be explicitly
specified.

18.2.2.1 The Assessment Surgical Scenario

An IGI system is assessed according to a surgical scenario, which mimics its
use and includes a list of surgical steps for which the IGI system is assessed.
The IGI system can be assessed throughout the whole surgical procedure, or
only during single steps of the procedure. Further temporal conditions of the
assessment are important. Clinical timing constraints relative to anaesthesia
time, for example, are also a crucial characteristic of the surgical procedure
and therefore of the assessment surgical scenario.
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18.2.2.2 The Assessment Operator, Location, and Environment

Important questions that have to be clarified during the planning phase of
the study are as follows:

1. Who will use the IGI system during the assessment study?
2. Where it will be performed?
3. How much of the full clinical environment will be available when

performing the study?

18.2.2.3 Assessment Data Sets

The assessment surgical scenario is then applied in an assessment location
and environment by an operator using dedicated assessment data sets. It is
usual to distinguish families of assessment data sets along a continuum bet-
ween clinical realism and easy control to the parameters to be studied.
Along this continuum, three main categories can be identified: numerical
simulations, physical phantoms, and clinical data sets (Fig. 18.3). Additional
categories are also located along this continuum, such as data acquired from
animals or cadavers. Assessment data sets are described by their location
along the continuum, by their intrinsic characteristics, such as imaging mo-
dalities, spatial resolution or tissue contrast, and by clinical assumptions
related to the data sets or to the patient, such as assumptions regarding ana-
tomy, physiology, and pathology.

Numerical simulations Physical phantoms Clinical data sets

Pure technical scenario Simulated surgical procedure Whole surgical procedure
Lab Simulated OR Operating room

Minimal OR set up BUCOR S :Ev":ith Ll Whole OR set up with staff

Easy control i

Full realism

Clinical realism

Fig. 18.3. Continuum for assessment data sets, scenario, location, and environment
from full control of parameters to full clinical realism

A similar continuum can be used for describing the other study
conditions: assessment surgical scenario, location, environment, operator,
and temporal conditions. As shown in Fig. 18.3, there is usually a trade-off
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between control of parameters and clinical realism. Choice of a solution
along these continua for all the categories are strongly related to the
assessment levels as defined above.

18.2.3 Assessment Methods

The main prerequisite of a study is the proper definition of the assessment
objective and the study conditions. This means that for each component as
defined earlier (Fig. 18.2), a dedicated value (e.g., level, criterion, measure,
data sets) is selected. Then a method is chosen to fulfil the assessment
objective. The selection of an appropriate method will primarily depend on
the assessment objective and secondarily on the study conditions. For some
studies, it is possible to choose a reference for assessment (a gold standard),
but for others it is impossible. This leads to a categorisation into (1) refer-
ence-based assessment and (2) assessment without reference.

18.2.3.1 Reference-Based Assessment

Reference-based assessment compares the direct or indirect results of a
system with a reference (also called a gold standard)' that is assumed to be
very close or equal to the ideal expected solution (also called the ground
truth). Jannin et al. [2006] proposed a model for describing and reporting
such reference-based assessment methods for medical image processing.
This model is also useful for IGI when assessed criteria require such com-
parison with a reference (e.g., accuracy).

The main components and the main stages of this model are described
as follows. The IGI system to be assessed is used according to the study
conditions (surgical scenario, temporal conditions, operator, location, envi-
ronment, and data sets). Characteristics of the system output are compared
with ideal expected results. As ideal expected results are usually not directly
available, another method can be used according to the study conditions to
provide results that are closer to the ideal expected results than those compu-
ted by the system itself. These results are considered to be the reference
against which results from the system will be compared. Assessment is a
comparison of characteristics of both results, with the characteristics being
chosen according to the targeted assessed criteria. The reference is generally
chosen to be as accurate as possible, but in some situations it may have an
error that should be taken into account during the assessment process or at
least in the assessment results. The quantitative comparison may require
converting those results in a similar format, which may be seen as a norma-
lization step.

" In this chapter, we use the term reference rather than gold standard. Reference can
be used in a wider meaning including terms of gold, bronze, or fizzy standards.
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This normalization aims at transforming the measurements of the
assessed criteria in a clinically meaningful format. Normalized results of the
system to be assessed, and normalized output of the reference method are comp
pared using a comparison function, also called the Assessment Metric. Stati-
stics of the comparison results distribution may serve as a quality index, also
called a figure of merit. Finally, values of the quality indices are compared
with expected values or models using a statistical hypothesis test. This
consists of testing quality indices computed on comparison results against
the assessment hypothesis to provide the assessment result.

To avoid mistakes or bias in reference-based assessment methods, the
following aspects have to be carefully checked. The relevance of the data
sets used in assessment studies must be verified according to two aspects:
the realism of the data sets, and the coherence between the data sets and the
assessment objective. The reference usually comes from one of the follo-
wing methods:

1. It can be an exact and perfect solution computed from numerical
simulations

2. It can be an estimated solution from the results of one or several refer-
ence methods

3. It can be another estimated solution from the results of the same
assessed system but used with different data sets or conditions

4. It can be an expert-based solution relying on assumptions, or on a
priori knowledge of the results.

In all cases, the quality of the reference has to be checked according to
two aspects: correctness and realism. As the reference is also computed
from the reference method, it is only an approximated value of the ideal
expected results. A study of the error associated with the reference is crucial.

