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Biomedical engineering

Nanomedicine: Painless Future of Healthcare?

over time, science fiction transitions to “science faction.” many concepts from space travel to mobile 
communications that were once the subject of science fiction have now become commonplace. if we cast 
our minds back to Star Trek, that wonderful generator of not-so-fanciful fantasy, we were treated to seem-
ingly magical new ways to diagnose and remedy disease. The Star Trek paradigm for the identification and 
treatment of disease seemed eminently desirable: non-invasive and completely painless. exactly what we all 
wish for! in the Star Trek sick bay, an external monitor provided a clear and unambiguous picture of whatever 
trauma or sickness was affecting the human individual (or other life form!) in question. Subsequent thera-
peutics were similarly non-invasive and efficacious.

medicine today has advanced a long way down this exciting road, facilitated by nanoscale science and  
technology. nanomedicine already offers unique and novel methods for the painless diagnoses of disease—
from the identification of subtle temperature elevations in tissues and organs (an indicator of inflammation) 
to the analysis of molecular biomarkers in sweat and breath, which can convey clear indices of disease. 
Various scanning techniques have the capacity for generating three-dimensional imagery of practically any 
domain of the body, whether it is comprised of dense bone or soft tissue. instrumentation is being developed 
that can analyze blood devoid of the requirement of syringes.

medical therapeutic aspects are similarly advancing, albeit there are many issues that remain to be resolved. 
advances in nanomedicine are leading to infinitely improved drug targeting to precise disease sites, enhanced 
minimally invasive computer-guided surgical tools, and even the enablement of surgical procedures on a 
beating heart. developments in nanotechnology have not only led to sharper and less invasive surgical tools 
but also to the potential elimination of hospital acquired infections, where medical drapes, gowns, and 
surfaces are imbued with antibacterial nanomaterials.

in essence, there are myriad extraordinary and fascinating develop-
ments emerging and permeating the field of medicine, facilitated  

by nanoscience and its associated technologies, which are 
manifesting Star Trek–like concepts into today’s world 

at an accelerating pace. intriguingly, the potential for 
nanomedicine is that it will not only possess higher 

efficacy and convey fewer contraindications than 
conventional medicine, but it will likely come at 
a cost that should make it available to all. Nano-
medical Device and Systems Design: Challenges, 
Possibilities, Visions reports on some of the latest 
research developments in this intriguing and multi-
faceted field and ventures to explore conceptualized 

advanced nanomedical strategies that may, in the 
future, serve as powerful new instruments of health.

— Ottil ia  Saxl , Founder, Institute of  
Nanotechnology; MD Nano Magazine
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Preface

It would seem that the unfathomable wellsprings of cumulative human imagination, 
ingenuity, passion, and effort are not subject to any tether or constraint that cannot, 
over time, be unbound or circumvented. This tenet may certainly be applied to the con-
tinuously evolving field of medicine generally and particularly to the rapidly emerging 
discipline of nanomedicine. The incessant drive for more compact, robust, powerful, 
sophisticated, and effective diagnostic and therapeutic strategies within the purview of 
medicine has been and increasingly continues to be a critical and potent motivator for 
radical innovation. There is an underlying and omnipresent sense of urgency toward the 
investigation and development of tangible and efficacious solutions for the most vexing 
of humankind’s medical challenges. These include heart disease, cancer, HIV/AIDS, dia-
betes, Alzheimer’s, and a host of other serious maladies and pathogenic afflictions that 
relentlessly threaten to undermine the innate integrity and optimal functionality of the 
human body.

The rapidly emerging discipline of nanomedicine has unprecedented potential to 
dramatically transmute current medical paradigms, spanning diagnostics, therapeu-
tics, and surgical procedures. Since nanomedical devices and systems will be designed 
and engineered to operate and impart beneficial influence at cellular, organellar, 
molecular, and (hypothetically) atomic domains, the realms within which diseases 
originate, it may be envisaged that sophisticated autonomous nanodevices and systems 
can be imbued with capacities for the accurate diagnoses and meticulous and thorough 
eradication of virtually any disease state and pathogenic or toxic threat. Further, due 
to facilitative nanotechnological self-assembly processes, and in light of the inevitable 
future advent of advanced molecular manufacturing, elegant and cost-effective nano-
medical technologies might be readily accessible to those in the developing as well as 
developed worlds.

