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This special section of Journal of Medical Imaging Volume 7, Issue 3, is focused on a new
emerging area of research called interventional and surgical data science. Recognizing the long
history of procedural data-science work originating from the SPIE Medical Imaging: Image-
Guided Procedures, Robotic Interventions, and Modeling community, this special section called
for data-driven technologies for the delivery, measurement, and monitoring of therapy. The
curation of this procedural medicine data to develop best practices in surgical/interventional
device development, training, planning, delivery of therapy, and post-operative care is, to a great
degree, an unexplored topic with potentially profound impact on the trajectory of patient care
and outcomes.

We intentionally titled the special section “Interventional and Surgical Data Science” to
acknowledge the broad application of data-driven approaches to procedural medicine and to
be expansive rather than reductive in our definition. However, we do draw a distinct difference
as compared to other areas of healthcare data science due to the nature of data collected during
intervention and surgery. While methods can certainly draw from conventional electronic medi-
cal record data, interventional and surgical data often involves a variety of temporal and spatial
scales relevant to disease/dysfunction, and levels of sparsity, quality, and uncertainty that can be
very difficult to anticipate. In addition, the technologies that produce these data are continually
evolving with respect to measurement fidelity, delivery mechanisms, and therapeutic modality.
The SPIE Medical Imaging: Image-Guided Procedures, Robotic Interventions, and Modeling
community has been at the forefront of these questions since its inception over three decades
ago. Only over the last decade with the emphasis on translation, has come the recognition that
operating rooms and interventional suites are rich sources of data for both treatment and dis-
covery in human systems.

Special Section Paper Characteristics

With respect to submissions for this special section drawing from this growing field, some
themes did emerge. More specifically, papers reflected a need to address the variability in patient
outcomes with data-driven approaches, and highlighted an intrinsic dependence between data-
driving sources and procedural workflows and technology integration. Here, we detail the
intersection of these themes.

Addressing Variability in Patient Outcomes with Data-Driven Approaches

The number of decisions available to a clinician that have implications for patient outcomes has
massively expanded in the last two decades. Historically, patients were selected for surgery or an
intervention based on anatomical considerations alone: Is the tumor resectable without causing
injury to adjacent delicate structures? Will the procedure restore function? Is the anatomy endo-
scopically accessible? Current thinking takes into consideration a variety of other factors with
complex potential consequences: Should a patient undergo a potentially morbid operation that
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has little benefit? Will an ALK+ non-small cell lung cancer patient benefit from resection or an
ALK inhibitor upfront? It is still the case that clinical decision-making is experiential and based
on practice. The collection of papers in the special section intervenes in this long-held approach
to determine who is the best candidate for surgery and guide surgical decision-making using
data, rather than human knowledge and skill alone. De Silva et al. address variability in patient
outcomes in spinal surgery by proposing an analytic framework called SpineCloud which lev-
erages quantitative features derived from perioperative images to predict spine surgery outcome.
Bakas et al. use MRI radiomics to predict survival with the eventual goal of selecting patients
for potentially toxic therapies or novel clinical trials. Khan et al. analyzed surgical approach
and outcomes combined with surgical guidance to reduce the risk of damaging the cochlea.
Harrington et al., by contrast, determine patients that can avoid aggressive pancreatic resection
by predicting the risk of malignancy in pancreatic cystic lesions using a combination of
radiomics and inflammatory markers. Both Narasimhan et al. and Carton et al. augment the
intraoperative environment by improving navigational assistance. These contributions share a
common goal to directly influence patient outcome with analysis of preoperative and/or intra-
operative data.

Effects of Procedural Workflows and Technology Integration on
Data-Driven Technologies

Interestingly, all special section papers employed the most common data elements to the specific
clinical application at hand with the effect of reducing the barriers to clinical adoption.
Harrington et al. use imaging and cyst-fluid from endoscopic ultrasound at relevant times points
in care to determine the need for resection. Carton et al. use commonly available ultrasound and
preoperativeMRI as input to their models. De Silva et al. rely on routinely acquired perioperative
imaging for prediction model building. Narasimhan et al. track visible deforming cortical surface
landmarks with standard technologies to improve neuronavigation systems. Notably, Bakas et al.
remove the necessity for advanced MRI protocols (diffusion tensor imaging, dynamic suscep-
tibility contrast, etc.) to create imaging biomarkers usable in the community, in centers without
sophisticated and expensive imaging units. We note that all papers from the special section origi-
nate from large research programs with strong integration between clinical and data science
teams where access to data, clinical problems, and expertise, and the physical operating rooms
and interventional suites are afforded by long-standing institutional partnerships among engi-
neering, science, and procedural medicine.

Attributes of Interventional and Surgical Data Science

Original papers were requested in topic areas specifically for the engineering of surgical and
interventional systems associated with data-driven changes in procedural medicine. Authors
were asked to provide a brief section called “Impact on Interventional and Surgical Data
Science” describing the influence of their work on procedural decision making. While it is dif-
ficult to encapsulate all nuance to define such a burgeoning field, we reflect upon the comments
of our fellow investigators to begin to shape important commonalities.

In the paper by De Silva et al., the incorporation of interventional imaging data combined
with conventional electronical medical records as a means for informing surgical outcome in
spine surgery is emphasized. Khan et al. use image analysis methods to measure cochlear
implant integrity to create a predictive model for assisting future implants. In the work by
Harrington et al., investigators use models associated with radiomic and protein data taken from
CT imaging and cyst fluid analysis, respectively, to improve their patient selection for interven-
tion. In related work, Bakas et al. propose radiomic features to predict progression-free survival
in brain tumor patients to optimally assist in patient management and selection as well. In related
work associated with brain tumor surgical resection, Carton et al. draw upon the medical image
analysis and machine learning community to suggest population-based approaches to derive
methods to better functionalize interventional imaging data, and in this case, in an attempt
to provide information about tumor resection completeness during image-guided procedures.
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With a somewhat similar goal, Narasimhan et al. discuss the utilization of biophysical computa-
tional models driven by diagnostic imaging and interventional localization data to characterize
and compensate for a common source of deformation that confounds image-guided brain tumor
resection, namely “tissue debulking.”

With this, we pose the question: “What do these applications tell us about the nature of this
novel field called interventional and surgical data science?” With respect to the data itself, these
applications demonstrate that data can be both highly structured as is the case of imaging data, or
unstructured in the case of data taken during surgeries and interventions. To be effective, data
must communicate to process in a way that is perioperatively transcendent. The applications
demonstrate data at all operative stages, including historic outcomes, to influence predictive
models for future procedures. Similarly, the data sources (i.e., devices and processes) and data
agents (i.e., analysis and models) that make up the core of methodological realization for improv-
ing outcome are fluid, complex, of varying levels of fidelity, of differing data density, and
reflect the uniqueness of the interventional/surgical theatre and respective procedural workflow.
Applications demonstrate impact in patient management, stratification, and planning but also as
tools to discriminate, assist, and predict outcomes of interventional and surgical events. Despite
a limited sampling of applications, these precepts or, perhaps more appropriately, observations
are important characteristics to this growing and exciting field. There is little doubt that they are
incomplete, and yet, they do provide a developing landscape for the future.
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She will continue to develop new biomarkers that improve patient care.
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