The comparison function can be considered as an assessment metric,
as it quantifies the assessment criteria. This function has to be chosen or
defined according to its suitability to fulfil the assessment objective.

Training and testing methods are also usually used for validation, such
as the leave-one-out method. They could be considered as reference-based
validation methods, since the result of the system when using the training
set is compared to the result of the system when using the testing set. These
methods can show the independence of the results according to the training
set and the coherence of the findings computed with different references.

18.2.3.2 Assessment Without Reference

Some assessment criteria or some assessment objectives do not require any
reference. For example, we can mention the consistency criterion for image
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registration and the Bland and Altman [1986] method for measurements.
However, it is hard to define assessment objectives in clinical terms when
using such assessment methods, as they mainly characterize intrinsic behavior
of a method only. They usually allow evaluation of variability only, as no com-
parison with ideal expected results is performed. Finally, some assessment
without reference methods relies on strong assumptions on the data sets or
the assessed methods, which cannot always be verified easily.

18.2.3.3 Statistics

Statistics are crucial in assessment methodology, as assessment is usually
performed with multiple studies, multiple data sets, or multiple sites. Finding
relevant and appropriate statistical tests is not always straightforward. Statis-
tical hypothesis tests usually rely on strong assumptions about the data that
have to be carefully checked. Because of the importance of correct statistical
analysis, the assessment team should incorporate statistical skills with knowl-
edgeable partners.

18.3 Discussion

The complexity and diversity of assessment for IGI have been empha-
sized in this chapter. However, different tools and models are available to
deal with this complexity. On the one hand, the effort that is performed in
the specification phase of an assessment study, together with a clear and
precise definition of the assessment objective, also helps to deal with the
complexity. The diversity, on the other hand, can be managed with the con-
cept of assessment levels in IGI.

The suggested tools, phases, components for each phase, and classifica-
tions are not exhaustive. There is no strict sequential structure inside each
phase, and there are some dependencies and relationships between compo-
nents in Fig. 18.2. Also, the assessment levels organization in Table 18.1
may not always be strictly hierarchical.

Obviously, the use of the presented tools does not guarantee the quality
of the IGI system; rather it should guarantee the quality of the assessment
study and provide a correct understanding and analysis of the assessment
results. For the latter, the same rigorous methods that were presented should
be used for assessing the applied assessment method itself. This should
include the assessment of its associated components (e.g., criteria, statistical
tests). Furthermore, different types of validity [Nelson 1980] (such as face
validity, content validity, criterion validity, and construct validity) need to
be assessed.
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Other aspects close to assessment are not covered in this chapter but
are also of great interest for IGI. Risk analysis is the assessment of risk
according to a defined methodology. The surgical context and intended use
are as important as in assessment studies. On the basis of the specification of
these characteristics of an IGI system, the possible hazards are identified and
estimated. The estimation is based on the level of severity, occurrence proba-
bility, and detection probability. From these estimations, different methods
for risk management can be performed [Korb et al. 2005].

In this important, diverse, and complex landscape, there is much room
for innovation and research. Some directions will now be mentioned. There
is still a need for new assessment metrics adapted and relevant to a dedica-
ted surgical context. There is a need for realistic and controllable study
conditions, from data sets, surgical scenario, environment, and location.
Another important aspect in the assessment methodology for correct dis-
semination and reproducibility of studies and results is the availability of
open source data and tools. Such an open source environment will further
facilitate assessment.

Finally, for all assessment aspects, there is a great need for standardi-
zation, both for specification, implementation, and reporting assessment. In
health care technology assessment, some standards have been recently in-
troduced for reporting of clinical trials, e.g., the Standard for Reporting of
Diagnostic Accuracy (STARD), The Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) Working Group, and the
Current Controlled Trials Ltd. (a part of the Science Navigation Group of
companies, which hosts the International Standard Randomized Controlled
Trial Number (ISRCTN) Register). There is also a standard available for the
specification and implementation of clinical patient trials for medical de-
vices [ISO 14155:2003]. Some standards can be directly applied to IGI,
some need to be adapted, and some additional ones are required. Standardiza-
tion in IGI assessment will improve the quality of systems, their acceptance
by surgeons, and facilitate their transfer from research to clinic practice.

As mentioned at the beginning of this chapter, each person involved in
the development or use of an IGI system should be involved in assessment,
at least in a specific assessment level. However, assessment studies can be
tedious and difficult, requiring time, energy, and motivation. Results are not
always as expected and biases are numerous. Such biases cover the spectrum
from the specification of the study to the analysis of the results and can be
hidden traps, sometimes requiring restarting the study from the beginning. But
rigorous assessment is the only way to develop useful, relevant, and valuable
tools for the patient and for society. As we cannot escape assessment, the
best way forward is to make it as easy and efficient as possible.
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