Concomitantly, the requirement for invasive surgeries might be relegated to obsoles-
cence, as all corrective activities would be conducted in vivo by interactive multitudes of 
nanomedical cell repair devices. Myriad options for human cognitive and physiological 
augmentation, and the potential slowing, prevention, or possible (to a degree) reversal 
of the disease of aging may become reality. In conjunction with the option for radically 
increased life spans, those who are driven to venture out to the stars may undergo addi-
tional specialized nanomedical enhancements to enable efficient protective countermea-
sures against the degradative effects of microgravity and deep space radiation and to 
facilitate (barring the discovery of highly advanced spacecraft propulsion systems that 
approach the speed of light), if required, prolonged suspended animation.

This book is divided into three sections. Section I utilizes a conceptual exemplar 
nanodevice and system (Vascular Cartographic Scanning Nanodevice VCSN), which I 
have envisaged, to explore various prospective design considerations that might enable 
selected functionalities of advanced autonomous nanomedical devices. Section II is com-
prised of seven chapters, which have been submitted by a diverse group of expert con-
tributing authors, describing actual laboratory-based research toward the advancement 
of nanomedical capabilities. Section III delves into more highly conceptual nanomedical 



x Preface

possibilities and visions relating to the implementation of nanomedical technologies in 
remote regions and the developing world, as well as nanomedicine in space applications, 
human augmentation, and longevity.

It is hoped that this book might assist in some small measure to serve as a preliminary 
guide to possibly inspire specific investigative pathways that may lead to meaningful dis-
course and significant advances in this nascent but potentially very powerful discipline.
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1
Exemplar Nanomedical Vascular 
Cartographic Scanning Nanodevice

Frank J. Boehm

1.1  Introduction

Envisioners and designers of nanomedical devices may draw their inspiration from a num-
ber of sources. These might include the myriad mechanisms and processes that operate 
both at macroscale and nanoscale domains in the natural world, which may be interpreted 
and transformed into functional synthetic analogs via biomimetics. Other inspirational 
sparks may emanate from purely anthropogenic dreamscapes, which reside within the 
realms of fantasy and science fiction. There is always the chance that completely unex-
pected serendipitous discovery might arrive from “nowhere” to the utter joy of long toil-
ing recipients who might have been looking for answers for many years in one area, only 
to have a pivotal insight surprisingly light up, when triggered by a completely unrelated 
event, as if a gift from some parallel universe that has “crossed over.” Incremental inspi-
rational glimmers, and much more rarely, dramatic brilliant bursts thereof may indeed 
be gleaned through voluminous thoughtful, disciplined, and deliberate experimentation. 
From whatever quarter such inspiration may appear, it may be suggested that a certain 
“cognitive stance” might serve as a useful prerequisite to facilitate and breed the flames of 
inspiration, creativity, and innovation, which may likely percolate into reality. This attitude 
might encompass in varying degrees, a blend of excitement and prospective adventure, 

CONTENTS

1.1	 Introduction.............................................................................................................................3
1.2	 Conceptual Exemplar Nanodevice Design.........................................................................4
1.3	 Vascular Cartographic Scanning Nanodevice...................................................................4

1.3.1	 Overview of Envisaged VCSN Capabilities............................................................6
1.3.2	 Summary of VCSN Components..............................................................................7
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1.4	 Gastrointestinal Micro Scanning Device.......................................................................... 11
1.4.1	 Bright Ball Scanning Device.................................................................................... 12
1.4.2	 Pulse Generator/Data Transfer Unit...................................................................... 12
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1.4.4	 Description of Scanning Procedure....................................................................... 13
1.4.5	 Additional Issues...................................................................................................... 13
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