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This book is dedicated to people who
endeavor to develop molecular imaging
technologies, materials, and bridge them with
bio-engineering and clinical uses.
It is also presented to my lovely daughter,
who always conceives wonderful ideas and
embraces the unknown nature with curiosity.
Zhe Liu

Foreword I

With the emerging techniques of biomedical imaging and imaging probes,
molecular imaging has become a useful tool to investigate the mechanisms of
disease occurrence and metastasis. The innovations of functional imaging materials
or molecular probes help enhance image contrast and make invisible bioprocesses
visible. Imaging techniques come into a multimodal era, and more and more
technologies have fused into place. Therefore, the combination of imaging devices
and probes will reinforce the signiﬁcance of biomedical imaging in both research
and clinical studies. This book provides a systematic description of molecular
imaging history, current status, and advanced developments on micro-/nanofunctional imaging probes for both basic research and biomedical applications. It will be
a useful handbook for newcomers to learn basic knowledge in this area, and also to
provide professionals to keep an eye on such frontiers.
Meanwhile, artiﬁcial intelligence (AI) has rapidly changed the mode of medical
diagnosis and therapy to improve human health care. AI has also found applications
along with medical imaging for precision medicine, and individualized treatments.
To this end, AI engineers are currently working together with clinical doctors to
boost their translations to bedside use in the ﬁeld of early stage assessment,
meta-image diagnosis, big data analysis, etc. It can be expected that multidisciplinary studies powered by AI will shed a new perspective on future medicine.
Hangzhou, China

Pintong Huang, M.D. and Ph.D.
Professor and Chief of Department
of Ultrasound in Medicine;
The 2nd Afﬁliated Hospital,
School of Medicine, Zhejiang University;
Director of the Molecular Imaging and Artiﬁcial
Intelligence Committee,
Chinese Ultrasound Doctor’s Association;
Director of Zhejiang Society of Ultrasonics
Medical Engineering Association
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Foreword II

Medical imaging has witnessed rapid advancements in the last century, and various
imaging techniques have been widely applied for the diagnoses of human diseases.
This book, Edited by Dr. Zhe Liu, summarized the recent developments in the ﬁelds
of molecular imaging, brand-new imaging devices, and their mechanisms.
Multimodality imaging techniques and image-based surgery (or therapy) described
in this book will facilitate people to understand life sciences and ﬁnd optimized
treatment strategies for important human diseases.
On the other hand, multifunctional imaging biomaterials especially the imaging
probes have been actively developed in the past decades, and many of them have
been approved for clinical trials in Europe or the United States. With the aid of
imaging probes or contrast agents, molecular imaging has been endowed with
higher resolution and sensitivity with which biological or pathological processes
were monitored and detected precisely at the molecular or cellular level. This book
pays much emphasis on the innovations of imaging probes and using their dual or
multimodal imaging properties for biological applications. Thus, for scientists in
both academic and industry, they will ﬁnd usefulness in this book which will help
them to step into the molecular imaging world and make relevant investigations.
Now is the right time to take this book into the market, bridging the connections
between imaging techniques, biomaterials, basic biology, and material sciences.
Besides that, the functional micro-/nanoimaging probes have found clinical
applications in MRI, PET, ultrasound, etc. The real translation of functional imaging
materials from bench to bed will revolutionize the theranostic styles to a large extent
and accelerate our understanding of brain sciences and disease mechanisms. It will
also give birth to an unprecedented opportunity for human health improvements.
Hopefully, this book can play multiple roles in the abovementioned areas and help
molecular imaging with an ever-fast development in the near future.
Hefei, China

Prof. Gaolin Liang, Ph.D.
Department of Chemistry, University
of Sciences and Technology of China
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Foreword III

This book provides a valuable resource for a comprehensive understanding of the
ﬁeld of micro- and nanotechnology-based materials for enhancing the functionality
of medical imaging modalities. It is written as a set of ﬁve chapters providing
independent viewpoints of the broad subject matter. In comparison, each chapter
offers both common and unique contributions to the theory and practice of the ﬁeld.
Chapter 1 provides an explanation of each major imaging modality and the
importance of micro- and nanoparticle probes within a rich historical context.
Single and multi-modality strategies are introduced for diagnosis alone and combined therapeutic/diagnostic (“theranostic”) purposes. A valuable contribution
comprises a list of commercial probes.
Chapter 2 addresses design parameters and fabrication protocols for micro- and
nanoparticles with properties required for the appropriate performance such as
biocompatibility, speciﬁcity, signal strength, and clearance. Material selection,
chemical conversions, and physical production techniques are addressed in depth.
Principles provided have both speciﬁc and general product development
ramiﬁcations.
Chapter 3 takes each imaging mode separately (MRI, US, OI, PET, X-Ray, and
CT), and describes, in extensive detail, the compositions and actions of their
function-enhancing probes. Clinical applications and issues are addressed, even to
the detail of speciﬁc organs being imaged and products being used. Dual and
multiple modalities such as image-guided controlled drug delivery and dual
instrumental analysis are described as advanced technologies being implemented.
Chapter 4 focuses on current, commercially available, imaging probes, and those
in clinical development for disease prognosis. It goes into the most detail of the
book chapters in correlating: manufacturer/materials/imaging modality/targeted
organs. A valuable compendium of tables containing such information is provided.
Chapter 5 provides a forward-looking picture of developing imaging techniques,
therapeutic targets, and treatment approaches. A prominently highlighted and
explained technique yielding enhanced fluorescence imaging involves “aggregationinduced emission”. Complex, micron-scale composite materials for image-guided
and targeted therapy in conjunction with irradiation, thermal, or ultrasonic energy are
xi
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Foreword III

emerging for treating cancer and other lesions. Finally, imaging probes for the
detection of bacteria and modiﬁed nanoparticles that kill bacteria when subjected to
near-infrared radiation show promise for treating infections.
Maximum beneﬁt from this book can be derived as an introduction to the ﬁeld of
nanoscale and microscale probes for medical imaging by reading it in detail.
Alternatively, the book chapters can be perused for information on particular topics
such as speciﬁc imaging modalities, particle compositions, commercial products,
etc. Every chapter may contain information on a particular subject and can be
“mined” for valuable content with unique perspectives.
It is ﬁnally noted that the references provided are both extensive and current.
They represent the most advanced stages of the ﬁeld being addressed, and a substantive proportion of the publications referenced represent the work of the authors
of this book.
Respectfully submitted,
Boston, MA, USA

Arthur J. Coury, Ph.D.
University Distinguished Professor
Northeastern University

Preface

Today is the 123rd anniversary since people obtained the ﬁrst X-ray image of
humans, and from then on we have learned more about the body’s anatomical
structures and functions.
Today is the nineteenth anniversary since the concept of molecular imaging was
proposed, and from then on we have witnessed fast development of imaging
technologies, and their successful medical application for disease diagnosis.
We are entering a new era that people seek to know more about themselves,
from brain sciences to health care and from disease treatment to body examinations.
Molecular imaging is far more than an isolated subject but has become a powerful
tool to make predictions for people’s health, provide golden standards for molecular
diagnosis, and integrate relevant medical techniques into efﬁcient and painless
therapies. Right in front of us, a milestone is set where we need to reflect on past
proceedings, and boost enduring advances for interdisciplinary and eventual clinical
translation.
In particular, visualized medicine is a new innovation area that provides disease
diagnosis, treatment, and surgery with an intuitive approach and an online evaluation methodology. Among them, functional micro-/nanoimaging probes make
visualized medicine more convenient and accessible to use. Unprecedented
opportunities beyond such challenges can be expected to give birth to a roaring
revolution in this ﬁeld, and this was our motivation to start writing this book, and
also the destination in which we present it to readers.
Kind regards,
Tianjin, China

Zhe Liu Ph.D.
Academy of Medical Engineering and
Translational Medicine
Tianjin University
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